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| ntroduction

Why Engineering Documentation at all? Why control of that docu-
mentation? The mere use of the word “control” puts most engineersinto
avery defensive posture. Are we trying to stifle the engineer’ s creativity?
What is there to “manage”’ about the configuration of a product?

Why do architects make drawings and specifications for ahome or
plant? Does the architect do this for his own pleasure? Or for the trade
magazine or show? Isn’t the documentation done so that the customers get
what they want? Aren’t the documentsfor the builder who hasto build the
house and for the eventual owner who will have to maintain it? Try
building or maintaining a product without adequate drawings and specs, it
becomesespecially difficult and error pronewhen changesare being made.
Try controlling the cost without controlling the changes. Still, most
businesses operate to some extent without proper, timely or adequate
control, ontheir documentation. Thesymptomsareusually everywhere. A
look at symptoms:

Manufacturing says:
- | don’t understand what I’ m supposed to build
- What criteria do we test to
- Whereisthe change | need to:
Reduce costs
Avoid making scrap
Avoid making partsthat will haveto bereworked

20
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Will this change increase the “bone pile” of down-
level material

Sales says:
Y oumeantheproduct isn’tready for themarket window
Where is that new feature you promised

Why didn’'t we deliver a product with the optionsthe
customer asked for

Customer says:
| didn't get what | ordered
Whereisthe fix you promised me some months ago
Where is that new feature or option
Dealer/Field Service says:
Shouldn’t my documents match my product

Whereisthefix for thisnagging product or software
problem

Repair says:

It would help me to fix it if | knew what isin this
product

What changes should be and shouldn’t be incorpo-
rated upon repair

Quality says:
Isthis cost in our Cost of Quality
Should we treat ourselves or our customers this way
How can we meet our customer’s standards
- We can't meet ISO/QS/AS standards
Employee says:
| asked them to do something about thisalong timeago

Doany of thesesymptomssound familiar? Thecureis—simple, fast,
accurate and well understood Engineering Documentation Control/Con-
figuration Management. Good design documentation and itscontrol isthe
solution for the root cause of these symptoms. Thus, Configuration Man-
agement isthe medicinethat curesthe root cause problems and, therefore,
the symptoms disappear.
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CM, kept simple, resultsin many benefitsto the company. What are
thebenefitsof afast, accurateand well understood CM system? Takealook
at the potential benefits of a carefully planned CM strategy.

Benefits:

Helps to get new products to the market faster and
reduce delivery time for customized product

Happier customers because they see the new option,
change or feature they requested much quicker

The customer gets what they ordered with fewer
missed delivery commitments

Reduce the “bone piles’ of down-level material
Get real cost reductions implemented quicker

Reduce significantly the Manufacturing rework and
scrap costs

Improve Bill of Material accuracy and save the cor-
responding material waste and correction time; make
the corresponding improvement in product quality
and inventory accuracy

Eliminate multiple Bills of Material and save the
costs of maintaining the bills, not to mention elimi-
nating the risks associated with multiple Bills

Evolution of Billsof Material inlead-timeto produce
the product

Reduce field maintenance, retrofit, and repair cost
Reduce MRP/ERP run time

Know exactly what is non-interchangeable in each
product

Improve the understanding and communication be-
tween Design Engineering and the rest of the world

Clarify responsihilities to eliminate finger pointing
Savewear andtear on Configuration Managers, Master
Schedulers, and al types of Engineers

Comply with applicable customer or agency stan-
dards

Sort out changes that are not needed or aren’t cost
effective
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- Savemany dollarsayear in paper and copyingcostsalone
- Significant reduction in the cost of quality

- Allow the company to qualify as a best in class or
world class producer

Thewaysand means of achieving these benefitsisnot secret, high
tech, or cost prohibitive. Thesebenefitsareattainable. Thefollowingwill
outlinethewho, what, how, why, when, where, and how muchisrequired
to achieve an exceptional Engineering Documentation Control system.

What IsCM

Configuration Management is the communications bridge between
Design Engineering and the rest of theworld. (SeeFig. 1.1.) Thisisthe
single most important function performed by the CM organization.

- A BRIDGE FOR COMMUNICATIONS -

DESIGN REST OF
ENGINEER THE WORLD

Figure 1.1. CM defined.
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Thecritical nature of the CM discipline cannot be over emphasized.
American manufacturing hasdevel oped anear tradition of Design/Produc-
tion/Service adversarial relationship. It results substantialy from the
“Throw it over thewall” syndrome—the new design rel ease or engineering
change that is done without consultation from the key people at the right
time. Many CM systems are often unwittingly designed to foster that
traditional kind of thinking. The enlightened CM Manager can tear down
the wall or at least build a bridge over it. Let's face it, by in large, the
Designersarethinkersand creatorswhilethe Operationspeopleare movers
and doers. They will naturally have difficulty communicating. The CM
Group can enhance communications and assure that these folks cross the
bridge at the right time for necessary communications.

TheCM function must assurethat what crossesthe bridgeisproperly
documented, timely, minimally controlled, available as and when needed,
and that feedback is obtained asto when changes occur in the product. All
thismust bedoneat minimum cost. All this, whileappearing “ transparent”
to the creative design people and the rest of the world.

While not getting in the way of the design engineer,* it must be kept
in mind that the engineer’ s product is not just aworking prototype unit, it
isaccurate specification and drawingsfor all the partsin that product. The
CM product isthus, Design Documentation. The primary customer for this
documentation is not Design Engineering, it is Manufacturing,® Field
Service, and your company’ scustomer. The company’ s customer must be
paramount among these“ users’ (aterm that ismuch less acceptableto this
writer than “Customer”). The vast majority of the design documents are
prepared for Manufacturing and Service use. In this sense Manufacturing
and Field Service people are often the most important customers.

Some of the symptoms crying for improved CM are in every
company. The benefits of having a world class CM organization and
system are a significant business strategy.

Between Engineering and Manufacturing, is an article the author
wrote for Mid-Range Enterprise Resource Planning in May 1998 which
may shed further light on the need for having/improving this discipline:

lInthistext you can usually substitute thetitle “ Programmer” or “ Software Engineer” for
“DesignEngineer” and“ Program Code” for “ Design Documentation.” Thiswill bethecase
aslong as we are referring to product application software or firmware Program Code.

2Function titles vary widely. The titles used in this text are most common in industry,
although not universal. Theword “Manufacturing” will be used both in thelarger senseas
an industry and in the narrower sense as the operations function.
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Most product manufacturing companies suffer from the “wall syn-
drome.” The“manufacturing side” went out and bought MRP; the “ engi-
neering side” went out and bought CAD and the two systemsdon’t “talk”
toeachother. Theengineeringfolksare, by inlarge, analytical and cautious
(Ready - Aim - Fire); the manufacturing folks are, by in large, shakers,
movers and doers (Fire — Aim, Fire - Aim, Fire — Aim). The people
don’t communicate very well. The manufacturing folks say that engineer-
ing “throws it over the wall.” Engineering folks say that you can’t find
anyonewho knowshow the product will be produced whenyou need them.
Many of themodern MRP/ERPand CAD/PDM systemsal so don’t commu-
nicatevery well. Thisall resultsin ahuge“gap” between engineering and
manufacturing.

There is a discipline that is gradually emerging that can, properly
done, bridgethisgap. ItisEngineering Documentation Control, sometimes
referred to as Configuration Management. Theterm “emerging” isappro-
priate because the typical Documentation Control function is usualy
inadequate and the emerging function/discipline, Configuration Manage-
ment, is very poorly understood and often clouded with claims from the
software on both sides—ERP and PDM. Thosewho camefrom amilitary/
Department of Defense regulated world have applied configuration man-
agement requirementsthat are too complicated and usually resulted in too
much control. Many timesthe document control functionismanned by one
or afew low paid people who are ill trained, buried in the organization
structure, frustrated and ready to change jobs. A configuration manage-
ment function, properly managed, trained, and manned, can tear down the
wall/bridge the gap between engineering and manufacturing. Properly
manned doesn’ t alwaysmean hiring new people. Oftenthepeoplearethere,
they are just scattered in many parts of the organization.

The software applications people all seem to have aclaim for doing
configuration management. Some do address some parts of the processes
involved. The military definition of the discipline is based on the terms
identification, control, status, accounting, and planning, somereal put you
tosleegpterms. A much better way to definethetermisby the processesthat
it encompasses—the new item release, the bill of material, requesting
changes, and making changes. Now we're talking about processes that
most readers can relateto. Arethere any ERP or PDM systems out there
that will address all your needs for these processes? Maybe, if you pay
enough, if you buy enough consulting weeksto accompany the software, if
you know what you need and if the consultants understand the discipline,
that isalot of ifs.
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Software programs can help after you understand what job needsto
be done and what processes are best for you. The processes must be fast,
accurateand well understood. Get educated first, buy softwarethat claims
to do configuration management last. Something more substantial is
needed between engineering andtherest of theorganization, it scalled CM.

TheCM Ladder

Many people believe that when they have been ISO certified they
have adequately covered the documentation control and configuration
management requirements. Thisistrueasfar as|SOisconcerned, but 1SO
doesn’t care how fast or efficient, or effective or simple the processes are.
Asisoften said: “ SO merely wants you to document what you do and do
what you document.” Thisisagood step out of chaos, but along way from
best in class or world class. Examinethe CM Ladder in Fig. 1.2

The CM Discipline

First a definition: a simple, fast, accurate, systematic, and well
understood process approach to planning, identifying, controlling, and
tracking aproductsconfiguration fromitsinceptionthroughout itslifewith
minimum cost.

We engineers hate the word “control.” Too much control detracts
from speed. Noticetheemphasison speed. Thisisafactor missinginmany
companies. Alsonotethetimeframe—birthto death of theproduct. Notice
that theterm*“tracking” isused instead of theclassical “ Status A ccounting”
term. These are the traditional elements of CM—plan, identify, control,
andtrack. Thechallengefor the CM Manager isto mix just theright amount
of each of these elementsinto the CM processes—Product and Document
Release, Bill Of Material, Request, and Change.

Also notice the emphasis on training—" awell understood system.”
In order to be systematic and well understood it must be documented. The
discipline must be depicted in a set of standards and the people trained on
those standards.

“Configuration,” as used herein, has a narrower meaning than the
dictionary definition—thetechnical description and arrangement or com-
bination of partsand materialswhich are capable of fulfilling therequire-
ments defined by the product specification, other specifications, and
drawings.
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World Class

Fast, Accurate, Well
Understood, Efficient
Processes, Recognized as
best of the best.
Benchmarked by others.

‘Best In Class

Processes / results exceed
customer expectations.
Outperforms direct competitors.

Efficient

Process meets all internal
management requirements / metrics
as well as ISO / QS requirements.

Acceptable

Meets all customer and ISO / QS
requirements. Written standards
are followed.

Incapable / No process

Ineffective, inefficient, slow, variable
by whim, few or no standards.

Figurel.2. CM ladder. (Adapted fromthearticle* Howto Stay Flexible and Elude Fads’
by Irving De Toro and Thomas McCabe in “ Quality Progress,” March 1997.)

The discipline can be applied to companies who produce a product
that is either parts or process driven—discrete product manufacturing or
process manufacturing. The product can be abuilding or an atomic power
plant. The principles apply, with some care, to any “product.” This book
will, however, concentrate on the discrete product manufacturing.
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On the other end of the spectrum, where does the Program Code fit
into this definition? It is aso included in the sense that the code is
“assembled” onto atapeor discthat then becomesoneof the* components.”

Notice the emphasis on The Product Specification. It issurprising
how many companies try to get along without a product specification, or
they have one, but don’t releaseit, or they produce or release it much later
than isdesirable. Thisissue will be discussed further in Ch. 2.

The CM System

Thetotal CM system ismade up of four major processes. These are
generaly referred to as Product Release and Change Control. More
specifically, the processes are:

Product/Bill Of Material Process

Product and Documentation Release Process
Change Request Process

Design Change Process

Thus, 1 CM System = 4 major processes.

The Change Reqguest Process and the Design Change Process are
often combined under one term, Change Control. Thiswill not be donein
thistext for reasonsthat will become apparent later. The product or part or
document “ obsolescence process’ is combined with the Design Change
Process and treated as a special kind of design/document change. These
four processes must cover any product from inception to obsolescence—
birth to death.

Thereisatemptationto say that these processesoccur inseries. First,
we document the product and rel ease the documentation, then create a Bill
Of Material, etc. Although some companiestry to do business“in series,”
itisnot desirable. The processes overlap amost totally. For example, the
Product Specification should be created and released very early in the
product life cycle. The product specification should be put under a
simplistic form of change control, then, long lead parts should be released
in lead-time. Thismay well be done long before aBOM is “structured.”
Some documents may be obsolete before they are released, thus, the
processes should not be “serial,” but very “parallel.”

Infact, trying to do these processesin seriescreatesaproblem. If, for
example, we try to create all the documentation for a product before
proceeding, then the need to release long lead items (in lead-time) creates



I ntroduction 29

aquandary. Shall wehold up the project until all theitems are documented
beforereleasing thelong lead items? Shall wewait for their assembliesto
bereleased? Grouping any of thedocumentsfor releasecreatesan artificial
bunching of the work. Much better to design the processes to encourage
item by item release in lead-time to produce, since that isthe way they are
needed and used.

History Of Configuration Management

Thereal beginning of CM occurred when Eli Whitney designed and
built his cotton gin with interchangeable parts. That concept of inter-
changeability has cometo be expected in all manufacturing. Today, when
industry exchangesitemsthat are replaceable (including the end product),
they are expected to interchange, or reasonable notice is required.

Many companies have CM standards and practicesthat date back to
the early years of their conception. Industry standardization of certain CM
practices began with the government during the space program in the late
1950s. Thiswasahnecessary and natural occurrence since the assurance of
interchangeability between the many contributorsin a space program was
very difficult. Inthelate 1960sthe Department of Defense recognized that
each agency and branch was developing its own set of standards. They
brought al the CM standards under the purview of the Department Of
Defense. In the 1990s they have begun to adopt industry practices—EIA
and 1SO standards.

Atthisfirst edition, almost all the existing standardsand booksinthe
field have been Military/DoD driven. Since that timethe |EEE (Institute
of Electrical and Electronic Engineers), SAE (Society of Automotive
Engineers), EIA (Electronics Industry Association), APICS (American
Production & Inventory Control Society), ANSI (American National
Standards I nstitute), and | SO (International Standards Organization), have
all made some contribution in thefield. The most significant contributors
are EIA and 1SO.

Thefollowing quote fromthisfirst editionisno longer true: “ Indus-
try by and large, however, has been satisfied to let the DoD take the
initiative. The result is an IRS like, bureaucratic maze of forms and
regulations. It istime for the commercial CM world to stand up and be
counted.” SO and EIA have helped, sincethefirst edition of thisbook, but
alack of continuity exists. Thistext will answer that challenge and keep it
simple, that is the goal!



30 Engineering Documentation Control Handbook

The Organization

Lets examine the CM organization starting with the names it is
called—the organizational namesthat is. Theterminology varies depend-
ing upon the company. Some common names are:

Engineering Documentation Control
Revision Drafting

Documentation Control

Engineering Services

Design Drafting

Configuration Management

Documentation Control may beaproper termif thatisall thefunction
does. There may be severa Documentation Control functions in the
company or division—engineering, manufacturing, service, etc. One of
these functions should be designated asthe CM function—will control the
total processes by which all do business.

The CM title is preferred when the responsibilities are roughly as
outlined in this book. When the responsibilities are broader (include
functions such as Publications, Reproduction, Microfilm, CAD/PDM
control, etc.), then the preferred name is Engineering Services.

Presuming that your Company or Division organization is “dim”
(few total level sof management), the CM function should answer tothe VP
of Engineering. In larger organizations there may be an Engineering
Servicesfunction between CM and the VP of Engineering. If thefunction
answers any “lower” in the organization, it will not have the necessary
clout; communication of needswill suffer, and theresult will bemoreof the
“symptoms” described earlier.

Some companies have the CM function answer to QA, Manufactur-
ing, Operations, or eventothePresident. If theresultsarevery good, don't
change the reporting relationship. It can and does work well or poorly in
any organization. Most companies have the function answer to Engineer-
ing. The question is often asked, “Isn’'t that like having the fox watch the
chicken coop?’ The answer is; “Of course, but they’re Engineering’s
chickens!” We are talking primarily about design documentation! If
Engineering has the function and the described symptoms exist, reorgani-
zation may or may not solve the problems. The Design Engineering
management, however, runs the risk of loosing the function if too many
problems persist.
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L ocation of thefunctionin Quality Assurancetendsto producerigid
“over control.” Nomatter whichorganizationhasCM, thereisalwaysarisk
that they will “grind their own ax.”

L argemulti-plant companies should haveaCM organizationin each
businessunit or division. They should also have aslim corporate function
to assure minimum standardsare met. Thisminimum level of standardiza-
tion should be based upon three criteria:

1. Moving a product from business unit to business unit.

2. Customers contact with more than one division or
business unit.

3. Field service by a single person of products made in
more than one division.

Themost difficult of all worldsisconfronted when Engineeringisin
one location and Manufacturing is in another, or several, locations. A
different building, across town, across the country, across an ocean—the
bridge getslonger. When one of the Manufacturing locationsis off shore,
add another level of complication. The ideal results are more likely
obtained when the Engineering (or at least the “ Continuation/Sustaining
Engineering” function), Configuration Management and the Manufactur-
ing functions are in the same location (small business unit). This is
desirable regardless of the company size.

Within a small business unit, placing CM responsibilities within
multiple” Project Offices’ isinviting chaos. Toomany groupswill develop
their own rulesfor CM practices. Inlargebusinessunitsit may betheonly
way toattainfast action. If thisisdone, aslim* corporate” type CM function
will be necessary to maintain minimum standardization.

Document Control Functions

The typical document control function does the following:

- Assign all part numbers, change numbers, and docu-
ment revision levels.

- Control master design document after the appropriate
point of initial release (master file and “fire file,”
either hard copy or electronic).

- Change request monitoring.
- Change control and facilitation.
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- Chair the Change Control Board (CCB).
- Back up document databases.

Thesearenecessary and important functionsalthough, asyou will seelater,
the CCB often takes on a counterproductive character.

CM Functions

As a minimum, the CM function should have the following
responsibilities:
- Standardize and document the CM System
- Train al key personnel on the basics of CM and the
company CM system
- Develop metrics, measure and report on the CM
System

- Revision (Incorporation) “Drafting” for design
documents

- Input and accuracy of the BOM database (design
information)

- Trace the change to actual date or units affected

- Maintainthetraceability databaseand producereports
asrequired

- Auditing the system/assure that it is followed

- Benchmarking the CM system and continuous im-
provement of the CM processes

If any of these functions are not included in the CM Managers
responsibilities, the resultswill belikewiselimited. Some companiesvest
the CM group with other responsibilities, such as:

- Assisting the design engineersin the performance of
their responsibilities

- Microfilming/Digitizing

- CAD/PDM control

- Engineering library

- Product Support documentation preparation (Publica-
tionsManuals)
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- Manufacturing document control
- Support document control
- Control of the approved manufacturers list

The first five of these “other responsibilities” would make the
function asecond level Engineering Services” management responsibility
with CM not directly responsible for those five.

Placingthelast threeof thesefunctionswith CM should generally not
bedone. Itisfar too easy to overload the CM Managers plate with control
of manufacturing and support documents or lists. Better to keep the
responsibility with the organization that authors the documents, “but that
will make several document control functions’ you are thinking. Yes, it
will, but it also places the responsibility for control with the organization
that authored the documents. Of course, it must all be tied together with
flow diagrams, standards, audited, and controlled. That responsibility
would rest with the design document control function that would, thus
become the CM function.

Helping the design engineer with their responsibilities is a very
desirableCM function. It must bechartered and staffed to beeffective. This
is one excellent way to have the CM organization viewed as part of the
solution. It must be clear, however, that the responsibility for certain
functions belongsto the engineer and not to CM or any other organization
that is“helping” the engineer. For thisreason, many organizations choose
CAD/Drafting/Designers/Techniciansto hel ptheengineer rather than CM.
Reference will often be made in this book to “ Design Engineer is respon-
sible for ........ " This is not to say that they don't have help in the
performanceof atask, but that they must befinally responsiblefor that task.

Distributed CM

As previously mentioned, Document Control functions can and
should normally be distributed. Can the CM functions be successfully
distributed? Many small business units have the CM functions scattered
throughout the organization. Sometimesthe functionsoccupy fractions of
people’'s total job. The functions need to be brought together into one
group. Thisrecognition and emphasisisthefirst step toward attaining
world classCM. Some discussions of “distributed CM” are now taking
place. Some companiestry to make each engineer responsiblefor their
“own” CM. Sincethisauthor hasn’t seen such an arrangement work in an
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acceptableway, it remainsunproved. It also remainsan unmet challenge.
Better data processing systems will eventually help in the distributive
process. Companieswith several small businessunits should distributethe
CM responsibilities to each division with minimum control from the
corporate function as mentioned previoudly.

Inthiswriter’ sopinion, itisbetter to bring thefunctionstogether into
one group, document the processes, improve the processes based upon the
legacy dataprocessing systems, and then further automate those processes
in that order.

The Manager’sJob

A seminar attendee asked the writer if he had ajob description for a
CM Manager. Theresult wastowriteone. Theresultisan interesting and
different perspective on CM. It presumes that the Design Documentation
Control and the CM function are one.

Manager Of Configuration M anagement
Responsibilities
- Owner of the Configuration Management processand
standards for this (company or division). These pro-
cesses include the release of new items, the design

portion of the BOM and item master files, design
change reguests, and design change control.

- Owner of the Engineering Documentation Control
process and standards for this (company or division).

- Assure that the processes between departments are
documented in form, form instruction, policy, flow
diagrams and standard practices, as necessary.

- Assuresthat all necessary training on these standards
arewell understood by conductingthenecessary train-
ing for those involved in and affected by the system.

- Control the master design documents after the appro-
priate point of (pre-release or release). Thisincludes
all CAD master, word master and hard copy master
files.
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- Accurate incorporation of all changesinto the master
documents after the changesare appropriately signed.

- Monitor al design change requests, route to the re-
sponsible engineer, route responses to the requesters,
and assure that a list of requests is maintained and
regularly addressed.

- Control al design changes, assure proper conform-
anceto standards, knowstheactual effectivity of every
change, and produces such status accounting (trace-
ability) reports as may be required.

- Measure and report on the process accuracy, volume,
and thruput time; assure that process time and accu-
racy are continuously improving, report to the senior
management monthly, report to other involved man-
agers and key people weekly.

- Assignand control all (part numbersand/or document
numbers), change numbers, request numbers, and
document revision levels.

- Owner of theBOM part master and parent component
filesand screens; responsible for BOM accuracy with
regard to design data el ements.

- Know what changes are to be retrofit/affect the field
and what unitswere changed inthefield/wheretofind
that information readily.

Optional Responsibilities:
- Maintain the off-site emergency back up files for all
design documentation

- Control al CAD/PDM/CM software seats and sys-
tems; assure maximum up time

- Maintain an engineering library with appropriate sup-
plier manuals, outside organization specifications,
etc., for reference by any responsible engineer

Not Responsible for:
- Filing or control of manufacturing documents—fix-

ture drawings, assembly instructions, fabrication in-
structions, etc.
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- Filingor control of servicedocuments—maintenance,
installation, service manuals and lists

- Maintenance of the AML (Approved Manufacturers
List)
Noticethat thisdescription goesintowhat the CM Manager shouldn’t
be responsible for as well as what the manager should be responsible for.
More later on thisissue and on the AML

Organization Within CM

When the function grows beyond one person, how does the CM
Manager organizetheir people? After all, onegroup may havethreeandthe
next thirty-three people! There aretwo basic approachesto use, aswell as
combinations of the two.

Thefirstisthe® productionling” approach. Thatis, each person does
some steps and passes the rel ease or change to another person, and so on,
until complete. The other method is the “job enriched” method. In this
method a person does all stepsin the process. The job enriched method is
preferred, that is, one person will be responsiblefor all CM functionsfor a
product, set of products, or acustomer. Thisrequiresaconsiderableamount
of crosstraining.

The Manager’s goal should be for every person in the group to be
fully trained in al aspects of the work. This makes the people fully
interchangeable. This writer calls these people CM Technicians. Three
levels of CM Technicians are idea—entry, learned, and teacher. In this
fashion you can assign the people to a product, project, customer, or
whatever, depending upon the complexity. When someoneissick or goes
on vacation the interchangeability of people avoids delay. This does
require asignificant amount of training. Training is expensive, however,
if you believethat trainingisexpensive, try ignorance! Training withinthe
CM group and in related functions is the best way for the system (and all
its processes) to become accepted, improved, and used.

Configuration Management—What isit? An article the author
wrote for Mid-Range Enterprise Resource Planning, September |ssue,
gives another interesting perspective—defining Configuration Manage-
ment (CM) is very much like the old story about the Company President
hiringaController. Eachapplicant wasasked: “Whatistwoandtwo?’ The
person that was hired answered: “What do you want it to be?’ In some
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companies CM isaclerica function that keeps document files. The next
company might keep filesand process/facilitatethe design changes. Folks
doing DoD or FDA business have extensive organizations that control
every aspect of the product configuration asrequired by specificationsand
contracts. A few commercial product manufacturing operations havetight
controls on al the interfaces between Engineering and Manufacturing.

The DoD/military folks invented the CM term. Most commercial
enterprisesusetheterm Engineering Documentation Control (EDC). Since
we engineers hate the word “ control,” the military term is superior in that
regard. There are some who say that if the proper data processing
applications arein place then no CM/EDC isneeded. Sincethewriter has
not witnessed such autopian environment, the conclusion must bethat itis
like" paperless systems,” agood long term goal, but wewould currently be
satisfiedwith“lesspaper.” Somefolksuseboardsor teamsintheprocesses,
some don’t. The natural conclusion is that CM/Document Control is
whatever you want it to be.

What should you want it to be? The answer varies with the size of
the operation, the culture, the organization structure, the legacy software
applications, regulating agency requirements, and the experiences of the
management. In general, it is the function that bridges the gap (or tears
down the wall) between Engineering and Manufacturing, an interface
between Engineering and the rest of the company.

A company that has Engineering and Manufacturing in the same
small businessunit isthus going to have adifferent answer than acompany
that designsin the U.S. and manufacturesin several domestic and interna-
tional sites. A small operation might not need a change request process
whereasalarge operation probably does. A company regulated by theFDA
has different traceability requirements than one working to industry stan-
dards. If the management has seen boardsin their prior experience then a
board seemsto beanecessity. Itiseasier to attain shallow BOM structures
inaJl'T manufacturing operation than in traditional manufacturing. What
do you want it to be?

Since processes are the essence of business, the answer would liein
defining the CM/EDC processes. |If we look carefully at the interface
between Engineering and therest of the company, there arefour processes
at work; (i) the new product/part/assembly/document creation and rel ease
(called the“ Release Process’), (ii) the creation, structuring, and control of
theBillsof Materials(the*BOM Process’),(iii)therequesting of engineer-
ing changes (the “Request Process’), and (iv) the making of engineering
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changes(the" Change Process’). Sowhat you shouldwant “it” tobeisfour
processes, each fast, accurate, documented, and well understood.

These processes touch the very souls of the Engineering, Materials,
Production, Purchasing, Service, QA, Order Entry, Publications, and other
company functions. The cross functional nature of these four processes
makesthe CM/EDC disciplineavery hard disciplineto define, let aloneto
control. On top of this complication, add the fact that several of these
functions have documentation that can easily be defined as “ engineering”
documents. Oftentimesaproduct design document will contain manufac-
turing processinformation/specification. Who should control these docu-
ments? Should they all be controlled identically? If all engineering
documents are not controlled by the same department, how is it all tied
together? Thus, the plot thickens. Small/start-up companiesoften givethe
control of Engineering, Manufacturing, Publications, and Quality docu-
ments to the same department. In small operations the manufacturing
process responsibilities often lie with the design engineers. They may not
have a quality engineer nor a publications person. As companies grow,
however, aquandary develops. “ Too many cooks spoil the broth” goesthe
old saying, but shouldn’t the documents be controlled by the group that
authorsthedocument? What if adesign change affectsseveral functions
and documents?

In this writer’s opinion, technical documentation should be con-
trolled by the department which authorsthem. Thiswould mean that there
areseveral document control functions. Engineering would control design
documents, Manufacturing would control process documents, Quality
would control quality documents, and Publications would control service
documents, etc. Thisrequiresastandardtolist all thetechnical documents
and the corresponding responsible function. How are they tied together?
One function should be designated the Configuration Management func-
tion. That functionwould assurethat minimum control isexercised and that
the methods used in the individual document control function are not in
conflict. That functionwould assurethat the processesarein placetoattain
fast, accurate, and well understood results. When a design document is
rel eased, the process would assure that the affected functionsare involved
in that items development, that the author signs the document, that the
proper “acceptor” (primary user) signs the document, and that those who
need to know are informed of itsrelease. When a design change is made
that function would assure that these same events occur and it would also
assure that the change to the design documents are not held up while the
other documents are being assessed/changed. In other words, the CM
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function would devel op the standards and flow diagramsto designate fast
and accurate processes. They would also assurethat the necessary training
takes place to make the processeswell understood. Thusthe CM function
developsthepolicy, standards, forms, forminstruction, and flow diagrams
(apicture is better than a procedure), required for all four processes and
trains all those necessary about those processes. The CM function would
also measure the processes’ speed, volume, and quality, and report to the
management on these measures of merit.

But will the various regulating agencies and | SO/QS/AS accept this
arrangement? Their specsdo seem to encourage but do not seemto prohibit
distributed control. Personal experience, consulting experience, and semi-
nar customer’ s reports indicate that distributed control is acceptable pro-
viding the overall minimum control is present. There seems to be a high
amount of pressure from some regulatorsto “do it all in the same group.”
It is convenient for them if all the control is donein the same group but is
it best for the company? Not in most companies!

Thus, Configuration Management will bewhatever youwant it to be
and you should want it to be four fast, accurate and well-understood
processes.

Summary

The approach used in this book will be definition, execution, and
emphasis of the basics. Keep it simple, but recognize and address com-
plexitiesinthesimplest termspossible. Build upon these basicsto develop
the processes by use of an exampl e product—el ectronic ignition, program-
mable, front end loader (see Fig. 1.3). Wewill develop documentation for
thisproduct, rel easethat documentation, devel opthe BOM, request changes,
change the product by changing its documentation, and follow the change
to implementation in the product. Wewill also gointo development of the
release, request, and change, processes with an emphasis on speed, accu-
racy and training.



Figure 1.3. Electronic ignition front end loader.
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Product Documentation

It is not the purpose of configuration management or this text to
specify drawing standards. It isimportant, however, to assure that certain
elements are present on drawing formats. It is also very important to
emphasize that certain data elements should not be on those formats.

Document For matsand Standar ds

Keep asfew formats active as possible. A well thought out drafting
standard will help in thisarea. Use ANSI Y 14.5, DoD STD 100 or the
commercialy available Drawing Requirements Manual (DRM) as a
guidelinefor your own standard, taking careto assurethat all thefollowing
rules and guidelines have been taken into account aswell. I1n other words,
don'’tjustinvokeoneof these standards, read and modify it accordingtothe
parts of this text that you wish to adopt, deleting those parts that are not
applicabletoyour business. Also, deletechangecontrol sectionsasthey are
poor and even counterproductive, as discussed in Ch. 10.

Somegeneral definition of the parts of design documents, regardless
of size; drawings, specs, lists, and other documents, should have acommon
format. They should all have a Body, Title Block, and Revision Block, as
seenin Fig. 2.1.

41
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Revision Block
| | i

Body

" Title Block

Figure 2.1. Terminology.

Title Block

The typical information found in the Title Block of a drawing or
specification is shown in Fig. 2.2.

Unique company requirements may call for more data than that
shown. Forexample, if you are doing business with the governmenta CAGE
(Commercial And Government Entity) number will be required. Simplicity
should be the rule however, thus, it is most important to cover the data that
should not be in the title block.
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MATERIAL FINISH PROPRIETARY NOTE
COMPANY LOGO DRAWING SIZE
AUTHOR DRAWING TYPE
CAGE #
CLASS CODE
ITEM DESCRIPTION
PRODUCT (ORIGINAL USED-ON)
PAGE __OF __ | PART NUMBER
| DRAWING # DASH #

Figure 2.2. Title block data.

Notice that the title block does not show the current revision of the
document. Although somecompanies show the revisioninthetitleblock, the
practice is not recommended. In one extreme, a company’s “A” size
drawing showed the revision in no less than four places.

Rule: Show the revision once in the Revision Block on the
first page and once on each subsequent page of the
document and make sure it is current there.

Reason:  Otherappearances ofthe revision level only add work
to keep them current and add risk that confusion and
errors will result when they differ.

Some companies that are still partially in a hard copy mode may have
a high need for the revision to show in the corner of a folded hard copy. If
this is a worthy need, add one more appearance of the revision on the first

page.

The Original Product Used On is shown in the title block, but no
attempt will be made to keep other Used On up-to-date on the document.
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A separate file should be set up for maintenance of the Used On relation-
ships, usually in the MRP/ERP system.

Rule: Do not maintain Used On information on Design
Documents, Set up a separate file for this data

Reason:  You may use any item over and over again in other
products; itiswasteful to get theoriginal document out/
access it to revise it each time you use the item
elsewhere

If the company doesn’t currently have acomputer program for doing
this, asyou grow you should have, sokeepit separate. M ost CM groupshave
access to a PC that can be used to maintain the used on. Most MRP
(Manufacturing Resource Planning) or ERP (Enterprise Resource Plan-
ning) systems have used on capability. If you have an MRP/ERP system,
make that your only placeto maintainit.

TheMaterial requiredtomakethepartisoften showninthetitleblock,
in aseparate Material Block, or in the body of thedrawing. Theimportant
issue here is that it is in a consistent location to make it easy on your
customers.

A simple material partslist may bein order. If you have or foresee
problemswiththematerial tracking, inventory control, material shortages, or
material formula, youmay wishto consider makingthepartintoanassembly.
That is, making thematerial specification(s) acall out ontheitem assembly
partslist.

Example: A sheet stock manufacturer wishes to control the roll
stock material that avariety of sheetsare produced from. Thiscanbedone
by preparing aone-item partslist for each assembly produced:

SAE 1010 steel 4" nominal X qty.

Example:  An injection molding company needs to control the
material content or formula of the part. They can do so by preparing an
assembly partslist such as:

VirginMaterial X qty.
Re-grindMaterial y qty.
ColorationMaterial zqty.

Whether or not this material parts list concept is used also depends
upon how vertically integrated acompany is. It should not be donewithout
careful benefit analysis, sinceit adds alevel to the BOM structure.
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It is sometimes said that CM principles are difficult to apply to a
processindustry. Thisisoftentrue becausethe company hasnot devel oped
apartslistfortheir product. Thematerialsrequired arenot clearly specified
inaseparatelist, but are buried in the process documentation. Step onefor
those companiesisto develop their formulainto an assembly partslist. The
guantitiesmay beper pieceor, inthecaseof acompoundor liquid, afraction
of the total mixture. This allows separate control of what is normally the
critical design aspect of processindustry products. Thisalso setsthe stage
for computer control of each part of the material content.

The Drawing Typeistypically an alphacode that indicates whether
thedrawingisa

P = Part

AY = Assembly

PL = Parts List

LD = Logic Diagram
etc.

Some Companies use this code as part of their Part Number. Asa
separate field, this information is more readily maintained and expanded
should you not set aside enough digitsin your part number. Inany event,
develop astandard (and keep it up to date) which spells out your acceptable
abbreviations. Keep it simple—one standard covering only this subject.

Note: Theterm standard will be used in thistext when one might say
policy, procedure, or standard operating practice, etc.

Thedefinitionof an Assembly isoften debated. Thesimplest definition
is“any physical item with aParts List.” It follows then that a part isany
physical item without a partslist. The term item can refer to both. Theterm
component will also beused. Component isagenera term much likeitem
in that it may refer to apart or an assembly. If acompany has a Drawing
Type code or processes that treat parts and assemblies differently, it is
critical todevelop clear definitions. A definitionsstandard may beinorder.

Theauthor should be the name of the single, primary person respon-
siblefor theitem creation. Avoid having more than one signature since at
least one standard (SO 9000) calls for the same signature in the change
processthat originally approved the document/release (unless specifically
stated otherwise). In order to minimize the signature gathering and to fix
responsibility, have only one name here.

Oneacceptor of thedocument should beadded tothetitleblock. This
would bethe manufacturing engineer or other singleresponsibleperson
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that woul d speak for themanufacturability, testability, serviceability, etc., of
theitem. The margin of the document can be used in an unofficial manner
for the checker, CAD designer, or drafts-person, to sign.

If computer access codes are secure, acomputer printed signatureis
acceptablein most environments. Thissingleresponsibility practiceisthe
beginning of animportant concept, theresponsi bleor cognizant engineer list.
Thislist will be discussed later. It iskept separately from the drawing as
opposedto changing theauthor nameonthedocument. Thisavoidschanges
todocumentsfor changing responsibilities.

Revision Block

Information typically found in the revision block of a drawing or
specificationisshowninFig. 2.3.

REVISION LETTER / NUMBER
REVISION DATE

REVISION DESCRIPTION
ECO NUMBER

| SIGNATURE

Figure 2.3. Revision block data.

Note that the Revision Date is the date on which the change was
incorporated into the document, not necessarily the date the change was
written or approved.

If the description of the changeisshort, it may be placed here. If the
description is long, it is perfectly acceptable to enter a minimal word
description of the change. Saying “See ECO” is unacceptable.

Rule: Always enter a phrase which encapsulates the reason
for change.


Bill 


Bill 


Bill 


Bill 



Product Documentation 47

Reason:  Whentroubleshooting aproblem, an engineer canrule
out certain changes from the search by reading a brief
description. Thiswill thusavoidthestep of pullingthe
ECOtoidentify what thechangedidwhendoingfuture
troubl eshooting.

The ECO (Engineering Change Order) Number should be aseparate
field asopposedto enteringitinto the Description. Whenitisnot aseparate
field, itistypical tooccasionally omitit. Without thisnumber associatedwith
the change the traceability to the ECO form that documents the changeis
lost. Thus, thereasonfor change, other dates, change details, etc., arethen
not readily found. A separatefieldimprovesthe chances of alwayshaving
thistraceability.

Thissignatureisthat of the person who incorporated the changeinto
the document. If your change system is sound there should be no need for
any other personto signintherevision block. Thisisto say that the ECO
must beastand alonedocument. If itis, thenthesignatureof thepersonwho
incorporatesthe changeinto the master document or file should betheonly
onerequired onthat action. Thisshould bealettered signature (acceptable
in most environments) to assure readability.

Rule: The signature column should be signed by the person
who incorporates the change into the document. No
other signatures should be required.

Reason:  If morethan one person signed, which will assurethat
incorporation of the change was done correctly?

More than one signature also adds to the processtime. The critical
issueistheresponsibility forincorporatingthechangecorrectly andrapidly.
More about this in the change process.

Body of aPart Drawing

The following information should appear in the Body of a part
Drawing:

- Pictorid
- Dimensions and tolerances
- Notesand Specifications
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Itisimportant to keep notes and specs short and crisp. 1f the spec or
note information is long or has use on several drawings, then a separate
document should be created. The part number of the separate spec or

detached notes should be referenced on the body of this drawing.

Anexampleof apart drawing for the Bucket of the Front End L oader

isshowninFig. 2.4.

Drawing normally
dimensioned

to manufacture

Ref Mold # A23GC54

Remove all burrs

Rev

ECO* | Rev Descr

Date Sign

- In Development

2-2-2002 | FBW

QWA

—
/—\/_\/—&

Drawn By: Propriatary: | Material: Finish: Size:
C Brown |Y,PatPendi Resin # 623453-03| #12¢ A
Product: Cog Engr:: Mfg Rep: Service Rep:
FEL - 100 F B Watts
Pg of Pgs Description: Part Number '
L1 | EC3Corp | gycket, 4.0 as 52345601

Figure 2.4. Piece part drawing.
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Thedimensionsareleft off the example drawing so asto focuson the
issues that are most important to Configuration Management. On a part
drawing, the primary issueisreferenceto notes and specs. Inthiscasethe
moldto makethepartisareferenced specification. Itisdoneby referencing
themold tool number. Sincethenote“Removeall burrs’ isshort and crisp
it isshown on the body of thedrawing. If the company devel opsalengthy
de-burr specification, then that specificationwould begiven aseparateitem
number and referenced on the body of this drawing.

Englishor Metric

If we had shown the dimensions on our drawing, should they bein
inches, metric, or both?

Rule: Pick either the American or Metric dimensioning sys-
tem, do not do both.

Reason: Itisat least twice the work to dual dimension. Most
of your parts (where most dimensioning exists) are
made under one system. When amistakeismade and
thetwo dimensionsdo not agree(happensall too often),
engineeringinterventionand adesign changeisneeded.

Manufacturing Engineering can and should do the converting in the
production processes when necessary. Make it as difficult as possible for
foreign companies to carbon copy your designs. Some multinational
companies have chosen to dua dimension their drawings. Most have
wished, based oninformal pollstaken inthe University seminars, that they
had picked one method.

Document Signatures

Typically, several design engineering sighatures appear on each
document. A designer, achecker, an engineer, and amanager, all sign. Do
several signatures for the same function assure better quality documents?
Where is the primary customer for the document?

Notice that in the Loader Company the engineer (Responsible/
Cognizant Engineer) of thisdocument hassigned his/her namein*“ authored
by” in thetitle block. The primary customer for this document signed as
acceptor. This clearly separates the responsibility for the design from
responsibility for manufacturability, etc. In this case, the Manufacturing
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Engineer (ME) signed because it is a manufactured part. If it were atest
specification, thetest engineer would sign; the product specificationwould
be signed by the sales or marketing representative; aspare partslist by the
service representative—Field Engineer (FE).

The ME signs in order to assure optimum manufacturability. The
Manufacturing Engineer must be aware of and trained in the needs of
Suppliers, Receiving Inspection, The Production Floor, Repair, etc. The
servicerepresentativemight signindividual documentsthat represent spared
items (subject towear, failure or damage), but in thiscompany therewill be
aspareitem partslist that the FE will prepare with the cognizant engineer
so therewill be no need to signindividual documents.

Certainly nomoresignaturesarerequired thantheME and FE. 1f you
have more than these two peopl e (three counting the author) signing your
drawings and specs, it will unnecessarily delay the process. More signatures,
based on the author’ s experience, tend to make responsibilities unclear.
Thus, the more signatures the more problems that can go undetected.

Some companies have the ME and FE sign thereleaseform. Thisis
anundesirablepracticesinceit usually placestheburdenfor obtainingtheir
signatures on the CM function rather than the creating engineer. It also
doesn’t assure that they view the drawing rather than the form. The object
must be for the engineersinvolved in this project to converse, faceto face,
“upfront,” inthedevelopment. Totak directly about problems, reservations,
ideas, etc., as opposed to having CM aobtain the signatures upon rel ease of
thedocument. Theteam concept isfostered by the Design Engineer getting
the ME and FE (if required) to sign the drawing. More about teams | ater.

Do we print the name of the responsible person or sign? Lettered
“signatures’ are adequate for most companies. If you or your regulatorsor
customers require signatures, it is best to also require a readable hand or
CAD lettered name as well.

Rule: Designdocumentsshould besigned by theME (and FE,
if necessary), and those signatures should beobtained
by the creating design engineer rather than CM.

Reason:  Engineers should be functioning as part of ateam and
talking directly to each other. Having CM obtain the
signature creates awasted and counterproductive step
in thisprocess. Whenever thereare questions, CM is
merely acting asago between. Communication canbe
lost or misinterpreted in the process.
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TheME should signthedrawing/specification rather than therelease
or changeformsincethemanufacturability, maintainability, repairability, and
similar issues, are on the drawings and the specifications not on theforms.

A computer manufacturing company had aproblemwhereinacritical
adjustment wascoveredupintheoriginal design. A subsequent changewas
required to open an access holeto allow adjustment at final test. Whenthe
M E was asked how thiswas allowed to happen, theresponsewas, “1 didn’t
know that wasthe reason | was signing thereleaseform!” Itisalsoagood
ideato devel op astandard that crisply explainsthe responsibility that goes
with each signature.

OnLineSignatures

Most companies prepare pictorial part and assembly drawings with
some version of CAD (Computer Aided Design/Drafting). Should ahard
copy beprinted outinorder tosignit? Why can’tthe CAD filebethemaster
document? In most commercial environmentsthiscanbedone. A security
on the system to assign a PIN (Personal Identification Number) to each
author and acceptor is needed for good business practices and for liability
purposes. Thesignaturecanthenbelettered or scriptedintothedrawingtitle
block.

Notes

If notesarebrief they areplaced onthe body of drawings(suchasDe-
burr al edges). If they are multiple use (can be or are used on more than
onedrawing) or toolongto beinthebody (such asfinishrequirements), they
are detached on a separate document. They are usually given a separate
part number and that number isreferenced onthedrawing body. Thisisan
areawherein using theal phaprefix tothepart number, hassomemerit. That
is, if onefor one use the same number (different al pha prefix) can be used
and the detached notes more readily found. The number should still be on
the body of the drawing. Placement of the reference document on the
assembly partslistisdiscussedlater. Whenthedesign engineer specifiesthe
processtobefollowedin producing theitem the samecommentswoul d apply
to these Process Specifications.
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Body of the Assembly Drawing

The face or body of an assembly drawing should contain:

- The Assembly Pictorial

- Assembled Dimensions and Tolerancesif any
Notes/Specs

- Find/Balloon Number

Themost preval ent mistake made on assembly drawingsisto put the
partslist onthebody of thedrawing. Thisisacarry over fromtheold days—
before the advent of data processing. Prior to computers, the accepted
practice was to place the parts list on the body of assembly drawings.
Unfortunately, when computerscameal ong, they gaveapowerful capability
to produce detached partslists. It wasalso easy to leave them on the body
of thedrawing. Thepartslist should normally beon aseparatedetachedlist.
Thefind or balloon number rel atesthe picturetothelist. Withtheadvent of
dataprocessing thedetached list can be obtained from CAD/PDM (Product
Data Management), MRP/ERP, or another database.

Rule: Do not put parts lists on the body of an assembly
drawing unless they are put there by asingular BOM
database. If you havethem onthebody of thepictorial
drawing, start a planned program to detach them.

Reason:  As you grow, the parts list on the pictorial will be
redundanttoapartslistinadatabase. Thisredundancy
isnotjust wasteful, itisdangerousasitallowsapossible
divergingdesign.

An exceptionto thisrule might befor inseparabl e assembliessuch as
aweldment. Inthiscaseit may be best to document all parts on amultiple
pagedrawing that showstheir individual dimensionsaswell astheassembled
dimensions. A find number should be used instead of part numbersfor the
pieces.

Another exception might be wherein the company has one database
(such as CAD/PDM) which feeds the drawing as well as the other data
processing systems, such as the MRP/ERP. In this case, the existence of
onedatabaseisthedesiredresult. Attheinitial writing of thistext, theability
to connect MRP to CAD or viceversawasnil. Today the connectionsare
becoming more prevalent, either resident in the CAD or MRP/ERP or
throughaPDM system. Unlessyour systemsare automatically connected,
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the conclusion should normally beto detach the partslist and not to devel op
partslistsin CAD. Much more on this subject in Ch. 5.

A typical design pictorial drawing for the Front End Loader looks

likeFig. 2.5.

REV DATE | REV DESCR ECO# | SIGN
01 1- 12- 98| Release for Pilot | 650 EDC
02 2- 02- 98 | Chg bucket config| 722 EDC
A 2- 20- 99| Release to Prod 923 EDC
B 7- 12- 99| Small tire OD 1212 EDC

PRODUCT

AUTHOR [ACCEPTOR  |MATERIAL FINISH |SIZE

FEL-100 | F. Watts |M.E. Jake |See Detached PL | NA A

PG of PGS DESCRIPTION PART NUMBER
1of1 |EC3 Corp | Front End Loader, Final Asm 223456-01

Figure 2.5. Assembly pictorial drawing.

Whileinthe product devel opment stage, the designer should control
iterationsof thedesign by useof thedatefield. Therevisionfield should be
left blank. Thisleavesnumeric and alpharevisionsfor subsequent formsof
release. In our example, the final assembly pictorial and parts list were
released for limited quantity build (pilot production) at Revision “01.”



54 Engineering Documentation Control Handbook

They were both revised during the pilot production phase, the change the
bucket (Rev. 02). They were again revised to change therevision level to
an alpha (A) when the team agreed that the item is ready for production.
Then, when the small tire OD change occurred, therevision level changed
to“B.” Much more on revision levelsin the release and change sections.

In start up and smaller companies, the design assembly drawing is
often used asthe pictorial for the Manufacturing assembly operator. With
theadvent of CAD thispictorial canbethreedimensional, very powerful aids
to production. The Manufacturing or Industrial Engineer will want the
pictorial made to best suit the operator. Difficulty begins when the
production ratedoublesor iscutin half. What one operator did, isnow the
job of two or half thejob of one. Shall werun adesign changetorevisethe
picture and parts list to accommodate the new production rate? I nstead of
preparing and changing these picturesto suit Manufacturing, giveM anufac-
turing accessto the CAD database to make production process pictorialsas

they require.
Assembly PartsList

Thecorresponding final assembly partslist for the Front End L oader
partslistlookslikeFig. 2.6.

PEeo | B PSRN0 | “how
[ECa coRP  |DESCR i P/N SIZE [PG OF
FEL - 100 Final Assembly 223456-01 |A 11
FIND) : UNIT [ INJOUT

# ]nescmPTlou PART NUMBER | QTY MEAS‘ DATE

T |

1 Motor Mount Asm 223356-01 1 ea

2 Tire, Large 423456-01 2 ea

3 Frame Asm 723456-01 1 ea

4 Tire, Small 423456-02 2 ea wk 48

5 Bucket, 4 yard 523456-01 1 ea

6 Bucket Arm 823456-01 2 ea

7 PCB, Elect Ign Asm 923456-08 1 ea

8 Nameplate 323456-01 1 ea

9 Axle 103456-01 6 in

- Product Spec 123456-00 Ref Doc

- Material Spec 623456-00 Ref Doc

10 Wheel Hub, Large 113456-01 2 ea

11 Wheel Hub, Small 121456-01 2 ea

12 Motor Asm 114456-07 1 ea

13 Adhesive 115456-01 2 oz

- Spare Parts List 623457-00 Ref Doc

Figure 2.6. Detached parts list.
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Note: Part numbers are shown with a “-” (dash) for the sake of
example. Thedashwould not benecessary nor desirableinactual application
because key strokes do add up.

The part number of both assembly pictorial and partslist documents
is identical. Notice that the find number allows easy cross-reference
between the two documents. The revision level of both documentsis
identical. Keep them that way to avoid confusion, even though all
changes do not affect both documents.

Some companies have chosen to make the two documents different
item numbers and to cross reference by listing the pictorial number on the
parts list. Thisis aworkable scheme. It allows CM to only change the
affected document and to allow their revision levelsto be different. This
schemefavorsthe CM department, but not the customers of the documen-
tation. Better from the customers’ viewpoint to spend the extraCM effort
to make them the same part number and keep them at the same revision
level. Start up companies or companies changing their documentation
system should seriously consider thisissue. Established companieswitha
workable two number system should not change to a one number system
unlessthey arechangingtheir part numbering systemfor someother reason.

Therearethreeitemsonthe partslist that are not physical items—the
Product Spec, the Material Spec, and the Spare PartsList. They have been
entered becausethey are part of the design requirementsfor product. They
have been entered with quantity “Ref” and Unit of Measure*“Doc” in order
toflagthefact that they areonly documents. If theprogrammableel ectronic
ignitionwasat thislevel, theprogram code part number of thelatest software
release would be shown asareferenced document. If the codewereinthe
form of deliverable media(adisk for example), then the programmed disk
part number would be called out in quantity one.

The revision field will be reserved solely for the use of
Configuration Management. Thus, if you are using CAD, establish stan-
dards to prevent assignment of revisions by anyone except CM. Thisis
essential to the minimum control aspect of Engineering Documentation
Control. Unfortunately, most CAD systems do not allow security on the
Revision field, so you will have to achieve this control by policy and
procedure. Y ou will see this concept develop further in Ch. 10.

Our partslist hasan “in/out date” column. Most partslists produced
by MRP systems have a similar effectivity planning capability. The use of
thesefieldsis discussed in Ch. 10.
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EngineeringPartsList

Wheat is the official engineering partslist? In the Front End L oader
Company, wewill program areport from our MRP that lookslike Fig 2.6.
It will bedouble spaced to allow clarity of workup. It will not haverevision
levels on the components in order to avoid “rev rolling.” It might have
reference designators included in the body of the partslist if they can be
obtainedfromasingular database. Itisthecontrolled engineering document
from the company’ s singular database.

Unitsof Measure

The partslist depictstheitemsUnit of Measure. Develop astandard
ontheallowableunitsof measure. Thatis, will youallow useof inches, feet,
spools, boxes of ten, ounces, pounds, etc. This must be agreed upon by
Design Engineering, Manufacturing (Material s/Purchasing), and Field En-
gineering. Thismay seemlikeatrivial point, however many companieshave
confusion and wasted effort as a result of not agreeing. Engineering
specifiesoneunit whilePurchasingwoul dliketo buy another. Someoneends
up in the middle converting the unit used by design to the unit used for
purchase. Some MRP/ERP systems allow for a difference and do the
converting for you, but why limit choices of an MRP/ERP to those which
allow this problem? Why not standardize and get everyone on the same
units? The CM function needsto addressthisissue. Thisisanother way to
bridge the gap between Design Engineering and the rest of the world.

Specification Control and Sour ce Control Drawings

Itemsthat are commercially available (off the shelf) are documented
by acontrol drawing. For theL oader Company, ascrew, fuse, cassettetape,
disk, etc., would all fall into this category. Some companies chooseto use
thevendorscata og number andtrust thevendor to maintaininterchangeabil -
ity. Usingavendor number al so restricts Purchasing to that vendor. Better
to specify those characteristics that are important to you on your own
document.

These drawings, typically, are both part pictorial and part specifica-
tion matter. The envelope dimensions are shown. Critical specification
matter isstated. If thepictorial or envelopedrawingisnot required, thedata
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may beall digital and placedinto the database (MRP/ERP Item Master file
for example). All of these drawings have the same basic definition:

Definition: Specification Control Drawingscontaincritical form, fit
and function design criteria that is necessary to assure that the item will
consistently meet the intended purpose(s).

What isthe difference between the Source and Specification control
drawings? Thebody of the Source Control Drawing showsthesupplier from
whom Purchasing may buy the item. No suppliers are shown on a
Specification Control Drawing. How then doesPurchasingknow whomto buy
from?

AVL -QVL -AML

A separatelistingiskept for Specification Control Drawingsthat show
the acceptable supplier(s) for each part number. This list is variously
referred to as a QVL (Qualified Vendor List), AVL (Approved Vendor
List), or AML (Approved Manufacturers List). Regardless of what it is
called, theconcept isthesame. Thedrawingshneed not berevised eachtime
asupplier isadded or del eted.

The AVL/QVL/AML must be controlled in such away that Design
Engineering, Manufacturing (Purchasing), and Quality Assurance(QA), all
agree to any vendor changes on the list. Why bother you say? Ask your
Purchasing Manager what is preferred! Almost without exception they
prefer Specification Control Drawings with an AML. Their reasoning is
guitesimple; they can negotiate abetter package for the company when the
supplier does not know who the competitionis.

Rule: Do not show suppliers names on the face of drawings
nor use supplier catalog numbers.

Reason:  Better purchasing power and fewer drawing changes.

An exception to this rule might be for a company that has made a
concerted effort to adopt the one supplier policy, such as many Japanese
companies do.

The AML is best maintained by QA, although others can and do
maintain thelist. Theimportant thingisthat all three functions mentioned
must agree to all adds and deletes from the list. Control problems have
prompted somecompaniesto put the AML under CM control. | believethis
isnot awisechoicesinceit will detract fromtheir primary mission—fast and
accurate Engineering Documentation Control. No matter who controls



58 Engineering Documentation Control Handbook

thelist, an ECO is not required. A simple standard with a simple e-mail
process with data entry controlled by QA isall that isrequired.

Do not includedistributorsonthelist. Let Purchasing buy from any
source as long as they buy only from the approved manufacturers. (The
venerable Dr. Demming also strongly disliked the term vendor.) For this
reason, the author prefers the acronym AML.

Somecompani eshavetriedto handl ethisissueby assigning adifferent
part number to each supplier and then specify preferred and alternateonthe
partslist/BOM. Inthewriter’ sopinionthisisaformof insanity. Much better
to use the AML concept.

An example of a Source Control Drawing for the nameplate for the
FEL-100 model Front End Loader isshownin Fig. 2.7.

An example of a Specification Control Drawing for the Front End
Loader tiresisshownin Fig. 2.8.

Thesedrawingsarefrequently tabulated. That is, adash number (part
of the part number) isassigned. Inthiscasetwo tabulationsof thetire have
been charted on the body of the drawing, denoting size variations of an
otherwiseidentical tire. Theguestion often arises, how many variablescan
be handled on one document? The answer must be made in terms of the
readability of the document.

Guideline: Tabulationsof similaritemson onedrawing should
typically not exceed three variables.

Reason:  Easy readability on the part of the drawing customers
isthe key issue.

How should we maintain form, fit, and function interchangeability
with our suppliers? Well engineered Specification Control Drawingsarea
key solution. Placeall critical characteristicson thisdrawing and leavethe
supplier free to make other changes as he seesfit. Of coursg, if parts of a
purchased assembly areto be spareparts, then those partsmust besimilarly
specified.

This Specification Control Drawing concept is critical to successful
Design/Purchasing/Supplier relationship whether it is for a screw or a
computer system integration. It requires well thought out criteria of
mechanical fit (envelope), form, andfunction. Itislack of thisdocument that
often causes some peopleto want to control suppliersinterchangeability by
reviewing or approving all hisdesign changes.
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REV| DATE {REV DESCRIPTION ECO#| SIGN

T EC3 CORP 18 point

/4" FEL - 100 18 point
SN CODE 14 point

l PN 22345601 14 point

L——nlz"-——»J

1. 060" *.005" thick. SAE 1030
2. Lettering etched .009" * .001" deep.

3. Adhesive backing to withstand 12 ibs. pull
at any corner after assembily.

4. Test in #3 above to also apply after 5 year aging.

§. Purchase only from Z Backsive Corp
1423 Stickem Ave
Fox Lake IL 60020

PRODUCT: |ENGINEER:|MATERIAL: FINISH: SIZE:
FEL-100 |Wm Watts See Note #1 Std #4a A

PG of PGS DESCRIPTION: PART NUMBER:
1 1 |[EC3 CORP | Nameplate 323456-01

Figure 2.7. Source control drawing.
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REV| DATE REV DESCRIPTION ECO# | SIGN

oD
ﬁ—. 1/4" R
L— W iD
TA)? oD | ID w 1. Material to be ABS plastic.
X
ot 1.8" | 9" | 9" 2. No rough edges

02 (14" .7" | 9"
3. Standard tolerances, except
width to be *.05"

PRODUCT:|ENGINEER: |MATERIAL: FINISH: | SIZE:.
FEL - 100 |D. Bunker | See Note #1 Std #5b| A

PG of PGS DESCR: PART NUMBER
1 1 |EC3 coRP | Tires 423456 XX

Figure 2.8. Specification control drawing.

| tem Specifications

Specificationsarewordsthat describeanitem. They aregenerally in
a text format, but may have text, charts, graphs, envelope drawings, or
combinations of these and other techniques. They are generally prepared
to describe the end product, but may be defining asublevel of the product.
Thedefinition, therefore, becomesfairly general.

Definition: Specifications define the critical characteristics of an
items form (appearance), physical, or functional
nature.
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Specification Control Drawings are item specifications. Certain
assemblies may be described by a specification, whether made or pur-
chased. Anassembly that istested isusually defined by atest specification.

There is one level of the product that must have at least one
specification, that is the end product itself. These take various forms and
names. They will be called product specificationsin thistext. Whatever
they are called, they are so important that they need to be a released
document and under change control.

When several products are combined into a system, the product
specification may be referred to as a System Integration Specification.

Product specifications reguirements vary depending upon whether
you arein amake to stock, make to order, or make to print environment.

Make-to-Stock Product Specifications

The single most important of all Design Documents is the Product
Specification. This document must be agreed upon by key company
management. Thisagreement must occur very early intheproduct definition
phase. Thekey functionswhichmust agreeincludeMarketing (representing
the Customers), Design Engineering, and others as your President may
designate. Our Loader Company FEL -100 Product SpecisoutlinedinFig. 2.9.

Front End Loader | EC3 CORP size | by PN
FEL - 100 pg 1 of 1 A | tow | 123456-00

« Four yard bucket capacity - struck level.

* Maximum lift height - eight feet. With
special arms - 10 feet.

+ Peak Engine RPM - 4400.
+ Electronic ignition.

+ Engine cannot be shut off without bucket
and arms in lowered position.

* Minimum turn radius - 16 ft.

+ Comes in four colors - yellow, red, white,
and red & white.

+ Electric or gas starting engine.

Rev date Rev Descr ECO # by

12-01 78 | Development Release| J Besch

Figure 2.9. Product specification.
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Thisspecificationisobviously very general, toogeneral. For example,
aproduct specification should delineate the expected Mean Time Between
Failures (MTBF), the Mean Time To Repair (MTTR), and safety criteria.
Ontheother hand you canbetoo detailed, suchwasthecaseintheseventeen
page government specification for fruitcake.

A clear crisp specification of thecritical criteriaisneeded, however,
if this is the best available definition of the product at the start of the
devel opment projectit shouldbeput onthecorrect format andreleased. This
isanumericrevisionlevel rel easethat assuresthat al changescan reach all
the people who need to know. More on release phasesin Ch. 7.

Rule: TheProduct Specification should bethefirst document
released for the product and it should be released as
soon as the project is established.

Reason:  Itshouldbethehymnal for all that work onthisproduct.
Every change to that document must be carefully
distributed to all who need to know. Everyone should
beinthesamechurch, withthesamehymnal and onthe
right page (even though everyone can't sing well
enough to bein the choir).

The best way to accomplish thisis to release the end product part
number withaoneitem partslist—the Product Specification. Y ounow have
a“top” to build under. Thisisthe beginning of an ever evolving product
structure. More on the evolution of releasein Ch. 7.

Marketing/Saleswill prepareliteraturefromtheproduct specification
to aid in the product marketing.

Theabove product specification discussion hasdescribed themaketo
stock environment. The Configuration Management requirements are
incumbent upon the manufacturer. What is different about other types of
manufacturing?

Make-to-Order Product Specifications

Inthiscase, the Sales Order may constitutethe product specification.
Material accompanying the Sales Order (such asfeaturesand options|ists)
may al so constitutepart of the product specification. When companieshave
a customer(s) who must agree on product specifications, there is
sometimes a Design Specification prepared in addition to the Product
Specification. TheDesign Specificationisahedgeagainst reality. Inother
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words, theDesign Specificationtargetswhat isbelieved attainable, whilethe
Customer Specification has slightly less ambitious commitments. Some
companiesdevelopaTest Specificationaswell. Thisdocument defineshow
the Customer/Design specificationswill be measured.

In the make to order environment, product specifications are often
unclear. Sales Orders sometimes, in fact, sell configurations that are not
designed, tested, or even manufacturable, especially in the time frame
specified.

Rule: In the make-to-order company it is critical for Cus-
tomer, Marketing, Design Engineering, andManufac-
turing, to agree on the product parameters before a
customer commitment is made.

Reason:  Anythinglessthanreview and commitment fromthese
functionsriskslatedelivery tothecustomer,delivering
something different than the customer expected, or (in
some cases) hot being able to deliver what the cus-
tomer ordered at all.

One company was plagued with late deliveries of a make-to-order
customized product. Investigation showed Saleswasfrequently accepting
ordersfor featureand option combinati onsthat had not been pil oted (not built
and not tested). Thetimeto do the piloting was not considered inthe Sales
Order. In some cases they found that they had to go back to the customer
and explain that the combination of features requested was not aworkable
combination. Since the number of possible combinations was several
thousand (real world sold configurations considerably fewer), they had to
have Engineering examine each new combination to assure that each was
aviableproduct. Theresult wasmorerealistic delivery commitment dates.

The Sales Order, accompanying and referenced material, may con-
stitute the product specification. Some companies and/or customersinsist
that a specific specification be written. Whether the product specification
isone formal design document or several documentsitiscritical to obtain
agreement before commitment—during the quote phase.

Theideal situation isto have aunique part number (tab) assigned to
each sold combination. A later discussion of modular Bills of Material
(Ch. 5) will show how this was achieved.

In the make-to-order company the manufacturer is responsible for
assuring CM requirements. This startswith aclear product specification,
again, the most important design document.
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Make-to-Print Product Specifications

Thecustomer print and possibly partsof the Purchase Order makeup
the product specification. Again, itisvery important to reach agreement on
the parameters before committing to the customer. Again, they constitute
themost important design document. Sales, manufacturing, and thedesign
engineering functions must agree on the customer requirements. Thetrap
inthiskind of manufacturing isthat sometimesthe Purchase Order contains
new or changed item specifications. The company order entry process
must allow for atechnically competent persontowatch for such nuancesand
to add them to the customer print. This creates a complete product
specification.

Another specificissuethat arisesin the make-to-print environmentis
the end item part number. Should we use the customers part number or
assign our own?

Guideline: Whenever practical, thecustomerspart number should
beused astheend itemidentifier ratherthan assigning
your own.

Reason:  Usingthecustomer part number eliminatestheneedfor
a cross reference list/program and the many, many
referencesto it (forever). Thisaso eliminates probable
error in conversion from oneto the other and back again.

If a supplier has several customers who may assign identical part
numbers, analysis of those occurrences as well as the pros and cons is
necessary. If customers use alphanumeric part numbers and your data
processing system hasdifficulty handling that condition, further analysisof
that situation is necessary.

Design of Process Specifications

In many compani esthe product (manufacturing) processand routing
designistheresponsibility of Industrial, Process, or Manufacturing Engi-
neers. On some occasions, however, the Design Engineer feelscompelled
to enter thisarena. When Design Engineering feelsthat it is hecessary to
control an element of the process, adesign process specification or noteon
apart drawingisrequired. In high-tech productsthe design engineer often
preparesthe Product Test (process) Specificationsthat spell out how atest
isto be performed and, in some cases, what equipment is to be used.
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Inthe FEL-100 the design engineer might feel that the printed circuit
board cleaning method is critical to the product performance. A cleaning
spec would be written. These are examples of design process specifica-
tions. They aredesign documentsand will betreated as design documents
in subsequent processes.

Thiswriter feels that as companies grow they should avoid process
specification development and control in design engineering. Much better
to specify the criteria that needs to be met and to have manufacturing in
control of the part or assembly process.

Document Sizes

The physical size of hard copy masters or copies made from the
master digital file should be standardized.

Rule: Use multiples of 82" x 11" sizes. Use“A”,“B”, and
“C" sizes whenever possible and avoid using larger
Sizes.

Reason:  Reproduction of thelarger sizesisdifficult and expen-
sive. Themicrofilming and subsequentreadability and
reproduction of theimageisvery difficult. Paper stock
is standard in these sizes.

Thosewho arein apaperlessenvironment do not need to worry about
thisissue. Most companies are not paperless, however, they are merely
trying to create less paper.

Proprietary Note

Place anoteon drawingsand specificationsof your own designtothe
effect that theinformation contai ned thereonisproprietary toyour company.
Thismay discourageoneformof industrial theft, however, donotrely onthis
note as a sole solution.

Document Groups

Divide all your companies technical documents into at least three
categories.
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- Design Documents—Define the product or critical

process elements

- Support Documents—Support or maintainthe product
- Manufacturing Documents—Define the manufactur-

ing process

Support Documents do not define the product, they define the
information necessary to install, use or maintain the product; they are
typically referred to as service manuals or publications. Manufacturing
Documentsdefinethe manufacturing process/routing. An examplegroup-

ing (by no means complete) isshowninFig. 2.10.

* DESIGN DOCUMENTS

Product Spec Process Spec

Customer Spec Material Spec .
Design Spec Spec Control Drawin

Test Spec Source Control Drawing
Part Drawing Assembly Dwg / Parts List
Silkscreen Drawing Logic Diagram

PCB Artwork Padmaster / solder master
Cable / Harness Dwg Schematic

Wiring from - to list Software Program

PROM Truth Table PROM / EPROM Spec

* MANUFACTURING DOCUMENTS

Routing / Process Sheets Inspection Process
Hustrations for Process CAM Programs
Tool / Fixture Drawing Test Equip Drawing

* SUPPORT DOCUMENTS
Field Instruction / Bulletin / Kit

fllustrated Parts Catalog Spare Parts List
Product Description Manual Spares Kits
Maintenance Manual Installation Instructions

Figure 2.10. Grouping document

Other groupsof technical documentation could easily beaddedtothis
list/standard. Quality Assurancedocumentation, forexample. Itisdesirable
to make this simple distinction in order to determine the treatment of each

group in further processes.

Rule:

Each document control function will control the mas-

tersfor their group after release
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Reason:  Keeptheresponsibility for control withtheorganization
that authored the document

Designate one of the control functions as the Configuration
Management function. This would, in most operations, be the design
document control function. Again, although this function is normally in
Design Engineering, it might bein Quality Assurance, Operations, Project
Office, etc.

Rule: Configuration Management will hold the Master of
Design Documents after release. They will be re-
leased only by the company’s release rules and pro-
cess. They will also be changed only by the change
process and rules.

Reason:  Toassureminimumcontrol inall of the CM processes.

It is not necessary or wise to treat all three groups of documents
identically nor by the samefunction.

Rule: The masters of Support Documents and Manufactur-
ing Documents need not beunder CM control. Infact,
they may not be controlled directly by the design
document release or change process.

Reason:  Thesedocumentsshould bemaintained by thefunction
responsible for creating them. They arereleased asa
result of a product design release and changed as a
result of aproduct design change. Thecontrol systems
(managed by the functions responsiblefor them) may
besimilar todesigndocument control, butwill probably
be less stringent.

Each Document Control Function should be under the umbrella
process control of the CM function. In the case of FDA regulated
companies, thecontrol of manufacturing processdocumentsmust beequally
stringent to the design document control, but need not be controlled in the
same function.

Making Manufacturing or Support documents part of the design
document process will easily cause adistraction from, and adelay to, the
Design Document processing. Theargument frequently is; “ They don’t get
changed if we don’'t include them in the design change package.” The
questionthat must beaskedis: “ Should the processbeheld upwhilewaiting
for something to happen now whichisn’t needed until later?” Thesolution
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is never to hold up a product release or change to assure the support or
manufacturing documents are up to date. Of course, the support and
manufacturing documentsmust change asaresult of many design changes.
Thiswill be controlled by the overall CM process at the appropriate point.

Thisisan easy ruleto violatein asmall company because the same
person is often designated to care for Design, Support, and Manufacturing
Documents. That person, however, can treat each type separately in
preparation for the eventual split that should occur with growth.

The support or manufacturing documents affected must be updated
as part of the change implementation. The CM process developed will
assurethat these documentsare completed before closing thechange. Each
document control function candevel optheir owndocument control practices
within the CM process overall requirements.

Minimum control of all documents needsto be tied together into an
overall CM system.

Rule: The CM function will write the standards and design
the overall CM processes. They will assure that the
support documents and manufacturing documentsare
minimally controlledintheoverall processes.

Reason:  Toassureminimumcontrol inall of theCM processes.
See more about process documentation in Ch. 6, “Potpourri.”

Distributed DOC Control/CM

Some say that the document control/CM responsibilities can be
distributedinvariouspartsof theorganization. Indeed they can becausethey
most often are. Doesthis mean that this conditionismost desirable? Read
the following exchange of e-mailsand decide for yourself:

Hi Frank,

Hope everything iswell with you. Thanksfor the knowledge
you sharedwithall at theDoc Control course. | beganapplying
what | learned as soon as | returned to work. The timing was
perfectinthat we arereorganizing the quality system here. As
such, we are redefining processes and their flow site-wide. |
am leading several teamsin this effort and, as aresult, | have
an opportunity to impact how our processes will be restruc-
tured. We are an 1SO 9000 certified company, in the
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electronicsindustry, acontract manufacturing house (small
form factor PC boards w/passive and active components),
and part of aglobal corporation.

One of my functional responsibilities isto manage the Docu-
ment Control Unit. Many managers feel that DCU should
control just about every document produced onthe site. What
aregood selling pointsto raiseto get them to buy-in to thefact
that DCU need only control design documents and |SO
procedures (site procedures, level 1, 2, and 3, docs). The
remaining documents generated are primarily Manufacturing
and Support. Some feel DCU should control docs like job
descriptions, equi pment maintenance manual s, tool andfixture
drawings, etc.

Am | on the right track? Y our thoughts? Thanks in advance

Larry

The response:

Larry,

It was good to hear from you. Y ou have identified one of the
hardest elements of the CM disciplineto explain. Let metry.

Folks generally agree that the responsibility belongs with the
authority andviceversa. Trandlatingthat intodocument control
would mean that it is best to place the document control
authority with the organization that has the responsibility for
creating/using them. Manufacturing documents (tool draw-
ings, assembly instructions, fabricated part processing/routing,
etc.) with manufacturing; Support documents (installation,
service, parts manuals, etc.) with Field Service/Publications;
Designdocumentswith engineering, etc. Thisleaves, however,
some unanswered questions as to the overall rules and assur-
ance that each will fit in or be in sync with the other. That
iswhy oneof thosefunctions (typically engineering document
control) should be designated a CM function. The CM
function would tie together the various document control
functions by writing standards (and auditing same) to assure
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that eachisminimally controlled. The“tietogether” would be
thework flow diagram, certain standards, especially numbering
and revision related standards.

The discussion gets especially difficult in smaller operations
becausethe Design Engineering folksareoften responsiblefor
the publications, manufacturing process, etc. Asan operation
grows, however, my premiseisthat the responsibilities should
be split and eventually spun off to the organization that should
be the owners of the documents. | believe this because the
engineer who is good at design is generally not good at
manufacturing processing or technical writing and vice versa.

Thediscussionisalsodifficult becausetheassembly drawingis
typically produced by design, but manufacturingistheprimary
user. Publication writersare also significant users. Theideal,
according to Frank, would be for engineering to produce the
three dimensional file necessary to produce part drawingsand
specificationsand manufacturing and publicationswould pro-
duce from that file the needed pictorias for step by step
assembly and step by step maintenance.

Theother critical point isthat thetendency to bundle up all the
affected documentsduring thechange processisuncontrollable
when the same function is responsible for their creation or
control. Thebundled changeistheslowest change. Thedesign
documentswould be marked up/from-to, be rel eased/changed
first, thenthemanufacturing documentsand publicationsshould
be changed (as a second step) if affected. The CM work flow
diagram and standards will assure that they are in sync.

Thanksfor asking, hope this helps.
Frank
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Filesand Masters

Thisisasubset of anentirebody of expertisethatisgenerally referred
to as Data Management. This is a subject that can have, and has, many
volumeswrittenaboutit. Thesubjectincludesproductliability implications,
PDM systems, etc.

The goa here will be to cover only the basic data management
necessitiesfor Configuration Management. Chapter 4 on BOM/Databases
will also touch on this subject. The critical aspects of file and document
management to Configuration Management are:

- CM must be the keeper of the Design Document
masters. Themastersmay taketheform of theoriginal
hand drafted hard copy. Themaster may beaCAD file
and controlled by a PDM system. An aperture card,
microfiche, or roll microfilm, may constitute the mas-
ter. An electronic code set/image may be the master,
thus, the CM master fileneed not bein hard copy form.
Thevariousfilesshould be programmed to allow only
CM to assign revisions. CM can thus control the
revision level asit isreleased or changed.

- Thekey to the master file must be held only by CM.
In the same sense that CM manages the Print Room
they must manage all design document masters
regardless of the form. Hard copy and electronic
mediafiles should normally bein alocked room or
locked files when not attended.

- CM must be the only group who can assign revision
letters or numbers. It is by this device that they can
assure that the system is being followed, capture a
master document, file it, and assure that anyone can
obtainthelatest revisiondocument. Cananote, stamp,
or some other code be used instead of the revision
level? Y es, but why add another factor to confusethe
issue?
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- A disaster file must be kept in a physically different

building. Thisfileisnecessary incaseof afireor other
disaster to the master file. Itsformat might be any or
acombinationof severa of thoseprevioudy mentioned. In
onesmall CAD based medical company, the Engineer-
ing Services manager took backup disks to her home
almostdaily. Thisback upfileisa soaconvenient place
to keep each revision level document.

- Hard copy masters must be capable of at least two

generations of reproduction. The master is used to
produceacopy for red-lining and acopy of thered-line
must be highly readable. For companies using micro-
film, three generations is desirable; a copy for ECO
red-lining can bereproduced, ahighly readablemicro-
film copy made, and prints from it must be highly
readable.

- CM must control all revision, part, document, hardware

mod/software release, and ECO numbers.

- Themaster filesshouldincludeall number assignment

logs and ECO masters.

- Orderly files, handling of the masters only by CM

personnel, all CM personnel being familiar with the
filing system, arenecessitiesfor good filemanagement.

Take care when considering PDM systems. Many of them claim to
do CM, some of them do some CM. Finish thisbook and then ask yourself
“What are our CM requirements and will a particular PDM system satisfy
them?’

Now that the L oader Company documents are defined, what doesgo
onthedocumentsaswell aswhat doesnot go onthedocuments, let’ sdiscuss

how to identify documents and product.
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| dentification Numbers

I ntroduction

Asif lifeingenera isn’ tfilledwithenoughnumbersalready, EDC/CM
abounds with numbers. Product, Model, Catalog, Part, Item, Document,
Spec, Serial, Mod, Block, VIN, Series, Release, Change, Deviation, etc.,
etc., enough already!

How intheworld should thissubject be approached? Tryingto cover
all theknown numbering schemeswouldtakeabook by itself. Intheinterest
of simplicity, the necessary numbers will be devel oped for the Front End
L oader asthe first product of a start up company. A company with afast
growing futureand, hopefully, thewisdomto seewhat isbest for thefuture.
Asthisisdone, variationsthat might be moreapplicablefor another kind of
company or industry will be discussed.

Product and M odel Number

If you are a component manufacturer, or a make to print manufac-
turer, you may not have a number like this to worry about. Most other
manufacturersdo. Thisisthenumber where Sales/M arketing peopleusually
call theshots. They pick anumber (sometimesaname) which they believe
will capturetheattention of themarket place. The*WhizBangNumber.” It
isthen Design Engineering’ sjobtowork with Marketingto placethenumber
on the product whereit will enhance the Whiz Bang.

73
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The nameplate should, of course, prominently display the product
number. In the case of the Front End Loader we used FEL-100. The
important point to the company and to CM peopleisthat thisnumber isnot
precisewithregardtooptions, nor canit usually bechangedtoindicatewhen
certain changes have been made. It is, therefore, uselessto CM.

Part Number Cycle

Sometimes product numbers are used in the sales catalog without a
precisepart number. Remember, theProduct Specificationfor the FEL-100
camewith electric or gasstart aswell asother choices. If acustomer orders
anFEL-100, just which optionsdoesheexpect toget? Any ambiguity at this
stage can easily result in the customer receiving something different than
expected. Itis, therefore, critical that Engineeringand CM devel op specific
part numbersfor sold items. Sales must recognize those part numbers and
work with the customer to sell an FEL-100 identified by the specific part
number. By usingapart number at thetoplevel, thecompany can makesure
that what the customer wants is what the customer gets. The diagram
in Fig. 3.1 depicts the complete part number cycle.

If thispart number cycleisbroken at any point, thelikelihood of error
occurringissubstantial. Theresultisthat thecustomer receivesthe product
and it is not configured as expected.

One of the placeswherethe chain isoften broken isat the beginning,
when Sales and the customer fill out the SalesOrder. If thereisn’tadesign
document that hel ps Salestransl ate the optionsinto aspecific part number,
breakdown will occur. Thus, when the Order Entry Department tries to
convert the Sales Order to a specific part number, they can easily make a
bad assumption about what the customer desired. This design document
might beamatrix, catalog number, or asel ected number that doesdefinethe
specificconfiguration.

If the Product number (or catal og humber) ispreciseand unique, it should
not benecessary for Engineering toassignapart number. The catal og number
should be brought under CM control and used asthetop level part number.

The other place where this chain is often broken is upon making a
functional non-interchangeable change. Regardlessof thelevel or placein
the product that a functional non-interchangeable change is made, inter-
changeability rules will require CM to “roll” the part number change up
through all replaceable levels. Some companies even change the part
number of theend product. After all,ittoisfunctionally notinterchangeable.
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Interchangeability rulesandissueswill bediscussed|ater, butinthemeantime
consider theaffect of changingtheenditem part number. It breaksthechain
every timeafunctional ly non-interchangeablechangeismade. Thiscreates
havocif you have very many non-interchangeabl e changes.

| CUSTOMER CUSTOMER |

PN
ORDERED

PN
ORDER
ENTERED

Figure 3.1. The part number cycle.

Weneedtoknow if thechangeisor isnot present, but frequent changing
of the part number of end items drivesthe Master Scheduler into orbit. He
or she just got done negotiating run quantities and rates between Sales,
Material s, and Manufacturing, based onenditem part numbers. DoesMaster
Scheduling now haveto go back and reschedul e old and new part numbers
based on the probable effectivity of the change, then reschedule it again
becausetheeffectivity plan changes?
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Customerswill al sonoticethepart number changing and question our
companiesdesignstability. When possibl e, thesechanges shoul d betranspar-
ent to the customer. Will re-approval by UL berequired?

Thisiswhy many companiesdo not changetheenditem part number.
They prefer other ways to modify the top level part number. For most
companies, it is best not to break the part number chain.

Rule: Do not break the part number chain.

Reason: We want zero unhappy customers and zero product
return or replacements. Breaking the part number
chainincreasestherisk of sending the customer some-
thing different than was expected.

EndIltem“Mods’

Processoriented companiesgenerally useadate codewhichthey can
change (or record) each time they make a non-interchangeable change.
Automobile manufacturers generally use a part of the VIN (Vehicle
Identification Number) for this identification. Software people use a
“Release” number for thispurpose. Somemanufacturershaveanidentifier
that they call a Machine Level Control (MLC) Series Code or Mod.
High-end manufacturers(low volume, high product cost), usually chooseto
trace changesto the serial numbersand not haveamodifier (and do not roll
the end item part number).

The modifier also allows “batching” or blocking of changes. The
software Release modificationistypical. Thisisan economical approach
with software because of the extensive testing that is required for each
release. Be cautious before using the batching technique with hardware
changes, however. Themost economical point of incorporation (effectivity)
of a hardware change seldom matches the next (or the prior) hardware
change.

This modifier discussion raises the question, “If | trace my change
effectivity to Serial Number (and don’ t changetheend product part number),
why do | need a“modifier?’ Answer: if you have aserial number and no
modifier, anditworksforyou, leaveitalone. If itain’tbroke, don'tfixit. In
fact, this is a ssimplistic and, therefore, an excellent method of tracing
changes.

Some companies find it more simplistic to be able to identify the
version of the hardware as well as the version of the software. If your
production operationstendtorecycleunitsand, therefore, mix theunitswith
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andwithout anon-interchangeabl echange, theresulting effectivity lookslike
this

Example: ChangeA—effectivity: Serial Numbers122, 125,126, 129,
131,132, 135, and up.

The complexity of thisconditionincreaseswith:

* Earlier assignment of serial numbers
 Higher numbers of non-interchangeable changes
* Higher production rates

Thus, you may want to consider amodifier. Initssimplest form, the
aboveunitscontaining change“ A” might bemarkedwithan“ 01" modifier
on the namepl ate or in someless obviouslocation in order to makeit more
transparent to the customers. The next non-interchangeable change, “ B”
would be* 02,” and so on. Modifiers can be assigned for units that have
change* A" “ B,” and" D,” butlack change” C.” One company designed
an aphabet scratch sticker. The non-interchangeable changes were each
assigned a letter and the letter was scratched when the change was
incorporated.

ABCDEF
GHJKLM
NOPQRS

TUVWXY

This aso made for easy communication between the customer/
service/engineer when troubl e shooting.

Traceability

The significant CM issue with Product Numbers, end item Part
Numbers, Modifiers, and Serial Numbers, istraceability:

* What isthe exact content of each product with regard
to non-interchangeabl e changes

» What isthe approximate content with regard to inter-
changeable changes

* Precisely how can it be known that a unit is under
warranty

If you can answer these questionsyour “traceability house” isprobably in
good order.
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Serial Numbers

A serial number is anumber assigned to each individual product in
order to distinguish that product from all others. They are usually assigned
insequenceper product or product family. Manufacturingnormally assigns
the serial numbers to each product.

As companies grow, they may decide to build products in the same
family inmorethanoneplant. At thispoint theblocksof serial sused by each
plant must becontrolledin order toavoid duplication. CM should control al
serial numbers. Thebest method istodo it with areleased document. CM
must assure that all necessary parties agree to and are aware of the
assignment of the blocks. An alternate method isto have each plant prefix
the serial with aletter assigned by CM. This|letter should be reflected on
areleased document. Thisdocument could be the nameplate drawing or a
separate document referenced on the nameplate drawing.

Serial numbersaretypically assigned by Production Control at some
point near the end of the production line. The shipment date of each serial
number must be captured by manufacturing for warranty purposes. Manu-
facturing must al sotrack non-interchangeabl echangestothe Serial Number(s)
they actually affect (actual effectivity) or to date, mod, etc.

Rule: If you serialize, make sure you know the date shipped
for each seria and the actua effectivity by seria
number(s) for non-interchangeabl e changes.

Reason:  This is the essence of Configuration Management
traceability (Status Accounting) requirements aswell
as awarranty control requirement.

Themanufacturing organi zation may haveto assignacontrol number
to each product in order to trace non-interchangeable changes to a serial
which isassigned later in the production process. There are several trade-
offs that CM and manufacturing need to consider and agree upon with
regard to when the serial number isassigned—early or latein the manufac-
turing process. All thefactors previoudly discussed need to be considered
aswell as other factors, such as correlating test datato an individual unit.
Analysis of the best point in the manufacturing process to assign serial
numbers may lead to:

1. Early assignment and use of amodifier to overcome the
serial number effective“mix” problem.
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2. Use of a Manufacturing Control Number with later
assignment of the serial number. This method is used
with or without amod.

3. Log the ECO’ sthat are incorporated into atraveler with
the unit and capture the SN / ECO relationship when the
SN isassigned.

Make to order environments typically trace changes to the order.
Thus a non-interchangeabl e change affects all of an order and all higher
order numbers. They sometimesidentify theunitwiththeorder number and
use the ship date of the order for warranty control.

Part Number

These are the numbers we associate with parts, assemblies, and
(generally) theproduct, in order to precisely identify them. Theterm*item
number” is probably the more expressive term, however, part number is
more universal. The terms are generally used interchangeably.

Since the Front End Loader Company is a start up company, the
company hasachoice, therefore, thepart number systemwill haveminimum
significance.

Rule: Put aslittle significanceinto the part number aspossible.

Reason:  Because significant numbering systems tend to break
down. No matter how good you are at anticipating the
number of digitsyou will set asidefor agiven charac-
teristic, at some point it won't be enough.

With the advent of low cost computing, it isfar better for a start up
company to set up a database with those characteristics that might have
otherwise been put into asignificant part number. Thetemptation to usea
significant part number ishigh. Thesignificant part number helpsustofind
similar parts. If wedon't have significancein the part number, how do we
search to find similar parts? How do we avoid reinventing the wheel? A
group technology or class code system issometimesthe answer.

Classification Coding

This technique classifies items by their principal characteristics.
There are basically three methods for doing this.
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1. Purchaseapackaged system. Thereare several packaged
systems on the market that haveserved some companies
well. Requiresone or more peopleto betrained, to code
each new item, and to filter out duplicates.

2. Naming convention. Make sure that Descriptions and
Name on drawingsare donewith considerablediscipline.
Y our CAD/PDM probably hasthe ability to do key word
search. Theresult isa crude but effective classification
system.

3. Database fields. Devise your own class code in your
database. Set aside a separate field for each element
that isasignificant item characteristic. Thiswill require
report writer programming to makeit useful.

Theintent of any coding/classification systemisthesame—toaidthe
company, especially the Engineers, in four ways:

1. Allows the Design Engineer to avoid reinventing the
wheel. Thatis, to usean aready designed item. Without
a classification coding system, the engineer may well
concludethat it is easier to create anew part than to try
to find an existing one.

2. Similarly, it allowsthe Company to standardize. In other
words, to sort through similar items and to designate only
certain onesto usein future designs. Other itemswould
probably be phased out of existing designs and made
obsolete.

3. Engineerscanmoreeasily find similar itemsfor possible
substitution. Thisisvery helpful to manufacturingwhen
acritical part shortage arises.

4. Allowsthelndustrial or Manufacturing Engineertoutilize
Group Technology to producesimilar itemsin manufac-
turing cells. It can also help in the machine loading of
mol ding machines, for example.

A good starter reference on this subject is an article titled “ Group
Technology,” by Frederick Ingram, inthefourth quarter of 1982 Production
and Inventory Management (Journal of the American Production and
Inventory Control Society, Inc.)
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A good place for ayoung company to start isto write and follow a
standard for noun name and descriptions (Naming Convention). Standard-
izing terminology makes senseanyway. Thisstandard should describethe
nomenclature method and give sample document descriptions.

Example: Standard saystoawaysstart withthe Noun Name, follow
with Modifiers, then the Value of theitem.

Resistor, Carbon, 20 ohm, 2%
Bucket, Front End, steel, 4 Yard

The trick isto develop a method that will be most helpful for your
company. When the first database system is implemented, place all
significant characteristicsnot adequately covered inthenaming convention
into separatefields. Thiscombination solution may well bethe only class
coding system you will ever need. A Component Engineer isprobably the
ideal personto dothis.

Preferred and Alternate

Somecompaniesstrugglewiththeir partslistsand/or theMRPsystem
totry toinject preferred and dternate part numbersinto their Bill Of Material.

Rule: Put the preferred item inthe partslist and thusinto the
BOM. Let your classification coding system find the
alternate(s) when needed.

Reason:  Younormally want thebest for your product asanormal
condition. When dternates are necessary, there are
probably several lesser choices. Engineeringintervention
isnormally advisableinthese situationsanyway.

A standard may be required to indicate which engineering function
can make this decision, whether or not adeviation is required, etc.

Significant vs. Nonsignificant Part Number

Many companies have a significant numbering system at the top
level—product level. Some have a significant number for Specification
Control Drawingsand anonsignificant systemfor their owndesigneditems.
Many companies have mostly nonsignificant numbers. The prosand cons
of eachisshownin Fig. 3.2.
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SIGNIFICANT VS NON SIGNIFICANT
Describes Part . No Significance
Is a Class Code . May need Separate
Class Code
Must Publish Code Book - No Code Book
(or Code Book in CM)
Misinterpretation Likely - Eliminates
Interpretation
Security May Be . Security Better
Breached
Often Variable Length - Uniform Length
and Alpha Numeric Numeric
Less Compatible with . More Compatible
MRP / Info Systems with MRP, etc.
Check Digit Use . Lends Itself to
Not Practical Check Digit
Longer . Shorter
Harder to Memorize Easier to Memorize

More Error Prone . Fewer errors

Probably Separate . Document Number

Document Number Part of the Part Number
Categories Usually - ' No Categories
Breakdown - Limited Life Lasts Longer

Figure 3.2. Significant vs. nonsignificant part number.

The most critical of these issues is that, over time, the significant
numbering systems tend to break down. Companieswith more simplistic
productstakelonger to breakdown than thosewith more complex products.
Significant numbers, thus, tend to loosetheir significance. They nolonger
dotheclassification coding functionintended by theirinventors. Thisisthe
prime reason for recommending aslittle significance as possible.
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Recommended Part Number

The recommended (minimally significant) part number system is
showninFig. 3.3.

Notice that this recommended part number has the Document
Number builtin.

Rule: Thedocument number should alwaysbeincorporated
into the part number.

Reason:  Avoidsmakingand maintainingacross-referencelist.
Avoids making repeated reference to the cross-refer-
encefor all peoplefor all timeto come.

Exception: The top or product level numbering may wisely be a
significant number. Especially if that number can becomeeverybody’ stop
number and thus avoid breaking the part number chain.

NNNNNN-NN (N = NUMERIC)

DOCUMENT #

ey o

TAB #) <——— (OR DASH #

-

o

PART NUMBER

- Ll

TAB SIGNIFICANCE:
* IF DOCUMENT ONLY .............. 00
 IF TABULATED DOCUMENT... XX

* FIRST ITEM (TABULATED
OR UN-TABULATED) .............. 01

Figure 3.3. ldeal part number (minimum significance, document number embedded,
tabulated).
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Many CAD, PDM, MRP, ERP, and other automated systems, have
alimit onthedigitsallowed for apart number. Significant numberstendto
belonger than nonsignificant, another drawback.

Companies with significant nhumbers generaly have a separate
document number and across-reference. Every cross-referenceisdifficult
to produce and maintain. They also waste alittle bit of time every timea
person has to make a cross-reference—forever. They also introduce
another possibility for error.

TheTabisaform of significance, but minimal. Itisusedto delineate
similar items on the same document. It saves documenting time during
product development. It also makessimilar itemseasier to find (aform of
classification coding). If youremember, both of the Front End L oader tires
are documented on one tabulated drawing. Similarly, we can tabulate
assembliesand end products. Thisisalsotheportion of the part number that
we will change on non-interchangeable changes. Thiswill save making a
new document each time we change part numbers.

Rule: Always tabulate the part number. If you have an
existing system that does not include thisfeature, add
it as soon as practical.

Reason:  Saves significant amounts of labor to prepare docu-
ments and to revise them. Allows change of the tab
upon non-interchangeabl echangeand, thus, isfriendly
to those many people who memorize part numbers.

The“dash” isshowninthisbook for clarity purposes. It need not and
probably should not beusedinyour part number. Why doan extrakeystroke
with every data entry of the part number? Over time those keystrokes can
be a significant labor expense.

Attimesit paysto add a couple of digits of prefix to this“ideal part
number.” They would bedigitstoidentify thedocument/item“type.” PCBs
have severa related documents (Assembly, Fab Board, Schematic, etc.)
which need to be cross-referenced. Thusan addition of aprefix of AY, FB,
SCwouldallow therest of the document number to beidentical. Using such
aprefix might also help sell aPN system change.

Thefurther away fromthisrecommended part number companiesget
the more problemsthey have/create. A company using abadly structured
part number islikeyou or | walking around withabonespur onour heal. We
don’t know what the negative result of the surgery might be and the pain
stops whenever we take the weight off the heal. The nagging pain may
plague us until we do a significant surgery. With the document number
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separate and cross-referenced, no tabulation (resistance to changing part
number on non-interchangeabl e changes), and/or too much significance, the
pain will continue. It is probably better that many companies look for an
opportunity to do the surgery than to continue the pain

Sketch Number

Many companiesuseasketch number toidentify partsand documents
early in the design cycle. This practice is both unnecessary and
counterproductive. Assignasketchnumberinthebeginningandthencreate
a cross-reference list to tie the design and development records to the
released part number record. Why not assign the proper part number to an
item when needed?

Thesystemmust havetheability totell what phaseof development the
itemisin. Thus, if the drawing and the system are quite clear that the part
number is assigned for design and development purposes, then a sketch
number isnot needed. Later chapterswill indicate at least one method for
doingthis.

Thereisaschool of belief that part numbers are expensive. Itisas
thoughthereisachoice. Thiswriter doesnot buy intothat philosophy. Are
sketch numbers expensive? Certainly we don’'t want to assign numbersin
blocksif thereisachoice. Certainly it costs something to recoup unused
numbers. Certainly wedon’t need somelevel sof assembly. Certainly there
isno need to assign part numbersto desks and chairs, but isn’t saying part
numbers are expensive somewhat like saying that having a parking lot for
employeesisexpensive?

Part Number Assignment

Design’ s Engineering Documentation Control/CM function should
assign document numbers. Each istabulated to make part numbers asthe
document author wishes (withinthedigit limit and therules). They should
have adocument number |og and assign the numbers, perhapsinthe MRP,
but only onceregardlessof wherethelogiskept. Numbersshould generally
be assigned one at atime, capturing on thelog:

» Document Number
* Project Number/Product Number (FEL-100)
» Engineer Assigned to
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» Date Assigned
e Document Title
» Kind of Document (part, spec, assembly, etc.)

The assignment should not require any signatures. The various
functions that need to add information to the MRP database need to be
informed that anew part number isassigned. Chapter 7 discussesamethod
for doingthis.

This is an excellent automation application. If your automated
database hasthisability, useit. A simple PC spread sheet also workswell.
If your database has a status field, show the status as PN Issued or an
equivalent code. If it doesn’t, add statustoyour database. Y ouwill seehow
status coding works when we get into the product release process.

It might be more practical to assign document numbersina“block.”
Thisisless desirable, but still manageable. Y our assignment log should
capture enough information to recover part numbers should you needtoin
thefuture. Assigninthe smallest blocks possible.

Asthe document number is assigned, give the engineer your written
rulesontabulation; only two digitsallowed, 00 = document only, XX inthe
title block to indicate that the drawing istabulated, 01 = first part, etc.

ChangingthePart Numbering System

Again, least significanceisthebest method for astart up company. It
can also be used when an existing significant numbering system breaks
down. Thiswould also bean excellent method for acompany that hasgone
through several acquisitions and needs to consolidate into one numbering
method. Some companiesdesign atotally different numbering system for
Specification Control Drawings. Since there appears to be no particular
advantagein doing this, use the recommended part number universally.

Changing from one numbering method to ancther is not an easy
matter. Considerableplanningisrequired:

» Research the alternates, and plan the number
* Plan the change-over and all itsramifications
New items as designed
New items and most active products
Cold turkey on activeitems
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Cold turkey on every item
Combination
Plant shutdown or long weekend

Affect on MRP/ERP, PDM, CAD, backup files,
warehouse, suppliers, shopfloor, assembly floor,
standards, etc.

 Look out for documents referenced in the body of
drawingsand specifications

« Tria runtheproposed number inparallel withexisting
method

 Train necessary people, They will point out problems.
Debug, and retrain

e Cut over

Reportsindicatethat thelack of planning, testing, andtraining, arethe
problem areas to be avoided. One company reported that an ill planned
numbering system change-over brought the company to its knees. Don't
takeapart number system changelightly. Itisavery seriousstepand should
have top management scrutiny and approval.

Revison Numbersand Letters

The revision letter or number is the change status or level of the
document. The revision is for changing the document to reflect inter-
changeable changesto theitem or changesthat do not affect theitem, only
the document.

Rule: Therevisionisnot part of the part number.
Rule: Revision is never marked on the parts.
Rule: Never stock by revision level.

Reason:  If your company’ s system iscausing you to do any of
theabove, itisprobably becauseit doesnothaveclear,
crisp, or correct interchangeability rules. Ifitdid, then
thepart number woul d changefor non-interchangeable
conditions. The revisions of a part can therefore be
intermingled. Thisistheonly modeof operationthat the
father of interchangeahility, Eli Whitney, wouldallow,
he told the writer so.
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Of course, the parts must beidentified with part number and revision
level in order to be purchased, received, and inspected. Asthe partsare put
into stock for assembly, therevision level should be unimportant from that
point in the manufacturing process on. See Fig. 3.4 for the stepsin the
processwherein revision levelsareimportant and wherethey shouldn’t be
important.

MRP ltem Field
Master File
PN
PN & Dwg Rev y
\ A .
N\ Production
Purchasing Fab Assembly
Sub Assy & Test
PN
PN & Dwg Rev PN & Dwg Rev
4 J _/

4 4 4

'4 W 4
( A
Vendors > >
. Stock
Inspection
PN & _ PN & PN
Dwg Rev Dwg Rev o
\ \ 7 & —
Drawing Rev Dwg Rev
Important not important

Figure 3.4. Revision level importance.
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The revision level of the document should appear in the document
revision block and in your database. The revision level of the assembly
document would be the only revision shown on the partslist.

Rule: Therevision level of the component parts should not
appear in the controlled Engineering Parts List docu-
ment. (See Fig. 2.6, Ch. 2)

Reason: Therevision level relates to the document, not to the
parts. The revision level appearance on a parts list
impliesthat it is the latest level. To assure the latest
level isshown, onewould havetorevise every “using
assembly” when any document representing a part
thereon isrevised. Doing thisisawaste of energy.

Example: FramePN 723456-01 usedinthe FEL-100 (seeFig. 2.6,
Ch. 2)may beaframemadefromany revisionlevel document. Therevision
level relates to 723456-00, the document. Any items made from this
document must beinterchangeable. Thefabricationshopor supplier should,
of course, bebuildingfromthelatest effectivedocument, but thestock room
may have several different revision levelsin stock.

If your company has reached the totally paperless utopia, then the
system can update the revision levels on the parts list and all higher
assemblies automatically, and rev rolling becomes | ess of anissue.

Rule: Therevisionlevel of partsshould not appear in support
documents. Parts Catalogs, Maintenance Manuals,
etc., should not refer to the revision level of the
document depicting theitem.

Reason: Items of the same part number must be interchange-
able. Showingrevisionlevelswould (at least) confuse
the issue.

Of all good CM practices, theaboverulesarethe most often viol ated.
Theresult isasignificant contribution to the widening of the gap between
engineeringand other groups. Sometimesrevisionsareinterchangeableand
sometimes they are non-interchangeable. The MRP/ERP system doesn’t
treat the revision as part of the part number. Manufacturing doesn’t want
tostock by revisionlevel. Publicationsjobiscomplicated. TheField Support
peopleorder, stock, and think, part numbers. Moreoninterchangeability in
most subsequent chapters.
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Revision Levels

The question arises, when does the revision level change?

Rule: Every time a change is made to areleased document,
the revision level must be increased. These may be
interchangeabl echangestothepart represented thereon
or document only changes.

Reason:  Changes made to documents are important. It is,
therefore, necessary for everyoneusing that document
to know that changes have occurred. If the part is
affected, the production people or the supplier must be
notified to implement the change.

Itisalsoimportant to haveasourcefor determiningthelatest revision
level of any released document. To satisfy thisneedtherevisionlevel must
bekeptinyour database. Thismight beamanual fileor dataprocessingfile,
but not both. MRP/ERP systems (part information file) require arevision
level. If youhave MRP/ERP, keepit thereand only there. Many companies
haveimplemented an MRP/ERP system, but CM isstill maintaining acard
filewiththelatest revisionlevel for adocument number. Thecardfileshould
beeliminated.

If the CAD/PDM system has the revision level and changes are
automatically linked to the M RP/ERP, then thismeetsthe criteriaof having
only one database to verify the latest revision. Engineering, CM, and
Manufacturing, all usingthesamedatabase (or linked databases) bridgesthe
gap between Engineering and the rest of the world.

Page Revision Levels

When designh documentsaremorethan onepagelong, adecision must
be made. Will all the pages of the set be kept at the samerevision level or
will each pagebeallowedto remain at itscurrent level if it isunaffected by
the change. In the later choice, a matrix must be added to the document
(generally on the first or last page) which shows the correct level of each
page. Thus,ineither systemthecustomerscantell, giventhelatest revision
level, if they have an up to date set.

Both systemswork. Some companies use one or the other and some
both. Typically, the page matrix method is used for very long documents.
Thiswriter prefersto keep every page of the set at the latest revision level.
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This costs CM a little extra work, but is significantly easier on their
customers.

Changel dentification Number

Each change should be identified by a unique number. Thisisthe
change number or ECO (Engineering Change Order) Number. ThiseCO
Number should be:

» Assigned by CM
» Sequential numeric
» The number by which the changeisfiled
 Logged—Thelogshould containat | east thefollowing:
ECO Number
Date Assigned
Primary part number affected
CM Technician name

The log is another good automation application. Use your PC
spreadsheet if nothing else. The ECO Number is the common thread for
change tracking and change traceability. It isthe Social Security Number
for the change. It appears on:

» DrawingRevisionBlock

« ECO Form

» Data Base (Item master)
 Configuration Tracking Lists & Reports

As stated before, the ECO Number should be a separate field in the
drawingrevision block. If your company hasmultipledivisions, each with
design responsibility, the Corporate CM function should assign prefixes
(probably aletter) to each businessunit. Each division of the company can
then assign its own ECO Number.

What GetsaPart Number

Many companiesassign part numbersto anything thatismovableand
someeventofixed objects. If your product isapower plant thismay bewise.
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A product manufacturing company assigning design part numbersto desks,
chairs, and pads of paper, it is at least wasteful. Not only wasteful of the
numbers, but of CM time. Time spent to release, file, control, and change
the document representing the item can be better used. What should get a
design part number then?

Rule: All design documentsshoul d beassigned apart number
(document number included).

Rule: Support documentswhich shiptoacustomer should get
a part number.

Rule: Documentswhich represent itemsthat are not shipped

to customers should not get apart number unlessthey
arecritical tothefield support or maintenance process.

Reason: It takes time to process each part number/document.
CM should not spend their resources processing other
functions.

Packaging material would be documented with part numbersby this
rule. Publications that ship with the product would also be assigned part
numbers. Publicationsthat ship with or separately (from the product) to a
customer, should, therefore, be assigned apart number. If atool iscritical
to the manufacturing or field support process, it should be assigned a part
number.

Thisdoesnot mean that the manufacturing peopl e cannot assign part
numberstofixtures, jigs, and test equipment. The CM manager shouldwork
an agreement with manufacturing to use a prefix(s) that identifies the part
number as “Not a Design Part Number” or atotally different numbering
scheme can be used. If test equipment or afixtureisto be sold or shipped
to a customer it should then be released and given a CM part number.

Rule: Just because you have a part number assigned to it,
doesn’t mean that you need to put it under CM change
control.

Reason:  Let manufacturing set up its own change control
systemfor Manufacturing Documents; letPublications
set up its own system; al under the CM standard
requirements. Thiswill free CM timeto improve the
CM processes.
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Does this mean that Manufacturing cannot identify its process and
routing documents by the engineering part number? Of course not. They
can, and probably shouldidentify by theengineering part number. Thesame
part number can identify more than one document. This is done on a
format(s), process sheet, route sheet, etc., that are unique. Thusthey need
not beunder CM changecontrol. Manufacturing must control that document
to assure that it reflects the proper process for the effective design of the
product. Onemight requiretherevisionlevel tobekept by dateonly inorder
to avoid confusion with the design document revision.

In companies regulated by the FDA thereis agreat concern for the
process. The necessary concern for the drug/process manufacturing has
carried over into the medical hardware. Thisstill doesn’t mean that FDA
requires CM change control. FDA requires all the same traceability of
process changes, but doesn’t dictate who doesit. They can, therefore, be
controlled by the Manufacturing Document Control group.

Every process company needsto be concerned about thetraceability
of process changes. Thisisespecially true because the formula or mix of
the product is sometimes embedded in the manufacturing process. Some
process oriented companies have solved this problem by creating Bills of
Material for their formula. Thismakesthemix design controlled by making
it adesign document. It would be similar to making theiron, molybdenum
and carbon for the axle in the Front End L oader into a parts list.

Bottom Line—the fewer things you put a part number on, the fewer
you will need to release, change, control, file, etc.

Item Markingand L abels

Somebelievethatif apart numberisassignedtoanitemthatit should
be physically marked with that part number. Thisisatrend that is, at the
least, very wasteful.

Rule: Avoid physically marking parts and assemblieswhen
ever possible.

Reason:  Part marking isexpensive. What doesit buy? Won't
you have a parts catalog (or illustrated parts catal 0g)
that givestheright part numbersfor replaceabl eitems?
Might the latest replacement item be a different part
number than was in the customers product?
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“It only costsaquarter” somesay, “doesn’'t it simplify the spareitem
replacement?’ If youlook closely, youwill find that you will still need the
sparescatalog. |f anoperation couldeliminatethesparescatal og by marking
parts, it might be worth the cost.

The number one reason for rejection of marked partsis “you can't
readthemarking.” Every replaceableitem at aquarter apiece, then another
quarter for rejection, and another to correct the marking. Would you want
it to be your quarters?

What happenswhenthe part design changesnon-interchangeably? | f
the part can be reworked, there will then be a need to rework the part
marking. With most kinds of part marking thisisno easy task. Now itisa
guarter to erase the marking and another quarter to remark. What happens
after theproduct hasbeenin servicefor awhile? Much of themarking can’t
beread anyway. Then the part number changesand you want the customer
or field service peopleto order the new part number. Will they takethepart
number from the old part or will they read the parts catalog?

Takeacloselook at someassembliesand try to figure out which part
number refers to which part or assembly. It will cost more than a quarter
when the wrong part number is ordered.

Whileonthesubject of marking, let ustalk about | abels. Thisisacostly
trend in American industry. A friend just bought an outboard motor. He
counted no less than fourteen labelsonit. “Don’t put your fingers here,”
“don’t put your feet there,” etc. A lawyer must be running this company.
Thepunchline, however, wasthat theinformation needed most frequently,
the oil and gasmix, wasnot on any of thefourteen labels. This"wallpaper-
ing” of the product may not be under thedirect control of the Configuration
Management function, but CM can exert some positive influence.

The Loader Company will put a name plate label on certain major
modules, such asthe engine and transmission. They will also be serialized
for the same configuration and warranty purposes as the final machine.
Labeling and part marking will be generally discouraged, however.

ThePrinted Circuit Board (PCB) isal soinfamousfor being plastered
withmarking of variouskinds. Thepart number of theassembledboard, the
part number of the raw board, revision letter of the artwork or silk-screen,
the connector part number, and then throw in the board “ Type” number.
Could thisbeabit of overkill? It might make good sense to examine these
historical practices. Manufacturing makes somevery complex mechanical
deviceswithout numerous markings, why not aPCB? Asfor theargument
that, “If it' sinthe artwork it’ sfree,” filethat with the “free” lunch. Would
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you take aquarter for every board rejected because of bad marking? The PCB
real estateistypically very valuable, sowhy waste real estatewith unnecessary
marking.

A better aternative to the PCB marking might be to assign a board
type or function acronym (reference designator) to each board. For
example, the electronic ignition PCB might be an ALTZ board. This
reference designator can then be used on the artwork (and thus appear on
theboard). Itwould beused ontheschematicandinwiringlists. TheALTZ
reference designator would al so appear in the parts catal og with the proper
part number(s). Thisacronymwould not change unlessthe function of the
board changed.

TheL oader Company will mark only thefinal PCB assembly and only
with the board reference designator. The part number will be used in the
partscatal og, onthebox or tag for theboard. The PCB referencedesignator
will also be used where appropriate. If acustomer or field service person
readstheacronymandlooksinthepartscatal ogthey will findtheproper part
number for their unit.

The Loader Company will also have a check in the spares ordering
process to assure that the latest interchangeable (new to old) part number
isfurnished instead of ordering old design boards. Sincetherevisionlevel
referstothedesign document, wewill not mark revisionlevel ontheboard.
Food for thought.
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| nterchangeability

Eli Whitney developed the Cotton Gin with a new design concept,
interchangeable parts. Sincethe Cotton Ginwasinvented, customershave
come to expect interchange of replaceable parts. If parts are not inter-
changeable, customers expect fair warning (usually in the parts catal og or
a message attached to the spare parts) to tell them which part number to
order/use.

If the reader has not read the section in the prior chapter onRevision
Levelsthey should dothat asanintroductionto theinterchangeability issue.

Beforegoingtoofar withthisdiscussion, letsdeterminethedefinition
of interchangesability.

I nter changeability Defined

Most folks, when asked “What criteria do you use for determining
interchangeability?’ will say “Form, fit, and function.” | recently readina
national trade magazine in which the writer said: “In today’s keyed
databases, apart number key must be unique, reflecting apart’ sform, fit, or
function. If any of thesechange, evenalittlebit, thenadifferent part number
must be assigned to maintain integrity.” Evenalittlebit? Use of theword
integrity was never explained; nor wasit explained why today’ s databases
areany different than yesterdays. Another often used phraseis compatible,

96
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as though use of that word adds some magical meaning that wasn't there
before. Interchangeability isprobably themost misunderstood CM concept.
It is dso one of the most difficult to discuss. Even the word non-
interchangeableisdifficult to say let alonetype.

If onewereto usetheform, fit, and function, definitionalone, withno
further criteria, every change that affects the physical part is non-inter-
changeable. If weincreased the radius of amolded part to makeit release
from the mold easier, that would be a change of form and, therefore, non-
interchangeable. |f we open up the tolerance on a part dimension that
interchangeswith all mating parts before and after thetol eranceis opened,
itcouldstill besaidtoaffect thefit. Any electrical component changecould
be said to affect function. Thiswould lead to the conclusion that there are
two kinds of changes, document only changes and non-interchangeable
changes. Absurd? Yes.

What criteriathen if not form, fit, and function? This author would
submit that theform, fit, and function, ruleisonly astart and that criteriafor
each term needsto be developed. Takealook at thefollowing time proven
definition:

Definition: Interchangeable: Two or more items are considered
interchangeableif, inall applications, they are:

1. Of an acceptable form (appearance) to meet all esthetic
reguirements per the Product Specification.

2. Of aproper fit (physical) to assemble with other mating
items per the drawing dimensions and tolerances.

3. Of aproper function to meet the Product Specifications
including performance, safety and reliability requirements.

4. These criteriamust be met both ways (old design in the
new and vice versa) with no special adjustments,
modifications, or alterations, to theitem or related items.
(Your definition might be different in regard to
adjustments, etc.)

So the criteriais established for each term. The Product Specifica-
tionsareusedfor formandfunction. Thedrawingdimensionsandtolerances
areused asthecriteriafor fit. Thisisacritical distinctiontoavoidtheendless
hours of exhausting debate or oversimplified ruleslike“ even alittle bit.”

Definition: Non-Interchangeable: Itemswhich meet some, but not
al of the above criteria are not completely interchangeable and are,
therefore, considered non-interchangeabl e.
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Thus, any change required to meet the form or functional require-
mentsfound inthe product specificationsisanon-interchangeabl e change.
Any change to exceed those requirements (wherein the product has been
meeting the product specification) is an interchangeable change. If the
criteriaisn’t covered in the product specifications, or isn’t added as part of
the change, then the change isinterchangeable. Therefore, someform and
function changes can be interchangeable. Also, any change to the parts
dimensions and tolerances can be examined in terms of a best case/worst
caseanalysis(a“tolerancestack up”), apurely mathematical determination.
Today's CADs do this automatically as an “interference fit” or other
function. Thus, somefit issues are interchangeable and some not.

Compatible

Theterm compatibleisvery often used in industry and very seldom
properly defined. Without proper definitionthetermisa most meaningless.
Webster definescompatibleas” Capableof coexistinginharmony: usually
followed by with. Isn’t that avery indefiniteterm? If it isgoing to be used
as ameaningful CM term we better find amore precise CM definition:

Definition: Compatible: Theolditemisnot interchangeableinthe
new, but the new isinterchangeablein the old.

Noticethat i nterchangeabl eand non-interchangeabl e must be defined
before ameaningful definition of compatibleisstated.

| nter changeable—Which Items

Must the rules be applied to all parts? Certainly parts of inseparable
assemblies or products need not be included in interchangeability discus-
sions. If an item is made up of inseparable parts (referred to as an
inseparableassembly), thenitspartscannot beinterchanged. Thus, weneed
not have any concern about fit interchangeability of their parts.

Examples. Weldment, Molded Assembly, Riveted Assembly, Pot-
ted Assembly, etc.

Assemblies are amore difficult issue. In the Loader Company the
management has made adecision not to guaranteetheinterchangeability of
assemblieswhich are not on the spare partslist. Thismeansthat only their
parts will be spared or furnished on special order to a customer.

If the Front End Loader windshield wipers are designated to be
replaceable only as an assembly, then all you expect is the assembly to
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interchangewiththemating part. Thecompany madeaconscious decision
to spare that assembly while not sparing other assemblies. Thus,
interchangeability and part number changing of the non-spared assemblies
will not beanissue. Therefore, the Front End Loader Company’ s concern
will befor al partswhich arenot part of inseparabl e assembliesplus spared
assemblies. We could also say that parts of spared assemblieswill not be
an interchangeability concern providing they are not spared.

Thisdiscussional soexplainstheinclusionof sparepartsinthischapter
oninterchangeability.

SparePartsand Assemblies

Itisimportant to most product manufacturing companiesto examine
the question of “sparing” very carefully. First lets define what a spareis:

Definition: Items that are subject to damage, failure or wear.

Thiswill requireour field engineer and our design engineer toput their
headstogether to determinetheinitial list of suchitems. Thiswill allow us
to economize on partscatalogs, etc. If your product isaninseparableitem,
or a disposable product, then you replace the product, not its parts. This
spares discussion that is, therefore, meaninglessto you.

Rule: Only spared items (part or assembly) will be stocked
for quick response to field needs for replacement.
These arethe only itemsthat will belisted inthefield
publications.

Reason:  Economy. Tremendouscost savingsispossibleinthis
areafor many companies.

Thus, if wehavethreethousanditemsinour FEL-100, probably fewer
than 700 of themwill be spared. Doesthismean that if the customer wants
aFront End Loader framethat wewon't furnishit unlessitisonthelist? Of
coursenot, wewill furnish any part or assembly to any customer, but it does
mean that we will have to give the customer a quote for cost and delivery.

The longer we stay in business and the longer our products remain
functional inthefield, themore partsthat will probably be added tothelist.

How should thoseitemsbeidentified? Theitem master filemight be
coded for each item, Spared “yes’ or “no.” In the Front End Loader
Company wewill also make aspecial list of thoseitems on areleased part
listformat asin Fig. 2.6, Ch. 2. Wewill also referencethat partslist onthe
top level assembly partslist as has been done in that same figure.
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Thisallowsusto separate sparesissuesfromthe manufacturing BOM
issues. That is, if an assembly does not appear in the manufacturing
BOM structured the way that Field Service wishes, it will be structured as
they wish in the Spare Parts List.

Example: TheField Servicefunctionwantsan AL TZ board without
the PROM chip in aspecial package for storage and shipment and with an
instructionforinstalling/testing.

TheCM function can easily structure such auniqueassembly andlist
it on the released spare parts list 62345700 (see Fig. 2.6, Ch. 2). The
accounting function can also cost and marketing can price this unique
assembly for field replacement.

The benefits of making this spares determination are apparent. We
cansavetonsof inventory carrying costsby sparing only part of thetotal part
numbers. Preparation cost for someof our publicationswill beabout afourth
of what they might have been. Field Services' needs have been met. Our
customers will be happier because they understand the ground rules.

The special assembly will also appear when we make “used on”
searches, it will show asused onthe spare partslist. Theassemblieswhich
are spared, whether special or not, will bereferred to as Field Replaceable
Unitsor FRUsin the remainder of this discussion.

Used On

Noticethat theinterchangeability definitionreferstoall applications.
Lets say we have several Front End Loaders, each with a different size
bucket. If wemade achangethat would not allow exchange of the Bucket
Arms between any loader/bucket, the Bucket Arms would not be inter-
changeable. In order to analyze this, however, we need away to know all
applications the Bucket Arms are used on.

Rule: Configuration Management must maintainamanual
or computer Used On database (Sometimes called
“Where Used”).

Reason:  In order to test interchangeability of partsin all their
applications.

Remember, thisdataiskept in adatabase not ontheface of drawings.
Most MRP/ERP systems have a Used On function. The Used On format
will show (for thedesired part number) the next assembl y(s) by part number
and, preferably, the next assembly description(s).
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Example:
Affected item Next assembly
Part Number Description Part Number  Description
121456-01 Whed, small 223456-01 Final assembly

Another kind of Used On format might show the next assembliesand
theproduct Part Number/Product Number inasinglelook up. If your MRP/
ERP has thisfeature it will save time by avoiding the necessity to step up
throughthestructureoneassembly at atimeinorder tofind the Product Used
On and, thus, the responsible engineer and or the customersinvolved.

Also, notethat both form and function statementsrefer to the Product
Specification. Inother words, thecriteriaisnot what theengineer or anyone
else thinks, but rather what the Product Specifications say. Many, many
hoursare spent debating theformand functioninterchangeability. Thebest
way to eliminatethesedebatesistoinvokethe Product Specifications. More
later about product specifications.

Examplesto Ponder

L etstake some examplesfrom the FEL-100, referring to the Product
SpecificationinFig. 2.9, Ch. 2.

Change #1. Theoutside diameter of the rear tiresisincreased
in order to improve the performance and appear
ance of the machine. The machinewill still meet
the maximum lift height requirement of eight feet.

Discussion:  Nothing said about being required to meet
product specifications. What if the spec had a
requirement that the Loader move at x feet per
minuteinfirst gear? Might thischangebeimprov-
ing performance toward meeting that spec?

Conclusion:  The change must be considered interchangeable
unlessthe Engineer iswilling toincludeaproduct
spec change that adds criteria that the change is
being made to satisfy.

Discussion:  What if theincreasein OD of therear tires caused
interference with the fenders?

Conclusion:  The change should be rejected.
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Discussion:

Conclusion:

Change #2:

Discussion:

Conclusion:

Discussion:

Conclusion:

Change #3:

Discussion:

Conclusion:

Change #4:

What if one of the old and one of the new tiresare
put on a Loader? Wouldn't the Loader tilt?

Certainly the customerswill replacetiresone at a
timein the field and the Loader will tilt. If there
is an objectionable amount of tilt as shipped from
the factory, that requirement should be added to the
Product Specification. The drawingswould then
have to require the old and new tiresto be
assembled in matched pairs. The change would
still be interchangeable however.

The frame (previously untreated) is now to be
cleaned and painted black.

If we again examine the FEL-100 Product Spec,
we find no reference to frame paint in the color
choices.

Perhaps the product spec needs to be revised to
clarify that frames may be untreated or black.

Wefind no referenceto corrosion resistanceinthe
Product Specification for the frame or any other
part.

The change must be considered interchangeable
unlessthe engineer iswilling to add the corrosion
reliability requirementsinto the Product Spec.

Thetire|D of thefront tiresisdecreased 1/2" and
thefront wheelsarealso decreased in OD by 1/2".

We don'’t know the dimensions of the wheelsand
tiresor if wearetal king about tenfoot tiresor three
foot tires.

The best case/worst case needs to be analyzed.
Agreement will be easy toreach after theanalysis.

Thefuel injection port sizesareincreased in order
toincrease peak engineperformanceto 4400 RPM
from 4390 RPM.



Discussion:

Conclusion:

Change #5:

Discussion:

Conclusion:

Discussion:

Conclusion:

Change #6:

Discussion:

I nterchangeability

Notice that our Product Specification committed
4400 RPM.

Thischangemust be considered non-interchange-
able unlesswe change the Product Spec to change
the RPM spec requirement.

Thefuel lines and fittings have been “ beefed-up”
in order to prevent breakage when an operator or
mai ntenance person uses them to pull themselves
onto the machine.

Thiswould seem to fix an obvious safety hazard,
both because of apossiblefall and possiblefire.
Examination of our spec revealsthat nothing was
said about such safety criteria.

If the Engineer isnot willing to add the safety
requirement to the product spec (and call the
change non-interchangeable), takethisoneup the
chain of command for resol ution.

Beefed up fittings could well mean non-inter-
changeable.

It may or may not mean that, but we can easily
analyzethat issue by examining thefitting
drawings.

The seat material ischanged from vinyl to leather
inorder toimprovethefunctional lifeand operator
comfort.

Examination of the product spec reveals no
requirement for seatstolast for aprescribed period
nor that they be leather. Sales Management has
heard about thischange and wantsto advertisethe
leather seat. Engineering and Manufacturing Man
agement don’t want to commit to leather in the
Product Spec. Thischange may beacandidatefor
the“don’t do” roundfile.
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Conclusion:  If itistobedone, thischange must be considered
interchangeable. Itisup tothe Sales Department
to take thisissue up the chain of command if they
feel strongly enough about having leather. If they
aresuccessful, therequirement for leather must be
added to the product specification. The change
wouldthen benon-interchangeable. The Company
should al'so have a policy that Sales can not
advertise criteriathat are not in the Product
Specification.

These examplesreveal onevery significant rule about the process of

determining whether or not a change is interchangeabl e.

Rule: If criteriais not in the Product Specification then it

cannot be used as areason for form or function

(including*“ safety”) non-interchangeability.
Reason:  Without aProduct Specification, or without usingitfor

this purpose, endless debate results. Theresponsible

design engineer must put formand function (including

safety and reliability requirements) into the Product

Specification.

Asyou read these exampl es, you no doubt made your own analysis.

Y ou may have been tempted to reach different conclusions. Read over the
exampl esagainand ask yoursel f onwhich examplesyoumight disagreewith
the conclusion. You will probably agree with the fit issues and tend to
disagreewithformor functionissues. Discussion of similar examplesinthe
University seminarsyieldsvery few fitinterchangeability debates. Most of
theformand functionissuesarisefrom unwritten or implied specifications.
Inthiscase our Product Specificationswerevery minimal, thusbringing on
debate.

Rule: Product specifications must be considered adynamic
document that must be changed or added to as the
conditionswarrant.

Reason:  Thealternativeistoignore the specification and have
the Engineer, CM or acommitteeinterpretthe change/
specification. Thisalternative leavesthe sameissues
to be discussed over and over as subsequent changes
or product spin-offs use the same Product Specifica-
tion. Fine tuning the specifications narrows the gap
between Design Engineering and therest of theworld.
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Makesurethat your system requiresthat the Product Specificationbe
revised simultaneously when the change is said to be non-interchangeable
(when the form or function criteria cannot be found in the Product
Specification). If theresponsibleEngineerisn’twillingtodothis, your policy
should make the change interchangeabl e.

Itisinteresting to note that the processwas held up while settling the
safety issue, but not held up for Sales on the leather seat issue. Itisn't
necessary to hold up the process in either case, but CM Management
certainly needs to diligently follow up on safety issues to assure proper
resolution.

It is also interesting to note that every parts list change is not, by
definition, anon-interchangeablechange. Wemay well changefromonetire
(or screw, or resistor) to another of adifferent part number without affecting
the form, fit, or function, as defined. The part numbers were different
becausein all of their applications they may not be interchangeable.

I nter changeability Test

Interchangeabl e changes are done by arevision level change of the
document. Most manufacturing systems(MRP, ERP, etc.) assumethat the
part number will change on non-interchangeable changes. A very good test
to assureinterchangeability isto ask: “ Can the old and new design partsbe
intermingled in the same stock bin?’ Thus:

TheGolden Rule: Theblind personworkinginthestock room
(or assembly). The pick list has the part number (no rev) in
Brailleandthebinisidentifiedonly withthepart number (norev)
inBraille. That blind person must beableto“read” thepicklist
and reach into the bin and find interchangeable parts and it
shouldn’t matter what revision level document the parts were
made from.

Notice that “cost” is not a factor in the interchangeability definition or
discussion. The DoD has confused this issue by making cost a part of the
“Class|” definition. Certainly, if your intent isto increasethe priceto your
customer you should notify them. Cost/Price, however, bearsnorel ationship
to interchangeability or non-interchangeability, or to the resulting part
number changing issues.



106  Engineering Documentation Control Handbook

Part Number ChangelL ogic

Noticethat up to this point there has been no reference to whether or
not the Part Number changed. They are separable issues if done in the
correct order. First, decide whether the change is interchangeable or not,
then decide whether or not to change Part Number. So, what affect does
interchangeability have on part number changing? The general ruleto the
Loader Company isshowninthelogic diagraminFig. 4.1.

FRU = Field Replaceable Unit
PN = Part Number
I = Interchangeable

Change
PN
@ of Parts
f (ana 230
Increase
Doc Check
Revision } End Higher
Level Assembly

Is
Assembly
1 ?

Assembly
or any Higher,
a FRU

Figure4.1. Part number changelogic.
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Use of thisdiagram in the example of thetire/wheel changewherein
the dimension and tolerance stack up indicates the change is non-inter-
changeable. If weusethediagramfor thetire and wheel separately we get
the same answers:

 Aretheparts(tireor whedl) interchangeable? Answer:
NO, therefore, change part numbers of both.

 Checkthehigher assembly, istheassembly interchange-
able? Answer: Y es, therefore, increasetherevisionlevel
(of itsdocument). (END)

* Result: Thepart numbersof boththetireandthewheel
must change. Since the tire and the wheel were on
tabulated documents, all that isnecessary isto add tabs
to those documents for the new versions. The next
higher Assembly would also haveto berevised. That
revision would be a deletion of the old tire and wheel
and addition of the new tire and wheel. Do this parts
listchangeby increasingitsrevisionlevel. Thepictoria
drawing would also be revised if it has the same part
number andwearekeepingit at thesamerevisionlevel.

The question arises in this and other “fit” non-interchangeable

changes:

* “How do | tell by looking at the product/namepl ate,
that a non interchangeable change has been made?’
Answer: youcan'tsincewedidn’tchangehigher level
assembly part numbers or revision levels. Take the
serial number fromthenameplateandrefer totheserial
number recordsor thepartscatal og. Theserial number
record should tell usif the change was present in any
givenserial. Thecatalog should havetheold and new
partslisted with the effective Serial Number(s). This
implies that we have traced the non-interchangeable
changetotheeffectiveserial(s). If youdecidethat this
isnot sufficient, thenaM odifier should beconsidered.
Inthisexample, theMod Level would beincreased for
those unitscontai ning thechange. Themodifier could
be on the namepl ate or in aless conspi cuous | ocation.
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Thephysical fit criteriaarerel atively easy conditionstoanalyze. The
dimensions and tol erances on drawings generally answer the interchange-
ablequestions. If they don’t, thefollowing rule should apply:

Rule: If physical fit interchangeability is not obvious from
analysis of the drawing dimensions and tolerances,
added and/or changed dimensions are required.

Reason:  Fit criteriamust be on the drawings, not in someone’'s
head.

Form and Function

The example change that increased the engine RPM to spec, 4400
rpm, wasnon-interchangeabl e. I1f weapply thepart number changelogicwe
would change the part number of the parts involved and we would then
examine each assembly to thetop level. Each assembly and the top level
would all benon-interchangeablesinceitistheenditem Product Specifica-
tion that we used as our criteria, but should we change each assembly level
by level (apracticetheauthor refersto aspart number “rolling”)? No. Only
those levels that are spared (FRU) would be changed. Then we would go
tothefinal assembly and ask if it isinterchangeable? Answer: No, because
we aretalking about the Product Spec, thus, we are al so tempted to change
theend product part number. Thiswill convey amessagetoyour customers
that your designisvery volatileand that you may be experimenting ontheir
units. Better to have acompany policy that saysthe end item part number
will notbe*“rolled” unlessM arketing wantsto sel two products, onewithand
one without the change.

At the end product level we need to address whether or not to make
changestransparent to our customers and/or what our agreementswith the
customer(s) require. If agreementsall ow the changesto betransparent then
it makes sense not to change the part number or show the Modifier on the
nameplate. It also makes sense not to change the end item part number
because of UL, FDA, and other agency requirements. They may require
recertification if the nameplate data changes.

Affect ontheField Units

Thiskind of change, form or function to meet specs, raises another
issue. “Dol needtoreviseunitsthat areinthefield?’ Inturn, thisquestion
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raises many issues. Are customers who have the old design likely to be
unhappy? Dowehavecontractsthat requireustoretrofit thefield units? Does
theformor functionissueaffect al thecustomers? How many old designunits
arethere? How expensive will it beto retrofit someor al units? What are
the liability issues? etc.

Theseareall questionsthat need to be addressed asapart of the ECO
process. They need to be addressed in the ECO process because the cost
of thechangewill increaseif weplanretrofit. Also, theField Engineer should
beaware of and agreewiththedecisiontoretrofit. What better placefor this
than on the ECO.

Asaresult of the ECO that calls for retrofit we will initiate a Field
ChangeOrder (FCO, described near theend of Ch. 6). Thekey isnottohold
up the change while solving all therelated field issues. Thereisno reason
to hold up the change any longer than necessary to get the Field Engineer to
agree with a retrofit plan. The details of the FCO can wait. There are
several reasonsfor making thechangeinmanufacturing quickly, not theleast
of whichisto produce fewer unitsthat requireretrofit. Moreonthisinthe
change process.

Noticethat thelogic diagram and the discussi on have assumed that the
itemsthat areField Replaceable Units(FRU) areidentified. They shouldbe
coded inthedatabase and listedinthe spare partscatalog. By doingthiswe
canminimizepart number rolling:

Rule: Assemblies that are not field replaceable need not
change part numbers in form or function non-inter-
changeable change.

Reason:  Rolling part numbersis expensive, delays the needed
change, and isunnecessary. CM, Manufacturing, and
Field Servicefunctionsareabletohandlethe”fit” non-
interchangeable change without changing higher as-
sembly numbers so they can al so handle the form and
function non-interchangeabl e changeswithout rolling
al levelsof assembly.

Assemblieswhicharenot fieldreplaceabl eshould not bedisplayedin
the parts catal og.

One more anomaly regarding non interchangeable/part number
changing:
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Rule: Part numbers need not change on any type of non-
interchangeablechangeif:

o al parts affected are under factory control, or
* if no parts have been made

Reason:  Speeds up the change process, saves some work and
the old configuration will not exist

This condition typically occurs frequently in new product develop-
ment and in pilot production. Thetrick isto make surethat manufacturing
people are part of the team reviewing the request/change and that they
commit to assuring that all parts affected will be reworked, scrapped, or
replaced. CM and manufacturing should agree on the precise definition of
“under factory control” and write it into the standards. For example, the
definition might be that Production Control decides.

PCB Inter changeability/“ Bug Fixes’

There are those who believe that the Printed Circuit Board (PCB) is
aspecia and different case. The argument is—Any changeto aPCB isa
functional changeand, therefore, itisnon-interchangeable. Thismisconcep-
tion sometimes spillsover into any predominately electrical assembly. Itis
just plainwrong. Inthefirst place, thereare mechanical changesto aPCB:
connector changes, access holes, solder path spacing, etc. More impor-
tantly, the sameinterchangeability and part number changelogic should be
applied to the PCB change. Are the functional changes required to meet
specsor not? If we have been meeting spec and the changeisto improve
over and above the Product Specifications, isn’t it interchangeabl e?

The question also arises as to the interchangeability of reworked
boards, sometimesreferred to as” piggyback, cutsand adds” or “bug onthe
board.” Therearetwo issuesinvolved (assuming the old and thereworked
boards are fit interchangeable):

1. The first issue is the form—the cuts, adds, and “ piggy
backs’ make the board look different. Since boards are
usually not visibleinthefinished product, the appearance
isgeneraly not considered an item to put in the product
specification. Many companies have a limit on the
number of cuts and adds that they will tolerate before
embedding thechanges. Thisisaquality and workmanship
issue, not aninterchangeability issue.
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2. The second issue is the function of the reworked board.
Isthefunctional changeto meet Product Specifications?
Yes = non-interchangeable. No = (improvement over
product spec) = interchangeable.

Assuming that the board is a FRU, then we need to change its part
number if the* bugfix” isrequiredto meet product specifications. Itfollows
thenthat thepart number of the* embed” should bethesameasthereworked
version. How shouldtherework be documented? The sameasany rework,
aspart of the ECO which directed it. All theseissues should be addressed
inthe company interchangeability standard.

If multiple bug fixes are done then the embed would have the same
number asthelast bugfix providingthat no new non-interchangeablechange
was made during embed. The Printed Circuit Board has some unique
problems associated with making short term changes as opposed to long
term changes (embed of the changesinto the artwork). Thefollowing may
help clarify thisissue. It isane-mail from aclient whose product is PCBs,
sometimes stand alone, sometimesin an enclosure:

Frank,

I have a question regarding an ECO scenario that
occursfairly often here. Here'satypical example:

A “bug” isfoundinaproduct in production. A change
isnecessary to meet spec (disconnects, connects, etc.),
however, the change is fairly complicated. The de-
signer often findsthat the right way tofix it requiresa
new bare PC board because the change would violate
our workmanship standardsif doneto existing product.
However, thereisoften a“ better than nothing” rework
that can bedoneto the existing product without viol at-
ingworkmanship standards. How dowedeal withthis?

Currently, we write an ECO that describes the better
than nothing rework so that manufacturing can start
shipping. We update the schematicsto agree with the
rework, but leavethe PC board fabinfoasis. At some
later date, possibly after several more ECOs of this
type, manufacturingwill decidethat they wouldlikethe
changesembedded. At thispointwewriteanew ECO
that performs the changes the right way (our “stitch”
ECO), updatethe PC board fabinfo and schematics, etc.,
and release anew BOM that uses the new PC board.
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What concerns meisthefact that we update schemat-
icstoagreewithachangethat isonly doneasarework,
and then later undo those changes and redo them the
right way. It seemslike we are focusing on the ECO
as directing rework to product in production as op-
posed to changes in design documentation. In effect
we are more concerned with documenting the rework
than documenting the designer’ sright way fix. Since
the design isincompl ete until manufacturing requests
that we embed the changes, anyone who wants to
derive anew design from the existing onewill not get
the designer’ s true intentions if they copy the design
that just has the better than nothing fix implemented.

Thanks.
Mike

Frank’ sreply:

Mike,

Itwasgoodtohear fromyou. Gladtoseeyouuptoyour
ears in the CM processes. The situation that you
describeis quite usual in the PCB business. We used
tocall itthePiggyback, cutsand adds, but theterm that
| hear more often now is“Bug on the Board” wherein
bug hastwo meanings—bug fix and thefix oftenlooks
likeabug.

Y ou havelittle or no choice, asl seeit, but to focuson
each rework configuration as a separate ECO. When
the bug on the board is done the ECO should indicate
the rework configuration and the corresponding sche-
matic changes made (perhaps by mark up). It should
also point out, at least in some general way, that when
the changeisembedded that the permanent fix may be
of adifferent configuration. | would do this only to
make life easier for my successor should | get hit by a
truck. After al, | would want them to think kindly of
me.
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The fact that you allow several of these bugs on the
board before embedding the changesinto the artwork
isalso not unusual. Some companies predetermine a
limit on the total cuts, adds, and piggybacks, that are
allowed before embedding. Thiswould be aquestion
of the frequency, customer image, cost of embed, etc.

Asl indicated, amark up of the schematicinthe ECO
might be sufficient for each bug. Of course, the
schematic would also be revised upon embed.

The issue that you didn’t raise, which | thought you
wereleading up to, isthat of identification. That gets
somewhat harder to discuss. If | assume that the
schematic numbering and rev are detached from the
board product it would bealittle easier for metorelate
to. Thiswould imply that upon troubleshooting one
must get the ECOs out to examine each for impact.

First we need to decideif each bug fix isinterchange-
able (improvement over and above specs) or hon-
interchangeabl e (madeto meet specs). If interchange-
able, |1 don't think any numbering/rev changing is
necessary. |If non-interchangeable, then we should
know exactly which units have the change (and, thus,
which onesdon’t). | would beinclined to change the
PN (tab) of the assembled board on each non-inter-
changeable change.

Upon embed, theunpopul ated board would change PN,
but the board assembly is probably interchangeable
with thelast bug fix.

If your board assembly isyour top-level product, and
you don’t want to change PN at that level (it can and
should betransparent to the customer) then ook at the
serial by serial record wetalked about. | hopethat this
will be of some help to you and that adding the
identificationissue doesn’'t confusethings. Itis, how-
ever, necessary to consider it along with the other
issues you raised.

Good Logicand Luck,

Frank
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When in Doubt

Having and following the prior crisp interchangeability and part
number change ruleswill go along way toward bridging the gap between
Design Engineeringandtherest of theworld. Eventhebest rulesleavesome
gray areas, therefore, one last rule:

Rule: When in doubt, change part number
Reason:  Better to err on the side of changed part number.

Thislast rule must not be used as an excuse to throw out any or al
earlier rulesand logic, however.

It isalso necessary to point out that in all the above discussion when
itissaidto change part number it ispresumed that your number hasatab or
dash that should change, not theentirenumber. If you donot haveatabthen
you will find atremendous reluctance to changing numbers. Best add, as
soon as practical, atab to your part number.

Somefolkssay, “Wedon't haveto changethisassembly part number
becausewe mark therevisionlevel ontheassembly.” Theauthor thenasks,
“What doyoudouponretrofit?’ Theanswerisalmost always, “Oh, thatisn't
aproblem because weretrofit everything tothelatest revisionlevel.” This
statedretrofit policy isprobably OK for the early monthsof anew product’ s
life. In that early time most changes are to meet spec, however, as the
product becomes mature, more and more changes are made to reduce costs
and to improve over and above specs. Is it wise or cost effective to
incorporate such changesupon retrofit? Theauthor thinksnot. That policy
isavery expensive policy and should be re-examined.
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Bill of Material

A database sounds like something only a big company would have,
not something needed inasmall start up company. Actually it isimportant
to any size company. A Bill of Material database is an essential in almost
every product manufacturing company. As we discussed earlier, some
companies try to keep too many database elements on the face of their
drawings. TheL oader Company will keep most elementsoff thedrawings,
in the MRP/ERP (Manufacturing/Enterprise Resource Planning) system
since thisis the first database system we purchased.

Data Responsibility

The product databaseis concerned with datathat isdocument or part
number related. There are three groups of thiskind of data. The groups
relateback to our document groups. Therearethreedifferent functionsthat
should be responsible for this data:

Data Responsibility
« Design documentation/data = Design Engineering & CM
* Support documentation/data = Field Service
» Manufacturing documentation/data = Manufacturing

In some companiestheorganizational responsibility may differ from
theabove. If that works, don’t change the reporting responsibility. Onthe
other hand, if there are operational problemsrelating to the documentation
or data, one of the first things to look for is the responsibility.

115
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Example: Who should be most interested in having up to date
publicationsshipped withtheproduct? Answer: Field
Service. If the publicationsaren’t up to date, and are
produced by Design Engineering, consider moving
theresponsibility to Field Service. Onthe other hand,
if they arealwaysuptodateand ready to shipwhenthe
product ships, don’t change the reporting chain.

Some companies are too small to even have a Field (or Customer)
Serviceorganization. Itsfunctionsare done by Design Engineering and/or
Engineering Services. That's fine, but still group the data as described
abovebecauseitiswiseto plan for growth. Thisseparation also allowsfor
separatetreatment of thedatain therel ease, request for change, and change
control processes.

Often the separate organizations will develop multiple databases.
The engineering folks buy CAD/PDM, the Field Service organization
(Publications) will buy adesktop publisher and the Manufacturing organi-
zationusually buysMRP/ERP. ThisisOK fromaCM viewpoint providing
that they do not each input and maintain their own Bill Of Material. More
on that subject later in this chapter.

DataDictionary

Itismostimportant that the databasebecarefully conceived, grouped,
and executed. The definition of each element of data, its source, and the
functionresponsiblefor enteringitinto the database, must al beaddressed.
Whether the data relates to the document or to the part also needs to be
determined. This basic information related to each element of data is
referred to as a Data Dictionary.

Example: Datadictionary:

Data Element: Item Weight

Source: Release Document/Drawing

Entry: CM

Character Definition: 5 digits—NNN.N (N = Numeric)

English Definition: The weight of the part in pounds and tenths
of pounds. Not requiredfor assemblies. Not required
for documents unless they are shipped with the
product.
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Thisseemslike an unnecessary stepin small companies, however, if
you are to grow with the least pain, it should be done as soon as practical,
avoiding multiple input and maintenance of data. One government site
reported that after many years of existence they examined their programs
andfoundthat they had twenty seven different definitionsfor apart number.
Configuration Management and |nformation Systems should get together
on the development of thistool.

[tem Master File

The typical MRP/ERP system has an Item Master File and this
databaseistherepository for al information rel ated to the part or assembly.
Theinformation isdivided into several input screensthat allow input to be
doneby theresponsiblefunction. Engineering, Production Control, Materials,
Accounting, Purchasing, Field Service, etc., may all havetheability toenter
and control their own data. This aspect of MRP/ERP systems is a very
important feature that should be carefully analyzed prior to purchase of a
system. Thistext will explore only three of the subsets of data, the Design
Engineering, Manufacturing in general, and Field Service information.

Next, carefully decide which data elements belong in which group.
We will do this with some examples (not meant to be a complete list).

Design Engineering Data

Element Comment

Part Number Primary/Key data element

Document Number 00 tab of every part number
represents the document

Description Per Standard—Noun Name,

Modifier, Value, etc.

Cognizant Design Engr. Relates to the document

Type of Document Per Standard, Assembly, Part,
Doc, PL, etc.

Size of Document Per Standard, A, B, or C

Item Weight Relates to parts only
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Unit of Measure Only one per PN (the same regard-
less of Used On)
Assembly(s) Used On Multiple entries via parts list entry

The last entry above (Used On) is the source of al applications for
interchangeability logic. With most MRP/ERP systems, the Item Master
Fileisthe primary database. The used on istypically maintained as parts
list data of parent—component relationships. That is, each time the same
partisincluded on apartslist (parent component relationship or BOM file)
then the part gets another used oninthe system. If you have an MRP/ERP
system don’t create another database as you add other systems.

Example: Front End Loader: A partial database for the Loader
Company design data might look like this (not intended to be a complete
data base):

PN Description Engineer Item Size |bs. Ul Used On
121456-00 Wheel, Small P. Rushmore Doc B NA NA NA
121456-01  Wheel, Small Part 14.2 Ea 223456-01

223456-03
123456-00 Product Spec J.Byers Doc A NA NA 223456-01
223356-00 Motor Mount H.Peak  Doc C NA NA NA
223356-01  Motor Mount Part 22.8 Ea 223456-01
223456-00 Final Assem L. Crouse Doc A NA NA
223456-01 FEL-100 Assem Ea Top Level

Most systemshaveatransparent database. Thatis, you view screens/
reportsrather than the databaseitself, however, the above example (shown
asaflat file) is useful for discussion..

Several interesting things are visible from this database. The Small
Wheel has two used on assemblies. If we make any changes to the Small
Wheel we will have to check the interchangeability in both applications.

Notice that the Responsible Engineer and the Size of Document
relate only to the document. If we had included the Revision Level in the
database, as we should, then it would aso only relate to the Document.
Discussion of the Responsible Engineer concept will come later, but for
now itistheonly person CM will givearequest to or accept achangefrom.

The database can now be used to retrieve information about the
Design Engineering/CM business subset. How many assemblies in a
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product? How many parts? How many documents? What isthe Used On
for any part? What sizeisthe document? What isthe combined weight of
an assembly? What is the weight of the product?

Theentry of thedrawing sizeand revision level replacesthe need for
amanual card filethat was often maintainedinthe print room. Thiswill be
our sourcefor the latest revision level and to allow retrieval of ahard copy
of the drawing since they are normally filed by size. Y ou can begin to see
the power of adatabase. It isapowerful source of facts about this subset
of your business. If you had a Classification (Group Technology) Code, it
would be added to the database. The existence of multiple CAD filesand
theneed for engineersto manipul ate thisdatain many variouswayshasled
to the development of PDM systems.

Parent Component Relationship

The parts list shown in Fig. 2.6 will be our released and controlled
design document whether on line or in hard copy. Thisassembly partslist
is the parent component relationship. If you have an MRP/ERP data
processing system, the PartsList (parent component rel ationship) would be
enteredintotheBill Of Materia file. Thatis, for each assembly, at least the
following data would be entered into the MRP assembly (parent) file for
each item (component) on the parts list:

Data Comment
Part Number Of each component called out
Quantity Per In each specific assembly
In date Release date or date added by ECO
Out date Date deleted by ECO
ECO Number ECO that made any change to the
above data

The description and unit of measure are not repeated again since
those elements were entered in the part related item master file.

Without an MRP/ERP system, the parts list data (Quantity Per, In
Date, Out Date, and ECO #) would be maintained manually on the partslist
orinthe CAD file. Changeswould be maintainedinthe ECOfile. Thatis,
amarked up copy of the parts list must be kept in the ECO package. This
will show what changed on the partslist for posterity. Themarked up parts
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list in the ECO package is a good idea, even if you have an MRP/ERP
system.

Marked Up PartsList

Most MRP/ERP systemsdonot have“redline” ability, thus, the parts
list will be marked up manually. This technique can save many hours of
ECOwriting timeaswell asreduce BOM errors. Anexampleof thisuseful
method for the Front End Loader product:

Example: In a change discussed earlier, the front
(small) tire and wheel changed, thus, making both
non-interchangeable. Theresulting mark up of aparts
list would look like Fig. 5.1 (underlining denotes

delete).

DATE REV REV REV DESCRIPTION ECO # SIGN
1-12-88 |01 | RELEASE FOR PROTO 1212 FBW

EC3 CORP DESCR P/N SIZE | PG OF
FEL - 100 FINAL ASSEM 223456-01 | A 11
FIND DESCRIPTION TPART NUMBER | QTY | UNIT sfﬁwou-r E
P MEAS DATE|C
1 ] Motor Mount 223356-01 1 ea

2 | Tire, Large 423456-01 2 ea

3 “Frame 723456-01 1 ea

4 Tire,Small 142345602

423456-C3
5 Bucket, 4 yard 523456-01
6 | Bucket Arm 823456-01

7 . PCB, Elect Ignition 923456-08

8 Nameplate 323456-01
9 1Axle 103456-01
- ‘Product Spec 123456-00
Material Spec ! 623456-00
10  Wheel Hub, Large 113456-01 2 ea !
11 _Wheel Hub, Small 121456-01 2 eL/
2 Motor | tidesor |1 &
13 Adhesive 115456-01 2 oz

Figure5.1. Marked up partslist.
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Noticethat thisspecially programed, doubl e spaced MRP“report” is
our official engineering parts list. Also notice that component revision
levelsareexcludedinorder toeliminaterevisionlevel “rolling.”

This marked up parts list gives adequate data for the traceability of
interchangeabl echangestotheeffectivedate. Non-interchangeablechanges
will also betracedto serial number (or datecode, or mod, etc.). Themarked
up partslistisanideal tool for input of changesto the BOM database. The
deletes and adds are easy to identify.

Configuration Management should also keep an ECO database,
which will be discussed as part of change control.

Manufacturing Data

Manufacturing should keep thisdatabase. It would haveelements, by
part number, such as:

. Make/Buy code

. Lead time to buy or build

. MRP codes

. Cognizant Manufacturing Engineer
. Cognizant Industrial Engineer

. Cognizant Test Engineer

. Fixture number

. Hours to produce

If your company has an MRP/ERP system, manufacturing would
enter the data on the screens that have manufacturing data el ements
(Purchasing, Production Control, etc.). If you don't have MRP/ERP,
manufacturing should set up a PC database for those elements. Similarly,
the Accounting people would enter labor and overhead rates.

It is important that the information contained here be available to
Design Engineering, CM, and others. Availability of each databaseto other
groups is necessary to avoid redundancy and to answer their needs.
Availability of this datawill answer questions such aswho are the people
Design Engineering should put onaDesign Team? Which ME doesdesign
gettosignadrawing? What isthe cost of anitem? Noticethat the database
and the accessto it hel psto close the gap between Design Engineering and
the rest of the world.
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Most MRP/ERP systemscontain acodethat iscritical to the program
functions. The codeiscalled by different namesin different systems. For
thisdiscussionitwill becalled an MRP Code. Anexampleof MRP coding
isshowninFig.5.2. A setdiagram defining the codeisalso shown. Notice
the similarity to the CM document type code. The MRP code should have
the same meaning as CM document type code or, if there are differences,
the CM Manager should understand why they are different and reconcile
the differences if necessary.

P = PART V = VENDOR ASSEMBLY

B = BURDEN N = PHANTOM ASSEMBLY

D = DOCUMENT A = ASSEMBLY NOT SCHEDULED
T =TOP ASSEMBLY S = SCHEDULED ASSEMBLY

ASSEMBUES
WITH PL \T

Figure5.2. MRP Coding (sample).

Field Support Data

Field Support should enter their elements into the database by part
number:
. Field Change Order number

. Field SNs affected
. Ilustrated Parts Catalog PN
. Maintenance Manual PN
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. Cognizant Field Engineer
. Hoursto Repair

Notethat thefield support people must capture the Serial Number of
any change installed in the field and feed that information back/make it
availableto CM. Thiswill complete the traceability of the change.

Data Element Criteria

The data should be established and maintained by some common
criteria

. Noticethat no dataelement isentered morethan once.
If a data element is to be entered more than once
(with the exception of the part number) it is wasteful
and probably indicates some confusion about
responsibilities.

. The Data Dictionary should be a company standard
that all necessary parties agree to.

. Access to enter, add, or delete, e ements should be
limited (secured) to the functions indicated.

. Make the data avail able to all who need to know on a
read or report basis.

. CM should probably coordinate the establishment of
all three databases since they will be responsible for
the design dataand there is need to avoid redundancy
and clarify responsibilities.

Purchasing a System

This topic is a subject of considerable complexity. It is not the
purposeof thisbook to exploreall thevarioussystemsthat arerelatedto CM
nor the methodol ogy that might be used in selecting the best one for your
environment. Those things that are critical to the CM strategy will be
covered once lightly.

If your Company is planning to write its own MRP/ERP/PDM/
Change Management/other system, it needsto be pointed out that there are
many systemsonthe market that aretimetested and relatively inexpensive.
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That is, inexpensive compared to designing and programming your own
system. Y our Information Systems Group may want to write the program
for aunique systemto cover your Company. That isn’t surprising because,
after all, they are programmersand they liketo program. Some support for
doing it yourself will come from various quarters because people believe
that the company products, organization and methods are unique.

The*“we' reunique” argument is often used, but isvery weak. Take
an objectivelook at what isavailable on the market. Alsolook objectively
at the real cost of designing, coding, testing, and debugging your own
programs. The purchase cost will appear minor alongside arealistic do it
yourself estimate. Y our product and people are unique, but the basics of
efficient manufacturing are very common to all manufacturers.

If your Company is purchasing a new MRP/ERP system, the CM
Manager should be part of theteam working on that task. If you arethe
CM Manager and haven’t been invited, talk to the chairperson, go to their
next meeting and invite yourself in. Itiscritical to the CM function to be
part of that activity. From aCM standpoint the major features you need to
look for are:

. Compatibility with your CAD/PDM. Thatis, canyou
down load CAD/PDM parts list data into the Bill Of
Material module? Is an interface program available?
Can asingle BOM database be maintained?

. TheBill of Material moduleismade up of at |east two
files, part information and assembly information. Isa
method of checking transactionstobothfilesavailable
on line or (at least) over night?

. Isthe Used On capability included easy to use, doesit
show next assembly PN, and top level PN without
rolling up through the structure?

. Are all the data elements present that CM is respon-
siblefor? Aretherealso expansionfieldsavailableto
add other new elements?

. Will the system print out acontrolled partslist (report
likeFig. 2.6) that looks like a design engineering/CM
needs or can the MRP/ERP be easily programmed to
print the parts list.

. The security of data entry and maintenanceislimited
by dataelement or by screen that matches your needs.
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Avoid the temptation to buy a system from the marketplace and to
tailor it to fit your way of doing business. It is actually much better to
change your way of doing business to fit the system and the changes
required usually make sense from a business standpoint anyway. Experi-
ence has shown that successful MRP/ERP system implementation is done
with fewer than a half dozen program modifications. This does not count
programming of uniquereports. Realizethat thisadvicefliesin theface of
somemajor consulting firm’ sadvice. They do businessby selling systems
to companiesthat believethey aredifferent and then hel ping themtailor the
system to their unique environment.

Plan to streamline your manual systems which interface with the
MRP/ERP/PDM. Probably dothisbeforeyouimplement. For example, the
engineering change system should be functioning fast and accurate or else
the new system may appear to be malfunctioning.

Don’t automate any process unless you are prepared to spend the
necessary time and dollars to plan, test, and train, before you implement.
Hundreds of companies are changing systems. Many in the same kind of
business aretrading systems. That is, Company A isthrowing out system
X for system Y while Company B isthrowing out system Y for system X.

The reasons given for throwing out the old systems usually come
down to one or more of the following:

. Tailored the system until the vendor wouldn’t support it

. Tailored the system until it did exactly what we used to do
(didn’t improve anything)

. Implemented without planning, testing, and/or training

The implementation of an MRP/ERP system is a huge undertaking
and needs to be carefully planned and executed. It isthe latter point that
seemsto bethemost prevalent reasonfor failure. Plan, Test, Train, Replan,
Retest, Retrain, etc., etc., etc., then implement.

Part of the planning process must be to plan the relationship
between Design Engineering and Manufacturing. Too often Design hasits
CAD/PDM and Manufacturing hasitsM RP/ERPand thegap betweenthem
widens.

BillsOf Material (BOM)

The Bill Of Material is the heart of most manufacturing organiza-
tions. Whether they areMRP/ERPorientedor JIT (Just InTime, alsocalled
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Demand Flow Technology) oriented, or acombination of both (American
JT), the BOM isstill the heart of the process. In fact, no manufacturing
system that man has invented can operate well without an accurate BOM.
The parts list may take a hard copy form and/or on line screen.

Definition: The BOM isacompilation of partslists.

Engineering worries about the CAD/PDM and manufacturing wor-
ries about the MRP/ERP. Thisisthe most prevalent negative mind set in
Americanindustry. Itiswrong. It'samistake. It widensthe gap between
Engineering and Manufacturing. It creates major redundanciesand waste.
The result of this historical monster is two, three, and often more, Bill of
Material databasesin many companies.

The solutions arefairly easily described, but very difficult to imple-
ment, but before getting into solutions, let’s lay some groundwork.

PartsList and BOM

The engineering partslist isasingle level BOM. All the partslists
for aproduct entered into adatabaseisaBOM. Other dataisadded by CM,
Manufacturing, and Field Service, as discussed.

From the database (usualy an MRP/ERP system), we obtain a
multitudeof Bill Of Material reports. Thesereportsoften containmorethan
parts list data. Some of these reports are:

. Indented

. Parts Only
. Used On

. Costed

. Lead Time

. Assembly Only

. Official (engineering) Parts List
. Pick List

. Indented By Lead time

Themorereportsthe better, aslong aswe aretalking about avail abil-
ity and not printing out tons of paper. One company had twenty-seven
different reports available. Fantastic Reports are not the concern, itisthe
redundant input and maintenance of the databases (plural) that is the
concern.
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BOM History

Go back in time prior to computer aided drafting (CAD) days. The
assembly pictorial drawing was prepared (drafted) and the partslist for that
drawingwasplaced inthecorner of thedrawing. MRP systemscameabout
and the partslist on the face of the drawing was used for theinput to MRP.
Computer aided drafting provided for putting the partslist onthefaceof the
pictorial or on a detached list or both (it wasn’t until more recently that
downloadfrom CAD to MRP, or viceversa, began). Theresultisthat many
companies have ended up with multiple BOM databases. Thediagramin
Fig. 5.3 picturesthe numerous BOM databasesthat are being kept at many
companies.

Assembly
Drawing
N >
ENGR
PARTS
LIST
Structure
Tree
Drawing
MODULE
PLANT #2
PUBS
DATA BASE
MFG
PROCESS
PARTS LIST

Figure5.3. Multiple BOM database input.
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Go over this diagram and the following list and ask yourself how
many BOM databases your company has.

. The CAD isa BOM database if the parts list datais
developed or input there.

. The parts list on the face of assembly drawings is
another BOM database (unless it got there automati-
cally from the CAD).

. Some folks make and maintain manually prepared
hard copy partslists, another database.

. Somedesign organizationsmaintainan Excel partslist
database for whatever reason.

. If you make and maintain family tree drawings—
another BOM database.

. The MRP/ERP system is still another BOM database.

. Multiple plants building the same product with sepa-
rate input—more BOM databases.

. Field Service/Publications input again to a desktop
publisher—count another.

Thisauthor haswitnessed asmany aseight partslist databasesin one
company. Could there be waste here? In the University of Wisconsin
Seminars thiswriter tells the story about a Company President who heard
that an Industrial Engineer (IE) could save him some money. He decided
tohireoneand startedtointerview. AnlE cametointerview. ThePresident
told him hewasgoing to take him down theassembly lineand, if he saw any
place where he could save some money, to speak up. A littleway downthe
linetherewasamansittingandwatchingtheline. Thel Easked, “What does
he do?’ The President checked, came back and said “Nothing.” The IE
didn’t say anything, sothey proceeded downtheline. Further downtheline,
there was another man sitting and watching theline. The|E asked, “What
doeshedo?’ ThePresident again checked, cameback and said, “Nothing.”
The |E said; “ Ah ha. Redundancy!”

In American industry (other countries probably have the same
problem) the redundancy of databases in general, and Bills of Material
specifically, is ludicrous.
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One BOM Data Base

MorethanoneBill of Material databaseisredundant, awaste. Worse
than redundant, it allowsfor diverging designs. When manufacturing has
aproblem, shall they beallowedto createtheir ownfix? Thisisaneasy trap
to fall into if manufacturing maintains the MRP/ERP design data. Shall
each plant devisetheir own fix? Which design isthe best? How do we get
out of thisvery costly and risky situation? Take it astep at atime.

There are two basic ways to accomplish the CAD/PDM and MRP/
ERP duplication besides reconciling the differences forever:

1.  Donotinputthe partslist datatothe CAD, only input
to the MRP/ERP. Theinput of the design datashould
be done by CM. If you have old drawings with the
partslist ontheir face, you will need to makeaplanto
verify the database and del etethat data. If you havean
E-CAD system for designing printed circuit boards
wherein the input of the schematic/criteria automati-
cally produces the parts list then this solution is not
practical.

2. Buy ordevelopasystemthat createsan automaticlink
between CAD and MRP/ERP. Input can be done to
one or the other, but not both. CM should control the
link. These systems were extremely rare when this
book was first published. They are fairly prevalent
now athough fairly expensive and not completely
problem free.

If the parts list is put on the face of the pictorial drawing from the
single database, that’s OK. The pictorial drawing partslist islike another
report. Manufacturing must be included in this planning since they make
substantial use of the drawings and parts lists as they are.

If youhave M RP/ERPdon’t makeFamily Tree Drawings, teachfolks
how to use the Indented BOM report. If you need family tree drawingsin
the early design phase, don’t release or maintain them. If you don’'t have
MRP/ERRP, tree drawings still do not need to be released unless they are
your only used on record.

In either choice a released part list, in the format that engineering
needs(seeFig. 2.6),isneeded. Thisisfor manua mark upfor changes. That
is, it is needed unless your system will produce a red line parts list for
inclusion in the change.
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In either choice, the CM function should control theinput of thedata.
They should assurethat therelease or change has met the necessary criteria
and then assign the appropriaterevision level. Preferably, placethe CAD/
PDM Revision Block under security that allows only CM access. Require
that any partslist produced from CAD/PDM carry no revision level (date
control only). Thus, if copies are printed out, it will be obvious that they
arenot released documents. CM will assign the proper revision number or
letter upon release of the new design or change.

If itistruly cost effective to produce the same product in more than
one plant, purchase your next MRP/ERP system with Multi-Plant mode.
That is, the same database allows different change effectivity in different
plants. This alows for each plant to make the change happen as fast as
possiblefor their conditions (inventory, WIP, lead times, etc.). It may also
be necessary to investigate using JIT in al plants so that they each can
control their unique processes without BOM structuring changes.

The two methods of achieving a single BOM database are depicted
in the diagram shown in Fig. 5.4.

Assembly
Drawing S
ENGR N
PARTS ||
LIST I
input
P / /| Rev
Effectivity
Input to MRP
\ P Check in/out
Sttucture Throw iBpfit
Trée File oufput
Drawing
ya
7 N\

BOM
MODULE
Multi-Plant

ENGR
PARTS
LIST
output

Down Loaded
Down Loaded

Figure5.4. One BOM database.
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Getting fromwhereyour company isnow to asingledatabase, iseasier
to write about than to accomplish, however, the potential rewards are
significant. This multiplicity of BOMs s a significant contributor to the
gap between Design Engineering and the rest of theworld. Getting to one
BOM is step one toward Bill of Material accuracy.

100% BOM Accuracy

Now that you have only one BOM databaseit will be easier to make
it accurate. Following the processabovewill eliminate multiple databases
and, thus, many BOM inaccuracies. The other steps are relatively easy:

. MakeCM responsiblefor BOM accuracy. Designdata
elementsonly.

. Make CM responsiblefor all designdatainput. Check
the input (normally by obtaining an output report and
comparingthetwo). If input errorsarefound, havethe
error corrected by the personthat madeit. Design data
includes both the parts list input and the engineering
parts data file, as previously discussed.

. CM initiates regular audit of the product and the
product documentation with the Quality Assurance
Group. If QA isnot abletohelp, doitalone. Pick aless
complicated product to start with.

1. Comparethe Bill of Material from the
database with the pictorial drawings.
Note and resolve every discrepancy.

2. Compare the drawings to afinished
product. Resolve every discrepancy.

Resolution of discrepancies must mean that the root cause of the
problem has been identified and fixed. Find the root cause and fix that
problem. Now tackleyour mostimportant product. Keep going throughall
your active products.

In order to assure that this auditing occurs it must be planned,
scheduled, and executed, on a regular basis. Every product should be
audited, probably once a year, until the problems with the parts list
information has reached zero.
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Now that you haveattained World ClassBOM (singular), what el seis
there? Before acompany can have aWorld Class BOM process, we heed
toresolvesomenaggingissuesthat aretypically ignored.

What Goes|ntothe BOM

What items should be put into the Parts List and, therefore, into the
BOM? Many companies find this to be a significant issue. Does the
packaging (box) material go into the BOM? Are fixtures and tools
included? How about specifications? Labels? Literature? Burden Items?
Raw material ? Process consumable? Remember, just because you give a
part number to an item doesn’t mean it has to go on the BOM. For the
purposes of this discussion we need to make a distinction between the
database (Item Master File) and the BOM. As discussed earlier, it is
desirable to put important data elements into the database. Much of that
dataisrelated to theitem part number and someto assembly part numbers,
however, that doesn’t mean that these items must be on a parts list.

Rule: Design Engineering, Manufacturing, and Field
Service, should agree on what goes into the BOM
(partslist). They should agree on a set of rules that
CM should arbitrate and document in a standard.
Then every product will be done per the standard.

Reason: Thisis one of the issues that causes conflict
between Design Engineering and other departments.

To help eliminate the “throw it over the wall” syndrome, thisissue
must be settled.

Why isbeing consistent from product to product soimportant? If the
BOM onthe FEL-100 includesthe product packaging, then an FEL-200is
designed and released excluding the packaging, what might happen? The
company can complete the build of the FEL-200, have the product on the
dock ready to ship and guess what, no packageto shipitin. Thiswouldn’t
be the first company that this happened to.

A well thought out and agreed upon standard servesto remove one of
the significant barriers between Design Engineering and the rest of the
world. Instead of debating these issues over and over, people can now
spendtheir energy on makingit correct. They canalso easily identify cases
where exception to the standard should be taken.
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Itisvery difficult to address each issue and to devel op astandard for
all companies. For example, onecompany may includeburdenitems(Floor
Stock) and the next company might exclude them. Both companies could
operate without problems on burden items.

One company, asubmarine valve manufacturer, had a system set up
for packaging that worked well. They were acontract make to order shop.
Each time a contract came in, the Contract Administrator completed a
packaging form. They sent the form down to Emanuel who managed the
shipping function. Emanuel always had packaging material ready for
shipment. He didn’t have big inventories, and packaging problems were
nonexistent. When Emanuel was on vacation the packaging department
still functioned smoothly. Should they be advised to change that system?
Of course not. There are some general guidelines that we can develop.
They might be treated as rules for many companies:

Guideline: Include any item that is part of the product or defines
the product. Thiswould include any item defined on
design documentation.

Examples: Burden items, raw material, schematics, specifica-
tions, product labels, nameplate, etc.

Reason:  These items should show up in the proper assembly
Used On. If you have MRP, most systems allow
items to be coded as burden. Such coding yields
simplistic treatment of the item, such as min-max
inventory control. Some of these items may not be
properly included in the product cost if they aren’t
inthe BOM. If the definition of burden items means
that no cost entry isrequired (cost part of burden/
overhead) then the only reason for inclusion is to
assure that manufacturing uses the proper items.

Guideline: Include any item that ships with the product.

Examples: Packaging cardboard, tape, address label, warning
labels, publications, literature, etc.

Reason:  Thecompany cannot get paid until it shipstheproduct.
It isimpossible to ship without these items.
The damage in shipment is typically a significant
problem and packaging costs are often very high.
These items should, therefore, be scrutinized the
same way the product is.
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Many companies haven't fixed the responsibility for the packaging.
Sometimes it is done by the design people, sometimes manufacturing
engineering, and sometimes by the dock people. If thisproblem existsfix
it now.

Guideline: Include any item that is critical to the support
process. Such an item should be referenced on the
applicable assembly partslist.

Examples: A unique adjustment tool that is needed in the field
replacement of an item, but is not shipped with the
product. A specific and uniquetest deviceisrequired
in order to assure the product is performing to
specifications. A unique cleaning fluid is used that
iscritical in the manufacture and field service.

Reason:  Itiscritical that the field support people be aware of
those requirements. Inclusion on the assembly parts
list will help assure this.

M ost process consumableitems, fixtures, and test equipment usedin
the manufacture, would not be included or referenced in the BOM. They
would bereferenced and included in the manufacturing routing or process
description. They might well beenteredintothe partinformationfileof the
manufacturing database, but not into the parts list.

Remember that the above areguidelines, not rules. Itisanimportant
thing for each company to carefully work out its rules and document them
with an agreed upon standard.

Structuring the Bill of Material

Every product ismade up of parts structured or grouped into assem-
blies. Thegrouping can be, and oftenis, quitearbitrary. Design Engineer-
ing, Manufacturing, Field Service, Accounting, and other people, all have
anideaasto what the best combination or groupingis. Thisisanother area
that is often a sore point between Design Engineering and the rest of the
company. Consider the FEL-100 structured the way that engineering
designed it.
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Engineering Structure

The design and devel opment people get together early in the project
life and decide which engineer, group, or department, will contribute
portions of the design. The classic way of doing thisisto draw a product
tree or family tree drawing. They also visualize assemblies as they make
sense to them or are/will be standard to more products.

Use of afamily tree early in the development project is encouraged.
It helpsengineers, CM, and others, to agree on acommon structure. Do not
rel ease or maintainthefamily tree, however, asit then becomesaredundant
BOM. Usetheindented BOM from the MRP/ERP system.

In this case Design Engineering asked manufacturing people how
they weregoingto processthe product, but no oneseemedtoknow. Insome
companies engineering doesn't even ask manufacturing, they merely
proceed to structure asit makes sensetothem. Inthiscasethey didit based
on the design responsibilities:

Final Assembly and Project Engineer Crouse
PCB Programmablelgnition Kramer
Motor Assembly Watson
Motor Mount & Frame Karnick
Bucket Assembly Radacovich
Wheel Assemblies Peterson

Asthisisbeing done, Crouse drawsthetreeasin Fig. 5.5.

Each of theengineerscannow dotheir designswithout duplicatingwork
andwithout forgetting any elementsof theproduct. Shouldany of themhave
guestionsabout mating, interface, specifications, etc., they know to consult
with Crouse. They created afivelevel structure. It made sensetothem. At
thisstageit would seemtomakesensetoany casual observer. Asdevel opment
of the product progresses, anew viewpoint arises.



136  Engineering Documentation Control Handbook

FEL - 100
| I 1
Nameplate Product Test
Spec Spec
Frame
Assembly
Bucket Motor & Wheel Wheel
Assem Mount Assem Assem
Assem Large Small
| | L
17T 7T 1 U 1T T 1
I I 1
Mount
Motor
Assem
I 1 | 1 | |
Ignition
PCB

Figure 5.5. BOM Structure/Engineering.

Manufacturing Structure

At some point the manufacturing peopleget involved. Themanufac-
turing people have their own idea of how to structure the BOM. The
Industrial Engineer wantsto assemblewheel sand axlesto theframeand put
them onto tracksthat will becomethemain assembly line. They will dothe
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frame assembly early in the production line, but without the motor. After
adding bucket arms and bucket, they will add the motor. The motor
however, will be an assembly lessthe Printed Circuit Board (PCB). They
planto test the motor with aknown good PCB. The PCB will then beadded
near the end of theline. Thetireswill be put on at the end of the line just
before final test and preparation to ship.

Asaresult of this plan, the Manufacturing people want the structure
asinFig. 5.6.

FEL - 100
1AL
Tires
Product Spec
Motor Frame Ignition Test Spec
Mount Assem PCB Nameplate
Assem Bucket
1 | 1 | L | 1
|
Arms
Wheel Wheel
Assem Assem
Large Small
1 1 | I

Figure 5.6. BOM Structure/Manufacturing.

The Industrial Engineers may want to use the assembly pictorial
drawing as an operator aid in their process. In fact, to obtain simplistic
pictorial drawingsthey may want them prepared for very small groupings
of parts. This can mean even more structure levels.
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M aterials/Accounting Structure

Other departments enter the structuring issue. The materials people
want apart number on anything put in stock or shipped between buildings.
The buyer often requests restructuring to aid in purchasing an item from
morethanonesupplier. Guesswhat? They request morelevelsintheBOM.

The Materials people want more “material drop” points to get the
material closer to the point of use. Accounting people have divided the
production operations into “cost centers.” In fact, it seemed like such a
goodidea, acost center iscreated for eachfirst linemanager. Then, inorder
to get the right partsissued to the right material drop point and to account
by cost center, the structure of assemblies needs to match. This may add
several more levels of assembly.

Field Support Structure

TheField Engineer entersthepicture. TheField Support peoplewant
to spare the windshield wiper assembly without the blade, but with a box
andinstruction. Now Manufacturing and Field Support areat odds because
Manufacturing does not want the box and instruction in “their” structure.
In fact, Manufacturing makes the wiper assembly in a different building
than the final assembly, and they want to move it between buildings as a
wiper assembly with blade. Sometimes companies resolve this kind of
problem by adding levels to the structure.

M RP/Phantom Solution

The MRP system operates on each level of assembly. That is, the
MRP/ERP “explodes’ the schedule against the BOM to develop material
requirements in lead-time. The system “MRP run” produces purchase
orders, shop orders, pick lists, etc. It startswiththetoplevel and progresses
downthestructureto dothisat every level of assembly. Ordersand reports
are produced. Thisis atime consuming process, even for high-powered
computers.

Most MRP/ERP systemshavedevel oped the* phantom” designation
in order to minimize this process time problem. The designation of an
assembly asaphantomtellsthe computer to pretend that the assembly isn’t
therefor some of itsoperations. Thus, the phantom designationispretense
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that theassembly doesn’texist. Every level of assembly that the system can
ignore means less process run time. The Manufacturing folks call some
assemblies a phantom for this reason.

Some MRP/ERP systems have the same parts alowed in two struc-
tures—one for engineering and one for manufacturing. They are facing
reality, that engineering and manufacturing don’t get together and resolve
thestructuringissues. Wouldn't it be better if they both related to the same
structure?

Common Industry Problem

Industry trends is to treat each of these individual reguests as
reasonable and to add assemblies to the structure. The growth of BOM
structures is a significant and continuing problem in American industry.
Many companies develop BOMsthat have 6, 8, 10, or more, levels. There
isasignificant amount of work to create them aswell asto maintain them.
Thisauthor haswitnessed twelvelevelsand heard from aseminar attendee
of seventeen levelsin their BOM.

The work that results is no surprise to Configuration Management
Managers. Much of their timeis spent creating, recreating, revising, and
changing documentsand part numbersinthesemultiplelevel BOMs. They
do such agood job of it most other functions do not realize the magnitude
of the work involved.

Those companies that have MRP/ERP, often see a symptom of the
problem—the information systems folks wants to get a more powerful
computer. The real need may be for shallower BOMs, not bigger
computers.

More levels mean more pictorial drawingsfrom Engineering. More
levelsmean more part number or revisionlevel rolling for those companies
that do this method of tracking. Fewer material drop areas are, in most
companies, not asignificant cost issue.

Un-Structurethe BOM

There are those who say “ Structure the BOM however Manufactur-
ing wantsit.” Thisis agross oversimplification of the problem. “Aren’t
drawingsmadefor manufacturing?’ you ask. Y es, part drawingsarefor the
purposeof manufacturing. Structureand assembly drawingsareadifferent
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issue, however. They aremadefor manufacturing only totheextent that the
structure is good for the company. It should be obvious by now that the
fewer BOM levels the better, but how does a company achieve this goal ?
L et’ sexamine each request for anew assembly level and seek alternatives.

Field Replaceable ltems

Situationslikethewiper assembly without blade are common occur-
rences; especially when the box and instructions are included in the
problem. First of all, does the Field Support request seem reasonable? It
certainly is something companiesface every day. Structuring without the
blade, but with box and instructions would allow proper costing of each
field replaceableitem. Proper costing will lead to proper pricing. OK, it's
reasonable. Then structure an assembly for the unique field requirement.
For example the FEL-100 Printed Circuit Board assembly for the field
might look like Fig. 5.7.

ELECT
IGNITION
PCB ASSEM
SPARE

Box Instr
PCB
923456-01

Figure 5.7. Unique spare assembly.
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The unigue spared assembly is, thus, properly documented. The
assembly can now be ordered by field service, manufacturing can build it,
and it can be packaged for the field as desired. It can be cost-priced asthe
unique entity itis. If weenter thisitem into our database it will be part of
our used onrelationship. ThePCB assembly spare (822334-01) should also
becodedinour database asaField Replaceable Unit (FRU). Inthisway the
interchangeability of the item can be maintained.

Thisunique assembly should not be put into the design/manufactur-
ing structure, however. Create a separate list for all the FEL-100 field
replaceable items and parts subject to wear, damage, or failure, a spares
BOM. This BOM will thus contain parts and assemblies designated as
gpares. Assignadocument number (tab 00) tothespareslist. Referencethe
spareslist onthe partslist for the end product, FEL-100 (refer to Fig. 2.6).
Thiswill allow anyone who has the product part number to find the spare
items list and for interchangeability of the parts to be maintained in all
applications, including the spares/field applications.

Guideline: Structure field needs on areferenced spare parts
and FRUsBIII Of Material. Includerequiredfield
unique assemblies on that list.

Reason: It satisfiesthefield needswithout adding structure
to the product BOM.

Design Engineering (author) and Field Engineering (acceptor) should
agreeon whichitemsareto befield replaceable. The design engineer and
the field engineer are the only signatures required on the list and on the
unique assemblies. These documents should be released and under CM
change control. Now we have satisfied the legitimate needs of the field
without adding levels to the product BOM.

Cost Centers

Too many cost centers create more problems than just adding BOM
levels. Each cost center begets cost reports, inventory reports, MRP output
reports, etc. Pilesof paper that noonereads. Errorsincreasewhenreporting
labor or material usage. Journal entriesto correct errorsincrease. When
costsget out of linetheaccounting solutionmay beto add Cost Centers. The
first line managers, typically, don’t have the time to analyze cost reports.
This adds to the complexity of doing business and doesn’t get at the root
cause of the problem(s).
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Guideline: Cost centers should correspond to the managment
structure. They should normally be at the shop
superintendent or the second level production
manager.

Reason:  Smaller breakdown will add cost, not help reduce
costs. If you have an MRP/ERP system, adding cost
centersprobably meansadding BOM/assembly draw-
ing levels.

Pictorial Assembly Drawings

Consider this situation, Design Engineering makes pictorial draw-
ings called assembly drawings. The Manufacturing Engineer or Industrial
Engineer make a series of pictorial drawings to accompany the process/
routing instructions. The Field Support or Publications Department draft
aseries of exploded views for parts catalog, maintenance, and repair.

This is a condition that is all too familiar. Is there a pattern of
redundancy here? Y es, but each pictorial has a specific purpose in mind.
The process pictorials are best in step by step detail, while theideal Field
Support pictorial should focuson thereplaceableitems. If you have CAD,
other departments should be allowed to use the CAD database. The
manufacturing and publications people can use the CAD to develop their
unique pictorials. If you don’t have CAD, you should expect the other
groupsto cut and paste, trace, or otherwise make use of thedesign pictorial
assembly drawing.

Why shouldn’t the process pictorial be the design pictorial? When
the production rates are very low and the workstations are fixed this can
work effectively. The design pictorial can be very close to the work
performed at a single workstation. High end manufacturers typically fall
inthiscategory. If the production rateiscut in half or doubled the stations
remain the same. It is, therefore, relatively easy to make and maintain
engineering assembly drawings that match the fixed station. Lower end
manufacturers, however, often have workstations changing with changing
production rates. The same pictorial is now used at severa stations. It
becomes difficult for each operator to pick out that portion of the pictorial
that relatesto their workstation. Thisiswhy the ideal processes have step
by step detail with mini-pictorials referring to just that step. Then, asthe
rate changes up or down, the process (with mini-pictorial) can be broken
down into the appropriate number of workstations.
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Rule: The determination of assembly structure should
not have any relationship to the manufacturing
workstation.

Reason: The make up of the workstation is dependent

upon the productionrate, andis, therefore, far too
dynamic to be a structuring criteria. Avoid fre-
guent engineering changes for restructure due to
production rate changes.

There are obvious exceptionsto thisrule. If you are building ships,
your rate is probably always going to be low and relatively fixed. In one
instance, alocomotive re-builder first identified the workstations and then
structured the assembly pictorialsto match. If their rates doubled or were
cut in half, they doubled or halved their work force and the people moved
among the workstations. In this company, the workstations and, thus, the
assembly drawing structure were very fixed.

Multiple Plant Build

Some compani es have the same product built in more than one plant,
because of distribution costs or country tax advantages. When thisoccurs
the structuring problem becomes exacerbated by having more than one
method of assembly. Now, engineering has two or more structures
requested by different plants. Thefirstinclinationisto say that oneof their
methods must be best and both should useit. Often, however, it isbecause
they use different tooling and neither should retool. This is a situation
wherein the plants should each be required to prepare their own mini-
pictorias (from the engineering CAD database) for their own process.

Stock an Item

The request frequently is made of CM, “We want to stock this
assembly and need to haveapart number todothat.” If therequestisto add
theassembly tothefield spareslistit should comefromfield support. If the
request comes from manufacturing, it must be suspect.

Rule: Requests to add structure to allow in process
stocking of anitem should normally berefused. A
comparison of the costs of alternative fixesto the
root cause problem is needed.
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Reason: Adding an item to stock will add to inventory
guantitiesand value. Inventory carryingcostsare
variously estimated from eighteentoforty percent
of the inventory value per year. The root cause
problem(s) should be identified and fixed.

One of the alternatives considered should be some form of Just In
Time (JIT) or Demand Flow Technology (DFT) manufacturing. In these
disciplines, the need to stock items approaches zero.

Buy an Item

Are two part numbers required to purchase an item from two
suppliers? (Example: Buy anuntreated part from supplier A and send it to
supplier B for heat treatment.) Sixty-one percent of the seminar companies
surveyed said “Yes’ while thirty-nine percent said “No.” Those buyers
who said no were having supplier A drop ship to supplier B. Their
Accounting departments were treating A and B as part of the cost of the
same part.

Thebuyer whofeelsthat alevel of assembly isneededto buy anitem
frommorethan onesupplier, must also bechallenged. Thisisnot to say that
there are not exceptions to the rule, but we should assure that costs are
properly identified for all alternativesand that the best onefor the company
ischosen. Thirty-nine percent of the surveyed companies are blessed with
buyers and systems that allow them to generally handle this problem
without more part numbers and assembly levels.

Ship Between Buildings/JIT/DFT

Manufacturing has established a production facility in a separate
building to build motors. The motor plant makes motors for several Front
End L oaders. Shippingbetweenbuildingsnormally requiresapart number.
JT/DFT purists believe that they don’t need a part number for this item.
They will, however, havesomemeansof specifically identifyingtheunique
motor, so it might aswell be a part number. If you have J T/DFT and are
getting along without part numbersfor theseitems, don’ t add them because
you read it here. In this case, however, the need for a part number and
assembly level seems legitimate to this writer.
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The purest JIT/DFT structureisasingle level BOM as shown in
Fig. 5.8. Itisacondition that a few companies have attained and are

successful with.

FEL - 100

All the FEL - 100 piece parts and purchased items

Figure5.8. Onelevel JT BOM.

The multitude of assembly pictorials that were previously made in
the Design Engineering function must betaken care of inthemanufacturing
processdocument. Min-pictorialsinthestep by step assembly instructions
arefar superior from an assembly operator viewpoint. Thetop level of the
JIT structure often requires a” book form drawing” which looks much like
a specification control drawing. It would contain critical assembly speci-
fications as well as critical assembled dimensions.

Firmware/Application Software

The usual method for structuring firmware is to make an assembly
out of the unburned chip and the program. The combination is given a
distinct part number as follows:

Burned Chip
Firmware
Assembly

PN Z

Unburned
Chip
PN Y

Burn
Program
PN X
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TheBurn Program would be called aRef-Doc in the Quantity—Unit
of measurefields (or whatever MRP/ERP allows). Thus, the systemwould
not drive a program for every unit to be produced.

Is this the only way to handle firmware? No. An aternative that
eliminatesthisassembly isto structurethe Burn Program and the assembly
withareferencedesignation similar tothat usedin any printed circuit board
design. For example, let us name this particular chip the QPL function.
Then the PCB can include in its parts list a reference to the reference
designator (QPL) in the description of the Program and the assembly. For
example:

PN Description Qty
X Program for QPL function Ref
Y Unburned Chip 1

Z Burned Chip QPL Ref

Aslong asthisisaone-for-onerelationship it works. Thetest group
(or whoever burnsyour chips) will understand how to programthechip. If
the burned chip, Z, isto be spared, it can be placed on the spare partslist.
I other chips are to be burned from the same part number, Y, this method
still works. If, however, the same PCB contains more than one different
unburned chip this system then breaks down.

Applications software can be handled similarly by giving the
program and the programmed media a reference designator. The same
limitations exist.

The Standard Assembly

What if the engineering folks have or are planning to use the Motor
Mount Assembly in more than one product? Shouldn’t that assembly be
documented separately? It would seem entirely logical. Manufacturing
would probably makethe assembly for both productsin onework center to
avoid duplicate tooling. Manufacturing should agree to having this
assembly separately documented even if the assembly isgoingtobeanin
process assembly for both products. Thismight be anideal timeto usethe
phantom code in the MRP/ERP system.
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OneProduct Structure

Wehavenow minimized cost centers, separated thesparesBOM, and
completed all the other steps possible to minimize levelsin the BOM, but
our original problemisstill there. Design Engineering madeastructurethat
was significantly different than Manufacturing now wants.

Look at the design structure and ask why and when it was done.
Examine the manufacturing structure and ask why and when it was
requested. The two BOMSs are not very similar. This situation is not
unusual. When the structure related activities are done independently, the
choices used are:

. Tell manufacturing to live with what design did

. Restructure (redo assembly pictorials and/or parts
lists) to suit manufacturing

. Design some kind of hybrid structure that “kind of”
satisfies both

All the options are poor ones. Of course, we should have doneit
right thefirst time. Easy to say, but hard to do. At this stage, what isthe
best choice?

Guideline: If al of the above logic and rules have been applied,
then the differences are in the * sequence of assem-
bly.” The product should be restructured to suit the
sequence of manufacture. This assumes that manu-
facturing management is committed to the process.

Reason:  We should have doneit right the first time, but better
|ate than never.

StructureRight theFirst Time

The root cause problem stems from the failure of Engineering and
Manufacturing to get together to agree on the structure. In our case, we
could say that Engineering asked Manufacturing what their plan was, but
manufacturing wasn’t ready to answer the question. In the next case,
Engineering might not even ask Manufacturing. Inanother case, Manufac-
turing might give some thought to the issue, but change their minds one or
more times during the development process.
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Y es, therewill be changesin the manufacturing plan. Y es, therewill
bechangesinthedesign, but thesefactsshould not precludeearly planning,
understanding of eachissue, and development of onestructure. Thistoo
iseasily said, but not so easily done. It requires dedicated manufactur-
ing peopl e pre-planning the manuf acturing process and i ntense discussion
between all the key partiesinvolved. A little planned procrastination
also helps.

BOM Evolution

Engineering folks shouldn’t be in too big a hurry to cast their
structure into a database. It means that a bit of P® should be used—the
Principal of Planned Procrastination. They should keep the structureon a
flip chartinorder to proceed with thedesign. Thefirst task for Engineering
would be to create and release a two item BOM—the top level and the
product spec, asin Fig 5.9.

FEL - 100
I \ FEL - 100
Product
Spec
L |
ABCDE
Long Lead Product
Parts Spec
FEL - 100
I | 1 | 1
B D
Product
Spec
Assem Assem
J K
1 I 1 L 1
A E C

Figure 5.9. BOM evolution.
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TheManufacturingfolksshould getintotheteamearly on. Theirfirst
task should beto identify the new design long lead-time items—30 weeks
and longer, 25 to 29 weeks, 20 to 24, etc. Thisisthe order of release that
best matches the needs of manufacturing, but also the needs of fast new
product development. Engineering should concentratetheir design efforts
to the maximum extent practical on theitemsin lead-time. Whenthelong
lead items are ready for release they should be added to the top-level
structure without regard for where they will end up.

Thisprocesswill buy timefor Manufacturing folksto figure out what
thisnew product islike and how they will produce/processit. Asthecross-
functional team isformed and doesits work, they will release more pieces
of the BOM. As completed or needed, the new documents are released.
Engineering and Manufacturing should then agree on the structure. When
they do, the structure can be input to the database by Configuration
Management. CM can then put away long lead partswherethey belong.
See Fig. 5.9. This concept may replace the need for a*“planning BOM.”

All the parts must be present and accounted for by time of releaseto
pilot production. The final structured BOM probably won't be released
until release for full production. Thus, theideal BOM evolves.

This evolutionary method of release will ease the pain for all
involved, meet tight devel opment schedul es, and hit the*“ market window.”

If acompany has many similar BOMs or many features and options,
they should analyze the power of the modular BOM. Whether or not the
modular BOM concept isused, however, the BOM and its structure should
evolve during the development and pilot production of the product.

Modular Design

All designers are aware of the huge benefits in modular design.
Properly done, their designs can be used over and over in similar product
designs. For example, if the FEL-100 bucket arm design is done properly
it might bevery cost effectiveto usethe samearmsin the FEL -200, etc., but
are al designers and engineers aware of the great advantagesin designing
for modular build? This concept has to do with planning the design to
anticipate features and options, and designing them to be modular.

Definition, Modular Feature and Option Design: To design al
partsthat are variable with afeature or an option, so that they areinthetop
of the structure. Thus, they can be assembled on the end of the production
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line. Don't bury the feature and option variable partsin the bottom of the
structure.

Manufacturing generally assemblesfrom the bottom of the structure
up. So when we say in the top of the structure, it is the same as saying
on the end of the production line. Examine some examples of feature
and option modularity.

Example: The FEL-100is specified to have either electric or
gas starting. That isto say that either a gasoline
engine or battery/starter can be ordered for starting
the loader motor. If all of the parts unique to either
the gas or electric versions are in the top of the
structure, then the design is feature and option
modular because the feature and option parts can be
assembled on the end of theline.

Example:  The FEL-100 specification said that the company
would paint the loader red, yellow, white, or red and
white. If the frame (assembled early on theline) was
designed to be painted the option colors, the design
would not be modular. If the frameis painted black
regardless of color option, then the design would be
feature and option modular.

Example:  If our motor RPM adjustment feature is a screw on
the motor and the screw is covered by the PCB when
assembl ed, this would not be a modular design. If
we move the adjustment screw or provide an access
hole in the PCB, the design would be feature and
option modular.

Theideaissimple. Allow manufacture of amaximum portion of the
product in anidentical process. Thisalso allowsamaximum portion of the
product to be structured only once. Look at atree drawing of a modular
FEL-100in Fig. 5.10.

Modular PartsList

The* shopping list” or modular partslist would beamatrix that |ooks
likeFig.5.11.
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FEL - 100
Shoppin
L‘l)gt g 223456-XX

Feature and Option ltems
(Historical or Min - Max Inventory)

Basic (Scheduled Level)
Loader
Assembly

All Common Parts & Purchased Items

Figure 5.10. Feature and option modular BOM.

FEL - 100 PN 223456-XX

FEATURES XX—=|01 |02 |03 | 04
& OPTIONS

BASIC LOADER 1717171
GAS START 1t 1 1
ELECTRIC START 1

1/2" WHEEL/TIRE KIT 1 1

3/4" WHEEL/TIRE KIT 1 1
STD ARMS 2 2 2
SPECIAL ARMS 2
RED PAINT 1

YELLOW PAINT 1
WHITE PAINT 1

RED & WHITE PT 1

QTY OF LIGHTS * 2 4 2 8

*Lights come in multiple of twos, ten max.

Figure5.11. Modular shopping list matrix.
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Unfortunately, the CAD/PDM and M RP/ERP systemsthat thisauthor
isfamiliar with do not make matrices. Y our PC spreadsheet programs are
the next best alternative for preparing and maintaining the matrix.

Noticethat the basicloader isused in every variation (tabul ation) of
theproduct. Thebasicloader hasall theparts(and assemblies, if necessary)
that are common to every product. Thisassembly is sometimes called the
“common” or “vanilla’ loader. It may be akit of parts that doesn’t totally
hold together.

The feature and option choices are designed and structured in the
final assembly. The customer must choose either gas start or electric start.
Thus, the 01 tab is a gas start while the 02 is an electric start, etc. The
features and options may be parts, assemblies, or they may bekits of parts
and assemblies.

Not al features and options need be either/or conditions. For ex-
ample, thelightsfeatureisthequantity of lightsdesired. A noteappearsthat
says “Multiple of twos, ten maximum.” Since our design featured a
programmable PCB, the switch settings an/or the programmable chip on
the PCB might be options.

Rule: Do not attempt to document all possi ble combina-
tions. Only list those combinations that are actu-
ally ordered, built, and sold.

Reason: The possible combinations tend to boggle the
mind while the “real world” combinations are
more manageable. Only document the combina-
tions that have been tested, cost-priced, etc.

Themost frequent mistake madein modular structuresisto build the
matrix with all the possible combinations. This makes a matrix of an
unreadable/unmanageabl e size.

Modular BOM Benefits

Thisdocument must be precise and void of ifs, ands, or buts. It puts
together a specific set of features and options. This document serves
several needs.

« Avoids many nearly redundant structures by having
only oneBasic Loader. Thus, reduces ECO complex-
ity for asignificant number of changesthat affect only
the basic |oader.
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 Allows the Industrial Engineer/Cost Accounting to

more easily cost each specific product. This, inturn,
allows marketing people to more easily price each
specific product.

Tellsthe sales peoplewhich specific combinationsare
available. By omission, it indicates which combina-
tions aren't available. Thus, a special procedure will
have to be followed in order to add unavailable com-
binations. Thiswill give Engineering and Manufac-
turing the process to examine the Sales requests for
reasonableness.

Provides atool for the salesman (yes, give the matrix
to Sales) to use when closing the deal with the cus-
tomer. Theprecisecustomer needsarenow intheform
of aunique part number (unbroken part number cycle
isnow possible).

Increasesthelikelihood that what the customer orders
iswhat he gets.

» Allows Salestoforecast the Basic Loader only and to,

thus, significantly improve the forecasting accuracy.

e Allows Manufacturing to schedule at the Basic

Loader level. Thissignificantly simplifies the master
schedule.

 Allowsmanufacturingto scheduleand build theBasic

Loader in anticipation of orders. Can significantly
reduce the promise to deliver response time.

Modular Scheduling

153

Most MRP systems do not have the ability to produce this kind of
matrix document (except in configurator modules). This is probably
fortunate because it tends to discourage the scheduling of each unique

product.
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Rule: Do not schedule unigue end products. Schedule
the Basic Assembly. Put all low cost feature and
option items under “Min-Max” inventory control.
Put high cost feature and option items under sepa-
rate “recent history driven” schedules.

Reason:  Allowsthe Master Scheduler to keep his or her
sanity. Once the feature and option “mix” is
handled in the stated fashion, sales forecasting
attention is focused on the most significant issue—
how many FEL-100s will we sell. Thisis much
more reliable in attempting to forecast each flavor
of the product.

Manufacturing can now build the Basic Loader on an identical
assembly line. Thefeaturesand options can be assembled at the end of the
line. The time from customer order to delivery can be significantly
shortened in thismanner. One high tech company cut itstimeto customize
itsproduct significantly by using thesemodularity concepts. Their delivery
timewas reduced from about sixty daysto twelve days. Another company
reduced its promise to deliver time from twenty-six weeks to six weeks.

Modular structuring is another significant way to close the gap
between Design Engineering and the rest of the world. This tool is so
powerful that it should be considered for existing product lines. Look
especialy at product lines where the BOMs are numerous, but are known
to be the same basic product. A Common Assembly and Shopping List
document can be prepared even though the products were not designed to
be feature and option modular.

Feature and option modular design and structuring is often a key
element in making CM a significant company strategy.

The Perfect BOM

AlthoughtheBill of Material will bedifferent for differentindustries,
and even different companies, there are some attributes that are common.
Let us summarize the eleven most significant attributes:

1.  Singular—one data base.

2. Must be100% accurate, at least with regard to Design
Engineering data.
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3.  Contains part and document numbers required by the
BOM standard, and no more.

4.  Designengineeringdataisinput by CM, manufacturing
databy Manufacturing, etc.

5.  Isfeatureandoptionmodular, if theproduct hasfeatures
and options.

6. Hasatleasttwolevels(if featureand option modular),
and no more than three or four total levels.

7.  Contains the data base elements (defined in a dictio-
nary) for Design, Manufacturing, Field Service, and
Accounting (labor and overhead rates).

8. Hasdateeffectivity ability and historical record abil-
ity (discussed more under Change Control).

9. Has ahility to produce the used on assembly part
number(s) and the corresponding used on product part
number(s) and model numbers.

10. Will produce avariety of reports on demand. One of
these reports must be a double spaced Engineering
Parts List. Various cost reports are necessary.

11. Thestructure hasbeenjointly devel oped by Engineer-
ing and Manufacturing.

Some of the attributesare afunction of the BOM module* design”
(8, 9, and 10), and some are a function of our use or management of the
BOM Module (1-7). As mentioned before, when purchasing an MRP
system, look for capabilities 7 thru 10. The last (11) is a function of an
exceptional Configuration Management organization.

These are only the attributes that are most important from a CM
standpoint. There are other criteria that Manufacturing, Accounting, or
Field Service, would add to the list. Theinclusion of cost information is
critical tothedesign management. Itisimportant to them that the cost data
is developed from the BOM and done in a disciplined manner.

Referenced Documents

Thereisatrend to use the BOM for devel oping reference document
listsfor other than desi gn specifications. Some peopl eare adding manufac-
turing referenced documents to the BOM. Some add contract deliverable
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documents. Their goal istodevelopaBill of Documents. Theseunigueuses
must becarefully analyzed and modeled. Canitbedoneinyour MRPsystem?
Canit bedonewithout cluttering the partslist with non-design documents?
Will doing it require more cross reference lists? Can the same results be
obtained by numbering manufacturing processeswiththedesign part number?
Canthedatabe added to the database (item master), but not tothe partslist?

Thebiggest question, will theM RP/ERPgiveyou adocument used on?
If adocument used on can be obtained, then the creation of aseparate Bill of
Documentsfor each organi zationwould probably beworthwhile. However,
caution needsto beexerci sed when considering addition of other thanDesign
Engineering datato therel eased engineering partslist.

Configurator Modules

Some companies have many, many, sold combinations of features
and options. The viable combinations of their product offeringisn’tinthe
dozens, it’ sinthehundredsor eventhousands. Their desireistotakeorders
for theparticular configurationthat the customer wantsandtofill it quickly,
“Mass Customization” it iscaled. If you make a shopping list matrix as
suggested above, you will find that thereis alimit to human capability to
add to the combinations while avoiding duplication/to find a combination
that already exists. The notes on the matrix will also make the use of the
matrix complicated. The matrix can and should be sequenced into the best
make sense progressive grouping possible, but still, thereisalimit on the
human’ s ability to use and manageit. Thiswriter’sexperience saysthat if
the matrix gets over four or five dozen sold combinations (columns) it is
very difficult tofind what you arelooking for and to maintainit. Whenthis
occurs, a Configurator Module should be considered. 1n essence, they (at
least) perform the matrix function in program code.

Before that conclusion isreached, however, the product line should
be carefully examined for unprofitable product offerings. It should also be
examined for unsold product offerings. Other avenues should beexplored,
perhaps some of the FEL-100 options could be adealer add-on, thelights,
for example. This processisreferred to as Product Line Rationalization.
The matrix should also be limited to sold configurations. If, in the real
world, sold configurationsstill exceed afew dozen, thenlook at Configurator
Modules, usually referred to as Configurators.

Configurators are rapidly developing products that are sometimes
stand-alone products or sometimes they are part of other systems. These
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modulescomewithavariety of functionality. Somearerulesor knowledge
based and some not. Some are Sales Department oriented and some are
MRP/ERP oriented. Somefront end, some back end. Some bridgethegap
between Sales/M arketing and therest of the company and somedon’t. The
Configurator businessis currently very volatile. There are several dozen
systemsavailableand morecoming. Bevery cautious—at thiswriting you
should seek expert help, and by someone who isn't selling one of the
modules, before proceeding.
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Potpourri

Before launching into the heart of EDC/CM—release, request and
change control—it is necessary to discuss severa related preparatory
issues.

CrossFunctional Teams

It was already mentioned that getting Manufacturing & Engineering
to agree onthe BOM structureisextremely important. Inorder to havethe
most efficient release and change processes, the use of Cross Functional
Teams is a necessity. Cross Functional Teams are sometimes called
DesignTeams, Concurrent or SimultaneousEngineering Teams. Thisauthor
will refer tothem assimplyteams. Teamsmust beestablished very early in
adevelopment proj ect and, thus, befunctioning early intherel ease processes.

Rule: Institute Teams at the beginning of the project,
coupled with regular management reviews.
Reason: The team approach should improve both the

documentation and product. aswell as reducing
thenumber of design changesrequired later. The
team concept is difficult to get started, but the
aternativeisto continuesomeform of adversarial
relations.

158
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How early to start in anew program development? Planning for the
team (a management function) should start the day after the program is
approved. Thefirst team meetings might come aweek to amonth into the
program. Design Engineering must be encouraged to concentrate on
functional layoutsand specification development intheearly devel opment.
Thisleavesassembly structure and other manufacturing issuesuntil alittle
later inthe project, when theteamisfully functioning.

Management must make sure that appropriate manpower is dedi-
catedtothe project. Itisespecially important that Manufacturing commits
manpower to the development project early on.

Note: Theword “committed” is used as opposed to the
word“involved.” Thereisadifference. Wewant
commitment asin hamand eggs. Thechickenwas
involved and the pig was committed.

Regular meetingsarerequired bothfor theteamitself andfor theentire
teamwith management. Configuration Management actsasadesignquality
assurance function during theteam process. They make sure that manage-
ment isaware of any shortcomingsin theteam process. Aremeetingsheld
asrequired? Hasaleader been established? Aretheright peoplepresent? Is
management doing its part? Etc.

Team Make Up

Teamsmust be broad based and well led. Representativesfrom other
engineering functions should be on the team;

Manufacturing Engineering
Industrial Engineering
Test Engineering
Field Service Engineering
Sales Engineer

Other functions should aso be on the team;
Configuration Management
Production Control
Purchasing
Quality Assurance
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Publications
Marketing

Themakeup of ateam at any particular company might vary fromthe
above. Thekey element isthat they be broad based and should, preferably,
bephysically located together. Thiswill help createthetrust and teamwork
thatisrequired. Italsomakescommunicationseasier. Any representativethat
ishalftimeor moreand dedi cated to the project should bephysically located
withtheteam. It’ sthe“garage shop” development atmosphere.

Do broad based teamswork? R. D. Garwood, in awhite paper titled
“New Product Development” datess “Broad Based Teams surface
problems early in the process. A widely quoted study points out that a
change could cost up to:

$ 1,000 in the design phase
$ 10,000 in pilot testing
$ 100,000 in process planning
$ 1,000,000 in production test
$10,000,000in production/field.”

This is often referred to as “the rule of tens.” Finding or fixing a
problem one stage later than it might be isten times more expensiveto fix
and alsoreinforcestheneed for concurrent engineering. For example, if the
process planning isdoneduring thedesign and pil ot phases, how much cost
would be avoided?

Team Responsibility

Theteam must not bea“committee design” team. The membersare
thereto offer alternatives, analyzetrade-offs, cost alternatives, and tolisten
toothers’ positions. Thefinal responsibility for the design, however, must
be with one person.

Rule: The Project Engineer must be responsible for the
design of the product.
Reason: Committee designs are almost never on target.

All members of the team must be made aware of their responsibili-
ties. A standard may bein order. They must also be aware that the final
responsibility for the design of the product lies with the project engineer.
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If ateam doesnot do “team design,” what do they do? They consider
alternatives in areas such as:

. Customer Specifications, Reliability, Safety, Perfor-
mance, Form; etc.

. Designspecification

. Testability; test specification

. Manufacturability

. Maintainability

. Minimum assembly structure

. Timeto market

. Product cost

. Project cost

Noticethat there must be emphasison cost, thisiswhy the Industrial
Engineerisinvolved. Thelndustrial Engineer (or Cost Accountant) should
calculate the costs of alternatives as requested by the chairperson. The
roll of the Configuration M anager intheteam can bepictorialized asshown
inFig. 6.1.

Identify .
standard Minimum BOM
parts levels
BOM Loaded to
cost product
MRP
Compatible
Easy .
Release Bridge
from Engr
to the rest
of the world
Fast

Rules
Followed / Changed

Figure 6.1. CM’sroll in the design team.
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Team M eetings

Theeffectiveteam should functionthroughout thedefinition, devel op-
ment, pilot, and production phases. For rel eased products, meetingsmight be
shorter, but they should still be held. Thisisone way of curbing ongoing
changes to a mature product. One of the most frequent problems with
company strategy isabandonment of teamsafter pre-releaseor rel easeof the
product.

Rule: Teams must continue from the design phaseinto
pilot and production phases.

Reason: All of the same needs exist, regardless what
phase the product isin.

Rule: M eetings must be short to be effective.

Reason: Long meetings bore participants, they will
show up late, leave frequently, and not pay
attention.

One seminar attendee relayed a technique used at their company, a
high table with no chairs. Sherelated how fast the meetingstend to go. It
isalsoimportant not totry to solveissuesor try to design processesin these
meetings. Assign action itemsto someoneto work on outside the meeting.

Noticethat these meetings do not constitute a Change Control Board
(CCB). They are, however, a prerequisite to elimination of the CCB.
Discussion of all technical aspects of each product under devel opment and
of many requests/changesto aproduct should occur inteam meetings. This
isthe time (up front in the process) for technical and cost exchange.

Theteam should not try to set the effectivity of changes. Moreonthis
issueinthe Change Control chapter. They should definitely be used for the
review of and for the acceptor to sign off of any new or marked up design
documents. They might be used for minimal signatureson the Engineering
Change Order.

The Project Engineer might chair thiskind of meeting. The Design
Manager or theCM manager might act aschairperson. Group dynamicsmight
reveal anatural leader. If theleader isnot the Project Engineer, thentheleader
must becareful nottousurpthedesignresponsibility. Trainingforteam|leaders
andmembersisadvisable. Figure6.2 showsthekindsof functionsrepresented
and the frequency of the meetings (or the number of changes discussed)
diminishingthroughtime.
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DEFINITION

DEVELOPMENT

PILOT

PRODUCTION

PHASE OUT

* Responsible for the
Product Design

Figure6.2. Theteam at work.

Meetingsshouldbeheldregularly at aset timeand place, however, they
need not beinaconferenceroom every time—thelayout tabl e, thelab, over
the prototype unit, at/with a supplier, in front of a CAD terminal, are all
effective placesto meet.

Team Action List

Team meetings are a necessity for new product development in any
except the garage shop environments. Team use in the request/change
processwill bediscussed later. Minutesshould not bekept. Who said what
to whom is not critical. Action item lists should be kept. What are the
technical concerns, who will resolve them, by when, and what was the
resolution? The following format works for keeping action items:
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Headingsfor Action ItemsList

e Concern number (never repeat anumber)
e Concern (brief description of the problem or concern)

e Actionrequired (brief) (reference changerequest number, if
applicable)

e Person assigned to take that action
e Committed completion date
e Number of times the commitment changed
e Actual completion date
¢ Resolution

The CM representative might well keep the actionitemslist. Thisis
avery goodway to helpintheprocess. All themembersneed not beat every
meeting. The peoplewho have action items due, however, must be at that
meeting if the project isto progress as fast as possible.

Rule: The action items list should be hand carried or e-
mailed to each team member no later than the day
after a meeting.

Reason: Reduce the time to market by demonstrating a
sense of urgency and resolving problems on the
critical path.

The Project Engineer, the Manufacturing Engineer, and anyone
signing, should be at every meeting. The agenda is the action items list.
Items that have actions due at the present meeting should be covered.
Review thelist crisply and seeif there are new itemsto be added to thelist.

Team Success

Management or the team itself needs to make it clear that the team
will be measured for success. The criteria should be established and it
should be the same for every team. Some criteriafor measuring success:

. Fast development (lapsed time to get the product
released, piloted and produced)

. The shallowest BOM (fewest levels)
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. M eet targeted product cost

. Decreasedesign changeactivity and cost
. First unitsmeet product specifications

. Reduce changesrequired to meet specs

Thefirst criteriaistheprimary reason most teamsareestablished. The
goal isto speed uptheprocessof devel opment and rel easein order tobeat the
competition to the market. Shallow BOMs keep the structure simple and,
therefore, hel pspeedtheprocess. Tobesurethat theproduct costisontarget,
the team should develop acosted BOM.

Management should belooking for the advantagesthat the team can
produce by concurrent engineering. In effect, the various engineering
functions are working in parallel, rather than Design Engineering getting
the documentation done and “throwing it over thewall” to Manufacturing.

Team M easur ement

Each of thesecriteriaismeasurable. PerhapsCM should begiventhe
responsibility to measure the results (except for cost) and to report to top
management. After all, measurement in and of itself, tends to improve
performance. Besides, without measurement how can anyone know if
conditions have improved.

The measurements (except cost) can be presented in asimple chart.
First pick aproduct recently put into productionwithout ateam. Wewill call
that our Base Line Product. Measure what happened on the FEL-100
development, and add what is happening on the FEL -200 devel opment.
(See Fig. 6.3.)

If al criteriaarenot improving on like projectsthen theteamsare not
functioning aswell asthey should. Top management needsto review these
criteriafrequently.

Each team will develop a character of its own. This is a natural
process. The successful team will have a “documented garage shop
development attitude.” They will al be pulling in the same direction
because they are al part of and aware of the whole picture.
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Baseline FEL-100 FEL-200
From project start to all
docs released to pilot 4.1 mo 3.5mo 3.0mo
From pilot release to pilot
units completed 4.3 mo 3.1 mo 2.2mo
From pilot units completed
to production release 5.0mo 2.3 mo
From production release to
first production unit 3.5mo 2.0mo
Structure levels 7 5 4
Design Changes/week 14 8

Figure 6.3. Measuring the team.

Design Responsibility

There are Project Engineers, Component Engineers, Power Supply
Engineers, Manufacturing Engineers, Industrial Engineers, Agency Coor-
dination Engineers, Test Engineers, Quality Engineers, Software Engi-
neers, and Systems Engineers. Oh yes, Mechanical Engineers, Electrical
Engineers, Chemical Engineers, etc.

Whoisresponsiblefor thedesign? Who should CM accept arelease
from? Who isarequest for change given to? Who isinvited to the Team
Meeting? Who is responsible for the changes? These are al legitimate
guestions. Surprising how confusing theissueisin many companies. CM
people arewandering the hallwaystrying to find out who isresponsiblefor
aparticular assembly or part. Some organizationssolvetheissueby having
the Project Engineer or Design Manager be the responsible engineer. As
oftenasnot, theProject Engineer or Manager becomesabottleneckinevery
process. Evenif al heor sheisdoing isdelegating the work to the correct
engineer, the bottleneck remains.

Another often used policy is to accept changes from any engineer.
Wow! In any but the smallest company, that sounds pretty risky to this
author. Talk about committee design! Won't we want a horse and get a
camel?
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As companies grow, the problem becomes more and more apparent.
The printed circuit board change may affect the Component Engineer,
Software Engineer/Programmer, and Agency Coordinator. Shall we have
CM carry the change to each of them and get their approvals? Some
companies do this. The CM Technician walks the change between and
among the various engineers. When one asks a question that another must
answer, the CM Technician goes from one to the other relating who said
what to whom. Thisis another bad solution.

Haveteams, |et the Engineerstalk there and sign off there; but dowe
need each of these engineersat every meeting? How about the concernthat
lookstoo important to wait for the meeting? If wewait for the meeting that
isnow held once aweek, it will add aweek to the process time whenever
thereisaproblem. There hasto be a better way, and thereis.

Cognizant Engineer List

Develop alist that depicts the name (and perhaps the phone number
and e-mail address) of theresponsible or cognizant engineers. The Project
Engineer is still responsible for the overall design. If the Cognizant
Engineer hasquestionsor doubts, hemust consult withthe Project Engineer
or other engineers as needed. This places the burden for technical
communication where it belongs.

The Cognizant Engineer will consult with the Component Engineer,
Software Engineer/Programmer, Agency Coordinator, etc., in order to
optimizethedesign decision. Now the process hasthe Cognizant Engineer
talking to other engineerswithout amiddleman. Theresponsibilityisclear.
The Cognizant Engineer need not get signatures of other engineersin order
to make arelease, reject a request, or make a change. The standard that
covers the Cognizant Engineer list must make that clear.

Rule: The Cognizant Engineer isdesignated only by the
Project Engineer or the Design Management.

Reason: Since Design Engineering is responsible for the
design, only they can delegate that responsibility.

Rule: Configuration Management should prepare and

maintainthe Cognizant Engineer list. Thisisdone
per the Project Engineer or Management direc-
tion.
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Reason: CM will bethe principal user of thelist and,
therefore, has avested interest in seeing it pre-
pared, maintained, and distributed.

The list can be prepared in various kinds of detail. It might be
simplistic or in part number detail. The important criteriaisto remove all
doubt possibleastowhoisresponsiblefor thedesign. Thelist for the FEL -
100 started out looking like this:

Final Assembly and Project EngineerCrouse

PCB Programmable Ignition Lawrence
Motor Assembly Watson
Motor Mount & Frame Karnick
Bucket Assembly Radacovich
Wheel Assemblies Peterson

For small companies, that may beall that isneeded. Asthe company
grows, it will be necessary to add more detail. A Component or Specifica-
tion Control Drawing (SCD) Engineer may be added to the staff. At some
point the Project Engineer may choose to add the Component Engineer to
the list:

Components or SCD Documents Maday

Some companies put the Cognizant Engineer’ snamein the database
for every part number. Ascompanies grow the tendency might bein this
direction. Certainly the small company should allow for this possibility
when they design their database.

Other Function Engineers

Whoisresponsibleto sign adrawing for Manufacturing? Who signs
the spareslist for Field Service? Who istherelease package sent to? Who
will approve changes? As the company grows the issue becomes more
troublesome. It may even become unclear asto which CM Technicianis
responsible for a product/part of a product. The simplest solution is to
expand the list:
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Cog Engineer Design ME/IE Field Engr CM
Project Engineer Crouse F. Peterson Cross Pierson
Final Assembly Mathews

PCB Lawrence Shumar

Programmablelgnition Black " Son

Motor Assembly Watson " "

Motor Mount & Frame Karnick Ford Jacobs

Bucket Assembly Radacovich Shig Hankins Martin
Wheel Assemblies J. Peterson Ford Jacobs

Spec Control Drawings Maday " "

Thisiscertainly asimple enough concept. It requires somework on
the part of the CM Manager, however, the preparation and maintenance
effort will be saved many timesover. CM people are often found chasing
engineers, being middlemen, etc. Theact of making the list often leadsto
areduction in the required signatures.

Responsibility

TheCognizant Engineer Standard should spell out responsibility and
perhaps what each engineer signs. Chances are people may be signing
things and not even know why. An example of a signature standard:

. Design Engineer—Responsible for the design of the
product and its documentation. Signs the design
documents, all releaseforms, all request forms, and all
change forms. Must consult, as necessary, with all
other design function engineers and the design man-
ager prior to signing.

. Manufacturing Engineer—Responsible for the
manufacturability of the product and the process.
Signsthedesign documents and mark upsasacceptor.
Must consult with all other manufacturing technical
people and supplier technical people, as necessary,
prior to signing.
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. Field Engineer—Responsibility for themaintai nability
of theproduct. Signsthesparepartslist. Signschange
formsthat aretobeinstalledinthefield or uponrepair.
Must consult with all other field service people, as
necessary, priortosigning.

Noticethat theresponsi bleengineersarethehub of technical peoplein
their organization. Theresponsibility statementsfor any company should be
just asshort, clear, and crisp, astheabove. If theresponsibilitiesaren’tclear,
confusionwill exist or theteamwill try to takejoint responsibility or, worse
yet, noresponsibility.

Delegated Design

The Project Engineer often delegates portions of the product design
responsibility to other design engineers. Some companies delegate the
entire product design responsihility to a Continuation Engineering or to a
Sustaining Engineering function after some period of successful produc-
tion. Some delegate portions of the design to Manufacturing Engineering.

Sometimes Design Engineering delegates responsibility to other
organizations. The writer first ran into this concept as a young engineer
doing pilot processing on the first “single sideband” airborne radio. The
Quality and Workmanship manual was very clear about wiring service
loops and connections. The actual length of awire could, however, vary
depending upon the operator routing technique and the room temperature.
The production people were constantly asking for wire length changesin
thewireharnesses. |, inturn, would ask thedesign peopleto changethewire
lengths. One day the Design Engineer added a noteto thewirelistswhich
said that all wire lengths could be determined by Industrial Engineering.
From that point on | was able to control the lengths by the process
instructions. The number of change requests and change orders declined
and we were able to shift our efforts to other more important matters.

Thisdel egated design concept i soften used by the Design Engineer for
guantitiesin the assembly partslists. The“convention” isto enter AR (As
Required) when the designer knowsthe requirement isnot critical. Thisis
OK when the item is in the burden category (cost is part of the material
overhead rate); if not, it leaves a part of the product cost inlimbo. If need
be, the manufacturing engineer can convert “AR” to the needed quantity.
The responsibility should be delegated by note, standard, and/or the
Cognizant Engineer List.



Potpourri 171

Another application of delegated designistodesigna“weldment” asa
completed part. Delegate to the Manufacturing Engineer the design of the
piecesto bewelded into the part. Inthisway the ME can design the pieces
based on the fixture, shrink, tools, etc.

Rule: Allow for and encourage the concept of delegated
design.
Reason: It isthe most cost effective way of achieving

quality product design in many cases. It also can
reduce the number of changes that the system
must deal with.

When a company has a meaningful Quality and Workmanship
Manual, this concept becomes easier to do. The Design Engineer will
relinquish the responsibility more easily if the criteriathat manufacturing
will useisclear.

Since many design changes are for cost reduction purposes, logic
favors making manufacturing responsible for significant portions of the
product design on mature product. This concept is one that the design
management and the manufacturing management need to foster.

The effect of delegation from the CM perspective, besides reducing
the number of change requests, is simply to place the Manufacturing
Engineer’ sname in the design column on the Cognizant Engineer List.
The ME now hastheresponsibility to discussthe proposed change with
any other affected engineer.

Change Control Boards

The Change Control Board (CCB) is an outgrowth of Military and
DoD specifications. Those specifications recognize the need for rel eases,
change proposals, and changes, to be reviewed by the affected parties for
technical issues, impact, etc. This need is exactly the same as the needs
discussedinthe Design Team/Concurrent Engineering topic. However, the
typical CCB meetingis, however, held after that point in the processwhere
thedesign engineer effectively saysto Document Control/CM, “Hereisthe
change, I’'mdone.” Thisisoftenabasketinthedocument control area. The
CM group then puts the change on the next meeting agenda. The proper
point in time for such discussions is, however, “up front” in the process.
The design changes should be discussed very early inthe processat design
team meetings.
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Rule: CCBsaretypically held toolatein the change
process. They should be held up front, beforethe
development of afix for aproblem, right after the
problem isidentified.

Reason: The team needs to discuss technical and other
aspects of the problem and the potential alterna-
tive fixes prior to development of the solution.

The typical CCB is held after the Engineering folks think they are
donewith the change. Itisoften thefirst timethat many on the board have
seen the change. Why do most companies use teams in new product
processes, but drop the ideain favor of CCBswhen in production?

Properly implement the team concept eliminates part of the need for
CCBs. If culturaly necessary, name your team meeting that deals with
changes the CCB, but bring requests and problems to the meeting, not
engineering completed fixes. The engineer should bring some changesto
theteam after the design changeisdesigned. Thus, after theteam hasdone
the discussions, analysis, cost estimate, etc., there will be no further need
for meetings after the engineer submits the change to CM.

“But CCBsdo morethan that;” you say. Yes, they often do severa
other functions:

1. A rare CCB calculates the cost of the change.

Set effectivity/disposition parts.

The place where sighatures are or aren’t obtained.
Talk about implementing the change.

Add emotion to the process.

Substitute for a process.

S

Theusua CCB isalargeroomfull of people, someof whomdonot even
know why they arethere. Typically several manufacturing people, severa
design engineering people, and several others, are present. Maost have not
analyzedthechangebeforecomingtothemeeting. Many havenot evenread
iteventhoughitwasdistributed tothemacoupleof daysbeforethemeeting.
Thedesign engineer that devel oped thefix thought he or shewasdonewith
that problem. They don’t even want to cometo the meeting sincethey have
moved onto another problem. Really dumb questionsare asked, then some
good guestionisasked about the proposed fix. Someone hasabetter way to
fix theproblem. Theengineer doesn’t want to changethechange. Emotions
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run high. Someonethat needsthe changewantstoget it signed right now.
Verbal battlesresult, namecalling, swearing, evenworse.

Someof thepeopleinvolved feel comfortablewiththegroup signing.
There is safety in numbers people think. “They can’t fire all of us.” If
something does go wrong, the stock answer is; “ Gosh, | thought someone
else worried about that.”

Rule: Have preciseplacement of authority and responsi-
bility. CCBsaretypicaly asubstitute for a pro-
cess. Better to haveaprocessthat limitssignatures
by establishing precise responsibilities and assur-
ing communications within a functional area
through a single person.

Reason: All thereasonsCCBsarestarted arebandaids. The
CCB got started because teams didn’t exist, it is
easier to start than a process, the Department Of
Defense (DoD) and most three letter agencies
encourage them.

Thisisanareawherethe DoD influence should beresisted. Examine
thefunctionsthat CCBs perform. Look at each objectively and ask what is
the best method to fulfill that need. Move the CCB up front into ateam
format then look at the four other useful functions earlier identified:

1. Cost of the Change—Few companies formally estimate the
cost of changes. This is potentially one of the most fruitful
areasfor eliminating undesirablechanges. Most Design Engi-
neershaveanideaof thedevel opment cost and somefeelingfor
the product unit costs. Few engineershave afeel for all of the
onetime implementation costs other than their own. The key
issue with regard to CCBsisthe timing. The cost should be
estimated upfrontintheprocess. Theteam should haveaperson,
probably anIndustrial Engineer, whoisresponsiblefor estimating
thecost. Whenacost estimateisneeded, theindustrial engineer
canwork withthe planner/buyer to project theeffectivity of the
changeand estimatetheimplementation cost accordingly. Some
designfunctionshol d the Cogni zant Engineer responsiblefor the
cost estimate. Regardless of who doesit, thetimeto do a cost
estimateisvery early inthe process. Perhapsthe solution that
first comesto mind is not the most cost effective. Perhapsthe
change shouldn’t be made. Thus, the estimate should be done
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aspart of theteamactionitems. Theteam, intime, might decide
to proceed with some or most changes while the cost is being
estimated. At least the so-called cost reductions should be
estimated. More on cost later.

2.  Set Effectivity of the Change—Someone in the CCB has
typically taken it upon him/herself to set the effectivity and
disposition of old design parts. Everyone else usually accepts
this. It is never quite clear, however, as to who on the
committee will follow up on the change to make it happen or
to change the effectivity plan when necessary. Thisisleft up
to the computer or the group. The effectivity is sometimes
dictated by the customer. When not dictated by the customer,
several factorsareat work. Amongtheeffectivity impactsare:

. Lead times of make parts, buy items, assembly, test,
etc.

. Work in process, at the supplier, in transit, etc.
. Time to rework, scrap, €etc.

. Lead time for tools, test equipment, inspection de-
vices, etc.

. Lead time for process documentation, programs, etc.
. Schedules, schedule changes, etc.

Certainly nooneperson can beall knowingwithregardtowhichitem
hasthelongest |ead-time, or which costsarethe greatest, etc. However, far
better than having acommittee (CCB) performing thistask, look toasingle
manufacturing representative to be responsible for coordinating the
activity, a function that is already deeply involved with many of the
effectivity impacts.

Rule; In most companies, Production Contral isthe most
logical function to coordinate the analysis of the
change impact and effectivity analysis.

Reason: Most design changes are driven by schedule and
material factors.

Of course, a committee can do the function. When a CCB is used,
however, one other thing happens, thetypical meetingisheld onceaweek.
The typical change, thus, waits two-and-a-half days before CCB. Then
someone finds a problem with that change or raises an issue that needs
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investigation. Theresult, delay the change aweek to seeit again at the next
CCB. Thenanother issueisraised. Another week. The processisso slow
that someoneinventsaway to makefast changes—another method to make
changes—sometimes two or more methods to make fast changes.

Rule: CCBstend to becomeaway to let the documenta-
tion catch up tothereal world or to usewhenthere
isno hurry.

Reason: The process with a CCB is so slow that other

method(s) of making quick changes are devised.

A few CCBsdofunctionadequately, particularly insmall companies
wherevery good communi cationshappen outsidethemeeting. Small compa:
nieshaveatradition of growing, however. Itisfor thisreasonthat eventhe
small company needsto find abetter method.

3.  Obtaining Signatur es—If theteamhasdoneitsjob, theDesign
Engineer andtheM anufacturing Engineer signthemarked or new
drawingsat theteam meeting. TheField Engineer, if affected,
should sign the ECO at the team meetings. These are the
“engineer toengineer” signatures. That is, thecognizant design
engineer should be responsible for obtaining other technical
signatures. They shouldtalk facetofacewithout“ middlemen.”
Thesesignaturesshoul d beobtai ned bef orethe cognizant engi-
neer is complete/submits the change to CM. Thus, the team
needsto consider theproblem/changevery early intheprocess.

Rule: Technical signaturesshould be obtained by the
cognizant engineer prior to bringing the changeto
CM/prior to purporting the changeto becompl ete.
Such signatures should be obtained engineer to
engineer without middie men.

Reason: The discussion of the technical aspects of the
change should occur very early, in the request
process or early in the change process so asto get
aternatives, suggestions, etc., beforetheengineer
puts fingers to keyboard orpencil to paper. This
will speed up the processand yield better changes.

Use the index to find other discussions of signatures.
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4.  Implementing the Change—Every function affected by the
change needs to take proper implementation action. Their
planning should start with thefirst team meeting discussing the
request or problem and progress from there. The significant
element is that conditions frequently change. As aresult of
changing conditions, the effectivity plan often changes. Pro-
duction Control must be the focal point for this responsibility
aswell.

It hasbeen said that acommittee set out to design ahorse, and acamel
resulted. As constituted in most companies, CCBs are committees. They
are, therefore, usually a symptom of afailure to develop better processes
and to addressthe gut issuesinvolved. The CCB istypically held after the
engineer completes the fix and submits the change package to CM. If the
team has discussed the request/problem/suggestion prior to the engineer
placingfingerstokeyboard/pencil to paper, theengineerismuchmoreopen
to suggestions and alternatives. The team discussion should take place on
each problem/change much earlier in the processthan the CCB. Check the
request and change processes for further development of this concept.

Process Documentation

Processrequirementsare found in either design documentation orin
themanufacturing documentation. Whenthe Design Engineer feel stheneed
to specify aparticular process, heor shetypically doesthat with aProcess
Specification either on a separate document or on the face of a part or
assembly drawing. That specification should betreated as design docu-
mentation. All other processdocumentation shouldbetypically “owned
by” manufacturing.

The manufacturing process documentation is made up of many
different documents. Tool drawings, test equipment drawings, inspection
procedures, floor layouts, assembly instructions, fabrication instructions,
and routing, are some of these. These documents are called by different
names at different companies. To process apart in afabrication environ-
ment, fab instruction, route sheet, or process routing iscommon terminol-
ogy. An assembly shop may refer to assembly procedures or assembly
instructions. These are all process documentation.

Processdocsare produced asaresult of anew product release. They
should be produced in parallel with the design documents because manu-
facturing engineersare part of theteam, however, the product rel easeis not
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held up if process documents are not complete. Process docs often cannot
becompleted until therel ated design docsarecompl eted. Nor will thechanges
beheldupwaitingfor theprocessdocumentsto bemarkedupor revised. The
processengineerscan begin planningtheir effort at theteam meeting that first
discussesaproblem/fix. The Process Engineer cannot reasonably beginto
execute changes to the process docs until the design is complete. The
completion of the processdocsisnot required until thedocsarerequiredin
thechangeimplementation.

Fabricated Part Processing

Processing of parts generally require the use of fabrication instruc-
tions/routing documents. Almost all companiesor their suppliers produce
fabrication docs. They are essential to processing parts. A typical
fabricated part processisthe part drawing accompanied by a document
asshown in Fig 6.4.

They are written and maintained by a process engineer, usually
working in manufacturing. Computer Aided Manufacturing (CAM) soft-
ware applications take the place of fab instructions at aa automated
machine.

Area Description Mach / Tool Feed / Speed

720 Spot Weld 6x ABX 1027 1.2 sec @ set G
430 Grind Surface A MBQ 823 4 ipm /6200 rpm
800 Drill 6 holes 7752 AX Hand /3100 rpm

Figure 6.4. Fabrication instruction (attached to the part drawing).
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Assembly Instructions

Theassembly instructions are another matter. The start up company
tendsto usetheengineering assembly drawingsinstead of having assembly
procedures. Large*“highend” companies(likeaship builder or locomotive
manufacturer) do the same thing. The “low end”/very high production
companiestend to useroboticswhich don’ t requireassembly drawings(the
assembly instructions are software applications for the robot).

Many other companiestend to try to use assembly drawings astheir
processdocswithavery poor result. Most of those companies should have
someone in the manufacturing group producing assembly processinstruc-
tions. This “someone” is usually a Production Engineer, Industrial
Engineer, or Manufacturing Engineer. They should be doing the assembly
instructions with mini-pictorials alongside the step by step instructions.
(SeeFig. 6.5.)

Step Description PN Qty Tool Sketch

1 Base plate to fix 123450 1 Fixture#389 #2
2 Bkt to Base Plate 432672 1
3 Screw four places 00202 4 Air Driver 12 psi #4

4 Remove from fix - -

Figure 6.5. Assembly instruction.

Ideally the step by step instructions will be produced using Design
Engineering' sCAD file. That CAD fileprobably already containslayouts,
three-dimensional, and part drawings. Manufacturing should beallowedto
access CAD to down load what is best for fabrication and assembly—tiny
steps and tiny pictorials to go with each step or afew steps.

Thisstep/sequence detail isthe most efficient way for the production
operatortolearnanewtask. Theprocesssheet alsoallowsthetimestandard
to be properly engineered. This results in improved product labor costs.
When changes are made in the process or to the design, the change of
process docs is the most effective way to implement the change to the
operator’s method.
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Many customersarerightfully concerned about processcontrol. The
FDA is acutely concerned about process control. Process companies are
keenly concerned about process control. Manufacturing Engineering can
and should control the process docs under the CM overall system.

Process Document Control

The control of the manufacturing process documentation is a chal-
lenge similar to design documentation. International Standards Organiza-
tion/QS/A S 9000 recognizethisfact. Sodothe FDA and others. However,
thisisstill not reasonto placeit under the control of the CM Department nor
to “bundle” them in the ECO.

Rule: Manufacturing should be responsible for doing
release and change control of process docu-
mentation.

Reason: Keep the responsibility and authority together

and in the department (Manufacturing) that is
responsible for producing that documentation.

Rule: The CM function should control the overall
processes.
Reason: Distributed document control needs to be under

an umbrellafunction to make sure minimum rea-
sonablerequirementsandregul ator’ srequirements
are met.

In start up companies the control might all be in the same function.
As the company grows, however, the control should be distributed to the
function that needs and authors them. Manufacturing might control the
unigque part numbers that may be required for tools, fixtures, production
equipment, test equipment, etc. They might even assign unique document
numbers to process instructions, but that practice is often wasteful.

Rule: | dentify fabrication and assembly processinstruc-
tionswiththecorresponding design document part
number.

Reason: If unique numbers are used, cross-reference lists

arethenrequired. Upkeep of cross-referencelists
and referencing these lists (forever) is wasteful.
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Rule: M anufacturing woul d mai ntain each processsheet
with its own revision control. They must record
the relation of each revision, if applicable, to the
design release or change.

Reason: Changes can occur to process sheets for many
reasonsother thanthechangeof designdocuments.

Why do ECOs(Engineering ChangeOrder) for those processchanges?
Perhaps the best way to understand this concept isto take some examples:

1.  Receivinglnspection ProcessSheet—Theprocesssheetwould
explain which dimensions to inspect, sample sizes, process
control charts, etc. It might be noted on aprint or accompany-
ing the print. The inspection process for an item is normally
identified by the part number because that iswhat the supplier
isbuilding and shipping to receiving. Theinspection process
and drawing would normally be filed by the design part
number. Changeswould occur totheprocesssheet for avariety
of reasons—change in sampling technique, for example. The
revision level of theinspection process sheet must, therefore,
berelated to, but not necessarily the same asthe CM assigned
document revision. Date revision control is often used to
accomplish this. When applicable, the corresponding ECO
number is referenced in the description of change column of
the process sheet revision log. The proper revision level (not
necessarily the latest revision level) drawing isin the folder.
Whenthenext revisionlevel isto beeffectivethe print must be
replaced in the package and the old one destroyed.

2. Test Process Sheet—The Test Engineer (TE) could identify
the test process sheet with the design part number of the
assembly to be tested. The TE could maintain a separate
revision assignment and log. Revision numbers might be used
that are related to the assembly drawing (with the proper CM
revision level, not necessarily the latest) only through thelog.
This allows the TE to make process changes without a corre-
sponding change order.

3. FixtureDrawing—Thisdrawing might beassignedamanufac-
turing Tool Number. It would havearevisionblock just likea
design document, but need not be revised by ECO. The
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description of changeintherevision block would spell out the
detailsnecessary totracethechangetoitscause. If anECOdid
causethefixturechange, theECO number woul d bereferenced.

ProcessControl Summary

Other manufacturing process documents can be treated as described
above. Requirethelevel of control (totheentireprocessdocumentation set)
asisnecessary in your kind of business. Areyou FDA regulated? IsLot
Control in order? Do any of your parts have a shelf life requirement?

In the extreme (FDA requirements), the manufacturing process
control can be as stringent on process documents as CM controls are on
designdocuments. A separateM CO (Manufacturing Change Order) may be
required. Companiesthat are FDA regulated and have separate document
control functions, usually control the processdocumentationinthismanner.

Insmaller companiestheprocessdocument control may bemadeaCM
responsibility. Thisisamost critical time. TheCM person/manager must take
all possiblestepstokeepit separated fromthedesign documentation. Release
or changethe processdocumentation asaresult of design document rel eases
andchanges. Releaseand changethedesigndocumentsfirst. Don’thold up
the design documents while the process documents are being marked up/
changed. Asthe company grows, thiswill make it easier to spin off the
responsibility and giveittomanufacturing. Also, seeFig. 10.3under Change
Contral.

Publications

Service publications can and should be treated much like manufac-
turing process docs. Service docs are installation manual, maintenance
manual, spare partsmanual, etc. Many changeswill be madeto these docs
that are not theresult of adesign change. If affected by an ECO they should
not hold up the ECO to thedesign. They should beasecond stepinthe CM
process. The publications must be completed prior to closing the box/
shipping the product. The service function should control these docs.

Rule: Serviceshould beresponsiblefor doing rel ease
and change control of publications documenta
tion.
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Reason: K eegptheresponsibility and authority together
and in the department that is responsible for pro-
ducing that documentation.

Rule: The CM function should control the overall
processes.
Reason: Distributed document control needs to be under

the CM umbrellafunction to make sure minimum
reasonabl e requirements and regulator’ s require-
ments are met.

A change form is typically not required to manage the changes. A
change log should be kept for each document that captures the reason for
change, etc. If thechangewas caused by an ECO, that fact would belogged
to provide “traceability.” Also see Fig. 10.3 under Change Control.

On Time Publications

Many companies suffer from, “We' re ready to ship the product, but
the publications aren’t ready.” The same thing happens with the revised
product. Why can manufacturing order parts, make parts, buy parts,
assemble product, test product, while revised sheets of paper cannot be
done in the same time? In this case, there is probably a management
problem, not a CM system problem.

The Management must be made aware of the condition and take
appropriate actionto fix the problem(s). Thiscondition existed at onehigh
tech computer company—the publicationswere never ready to shipwitha
new or revised product. A deviationwas placed with each product shipped
indicating that the publicationsweren’ t upto date/ready. After askingafew
questions, it was clear that the responsibility for their publication waswith
another division, acrossthecity. Thisother division built another product
line. You can guess whose products had up-to-date publications. The
responsibility wastransferred to the producing division and it was surpris-
ing how fast the problem cleared up. The management must assure that
the publications function is organized by product and located with the
producing plant.

CM managers are often burdened with amanagement edict: “Don’'t
rel ease another change until the publications have been revised.” Thisisa
bad decision. Hold up thefix for aproblemwhilewaiting for publications?
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Build morescrap or rework whilewaiting to update the publications? Hold
up acost reductionwhilewaiting for publications?

Address the root cause of the problem. The publications people
probably aren’'t brought into the process early enough. Usualy the
publications people are the last to find out that a new product is being
developed or that a change is being made. Get them into both processes
early. They should bepart of theteamin both the new product release process
and the change process.

Publications people can also do many things that will assure the
publicationsareready to shipwhentheproduct is. Some of theactionsare:

1. Say it once with as few words as possible. Most
manufacturers have gone from little or no support
literature to far too much. When the pile of paper
accompanying your PC ishigher than your PC, some-
thing iswrong.

2. Don't try to cover al possible combinations of fea-
turesand options. Cover thosethat havebeensold, and
add others as sold.

3. Don'ttrytocover al possiblefailure modes. Cover a
few expected magjor hittersand add failureinformation
as other frequent failures become apparent.

4. Don't hard bind the manuals. Use three ring or
equivaent. Thisisespecialy effective when changes
aretobeincorporated. Thus, replaceonly theaffected
pages when a change occurs.

5. Use word conservation.

6.  Ifthecountry of destinationisknown, makeaseparate
manual for each language. The customers might well
look at aproduct that iscovered only intheir language
as auser friendly product.

The most significant thing that the management can do isto expect/
demandthat the publicationsbeready whentheproductis. They must never
usetherelease or change processesto “fix” the problem by “bundling” the
publications into the change package.
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Lot Control

Lot control isthetracing of the content of a product by anidentifier.
Certain materials, parts, assemblies, are specified to require lot control.
They are specified in customer contracts, agency standards, or company
standards. Why islot control important? Thisistypically required because
of the critical nature of the item to the function of the product. Since
processesfor you and your suppliershave sometolerancethey work within
and since the process control may not be precise, ot identification and
tracking issometimesrequired to troubleshoot problems. Thismay betrue
whether the item is produced in batches or continuous flow.

Several methodsof identifyinglotsareusedinindustry. Datecoding
or lot numbering aretypical identifiers. The date code or |ot number must
be changed whenever asignificant changeismadeto the process. Thedate
code or lot number must then be tracked through subsequent process (mix)
or assembly. This is done by attaching the code or number to each
subsequent mix or assembly until the final product is completed. The lot
or date code(s) inthe product arerecorded. The end product serial number
(or mod or date code) is, thus, traceable to the exact lot for each required
item.

The items that require lot control must be carefully sorted out and
noted. Probably thebest way toidentify themiswithacodeinthedatabase.

Rule: If Design Engineering isinvolved in the decision
as to which items are |l ot controlled, CM should
maintain the data base or place a note on the
drawing. If not, manufacturing/quality assurance
should maintain the database.

Reason: Keep the responsibility and authority together.

Theresponsibility for lot tracking should beamanufacturing respon-
sibility. Answering customer lot control guestions, hosting agency audits,
etc., should be a joint CM and Manufacturing responsibility. CM might
coordinate the customer or agency visit, but manufacturing should answer
lot control questions.

The manufacturing control number previously mentioned and a
serial number are alot number for alot size of one. Manufacturing must
also be responsible for the tracking of this number to the customer.
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Shelf Life

Thelonger you live, the shorter your life. We may not likeit, but it
makes sense. The same sense appliesto some of theitemsin our products.
A prime exampleis O-rings. Y ou or your customer may requirethat no
O-ring be assembled with an effective life of less than two years. Your
vendors identify and ship you O-rings that have an effective life of three
yearsor more. Theproblem, then, istoidentify theringsastotheir effective
life and to trace the product content of O-rings.

Typical shelf lifeidentificationishandled likethegrocery store. The
supplier isrequested to identify the expiration date. |dentification would
usually be by the bag and tag method.

As manufacturing assembles the rings, the process sheets should
instruct the operatorsto tag the product with the expiration date. Manufac-
turing must design atag(s) which allow traceability of the O-ring content
to specific locationsin the product. Thetag would have the serial number
added and a copy of it stored in either Quality Assurance or CM. The
customer should be made awareof thisinformation asthe contract requires.

Down Level Drawings

Theappearanceof animproper revisionlevel drawing ontheproduc-
tion floor should be of serious concern to any manufacturing person. The
product must not be built from down level prints after the effective date.
The QA , management, and regulating agencies, areall rightfully critical of
any CM process that allows this to happen. The best cure is an ounce of
prevention. Don’'t allow design drawings to get onto the manufacturing
fabrication or assembly floor in the first place.

Rule: Every point of use for a design document should
haveades gnated technical support function. Those
technical support functions should be sent the
action paper, release notice and/or ECO. They
should read the ECO and obtain the correct revi
sionlevel print for theproductionfloor at theright
point in time (effectivity).

Reason: These people are probably already part of the
team, already have reviewed the ECO, and under
stand the change.
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Who should the technical support functions be? Make your own
standard using the Loader Company as a guide:

Point of Use Technical Support Function
Supplier Buyer

Receiving Inspection QA Engineer

Fabrication Shop Industrial Engineer
Assembly Shop Industrial Engineer

Test Floor Test Engineer

If the assembly floor has assembly instructionsinstead of assembly
drawings then the Industrial Engineer would revise the process and place
anew revision date process on the assembly floor on the correct date. |If
drawings are used or do accompany the process sheet, the old revision
level is removed on that day by the technical support function. The
technical support function would be responsible for destroying the old
revision level documents.

Themaketo order company often solvesthisproblemintheassembly
area by the technical support function putting the proper revision level
assembly printintotheorder packagewhich accompaniestheorder through
the process.

By this method, CM has alimited number of functionsto distribute
changes to. The control of old revision level printsis then done by the
people closest to the production operations. Thismethod complimentsthe
pull, not push, system.

Push/Pull Document Distribution

The typical process calls for distributing seventeen copies of the
rel ease document, seventeen copies of each document rel eased, seventeen
copies of aweekly list of released documents, seventeen copies of each
change package, seventeen copies of each changed document, and seven-
teen copies of amonthly list of released changes. Thisisapush process.
Some folks have limited the distribution by creating a few controlled
document satellite centers. Thisis till a push process. The centers are
seldom maintained and still contain many kinds of documents that aren’t
used in that area. This “wallpaper the plant” mentality is gradualy
disappearing. Thisistruly an archaic practice.
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Rule: Eliminate the push system in favor of a pull
system. Distribute the cover sheet of the release
document/ECO (preferably on line) to those who
need to know (seventeen, if necessary). Expect the
recipientsto read the ECO and to determinewhich
documents they need. They then go to the
“vault” to pull those documents they need when
they need them.

Reason: Forces the reading of the ECO cover sheet to see
the effectivity plan and to determine/verify what
action and when that action isrequired. Save
untold dollars in distribution and center mainte-
nance costs.

The author tells clients who are talking about becoming paperless
that the placeto start isto eliminate push in favor of pull. If thiscannot be
accomplished, the company cultureisnot ready for paperless. Better start
working on the culture.

Nonconforming Material

CM isnot normally involved inthe nonconforming material process,
however, sincethat processcan producedesign changes, it should bebriefly
discussed. Usually acompany has a discrepant material form. All items
that do not conform to the drawing/specification is tagged and a form
completed. A Material Review Board (MRB) is formed of a Design
Engineer, Quality Engineer and a Process Engineer.

All nonconforming material is reviewed daily and disposed of—
return to supplier, rework, scrap, etc. They must treat each problem as
importantly as the next. They identify the root cause of the problem and
address the proper fix for the problem. Sometimes a change in design is
calledfor. Usually thisisbecause of arepeated problem with adisposition
of “useasis.” Theaboveisacondensed version of thenormal MRB process.

Onecompany added awrinklethat isworth considering. A copy of the
discrepant material report was sent to CM whenever thedecisionwasmade
to changedesign. Thisallowed CM to assurethat the clock started on that
change when the report was dated.

The critical thing about this processfrom aCM perspectiveisthat it
should not be used as amethod for making aquick change. Thisissuewill
be discussed further in the chapter on changes.
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Field Support

Thecontinuedtroubleshooting, repair, and maintenance, of aproduct
is one of the most difficult and high customer visibility tasks in the
manufacturing business. Whether itisdoneby dealers, your servicepeople,
or the customer, thisis the Customer Satisfaction Test.

Thefield serviceis embodied in:

1.  Thepeoplewho perform the task.
2. Thetrainingthey receiveand give.

3. Thepublications(MaintenanceManual, PartsCatal og,
Spare Parts List, etc.).

4.  Fieldchangeordersand kits.
5. Traceability (StatusAccounting) Reports.

Thelastthreeareof significancetoCM. Thefield peoplehaveaservice
adage which states “ All serious problems occur when the factory is
closed.”

Service dependence upon the publications, field change, and
traceability reports, iscritical. Thefield change order and kit is of special
significance to CM.

Field Change Order and Kit

Field Change Orders (FCO) should aimost always be a result of a
design changetofix asafety problem or to meet product specifications. The
FCO isaseparate document and is originated because an ECO so directed.
Again, the ECO should not be held up waiting for the FCO. Hereare some
other rules about the FCO that are food for thought:

. Only anon-interchangeabl e change should beacandi-
dateto result in an FCO.

. Not all non-interchangeabl e changes need to become
an FCO. One company saved over one-hundred-
thousand dollars (in 1973 dollars) a year in field
change cost by eliminating a rule that said: “if the
changeisclass|, an FCO isrequired.”
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. The Field Support group should sign all ECOswhich
“direct” anFCO. Thatis, they should agreeor disagree
withthecognizant engineer’ spositionon changingthe
field.

. The Field Support function should write all FCOs.
People who have done field repair are in the best
positiontowritethem. Detailedinstructionsforincor-
poration of the kit and subsequent testing are needed.
They should probably be approved (accepted) by the
Cognizant Engineer.

. TheField Support group should originate akit of parts
(BOM Parts List) for each FCO.

. The FCO should reference the kit part number. The
FCO document should be assigned apart number and
that number should be referenced on the kit partslist.
The FCO document should, thus, be included in the
kit.

. The Service organization or the CM group should
furnish standard marking/sticker/label for the kit if
identification changes are required.

. Unless the field is on line with the factory, the CM
group should furnish (in the kit) a simple, self-ad-
dressed post card for feedback of the unit serial num-
ber (mod or code) affected.

. All FCOs should be modeled and tested by a person
other thanthewriter. They should get aproductionkit
andinstall itintoaproductionunit, theninstall and test
per the instructions. That person should identify the
unit per the instructions and fill out the postcard. A
complete “modeling” of the field change is the best
way toassurethefield peopleof aquality field change.
If thisisnot done, modeling will takeplaceinthefield
and every problem with the kit or instruction will be
discovered by several field people and will be ten
times more expensive to correct.

Many companiesdo not have afield change problem. Thosethat do,
have many problemsin thisareathat might be solved by taking someor al
of the above steps.
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A separateform isgenerally needed to make the change in thefield.
TheECO doesn’t cover disassembly, coversversions of the product not
changing inthefield, doesn’t cover retesting, etc. A suggested formis
showninFig. 6.6.

Field Change Order | EC3 Corp FCO #

Choose One: Now O On Failure 0 At Regular Maintenance O

Product Numbers Affected:

Mfg Eff: Ref ECO # SNs

FCO Kit PN: Estimated Man Hours / Unit

FCO must contain the following subjects in order:

. Reason for change.

. Publications affected.

. Description of change.

. Change Installation step by step procedure.

. Special tools required and availability.

Removed part(s) disposition and field warehouse disposition.
. Test / checkout procedure.

. List of attached & referenced documents.

ONOU AWM=

Authored By: Accepted By:

Date: Page of Pages FCO PN Rev

Figure 6.6. Field Change Form.
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Normally this author would expect aform instruction to accompany
each form. The FCO form shown in Fig. 6.6 is fairly self-explanatory.
Some more comments about the form, however, are in order.

. Y our FCO*“types’ shouldbespecified—Immediate, On
Failure, At Regular Maintenance, Recall, etc.

. Product numbersaffected should not belefttothefield
service engineer, they should be from the ECO.

. State the manufacturing effectivity so that the field
service person doesn't have to look at units that al-
ready contain the change.

. One author and one acceptor should be al the signa-
tures required.

A quality job on this document and the kit will alow the field people to
function when the factory is closed.

| SO/QS/AS 9000

The International Standards Organization has done an outstanding
job of writing make sense, minimum logical requirements for a quality
operation. The automotive (QS) and aeronautical (AS) industries have
modified and added requirementsintheir specifications. Anexcellent over-
view, analysisand perspectiveof | SO 9000 can befoundinthe Referenceand
ReadingList.

Itissignificant to notethat thevast majority of thisseriesof standards
areEngineering Documentation Control/Configuration M anagement kinds
of requirements. Seminar attendees report that a majority of the “gigs’
received upon | SO audit are for documentation control issues. Infact, the
paragraph on” Document and Data Control” hasthehighest deviationfrom
standard, nearly twice that of any other paragraph, and that is only one of
many CM related requirements. Thisiseffectively international recognition
of thesignificance of Configuration Management. International Standards
Organization 10007 (Guidelinefor CM—not astandard) al sorecognizesthe
significanceof CM.

This author often hears, “1S0 requires’ followed by a highly
guestionabl e statement. Best to get acopy of those standardsand read them
for yourselves. Do not rely ontheinterpretation placed onthe standards by
your certifier any more than you have to.
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Since most of SO 9000 requirements are nothing more nor lessthan
make sense engineering documentation control, those requirements will
not be repeated again here. A few highlights are in order, however. For
example, | SO rightfully places high emphasis on the product specification.
Thekey nature of product specificationsis discussed throughout this text.

Thelast revisiontothestandard changed theterminol ogy about down
level printsto the proper revision level. Thisisrecognition that the latest
revision level of adocument may not yet be effective. They are also very
concerned about down level drawing proliferation. Thisissuewas covered
earlier in this chapter.

The International Standards Organization also says, “ The supplier
shall establish and maintain proceduresto control and verify the design of
the product in order to ensure that the specified requirements are met.”
Since the 1SO requirements, and many product specifications, are very
general, a company can choose to do the minimum or choose to do
something more. In that process, a significant issue remains. What is
currently being done in any given company may be ill conceived, slow,
wasteful, inefficient, and counter productive. Aslong asthe requirements
in the procedures are met 1SO doesn’t care about such issues. Thus, there
are three ways that 1SO certification can be approached:

1.  Document minimum requirements without making
improvement and then seek certification.

2. Document minimum requirements, seek certification
and pursue improvement afterwards.

3. Pursueimprovementsasor beforethe documentingis
done, then seek certification.

Each company launchingintothisventure, needsto makeaconscious
decision as to which course they will follow.

It is also true that just because a company or division has achieved
I SO certification it doesn’t mean that they have arrived. Documenting the
systemandfollowing that documentationisbarely thebeginning. Consider
the CM ladder (that isincluded here again) in Fig. 6.7.

Thisisnot to say that obtaining | SO certification isn’t important. 1t
isacritical first steptoward exceptional Configuration Management. It sets
the stage for improvement.


Bill 
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World Class

Fast, Accurate, Well
Understood, Efficient
Processes, Recognized as
best of the best.
Benchmarked by others.

Best In Class

Processes / results exceed
customer expectations.
Outperforms direct competitors.

Efficient

Process meets all internal
management requirements / metrics
as well as ISO / QS requirements.

Acceptable

Meets all customer and ISO / QS
requirements. Written standards
are followed.

Incapable / No process
Ineffective, inefficient, slow, variable
by whim, few or no standards.

Figure6.7. CM ladder. (Adapted from an article” Howto Stay Flexibleand Elude Fads,”
by Irving De Toro and Thomas McCabe in “ Quality Progress,” March 1997.)
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Product and Document Release

The release of the product and its documentation should be an
evolutionary process (see Fig. 5.9). Very shortly after the design and
development begins, the service support planning and manufacturing pro-
cess development should start. Design Engineering is developing the
product, Manufacturing is developing the production process, and Field
Support isdevel oping the serviceand mai ntenance plansand process. Each
iscommunicating itsneedsand plansto theothersthroughtheteam. Eachis
presenting its needs for the drawing, specification and BOM. Theteamis
costingthealternatives, and settlingindividual issuesasthey occur. They meet
with the management to review progresson aregular basis.

Manufacturing needstherel ease of part documentsfirst—inlead-time
to produce. Engineering should accommodate that need to the maximum
extent possible. Thus, documentsshoul d berel eased oneor afew at atime—
inlead-time. When asingledrawing isagreed upon, it can bereleased. This
isevolution of the product and its documentation. It isthe fastest approach
to new product release.

Life Cycle Phases
Asthisprocesstakes place, the management (or your customer) will

impose certain major milestonesto pass. These milestones (or baselinesas
they aremorefrequently called) dividetheprojectinto phases. Thesephases

194
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arecalled by different namesat different companies. Our L oader Company
will usethe D2 - P3 terminology picturedin Fig. 7.1.

C' DEFINITION )

Product Spec

Release D2
@EVELOPMEN‘D

Prerelease

(piLoT )
N\

Release

p3 (PrODUCTION )

Change to
Obsolete

(PHASEOUT )

Figure 7.1. Product documentation release phases.

Somecompanieschooseto havemoreor fewer thanfive phases. Make
toprint compani estypically havetwo or three phases- contract / PO, sample/
gualification unit, and production. On repeat orders, samples may not be
required. Some companies have afield operation phase. Some don't treat
obsolesce asaseparate phase. The“theline” between phasesare baselines.
In DoD terminology they are - Functional, Allocated and Product. Y ou can
give them your own names or refer to them as “development to pilot”
baseline. The baselines are crossed in the Loader Company by release
doneonablanket ECO. Thedistinguishing“event” (Product Spec Release,
Prerelease, Release & Obsolete Change) between phases, isalso shown
inFig.7.1.

Rule: The phases and baselinesto be used at your com-
pany need to be defined and agreed upon.
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Reason: Thisisamatter of defining communicationsand
management expectations. Thepeopleinagiven
enterprisecamefrom different experiencesand
tend to use different terminology. However, they
may or may not mean the samething. Communi-
cationbarriersstart tocomedownwiththedefini-
tion of common terms.

Terminology variesindifferentindustriesandindifferent partsof the
country. Regulatorsinfluencetheterminology. What the L oader Company
callsDefinition might be“ Contract” or “Bid” or “ Product Spec.” in another
company.

Different parts of the company tend to look at the “ correct” phases
intermsof their ownfunctions. Engineeringwill often definethe phasesand
introduce phases that Sales or Manufacturing do not relate to.

Rule: The phases should belimited to the fewest pract-
ical for thetotal company.

Reason: Phasesare defined for thetotal company - for the
cross-functional team - not for any singlefunc-
tion. They, therefore, need to be for the business
unit, not for one function.

Rule: The phases should be established for the new
product - not the “spin off” product.
Reason: Thisisthe“worst case,” the team can then make

adecision to skip aparticular phase that may not
be applicablefor a“ spin off” product or arepeat
order.

Thisquestion of company phasesiscritical and needsto bedetermined at the
highest management level sof theoperation. They should not bedictated by
corporate headquartersto beidentical inall businessunits.

DocumentsTied To Release Phase

These are product and document life cycle phases. Sincethe product
is defined by its documentation it is necessary to tie these phases to the
documentation. Sincethedevel opment of the product should beevol utionary
itisnecessary tobeabletolook at any single document and tell which phase
it “represents.” This is sometimes done by stamping the document. For
example: “OK for Pilot Build.” A simpler processistousetherevisionblock
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to indicate the applicable phase. Thediagramin Fig. 7.2 indicates how the
product and its documentation are “tied together” by use of the document
revisionlevel.

C DEFINITION ) -glé \/’\ssgir_lrléo

C DEVELOP ) « PROD SPEC REV = NUMERIC
- OTHER DOCS REV = DATE

(  puwort j - REV = NUMERIC

N

- REV = ALPHA ( PRODUCTION )

« REV = OBS PHASE OUT

Figure7.2. Release phases and revision levels.

In this case a blank or dash in the revision field indicates that the
documentisinthe” definition” phase. Thismeansthat thedesigner will need
to use the “date” field to keep track of the changes. In the “devel opment”
phase, also useablank or dash revision. Thischoiceismade purposely—to
reserve therevision field only for CM use.

TheProduct Specificationisan exception becauseit waspre-rel eased
(revision number control) the day after the project was started. In the pilot
phasethedocumentswill beanumerical revision. Inthe* production” phase,
usetheapharevision. Whenit isdetermined that an item will no longer be
produced, place anotation of “obs’ intherevision field.

Rule: A standard is needed for acompany that defines
howtorelatetherevisionblock tothedevel opment
phases.

Reason: It should be apparent by looking at adocument,

which phaseit may be used in or isgood for.
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It must be kept in mind that the above refersto documents devel oped
uniquely for thisprogram. Theprogramwill usecther itemsalready rel eased.
Thoseitemsremainin areleased condition. Sometimes companiesreverse
theroll of thealphaand numeric. ThatisOK providing they are consistent.
In no case should adrawing or specification (that is under the engineer’s
control) be done by revision letters or numbers—the engineer controlled
drawing should always use date control.

Having the ability tolook at the document and know what phaseitis
“goodfor” isvery important. It will avoid buyersor fabricatorsplacingorders
for production unitswhen the part isonly approved for pilot.

TheRevision Block

Asaresult of theserules, therevision block on aparticular document
would, over time, look likeFig. 7.3. The phase history is, therefore, visible
on the document.

REV DATE | DESCRIPTION ECO | SIGN
_ 3-21-94 | drafted _ engr
_ 3-29-94 | redraw _ engr
1 * 4-12-94 | Released to Pilot 248 CM
2 4-17-94 Changed orientation 283 CM
3 4-20-94 Finish note added 280 CM
A ™| 4-27-94 | Tested & Release to Prod | 302 cmMm
B 5-11-94 | Changed front tire O D 324 CM
Cc 5-30-94 | See ECO 352 CM
D 4-20 95 Changes material 589 CM
oBS 8-04-02 Not used for new designs | 2040 CM

* Move Master Document from Engineering to Master File and

Start Informal Change Control

** Start Formal Change Control

Figure 7.3. Document revision block.
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Life Cycle Phase | ssues

It is also necessary to resolve many other issues in respect to the
development phases. Just a few of those issues are:

Location of and control over the“master” drawing.

Whether or not the drawing will be microfilmed,
digitized, etc. in each phase.

Formality of the change control process.

Associated MRP codes.

Namesto call the units built during that phase.
Budget responsibility for theunitsbuilt in that phase

Kind of test that will berequiredto progresstothenext
phase.

Kind of management and/or customer review required.

Management and/ or customer approvalsrequiredto
proceed.

Itisimportant to make amatrix of the agreed upon phasesversesthe
“issues’ asarisein your company.

Baseline - Phase Relationships

These phases need to be company/business unit decisions. That is,
each product/project withinthe businessunit should not makeindependent
decisions. Allowing each programtodevel opitsownrulesinviteschaos. The
best way to develop thesereleaserules’ isto writeastandard that includes
arelationship chart such asthat in Fig. 7.4.

Rule;

Reason:

Every businessunit should have astandard on
“Product and Documentation Release” whichin-
cludesachart that crisply definestheserelation
ships. The chart must be void of lines/arrows
crossing baselines. The standard and the chart
must also befree of “ifs,” “ands,” or “buts.”

Theterminology and the tie between the product
anditsdocumentation must beclear. It represents
themanner inwhichtheevolutionary design pro-
cessistobemonitored. Communicationsaremuch
Clearer.
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A blanket rel easedocument woul d beusedtoindicatethat theteam has
agreed that aparticular item/ document is“ released” to the next phase. The
document revision level would be changed by Document Control.

PHASE UNIT CHANGE REV | DWG
NAME CONTROL
Breadboard
DEFINITION or Engr Date Engr
(Concept) | Development

PRODUCT SPEC BASELINE / PRELIMINARY DESIGN REVIEW

Prototype
DEVELOP- or Engr Date Engr
MENT Development

DESIGN BASELINE / CRITICAL DESIGN REVIEW

Pilot
PILOT Prepro Informal Number| CM
Qual

PRODUCTION BASELINE / QUALIFICATION TEST REVIEW

PRODUC- Production Formal Letter CM
TION
PHASE OUT NA No Longer 0OBS | M'Film
(Obsolete) "used on" any
application

Figure 7.4. Phase chart.

CM and The Release Process

Thefollowingmay helptoclarify therelease processrequirements. It
isareprint of an article by the author for the Midrange ERP magazine:

Inpreviousarticles, thepropositionwasput forth that agap or wall often
devel ops between Design Engineering and therest of the company and that
bridging that gap or tearing down that wall is the most important task of a
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Configuration Management (CM) function. It was also proposed that CM
tends to be whatever the management wants it to be. Where it all startsis
in the CM release process—the process that a product manufacturing
enterprisefollowsin the release of new products and their documentation.

The use of cross-functional teams is typically touted as the most
important aspect of fast and successful new product introduction. These
teamsare, of course very important. Invery small/start up companiesor in
“garageshop” devel opment environmentstheteam approach tendto happen
naturally. All the functions represented in the garage are constantly
communicating about the process that is and will be followed. But as the
operation grows, difficulties set in. New people with a variety of back-
grounds and experiences enter the picture. Even the meaning put on key
wordstendsto be different. What apre-production unit isto one, isapilot
unit to another, isaprototypeto another. A meeting devel opsinto disagree-
ment or disarray and the cause isn’'t apparent. The answer is sometimes
simply because words and terms have not been carefully defined.

Within your enterprise take a poll among key people in several
departments and ask; “How many phases are there in your new product
release process and what do you call them?’ The results are eye opening!
Ask “How do you know when you have progressed from one phase to the
next?’ Do you get questioning looks? Also ask “How can | tell by looking
at adrawing or the database which phase a part number is approved for?”’
Has your company ended up with a quarter million dollars of useless
parts in stock or on the dock because someone made/bought parts for
production from adrawing that wasn’t ready for production? These are all
symptomsof aproblem—confusionintherel ease process. Crossfunctional
teams can help, but they need to know what the operations normal process
expectationis.

First, determine the number of phases normally required on a new
product devel opment and what the enterprisewill call them. Some possible
phases (inthewriter’ sterminology sincethereisnoindustry standard) are:

Definition/ Bid/ Contract / Specification Phase
Design/ Development Phase

Pilot / Pre-production Phase/ Qualification Phase
Production Phase

Phase Out / Obsolescence

Althoughfivephasesarelisted, thisisnot toimply that they should all
beusedinany given enterprise. Someoperationsmight requiretwo and some
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seven. A make to print company would have different phases than an
aerospace company on a DoD contract. This decision must be carefully
analyzed in order to arrive at the fewest necessary phases required for the
operation. Engineering or Manufacturing or othersmay have sub-phasesin
their operations but the enterprise wide phase plan is most important to
define. A different set of phases might be required for “ spin-off” products
asopposedto“new” product. Remember thisisthenormal expectation, the
release policy should state how exceptions can be taken.

Example: “Theteam can skip or add phasesfor aparticul ar
product by notingintheteammeeting actionitems
list what isbeing done and why!”

Oncethe phaseshavebeen quantified and named, the next stepisto prepare
a chart to define numerous associated “issues.” Let's take a generic
company that normally needs three phases and decided to call them
Development, Pilot and Production. The chart would address i ssues by
phase:

Phase

Item Develop Pilot Production
Name of Units Prototype Pre-Pro Production
Number of Units to be built 3t06 20to 30 Per Schedule
Build by Engr Pilot Mfg Manufacturing
Serialized No under 100 over 100
Testing EngrLab QA Reliability Prod Test
Ship to Customers No After Upgrade Yes
Location of Master Engr CM CM
Signatureson Doc None Engr Engr & ME
RevisionLevel Date Numeric Alpha
MRP Status Code D T P
ECO to Release NA Yes Yes
ChangeControl Engineer Informal ECO Formal ECO
ECO Signatures NA Engr & ME  AddField & PC
Who Changes Master Docs Engr CM CM
Signatures on Changed Master Engr CM CM
ECO Distribution NA A list B list
Interchangeability/PN chgrules No Yes Yes
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Addtoandtailor thechart for your enterprise. Noticethat thereareno
“ifs,” “ands,” or “buts’ in the chart. Each lineitem or “issue” needsto be
carefully analyzedintermsof minimizing control whilealsominimizingrisks.
The chart needs to be placed into a standard and published. An associated
policy statement shoul d be prepared to answer anumber of questions about
therelease processthat are still unanswered. Examples: How will theteam
authorize the release from one phase to the next? Will new documents be
distributed or should those who need anew document berequired to “ pull”
when needed. Can assembly documents be released to Pilot or Production
before al its parts have been released?

Keep in mind that the entire product/all new documentation does not
need to progress through the phasesin a“bunch”—don’t wait for release
until all new documents are ready. Therelease can and should take place a
document or group of documentsat atime. Manufacturing needstherel ease
of partsinlead-timeto build. Engineering should rel ease parts (documents)
intheir lead time sequence—30 week and longer itemsfirst, then 25 to 30,
etc. Recognition of this simple concept causes many good things to
happen, not the least of which is a step function improvement in release
time.

This chart and the associated standard(s) are absolutely essential in
clarifying the release process. Without it, a certain amount of chaos in
inevitable. Withthischart, cross-functional teams, the associated standards
and the required training you can attain fast, accurate and well understood
release of new product. Try it, you'll likeit.

Product Definition Phase

In the Loader Company, the standard that describes the Definition
Phase will address:

Thekind of testing that the breadboard model will be
subjected to.

That change control isinthe hands of theresponsible
designer.

That revision control will be only by date.

The master drawing will be under the Cognizant
Engineer’ scontrol.

Pre-release of the Product Specificationimmediately
after the project is approved.
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A meeting(s) of the team with the top management
(Preliminary Design Review) toexaminethe;

1. Latest product specification.
2. Test results and the breadboard model.
3. Product cost estimates, pricing, contracts, etc.

Whenthemanagement (andthecustomer if applicabl €)
approve, the Product specification will be “pre-re-
leased” (rev“1” & under formal CM changecontral).

Notethat progressfromtheDefinition PhasetotheDevelopment Phase
is marked by two measurable milestones—completion of the Preliminary
Design Review and of the Product Specification at revision #1. Successful
passing of thesetwo milestonesconstitutespassing the Product Specification
Basdline.

Rule: When the management (and customer if appli-
cable) determinethat thepreliminary designand
Product Specificationareacceptabl e, the Product
Specificationmust bepre-rel eased.

Reason: To document the fact that the Product Specifica-
tion isagreed to and the date the agreement was
accomplished. Track specificationchangesthat might
be made at the same time.

Noticethat the Product Specificationsisone phase ahead of all other
design documents. This puts the document under informal change control
and assuresthat theteam isinvolved in any further changes.

Product Development Phase

The Loader Company standard for the Development Phase will
describe that phase by addressing the following issues:
The kind of tests that are required for the prototype
unit(s).
That change control will still be with theresponsible
designer (except the Product Specification).

Revisioncontrol will continueto bedoneby dateonly
(except Product Specification).
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Thedrawingsremaininthedesigner’ shands (except
theProduct Specification).

Thedesigner andthefield support personwill makea
pre-rel eased sparesitemlist.

A meeting of theDesign Team and thetop management
toexamine;

1. Thelatest Product Specification.
2. The Prototype Unit and the test results.

3. TheevolvingBOM, cost roll up, pricingissues,
etc.

If management (& customer if applicable) approves,
theremaining drawingsand specificationsmust now be
pre-rel eased.

The Product Specification must be revised (Rev A)
because; “critical design review is complete and the
team has agreed that the product is ready for Pilot
Production.” Thisshould bedonewhether or not there
arechangesto the specification.

Itemby item prerel easeby lead-timeisencouraged. At
prerelease the revision changes to numeric (Rev 1
description of change = “pilot prerelease”). The
drawing is now under informal change control. The
master drawing goesto CM “vault” control.

205

Notethat progress from the Development Phaseto the Pilot Phaseis
marked by threemeasurable milestones: completion of the Critical Design
Review, pre-release of the remainder of the drawings and specifications,
and revision of the Product Specification. This constitutes passing of the
Design Baseline.

Rule

Reason:

Whenapprovedto passtheDesignBaseline, all the
master drawingsand specificationsmust bein
CM. Informal changecontrol will now beadmin-
istered by CM. (Except the Product Specification
whichisunder formal changecontrol)

To document the compl etion of the Critical
Design Review and thedateit wasaccomplished.
Tracking of progressisvisibleonthedocuments.
Minimizerisk.
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Just asthe Product Specification can and should berel eased prior tothe
Preliminary Design Review, so should someof thedrawingsbepre-rel eased
prior to the Critical Design Review. After all, this process should be an
evolution—not revolution. Thelongleaditemsshould bepre-rel easedtoallow
purchase of the pilot parts. Parts or assemblies used from existing designs
would have been previously released. Evolutionary pre-release must be
encouraged to avoid bunching thework and theresulting delays.

Product Pilot Phase

Inthe Pilot Phase, the L oader Company will addressthefollowingin

it’ sstandard:

Thekind of teststhat arerequired for the pil ot unit(s).

That informal change control will bewith CM.

Revisioncontrol will benumeric.

The master drawings must now all be under CM’s

control.

Formal releaseonanitemby itembasi sby |ead-timewill

beencouraged.

Engineering and field support will review the spares
itemlistfor release.

A meeting of the team and the top management to
examine,

1. Thelatest Product Specification.

2. The Pilot Unit(s) and the test resuilts.

3. Thelatest costed BOM, pricing issues, €tc.

If management (& customer if applicable) approve, the
remaining drawingsand specificationsmust beal pha
released.

TheProduct Specificationwill berevised (Tothenext
alpharevision), whether or not changes are made.

Progress from the Pilot Phase to the Production Phase is marked by
threemeasurabl e milestones: compl etion of the Qualification Test Review,
all drawings apha released, and the Product Specification revised (next
alpha character). This constitutes passing of the Production Baseline.
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Rule: The product must be approved and listed by any
andall certifying agenciesprior toformal (alpha)
release. The end product document (top level)
shall not beal pharel eased until such approval and
listing hasbeen obtai ned.

Reason: Product liability risk too highto do otherwise.

Rule: All critical componentsmust bequalified (tested)
beforeformal release. Design Engineering, Manu-
facturing and Field Support must agree on which
componentsarecritical.

Reason: Assurestherepeatable quality of the component
and assures that there is an agreeable method of
testingit.

Rule: Noassembly may beformally rel eased (alpharev)

until all itspart drawings, assembly documents,
gpecificationsand referenced documentshavebeen
formally released.

Reason: Minimizetherisk. Keepspeoplefrombeing
misled by therevision statuson the documentsor
inthe MRP system.

Theproduction of theproduct entail ssignificant dollar expenditures. It
should be doneonly if confidence in the design ishigh enough to formally
release. Theproduct costisnow very quantifiable. TheBOM isin placeand
cost can be accurately “rolled up.” Notice that the product cost isasubject
for constant review as the product design, the drawings, and the BOM
evolve.

The design and devel opment budget authorization should also be a
subject of constant review. Thishel pstoassurecost withingoals. Italsoaids
theevolutionary rel ease progressby authori zing spending for portionsof the
next phase—Ilong lead items, tooling, etc.

Product Production Phase

The drawings and specification masters are under CM control. The
letter revision isused. Formal (but fast) change control will be used. If the
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Design Team hasdoneitsjobwell, fewer changeswill result. Theproduct will
be manufactured according to the master schedule/orders. The Loader
Company will now prosper from the profits on this product.

Product PhaseOut

Lastly, when the product is no longer to be produced, the Loader
Company will:

Check the Used On for every item.

Those items unigue to the obsolete product, will be

revised by ECO to indicate “Not used in current
production” in the reason for change block and enter

“OBS’ intherevision block. Wewill alsorefer tothe

part (if thereis one) that replaced the obsol ete one.

Shouldausefor thepart ariseinthefuturethedocument
will be revised to reverse that process for the using
program.
Several other issues arise in this phase that are highly individual
company dependent:
The definition of “obsolete,” “superseded,” “can-
celled,” “redrawn,” etc.

What if anitemisstill onaspareitemlistbutisnotin
production?

Isthe replacement part new to old interchangeabl e?
What do applicable regulating agency specifications
require?

What are the company support life requirements?
What aretheliability issues?

All of the related factors must be analyzed and definitions written
accordingly. The manufacturing and service functions need to agree with
engineering on these definitions. They both have possible stock purgesto
accomplish. Service may have manualsto revise, etc. The significance of
this“phase” isdependent uponthecompl exity of theseand other issues. The
actionrequiredisusually to makeadocument change (by thenormal change
process) inorder toimplement the necessary terminol ogy intothe database,
on the face of the drawing, and/or in the revision block.
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Rule: L ook for obsolesce (not used in current produc-
tion) of each deleted part on each design change. If
A deleted part has no used on, obsoleteit as part of
that change.

Reason: Thisisakey tomaking “phase out” apractical day
to day event.

M anagement of the Release Process

Written approved standards allow the company to proceed with the
development inan orderly fashion. Itisnot areasonto expect every product
to bedoneidentically, however. The management and the team can usethe
standard to manage by exception.

Example: Sincethe FEL-200isa"spin off” of the FEL-
100, management may chooseto bypassthe Defi-
nition Phase by starting the project witha“dic-
tated” product specification.

Example: The management may have high confidencein
receiving UnderwritersL aboratory approval, and
may therefore decideto alpharelease and to risk
buildingdeliverableunitsexpectingagency approva
prior to shipment

Example: Theteam might determineto build fewer than
normal pilot unitsbecausefewer unitsareneeded
forreliability testing.

Companiesmay and do makemany exceptions. But thisshould not be
areason to do without a standard. On the contrary, a standard will yield
understanding as to what is to occur if there are no management or team
exceptions. Giveall involvedthenormal condition against whichto consider
exceptions. The standard therefore is the basis for “management by
exception.”

Many companies may decideto proceed evenif all theruleshave not
beenmet. Thisshouldtypically bedoneby awrittenand approved Deviation.

Any company without a phase chart and standards will tend to have
atotally different method used on each product it develops. The confusion
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will tend to lengthen the devel opment process. It has been demonstrated to
thiswriter’ s satisfaction that it is better to have a documented method and
to be flexible about its application than to have the “variable by whim”
method.

MRP StatusCodes

Most BOM systems have the ability to identify part numberswith a
“Status’ code. Thiscodeisusually intheitem master file (database). It will
typically print out on key reports, such asthe Purchasing Decision Reports.

Different codes/acronymsare used in different systems. In one case,
the MRP/ERP system hasthree codes - NIS, PRE, and REL. Includein the
rel easestandard, adefinition of each. Thedefinition must becompatiblewith
the document rel ease revision status. Example:

NIS = Part Number Assigned but not pre-released.

PRE = NumericRevision,ispre-released.
REL = AlphaRevision,isreleased.

Thisallowsthe status of the part (in MRP/ERP) and the status of the
document (Rev) to becompatible. Thisisvery important since some people
typically refer to the MRP/ERP while others typicaly refer to the docu-
ments. The coding in the database is for everyone to see and it is another
necessity to “bridging the gap.” (Also see Ch. 5, Fig. 5.2)

Release Form and Signatures

Some companies design a special form to accomplish the release of
adrawing, spec, etc. Theinformation that must be captured for any releaseis:

Product and/or project number.

Reason for release. (Production Release, Phase out,
etc.)

Revisionlevel (numericor apha).

Approval (s)—might only beonthedocumentsbeing
released.

Document or part number(s) released.
Test record per the applicable baseline.
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Dates of release. (Dates on the documents may be
daysearlierthantheactual timeof rel ease)

M anagement/Team meetingthat gaveauthority to pass
thebaseline. (optional)

Number (control or form sequencenumber for tracking
back to the above).

When partsarerel eased, they need not have a“ home”—such aslong
lead items released prior to structuring. The top level can be atemporary
“home.” The formal Used On relationship will come when a partslist is
released.

Almost every element above must already be on the design change
form (ECO). Becauseof thisoverlap, thesameformisoftenusedfor release
and change. Thisissueisvery muchamatter of apersonal preference. Thus,
if yourcompany hasaseparateform or usesthe sameform, and it works,
don’t changeit.

If you prefer a separate form, layout the above information and you
will have a sound release form. The release form is also a very good
automation application. Putitonlinefor distribution. A consistently format-
ted email message servesthispurposewell. Since signature(s) should beon
thedocumentsbeing rel eased, there should beno need for signaturesonthe
release document. The CM technician’s name should appear on the form/
email to indicate responsibility for the accuracy of thereleaselist and that
the rules (Check List) have been followed (or that exceptions have been
noted).

Thisisavery good application for a“blanket” (ECO) release form.
Thisisthepracticethat the Loader company will use. A pre-formatted ECO
will havea*“log” to allow recording of each release asit occurs. The same
ECOdocument will beusedtoreleaseall theitemsrequiredfor the FEL -200.
Itemswill be released one or more at atime and added to the blanket ECO
“log” and redistributed once a week.

Somebelievethat noformat all isrequiredtorelease. Items1 through
4 above can (and probably should) be handled on the rel eased documents.
Theteam meeting reference (#8) isoptional. That still leavesaneedtofind
out whentheactual documentspassedto CM (sincethedatesonthe masters
may, and oftenare, “ old”). Having noform begsthequestions. How dothose
who need to know find out that the rel ease occurred? How do wetrack what
happened some time later? If data entry to a particular data processing
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system producesarecord of thesethingsthat isavailablefor all that need to
know, than that record is arelease form.

The proper “acceptors’ signature must either be on the released
document or on the release form. One “acceptor” from manufacturing
shouldsigneither thedocument or therel easeform. All too often engineering
“releases’ anitemthat manufacturing cannot verify at receiving inspection
(test) for example.

Release Checklist

In order for any release to be accepted into CM, it should pass a
check—accept/reject point. Thechecklist will bedifferent for each baseline.
Thelist can be prepared from the baseline standard. Put the checklist into
the Rel ease Standard, and haveit approved by the appropriate top manage-
ment. This checklist should have a series of crisp yes or no questions. A
partial checklist for formal releasefollows:

Haveall drawingsbeen properly signed?

Areall drawings/ documentsin accordance with the
applicablestandard(s)?

Aremarked updrawings(for “ sameasexcept” condi-
tions) in accordance with the mark up standard?

Are all the design reference documents included or
previously rel eased?

Have standard parts and assemblies been used where
possible?

Beforeanassembly isalphareleased, haveall itsparts
beenformally rel eased?

Beforethe product isalpharel eased;

Has everything in the structure been al pharel eased?
Hasthemanagement approved baselinerequirements?
Hasapplicableagency approval been obtained?

Haveall thedocument numbersassignedtotheproject
beenaccountedfor?(neednot holdup product release)

Checklistsarethusasummary of therequirementsinthestandardsthat
you judgeto be significant enough for aCM check.



Product and Document Release 213

Rule: Every company should have aset of agreed upon
releasecriteriaputintoastandardintheformof a
checkligt.

Reason: Toattainarel ease by rel ease auditing of standard

(normal expectations) releaserequirements.

Rule; Before an item can beformally released, it must
pass the checklist standard. If it failsany part of
that checklist it cannot be released. CM assures
this.

Reason: The agreed upon regquirements must be met.

Application of awell thought out and agreed upon checklistwill aidin
management by exception.

ClosingtheGap in Pilot

Theteam can hel p closethe gap between Design Engineering and the
rest of the Company. The tendency isto dissolve the team when the Pilot
Production Phase starts. “We' redone with that design, now let usmoveon
to the next challenge.” Thisisthe worst possible thing that can happen. If
fact, theteam should not only stay essentially in tact during pilot, but:

Rule: Theteam should move physically into thepilot
production area. Perhaps not every design engi-
neer but certainly the Project Engineer and al the
non engineering representativesshould movelock,
stock, and desk into the pilot area. Thisincludes
theCM representativeif heor sheisdedicated hal f
timeor better totheproject. They should continue
tomeetregularly.

Reason: The team spirit that has developed must be held
together until thedesignisbuilt and tested by
productionworkers. Problemswill ariseand the
communicationsaremuch faster and moreaccurate
when these people aretogether.

If theteam hasfunctioned well to thispoint, thevolumeof problems/
changesresultingisrelatively low. However, problemswill still occur. The
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designchangeprocessisadministered by CM duringthepil ot phase. It should
beinformal (under numericrevisioncontrol). Thismight meanthat only the
Design Engineer and CM arerequired to sign thechange. At thevery most,
one Manufacturing representative may be added to the sign off. Noticethe
assumptionthat pilot unitsarebuilt by production personnel. Thisisessential
to prove that the design is manufacturable and to train key production
personnel.

When released to production, the Manufacturing Engineer and the
production personnel should rotate into production. The team, although
diminished in numbers, should move to their normal area but still meet
frequently—jprobably for shorter meetings. Thisiscritical to good commu-
ni cations and training of the new peopleinvolved.

Inthisauthor’ sview, one of themost significant mistakescompany’s
makeintherelease processisto try to get along without arecognized pilot
phase. Engineering will often build more unitsthat are required for design
purposes and do reliability testing on them. Unless the products are very
simplistic it is much better to recognize the phase, have engineering build
fewer “prototypes,” have manufacturing build the pilot unitsand test them.

Catch 22

Astime progresses, prerel ease or production release occurs and the
change control process must begin. If the release or change processes are
dow and cumbersome, the engineers will be reluctant to release the
documents. They will tend to hold them and rel easethemin “ bunches’ only
when absolutely required (forced). If thisisdone, therewill betimeswhen
little is occurring and times when batches of documents are released
together.

Thisbatch method slowsthe process. In turn, the engineersview the
slow release and change progress as reason to hold documents under their
control aslongaspossible. If thechange processiscumbersome, itamplifies
the batch affect. Usually the company finds away around the slow release
processhby, for example, usingadeviationtoreleaselonglead items. Again
wehavetwo methodsfor rel easingwhen onewoul d do—if thesinglemethod
iseasy and fast. It istherefore critical that CM design and implement fast
release and change processes. Much morewill be said about thefast change
process later.
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The Release Process

Aspreviously discussed, therel ease process must beevol utionary. It
must bein parallel withthedesignand ateam process. Thedocument rel ease
process must handle asingle drawing, assembly documentation, agroup of
parts, documents or acombination of these.

Thechecklist will vary but the process can bethe samefor any phase.
One systematic way of quickly releasing documents is needed. First,
examine the tasks that need to be performed during this release system.

Release Process Tasks

For the Loader Company, the release process will use the change
form with only the minimum rel ease bl ocks compl eted. Onthisform (or on
the documents to be released), will be indicators about the following
activities:

Start Project —The allocation of fundsfor a design and devel op-
ment project, completion of design and development constitutes
start of pilot, etc.

Review Design Concept —Early onin the project the team should
review the design concept. Thismight first occur when the product
specificationis” pre-released.” Itwill occur againonrel easetopilot
or production.

ReleaseProduct Spec—Aspreviously mentioned the product spec
isto precede all other documentation by one phase.

New Document(s) Complete—Preparation of one or more draw-
ings, specifications, etc. accordingtothecompany drafting standards
and onthe CM approved format(s). Doneby Design Drafting under
theengineer’ sresponsibility.

Modeling and Testing Complete — Engineer indicates that the
testing required by the applicable baseline has been satisfactorily
completed. Thetesting might be for acomponent, assembly or the
entire product - whatever level isbeing released.

Blanket Release Form — CM cuts a blanket ECO for each
baseline phase release. Document by document release will be
“posted” tothat ECO. The“requiredinformation” isminimally the
part numbers being released and the date of release (may be some
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time after document signatures are dated). The“form” might bean
on line record in PDM or MRP / ERP.

Review Model, Tests & Documents — The team review the
applicableitemsfor the part, assembly or product being released.

Documents Signed — The signature of the Design Engineer who
created the document in thetitle block. By policy, that engineer is
required to sign after the team has reviewed the document. This
gives an opportunity to incorporate ideasfrom therest of the team
without the “ attitude of ownership” that comeswith signature. An
acceptor, usually the Manufacturing Engineer must also sign the
document.

Check, & Technical Release — CM immediately reviews the
package against the checklist. Thisisa*go”—*no go” point. If all
items are acceptable, CM will proceed. If any item(s) are not
acceptabl e, the specificrequirementsarenoted and theitem rel ease
isrejected.

Rule: Once passing this check, thereleasewill not be
stopped, revised, put on hold, etc. Thereleasehas
passed a point of no return.

Reason: Discouragesfrivolousrel easeactions.

If al itemsare checked and correct, the CM Technicianimmediately
assignstheapplicablerevision number or | etter and poststhe part number(s)
and date of release. This is an indication that the release is technically
acceptable and has passed the necessary check.

Thedocumentsbeing rel eased will not bereproduced and distributed.
Rather the release notice should be the user’s notice to pull the required
documentsasneeded, whenneeded. Thisisusinga“ pull” systemasopposed
to a“push” system. This savestime, cost and trees.

Support & Process Documents — The applicable support docu-
ments (catalog, maintenance manual) and process documents
(fabricationinstruction, routing, assembly instruction, tool drawing,
etc.) are created as aresult of the release—a next step. They were
not previously part of the release package. When the support
documentsare compl ete, anotification of that eventisannounced
by the Publications/Service Doc Control functiontoall who need
to know. When the process documents are complete the
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Manufacturing Doc Control function will notify all who need to
know. Again, email isanideal tool for such notification.

Input ToMRP/ERP-AIIl designitemdataand assembly datamust
beinput tothedatabase. CM will compareoutput report totheinput
partslistinorder to assuretheaccuracy of thedata. CM will dothis
for al design elements. They do not hold entry while waiting for
manuf acturing dataentry or support dataentry. Thoseactivitiesoccur
asaresult of the release—anext step.

Back UpFile& /or Microfilm Complete—CM assuresthat al items
tobemicrofilmed, imaged, digitized or are otherwise preserved.

ClosetheL oop — Thevariousfunctions noted above have notified
CM of thecompl etion of their tasks. Aseachnotificationisreceived,
CM notes the date. When all are received, CM closes the release.

The above list constitutes the elements of the Loader Company
release process. M ost engineering functionsbelievethat whenthedrawings
are available for users, they are done with therelease. Thisisamyopic
view. Thejob isnot done until other tasks are completed, at |east the input
to MRP/ERP.

Thislist of tasksimplies some procedural steps, but are not complete
fromaprocessstandpoint. Thetemptationisstrongtomerely putthislistinto
awritten procedure (standard) and sit back and relax. After all, they arethe
tasks that need to be performed to release aren’'t they?

Release Procedure/ Flow Diagram

If we numbered these activities, one through thirteen, we could then
boast that we have a procedure. Indeed we would. It would be a string of
thirteen tasks in series and would probably be performed in that same
sequence. Performedin number order, it would bethelongest possible path
for release—a series process.

Thiswould not constitute an efficient system, however. To create an
efficient system one question needsto be asked. “What isthe arrangement
of thesetasksto producethe shortest possible path from start to finish?” Or
stated another way, “What tasks can be done in parallel ?’

To create afast system, the relationship between each task must be
carefully examined. What task(s) isrequired to becompl eted beforethi stask
can be completed? What other task is dependent upon completion of this
task? For example, the team must review the new documents before they
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aresigned. Add “responsibility” to each task and put circles around each
activity/responsibility. Next, takeevery task invol ved and carefully examine
each relationship. This systematic approach will put tasks together into a
process. It is a picture worth a thousand words. See Fig. 7.5.

Start Release
Project Product
Spec
Engr Engr

New
Document
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Review
Design
Concept

Blanket
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& Testing
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Docs
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Engr

Releas¢

Check &
Technical
@ Release
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Support Microfilm
& Process _CM__“~

Docs Complete

s & MES

Close

CM

Figure 7.5. Release process flow.

Noticethat responsibility isalwayssingular. The Cognizant Engineer
can’'t dotheteamreview, but heor sheisresponsibleto assurethat it occurs.
CM might be chartered to call theteam meetings, to keep action items, etc.,
but thisdoesn’ t take away theresponsibility of the Cognizant Engineer.
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Thepoint of origination of thereleaseformisnoted. Toclarify, afew
notes may be added. Too many notes, however, is an indication that
standards are needed. Thetitles of thetask aretraceabletothetask list. We
could havenumbered thetasksand shown thenumbersontheflow diagram.

Rule: Do not write procedures to describe asystem.
Make awork flow diagram and put the flow
diagram and task list into astandard.

Reason: Although it can be done, the description of
relationshipsisdifficult and confusingwhenin
Descriptionform. Parallel rel ationshi psareparti cu-
larly hard to describe. Thework flow “picture” is
also abetter training tool.

Thisisnow areleaseprocess. All of therequiredtasksareintheir proper
relationship and documented into astandard(s).

Thetiny“clocks’ ontherectangular activitiesarethoseeventsthat we
will measure process time between.

Measurethe Process Time

Measurement, in and of itself, tendsto improve performance. Don't
try tomeasureevery pointintheprocess. Thisisacommonmistake. Ityields
so much datathat it isdifficult to pick out what isimportant.

Rule: M easurethe Rel ease Processtimein meaningful
pieces, and report the results to the top manage-
ment.

Reason: The project goal wasto beat the competition to

themarket. Trackingreleasetimewill allow future
projectsto learn even better waysto handlethe
release. Thiswill yield aconstant improvement
program.
Thekey pointsinthisprocessareflagged withasmall “clock.” There
arethreeclocksdividing theprocessinto two parts. Each measured pointin
the process needs to be described in the task list or in the standard.
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Vishility

M easurement of therel ease processtimewill bemost effectiveif the

results are made very visible. Report cards do tend to improve kids
performance. Sending the report card hometo Momisputting visibility on
the results.
All thedatescanbekeptinalog. A morevisiblemethodistologall thedates
on each release form. Put the log into a PC spread sheet. Each week or
month a chart or graph can be prepared to show project management and
top management how long the major portionstake.

For example:
March Releases — Qty 6
Average Work Days
Project Start to Tech Release Tech Release to Close
FEL-100 3 4
FEL-200 29 3

Comparisons can be made against historical averagesfor that type of
product. Benchmark the performance with other companiesin your kind of
business. Post the resultsand goal sin prominent locations. Sendthemtothe
top management. Review them with your people. Make CM the source of
reliablerelease reporting.

This writer is not alone in believing that the process time is very
important. R. D. Garwood stated in a white paper—"The single Most
Important Factor in Determining a Products Profitability is Time To
Market!” The fast release process is such an important company
strategy that:

Golden Rule: The Time To Release I s Critical To Profitability.
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ChangeRequests

If theteamwork isproperly doneduring rel ease, thenumber of design
changesrequired should decrease. It is, however, unrealisticto believethat
theneedto changecanbeeliminated. Humansdo not doeverything right the
first time. And, we engineers are human. Besides, what is thought to be
“right” when the design was released, can change aswell. Compression of
the new product design and release “window” also results in changes.
Customer’ sneeds change. If amind-set of constant improvement istaught
andfollowed, changeswill result.

This is not to encourage changes solely to exceed the Product
Specification without a plan. Thisisalso not to encourage cost reductions
that aren’t. Itisto encouragechangeswhicharereal cost reductions, to meet
thespecification (including saf ety standardsand failure rate specifications)
and to improve those products where the market demands.

Someneedsareidentified by customersasthey usethe product. Some
needs are recognized by the Field Engineer while maintaining the product.
Some areidentified by production people asthey assemble or fabricate the
product. Some while testing the product.

Thequestionisnot whether or not changeswill becomenecessary, but
rather, how quickly dowerecognizetheneedto change, and respond to that
need and how do we sort out the counterproductive requests.

221
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Field Failures

Listentoyour customers. React totheir questions, complaints, reports,
feelings, and suggestions. Every communicationfromacustomer shouldbe
logged andfollowedto conclusion. Every communication should bedivided
into its parts and every part followed to a conclusion (closed loop). Every
portion of acustomer communicationthat pertainstothe product, should be
sent totheresponsibleengineer for evaluation. Every customer | etter should
be copied for each responsible engineer who might be affected. The
management must train people to do this, demand that it be done, and do it
themselves.

Rule: Haveasimplistic form/email that capturesthe
date, customer name, person’ sname, and comment
about any design or functionrelatedissue. Positive
comment, negative comment or questionsmust be
fed back tothecognizant engineer. Requireitsuse.

Reason: Doing so will allow acompetitive edge. It istoo
easy for asalesperson, field person, or managerto
“write off” aproblem becauseit isthefirst timethey
have heard about it.

By thesemethods, theinformationindicating potential problemsarein
thehandsof thepersonresponsibletofix them—the Cognizant Engineer. L et
the engineer respond to the customer and copy the salesperson or who ever
receivedthecommunication. Inthismanner, and only inthismanner, will the
engineersbeableto makethe quantitative and qualitativejudgmentswhich
should be his or hersto make.

Larger companiesmay haveaField Serviceorganizationthat takesall
customer problems. Thisworksvery effectively whenthey arewell trained.
They respond to problemswhich they are confident about, and refer others
to the Project Engineer or Cognizant Engineer.

Keep track of the lapsed time from receipt to response. This should
probably be done by CM as a part of tracking all requests. Report the turn
around time to top management.

Keep track of the datain a systematic way and also send the data /
reports to the Project Engineer and Design Management. Do not let the
report be the first time the engineer hears about a problem, however. No
matter how meaningful and timely the failure reportsare, they do not have
the impact that one at atime communications do.
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Reliability and Other Test Data

Thisdataisnormally fed back totheresponsible Engineersinareport
form. Thisissatisfactory providingthereportistimely. Onlinedataisideal .
Again, aresponseto eachitem of significanceshould beexpected onatimely
basis. All such problems should be on aproblem list and tracked by CM.

Material Review Boards(MRB)

What do we do with parts or assemblies that do not meet their
specification? Usually the nonconforming material is segregated and re-
viewed by amini team of the Cognizant Design Engineer, Quality Engineer
and Manufacturing Engineer. They disposition that material to use asiis,
rework, returntosupplier, or scrap. Thisactivity often highlightstheneedfor
adesignchange. Thenonconforming material report canbeused asachange
request. See also the section on Non-Conforming Material and Change
Control for further discussion.

Production Problems

When the machinist or assembly operator believe that they have a
design problem or wish to request a change, there needs to be a simple
method of communi catingtothe Cognizant Engineer. Thiscould beasimple
formtofill out. Thisformmay becalled aRequest for Change, Engineering
Action Reguest, etc. An email containing the required information is
effective. Havetherequests sent to CM. The changeform should generally
not be used for reasons that will be discussed.

Rule: All the production people should be given abrief
training session by CM or their own management
asto the method for identifying problems/ re-
guesting changes.

Reason: This helpsto assure action on production
problems.

Have CM train the production management and they, in turn, train
their people. Coordinate the training with the Manufacturing Engineering
Department so that distinctions can be made between design and process
documentati on/changes. Theinformationrequired ontherequest for change
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should belimited. Keep it simple. Prepare aform and form instruction that
indicates those bl ocks that must be completed by the requester.

Can AnyoneOriginatea Change?

Political correctness has crept into the CM processes. It has become
very popular to make the statement in the standards that “anyone can
originate achange.” Many company’ s procedures say; “ anyone can originate
an ECO.” Y et when the standards are examined thereis no explanation as
to how that is done. This statement is often pure fantasy. Many people
cannot originate an ECO because they have no idea how to do that. They
haven't received any training and don’t have a form instruction. Which
blocksare required to do that? How do they describe the change properly?
What if they have no solution, only a problem? Far better to design avery
simplistic form and process which separatesthe Request from the Change.

Request for Change

Getting feedback tothedesigner from anyoneinsidethecompany can
be done with a very simple form (and the associated training). The
information required by the Cognizant Engineer is:

. Originators name and phone number

. Originationdate

. Descriptionof theproblem/justificationfor changing/
reason for change

. Someidea of the urgency of the problem
. Descriptionof fix/solution (if known)

. Document/Part Number(s)/Product Numbers having
the“challenge”

. Control number

. Then the engineer needsto indicate the disposition of
the request

. Cognizant Engineer’ s decision - accept/reject
. Reason for acceptance/rejection

The form istherefore very simple. (See Fig. 8.1.)
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R . ECR #
Engineering Change Request| EC3 Corp !
Description of Problem / Reason for Request Urgency 2

Problem is with: & Product a Process a Pubs a Other

Part Numbers / Document Numbers / Product Numbers (As Known)

Proposed Solution (If you know one) (Attach Mark Ups it Possible)

7 1 9 10
Cognizant Engineer EDC Techs Name Date to Engr

1 12 13
Problem = Accepted o Rejected @ Next Product by Cog Engr 14

Reason For Acceptance / Rejection

o)

Requesters Name Phone # Page of ng Date

Acceptance condition(s)

Title of ECR Cog Engr Sign Date
17 18 19

Form Date: If you have talked to the responsible engineer and can fully delineate the
change, do not fill out the ECR, go directly to the ECO.

Figure 8.1. Request form.
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If you haveaRequest Form and processmust it alwayshbeused—No!
Seethenote on the bottom of the ECR form. Certainly if the chief engineer
asksfor aparticular changethereisnoreasonto cut an ECR. Somecompanies
forceachangerequest to proceed every changeorder. Thisseemslike" make
work” to thiswriter. Merely make sure that every problem is put on the

requestlist.

Request Form Instruction

Every use of aform should have aform instruction. The instruction
shouldstate“what” isreguiredineachblock and*“who” should normally fill
it out. The form instruction for the Front End Loader Company is shown
below. The Find Number (FN) referstotheform box “numbers’ inFig. 8.1.

Requester (Neatly hand letter)

1.

© © N o

10.

Leaveblank. (Doc Control will sendacopy toyouthat will
becompl eted through box #12includingthe ECR number.)

Describe the urgency of the problem—*line down,” etc.
Describe your problem, suggestion or challenge.

Checkif theprablemiswiththeproduct, themanufacturing
process, the publications or other (describe).

Enter those part numbers, etc., that you believe to be
associated with the problem if you know them—optional .

Describethesolution to theproblem if known—optional.
Y our name.
Y our phone number.

Enter thetotal pagesinthe set. If you have attached prints
or specs, enter the total number of pages in the set and
number all pagesaccordingly. If no attachmentsenter “1.”

Enter the current date: Month - day - year. Forward the
form to Document Control.

Doc Control (Neatly hand L etter)

11.

Sort out processchangesand pubschangesand send tothose
departments. Consult the Cognizant Engineer list for the
responsible design engineer, manufacturing engineer or
publications person. Enter that name here. Note that only
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13.

Change Requests

requestsfor changeinthedesignwill befollowed-upby Doc
Control. Enter design changerequeststo the Request List.

Y our name here and copy the form twice.

Thedateyouforwarded onecopy tothe Cognizant Engineer
and the other copy to the Requester. File the master for
follow-upandreporting.

Cog Engineer (Neatly hand L etter)

14.

15.
16.

17.

18.
19.

Analyzetheproblem/challenge. Call or seetherequester as
necessary. Present theproblemtotheteamag/if requiredand
respondtotherequester accordingly—accept, reject or next
product (will beaddressedinthenext product devel opment).

Givereasonsfor acceptance or rejection.

State any conditions on acceptance. Example: “ Accepted
subject tofinding asolutiontothe problemthat isn’t worse
than the problem.”

Give a“name’ to accepted problems—use as few words
as are practical. (This is the name Doc Control will use
when reporting on the ECR status.)

Sign the ECR.

Enter the date signed. Return a copy of the ECR to Doc
Contral.

Doc Control

20.

Log the date, make a copy and send it to the Requester
whether accepted or rejected. Log status in the Request
List.
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Theideal situationwould beto havetheform, forminstruction, work
flow, and required reportson line. Theteam would review therequests and
the engineer could “ disposition” themonline.

Avoid Temptation

Avoidthetemptationtoadd moreinformationthanisshown. Themore
information added, the higher thelikelihood that you aretrying to * prepro-
cess’ an actual change. Thisisamistake that many companiesmake. They
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include or use the ECO form in order to include; disposition of materials,
effectivity, impacts, stock status, approvals, etc., etc. There seemsto bean
irresistibleurgeto start processing the request asachange sometimeseven
before the cognizant engineer has even heard about the problem.

Onelarge computer company had a120 day total processtime. Upon
examination it was obvious that the same information was on the request
form as was on the change form. In fact, the request was going through a
processthat wasvery similar to the change. Theinformation and decisions
made during the request process were near identical. The difference was
that the request cycle was on the basis of “what if we made this change,”
whilethechangeprocesswasonthebasisof “wewill makethischange.” The
result wasthat all theinformation and decisionsmade during request had to
berevisited duringthechangeprocess. Many timestheinformation changed
becauseof thelapsed timebetweentherequest andthechange. The Cogni zant
Engineer was also | eft out of the request part of the process. It was his/her
decisiontoaccepttherequest, reject it or addresstheproblemwhendesigning
adifferent fix or satisfying the request in aspin off product. Examination
showedthat thefirst pass(during request) wasessentially wasted. They took
forty-two daysout of theprocessby “boilingdown” theinformationrequired
at request and getting unneeded peopl e out of the process.

Rule: Do not try to “ preprocess’ arequest asa“what if
we change.”
Reason: It will be awaste of time and energy even if the

redesign remains as requested, the timelapse will
requirereview of al prior work. The Cognizant
Engineer isalso likely to design adifferent fix.

Rule: Thereguest for change should containjust enough
informationtoallow the Cognizant Engineer to
make a decision as to whether or not thereisa
problemthat needsfixing, i.e., totakeownership of
theproblem.

Reason: The Cognizant Engineer needs to recognize the
problem and take ownership before doing any
thing else. The question of ownership must be
clear or piles of unowned requests will exist.
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Realizethat we are dealing with the design of the product. Therefore,
thereisno reason for the Production Supervisor, Manufacturing Engineer,
Production Engineer, Industrial Engineer, or any oneelse(except CM) toget
betweentherequester and the Cognizant Engineer. These peopl ecan submit
arequest of their own if they wish. If they areinthe processthey will delay,
edit, modify or changethe original request.

Request Process Design

Above al, these “other parties’ should not delay the request. The
easiest way to avoid thisisnot to allow them in the request process. All of
these people should be on, or represented on, the design team. The single
exceptionisto havethe CM organization in the processto log each request
to assure timely response. CM might also be used to sort out process or
manual changes and forward those to manufacturing or service functions.

Oneway of designing thisprocessiswith amultiplecopy form (snap
set). Therequester can keep acopy while another copy isreturned with the
Engineer’s decision as to change or not to change (request rejected). An
email to CM can also be used to place the problem on alist for the team to
address.

All problemsmight well be brought to theteam for discussion before
engineering accepts, rejects, etc. Theteam memberswill oftenhelpinterms
of solutions, rejection of the problem, cost of the problem, etc. The team
discussion of the problem/suggestionisaninvaluabletool in avoiding later
problemsresulting from lack of involvement. Thisisalso anideal stagefor
themanagement to get involvedintheprocess. M anagement can often make
some hard decisions about rejection for lack of resources, cost pay back,
opportunity cost, etc.

TheRequest Flow

Assumingthat the CM Departmentisintheflow, theflow diagramfor
change requests would appear as shown in Fig. 8.2.

The CM Department is also in the flow to add the “Used On.” This
isdone so that the team and Cognizant Engineer knows all the applications
affected. They must also assure a timely response—either positive or
negative—to the requester. Does the responsible engineer accept the
problem asalegitimate one, or not? Conditions on taking ownership of the
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problemmay beinorder. A category of acceptancemight beincludedthat says
theproblem/suggestionwill beincorporatedintothenext“ spin off product”
design or the next timeaparticul ar assembly isredesigned.

Orig
ECR Form \{

Anyone o Mfg Process to ME

N ' D & Pubs to Service

Sort,
Used On
& Track

valuate
& Present
to Team
Cog Engr
\; Take
ownership 7
Cog Engr,

Figure 8.2. Request process flow.
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Just because engineering takes ownership of aproblem doesn’t mean
that it won't be rejected later. Sometimes the design engineer may not be
ableto develop a solution to the problem. Sometimes the solution may be
more expensivethan living with the problem.

Often times the engineering folks are so burdened with requests that
they just don’t haveenoughtimetofix all theknown problems—eveninthe
next year. |n some companiesthe problem is so severethat engineersdon’t
want to walk out into production areas because they will be accosted about
thereguests. The management must set some rulesto avoid manufacturing
peopl e thinking that engineering people have ownership when they really
don't. Letting requests pile up in engineering is not building abridge, itis
digging the gap wider or putting morebrickson thewall. A few companies
set asix or ten month limit. If the engineers cannot work on the problemin
that timeframe, they must reject it.

Request Process M easur ement

Configuration Management should also measure the volume ac-
cepted, rejected, etc., and the throughput time. CM should report on the
results. Again the average throughput time should be reported to the top
management i n engineering, manufacturing, and service. Themanagement
should set a goal for the average throughput time expected. The Loader
Company will allow six work daysaverageto processthe paper through CM
andfor theteam and thedesign engineer to accept or reject theproblem. This
might allow two days to process the paper (one on either “end”) and four
work daysfor the engineer and the team to analyze the problem and accept
or reject.

Remember, thisprocessisnot closed until the* disposition” isreturned
to the requester. This point in the process is also the start of the change
process as will be covered later.

Just because you have arequest process in place doesn’t mean that
it must be used for every problem. Some requesters understand the change
process and are capabl e of completing achange form. Those people should
be encouraged to talk with the engineer and if agreement on the solutionis
obtained, they should go directly to the ECO process. Notice that anoteto
that affect is on the bottom of the Loader Company’s ECR form.
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Request List

Probably the most important element of a request process is the
creation of arequest list. Whether the processis on line, hard copy, email
based, or whatever, alist of problemsmust be“ made and worked.” Thelist
should be similar to the team action list mentioned in ch. 6 for new
development.

Headings for Action Items List

* ECR Number
» Originationdate
* Requesttitle (brief description of the problem or concern)
» ActionRequired (brief)
* Person assigned to take that action
» Accept / Reject / Next Product / Etc.
e Date of accept / reject / etc.

This list can be used for the change request process as well as the
change control process. It must be very clear however asto whether or not
engineering has “taken ownership” of the problem. The requester must be
notified by some method that the request is now the responsibility of
engineering. The team should be involved in the request/list preferably
before engineering accepts or rejects arequest. The team can often offer
very constructive advice that will sort out unproductive requests.

All forms of requests (other than the ECR) should probably also be
placed on this problems/challenges list. This gives design engineering a
complete“thingstodolist” on existing product.

Summary

If this chapter seems short to you, it is purposely so. The request
process begsfor simplicity. It begsfor separation from the change process.
When the change form is used there is usually confusion as to where the
engineering organization takes ownership of the problem. A list must be
made and followed to conclusion. Care must be taken to avoid the
“compulsive urge” to treat every request as though it were a change.
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Change Cost

Bad habitscandevel opinstart up environments. Typically thecost of
a change is not an issue because al changes are being made to meet the
product specification. It isn't for a year or more that cost reductions and
improvements begin. The start up company has, however, formed a bad
habit—not to calculate the cost of any changes.

How much do changescost?A college professor oncedecidedtofind
out how much changes cost and gave up because few companies calcul ate
the cost, and those that do include different cost elements.

Whenthewriter asksthat questioninseminarsor whileconsultingthe
answer is typicaly a dollar figure between $500 and $2,500. Are these
numbers meaningful ? I s that the criteria that should be used to evaluate a
change?Usingthislogic, if our company hasa$1,500 per changecost, should
we merely ask if the change seems worth $1,500 or more?

Those numbers were developed by adding up the budget for the
Configuration Management and some other functions and divide that
number by the number of changesin the same period. Theresult isnot the
cost of a change—it is the administrative cost per change. It is not an
average cost of achange! Thisisnot abad number to have, however, if you
benchmark other similar companiesand comparefunctionsand thisadmin-
istrative cost per change. This might be a good number to use to roughly
estimatethecost of a“ document only” change. Thecost of aproduct change
isusually moresignificant than just administrative costs.

233
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CostingaChange

Pressure to change comes from many directions. Many needs are
legitimate, some aren’t. Sorting out which needs are legitimate and which
aren’'t is a significant challenge. Proper costing of changes is a missing
element and a missing science. Costs are usually tracked judiciously
during new product development. After the product isin production the
cost of changes is universally ignored. Cost estimates are, when done,
usually of avery gross nature.

Most companies do not cost the change before it is released. Fewer
thanten percent cost any portion of their changesin adetailed fashion based
oninformal pollsintheauthor’ sseminars.

Design and Development Cost

Thetimetoanalyze, design, model, test, and communicatethedesign
changeisusually asignificant cost. Thisisacost that the engineer normally
mentally evaluatesbeforelaunching any significant change. Itisespecially
crucial to estimate this cost when a changeisintended to reduce manufac-
turing or field service costs. The design and development costs must be
weighed against the product, manufacturing and field related cost savings.

Manufacturingand Field Costs

Generally, themost significant (and most ignored) of all changecosts
is the manufacturing and field support related costs. These costs are not
necessarily apparent to the engineer making the change. Every impacted
function will have associated costs. The supplier, purchasing, quality
assurance, manufacturing engineering, production, materials, etc., etc., all
will have start up costs. The field change labor, kit cost, repair, retrofit
related costs must all be considered. Tools, fixtures, software, process /
routing, test equipment, etc., may be impacted.

M aterialsand PartsCosts

Most engineersareattentivetotheaffect of thechangeontheproduct
unit cost. They may not haveagood ideaof what the partsand material swill
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cost under expected actual production conditions and quantities however.
Although some companies make the design engineers responsible for
knowingtherelated manufacturing, materials, parts, andfield related costs,
thisauthor believesthat thisisanunrealisticexpectationinall but thesmallest
companies. Thiswill probably “take aback seat” to design work and or not
get done in a quantitative manner.

Who Should Estimate Change Cost

Theaffect of thechangeonthesupplier, fixtures, test equipment, etc.,
are costs that one shouldn’t expect the Cognizant Engineer to analyze and
estimate. Y ou can also call inthe Accounting Department and expect them
to estimate the change cost. Better to placetheresponsibility wheremost of
the cost is—in Manufacturing.

Rule: Estimation of change cost should be done by
manufacturing—probably I ndustrial Engineering.
Reason: Most of the cost elements are likely to be

manufacturing costs. Manufacturing alsohasmore
reason to do the task quickly since they have the
most scrap, rework, etc., at risk.

Everyoneimpacted can each contributetheir own costs. But someone
needsto apply theproper |abor rates, overhead rates, assureall impacted are
included and to summarize the cost. A benefit of cross-functional teamsis
that thecost estimating cantakeplaceeasily inwell-constituted and well-led
teams. The Industrial Engineer (1E) can pull together the design, manufac-
turing and field related costs even before extensive development time is
invested. Such*valueengineering” analysisisaninval uablecost avoidance
measure. It might be grossly estimated before the request for change is
accepted or rejected and refined right after the probabl efix isdesigned. The
|E would estimate (or ask PC to estimate) the effectivity of the change, the
disposition of the old design parts, etc., in order to prepare acost estimate.
Thecost might be“fairly obvious’ or “not anissue.” Thedecision might be
made by the team/team leader.

Costing changes is a complex task. This probably explainswhy the
vast majority of companies do not make a quantitative estimate.
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Cost Policy

Many issues arise when discussing change costs. Shall we cost all or
only some changes? What costs shall be included? Will costs that are
normally part of overhead beincluded? Who will cal culate the costs? Who
will furnish labor and overhead rates? Who will approve the expenditure?
Product unit costsshoul d beannualized using what build schedule? Thefact
that there are so many perplexing questions probably deters estimation of
costs. However, it is imperative that all the associated questions be
answered.

Rule: A standard or policy isrequired to determinethe
company attitude toward change costs.
Reason: Avoidcreeping elegance. Failingto estimate costs

isprobably thesingle most significant CM related
reason for erosion of profit margins.

Any changebeing doneto “reducetime,” “easeof,” or “reduce cost”
should probably becost cal culated. Changesthat “ improve (over and above
specifications)” should probably beincluded. Certainly, if theengineer has
two methodsof fixing aproblemthey should havetheability to obtain acost
comparison.

Cost Pay Back

If achange saves $5 per unit should it be done? How about $100 per
unit? The obvious questions to ask are how many units are produced in a
year. What if we can save $100 per unit and we produce 500 per year. This
will seemingly save $50,000—but what aretheonetimeor “ start up” costs?
If they total $25,000 (pay back in 6 months) we would probably make that
change. If the one time costs totaled $150,000 (pay back in 3 years) we
would probably reject that so called “ product cost reduction.”

Rule; A pay back time period should be established by
the top management.

Reason: Assuresbest utilization of limited resources.

Onecomputer equi pment company had el even” Sustai ning Engineers.”
They wereworking onmatureproducts. That company’ spolicy wastomove
thedesignresponsibility fromthenew designtothe sustaining designgroup
after theproduct had been production released for oneyear. They had many
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mature products. They had many changesto “improve manufacturability,”

“save test time,” “save assembly time,” “ease of assembly,” “ease of
maintenance,” etc. Upon careful examination of thechange by change cost,

they found that al most 40% of their so-called cost reductionswer en’t! They
put oneof thoseengineerstowork cal cul ating costsandthreeotherswerefreed
toreturnto new product design—atask they were much happier doing and
much needed for.

Which Changesto Cost

Certainly “ document only” changeswoul d not requireacost estimate.
As discussed earlier, their cost can be roughly estimated by adding
appropriate budgets, and/or partsof budgets, and dividing by the number of
changesinthe same period. Costscanbe* contained” by queuing document
only changesand by simplifying the process/approval.

Y our policy inthisareashould betailored toyour enterprise. Thereis
one category of change that should always be cost estimated by any
company with productsin production for ayear or two.

Rule: Cost any change that is said to be a“cost reduc-
tion.”
Reason: Avoid degradation of profit margins.

A few companiesfollow thisruleand requireall cost reductionsto be
estimated. A standard policy isthen set for the* payback period.” Thusif the
savings pays back the cost in say one year or less (or whatever the cost
policy states) the change would be released. Y ou might well consider any
changerequired“to meet specificationsor saf ety standards’ aschangesthat
“must be done” and therefore, do not need to be cost estimated.

ChangeCost From

Figure 9.1 showsaprecise formfor calculating the cost of achange.
If thisform seemsascomplex asanIRSformtoyouandalittlescary—that’ s
because it is! The form has been developed for an ABC (Activity Based
Costing) method. It precisely quantifies the first years cost savings (or
increase) and compares that to the start up costs. The pay back of start up
cost isfigured for acost reduction. Provision has been madefor comparing
company pay back policy to the change pay back.
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Request / Change Cost Estimate EC3Corp © Pglof 2
General:
T Request ECR# _ 3 Change Order ECO# __ i Other #_

Change type/class _ _ _
Key Estimator Name Date __-_ - ___
Title of Request / Change _ [
Initial / RevDate _ - -__ ReasonforRevision __ .~~~
Unit Part Cost
Old Part:
Part Number Std$ QtyPer $Per Scrap Scrap Rework $ Qty to $of

Unit Unit Qty $ Per Part Rework Rework
v Old Part$/Unit ______

Total Scrap $_ Total Rework $ _
New Part:
Part Number Std$ QtyPer $Per Qtyin Field Supplier Company
Unit Unit  Field Kit Kit $ Tool $ Tool

\% New Part $/ Unit

Differcnce between Old and New Part Cost x Mat'l Overhead _

Material $ Diff / Unit

o,
%

(parenthesis if old is less than new)

Unit Labor
Direct Assembly Labor Difference:
Hrs x Labor Rate

Direct Test Labor Difference:

$/Hr x Overhead _ _

_% = Assembly $ Diff / Unit
(if old is less than new)

_____ Hrs x LaborRate ___.__$/MHrx Overhead _ _% = Test$Diff/Unit _
(if old is less than new)

Other Labor

_____ Hrs x LaborRate ___ __S$/Hrx Overhead __% = Other $Diff/Unit __

v (if old is less than new)

Figure 9.1. Change cost form.
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Request / Change Cost Estimate EC3Corp ©
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Annualizing Unit Costs

Product Per Unit Savings / (Cost Increase): from above
Annual Schedule Quantity

Annual Preduct Unit Savings / (Cost Increase): =

[}

1

Implementation (“one time” or “start up”) Costs
Materials:
+ Rework $ +

Suppliers Charges:

Rework $ Scrap $ $ Tool Cancel/ Prem $

Manufacturing:

Tool $ Test Equip $

Engineering:

Engr Hrs x $/ Hr = $

CAD Design / Drafting:
Des Dftg Hrsx $/Hr = $

v

Total Design & Development
Field / Repair:
Kit$  Labor

Hrs x $/Hr Rewk $

Scrap $

Configuration Management:
M Hrs X

$/Hr __ _.__
Quality Assurance:

QA _Hrs X
A%

Total Implementation Costs

$/Hr

Returns Credit

Pay Back / Opportunity Cost Analysis

This Request / Change Pay Back in Years (cost increase in parenthesis)

Opportunity Cost (what other project might limited resources be better invested in):

(Company pay Back Policy = _

Conclusion:

Cost analysis indicates: (I do change  [1don’t do change

Estimatars C t:

{0 Other

Figure9.1. (Cont'd.)
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Hereishow it works:
Generd:

» Self-explanatory information about therequest or change.
Unit Part Cost:

e Theold (deleted) item cost is calculated. The old parts are
listed, The standard cost and the quantity per unit are
multiplied together and totaled. The scrap and rework are
calculated and totaled for later use.

e The new item cost is similarly calculated. The field kit,
supplier tool and company tool costs are calculated and
totaled for later use.

« Thetotal material difference between the old and new item
cost—savingsor costincrease—iscal culated with theappro-
priatematerial burden/overheadrate.

Unit Labor:
* Thedirect assembly labor difference (between old and new

designs) iscalculated asisthedirect test |abor and any other
labor difference.

AnnualizingUnit Costs:
»  Theproduct unit cost or savingsisthetotaled and multiplied

times the next years schedule quantity to attain the annual
product unit cost or savings.

Implementation (onetime or start up) Costs:
e Enterthematerial scrap, rework and other costsfrom above.
» Findthesupplierrelated” onetime” cost of rework, scrap and

tooling. Addthesupplier premiumsand or cancellationcharges
and subtract the returned parts (credit).

* Add the company tool dollars from above to the test equip-
ment costs, facility costs and other manufacturing one time
costs.

e Calculatetheengineering, CAD Designand other applicable
costshy estimatingthehoursrequired and entering theproper
labor ratesfrom Accounting. Total the Design and Devel op-
ment costs.

e Cadculate and add field related “one time” costs.
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e Similarly figurethe CM, Quality Assurance and other labor
required and total the Implementation Costs.

Pay Back / Opportunity Cost Analysis:

e Compare the Annual Product Unit Savings to the Total
Implementation Cost to cal cul ate the request or change Pay
Back.

« Statewhat other projectstherequest or changeiscompeting
with for thelimited company funds.

Conclusion:

*  The estimator should make arecommendation for doing or
not doing the request/change for the team to consider. The
company pay back policy will preclude many improvements
and “so called” cost reductions from being done.

Keepin mind that your Accounting Department may not necessarily
includetheelementsinto “direct” or “burden” categoriesasthisform does.
The Industrial Engineer assigned to do the costing of changes needs to
examine and revise thisform with acost accountant. This cost estimating /
calculating process is an ideal on line application (see the reference and
reading list or the authors web site).

Dollar Approvals

Theother part of your cost policy isto determinewhoisauthorized to
approvethecost. Many Accounting Departmentsal ready havea“ delegation
of authority.” Thismay beall that is needed. Often that existing policy can
be used for design changes. In thiswriter’ sopinion, however, it isbetter to
set thepayback policy and empower theteamtoreview thecost and approve
changes that meet the policy and to reject those that don't.

Charge Back of Costs

The onetime costs resulting from a design change can be charged
back tothe* benefiting” or “ causing” department. A few companieschoose
to do this under the assumption that the changes may be more carefully
considered if thisisdone. Thismight mean that if the customer asksfor the
change or dictates the effectivity of the change then charge the cost back
to Saleswhowould presumably chargethecustomer. If Design Engineering
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initiates the change then charge the cost back to Design Engineering. If
Manufacturing requests the change, then charge the cost back to
Manufacturing. Limited experiencewith charge back indicates no conclu-
siveevidenceastoitsresulting inlower cost per changeor reduced volume
of changes. Limited experience with charge back would indicate the
following:

. If cost chargeback isdone, it should beper thenumbers
onthedesign change cost estimate. Thiswill probably
assure better estimates.

. Charge back of onetime costs is fairly easily accom-
plished.

. Charge back of product unit cost differentialsisvery
impractical to do.

. Charge back of costsisalabor intensive task.

. Chargeback of costsoftenresultsinconsiderablefinger
pointing.

DollarsWithout Delay

Itisoften asked; “but won’ t estimating the cost hold up the process?’
Of courseit can, but it need not.

Rule: Thechangeprocessmust not bedel ayed by estimat-
ing and approvingthechangecostsunlesstheteam
wantsto hold the change until costsare available.

Reason: It would be counter productive to hold up the
process and thus create more “bad” parts.

This can be achieved by following five steps:

1.  Thecompany policy (thechangesto becost estimated,
the form to be used, the cost el ementsto be included,
etc.) must beclear and approved at ahigh enough level
to assure compatibility with company goals.

2. The person responsible for the change estimating /
summing must beidentified.

3. Limit the changesfor which costswill be estimated.
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4.  Theestimating processmust start withtheteamdiscus-
sion of the change. If each function isto furnish their
own costs, they would do that at a team meeting.

5. Thecost must be pre-approved (the team empowered
based on the pay back rules) or approval obtained by
CM before release to manufacturing.

More about how the costing ties into the total change flow process
later. Costing of changesmust beincludedinbestinclassor world classCM
srategy. Without apolicy, procedure, form, andforminstructioninthiscritical
area, acompany isopento“ creeping elegance.” Theneed to changemust be
factored by the cost of changein order to avoid profit erosion.

Golden Rule:

Need To Change+ Cost of the Change= Continued Product Profitability
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Change Control

Changecontrol isoftenthought to bethebeginning, middleandtheend
of Engineering Documentation Control/Configuration Management. Of
courseitisnot thewholesubject, but it isthe single most important process
in the entire system.

The mere thought of “control” strikes fear in the hearts of we
engineers. Managers, service and manufacturing people are constantly
complaining that there are too many changes—except for the ones they
request. Executives have sometimes pounded the table and declared that
“Wehaveto cut downonthenumber of changes!” Peoplerespond by putting
more than one change into one ECO—actually making the process more
complicated and slower.

Most companies have a significant number of changes—an average
of 22 per week according to the author’ s benchmarking survey. One of the
greatest challengesisto find logical waysto sort out unwise changes. We
need to learnto do it right thefirst time! Thereis some antidotal evidence
that properly used teamsin the new design process do reduce the number
of changes. Even then, knowledge of what the customer needs and wants
changes. Technology changes. Goals change. Many things happen which
logically requiredesign changes.

Thechangeprocessisoften undocumented, slow, confusing, variable
by whim, andthe sourceof considerabl efinger pointing. Inmost companies,
it grew by chance as the company grew. Then SO 9000 requirements
caused many compani esto document what they do. Thishasgenerally been

244
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aworthwhilefirst step, but along way from efficient, exceptional or world
class. Most companiesneed aconsiderableamount of analysisand redesign
of the change process whether or not they redlize it.

Toanalyzethechange processproperly, itisnecessary to examineall
its facets, one at atime. First of al, what is a change?

Definition: A modification that affectsonly the documen-
tation or amodification to aproduct(s) that is
necessary to make that product:

»  Meettheproduct specificationincluding reli-
ability and maintenance requirements.

*  Meettheproduct safety standardsor specifica
tions.

« Manufactured at areduced cost.
* Maintained at areduced cost.

»  Exceeditsproduct specification (usualy called
“productimprovements’).

Thisassumesthat the product specificationsarewell thought out and
complete. It assumesthat MTBF (Mean TimeBetween Failure) and M TTR
(Mean Time To Repair) requirements are in the spec. Notice the specific
inclusion of safety requirements. Thisis a necessity for product liability
protection and keeping the customer first.

Rule: Safety specifications should beincluded or refer-
enced in the product specification. Official com-
pany standards might constitute the safety speci-
fication. In this case the standard should berefer-
enced in the product spec.

Reason: Safety requirements are a critical part of the
design criteriaand should bewrittenfor all to see.

Thiswriterisnot anattorney but it would seemto makesenseinterms
of avoidinglitigation and/or presenting abetter imagetothecourtif litigation
does occur.

Why Change?

Thelast category in the definition—change exceeds (improvements
over and above) specification—is one areawhere changes can beavoided/
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rejected. Unlessyour company hasaplanwithagoal of purposely makingsuch
improvements, thistypeof changeisn’t necessary. They shouldn’t bedone!
Call thiscategory “ Creeping Elegance!”

But doesn’ t thisfly inthefaceof continuousimprovement?Of course
it does. Continuousimprovement isfor processes—not necessarily for the
product design. But some products need to be continuously improved
because the competition requiresit. Certainly anew product usually needs
to be changed to meet the product specification.

Rule: The company’ sproducts should bedivided into
two groups—those that need to beimproved over
and abovespecification (group A) andthosewhich
don’t (group B).

Reason: Avoidserosion of profit margins. The market
demandsand the next product devel opments need
to be considered when making thisdecision. This
decision should be documented in a standard and
revisited every six months.

Rule: Changessolely to exceed product specificationon
group B products should not be done.
Reason: They erode profit marginsand result in “lost

opportunities.”

Doing one change that isn’t cost effective or isn’'t necessary has a
double-barreled affect. It doessomething that isn’tinthe best interest of the
company whilenot doing something that is—Iost opportunity.

Thisisthefirst place to look if you fedl you have too many design
changes. Chances are high that there are engineers assigned to mature
productswho feel it’ stheir duty to improve the product. Reassign them to
new products. The computer equipment company mentionedinthe Change
Cost Chapter found that this policy freed-upanother two of their sustaining
engineers to work in new product development. Almost 20% of their
changes were to the B group products.

Aspreviously discussed another areafor potential reductioninchange
volume is the “cost reduction.” Questions need to be asked. “Why is the
change needed?’ “What is the benefit from the change?’ “What is the
justification for changing?’ Ask these questions on the ECO (Engineering
Change Order) form instead of asking for the “reason” for change.
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Typeof Change

Ask the engineer to check one or moreitemson the ECO form (from
the definition of change) asfollows:
1. Document only change.

2. Meet the product specification including reliabil-
ity, maintainability and safety standards.

3. Reduce manufacturing cost or maintenance cost.
4. Exceed product specification (improvements)

Thisauthor would submitthat all changesfitintothesetypecategories.
Try it on your own changes. When this assertion is made at seminarsthere
is one type that is often mentioned. There are sometimes circumstances
wherein asupplier will nolonger furnish what you havebeen using. Thisis
an extreme case of a cost reduction because not making the change would
mean that the product could no longer be produced.

Checking one or more of the above, gives definite indicators for
further treatment of the change. For exampletherequired signaturescan be
two (engineer and Doc Control) on adocument only change. If number two
is checked then the changeis (by definition) non-interchangeabl e and part
number change should be assessed. If number threeischecked thenthe cost
must be cal cul ated.

Deviations, Waivers, Off Specs, Etc.

Before discussing the correct method to use to make achangeto the
product or its documentation, there is a need to understand what methods
should not be used to make a change.

Rule: A Deviation should not be used to change the
designor itsdocumentation.
Reason: A Deviation isatemporary departure from

design document requirements. After a specific
timeframe or a specific number of items, the
intent isto return to the specified design. Thus, no
design change is needed. One fast and accurate
method of changingthedesignisall thatisneeded.
It's not aDeviation.
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Rule: The Quality Assurance peopleshould sign al
deviations.

Reason: To make sure, among other things, that they are
not used to change the design.

Deviations must not be allowed to continue beyond the agreed upon
number of unitsor timeframe. The number of unitsor timeframe should be
specifiedinthedeviation. Itismost important that theroot cause problemis
fixed. Thus:

Rule: A specificindividua must bedesignatedto*clear”
the Deviation. Thisisthe person whoisclosest to
having thetotal responsibility for the actionsthat
must betakento assurethat nomoreunitswill have
theproblem.

Reason: The alternative isto write another Deviation
because the problem continued or occurred again,
and again, and again.

If Deviations are written and approved more than once for the same
dimension or specification, then the requirement should be reviewed for
possible design change—probably a decision that should have been made
prior tothefirst Deviation. A sampleDeviationformisshowninFig. 10.1.

Another name used for a Deviation is “ Off Spec.” The same rules
should apply to Off Specs aswith aDeviation.

Some companies use Waivers as well as Deviations. The Waiver
tendsto be used as a“ before the fact deviation.” That is, the supplier sees
aproblem producing the part per the drawing. The supplier may request a
Waiver. The same rules should apply to the Waiver—it should not be a
methodfor changingthedesignor itsdocumentation. If theWaiver highlights
a condition wherein the design should change (supplier cannot meet the
toleranceonagivendimensionanditisdeterminedthat Engineering canlive
with what the supplier can do), then don’t approve the Waiver. Write and
ECO immediately to permanently solve the problem. Send the ECO to the
supplier referencing the Waiver.

Urgency

Often companiesinvent a“quick change,” “floor change,” “tempo-
rary change,” “emergency change,” “red line change,” etc. Thisis often
donein addition to the normal ECO form/process, that is, followed by the
formal ECO process.
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Deviation Authorization | EC3 Corp © |pas

Originator Name Dept Date

Reason For Deviation

Specific Timeframe or Serials to be Deviated

Product(s) Affected

P N Affected Documented Condition Deviated Condition

Name and Organization Responsible for Clearing This Deviation

Has This Condition Been Deviated Before ? Yes [0 No O

If So: DA # Date Timeframe Or Units
QA Name Sign Date
Mfg Name Sign Date
Cog Engr Name Sign Date
Doc Control Name Date Filed

If a design change is required, go directly to the ECO, do not write a Deviation.
Figure 10.1. Deviation form.

Rule: A company should haveonefast, accurateand well
understood method of changing thedesign andits
documentation.

Reason: Onemethod isthelowest cost, least confusing
and the simplest to use, operate, maintain, im-
prove, etc.

Oliver Wight states in his book on MRP |1 that “ When one system
doesn’t work, companies develop several other systems to try to do the
samejob.” Theauthor’ sexperienceshowsthat itisnot unusual tofindtwo,
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three, or even four ways of making a design change. The multiple product
manufacturing benchmark survey indicated and average of 2.4 methods of
doingachange.

The existence of two or more systemsis a symptom of aproblem—
the“normal” systemisno doubt too s ow. Somewherea ongthelinethiswas
recognized, but the solutionwasto create another processinstead of making
the “normal” way fast and accurate.

Every company should develop one fast and accurate ECO (Engi-
neering Change Order) form and process. There should be only two kinds
of ECOs.

Rule: Two kinds of ECOswill be processed by our fast,
accurateandwell-understood system. OneisFast,
and the other is Hand Carried.

Reason: Some changes are more urgent than others.

Rule: The*hand carry” will not bedoneby CM but rather
by the person who says that this changeis so
important that it must be hand carried.

Reason: Avoids having most changes called “hand car-
ries.” If someone else (CM) has to do the extra
work, it is easy to overstate the urgency.

When the hand carry ability is coupled with a normally fast system, the
guantity of changesthat are hand carried arefew indeed. Experience shows
that less than 5% will be deemed so important as to require hand carry
treatment. If a company has a second and/or third shift, it will often be
necessary to havea" design person” onthat shift. That person must havethe
authority and knowledge to hand carry a change. If CM is chartered and
mannedto hand carry changes, thentheresult will bethat, almost all changes
are hand carried.

It isimperative that the change order precedes the product change.
To prevent getting the cart (hardware) beforethe horse (changedocument),
the change process must befast. Asyou will seelater, itisvery reasonable
to expect afast systemto process changesthrough CM inthreeto fivework
days (average time). The “hand carry” through the same process should
happen in one half day.

Oneelectronicscompany wasfaced with an occasional need to make
changesin lessthan ahalf day. They had been doing quick changes on the
floor by the engineer and manufacturing engineer signing a redline. The
changeswere supposed to befollowed by aformal ECOimmediately. They
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weren't. Thepressurewasoff whenthefix wasimplemented onthefloor and
the ECO was sometimes even forgotten. Sometimes the ECO when pro-
cessed, did the fix differently than the redline. The redline fix wasn't
documented. Six people signed the formal change. Sound familiar? This
company asked themselves and the writer if there wasn't away to create
a single formal process for this type of change. We created a superfast
process as is represented in Fig. 10.2.

Purpose:
o To describe the only acceptable method for doing emergency “line down” changes.

Applicability:
e All emergency / line down changes to be processed by this Doc Control function. The only method to
be allowed for emergency / line down changes.

Policy / Practice:

e The Cognizant Engineer or an engineering representative shall be available to the production
operations whenever the production line is scheduled.

e A Manufacturing Engineer shall be available to the production operations whenever the
production line is scheduled.

e The Doc Control process for expediting changes through the normal process in one half day is in place.
(If this is in place, many companies will not require a “Line Down” process)(If this is not in place, too
many changes will become “Line Down”.)

* The engineering representative and the manufacturing representative must agree on the need to process
the change in less than one half day.

Procedure:

1. Production Calls Cognizant Manufacturing Engineer

2. ME Calls the Cognizant Design Engineer.

3. CogEngr Reviews conditions, if in agreement with urgency, makes two sets of marked up
documentation and signs both.

4. ME Signs both mark ups.

5. CogEngr Calls Doc Control for change number and notes “line down” in the Reason for
Change box. Posts change number to both sets of marked prints. Gives one set of
marked prints to production.

6. Production Incorporates change.

7. CogEngr Completes change form and delivers the other copy of marked prints to
Doc Control within one hour of obtaining the change form number.

8. Doc Control If mark ups and change form are not received within one hour of
number assignment, notify the VP of Engineering and VP of Operations. (they in
turn must let the engineer know that more than one hour is unacceptable and it
should not occur again)

9. Doc Control “Skips” all other signature boxes and incorporates the change (marked “line

down”) exactly according to marked prints. If there is a problem with the change,
another change will be required and that occurrence will be reported to the VPs
of Engineering and Operations.

Primary Responsibility:

The Director of Engineering Services is responsible for keeping this standard current.

Figure 10.2. Line-down change process.
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They did not follow this change with a“formal ECO.” Thisistheir
formal process. The management agreed that this process could only work
if they backed CM on the one-hour rule. New engineerstended to missone
deadline but it never happened again. This putsthe cart so slightly in front
of the horse that it doesn’t matter.

Having afast processand thesetwo kinds of changes also €liminates
the need for classifying changes as to their urgency. In one situation, an
€l ectronic company determined whether each changewasRoutine, Urgent,
or Emergency. | asked if the throughput time was measured. The answer
was“no!” They started measuring the lapsed time. They measured time
through CM (from engineer complete to release to manufacturing). What
they found was:

Urgency Calendar DaysAverage
Routine 38

Urgent 76

Emergency 103

Yes, you read it right! The emergency changes took almost three
timesaslong astheroutines. There were many problemswith the process,
theresult wasthat it took moretimeto debate about the urgency classifica-
tion than it should have taken to process the change.

Rule: Donot classify changesby urgency. (Except “ Hand
Carry”) unlessit can be donein five man minutes
or less.

Reason: It takes more time than it isworth. All changes

that meet our requirements are important and all
should be processed quickly and accurately.

It is not uncommon to find urgency classifications such as “emer-
gency,” “line down,” “site down,” “routine,” “normal,” etc. Seldom are
process differences apparent, however. Use of the word “mandatory” is
common. Does that mean that other changes are not mandatory? With
urgency classes of “normally fast” and “hand carried” the process will be
the same, but the hand carried change will be specially treated. The people
intheprocesswill have standinginstructionstodropwhat they aredoingand
to process the hand carry first.
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Classof Change

Compani essometimesclassify changesbased ontheinterchangeabil -
ity definitions.

Class| = Non Interchangeable changes
Class I = Interchangeable
Classlll = No affect on the parts (Records Only)

Thisisdonefor the ease of expression. It iseasier to say Class| than
itistosay “Non Interchangeable.” Thisclassalsotiesto the change of part
number (classl) or revisionlevel (class|l). Themilitary/DoD folksusethe
class | and Il in somewhat the same way.

Rule: Interchangeability should always be one method
used to classify changes.

Reason: Significant differencesin the process can and
shouldresult.

Classl| will bearevisionlevel change. Classl will beexaminedfor part
number changes. Stepsinthe process can be skipped according totheclass.
For example: A classll1 (Records Only) change doesn’t need to goto team
meetings. Nor doesit requirel ook up of the* used on.” Asdiscussed, thecost
treatment might bedifferent depending ontheclass. Other exampleswill be
apparent later.

Take care not to use the DoD definition, however, as you will find
“cost” to be afactor that makes the change aclass 1. Cost is unassociated
withinterchangeability according to thiswriter.

What MakesUp A Change

Thequestionisoften asked, “How many problemscan| fix withone
ECO?’ The answer should be “ONE.”

Rule: One problem, onefix, one ECO, one effectivity
and one set of drawings revised.

Reason: It is easier to understand the problem and the fix
when they are “stand alone.” More importantly,
each hardware fix tends to have amost logical /
economical point of incorporation for each prod-
uct affected.
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Twoor moreproblem/fixesinthesamechangewould cause “ splitting” the
effectivity (making the change very hard to understand) or to compromise
the effectivity of one or both changes. Two or more fixes makes
guantification of changevolumedifficultto comparefrom project to project
or company to company.

Exceptionstothe Rule:

1. Iftheconditionsmerita“shortterm” anda“longterm”
fix, anditisnot economical towaitfor thelongtermfix,
two ECOs are acceptable.

2. Severd class |1l changes to the same document.

3. Several class Il changes to the same item providing
they can be economically effective at the same date.

4. Blanket ECOs.
5. Software changes

A few compani es make one change to one document with one ECO.
Thus, when oneproblemresultsinachangeto morethan onedocument, they
have multiple ECOsto document that change. Theusual practiceisto cross-
reference the ECOs to each other or each to a designated “mother.” This
isamethodthat isused successfully, however, sinceitiscumbersome, better
to usetheone problem, onefix, one ECO rule. Wewill count the number of
documents affected as a separate metric.

Universal or global problems are often fixed with a“ blanket” ECO.
The concept is to pre-approve the fix and have EDC/CM for any purpose
or whenever they have “available time.”

Software Changes

Problemswith or changestothecodearenormally identified by some
kind of Change Request process. The “forms’ are identified with various
unigue names. The software engineers decide which are valid and which
aren’t with or without team interaction. The code changes are made in
bunches called a “Release.” Because of the intricate interrelationship
between many software code changes, they are typically tested as agroup
(SoftwareRelease). Theindividual codechangesandthetesting of thebatch
are controlled by the software engineer since that is the design and
development phase.
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Thereleaseisthen done by an ECO. The software“Release” isthus
“blocking” of changes to the code. This is true at most companies. This
allowsthe company to do the best product assurance and to limit the media
distributionsto customers, deal ers, Manufacturing, etc.

Often companiesdevise auniqueform for making software changes.
Careful preparation of the ECO form and form instruction will allow the
same form to make software changes, firmware changes and hardware
changes. If a change affects both hardware and software they should be
described on the same ECO. Theimportant aspect isthat a minimum level
of control ispresent, not what theformiscalled or if adifferent formisused.

Software changes typically need not precisely describe the changes.
Usually the software engineers havefiles established that can be compared
when necessary to precisely define the changes. The best practice is to
describeinthe ECO what requestshave been satisfied withthe ECOrel ease
and to make surethat thislist matchestherequest statuslist. Sometimesthe
softwareengineer findsthe ECO rel easeagood vehicletolist theremaining
requests that have not been solved in the current release, a very good
practice.

Otherwise the same principles that are required for hardware or
specification changes apply to software and firmware changes. The CM
organi zation should control the part numbers, revisionlevels, maintaina
file representing the latest code as well as down level (earlier
releases) code files and/or ECO files.

What GoesIntothe ECO Package

What does or doesn’t go into the ECO packageisacritical decision.
The more documents required to be in the package, the longer the process
time. The required content of the ECO package is simply stated.

Definition: The ECO must contain al the documenta-
tion required to precisely definethe changeto the
design documentsthat represent theitem(s) being

changed.

Rule: Only those pages of the design documentsthat are
affected need be included.

Reason: The unchanged pages are costly to include and

inclusion lengthensthe processtime. If several
pagesin the set need to be renumbered as aresult
of the change, the ECO can note that fact.
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Rule: M anufacturing and support documentswill not be
included inthe design change.
Reason: Inclusion of manufacturing and support docu-

mentswill delay the process unnecessarily.

Thisisavery difficult concept to understand for some companies. It
isn’ t that the manuf acturi ng/support document changescannot or shouldnot,
be controlled and precisely described. It isn’t that they shouldn’t be added
to the change package or a separate cross-referenced package later. It is
aquestion of timing. If | am aManufacturing Engineer or Technical Writer
I simply cannot begin to execute changesto my documentsuntil thedesign
document changesaredefined and technically rel eased (past thepoint of no
return). This is the crucial fact that favors unbundling the change
package.

Unfortunately some companies have developed arule that says that
all thetechnical documents (M anufacturing and Publications/ Service, etc.)
affected by a change must be in the design change package. This often
occurred because the revised publications weren't ready to ship with the
revised product or the revised assembly instruction was not ready when the
change was to be incorporated. Instead of fixing the root cause problems
they have used the ECO process asacrutch. Theresult ismost often avery
slow and divisive process. Very often the CCB (Change Control Board) is
waitingfor thenon-design document changes. Whenthey arrive, thedesign
fix has been modified. Now the non-design document changes must be
reevaluated. Theprocessistaking solongthat someone piggybacksanother
changeintothepackagebecauseit affectsdocumentsintheearlier package.
Go around again!

In some companies the design, manufacturing process and publica-
tionsare all the responsibility of the same engineers (they must get awful
tired of changing hats). It must be asked if one person is normally good at
doingall thosejobs. Asyour company/operation growslook at opportunities
to hireamanufacturing/industrial engineer to be responsiblefor the manu-
facturing process. A serviceengineer to beresponsiblefor publicationsand
field service.

Oftenfolksinterpret 1SO 9000 and FDA specstorequirethebundling
of these documents. Thisissimply not true. FDA isvery concerned about
process changes and essentially the same control must be present as with
design changes—but they need not be bundled together. Get out those
requirements and read them for yourself.
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The package must, of course, include all new design documents
required to define the change. It must also include a precise description of
the changesrequired toexisting design documents. The manufacturing and
support documents will change as a result of the design change. Their
completion will be addressed in theimplementation phase of the change.

In the Front End L oader Company we will develop a complete and
detailed process which will assure that each document is ready when the
dependant event needsit. Thedesign changewill bedonefirst, followed by
the changes to the support or manufacturing documents. See the block
diagraminFig. 10.3.

The Need To Change

PCO

Mfg Service

Figure 10.3. Unbundle Manufacturing and Services Docs.

Using the policy depicted in this block diagram, the changes to the
manufacturing process don’t require an ECO if no change to the design
documents is required. Nor does it require the same document control
function that controls the design documents. Likewise for the support
documents (service publications). The block diagram might imply that a
separate changeformmust be used by manufacturing and service. They can
use a separate form or no form at all. A “log/revision block” on the
documents might do in most environments. FDA will look for aform to
control the manufacturing process changes.
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Distribution of theECO

In many companies a careful reexamination of the distribution
practicesisalso needed. Many times, acopy of the ECO form (cover sheet)
itself is an adequate substitute for the entire package. As previously
mentioned, only the revised pages of a document need be in the package
(when required on a*“push” basis). The combined affect of these savings
methods can be substantial. One large el ectronics company cut the ECO
package size and costs as shown in Fig. 10.4.

And this savings only reflects the paper and reproduction costs. The
handling, reading, filing, etc., probably tripledthat figure.

Old System New System
27 Pages per ECO 17
x40 Copies per ECO x25
1080 Total sheets per ECO 425
x90 ECOs per month x90
97,200 Sheets per month 38,250
1,166,400 Sheets per year 459,000

Reduction in sheets per year = 707,400
@ $ 0.10 per sheet

Savings per year $70,740

Figure 10.4. Copy cost savings.

Depiction of Addsand Deletes

Why must the changes be precisely described in the ECO? Put your
self in the document customer’ s shoes. Given arevision D drawing and a
revision E drawingisn’t your first question going to be“what isdifferent?’
The several users of the documents are going to get neck sprain comparing
the documents. Y our supplierswill often have alight tableto overlay both
hard copiesinorder toidentify thedifferences. Thedocument customerswill
spend a lot more time if changes aren't precisely described (and make
errors) whichwill comeback intheform of higher prices. Thetime spentby
your customers will far exceed the time required to precisely describe
the changes.
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Twomethodsaregenerally usedinachangeorder to depict thechange,
marked print and the “ descriptive” methods. The most prevalent method is
theuseof “from-to” drafting. Thisiscalled by many names— “was- now,”
“was-is,” etc. The essence of this method isto describe all the changesin
termsof what isthe current configurationisand what thenew configuration
will be. Inthismethod the stepsusually followed are asfollows:

1. Theengineer (or aid) marks up a set of documentsto
depict the change. Messy mark ups are alowed (no
mark up standard).

2. The CM person studies the mark ups, goes to see or
callstheengineer asrequiredtointerpret themark ups.
Thismay require several iterations since the engineer
isnot always available.

3. The CM person “drafts’ neat and legible “From (old)
- To (new)” descriptions.

4. CM hasthe engineer review and/ or sign the “From -
to” drafting.

5. Whenthe ECO isapproved, the“From - to” isused to
update the master documents.

Didyoueverwonder what Lincoln’ sGettysburg Addresswould have
been like if someone else had to interpret those notes on the back of an
envelope? What happens if CM assumes they understand the mark ups?
Errorsresult! The CM person makes some assumptions about the mark ups
or theengineer doesn’t review the“from - to” closely. Thismethod induces
many errors.

The other method employed is to use the mark ups (hand, CAD
redline/overlay, etc.) directly in the ECO package. The process now looks
likethis:

1. The Engineer neatly marks up the documents per the
company standard.

Eliminated
Eliminated
Eliminated

The marked documents are used to update the master
documents.

Most CADs have “redling’ or “overlay” ability. Many companies
simply do not useit or do not own that module. If you arein apaper world,

o~ DN
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whendealing withlarger sizedocumentssometimesthechanged areaonthe
drawingisonly “ A" size. If thisisthecase, cut and pastethemark upinCM
toreduceitto“A” size. Study asampling of your past changes. The result
isusually suchthat:

Rule: Use of marked documentsisa most alwaysfaster,
lower cost, and more accurate than use of “ From -
To" descriptions.

Reason: The fewer steps in a process the less opportunity
for error, thefewer hands-on minutes and thel east
lapsed time results.

Thekey hereisto devel op astandard for mark up and enforceitsuse.
In order to use the technique on parts lists, the parts list must be double-
spaced. If CAD or MRP systemisyour official partslist, it might havetobe
reprogrammed to have a double-spaced, no component revs, option. Make
thispartslist your official Engineering Controlled Document.

This method also requires the master documents to be very high
quality—capableof two or threeiterationsof reproductionandstill behighly
readable. Thus:

First generation — The engineer asks for a “latest revi-
sion quality print for mark up”

Secondgeneration  — The marked prints are reproduced as
part of the ECO

Thirdgeneration — TheECOismicrofilmed (if appli-
cable)

It might be that Drafting, CM or atechnician hel psthe engineer “up
front” in the process. In that case they would probably do the mark up for
the engineer. In any case the mark up standard is a key.

Flag Notes

Somecompanieshave*flagnotes’ onthedocuments. Thesearesmall
symbols (sometimes a flag) that contain the new revision level. They are
placed on the document near the point/poi ntswhere the change were made.
The customers of the document can now compare the two revision levels
and identify (if they are careful) what changes occurred. The problemwith
thismethodisthatitisnot precise—bring onthelight table. Thusthiswriters
conclusion isthat they aren’'t adequate used alone.
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Useof flag notesishel pful if usedin conjunctionwithaprecise ECO.
They should never be used instead of a precise from-to description or a
marked print. The best conventionwould beto only keegp thelatest revision
flag notes on the master.

Mark Up Standard

The company standard for mark up of design documents would
includerequirementsasfollows:

. The CM Department must maintain document masters
of quality to alow two (or three) generations of repro-
ductionwhilebeing highly readable.

. Requirestheuseof mark upshy all engineersunlessthe
change can be completely described in the space
allowed on the ECO form.

. Mark up shall bedonevia CAD or inred pen. Specify
size and type of penif required.

. Neatly handletter mark upsinascript dightly different
than the original hand drawn.

. CAD overlays or redlines are encouraged.
. Circle (or underline) deletes—do not obliterate.
. Writeaddsalong sideor immediately bel ow theoriginal .

Figure 10.5 shows amethod for marking up a partslist. Most MRP/
ERP systemsdo not havea“redline” ability. For thisreason we devel oped
a special Engineering Parts List (screen/report) that is double spaced for
ease of mark up. Note that the deleted item is underlined, not obliterated.
Theadded itemiswritteninimmediately bel ow the del ete. Also noticethat
the item now changing was changed previously. ECO 2204 made the
previous change. The current mark up will now result in the CM function
adding the ECO and Production Control adding theeffectivity week for this
change (WK 50 - ECO 2844).

Most MRP systems do not have the ability to show the ECO number
that made the line item change. They generaly only show the last ECO
number affecting the partslist in the header.

Figure 10.6 depicts one method for marking up a pictorial drawing.
The"delete” iscircled and the*add” iswrittenin below the“delete.” Other
conventionsmay work aswell aslong astheold specisnot obliterated. The
critical thing here is to specify a simplistic method that is best for your
company.
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3-02-05 ] REV C \ASSEMBLY PARTS LIST \ 223456-01
FRONT END LOADER - FEL-100 PG 1 OF 1 AUTHOR FBW
FIND/DESCRIPTION [PART NUMBER | QTY|UM | IN/OUT|ECO
# i DATE | #
1 , Motor Mount ( I
2 Tire, Large
3 Frame
4 Tire, Small
5 Bucket, 4 Yard 523456-01 1 ea wk42 2204
5 Bucket, 4 Yard 523456-03 1 ea wk43 2204
6 Bucket Arm S234560hk I ed UKD 2844
7 PCB Elect ign
8 Nameplate
Figure 10.5. Marked-up parts list.
Rev| Date | Rev Description ECO # | Sign
- |8-24-94 | New ltem - FJ
0t | 10-1-94 | Pilot Release 802 CM
A | 11-4-94 | Qual Test Compl - Rel 831 (o]

b — — - —

Figure 10.6. Markup of a pictorial.

BOTH IN RED PEN

<—=———_CIRCLE DELETE
<«————""{WRITE IN ADD
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Similar conventions can and should be devel oped for specifications
and other textural documents. M ost word processing systemshavemethods
for distinguishingdeletesand adds. Inthesimplestform, italicsor highlighting
can be used to show additions and underlining to show deletions. Some
systemsdisplay amarginal lineto show thenew text. Thesamerulesshould
apply to text documents—a precise description of before and after so that
your customers are not required to compare.

Same As Except

When anew item isrequired by adesign change, the new specifica-
tion, drawing, partslist, etc., must be included in the ECO package. If the
new itemisnearly thesameasan existingitem, the" sameasexcept - marked
document” technique may beused. Thismeansthat the Cognizant Engineer
need not have a new drawing prepared to accompany the change. Rather
a mark up of the similar item drawing can be made. The red marked
document will be used to produce anew master and then assign it the next
available part number. This is a tool that was used before CAD tools
simplified the drawing tasks. It is still a good tool to use with CAD
because the reviewers, buyers and suppliers can readily see the similar
item and relate to problems, processes, sources, etc., for the new item
based on the old one.

Revision Draftingand Daisy Chaining

Incorporationor revisiondraftingtypically doesall changestomasters
(CAD included). Thisfunction should be apart of the CM responsibilities.
The people doing thisfunction should be part of the CM organization. The
reasons that it should be part of the Configuration Management are:

1. The responsiveness or “sense of urgency” is not
typically present whenthefunctionispart of adrafting
or design group that also works on new products. The
new product documentation will typically take prece-
dence. A slower change process resullts.

2. TheCM organizationismuchmorelikely toupdatethe
master documentson achangeby changebasisinstead
of “queuing” several changes before the master is
updated.
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3. When in CM there is less temptation to change the
change after it has been approved.

When changes are allowed to queue, negativethings happen. First of
al, thelatest revision print isnot available to thosewho need it. If one asks
for a print, they must be given the last update of the master and al the
“attached” changes. ThisisaninsensitiveattitudetowardtheCM customer.
If theitemispurchased the buyer and supplier are burdened with the update
problem.

Thelatest printisnot availableto mark up for thenext change. Wecan
hope that the next change wasn't “dependent upon” the earlier or spend
extra time checking to make sure.

Theissueof “urgency” israised. Theresultingtimespent toprioritize
the Incorporation Drafting effort can exceed the time to incorporate the
change into the masters.

Since several documents may be affected by one change or several
changes affect the same document, the resulting entanglement creates a
significant amount of debate and “make work.” It occurs so frequently in
Americanindustry thatitisgivenaname—" daisy chaining!” Thetermtends
to mean different things to different companies, but it is usually a direct
outgrowth of queuing changes to documents.

The time that Drafting or CAD departments spend incorporating
changes (and doing “same as except”) can be quantified. The resulting
number of people should be shifted to the CM organization. One CM
manager reported that thisideawasimplemented intheir company and that
“they had given her their poorest performers!” Somemonthslater an update
showed that “they were all good people and some were just over their
heads!”

One medical company established a policy that al new hireswould
enter through the CM group and do incorporation drafting. They reported
that it was an ideal way to train new people as they saw al the products,
formats, standards and mistakes. When a new hire was approved a CM
drafter moved up to the new design group.

The drawback that is sometimes reported isin companies that have
several CAD systemsand thetrai ning on those systemsistime consuming.

Queuing Changes

Interchangeabl e changesto asingle part or document may be queued
and made asagroup. Thisistypicaly logically doneif the changes can be
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made at the same point in time (effectivity is the same). The responsible
engineer should do the queuing so that CM getsinto the habit of processing
all changes immediately upon receipt. This includes revising the master
drawing. Doing this means that the revision level increases with each
change. Thisalso placesthe responsibility for determining what isor isn’'t
critical whereit belongs—with the Cognizant Engineer.

ADCN

The Advanced Document Change Notice (ADCN) is an often-used
method to make changeswithout revising the master documents. A limit of
the number of ADCNSs that can be “accumulated” against any single
document is set. The DoD sanctions this method. Most government
agencies sanction this method. The Drawing Room Manua (DRM) sanc-
tionsthismethod. A copy of the ADCN isplaced with or noted onthemaster.
If someone asks for a print, they are given the print plus a copy of each
accumulated ADCN. A limit is usually arbitrarily set at five—when the
master must be updated.

The effect of the practice is very negative. It places a burden on the
CM customer to “integrate” the changes before use of the drawing. It tends
toforcethechangesthat accumulateto bemadeeffectivetogether—usually
when the master is updated. In the meantime is production and/or the
supplier building parts that will need to be scrapped or reworked? It costs
timeto copy and attach the ADCN to the print master. It cost timefor each
customer to “incorporate the changes’ so they can use the document. It
tends to preclude the use of marked prints for changes since one cannot
obtain the latest revision print to mark up. All these negatives and what
positive? Thetimeto incorporate each changeisthe same. It saves pulling
and re-filing the master drawing! It saves distribution of the documents
affectedif you havea* push” system. Weneed to get out of the push system
into apull system anyway.

There is nothing “advanced” about the practice. It makes the CM
customer suffer for very little, if any, savingsin CM. Thepractice should be
abandoned in favor of afast change processwherein the master is updated
with each change—and promptly. Think of the ADCN as an RDCN—
Retarded Design Change Notice.
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Who Signs

Themost debated issuein the change control system isthe signature
requirements. Everyone wants to sign. As a comedian used to say,
“Everybody wants to get into the act!” Thisisone of the most significant
contributorstolongthroughput time. Weneedto haveateaminvolvedinthe
request and change processbut they do not all needto signthe change. First
of al, let’ sexaminethe minimum signatureson aproduction-rel easeditem,
what they should signandtheir responsibilities:

 Cognizant Engineer signs. new design docs
(responsiblefor: thedesign marked up docs
of the product) ECO

* CM signs(optional): ECO
(responsible for: the BOM & ECO system)

» Manufacturing Engineeringsigns: new design docs
(responsiblefor: design of the marked up docs
manufacturing process)

» Manufacturing Production Control: ECO
(responsiblefor: effectivity andimplementation)

» FieldService: ECO

(only if retrofit is proposed or the spareslist is affected)
(responsiblefor: the product after shipment)

CM isnoted to be optional becausethe culture variesfrom company
to company. Can CM assure that they do their tasks on a change and that
the proper processisfollowed without signing the ECO? Will the manage-
ment accept that this has occurred without CM signing?

If achangeisaclasslll (recordsonly) then no manufacturing or field
signatures are required—only notification. If the change occursduring the
Pilot Phase, have an “informal” change process that requires only the
Engineer and one Manufacturing signature. For example require only
M anufacturing Engineering signatureonthepil ot phase change (marked-up
documents). Thisisdoneonthebasisthat thechangeswill affect all thepilot
units and therefore thereis no “ effectivity setting” to be done.

Notice that the ME (Manufacturing Engineer) is signing the design
documents—not the ECO. All manufacturability issues are on the design
documents, not onthe ECO unlessdoneby “from-to.” TheME shouldsign
thedesigndrawingsand themarked drawings“ upfront” inthedesign phase
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of the process. Also notice that the Field Service representative need only
sign the ECO since that is where the retrofit plan will be.

Twopeopleawaysneedto signtheECOform—the Cognizant Engineer
andthemanufacturing representativethat issetting theeffectivity. Thissame
representative should beresponsiblefor implementation of thechange. The
person manufacturing assignedto signthe ECO shoul d set theeffectivity only
after consultation with and analysis by all other affected functions. Some
companieshaveanimplementationteamfor someor all changes. Havingone
personresponsiblefor coordinating thei mplementation makesbetter senseto
thiswriter.

If any of your customers have change approval authority, then add:

e Customersign: ECP

Theterm ECP (Engineering Change Proposal) ismost generally used when
the customer hasapproval authority. Theterm ECN (Engineering Change
Notice) is sometimes used when the customer hasreview authority. These
forms are simplified versions of the ECO, telling the customer what they
need to know.

Rule: No other signaturesthan shown above are needed
for accurate processing.
Reason: More signatures will slow the process and

compromise the accuracy.

WhereisQA you ask?Quality Assuranceshould monitor theprocess,
sit in the team meetings, and audit the processes. Signing one hundred
percent of the changes is like trying to inspect quality into the parts by
inspecting all the partsin alot. QA has amore important task, to audit the
process and to report to management when things go astray.

Whereis Sales, Marketing, etc.? How about other manufacturing or
field servicedepartments?They should receiveacopy (hard copy or online)
of the ECO cover sheet at standard distribution points. They cancometo CM
or Production Control tolook at theentire changeif necessary. They canall
take exception to any change by use of the chain of command. This is
“process management by exception.”

Empower theTeam

All thosewho can beaffected by changesshould beontheteam. They
need not all be signers. Each can be empowered, however.



268  Engineering Documentation Control Handbook

A medium sized company withacompl ex el ectromechanical product
developed an “empowerment” signature process. They have minimum
signatures much asis outlined above but they allow anyone on theteam to
stop any changeby writing anemail to theresponsi bleengineer and copying
CM. CM hastheresponsibility tofollow up ontheissuetoresolution. Inthe
beginning the authority wasused fairly frequently but astimewent on (and
the processes were improved) the authority was seldom used.

The responsibilities of each person/function in the process must be
crystal clear. Thisiswhereyour standardsagaincomeintoplay. ThePalicy,
Procedure (Flow Diagram), standards, form, and form instructions are
critical to this clarity. They must state each person’s responsibility very
clearly. Thosenot signing should receivean ECO cover sheet. They should
have the responsibility to contact their representative if necessary.

There are many functions potentially affected by the change. It is
totally impractical to haveall of themsign. Itisequally impractical to expect
CM to coordinate all those signatures. Thus, make asignature standard for
your company or division and limit the number of people directly in the
signatureact. Point out to folksthat think they need to sign each changethat
they could beliableor end upin court and sometimestheir attitude changes.

Changel mpacts

Most change forms ask the engineer to state whether or not the
change will impact certain areas of the company. If your form doesn’t it
should! Does the change impact publications? Tooling? Test Equipment?
Software? UL approvals? I nspection Procedures? Assembly Instructions?
Supplier tooling? Will thefield be retrofitted? Etc? Thisis al worthwhile
informationtoknow. Itis, however, somewhat unrealisticinmost companies
to expect the Cognizant Engineer to know the correct answer to all the
guestions for every change.

Who should better know whether or not publicationsareaffected than
thePublicationsDepartment?Tooling than the M anufacturing Engineering
Department?

Thecognizant engineer needsto think about theimpact of thechange.
Itiswisetoask theengineer to givean opinionastotheimpact of thechange.
The engineer may consider the change more carefully realizing the total
impacts / areas affected. But what if the engineer iswrong? Specify, in a
standard, which department is responsible for reviewing and changing (if
necessary) the engineers' initial thought. That department should feed
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impact “changes’ back to CM so that the cover sheet can be changed. The
worst case impacted list should be on the ECO from. Each should be
accompaniedwitha“yes’ or “no” box—apositive/ negativeapproach. Y ou
will seethis on the Loader Company form.

Mark Upsin Production

Takecarethat themark upsdonot normally gettotheproductionfloor.
Most auditorsarevery concernedif they seemarked printsontheproduction
floor. Once marked prints are allowed to be on the floor, what stops any
person from changing the design by merely marking up aprint? Again the
Manufacturing Engineer (ME) and the process / routing is the key. As
previously discussed, the M E should usethe ECO anditsmark upstorevise
the manufacturing process. This keeps the prints and the mark ups off the
floor. See Fig. 10.7.

Revise
Design
Docs
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.| Process
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Figure 10.7. Control of mark ups.
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If prints are used in the production process then this process must
assure that the proper technical support function (ME) removes the down
level print and replacesit with the proper revision level print at the proper
pointintime.

Customer Review and Approval

Inthemajority of product purchases, the customersor OEMshaveno
review or approval right what so ever. It isexpected that good interchange-
ability ruleswill befollowed. Theproduct specificationandwarranty arethe
buyer’s expectation. If the product doesn’t perform as promised, then the
problem must be fixed. It is not expected (also not desirable) that change
review or approvals occur.

Thereisan alarming trend for companies to require approval of the
supplier changes. Timeis added to the process without much value added.
Itiscertainly not cost effectivefor thecompany or itscustomer togothrough
such processes. Often it is used as a crutch in place of agreeing on the
product specification and interchangeability rules for the purchased item.
Thisiswhy theProduct Specification, Test Specification, and Specification
Control Drawings (for the supplier) become soimportant in Configuration
Management. Thisiswhy make sense interchangeability and part number
change rules are so important.

Rule: Try not to give customers change review or ap-
proval authority.
Rule: If negotiations make it necessary, give the cus-

tomer review authority.

Rule: If necessary, give review or approval authority
only onthefollowingbasis:

» Written contract agreement.
« Classl changes(non-interchangeable) only.
* Increasethepriceforthe ECN / ECP processing.

» Reservetheright to increase the product cost if
the customer requests the changeor if approval
delays cause costs to increase.
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Rule: Giveapproval authority only if thecustomer agrees
to be bound by a specific approval time.
Reason: To keep the product cost down and to compete

inthe world market.

The customer approval, if absolutely necessary, should be subject to
a contractual “default clause,” such as; “If approval/disapproval is not
received within 10 working daysthe change shall be approved by default.”

Companies have obtained contracts with this default clause because
itisgood businessfor both parties. M ost customersknow that thelonger the
wait the higher your costs go. The higher your coststhe higher their price.
About tentofifteen percent of the companiesin our university seminarsare
currently contractinginthisfashion. EventheDoD product folksarestarting
to make this process work.

There are those that say ten days is not enough time. In most
businesses there is seldom a design change that cannot be analyzed by a
competent engineer inlessthanfour working hours! Soitisamatter of taking
the queue time out of the process.

Working the customer contract requiresafair amount of work onthe
part of the CM Manager or Engineering Services Director. Thework done
in the contract phase will be more than returned in the execution of the
contract, however. The Contract Administration peoplemay not beanxious
tochangethecontractingpolicies. They will a sousually comearoundwhen
they realize the benefits. The customer’ s representatives at contract time
are usually aware of the need for speed because they want the product
sooner, ot later. Sometimesday for day delay in product delivery isadded
to the contract.

Effectivity

Thereareessentially four forcesat work toimpact the optimum point/
time to incorporate the change in the product.

T1 = When does the customer want it? If the customer
requested or requires the change, they may desire to
seethechangequickly. If thecustomer ispayingfor the
change or added feature, they may wishto“cutitin” at
the lowest cost point.
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T2 = When does the design engineer want it? The respon-
sibleengineer will often havean opinionastowhenthe
change should be effective.

T3 =When does minimum cost indicate? The estimation or
calculation of the associated costswill tend to point to
atimein the future.

T4 =When are parts or tools available? The longest |ead-
timepart or tool will beamajor factor intheincorpora-
tion time for the change. This point in time may be
differentthanany of theabovel! Itisalsotypically atime
in the future.

How dowe consider all theseforces?L etstake an examplefromthe L oader
Company:
Example:

The customers are having a problem with the steering
wheel cracking. They want the problem fixed yester-
day.

The engineer responsible has afix for the problem—
new resinto moldthesteering wheel. No changeinthe
mold is necessary. There is no difference in the
material cost—old to new resin. The engineer wants
the change this week.

Material Control says we have enough of the current
resintolast fiveweeks. Theoldresinisaspecia blend
that cannot be returned. Both old and new resin will
cost about $8,000 per day at current production rates.

Purchasing saysthat without aspecial $15,000 expedit-
ing charge, they cannot get the new resin for three
weeks.

When should thischangebe made effective? Effective
week:1 2 34 o0r5

Discussion:

The exampleisone used in the University EDC/ CM
seminars. Answersrangefromweek onetoweek five.
Considerabledebateresults. Thesituationisnot unlike
many debates witnessed in CCB (Change Control
Board) meetings.
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Whichweek you chosedependsuponwhat assumption
you made about the severity of the problem. Weknow
that more than one customer had the steering wheel
crack. We do not know several things:

* How many steering wheels cracked?

* How many customers have experienced the prob-
lem?

* What was the age of the wheels that cracked?
» Hasthe new resin wheel been adequately tested?

» Whatisthetotal field populationof identical steering
wheels?

» Doesthe crack present any current or future safety
problem?

» Has the engineer, field support and management
made a decision to retrofit the field?

Our ECO forminstructionsfor the engineer should require quantita-
tive information about the problem. In this case we should expect the
engineer to passaong at |east the number of unitsthat havefailed, thetotal
number of unitsinthefield, and probably theestimated Mean TimeBetween
Failure (MTBF). Itisalso critical to know if thereisan operator safety
i ssueinvolved.

Will the cracked steering wheel s be retrofit? Our ECO form should
indicate whether or not the engineer is expecting the field units to be
changed. The effectivity decision would be much easier to make given this
information.

Rule: Assurethat pertinent and quantitativeinformation
about theproblemisincludedinthe ECO package.
Reason: Intelligent decisions about the proper effective

point cannot be made without them.

What will happeninthisexampleif all thefactsareknown?Examine
the effective point issue given all thefacts:

Conclusion: (Assuming safety is a real issue)

» Thechange should be effective in week one or two to
minimizeliability issues. Fieldretrofit of failedwheels
should be part of the plan.
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Conclusion: (Assuming no real safety issue is present)

» Thecritical issueto settlefirst iswhether or not failed
unitswill beretrofit.

 If field retrofit is not planned, week five would seem
likethelogical effectivity. Thisminimizescost.

o |f retrofit is planned (say on afailed unit basis), then
minimizing total (field and factory) cost at week three
might be the optimum point. The cost of retrofitin the
field must be compared to the manufacturing costs,
however to be sure.

» Thelessonsthat are fairly obvious as this exampleis
discussed are:

1. Itisnatura to have engineering want to see the
problem fixed as soon aspossible. It isnatural for
manufacturing to want to minimize the cost. The
CM organization must bridge this gap.

2. Itisvery difficult to get ateam to agree on the
effectivity plan. It is probably better to vest the
responsibility withasingledepartment.

3. Agreement on whether or not we will retrofitisa
precondition for a make sense plan.

4. Moreinformationthanistypically seenonchanges
is needed to make a good effectivity and retrofit
decision.

Charge back of costs (price change) to the customer should be
considered. If the change was requested by the customer (and it is not
required to meet specifications) the customer should probably pay for the
change. It issurprising how many changes are made because the customer
required it, but the change process doesn’t allow for an increase of price.
M ost companies need to develop apolicy for charge back to the customer.
It istoo often |eft to “ someone else” to decide. Why not use the team?

Effectivity Responsibility

The customer’ s requirements and wishes are important and must be
stated onthe ECO. The Engineer’ swishesand quantitativeinformation are
important and should be stated on the ECO. Itisimportant toknow if the
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change is required to meet specifications, etc. Input from other people
i simportant.

Rule: Thefinal responsibility for determining the effec-
tive point of the change should lie with manufac-
turing. If customers are dictating the effective
point, that information must be stated on the ECO
and manufacturing must comply with the cus-
tomer dictates.

Reason: Most changes are manufacturing impact lead-
time“driven.”

In many manufacturing companies, the material cost istwo thirds
or more of the product cost. In most operationsthe material lead-timeis
most often the pacing item and the material statusis a very dynamic
picture. Sample your changes and seeif thistypical conditionisn’t true
for your changes.

If itisn’t truefor you, then figure out what is“ driving” the effective
point and placetheresponsibility accordingly. Therearecompanieswho do
not fit this “norm.” Casting or molding companies might have the mold
revisiontimeasthetypical “driver” of the effectivity. In this situation, the
mold design or build group might be the best place to set effectivity.

If youfitthenorm, placetheresponsibility in manufacturing, probably
inProduction Control. If you areoneof thegrowing group of companieswho
buy all the components and parts for the product Purchasing might be the
logical function. Many operations have moved to the “buyer/planner”
combined responsibility. If you are in this category the Planner/Buyer is
probably the natural place for setting effectivity.

Rule: Production Control or the Planner/Buyer will be
responsible for setting the effectivity plan, track-
ing that plan, revising it as conditions change, and
capturing the actual effectivity after implementa-
tion.

Reason: In most companies, the Planner/Buyer function
isinthebest positionto analyze all the material
related factors on a continuing basis.

The current stock, in process, on order, in MRB (Material Review
Board), etc must all be considered. Supplier deliveries over or under the
order quantity affect theplan. Thelead-time changes, cancellation charges,
schedule changes, etc., are all part of many change effectivity decisions.
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Rule: The same function that sets effectivity should be
responsible for implementing changes and track-
ing the change to determine the actual effectivity.

Reason: In order to track the change to its effective date
or unit the same elements must be tracked as are
needed to properly set effectivity of the change.

It seemsto thiswriter that it isanatural fit. Most companies et the
changehappen.” Whentheteamisasked“Whoisresponsibleforimplemen-
tation?’ no hands are raised. The engineering document control function
rel eases the change and the revised documents and they close the change
(fileit away). Each affected function makestheir portion of the change“ad
hoc.” Tracking the changeoften doesn’ t happen. When problemsoccur, the
troubleshooting effort is extremely difficult and spare part replacement
becomes a“pick and try” process.

TheEffectivity Pipeline

Most changesarenot dictatesfrom the customer or real saf ety i ssues.
However, the engineer still wishes to indicate when he or she thinks the
changeshouldbe” cutin.” Whenadateisused many folksdon’t understand
what that date “means.” If adate of 1 August is set on apurchased itemis
that thedate the buyer will placearevised PO?lsit thedate that the supplier
will cutinthechange? Thedatethereviseditemisto beshipped? Received?
Dates alone are not very specific.

A very good method for this communication is by the use of the
Effectivity Pipeline on the ECO form. A “check” on the pipeline would
indicate that the change would be cut in at that point and in all earlier
units/pointsinthepipeline. Anexamplefor theL oader Company wouldlook
likethis:

X - Next customer order
X - Next Purchase Order
X — At Recelving Inspection
X —Issue From the Warehouse
PC v X -InAssembly
Ev X-InTest
X -InRunin
X - In Finished Good Stock
X -IntheField
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In this case the engineer put an “E” at the point expected that the
change should be cut in. The further down the pipeline, the higher the
implicationof urgency. Somecompaniestry toget at thisissueby classifying
changes as mandatory, routine, etc. Examination of the pipeline method of
communicationwill show itto bemuchmoreprecise. Production Control has
indicated the point of effectivity chosen with a“PC.” Thisgivesarunning
record asto differences between the engineer’ s expectation and PC’ splan.
The engineer should be on the ECO cover sheet distribution and can take
exception (if necessary) to what manufacturing is planning. CM should
resolve any such issues raised by the engineer.

Any parts list change would be effective upon issue from the
warehouse because that is how most MRP/ERP systems are designed.
Each kind of change can be described in an effectivity date planning
standard. Then the pipeline is not needed on the ECO. The pipeline
informationis, of course, somewhat meaninglesswithout theeffectivity date
plan and the disposition of old design parts.

Disposition Old Design Parts

Each old designed part should be dealt with on the ECO form.
Companiesthat donot makeaconsciousdecisiononeacholddesign partare
unconsciously increasing their excess and obsolete part inventory. It is
therefore, critical that thedisposition plan beshownontheECOform. Those
companiesthat do not address thisissue change by change generally have
a“bonepile’ of downlevel material they “will someday figure out what to
dowith!”

The engineer also needsto indicate what he/she wants to happen to
the old design parts. Thetypica way of doingthisistoindicatefor eachold
designpart:

 Scrap * Rework-able ¢ Useasis < ReturnTo Supplier

Atmany companies, theengineer isnotintheproper positiontodecide
whether or not to rework. Thisdecision is probably better |eft to manufac-
turing based upon theeconomicsof rework, how urgently the partisneeded
and other costs that might cause them to rework even if that is more
expensive than a new part which won’t be available for some time.

Rule: Havetheengineer indicatewhether or not theparts
are rework-able. Let manufacturing determine
whether or not to rework.
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Reason: Theresulting costswill probably residein
manufacturing and they would be in a better
position to determine the economics of rework.

Thustheindication on the ECO form should be;

 Scrap eUseasis <ReturntoSupplier « Rework-able
» Manufacturing To Rework

The Manufacturing Engineer or Industrial Engineer would inform
Production Control astowhether or not they choosetorework. The“ Return
to Supplier” category is often not included as a disposition choice. It is
assumed that if apurchased part isinvolved then someonewill take care of
the old designed items. You al know how assume is spelled! Have the
engineer and the team address this issue change by change.

Thesame person whoisresponsiblefor the effectivity setting should
beresponsiblefor determining how to dispose of theold design parts. Some
companiesindicate on the ECO form the specific quantitiesto be scrapped,
reworked, etc.

Effectivity Planning

Plan the effectivity of all product changes(class| or I1) generally by
date. The planned date should be entered on the ECO form when it isfirst
processed. Subsequent changes to the plan (as conditions change) should
also be noted on the ECO form. If a specific effectivity is required by the
customer (and properly negotiated) then thiseffectivity should be specified
(by engineering) on the ECO.

In order to establish which units have the change (Traceability or
“ Status Accounting”) the change must be tracked to implementation in
the product.

Rule: When the change has been implemented Produc-
tion Control will notify CM of the actual effectiv-
ity.

Reason: CM must know when all product changes are
effective and must notify all others who need to
know.

Whether you are on line or in hard copy made, the best way for this
communication to take place is probably by copy of the ECO cover sheet.
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Anemail wouldbeacceptableif all whoneedtoknow areonline. Theactual
effectivity needsto bepreciseonclass| changesbut can be approximateon
class Il changes:

. Class| (not interchangeable) must be traced to serial
number, order number, lot number or other “Mod”
identifier whichis"unitexclusive.” Thatis,onemustbe
able to look at a unit and see from its seria number,
order number, etc., whether or not the change is
present.

. Class |1 (interchangeable) need only be traced to the
datethey wereimplemented ontheproductionfloor or
received from asupplier. Should it become necessary
inthefutureto moreclosely identify which changesdo
or do not have the change, this can be done with this
date.

The cost of tracking each changeto every specific unit isexpensive.
Inmost companies, themajority of changesareclass!|. Sometimes70to0 90
percent are class |1. By exactly tracing class | and approximately tracing
classll, the wheat is sorted from the chaff and tracking cost is minimized.
Keepinmind that theseruleschangesignificantly when Agency “critical
items” areinvolved. Any changesto those critical items must betreated as
class|.

Thedatethat every unit ships, regardless of itschange content, needs
to be known in most companies.

Rule: The datethat each serial number (or other code) is
shipped needs to be known for warrantee pur-
poses. Manufacturing isresponsiblefor capturing
thisdataand makingit availabletoall whoneedto
know.

Reason: The company needs to know the date the war-
rantee starts.

Knowingtheclassl| effectivedateand thedate each unit was shipped
allows traceability to approximate serial number should it become neces-
sary. Since class Il changes are interchangeable, and our methods for
determining interchangeability are sound, thiswill seldom be necessary.

Typically the Shipping Department woul d beresponsi blefor capturing
the date each unit is shipped. They would make a list (or input to the
database) the date each serial number (or code) is shipped. This database
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might al so be expanded to show the ECO numbers, Mod, lot #, etc., inorder
to make the traceability (Status Accounting) data most available.

Effectivity and thePartsList

Inyour MRP/ERP system, the BOM module probably hasfieldsfor
effectivity of partslist changes. These changes may either class| or class
I1. Just because there are part numbers added, deleted or changed doesn’t
mean that thechangeisnon-interchangeable. Thetypical Engineering Parts
List should look somewhat like the one for the FEL - 100in Ch. 2.

Remember the “IN” and “OUT” date columns? These would typi-
cally beusedfor thedateof effectivity. Most MRP systemsare programmed
for thisto bethematerial issuedate. Thustheold designed part woul d cease
to be issued from stock on the effective date (shown in this text as week
numbersfor simplicity) and thenew designed part would beginto beissued
onthat date. The ECO number which made the change should be shown as
areference(commonthread, if your MRP/ERPsystemallows). Theoriginal
rel easedate of theitem also showsin somesystems. Thus, if wetakealook
at these columns in the current week (say week 48) we see:

FN Description Part Number Qty UM In Out ECO
Date Date #

4 Tire,Smal 42345602 2 ea wk12 wk43 256
4 Tire,Small 42345604 2 ea wk43 wkb51 281
4 Tire,Small 42345605 2 ea wk51

Theoriginal tire called out in this partslist was the -02 part number.
Itwasinitially released onweek 12. ECO #256 made achangeto deletethe
-02 in favor of the-04 part number. That change was actually effective on
week 43. The next changeis designed/planned (remember we arein week
48) to be effectivein week 51. That change is being made by ECO # 281.
It will change the small tire to the -05 part number.

The BOM/Parts List effectivity dates thus becomes key in knowing
the “as designed” (or “as planned”) configuration aswell asthe “as built”
configurationwithregardto all partslist changes. If your company doesn’t
have an MRP/BOM system, then another method needs to be devised to
track the design/plan, and actual effectivity of all partslist changes.
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Effectivity / Maketo Order

In make to order environments, another method used for setting
effectivity isby order number. That is, adecisionismadeto haveany given
order withor with outthechange. Thistypically worksfairly well. TheMRP/
ERPsystemshould beableto“ attach” aBOM toaspecificorder. An*“order
related BOM capahility” is desirable if that method is used. In the same
sense the effectivity of non partslist changes can be traced to the order
by logging the ECO Number in the folder that typically accompanies each
order.

Useof thismethod doesn’ t takeoneimportant conditioninto account,
however. The material on hand and/or on order doesn’t always match the
order quantity. For avariety of reasons, the material statusreality may call
for effectivity within an order. Probably planned by date. Make to order
companiesneed to addressthisissue during their change process planning.
A method for tracing class | changesto the exact unit will also berequired.
More later on methods to do that.

Effectivity / Batch Manufacturing

Somecompaniesarevery batch or |ot oriented. Planningisthen done
onalot number basis. If theM RP/ERP system has* |ot number control,” the
timingof thel ot (andall therel ated parts) canbemanagedviathesystem. When
thematerial planningdoesn’t matchthelot, thelot may besplitintotwo parts
so the effectivity can be traced to completelots.

Sequencing Changes

The guestion always arises, “Does the order in which changes are
incorporated have to match the order of revision level change of the
document?’ Theanswer is, quite simply—no! Many companiesforceit to
match, however.

In the above Small Tire parts list change analyze the following
scenario:
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If another change (ECO 290) to the same partslistis
made the next day to a different find number, and is
truly independent of thetire change, it could be effec-
tive earlier than week 51 (say week 49). So the
independent changes can be effectivity sequenced by
use of the effectivity datein MRP/ERP. The revision
level of theassembly for ECO 281 might berev Jwhile
the later ECO, effective earlier, isrev K.

This is a concept that those people and companies who are “rev
fixated” will haveadifficulttimeunderstanding. They believethat changes
should always occur in revision sequence because that is normally what
happens. They typically want to change the revision level in effectivity
sequenceand often “roll therevisionlevels’ up through the structureto the
toplevel and evenexpect to beabletoidentify thetoplevel by apart number
and revision. They would typically want Document Control to re-sequence
the revision level changes to be “progressive’ in time. Thisis aform of
insanity. It assumesthat all partslist changes are non-interchangeable and
thus need to be tracked to the specific end unit. Certainly in the changes
madeto Find Number 4, Small Tire, some or all might be interchangeable.
We can, and will, explore better ways to trace changes later.

Thefollowingapproach, presumesthat goodinterchangeability rules
have been followed and that al revision level changes represent inter-
changeable changes. It also presumes that the changes are truly indepen-
dent. If the changes are dependent—ECO #2 must be present before ECO
#4 can beinstalled—then the dependency must be noted in the later ECO
and the effectivity and revision levels must be in sequence.

Letstakealook at aset of independent and interchangeabl e changes
tothe samepart. For example, the changesto theloader bucket (52345601)
might be done asfollows:

ECO# Revison Description Effectivity

228 A Release for Production Not Applicable
220 B Side Plates Thicker Week 27

301 C Cleaning Spec Change Week 12

280 D Tooth Profile CNC Change ~ Week 20

The ECO numberswere assigned as requested and the changeswere
approved and incorporated in the master document as reflected in the
Revision sequence. Thus the ECO number order is not in the Revision
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sequence. Noticethat the ECO number order al sobearsno significancetothe
order that the changes are to be made effective. Nor is the order in which
the drawing isrevised the same order the changeswill be effectivein. The
fact that thisconditionsometimesoccursisfurther reasonfor sayingthat the
revisionlevel refersto the document—not the parts. Itisalso further reason
for not marking partswith therevision level.

Rule: The order in which the Engineer thinks up the
changes, the order inwhichthe changesareincor-
porated intothemaster drawings; and theorder the
changes are made effective; need not bethe same.

Reason: Attempting to make them the same, creates
unnecessary constraints on the process and on the
documentation.

Thisconditionismanaged successfully insomecompanieswhofollow
good interchangeability/part number changing rules. The order of incorpo-
ration ismanaged by dates on the ECO, not by drawing revision level. The
production process sheets, the supplier/purchase orders, etc., all “ speak to”
ECO effectivity. All drawing changes are separable by examining the
revision block of thedrawing and the ECO. They aretherefore separablein
time.

Sincethesequencingissueisnot typical but unusual, many companies
merely write/revise the ECOs as necessary to make the revision levels
match the effectivity sequence. Some use a “deviation” to flag/allow the
sequenceto be out of order. A few companies merely statein their change
standardthat out of sequenceisallowableaslong asthe ECOsproperly state
the sequence. In the above scenario, the ECO must be sent to the supplier
so they will understand the sequence in which they are to incorporate the
changes. ECO’s should be sent to the suppliers affected in any event.

TrackingtheChange

In the above example Production Control (PC) must monitor the
schedule, availability of the-05tireaswell asthestock statusof the-04tire.
They must be aware of the customer’s wishes as expressed on the ECO.
If the plan date must change, they will notify CM who, inturn, will change
theweek 51 datetothelatest planin MRP/ERPand onthe ECO. CM should
also make sure that the date change doesn’t violate the intent of the
customer. When the change actually becomes effective, PC should place
the actual date or serial number on the ECO (on line) or transmit the actual
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dateor serial number to CM for placement onthe ECO. Thisis" closing” the
ECO. If adatabase is maintained that would tell usthe effectivity by ECO
number, then it wouldn’t be necessary to place the effectivity on the ECO
itself providing the database isreadily accessible.

Production Control should also follow class Il changes that do not
affect the partslist. The dateto be used must be defined. The definition of
the date might vary depending upon whether the change affectsasupplier,
the fabrication department or the assembly department. The actual date
effectivity should be" sent” by Production Control to Configuration Manage-
ment or to adatabase. CM would enter thisdate onthe ECO and redistribute
it if necessary.

Production Control should alsofollow class| changesthrough produc-
tion until the actual Serial Number(s) affected are known. Depending upon
where the serials are assigned, manufacturing may have to attach tags
(identified by the ECO number) to the changed unitsin order to traceto the
specific units that have the class | change. This would be done until
manufacturingwasconfident that all theol d designunitshavebeen* flushed”
from the floor.

Another method used isto change the product date code or suffix on
the day that the change is actually effective. Another is to affix a“Mod
Letter.” These*ModL etters’ areassignedtoclass| changes. Theconvention
might beto add thel etter whenthechangeispresent or to*“ scratch” thel etter
from apreprinted label . Each non-interchangeabl e changeisassigned a
letter. A “scratch ticked” is attached to the product. When a changeis
incorporated into aunit the appropriate letter is scratched. Mod scratch
ticket:

ABCDEF
GHJKLM
NOPQRS
TUVWXY

The advantage of the scratch ticket method is that changes do not
need to be forced to occur in sequence—all units have change B before
change Cisinstalled, etc.

Thetracking method usedisnotimportant, providingitworksfor your
company. All methodshaveissues, prosand consassociated withthem. The
method chosen needs to be carefully thought out and documented in a
company standard. CM and Quality A ssurance must monitor thisprocessto
make sure that it works—all the time.
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StatusAccounting (Traceability)

Simply put, “ Status Accounting” isto know what is in the product.
During design and production we discussed how the“ asdesigned” and “ as
built” configurations can be determined. Given an ECO number, the
effectivity wastracked tothedate or serial. Sometimesacustomer problem
isimmediately and directly related by the engineer or service person to a
specific ECO. Thus the actual effectivity should be on the ECO.

Usually people have “problems,” however, not “ECO numbers.”
Thus, the need arisesat most compani esto have accessto thisdataby other
than the ECO number. Given an assembly part number, product SN, date
code, mod code, date of manufacture, or afailure symptom, how do | know
what isin the product, at least with respect to class | changes? The reports
generated tofulfill thisneed are called Configuration Traceability Reports.

One of the most common configuration traceability reports is the
Illustrated Parts Catal og (1PC). In this publication the parts and assemblies
which are spared/field replaceable have been pictorialized and listed. All
changes to those field replaceable items part numbers are shown by part
number withthecorresponding effectivity. Thus, thedataisretrievablefrom
the standpoint of a“person with a problem” using the IPC. Over time, the
mai ntenance manual sal so becomeaconfigurationtraceability report based
onfailure mode.

Companiesthat are SN tracking often need achange database/report
by SN. Thus when a customer has a problem with a specific unit, the class
| change content is at the fingertips.

Many times, companies develop special “traceability” reports for
special purposes. Thesereportsarefar too numerous and unique to discuss
here. There are, however, four significant questions that need to be asked
before such areport is devised:

1. Is this report needed because the lllustrated Parts
Catalog or Maintenance Manual isnot timely or up to
date or is prepared by “someone else?’

2. What changeswill beincludedinthereport?Classl, class
I1, al part number changes?

3. Will thereport bedonefor theproduct only “ asshipped”
or will field change incorporations be fed back and
included?
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4. If field changesare not to beincluded, isthere another
report and a redundant database that tracks changes
madeto field units?

Thus, StatusA ccountingissimply defined as: Knowingwhatisinand
planned to be in each product by ECO Number, date, serial number, lot
number, “mod” or other code to the extent necessary for your kind of
business and your kind or product.

ChangeM odelingand Testing

Most companies produce a prototype model of every new product.
Many, pilot produce several units of each new product. When it comesto
design changes, however, this practiceis often not required or assumed to
bepart of thedesigntask. Asaresult, many changesget model ed and tested
for thefirst timeonthe production floor or inthefield. Theresultsare often
disastrous. Almost every company has horror stories to tell about such
changes. Some companies aren’'t even clear about modeling new product
optionsandfeatures. Y es, themodern CADsdothree-dimensional modeling
on line but isthat enough on all changes?

Certainly most class | changes should be physically modeled and
tested. New features and options should probably al be modeled in
hardware. Perhaps class Il changes at some companies should also be
modeledinthelab. Each company needsto addresstheir policy inthiscritical
area.

If practical, a production unit should be used to model and test
changes. This will avoid problems resulting from differences between
engineering’ slab unit andthelatest productionunit. Thepertinent questions
about thetryout of the change should benoted onthe ECO form. What serial
number was modeled? What date was it tested? What was the report
number or pagein theengineersnotebook wheretheresultswererecorded?
Who performed the test?

Thisinformation should berequired ontheECOform prior totechnical
release of thechangeto CM. That is, prior to the* engineer complete” point
in the change process the testing required must be completed. This places
the responsibility and the process time where it belongs —in the design
phase.

A concern always exists that the change time will merely shift from
the CM and implementation phases back to the design phase. That thetotal
change processtimewill go up. The only measured process changesof this
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sort, that thiswriter haswitnessed, showedimprovement all around. Theparts
and the whole of the process time decreased when modeling and
testing requirements were inserted into the design phase.

Cover Sheet Revisions

The cover sheet, by standard, will change due to changes in the
effectivity planning and due to corrections in the change impact. Such
changes need to be tracked in some manner. A cover sheet revision dateis
necessary. The choice of adate as opposed to anumber or letter isto avoid
confusion withthedrawingrevision.

Noticethat thisisnotintended toallow changesinthetechnical design
of the change to the product. “ Changesto the change” are, asyou will see
later, to be avoided and will be measured separately.

ChangeForms

The Request for Change forms have already been shown and
discussed in the chapter on change requests. As previously discussed,
combination of the request form with the change form can contribute to a
compulsionto processarequest asif it wereachange. For that reason, keep
them separate. Combining the release and change forms, however, seems
logical. Thisis because many of the “questions’ asked for each form are
common. Itisalsological to combinethem because many changesinclude
the release of a new item/document.

Theformdesignedfor theL oader Company isdual-purposeandlooks
like Fig. 10.8. Thisform combines all the good features that the writer has
witnessed in any ECO form. Some of the features may not be applicableto
your company.

Notice that this ECO form has all the blocks necessary to make it
applicable as arelease form as well as a change form. All of the features
discussed under change control are present. A release or change involving
more than a few line items would require a continuation sheet. Such a
continuation sheet would have the same headings as the “documents
affected/Old PN Disposition” section of thisform.
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Figure 10.8. Changeform

Form Instruction-ECO

Thenext stepistodevel opaforminstructionfor thechangeuseof the
ECO. Notice that the ECO form has tiny numbers in each block. Those
referencenumbers will facilitateaforminstruction. TheL oader Company’s
forminstruction would appear asfollows:
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PURPOSE

Todefinetheinformation requiredto successfully completethe ECO cover
sheet. Todefinethefunctionsresponsiblefor completion of eachformblock.
Theform instruction isnot intended to show the sequence of process
steps—see process flow diagram for sequence.

POLICY / PRACTICE

. Theformisdesigned to accommodate the “ One prob-
lem, Onefix, One ECO” policy.

. All engineering changesmust havean ECOformasthe
cover sheet.

. This form must be completed on line or with a black
pencil.

. It must beaccompanied by theapplicablemarked prints,
specifications, new drawings, “ makefrom drawings,”
etc which compl etely define the changeto the product
anditsdesign documentation.

. CM may cut and paste marked prints to smaller than
actual size as long as the Part Number and current
revisonareidentified.

. Thechange may bedescribedwith*from- to” detailed
descriptions if that can be completely done in the
Description Of Changefield of theform. If not, thenthe
marked up print technique must be used.

. Reference Numbers (#) may not be in the sequence
completed. For proper sequencing, seethe Flow Dia-
gram.

. Peopl e other than the Cognizant Engineer may initiate
or help completetheform but theresponsibility for the
accuracy of those blocks called “engineer” remains
with the Cognizant Engineer.
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PROCEDURE
Responsibility Instruction
Cog Engineer
1. Leaveblank.DocControl will assignan ECO number after

10.

recei pt/check.

If there was an ECR that preceded the ECO, enter its
number here.

Enter the date that you first realized that the problem
beingfixedwassignificant enoughtowarrant change. (If
an ECR preceded the change, enter the date the ECR
was accepted.)

Check Release if document(s) are being released (see
standards). Check Change if document(s) are being
changed. Check both if the change includes release of
document(s). If the ECO isa“purerelease” then boxes
2,6,7,10,11,13,14,15,16, 22,23, 24,25, 26, 27, 28, 29,
30, 32 & 36 may beleft blank.

Justify, in the space provided, why the change is neces-
sary.

Check the correct class. One check allowed. See inter-
changeabilitystandard.

a. Ifthechangeisa“DocOnly” thenboxes7,8,12,
13,17,18,22,23,24,25,26,27,28,29,32,33&
36 may be left blank.

b. If the Changeis “interchangeable” then boxes
14, 27 & 28 may beleft blank.

Check the type of change. More than one check is
acceptable.

Enter the product or model number(s) that are to be
changed. It isacceptableto say “ All used on as of report
attached/dated ”

Givefactybackground about thenumber of unitsthat have
failed, field population, customers affected, etc., Safety
issues. Time/coststobesaved. Attachrel evant documen-
tation.



11.

12.

13.

14.

15.

16.

17.

Change Control

Is customer/agency approval required? Review? Not
applicable? If approval isrequired hasit been obtained?
If not obtained should the change proceed or be held for
approval ? If review is required has a description of the
change been sent?

Review theimpactslist and check eachline, eitheryesor
no.

If space provided is adequate for complete From — To
description of the change do adetail ed description here.
Include drawing zone for each document change.

Example: In zone C - 2 length dimension changes
from 14.000in to stolerancefrom + or - .006 to .003.
100.

It space provided is not adequate, attach neatly marked
up prints or specs. Mark up of areleased Engineering
PartsList isallowed andencouraged. (See marked print
standard). Any combination of “From—To” or marked
printsisallowed.

The Cognizant Engineer must obtain the Manufacturing
Engineerssignatureonthe“From—To” inblock #13 &/
or on the marked printsattached to the ECO.

For thosechangeswhich must bephysically modeled and
tested (see ECO policy), indicate the SN modeled, the
dateit wastested, thereport number/notebook page(s) that
the results are shown in and who performed the test.

List each document being affected by the change. If a
marked partslist is attached enter “Marked PL attach.”
(Document Control will either enter boxes 15, 16,17, 18
and 19; or will attachan“ Old PN Disposition” totheparts
list; or allow Production Control toadd thepart disposition
to the PL markup.)

Show the current revision level of each part number/
document affected by the change.

If parts’documents are being released, show their num-
bershere. If apart number ischanged, show the new part
number oppositethe old number.

291
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18.

19.

25.

27.

28.

34.

20.

Show the revision level of each new part number (rev
numeric for pilot release, rev apha for production re-
lease).

Enter only the noun name of the item being revised or
released.

Indicate whether theold PN can physically bereworked
into the new PN.

TheField ServiceEngineer andtheDesign Engineer agree
ontheretrofitplan (onrepair, onfailure, at next mainte-
nance or recall, etc.)

ObtaintheField ServiceEngineer’ ssignatureontheform.
(If retrofit is proposed.)

Completeaccordingtothetotal pagesinthe set. Number
each pageaccordingly.

Signtheform.

Cog Engr/Daoc Control

21

Thedate you givethe form to Document Control. (Doc
Control isauthorizedto up datethisbox totheactual date
received).

Document Control

1.

Check the form and attachments according to the
check list standard and all other applicable standards. If
OK, assigh ECO #. If not OK return to the Cognizant
Engineer with specific deficiency notations. Distribute
thecover sheettoall potentially impacted/affected (whether
checked yesor no).

All Impacted
12. All onthelist, whether the engineer checked yes or no,

must takeownership of the check accuracy. If the check
is not correct, contact Doc Control to correct the check.
One day will be allowed by standard. If affected “yes’
notify Production Control of thelead-timeinwork daysto
perform the work required—one additional day will be
allowed by standard.
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Production Control

22.

23.
24.

26.

29.

Thequantity of theold design partto be* used up/used as

is.
The quantity of the old design part to be scrapped.

The quantity of the old design part to be Returned To
Vendor (RTV).

The quantity of the old design part to be actually re-
worked.

. Circlethepointinthemanufacturing processat whichthe

change will be made effective.

Plantheeffectivity datefor thechange. Alsoresponsible
for following-up on that plan, changing the plan as
required by entering a“re-plan” date, and capturing the
actual date (class I1) or unit Serial number (class 1) on
whichthechangewasincorporatedintotheproduct. Sign
the ECO after all the responsible boxes have been
completed.

Document Control

30.

31.

32.

Input all the required changes and additionsto the MRP
Item Master file and BOM file for design data ele-
ments only—including the effective date. (Screens
A & B inthe MRP.) Enter the date complete.

SigntheECO anddistributethecover sheettoall affected
(checked “Yes’ in box # 12).

Update al the master documents/files affected by the
change, checked by a different person than did the
change incorporation. Enter the date completed here.

Document Control

30

35.

Enter the actual effective date in the MRP from the
master ECO box # 29. Enter the date that thisactionis
completed.

Change the Rev Date each time the effectivity or any
other element of theform changes. Redistributethe ECO
(cover sheet only) to anyone who needs to about the
revisions.
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36. Categorizeeachnew ECOandeachrevisiontoanECOas
follows.

C = ThiseCOisaCorrection of thedesign (From
- To or mark ups) in an earlier ECO.

A = AnAdministrativechangetoeffectivity plan,
impact yes—no checks, etc., after box # 31
distribution.

R = A Redesignof thefix (From-Toor mark ups)
after completion of box # 21. Redistributethe
cover sheet to all affected—"Yes.”

33. Assurecompletion of theactual effectivity and any other
activity required to closethe ECO. Enter the date closed
here. File the master package by the ECO #.

Noticethat the form is complementary to the* closed |oop process.”
Thatis, thefeedback to CM of theactual effectivity (and other activities) and
thedistribution of that actual effectivity isclosingtheloopwithall whoneed
to know.

Itisuseful to haveacol ored blowup of theforminstructionfor training
purposes. The colors would correspond to the functions responsible for
compl eting theblock(s).

Every form must have a form instruction and the ECO form is no
exception. Writing aforminstructionwill reveal problemswith the change
processand/or theformitself. Theform anditsinstruction areakeystonein
the change process.

Facts Data Base

Animportant elementin making good decisionsabout theengineering
changeformor processistohavehardfactsavailable. Decisionstoimprove
the processwill be easier to make and more productive with the“factsina
bank.” What percent of your changes affect the BOM? How many affect
partsthat you purchase? How many changes were checked class |1? What
portion of the changes affected the parts list? How many line items are
typically affected inapartslist change? How many documents are affected
by the average ECO?

CM peopletendtobelievethat they areso closetothechangesthat they
intuitively know the answers to these kinds of questions. Many are quite
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surprisedtofindthat their intuitionwasn’ t asaccurateasthey believed. Better
to get thefacts, especially sinceit is not ahuge task.

Listall thequestionsthat you or otherswouldliketo know about your
changes. Sampleyour ECO formsand packagesfrom thelast six monthsor
year. Ask your Quality Assurance folks what size sample you need to be
“representative.” A ten percent samplewill probably do. Take careto pull
thechangesat random. Makeamatrix onyour PC. Review each changeand
answer all thequestionslisted. Asyoudothefirst few, youwill think of other
guestions that can easily be asked and answered. Summarize the results.
Publish the results. Y ou will become the resident expert on changes.

This “facts bank” will be used frequently as you or your team to
constantly improve your system. Launching “improvements” without the
ECO database is a risky process

Cultural Change

Without adoubt, thehardest changeof all isthecultural change. Most
companies understand that even the best new product development pro-
cesses do not eliminate the need for changes. Most companies also have
processes that assume that all changes are worthwhile. This mind set
developsearly inthecompany’ /product’ slife, whenalmost all changesare
necessary. The attitude is that change is hecessary and that, therefore, all
changesarenecessary. L aterinthecompany or product life, however, many
changes are not necessary. The top-level management and all the teams
must come to realize this fact.
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Almost all companies have somekind of achange form. Some have
adocumented process. | SO 9000 requires a documented process and that
youfollow that process. | SO and other standardsdon’t care about the speed
or the efficiency of the process. DoD and some other agencies seemto find
ways to slow the process. Witness that the change approval time for DoD
ismeasuredinmonths. When asked “Why isprocessspeedimportant?’ The
answers are much too vague. People obviously haven’t thought about the
question!

Why Process Speed is| mpor tant

How can the process speed be important? These processes are “just
paper pushing,” how can speed matter? Other than saying “timeismoney,”
what specifically in fast processes contribute to improved profits?

Perhaps the best way to answer these questionsis to ask some more
questions. It is a good idea to have 20 minute meetings with the people
involvedintheprocessand ask themto brainstormwhy speedisimportant!
The gquestionsto ask:

. How fast / slow is the current process? Perhaps 40

days?

. I's there more than afew hours of “hands on time” to

process a change?

. How fast might the process be? Perhaps 5 days?

296



Fast Change

What happens during the 35 unnecessary days?

What aresuppliersdoing?Buildingitemsthat will have
to be returned, reworked or scrapped?

Wheat istheshop doing?Buildingitemsthat will haveto
be reworked or scrapped?

What isassembly andtest doing?Working onitemsthat
will have to be reworked or scrapped?

Istheline or part of the line “down”? Do we want to
keep it that way for 35 extra days?

Will thechangeberetrofit? Will we ship 35 moredays
worth of product to be retrofit in the field or factory
returned?

What if the changeisareal cost reduction? Should we
ship 35 days worth of product at the higher cost?

Didthecustomer request thefix or feature? Should we
make the customer wait 35 unnecessary daysto get it?

Isthesitedown?Wouldyouliketo bethefield service
person taking the heat during 35 extra days?

What is 35 days of customer good will worth?
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Few companies(military or nonmilitary) haveafast process. Y et, this
iswhere the rubber meetsthe road. Thisiswhere much of the economy is
inchange processing. Thisisthemost significant strategy inthe Configura-
tion Management business. Let’ sreview some of the reasonswhy speedis
important in the change process:

Customers see the change or feature they requested
much earlier.

Fix customer identified problemsearlier.

Reduce the amount of Manufacturing and Supplier
rework and scrap costs.

When retrofitting achange, speed reducesthe number
of unitsthat Field Servicewill havetofind, disassemble
andfix. Fixinginthefieldismuchmoreexpensivethan
fixing inthefactory.

Incorporate real cost reductions earlier.

Satisfy that frustrated production employee much
quicker.
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. Prevents the creation of a substitute process(s) and
thus doing the change once “fast” and again “for-
mally.”

Thesearepowerful needs! Thedollarsinvolved arestaggering. What
if theprocessiscurrently forty dayslongand wecould magically implement
afive day process. The customer sees the fix, feature or option 35 days
sooner. Thirty-five fewer days of producing scrap or rework. Thirty-five
fewer daysworth of unitsthat will haveto beretrofitinthefield or recalled.
If wearetruly saving $50 aunit after thepay back period multiply fifty times
the units produced in thirty-five days. How much does it cost to run the
change twice—once by the informal system and then again by the formal
system. The savings would be enormous, and we might stagger the
competitionfromtheshock. Anditisanattainablegoal! Small, mediumand
large compani eshaveattained threeto fivework-day CM processtime, and
while aso shortening the Engineering and Implementation portions of the
process.

The author has yet to visit a company that had significant change
control problemsthat did not also have* bonepiles’ of downlevel material
in Manufacturing. Material that was affected by changes. Material that
needed to be reworked and put back into the process or scrapped.

Rule: Thelonger the change throughput time the bigger
the“bonepile.”
Reason: Every day, every hour, every minute that manu

facturing waits for a change, the more units that
arelikely to be produced which have to be
reworked or scrapped.

Thetypical production operation isoriented to producing new prod-
ucts. Thus, when the design change calls for rework, the tendency isto set
them aside to; “rework when we're not so busy.” Another change comes
alongthat affectsthe sameassembly. Thechangeisimplemented asquickly
as possible and the unitsto be reworked are added to the pile. After awhile
it becomes amajor project to sort out what work needs to be done to each
unit. Theinventory carrying cost of the“bone pile” is substantial.

If thepart dispositionturnsout to be® scrap,” how many unitsarebuilt
per day that will be scrapped? Would it be less costly to shut down part of
the production line? Then what will the idle peopl e cost the company?

How many Field Service Engineers or dealers take the heat from
customers who are waiting (not too patiently) for a product fix? Is
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manufacturing building more units to be field retrofitted, risking more
unhappy customers? What is one unhappy customer worth?

If we have a true cost reduction, why build any more units than
necessary at the higher cost? What is the cost of creating and maintaining
ohe or more substitute systems? One to make a change fast and another to
doitover again“by theformal system?’ Whatisdonethen, if therearesome
differencesbetweenthefast fix and theformal fix?How shall wedocument
thedifferent configurations?Why don’ t wejust dothechangefast andright,
thefirst and only time?

Based on informal polls, about five percent of those companies
represented in our University Seminars have attained five work day CM
throughput time. This gives them an enormous advantage over their
competition. Attaining asingle, fast, accurate and well understood process
iseasier said than done. There are, however some proven methodsthat will
simplify and speed the process.

Measurethe Process Time

Thefirst stepistorecognizetheproblem! If itisnot known how long
it takesto processadesign change, thenitisnot knownwhether or not there
is a problem. Nor is it known how serious a problem we have. Without
measurement how can one tell if “improvements’ in the process are
working? Fewer than fifteen percent of the companies attending the
University seminars(informal polls) even measurethe processtimechange
by change! The first step isto measure the process time:

Rule: M easure the process throughput time change by
change.
Reason: Itisnecessary toknow thethroughput timeinorder

to know whether or not thereisaproblem andthe
extent of the problem.

Many companies assume that the process time is reasonably fast.
They are shocked to learn that the measured time if ten fold what they
thought they had or would liketo have.

Sometimesthedocumentation manager hasmeasured thesystemand
has adrawer full of data. That manager is often frustrated because no one
else seems to be concerned with the slow process.
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Publish theResults

Anold Industrial Engineering axiom says, “measurement in and of
itself tendsto improve performance.” Addto that axiom, “if theresultsare
published!”

Anexampleof atimeand volume measurement report chartisshown
inFig. 11.1.

Rule: Publish theresults.

Reason: Measurement, in and of itself, tendsto improve
performance if the performance is broadcast to
those who need to know.

35 7 Process Time
Ave
CM Phase
ECO 30
Time
25
Thru
CM 20 —
in
15 -
Work
Days 10
5...
0
T T T T i I T T
Mar Apr May June July Aug Sept Oct
ECO’
Volume 45 40 38 47 52 43 49 50

Figure 11.1. Typical process time graph chart.
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Thisisteam and processmeasurement, not anindividual performance
measurement. Therefore, it should not be embarrassing to publish the
results. Measurement without publishing the results will probably not
achieve much improvement. The throughput time should be graphed on a
very large chart. A size of two feet by three feet might assureitis seen and
considered important. Make several copies. Put oneinthe CM area, onein
the cafeteria, and one outside the “ corner office”—in small companiesthis
would be the Presidents office; in larger companies this would be the
DivisionVPor Plant Manager. Y ou shouldincludetheV Pof Operationsand
VP of Engineering. Thisalso makesthem part of theimprovement process.
Sincethisisagroup measurement, not anindividual measurement, properly
introduced, it will become ateam challenge to reduce the process time.

Rule: Educatethose peoplewho needto know why speed
isimportant.
Reason: Understandingwill lead toindividual and collec-

tive ownership and action.

One Configuration Management manager measured the process,
took some of thismaterial and prepared afifteen minute presentation. She
gave itto al thoseinvolved in the change process and their management.
Sheincluded higher level managers. The people responded by coming up
with ideas of their own as to how to save time. Modest throughput time
improvement wasexperienced without making any processchanges. When
she suggested asmall processimprovement team, the ideawas welcomed.

Pointsto M easure

Therearefive significant pointsin the processto measure. Begin by
measuring these most significant points. A few more points can be added
later. Takecarenot to measuretoo many activities. Thefive mostimportant
points are shown in the basic flow diagram, Fig. 11.2.

The measurement of too many pointstendsto dilute theimportance
of the data and to confuse the issue. Too much data tends to increase the
possibility that no onewill read it. A CM manager with the “ drawer full of
data’ extracted these five pointsfrom the dataand published the summary
information asdescribed above. Eight work-daysweretaken off the CM and
overall timeasif by magic. That wastheir first step toward abest in class
process.
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Start Recognize The Need To Change

Cognizant Engineer

Design Technical Release Of The Change

Complete Cognizant Engineer
Passed Checklist

Design Docs Release To
& CAD Revjsed Manufacture

Data Base /

Atfected Master
MRP updated

Documents
have Change
Incorporated

ECO Closed
L

Change Implemented, actual
effectivity is known and all
other required activities complete

Figure 11.2. Five most significant points.

Y our company may not have clearly defined pointsexactly asshown
inthisbasic flow diagram. For thetimebeing usethe“ closest” pointsinthe
existing process. The points are defined and discussed bel ow:

START. Identify the time when the problem isfirst identified and
accepted asaproblem. Thiswould bethe change request “ engineer accepts
ownershipdate.” Thatisthedatetheengineer agreed that thereisaproblem
and agreed to task ownership of that problem. The first field failure or
customer complaint might not be recognized as the start point. Ask when
wastheprablemrecognized?If nodocument exists, ask theengineer (onthe
ECO form) to indicate when the problem was first recogni zed.

DESIGN COMPLETE. Thisisthe point in the process when the
Engineer turnsinthechangeinto CM. Then CM compl etesthechecklist that
verifiesit to be complete. (Was the change modeled and tested? Are mark
ups per standard? Etc.) Put this date on the ECO.

Thispoint can also becalled “Technical Release.” becauseit should
beapoint of no return (morediscussed later). That is, theonly changesafter
this point that will be made to the ECO package will be to administrative
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issues—suchaschangestotheeffectivity plan. After thispoint, theonly way
for theengineer todothefix differently should beto processanother change.
This causes “deliberation” early in the process (where it should be) and
results in more changes done right thefirst time.

Y ou may not be ableto sell this event as a point of no return in the
beginning. Let that be alater step in your improvement process.

MRP/ERP UDATED. That point in the process wherein Manufac-
turingisreleasedtobuy parts, etc. Thispointisnormally identified by thefact
that thesign off iscompleteand CM inputtotheMRP/ ERPiscompleteand
verified to be correct. If we also have data to be down loaded to a CNC
machineor other forms of CAM, thiscould bethe datethat transaction was
completed (or whichever is done later). Put this date on the ECO.

DESIGN DOCUMENTS UPDATED. Thisisthe date that all the
master design documents affected by the change have had the change
incorporated. This point should be done in parallel with the MRP / ERP
update asaresult of the change. Both that update and the design documents
update must becompleted prior to compl etingthe CM portion of the process.
Put this date on the ECO.

IMPLEMENTED/ CLOSE. Thechangeisactually incorporatedin
the product. Thispoint was captured on the ECO when Production Control
advised CM of the actual effectivity. For “document only” changes this
would bethe datewhen CM compl eted incorporation of thechangeintothe
master prints. There may be other events that you would want completed
prior toclosing thechange—revision of thePublications, writing of theField
ChangeOrder, etc. Whenthelast oneiscompl ete, closethechange. Put this
date on the ECO.

Don’ twait! Measurethethroughput timefor these major eventsnow!
Thisstepisamust, andit should bedoneprior to taking any other step. This
is done in order to know if other improvements achieve the expected
throughput timereduction.

ChangePhases

Use of such eventsdividesthe primary responsibility for the process
intological parts:

. Engineering Phase: From Start to Design Complete

. CM Phase: From Design Complete until the MRP /

ERP / CAM and Master Documents / CAD / PDM
(whichever happens later) have been updated.
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. M anufacturingPhase: From Thelater of theaboveto
closeof theECO. Thiscana sobecalledthel mplemen-
tation Phase.

Although CM shouldberesponsiblefor theprocesscoveringal of these
phases, the management and the people should feel responsible for the
execution of thechangeby changeprocess. Thethroughput timereportscan
bedistributed accordingly.

Revison of Masters

The best point in time to incorporate the change into the master
drawings and specificationsis amuch debated issue. It is done by various
companiesin all three of the change phases! Thefollowing isadiscussion
about doingitinany given phase:

. Engineering Phase: Tends to be done by Design

Engineering driven companies. Tends to make the
“Engineer Complete” milestone adefinite point of no
return. This writer views this as an acceptable ap-
proach, providing;

1.  Theteamgetsatleast onereview of thechange
prior toincorporationinthemastersand another
review if theteam deemsit necessary and

2. If Design Engineering obtainsother technical
signaturesbeforeincorporationinthe masters
and

3. TheECO precisely describes the differences
between the old and new and

4.  ProvidingCM assignstherevisionlevelsor has
equivalent rel ease phase control.

Since the aboveisdifficult to assure, the best process
would makeredlinesby CAD or by handinthispart of
the process and leave the incorporation of the change
to the CM part of the process.
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. CM Phase: Probably the most common approach.
Tends to be required by companies using the part or
assembly drawing on the production floor. Often the
incorporation step takes so long to get done, many
complaintsarereceived frommanufacturing. Anedict
by management result. “Do it before the MRP / ERP
isupdated” istheedict. Thiswriter viewsthat asapoor
way to fix the problem. The incorporation drafting /
CAD processtook too long so the solution wasto hold
upthechangeuntil itisdone. Thesolution should have
beentofind out why theincorporationwasso slow and
tofix that problem. Theideal processwould have CAD
redlinesincorporated in the master (afew keystrokes)
inthispart of the processin parallel with MRP update.
If old hand drawn documents are still in use, transfer
the needed manpower to CM. They will give it the
immediate attention it deserves.

. Implementation Phase: Some companies say that
the CM phase is complete and implementation can
begin when the MRP is updated. They generally
require the MRP to be updated before the master
documents. Istypically done by companies that have
manufacturing process instructions used on the pro-
ductionfloor and marked printsaresent tothesupplier.
They accept the “mark up” as an acceptable tool to
update the processinstructions. Thiswriter viewsthis
asan acceptable (although not ideal ) approach provid-
ing update of the master docs happens fast.

Infact, nomatter whereinthe processtheincorporationeffortisdone,
the key isto assure that it happens fast. That iswhy it must be separately
measured and reported. Twotothreework daysisareasonabl e expectation.
Thisfunctionisoften atrouble spot whenitisnotaCM function, it usually
takes a back seat to new design effort.

Set Goals

Thefirst part of the process—from * Start” to “ Design Complete’ —
isvery hard to generalize about. The writer has observed throughput times
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fromlessthan oneweek to ten weeks. Peoplein our seminarshavereported
design time up to twenty weeks. If aDoD product involves an engineering
change proposal with customer approval it would typically take several
monthsby itself. Thisisnot to say that thisisareasonabl e period of time, only
thatitistypical. Don’t accept past history asareasonabletimefor customer
approval. For your company and your product however, identify agoal for
this part of the process. Make a separate graph for this portion. Label the
graph asEngineering Department responsibility.

Inthemiddlepart of the process, the activitiesmust be thought of and
treated together—from “Design Complete” to “Update MRP/ERP/CAM”
or “Update DrawingsCAD/PDM,” which ever comeslater. Threeto five
work-daysisan obtainablegoal. Theahility to hand carry inone half work-
day is also important. Label this graph as Configuration Management
responsibility.

Measure the revision drafting time separately. A reasonable goal in
most compani esistwo or threework-days. M any companieshaveachieved
thistime whether they have hand drafted or CAD or both. Label thisgraph
with the department responsible (preferably CM).

The last segment—from “Release” to “closed”—is aso difficult to
generalize about. This is paced by the “effectivity” of the change. Time
(effectivity) can vary from “today” to many weeks. Thus a benchmark of
implementation time is dependent upon your product and especially the
materialslead-time. Even here, however, goals can and should be set. This
measurement will present abenchmark for futureimprovement. Label this
graph Manufacturingresponsibility.

M easur e Volume/Reduce Backlog

Next, measure the volume of changes. Measure not just the average
rate, but several attributes:

. New problems (changes) per week (at “start”)
. CountbackloginEngineering

. ECOsinto CM per week (pass check point)

. Count backlogin CM

. ECOs released per week

. Count backloginManufacturing

. ECOs closed per week



Thesevolumemeasurementscan beobtained by keepinga“log” inyour
PC and counting the ECOs in process. Measure these volume figures for
severa weeksrunningtomakesurethat thenumbersarerepresentative. Then

Fast Change

examinetheincoming rate ascompared to the outgoing rate.

Example:

Conclusion:

Reducing the CM workl oad can bedone by adopting someor all of the
ideas that have been previously presented, or ideas that are yet to be

Lets say that the Loader Company hasratesinto
and out of CM asfollows:

* Into CM (pass check point) =25 ECOs/ week
* Out of CM (Released) = 21 ECOs/ week

If this pattern persists over several weeks, we can
conclude that CM needs long term help. Without

hel p the backlog (and throughput time) will grow

by 4 ECOs per week. The“help” can be, either to
find away to cut down onthe CM workload or get
more manpower into the function.

presented. Reviewing some of the ideas already presented:

Eliminate excessivesignatures
Pull vspushdistribution
Cross train the process people

Don’t hold up the design changetoinclude changesto
manufacturing documents

Don’t hold up the design changetoinclude changesto
servicedocuments/publications

Queue changes only by the Cognizant Engineer
Lack of a standard written process

Making the same change by afast process, then again
by the formal process

CM department | acksrevisiondrafting responsibility
Process time not measured
M easurement not published

Hold brief training sessions as to why speed (and
accuracy) are important

Separate the request from the change process clearly
andcrisply
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. Onefunctionresponsiblefor effectivity andimplemen-
tation

. Requireactual product modeling andtesting of certain
changes

. Limit customer approvals

Now examine the backlog and compare the resultsto the throughput
timemeasured previously.

Example: During the same period of time, the backlog was
about 125 ECOsandtheincoming/ outgoing rates
were both at about 25 changes per week.

Conclusion:  Fiveweeksworth of backlog should equatetofive
weeks of throughput time for CM. Check the
throughput time measurement and make sure
thethroughput timeis about five weeks through
CM.

Conclusion:  If theincoming and outgoing rates are about the
same, the throughput time can be reduced by
working off the backlog.

At one company, outside temporary help was used to reduce the
backlog. The more effective method isto enlist other department peopleto
work it off. Engineers, draftsmen, and techniciansfromall affected areas of
the company are asked to come into CM and do a few ECOs apiece.

At another company the Vice President of Design was a volunteer
working side by side with the other people asked to help. This was very
effective, asit showed the other helpersand CM people how important the
VP thought it was to have fast ECO throughput time. If the incoming rate
exceeds the outgoing rate, however, reducing the backlog is a very
temporary measure.

In many cases measurement of the time and volume (with the
appropriate action to reduce the backlog) is all that is needed to reach the
throughput timegoals. A small medical devicemanufacturer cutitsprocess
time by one sixth, by reducing the backlog. In their case, measurement,
reporting, setting goals, and backlog reductionwasall they neededtoachieve
four work day averagetime through CM.

Often, however, these steps aren’t enough to reach the goal. If prior
steps have still not reduced the time to acceptabl e levels, then change the
system.
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Changethe System

Before launching into any system change, especially if significant
changes are contemplated, form an “Improvement Team.” The CM
Manager may feel and be competent for thetask. Continuousimprovement
can often be brought about by the sole effort of the CM manager. Many
timestheimprovementsaremet with objectionsfrom othersinvolvedinthe
process. The manager probably iscapable of designing afast system. This
isnot theissue. Theissuewill beto get key other functionsto “ buy into” the
new system.

Rule: Beforestarting any systemimprovement program,
get Manufacturing, Field Service, and Design Engi-
neering to join CM in an “Improvement Team.”

Reason: Y ou want ownership in the new system by key
functions. The team may be formally recognized
or an “ad hoc” group.

Rule: K eep processimprovement teamsto no morethan
three or four people
Reason: Larger groups don't get thing done because they

talk too much and present too many apparently
diverse opinions. It takestoo long to reach a
consensus.

Y ou might want Quality Assuranceto join thiseffort. If they are not
under themanufacturingwing, they should probably beadded. Y oumay not
haveasignificant “ service” issuewith your products. Onekey person from
each major function—no more. Too many cooks can spoil thebroth! If CM
isunder the Design Engineering management, have CM represent thedesign
group. Thismakesaworkingandworkabl esizeprocessimprovement team.
Each member isrequiredtoreview standardswith all thekey peopleintheir
areaof responsibility—personally, not by email or notes.

Y ou may also want aManagement Steering Committee. This group
might represent some functions—finance, contracts, etc.,—not on the
Improvement Team. If this group getslargeit isn’t necessarily bad—
more buy-in. The Steering Committee should bechaired by a“ Top Gun”—
the President, VP, or GM. The Improvement team should report, about
monthly, tothe Steering Committee on progressand plans. Get the Steering
Committeeto buy into your goals. Keep the goal(s) fairly simplistic.
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Example: Improvement Team Goal: Designonesystemwhich
will be the only way to make changesto the
product or its design documentation. Attain a
seven work-day process time through CM in the
next twelve months. Improve quality of changes
and dothiswithout increasing Design or Manufac-
turing time. Do thiswith the existing CM work
force.

If you have a current committee of a dozen people/functions, turn it
into a steering committee.

Missionary L eader

Theleader of the design team must be a person with ahigh desireto
improvethesystem. Thezeal of amissionary isneeded. Lukewarminterest
will assurefailure. The CM manager may bethe correct person to lead the
Improvement Team. If the CM manager does not have a high desire for
improvement, another person must be found. It would be best to have a
management “champion” with the same missionary drive. The champion
should be on the Steering Committee and probably chair that committee.
Between them, they must have the aggressive desire to assure success.

Nine Steps To Success

The Improvement team should follow nine (not so easy) steps:
1. Define the current system

. Gather any and all existing standardsabout the current
system.

. Gather all current forms and form instructions.

. Assure that time and volume measurements and re-
porting arein place.

. Analyze the current ECOs. Build a “facts bank”
(database).

. Make aflow diagram of the current system. Thisneed
not be*“ pretty,” but it must bedone. It will, educatethe
team, start the teamwork going and eliminate argu-
mentslater. Many aCM person has commented to me
“1 thought | knew my own system, but flow diagram-
ming it opened my eyes!”
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2. Flow diagram the proposed system

Listall thelegitimateinter-departmental operationsthat
need to be performed. Break them down into their
smallest parts. Don’t put them into any order.
Identify required dependencies. Example: Can't get
technical approvalsuntil modeling and testingiscom-
plete.

Start each operation as early as possible.

Compl ete each operation when required by thedepen-
dent event. (Don't force completion of an operation
any sooner than necessary.)

Doall possibleoperationsin parallel.

Use all the “Rules’ from this text that apply to your
operation.

L ast - place ane*“ best responsi bledepartment” oneach
operation.

3. Define the proposed system in Policy, Standards, Form, and Form
Instructions.

K eep eachtoasinglesubject—shoul d bethreepagesor
less. Seethenext chapter for adiscussion of best of the
best standardswriting practices.

4. The team must pre-sell the system.

Have each team member review the proposed system
with key people and management in their area of
responsibility. Expect / invite constructive criticism.
Iron out the rough spots. Re-sell as necessary.

5. Trial run system

Usingthelmprovement Team, run arepresentative set
of changesin parallel with the existing system. Debug
the process and standards. Run another trial if neces-
sary.
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6. Get Steering Committee approval to try the system

The steering committee and the “top gun” need to be
cautious about over managing theteam. Givetheteam
|eader the authority to proceed when the team appears
to have reached a consensus and al major points of
contention seem to be adequately resolved. The stan-
dardscan besigned by theteam leader for thepilot and
later signed by the responsible Director or VP.

7. Pilot & train

Usethe Improvement Teamto train key people. Have
them pilot run arepresentative set (afew of each type)
of changesby thenew process. Don’t stoptraining until
all the people in the process have had an adequate
exposureto the new system. Nothing can defeat anew
system faster than people who haven’'t been properly
trained. Expect criticism, and debug when it is con-
structive.

8. Implement

Get Steering Committee agreement when thetimehas
come to cut over to the new system. Pick a day and
start al new changes by the new system. Let the old
system changes “flush out.” Don’t expect immediate
improvement. Itwill take75to 150 changesto seepeak
performance.

9. Follow up

Assurethat all theold methodsof making changeshave
been “extracted,” “killed” and “burned.” Keep the
Improvement Team and the Steering Committeefunc-
tional until thishasoccurred and until you havemet the
goal.

Don't forget to have a party. It's a great accomplishment. The
improvement team or the CM manager may continue to continuously
improvethe processes. Each stepiscritical. None can be skipped. Whether
you make three or thirty-three changes to your system, the only way to
assure success isto do al nine steps.
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Bootstrap or Reinvent

Thequestion often arises, “ should | makesmall changes, big changes
or reinvent the system?’ A thorough analysis of a company’s current
processes, documentation and process time is required to answer that
guestion. A rough guideline might be based on the CM processtime:

Under ten work days Improvethe processin small
steps

Ten to thirty work days Look for logical batchesof im-
provementsthat can beimple-
mented together

Over thirty work days Designanew process

This guidelineis, of course, directed only at the change process. It
presumes that a reasonable semblance of order exists in the Release,
Request, and BOM processes. What priority isinorder if two or moreof the
major CM processesarein need of improvement? That i ssue becomesvery
uniqueto particular company conditions. If the request processislong and
intertwined with the change process, it may not be possibleto addressthem
separately. The BOM process is, of course, affected by the release and
change processes. Attacking them all together is not the answer, however.
Find away todivideand conquer. Remember, you can and should comeback
to any part of any process again, to make continuous improvement.

The Improvement Team must keep the scope of their first project as
small as possible. The management may feel that the entire system needs
immediatehel p. Thelmprovement Team must takethesmallest bitepossible
for itsfirst step. This may be the request process, the change form, or an
interchangeability standard. If thereisto be an error madein thisdecision,
better to err on the side of small improvement steps. Take small issuesthat
aremoreeasily agreed upon/soldfirst. Thenmovetothemoredifficult ones.

The most significant step to short process time, isto make the Flow
Diagram. Theflow canthenbeimprovedinsmall bitesorinawhole. Before
thenew or changed processflow diagramisaddressed, remember that many
of the standards must bein place. Better to have the building blocks on site
before starting the structure.
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Fast ChangeWork Flow

If the Improvement Team hasdoneitsjob, acompleteand crisp flow
diagramwill result. Thediagramwill haveoneresponsiblefunctionfor each
operation. Itwill show wherekey formsareoriginated. It will haveamethod
for indicating where time measurement points are. (In the examples to
follow, aminiature“clock” will beused.)

Join the operations with arrows. The tail of the arrow indicates the
earliest point at which the operation can be started. The arrowhead into an
operationindicates” dependency.” Thecircleindicatesthecompl etion of the
stated operation.

Theflow diagrammust normally be*“ backed up” by policy, standards,
forms, and form instructions. That is, if the flow diagram has an operation
that states; “ New and Marked-up Design Documents’ theback up might be:

. A standard which defines those documents that are
Design Documents, Support / Service Documents,
Manufacturing Documents, etc.

. New Document standard that defines how documents
are to be prepared.

. Mark-up standard which definesthe criteriafor mark
up.

Inthisfashion, few, if any, noteswill berequired on the diagram and

no written “procedure” is needed.

Rule: Flow diagramswith supporting policy, standards,
formsandforminstructionsarebetter thanwritten
procedures.

Reason: A picture is worth athousand words.

Thisiscritical! If there are many notes on aflow diagram, then one
of two things are needed:

1. Subjects need to be standardized or the standards are
not complete.

2. Moreoperationsneedto beflow diagramedin order to
depict the process.

Severa iterations of flow diagram may be necessary to meet each
process time goal. Each time a flow diagram is made, ask some hard
guestions:



Fast Change 315

. Can the operation be done in paralel with another
operation that is now in series?

. When is the earliest point that the operation can be
started?

. Whenisthelatest point theoperation can becompl eted/
what operation isdependent uponit’scompletion?

. I sthereasinglefunctionresponsiblefor theoperation?

. Is the correct function responsible for the operation?
Thismay not bethe department that iscurrently doing
the operation!

. Have provisions for skipping operations depending
upon theclass or type of change. Note that the L oader
Company ECO form instruction (see Fig. 10.8) listed
stepsto be skipped in certain circumstances.

. Specify the standard process time expected on all the
significant stepsinthe process. Get themanagement of
the responsible function to agree with the lapsed time
standard. L apsedtimeallowedisgenerally greater than
the actual time to perform the task. For example,
inputtingachangeto MRPmight, ontheaverage, bean
eight minute job, but you might alow three hours of
lapsedtime.

Work Flow Diagram

Thereisno morea*“typical flow” than thereisatypical company. A
“maketoprint” company would haveadifferent flow thana“ maketo stock”
or “make to order” company. If your company is a combination of these
typesof busi nesses, youmight haveauniqueflow withamorecomplex “ skip
steps’ chart. Many features of the change system flow will be similar,
however. Inorder to simplify theflow diagram discussionwewill againuse
TheLoader Company asan example. Remember that the L oader Company
hasno “threeletter agencies’ governing itsbusiness. It adheresto industry
standards such as UL and 1SO.
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Engineering Flow

The“up front” portion of the processisthe general responsibility of
Engineering. It beginswith recognition of theneed to change, and endswith

the Design Compl ete operation. The Loader Company flow in engineering
isshowninFig. 11.3.

f l} ENGINEERING PHASE
Take ‘ Customer

Ownership Notlee
Engr e
Discuss Cust
Problem ECN
Team Est First \
Toae Years Cost
& test one 1E
Unit $ Form
o e e
ngr & Mark up of
e To CM
Design Docs Phase
Furnish Enar
Used On Technical
Review
v Team
— Technical
Initiate Approvals of
Change Form Mark ups &
ECO New Docs
Engr
FE Approval c?;:;sllger:e
of Retrofit Plan P
. Engr

Technical Release >

Figure11.3. Engineering flow.
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Noticethat several operationsaredonein“parallel.” Thiscontributes
to quicker throughput time. When the Cognizant Engineer first recog-
nizes the problem, four operations can begin before or at the next team
mesting:

1. CMlooksuptheUsed Onand givestheengineer alist.

2. Theengineer beginsmodeling and testing asrequired.

3.  The engineer presents the team with the problem /
challenge. If therewasan ECR and thiswasdoneinthe
Request Processit can be skipped.

4.  The Customer isnotified of theimpending change. If
UL reviewswere required they are likewise initiated.
(If the agency or customer has contractual approval
rights, the point at which the package is sent might be
later in the process).

The diagram further indicates how the signed and reviewed docu-
ments come together when the design effort iscomplete. It isimportant to
note that Lab Technicians, CAD/Drafts—person, and CM Technician may
aid theengineer during thisprocessbut that theengineer isstill responsible.
Theclock “ stops’ when the engineer givesthe packageto CM and it passes
the critical items check.

Itisimportant to realize that the entire Design Team is aware of the
pending change. This happens because each change (excepting class I11)
has been discussed at | east once at ateam meeting. Each member can begin
preparationsfor theirimplementati on operations. For example, thepublica-
tions writer can probably identify the manuals affected, the man-hours
required to change the publications and to schedule the effort.

Alsonoticethat the Cognizant Engineer isresponsiblefor obtainingthe
technical signatures—the Manufacturing Engineer on the new and marked
up documents (where the manufacturability issues are) and the Field
Engineer on the ECO (where the retrofit plan is).

Rule; Theresponsible Engineer should obtain technical
people’ ssignatures.
Reason: Thisputstechnical peopletalking to technical

people thus keeping CM or others out of the
“middle”
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Rule: Technical signatures must be obtained before the
design is complete. This can be done at ateam
meeting at the L oader Company sincethat meeting
isheld early in the process.

Reason: How can one say the design is complete without
having the required technical people agree? It
forcesthetechnical discussionsto occur earlierin
the process when the design engineer is more
flexible.

Hopefully the change was discussed first during the request process
and again, if necessary during the redesign phase. Most companieshold the
CCB (Change Control Board) meeting after the change is brought to CM
presuming that the design is complete! Thisistoo late in the process.

If achangerequireshand carrying; either theteam is called together
on an “on call” basis, or the change is hand carried among the team. One
telecommunications product company reported that some hand carries
occurred on the night shift. If the responsible Manufacturing Engineering
had to implement that change that night, the ME was responsible to hand
carry the change completely through the system the next morning. Few
changes were implemented in that fashion because of the extra effort
required doing the hand carrying.

Point of NoReturn

Most companies have a point of no return. They hold a CCB, obtain
the required signatures and then refuse to change the change (point of no
return) - another ECOwill normally berequiredto correct that problem. This
istoo latein the process. It encourages engineersto launch a“ straw horse”
without having done their homework. Engineers make frequent trips into
Document Control to havethem “give methat ECO back because | haveto

aresult.

Thepoint of noreturnissosignificant itisshown separately to assure
proper emphasis. If the engineer’s package passes the check, CM will
proceed. If the package is deficient, it will be returned (hand delivered) to
the Engineer. Each problem will be carefully noted for the engineer’s
attention. (See Fig. 11.4.)
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CHECK POINT OF NO RETURN

Design
Complete
Reject with
Engr Problem

Items Noted

Proceed

Figure 11.4. Check point in the flow.

Thelapsed time required to do this check will be charged to CM if it
passes. If not, the time will be charged to the engineer. CM should set a
standard to do this operation in one hour.

Having the process be irreversible tends to, prevent false starts,
prevent “holds,” discourage the engineer from entering “lightly” into the
process. The ECR number was used until the change passed the checklist
at “engineer complete.” This is done purposely—in order to have ECO
numbers associated only to changesthat areina*“go” or “oneway” mode.

Rule: Policy will indicatethat thisisapoint beyond
which the engineer will not be allowed to hold,
add, del eteor changethe ECO package. | f changes
are required a new ECO must be initiated.

Reason: All design work must be completed during the
redesign phase and policy and practice must en-
courage this.
Should CM proceed with achange knowing that it containsan error?
Of course not. The error should be corrected, noted in the ECO and this
should be done without resigning the ECO. Obviously there may be some
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guestion about “what an error is?” The answer—it is CM’s call not the
engineerscall.

CM might correct errors found and notify the engineer, but the
engineer will be unable to make changes. One company that is using this
policy refers to this point as “Technical Release.” That term is very
expressive of theauthor’ sintent for this point of no return. After thispoint,
administrative changes may occur on the cover sheet but not in the
“from—to,” the new or marked prints, specifications and other design
matter attached.

Configuration M anagement Flow

TheCM functionisresponsiblefor thenext part of the process—From
Design Compl ete through Release to Manufacturing and Update of Draw-
ingsand CAD. Note these operationsin Fig. 11.5.
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Figure 11.5. CM flow.
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CM immediately assigns the necessary part numbers, the next
revision level, and distributes the change. The cover sheet isdistributed to
anyone who needs to know (preferably “on line”). The entire package is
distributed only to key locations (assuming no “on line” capability for the
entire package).

Inasmall company occupying onebuilding, only onecompl etepackage
should berequired. It would be placed ona“sign off table” in CM. Inlarger
companies a package might have to be reproduced for the manufacturing
people—probably put onatablein Production Control. Any recipient of the
cover sheet can then go to the sign off tableto review the entire set. In il
larger companies, acopy of theentirepackagemight havetogotoeachbuilding
or tothePublications, Field Support, and M E functions. Production Control
now coordinatesthedetermination of theeffectivity of thechangeand notifies
all who needtoknow theeffectivity includingthelndustrial Engineer (if costs
arebeing estimated).

Thelndustrial Engineer isnow abletofinalizethecost and givethe
cost sheet to CM. CM obtainstherequired management approval shased
on the cost.

As soon as customer approval (if applicable) and the signed
cover sheet(s) arein hand, CM can load the change information into the
MRP/BOM system, and check the output.

It isvery important to note those things that are not required by this
pointintime:

. Update of the publicationsis not required here.

. The field change form(s), if required, are not needed
here.

. Production process/ routing changes are not required
here.

Waiting for any one, or all, of those operations to be completed is
unnecessary andwasteful. Waitingwould causeadel ay inordering theparts
required to implement the change. One day, hour, or even a minute, can
produce more scrap, rework, or an unhappy customer. Thus, these opera-
tionsgoto“Close” or to “Production Floor Implementation.”

CantheManufacturing Engineer, Technical Writer or Field Engineer
begin to execute the changesto their documentation?Y es—with very high
confidence since we have passed the check point/technical release.

Notice that the Update of Drawings and CAD is required to occur
beforethe clock stopson the CM time. It must happen quickly. “ Releaseto
Production” istherefore an indication that the MRP has been successfully
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loaded (thus the ordering of parts will proceed) and that the revised
documents are available for those orders.

There is no need to obtain the engineer’s signature on the updated
drawing. Theincorporation of the mark up correctly issolely the responsi-
bility of CM. Theentire CM portion of theprocesswill happeninthreetofive
work-days average.

Notice that several subjects—such as “Manuals’—are actually
depicted by three pointsin the process. They can start their planning at the
team meeting, they can start execution when the design is complete (and
they arenotified) and they must completetheir activity when the dependent
activity requiresit. Inthiscaseit isthe closing of the box/shipment asyou
will seein the next phase.

Manufacturing/ I mplementation Flow

The flow from Release to Manufacturing to ECO Closed is a
Manufacturing responsibility. (SeeFig. 11.6.)
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Figure 11.6. Implementation-phase ECO flow.
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When the parts are available and the assembly instructions / part
routing are available, manufacturing can implement the change on the
production floor. Any changesto the effectivity plan are givento CM and
the cover sheet is redistributed to all who need to know.

Thus in order to “Close” the ECO, manufacturing (Production
Control) must notify CM of theactual effectivity. Theother operations
that must be completed in order to close the change need to be defined. In
the case of The Loader Company the other requirements to close are:

. All revised master documents/ drawings are backed-
up and microfilmed.

. The ECOismicrofilmed.

. The MRP must have been run to “drive” partsto the
productionfloor. Theprocess/ routing must have been
updated. These things must have occurred in order to
implement the change on the production floor. The
evidence of this occurring is the actual effectivity
feedback.

. Company policy saysthat manuals that ship with the
product must be revised and present before the pack-
age is closed or the product cannot ship. Production
Control will notify CM of the actual effectivity.

. TheField ChangeOrder, if applicable, iscompleted. A

copy of the FCO is sent to CM as evidence that this
activity iscompl ete.

Quality Assurance should verify that all these activities occur by
auditing the processes. They should report to management as to any
discrepanciesfound.

After al thelisted operations have been complete, CM can closethe
change. The clock then “stops’ on that change. This section is referred to
asthe"manufacturing phase,” but itisobviously implementation onthepart
of several functions. They must all be tracked to satisfactory completion.
Onegood way of notifying CM of each completionisby “ copy” of theECO
cover sheet—preferably on line.

Theflow diagram isapicture of the processaswe design it/improve
it, train/communicate it, and measure it. The flow diagram is the most
powerful tool availableto the CM Manager or Systems Analyst. Using the
flow diagram asatraining tool tendsto bridgethe gap between Engineering
and the rest of the world.
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The system must also be managed, just as the people involved must be
managed.

Quality Factor

How canbetter quality speed uptheprocess?Theconceptissimple—
do it right the first time and time will not have to be spent doing it over
correctly whilethe changeisin processor after it isreleased. The engineer
should havethedesign of thechangetechnically completewhenturned over
toCM. Thecompletion of achecklistwill verify that itiscompl ete. Afterthis
point, the form can be revised only for specified reasons. Changing of the
effectivity plan being the principal reason. Administrative changes to the
cover sheet generally being allowed. Changes of the design of the change
arenot allowed in the L oader Company but most companiesallow changes
tothechange(fixestothefix). Separatetheadministrativechangesfromthe
design changes to the ECOs. Count the changes to the design after the
change is brought to CM and develop a change process quality measure.

Quality Factor %= number of "fixes tothefix 100
total number of changes

Thus“fixestothefix” of any changeinaweekstime, whether itisan ECO
to correct an earlier ECO (no matter when the original was done) or a
revisontoan ECOintheCM part of the process. that total isdivided by the
total number of changes done in that week.

Example: Seven ECOs had design problems found whilein
the CM part of the process. Three ECOs were
processed which corrected design problems on
earlier ECOs. Fifty total ECOswere processed in
that week.

Thus:

7+3
Fop=
QF% =5,

%100 = 20% Quality Factor

Thismeansthat about 20% of the time folks spent in change processing is
wasted. It also meansthat the changes probably could have been processed
20% faster if they had been “done right the first time.”
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Thisistheonly meaningful quality measurement of thechange processthat
this author has ever found. Companies that measure this criteria are
surprised to find the quality factor at 14%, 18%, and in one case 28%. Itis
anindication of apoor process—or if at 2to 3% (normal humanerror level)
itsan indication of aquality process.

Management for Fast Change

Themanagement at the highest level sshould be motivated to achieve
afast, accurate change system. They should form an improvement team,
participatein the steering committee, expect goal sto beset andfollow upon
the entire project. Once the time is measured, the volume is measured, the
backlog is reduced, and the new or revised system is in place, the
management task passes to the CM Manager. Lacking management
involvement, the CM Manager can still improve the processes although
probably not as quickly or to the same degree as with a management
champion.

Some of thethingsthat the CM Manager can doin order to assurethe
speed and accuracy of the system are:

. Bededicated to continuousimprovement with or with-
out animprovement team, management champion, etc.

. Establish one ECO “basket” (Just In Time* Kanban™)
for each work station. Do not have and “in” and “out”
basket. The Singlebasket will bea“JIT inbasket” for
work inprocess. Thebasketscan be numbered and the
flow diagram noted with the same number.

. One ECO at atime can be worked on at each work
station—others must remain in the basket.

. Donot allow ECOstobeputintofilesor desk drawers.
The manager needs to be able to walk around and see
the total ECOs in process at each work station.

. Require each person to hand deliver acompleted ECO
to the next workstation. If the next station is very far
away, examine the alternatives. Another basket for
hand carrying by anyonewho is making atrip may be
practical. A special mail arrangement may be neces-
sary. Themanager may carry them. Anon-linesystem
may be required.
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CM does not hand carry changes except to the next
station. Thepersonwho“thinkshand carry isrequired”
does the hand carrying.

Each CM technician must be instructed to drop what
they are doing to do “hand carries” ahead of all other
changes. If the person doing the hand carry is not
familiar with the process, show him or her to the next
work station.

Train al Cognizant Engineers and others directly in-
volved in the change process.

Establish alimit onthe number of changesthat will be
allowedto accumulatein each basket (Kanban) before
helpwill beobtained. Thelimitmay befairly highinthe
beginning, thenreduced over timetovery few changes.
Do the queuing to achieve the desired time.

Example: The average volume of changesis 18
per week. The current goal is fifteen days (three
weeks) turn around time. There are six work
stations in the process.

Conclusion: No more than nine ECOs can be in
any one work station. After the fifteen work-day
goal is met, aten work day goal can be set. This
would translate into six ECOs per work station.
Thensetafivework day goal whichwouldbethree
ECOs per work station.

Manage by walking around. Find the overloaded
Kanban. Look for help from other workstationswhere
theKanbanislow. Themanager may havetostepinto
help awork stationwhen needed. Temporary help may
beinorder. Help must comequickly or the peoplewill
sense that speed isn't that important. Once the CM
people have been trained to help each other, they will
generally begin to do thison their own.
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. Crosstrain the people. Theideal isto have al people
trainedinevery work station. Thiswouldallow organiz-
ing the people by product or customer or mirror the
engineering organization. A guantum leapincommuni-
cationsispossible. Crosstraining is needed to fill the
sick or absent personswork station. Remember: If you
think training isexpensive—Try Ignorance!

. Larger CM departments should consider a subgroup
breakdown. Pair a“ beginner” witha“fully learned” or
a “teacher.”

. The manager should hold an informal “continuous
improvement / department meeting” for ten minutesat
the same time each day. The manager and the CM
Technicians would explore ways to improve the sys-
tem, its accuracy and its speed. Don't be negative
about any idea. Merely sort out the best ones for
implementation. I nviteother involved or affected people
onoccasion.

. When a mistake is made on a change, make sure that
itiscorrected by the person who made the mistake. If
someone else corrects the mistake, chances are that
themistakewill berepeated. Do onthespot training to
assure that the person knows how to do it right.

. Train al the involved and impacted people on the
workings of the change process. They will come up
withimprovementstoo.

Continuousimprovement needsto becomeahabit. Theflow diagramwill be
the primary tool for discussion of ideas and for implementing process
changes.

A Case Study

Pictureafast growing corporationinthecomputer productsbusiness.
Fast reaction is a necessity for survival. The companies largest division
processed about one hundred changes each month. Their OEM contracts
routinely required customer approval.
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That divisionwasexperiencing many of thesymptomsof anengineer-
ing documentation control problem. Fixestook too long. Customers were
impatient. Sometimes the paper got lost! The division Executive Vice
President recognized the challenge.

Westarted our analysisby properly defining theproblem. Thepeople
involved measured theactual throughput time. It soon becameapparent that
the 100 changes per month were taking an average of 120 work-days. The
time broke downinto roughly equal parts:

. About 40work-daystorequest, designand devel opthe
changes.

. About 40 work-daysto processthe paper work, update
the master documents and the BOM / MRP.

. About 40 work-days to implement the change in pro-
duction.

It was determined to attack the middle forty part of the processfirst.
We set afive work-day goal. We assigned one person from Engineering,
Materials, and Manufacturing (M aterial sdid not answer to Manufacturing)
toa“taskforce.” A steeringcommitteewasformed. Thedivision Executive
VP chaired that group. The task force started by making a plan:

. Analyze the current process

. Brainstorm and document changesto (or reinvent) the
process

. Document the process

. Trial run

. Approval of the process

. Tran

. Implement

Analysisof the current system included:

. Continuing measurement and large graph reporting
(see Fig. 11.7).

. Sampling of over one hundred changes from the prior
year. A databank wasdevel oped with over 10,000 bits
of information about their changes.

. Flow diagramed the current process.

. Gathered all the current system forms, policies, and
procedures.
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Figure 11.7. Case study process-time graph.

The result was filled with surprises, even for those who considered
themselvesvery knowledgeabl e about the process. The middleforty work-
daysincludedthefollowing events:

. Translateamessy engineer’ smark upinto*was- now”
drafted ECO.

. Set effectivity.
. Rarely estimate costs.

. Revise all drawings, specifications, and field support
document master.
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. Obtain an engineer’'s signature on each updated
master.

. Stop, hold, change, or reverse the process at the
engineer’ swhim.

. Make copiestotaling over one million sheets of paper
per year.

Wedividedtheentireprocessinto small subjectsand wrotestandards
about each. One to five pages per standard/subject. The task force then
brainstormed improvements. It was determined to reinvent the process.

Brief sessions were held to explain the project and to explain why
speed was important. Large throughput time charts were posted. The task
force and the steering committee were ever present. The people involved
realized, for thefirsttime, that processtimewasimportant. TheCM process
time had been reduced to thirty-two work-days. They took the first eight
work-days out by individual action. The task team wasn't sure how it
happened! It wastheresult of visibility onthe metricsand holding “what
arewedoing and why speedisimportant” meetingswithall involvedinthe
process.

Design, testing, trai ning, andimplementati on of the new processtook
hold. The process time continued downward. (See Fig. 11.7.) In about
twelve months, training was complete the new processin place, debugged,
and the team reached the goal—five work day average.

This reinvention took over three man-years of total effort. That
company considered it worth every hour. The surprises continued:

. It was done without any change in the number of
peopleinvolvedintheprocess. Two fewer peoplein
CM were offset by two “new” people: an |IE to
estimatethecost of all class| and 11 changes, and carry
over of one team member to facilitate continuous
improvement.

. The design and development time went down a few
days. This happened even in the face of requiring
modeling, testing and design team meetings in the
Engineering Phase. Why?Theonly explanation seemed
to be that measurement and reporting, in and of itself,
made it happen.

. The Manufacturing / Implementation phase time also
went down afew days. Same apparent explanation!
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. The teamwork in the CM areavisibly increased.

. They obtained a one work day average hand carry
time. Only four percent of their changes were hand
carried.

They had no good way to measure the reductions in rework, scrap,
“bone pile” effort, field support savings, earlier implementation of cost
reductions, or customer happiness. Judgmentswerethat all of thesefactors
had, likewise,improved.

Significanceof Speed

We haveaready discussed the benefitsof having afast, accurateand
well understood change process. We did this on the basis of identifiable
results—reduce rework, etc. Note that speed is important as a strategy.
Considerthefollowing quotefromtheHarvard BusinessReviewinanarticle
titled; Time—The Next Source Of Competitive Advantage. In thisarticle,
author George Stalk Jr. states “ As a strategic weapon, time is the
equivalent of money, productivity, quality, even innovation.”

Thisiswhy the change process must have the:

Golden Rule:
Thespeedwithwhichyou processdesign changesiscritical to profitability.
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Process Standar dsand Audits

Thetwo subjects—Process Standards and Audit are discussed in the
same chapter simply becausewithout standardsthere can be no meaningful
audit. Thisisthe same reason why the | SO and copycat standards require
written documentation on your processes. Thisis also why folks say they
requireyouto*document what you do and do what you document.” In other
words, specify the process and audit against that specification.

CM process specifications are referred to by many different names.
Somecall them palicy and procedure. Sometimestheword* documentation”
isused. The word “procedures’ is a frequently used term, much like this
writer usestheword “ standards.” Theterm procedurewould imply step by
stepinstructionsand might tend to excludeforms, forminstructions, policy
or the use of flow diagrams to depict the processes. SOP—Standard
Operating Procedure hasthe samedrawback. Thiswriter, therefore, prefers
theterm “ standards.”

Why Are Standards Needed? Regardless of what they are called,
every company needsto develop aset of standardsfor their CM processes.
It isn't adequate to say that SO requires them or that management
requiresthem:

Rule; The CM system must be documented in written
standards.
Reason: Standards are necessary because they:

* Makeit easy to train new people.

332
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« Provideatool for training peoplein process
changes.

 Givepeopleauniformmethodtofollowyields
more consistent resultswithless” debate”
time.

» Therepeatable processis more accurate.
« Yieldsrepetitionefficiencies.
 Givesafoundation onwhichtoimprove.

* Givepeopleand management thebaseline
from which to take exceptions.

» Give management, customer or regulating
agency something to audit “against.”

» Reduces dependency on the “expert.”

For al of thesereasons, the standardsareasignificant part of the CM
task. Asour policy statement points out, it isthe CM Manager’ s responsi-
bility to seethat they are created and kept up to date. The CM manager may
enlist somehelpindevel opingthestandards. The* Improvement Team” can,
and should, take some of the burden for their devel opment. “ Subject matter
experts’ should develop some. A CM department “teacher” should devel op
some. No matter who does the development, they must be done if the CM
processes are to be carried out in some form of “sanity.” Up-dating of the
standardsis sometimesignored.

No one should be embarrassed if the standards need to be changed.
Infact, just theoppositeshould betrue. I thestandardsareto beuseful, they
will be constantly corrected and improved. Kaoru Ishikawain his* What Is
Total Quality Control? The Japanese Way” writes: “ . . . if newly
established standardsandregulationsarenot revisedinsix months, itisproof
that no one is seriously using them.” The principals of “Kaisan” and
“Continuous Improvement” require continuous changesto the standards.

Rule: Each standard should statewhointheorganizationis
responsible for keeping it up to date.
Reason: If thisisn’t done, the* book will eventually ignored.”

If you are SO certified, therewill bea* project” required each six months
toupdateor risk loosing your certification. Better to updatewhen and asthe
need arises.
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CM Palicy

Thefirst standardwritten shouldbeapolicy statement. It must bebrief
but preciseenoughtodefinetheCM “turf.” A good exampleof aCM policy
isshowninFig. 12.1.

The CM Policy should be signed by ahigh company officer. Insmall
companies, the president should sign. In a larger company, the Chief
Engineer or Executive Vise President should sign.

PURPOSE:

o To assure the lowest total product life cycle cost as well as fast and accurate well understood Product
& Documentation Release, Change Request, Design Change, and Bill of Material processes.

e To assure systematic identifying, controlling, status accounting (traceability), and reporting of a
products configuration throughout its life.

e For the benefits noted elsewhere including meeting ISO / QS / AS 9000 requirements.

APPLICABILITY:
o Applies to all design, manufacturing, quality and service functions served by this Document Control

function.

POLICY / PRACTICE:

e To have an organized, fast, accurate and consistent process for controiling the configuration of
hardware and software products.

o To document the practices and to assure that the documentation is followed.

e To consist of planning, control, identification, traceability, and reporting.

e To consist of Release, Change Request, Change Control and Bill of Material processes.

PROCEDURE:
e Not applicable

PRIMARY RESPONSIBILITY:

Doc Control Manager:

e Design and documentation of the CM Processes by Flow Diagram, Form, Form Instruction,
Standards, and further Policy as required.

e To manage the processes and to report to senior staff as to the volume, speed, and accuracy.

¢ To educate and train those involved on the EDC standards.

V P ENGINEERING:
e To assure that the C M function has the necessary resources and authority to perform its functions.

AUTHORIZATION: President / GM

Figure 12.1. CM policy standard.

Writingand Formatting Standar ds

Important decisions need to be made to devel op the most functional
standards. For example, shall weincludeinter-departmental operations
and/or intra-department operations? Sincewearetal king about standardsto



beaudited (by CM, Internal Audit or | SO) the best decisionisto cover
inter-departmental steps but to exclude the intra-department steps.
Each department might have their own “work instructions” which should
generally beleft out of the CM “manual” and | eft out of audits. Thisisavery
important point to cover with an audit organi zati onbef oreseeking certifica-
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tion because it can reduce the costsinvolved significantly.

Should they be numbered by themilitary method or cross-referenced
to the | SO standards? The following “ standard on writing standards” tries
toanswer thosequestions. The“header” and “footer” have been del eted for

smplicity.

Purpose:

Briefly statethe purposeof thestandard. “To meet | SO 9000
requirements’ is one reason for writing standards. Better
reasons for writing standards are:

1. Provide consistency in the day to day process operation.
2. Furnishabasisfor training people.

3. Provideabasisfor improvement.
4

Standardize the usual or normal expectations (not excep-
tions).

5. Specify who may take exception to the normal expecta-
tion.

Applicability:

State the limiting aspects of the scope of the standard,
example: “ Engineering Change Reguest and closely related
matters.”

Include elements of the processes which are cross-depart-
mental / functional. Do not include department instructions
since they are/ should be subject to rapid change and aren’t
cross- department business.

The standard shall not contain a separate section for cross-
references to other related or associated standards. This
practicecreatesa“web” that isvery difficult to originateand
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to keep up to date. The related standards can be referred to
by title in the text where important.

Policy / Practice:

One subject / topic should be included in one standard. Use
of the word “and” in the title may indicate that separate
standards should be written.

Donot try to cover al the situationsthat have ever occurred.
L eaveexceptional circumstancesto behandled by exception.
Thiswill normally keepthelength of most standardstooneto
three pages. Thismakesthem easier to read, understand and
to train the affected people.

List the statements about the subject that are important and
value added to the company. Do not try to address infre-
guently occurring conditions. Leave those anomalies to be
handled by exceptionsto the standard.

Include elements of the processes that are critical to the
interdepartmental function of those processes.

All EDC standards will be written in the form and format
herein described. Each shall contain the header, footer and
subtitles: Title, Number, Date, Page Of Pages, Purpose,
Applicability, Policy / Practice, Procedure, Primary Respon-
sibility, and Authorization. Whennot applicable, enter “NA.”

K eep sentencesshort. Use* bullets’ asopposed to paragraph
numbering. (2.4.4.3) Informal polls haveindicated that this
method is considered friendlier than paragraph numbering.
Do not use the SO paragraph numbers since those are not
within your control and are subject to change.

All standard numbersand form numbersshall beassigned by
Document Control. All standard and form version datesshall
beassigned by Document Control, unlessthat standard states
otherwise.

A new version date will be assigned when the changesto a
standard aremade. Changesarehighlighted. All pagesof that
standard will be updated to the latest version date.
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Eachformshall haveaforminstructionstandard. Theinstruc-
tionwill be"find numbered” inorder toassociatetheinstruction
totheform. All formsshall haveauniquedateinthelower | eft
corner. The dateisthelatest version of theform. Anonline
form and forminstruction isan acceptabl e standard.

Procedure

Procedure shall describe the process method required to
describe interfaces between departments. Internal depart-
ment practices shall be |eft up to each department manager
to delineate in department instructions as necessary.

Flow diagramsshall bethepreferred method of describingthe
procedure. Flow diagrams shall be in the format used el se-
wherein thisbook. The responsible department is shownin
the lower part of the event symbol. The responsible depart-
ment shall normally be a single department (“team” events
would be one exception). The origination of an arrow will
indicate the earliest event wherein the next activity / event
can begin. Thearrowhead shall point at the dependent event.
Flow diagrams shall always be used for processes with one
or more “parallel” events.

A procedure may be describedin“play script” formatif itis
properly a“series’ process. An example of a*“play-script”
procedure:

Customer 1. Givesprint order to the vaullt.

Vault 2. Pullsthemicrofilm card.

3. Runsrequired copies.

4. Notifies customer that copies are ready.
Customer 5. Picks up prints.

Clerk 6. Entersprint order in spreadsheet and
discardsprint order.

7. Prepares monthly report of print volume.
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“Dwells’ or “holds” or “ queues’ should normally beavoided
for the fastest procedure. When necessary, they should be
included with atime* sunset” limit.

Primary Responsibility:

List the department that shall be responsible for keeping the
standard upto date. Thisisthedepartment that initiates draft
improvements, circulates them, calls atask team together if
necessary, pilots the change, obtains authorization as re-
quired, trainskey people and implement the change.

This standard shall be the responsibility of the Manager of
Document Control.

List the person or personsthat are authorized to take excep-
tion to the standard. This allows management by exception.
Thatis; thecontent of thestandardisthenormal conditionand
the person(s) specified will take exception as appropriate.
Theway that they dothisshould bespecified. Example: “ The
Document Control Manager shall be authorized to take
exception to this standard by briefly stating in the standard
why exception was appropriate.”

Donot repeat thepolicy, practice, procedureor flow diagram
responsibilities.

Authorization:

Thesignatureof themanager inauthority over thisprocessor
standard. Thismight bethe chief engineer or chief operating
officer for example. It may be alower level manager if that
level hasownership of that portion of the standard or process.
Normally avoid several signatures.

Any management or key people affected by the standard
should be given an opportunity to review and comment, but
they need not sign.

Authorization Doc Control Manager
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Typical Standard

Thestandardsmust beshort. They should cover only onesubject. The
typical standard should beonetothree pagesinlength. If astandardismuch
longer than that, it probably covers more than one subject. It probably also
won't be read. The goal is to divide the total subject of Engineering
Documentation Control into its logical processes and then to develop
standards on each subject in that logical process. Thelogical processes, as
defined by the author, you will recall, are:

*  Product and Documentation Release
« Bill Of Material
* Reguest for Change
* Change
There must also be ageneral category to cover such subjects as part
numbering, interchangeability, etc. Some important subjects such as Cost

Estimating Changes or Field changes might deserve a separate category.
The standards will take the form of:

* Forms

e Formlinstructions

* Policy Statement

* Flow Diagrams

» Standard Definitions
e Standard Methods

The“ Standard Definitionsand Methods’ allow theflow diagramsto
be clear and crisp. As previously discussed they keep the words on aflow
diagramto anabsol uteminimum. Whilepreparing aflow diagram, if lengthy
operation statements or notes are needed, chances are that a separate
standard iscalled for.

Subjectsto Standardize

The particular subjects that would be candidates for a standard will
vary from company to company. Someguidance canbegiven, however. By
process, subjects (probably a“worst case list”) to consider are:
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Generd

Policy, EDC/CM

Writing EDC Standards

EDC Reguirementsfor Drafting Standards
Document Groups

Teamsfor All EDC Processes

Cognizant Engineers

Part Numbers

Approved ManufacturersList

Deviations

Spare Parts

Prints/ Points of Use/ Paper-less
Signatures

ClassCoding/ Naming Conventions/ Group Technol ogy

Release Process Standards:

Release Policy

Teams in The Release Process
Phase Release

Release Notification/ Form

Request Process Standards:

Change Request Policy

Team in The Request Process
The Request Form

Request Flow Diagram

Bill Of Material Process Standards;

Quantity and Units of Measure
BOM Content

BOM Structuring

Engineering Parts List



Process Standards and Audits

PartsList Input and Verification
MRP Codes
Modular BOM and Shopping List Drawing

ChangeControl Process Standards:

ChangeControl Policy

Team In Change Process

The Change Form
ChangeFormInstruction
Interchangeability

Part Number Change L ogic

Part Number & Revision Level Changes
ChangeClassification

Mark-up of Design Documents
Effectivity Point

Effectivity Setting

Disposition of Old Design Parts
Impacted / Affected By A Change
DesignComplete

TrackingActual Effectivity
Line-DownChange
ClosingaChange
ChangeProcessFlow Diagram

Field Change Standards:

Field Changes

Field ChangeForm

Field ChangeFormInstruction
Field ChangeFlow Diagram

341



342  Engineering Documentation Control Handbook

ChangeCost Standards:
»  CostingDesign Changes
* ChangeCost Form
» ChangeCost FormInstruction

Some of these subjectsprobably don’t apply to your company. Those
that do apply will be very short documents. This brevity will make them
easier to develop, review, agree upon and approve. Divide and conquer!

ExampleStandard

Theeasiest way tolook at thismethod of brevity / divideand conquer
istolook at asample standard. An example of aone page standard for the
Approved ManufacturersList isshownin Fig. 12.2.

Proceduresand Work Flow Diagrams

Folks often write a procedure as they would describe the process to
afriend. Witnessthefollowing procedurewrittenina® Descriptive” method.
Don’'t worry about whether or not you agree with the method, only try to
understand what the method is:

Descriptive:

Technical approvalsare obtained onthe ECO or mark ups. After the
changehasbeentechnically approved, thechange may beincorporated into
the master documents by EDC without waiting for the effectivity to be
“finalized” orthepartslist changed (if applicabl e) tobeenteredintotheMRP
systemby EDC. Theentry of apartslist changeintothe MRP, checking that
entry and EDC signing the ECO must bedoneonly after the effectivity plan
isset and PC has signed the ECO. Entry of the parts|list changetothe MRP
need not wait for the master documentsto be updated. Which ever of these
events (update of the master documents or input to the MRP) takes place
later, will constitute completion of the EDC phase of the ECO process.
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PURPOSE:
e To specify the method of controlling the acceptable manufacturer(s) for each purchased item. (Often
called AVL - Approved Vendor List or QVL - Qualified Vendor List.)

APPLICABILITY:
e  All new items released by this Doc Control tunction.
e All changes to the AML for released items

POLICY / PRATICE:

e Engineering shall furnish the first acceptable manufacturer for each new design item to be purchased

e Purchasing, Engineering and Quality Assurance must agree on the addition of manufacturers as

acceptable sources

The control of the source shall be by an Approved Manufacturers List (AML).

This list will be maintained by part number in the MRP Item Master file.

It will contain the manufacturer name, not wholesalers or other suppliers names.

The Specification Control Drawings (SCD) will not normally show the approved manufacturer(s). This

is not done because the SCD will be sent to the supplier and it is not desirable to have the supplier(s)

know the competition or that the part has a “sole source”

e  The AML input and maintenance will be the responsibility of Quality Assurance. They will not use the
change torm as a method for control. That AML form will not be used for design / document changes.

e Quality Assurance will obtain Design Engineering and Purchasing agreement with all changes to the
AML.

PROCEDURE:

e Engineering shall furnish the first acceptable manufacturer for each new design item to be purchased.
The Buyers are available to assist in this effort. The first manufacturer will be named on the form
releasing that item.

e The CM function will input the first manufacturer to the AML.

e Anyone wishing a Manufacturer to be added to or deleted from the AML shall notify the responsible

QA engineer.

* The QA engineer will ask via email the cognizant design engineer and the buyer if they agree with the
change.

e Ifboth the Buyer and the engineer respond positively the QA engineer will update the MRP Item
Master file

e Ifeither or both respond negatively the QA engineer is responsible for resolving the issue.

PRIMARY RESPONSIBILITY:
e Quality Assurance function will maintain this standard in a current condition.
e Quality Assurance may take exception to this standard by outlining the reason in the AML control form.

AUTHORIZATION:

VP Quality Assurance

Figure 12.2. Sample standard.
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Now lets take the identical process and describe it in “play-script”
format:
Play Script:
Function  No. ProcedureDescription
Cog.Engr. 1 Approvesand obtains other technical approval on
themarked up drawings, specifications.

2 Approvesand obtains other technical approvalson
the ECO.

EDC 3 Updatesmaster drawingsand specifications. This
step need not wait on subsequent steps.

PC 4 Set effectivity of the change and sign the ECO.
This step need not wait for step number 2.

EDC 5 Input the change to MRP, check the input and sign
the ECO. This step need not wait on step 2 but must
wait on step 3.

Note: Whichever of steps2 and 4 are completed later shall constitute
the completion of the EDC phase.

The play-script is certainly an improvement over the descriptive
method. It is much easier to understand than the descriptive method. The
parallel activitiesare still very hard to explain and understand.

Now |etstake the same exact processand describeit by flow diagram
(see Fig. 12.3).

Which do you think is easier to read and understand? Isn’'t a picture
worth athousand words?

Set
Effectivity
and sign ECO

Input
to MRP and
Check and Sign

Tech

Approvals
Mark ups / ECO

Update
Master

Drawings and Specs

*Whichever is done later consti-
tutes the completion of the EDC
phase.

Figure 12.3. Procedurein the flow diagram.
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StandardsM anual

The standards should be placed in a book or in a computer file/
program. They may be under the CM manager’s control, in a company
manual, orinthequality manual . Givenachoice, opt foraCM manual under
CM’s control. If they are in a separate manual, the company manual or
quality manual should reference the CM manual. One good way to do this
would beto place an overall policy statement into the company manual. In
the policy statement, place a reference to the CM manual.

Each standard should be given a number and be revision/date
controlled. They should not be given an engineering part or document
number. Doing so might lead one to believe that they are under the CM
processcontrol. Theformsshould benumbered from alog or contents page.
The form number should be on the form—typically in the lower |eft-hand
corner.

Larger operations may choose to put engineering part numbers on
their forms and to stock them in thewarehouse. If that isaconsideration, it
is probably an ideal time to put the most used forms“on line” to save the
paper cost and improve communications.

Training

Thenecessity for trai ning hasbeen pointed out several times. It cannot
beover emphasized. Trainbeforeimplementing. Trainbefore“finalizing” a
standard. Train before implementing any continuous improvement. Itisa
“pay menow, or pay melater” situation. Theinvestmentintrainingwill pay
back many timesin the future.

Keep in mind what Mark Twain said about training—“My land, the
power of training! Of influence! Of education! It can bring a body up to
believeanything.”

The process of continuous improvement must mean continuous
training. Even well conceived and documented processes can fail for lack
of training. Don’t just call agroup of peopleinto aroom and tell them what
ishappening. Useareal world company assembly to develop your training
tools. Document that assembly, release it, structure the parts list/BOM,
request a change to it, and change it. Develop the new form(s) for that
company assembly. Walk people through the process.
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Different level sof training may beappropriate. A good placetostartis
with generic CM training for the team(s) and related people. A “system
overview” training session might begoodfor thegeneral population. Specific
training for the Design Engineers, Manufacturing Engineers, Production
Control/Materials, CM, or theproduction floor management. Y ou may want
to develop a specific class for your customers or suppliers.

Just as the standards develop with continuous improvement, your
training will develop over time. Trainingwill bethekey to bridging the gap
between Engineering and therest of theworld. And as stated before; if you
think training is expensive—try ignorance!

Auditingthe CM Processes

If the CM disciplineisto bridgethe gap between Engineering and the
rest of theworld, it must besubj ect toaudit. Outsideaudit, internal audit, self-
audit, or all of theabove. Rather thanlooking at theconcept of audit withfear,
the CM manager must view audit asan opportunity. Infact, start with aself-
auditin order tofind out how useful they can be. Perform oneor more of the
“sanity tests” described at theend of thischapter. Y ouwill besurprised that
all parts of the process aren’t working as planned.

OutsdeAuditorsView

Itisonly humantolook for standardized methods of doing business.
Auditorsareonly human. Lack of standards givestheimpression of chaos.
Whether your customer or governing agency require it or not, having
standards is areal necessity to world class CM, some institutions require
them. Series SO 9000 states: “The supplier shall establish and maintain
proceduresto control and verify thedesign of the product in order to ensure
that the specified requirements are met” Engineering Documentation
Control (CM) isat the heart of “verify the design” and “ specified require-
ments.” Inthiswriter’ sjudgment, CM isthe heart of avast mgjority of 1SO
9000requirements. CM isal sotheheart of many other agency requirements.
And, after all, having standardsisjust good business. They furnish al the
benefitslisted in the beginning of this chapter.
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I nternal Audit

Theideal internal audit should bedonewiththe Quality Assuranceor
Internal Audit Department. If you haveno such organization, or they arenot
abletodoasystemaudit, the CM manager should dotheauditing. Either way,
it must not be taken lightly. Repeated audits are necessary to attain best in
class status.

Without written standards, auditingthe CM processesisavery limited
effort. Still, someof the“sanity tests” inlater paragraphscan bedone. With
writtenstandards, thetask makesmoresense. Theapproachisthentoverify
that what issaid in the standardsis, in fact, followed.

Audit Plan

Make sure that there is a plan for performance of the audit beforeit
starts. The plan should address several issues:

» Why isthe audit being done?

* Who will do the audit? Will CM be free to work with the
auditor?

* When will it be done?
* What documentswill be audited?
» What processes will be audited?

» What sample size will be taken? How will the sample be
chosen?

» How will adiscrepancy be defined?

» Will areport be written? By whom? When?

Thedetail withwhicheachissueisansweredwill vary dependingupon
whether the CM Manager is performing his’/her own audit, whether the
customer isinvolved, etc. Regardless of thetype of audit, it will beawaste,
even counter productive, unless the CM Manager is dedicated to proper
follow up.
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Audit Follow Up

Every audit must haveaconclusion. Theconclusion should betohave
each discrepant item resolved and closed. Each discrepancy must be
followedtofind out theroot cause of the problem. Eff ort must be expended
to fix the root cause of each problem. A few “anomalies’ are allowed, but
most problemsmust betraced andfixed. The*fix” might betraining, revising
a standard, etc.

If thisfollow up is not done, the peopleinvolved in the process will
quickly figure out that it was a“white wash.” This can affect their morale
and even increase the errors made. Issue afinal report that closes the audit
and informs the people and the management of the root cause fixes.

Auditing the CM processes can be done by a number of different
methods. The audit plan should determine which method will befollowed.
Some possibilitiesfor “sanity tests” are:

Release Process Audit

+ Sampledrawings, specifications, and other design documents:

*  Were the documents prepared according to the stan-
dard?

*  Werethedocumentssigned accordingtothestandard?

*  Wastherevision level assigned by CM as part of the
release process?

*  Wereall who need to know notified of the release?
* Istherelease”document” readily available?
¢ Sample purchase orders:

e Were purchases for prototype, pilot, and production
made from documents released for that or a“higher”
release level ?

*  Werethedrawings"modified” by the purchase order?
¢ Sampleaproduct:

e Isitobviousastowhat releaselevel (prototype, pilot,
or production) the product was made for?
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Does the product match the documentation for that
release level.

¢ Sample recent release notice “forms.”

Were the forms apparently completed per the stan-
dard?

Do the forms cross check to the logs?

¢ Walk through the process:

Are the people aware of what the standards say and
arethey following them?

Isthe form as complete asit should be at each step in
the process?

Can all the release form numbers be accounted for?

BOM ProcessAudit

¢ Samplerecent Parts Lists:

Do they cross reference (find number or balloon
number) to the pictorial drawing?

Isthere an item for item match to the pictorial ?

Do they use units of measure and quantities per the
standard?

Arethe units of measure the correct onesfor purchas-
ing purposes?

Areany assembliesat ahigher releaselevel (devel op-
ment/pilot/production) thanitslowest level part?

Are referenced documents properly noted?
Is the parts list a product of the MRP / database?

¢ Sample aproduct:

Doesthe product contain all the partsin the BOM and
no more?

Doesthe product contain the quantity of parts per the
BOM?
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*  Giventhenameplatedata, canthenon-interchangeable
changesbeidentified?

¢ Sample acurrent BOM:
* Doesit contain the ECOsthat it should?
* Isthe effectivity in the BOM per the ECO?

* Isthere only one BOM data-base that is universaly
used?

e |f more than one BOM, do they agree?

Request Process Audit

¢ Sample recent request forms:
*  Doestherequester receive an answer to each request?
*  Arerequests answered on atimely basis?
e Arethereasons given for rejection reasonable?

¢ Walk through the process:

e Arethe people aware of what the standards say, and
arethey following them?

e Doesthe form appear as it should at each step in the
process?

ChangeProcessAudit

¢ Sample recent ECOs:

e Dothe ECOs contain the information required by the
standards?

»  Doesthe average process time agree with the report?
» Do the forms cross check to the logs?

*  Arethe ECOs properly delineated on the traceability
reports?

»  Does the product contain the change per the actual
effectivity?
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¢ SampleWaiversand Deviations:
*  Werethey done according to standard?
*  Arethey properly reflected inthetraceability reports?
e Aredeviationsbeing used to makedesign changes?

¢ Sampletraceability reports:
* Dothey contain al the class | ECOs that are closed?
e Isthe stated effectivity per the ECO?

¢ Sampleafinished product:

e Does the product contain what the ECO effectivity
saysit should?

e Doesthe product contain what the traceability report
saysit should?

¢ Walk through the process:

* Do the people understand what is required by the
standards and do they follow them?

* Istheformascompleteasit should at each step in the
process?

. Can all the ECO numbers be accounted for?
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These may not be the correct questions for your company. If
troublesome conditions have been known to exist, those error conditions
should be added to your audit. If prior auditsfoundlittle probleminagiven

area, the current audit may not check that area.

Audit Frequency

Most quality department folks say that an audit should be performed
about onceayear. Thewriter would be happy to seemost folksdotheir first
audit. Too often, the first audit occurs when the customer or his represen-

tative or 1SO auditors show up.
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Start by devel oping the standards on the most troubl esome process.
Then set about doing an audit that process once ayear. Next, move to the
next most troublesome process. Follow with a yearly audit review of the
problem areas. Depending upon theresults, adifferent set of problem areas
might be chosen each year.

Train Without aWhistle

Publish theresults of theaudit. Publishthefollow up resolution of all
discrepancies. The occurrence or recognition of problems should not be
viewed asaweakness. Thefailuretofollow eachtoitsroot causeandfixing
the problemisaweakness. L et folks know that you not only recognized the
problems, but that you fixed them.

Anoldtimer oncetoldthewriter; “ A traindon’ t run by itswhistle, but
you never saw atrain without awhistle!” The meaning was clear—when
you achieve something good, you should toot your whistle. Y ouwant abest
in class or world class CM system that you can toot your whistle about.
WorldclassCM systemsdon’ t get that way, or stay that way, without regul ar
auditing. Nor do they get that way without hard work and continuously
improvement. Creating a new system has always been a difficult task.
Witness what Machiavelli “The Prince” wrote in the year 1513;

“It must beremembered that thereis nothing more difficult to
plan, more doubtful of success, nor more danger ous to manage than
the creation of a new system. For the initiator has the enmity of all
who would profit by the preservation of the old institutions and
merely lukewarm defenders in those who would gain by the new
ones.”
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Benchmarking

Theart of benchmarkingissimply defined—to compareyour process
to othersin asimilar ssgment of company or to any group of companies.
Whenyou choosetoread thisbook you chooseto do aform of benchmarking.
Hopefully youwill seeherethebest of the best practicesthat thisauthor has
witnessed or heard adequate testimony about.

If you have attended one of our University of Wisconsin Milwaukee
seminarsonthe EDC/CM subject youwitnessed two kindsof benchmarking:

1. A formwasfilled out and then summarized to show
what kind of company environments the attendees
came from.

2. Theauthor asked lots of questions and asked for “hand
raising” to categorize the attendees environments further.

Whenyou ask aco-worker how it wasdoneat their previouscompany
you arebenchmarking. Thosewho haveworkedinthefunctionat morethan
onecompany havesomeval uable, thoughlimited, benchmark(s). If you ask
the author a question about industry practices you get an answer based on
over fifty personal company EDC/CM experiencesand literally thousands
of seminar attendees.

Thedefinitionof benchmarkingisrelatively easy, but writing questions
and thus getting the answers that you need is difficult. Asyou will see, the
way the question is framed, the experience of the respondents and the
personal contact in the survey are significant variables.
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Benchmarking Pitfall

It must be emphasized that just because a practice is widespread,
doesn’t mean that it is the best practice for you or for any company. For
example: Just because the average company has 2.4 waysto make adesign
change doesn’'t mean that it is agood idea to have more than one. In most
cases it should help, however, to know when you are using a generally
accepted practice and when you are not.

It can be agood “ sanity test.” Theissue will still remain—how do |
know that the practiceisagood oneevenif avast mgjority of thecompanies
method agree with mine? Conversely, if you are in the minority is that
necessarily bad? Benchmarks are especialy useful if the results can be
compared to the best of the best practices.

Howto Benchmark

Benchmarking can beapowerful tool. Have you ever wondered how
your EDC/CM processes stack up against your competition, othersin your
kind of businessor product manufacturingingeneral? Do asurvey and find
out! Itissimply said, but not soeasy todo. Thefollowingisaprocesstofollow
when benchmarking:

e First you need to determine which of your processes
you would like to benchmark. Then ask what specifi-
cally you would like to know about those processes.
What specific questions are most likely to get the
answers you need? Framing the questionsin the most
universally usedlanguage, acronymsand abbreviations
are critical. Questions can be asked in different ways
as a sanity test. Often the process must be defined in
generic terms in order to get meaningful questions /
answers.



Benchmarking 355

e Then pick some companies you would like to bench-
mark against. Contact them and find out if they are
interested in sharing the kind of information you are
looking for. Y ou must get to the Chief Engineer, CM
manager or Director of Engineering Servicesfor best
results. They must feel that they will equally benefit by
seeingasummary report. A thirdparty isvery effective
inthisregard.

* The survey can be emailed and/or taken over the
telephone. The best of questions may still require
explaining—sotelephoneisbest.

* You may want to seek help to; develop your survey,
contact the potential participants, conduct the survey,
summarize and interpret the results, or just some of
thosethings.

The following survey and discussion may help. To the best of the
author’ s knowledge the survey included here and the one referenced may
betheonly availablebenchmarkinginour discipline!

Survey—Questionnaire Example

Thissurvey wasactually used to benchmark sixteen companies most
of whomwereautomotivesuppliers. It wasdonefor anautomotivesupplier.
The client received a detail ed report with comment and comparison to the
best of the best practices. The client also received a copy of the survey
results database. The participants all received a copy of the summary
results. No company names, locationsor interviewed partieswererevea ed
inthesurvey or the summary. The questionnaire follows:

Survey Participants,

Y ou have agreed to participate in asurvey of your Configuration Manage-
ment (CM) / Engineering Documentation Control (EDC) processes. The
following questionsshoul d beansweredinthecontext of current conditions,
not past or planned conditions.
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Company Background:
Type of product(s)

Number of plants Physical relationshipof plants___
Engineering and Manufacturing at each plant? Yeses No Explain:

CM / EDC organization answers to: (Engr, Mfg, Quality, Project Office,
etc.)

Quality Standard(s) * 1SO 9000 * QS 9000 e Other

Areyou e Certified « Working toward certification ¢ Not required

1. What is CM / EDC organization responsible for:

Filing all released design doc masters * Yeses No
Distribution of formsand docs * Yes e+ No
Document / Item release control * Yese* No
Changereguest monitoring * Yes e+ No
Changecontrol / facilitation * Yes e+ No
Defining the change for/withtheengineer ¢ Yes « No
Developing the impact of the change * Yes e No
Assignment of PN, Doc #, DCN # * Yes e+ No
Assignment of revs * Yes e+ No
Input of BOM designinfo * Yeses NoO
Input of all BOM data * Yes s No
Setting effectivity of changes * Yese+ No
Knowing product configuration * Yes e+ No
Design of the CM / EDC processes * Yese No
Control of the CM / EDC process docs * Yes e No
Changelncorporationinto “ master” * Yese NoO
Measure the CM / EDC system * Yes s No
Microfilm/Digitizing * Yeses NoO
CAD control * Yeses No
EngineeringLibrary * Yes e+ No
Standard component engineering * Yes+* No
Manufacturing / Purchasing doc control * Yes e No

Quality / validation / testing doc control * Yes e+ No
Publications/ service document control * Yes e+ NoO
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Salesdocument control * Yes+ NoO
Drafting Standards Manual ownership * Yese* No
Other * Yes+* NoO

2. Release Stages:
How many stages of release do you have , what do you call them
and how do you identify if the document /
part is “ready for” aparticular stage:
On the drawing (example: Rev blank = development, rev
numeric = pilot, rev apha= production):

Inthe BOM (example: Status code 1 = Development, 2 =
Pilot, 3= Production):

3. BOMs
Isthe partslist; on the assembly drawing
on a separate controlled document both

How many manual or computer data bases of the parts lists are
maintained in the company (example; Engr CAD, MRP plant 1 and 3,
ERP plant 2, Publications, total = 4) Listthem:

I's there a plan to reduce / attain one BOM database * Yes ¢ No

4. Supplier Items
Aresupplier itemspart number differently than other itemse Yes ¢« No

Do you have a separate part number for each supplier you buy the same
part from ¢ Yes ¢ No

Do you use a SCD (Spec Control Drawing or Source Control Drawing)
to buy a given part from more than one Supplier « Yes < No

Do you identify the supplier on the part drawing <« Yes ¢ No

Do you maintain an AVL (Approved Vendor List) » Yes ¢ No
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Do you create drawings for solvents, glue, solder, etc. « Yes ¢ No

5. Deviation (and other similar) forms:
What form(s) do you use
Are these forms sometimes used to make design changes

*Yes « No

Who signs
Where are they filed; ¢« CM / Doc Control e other

6. Forms:
Some companies use separate form / process torelease, request
changes, and to specify changes and toimplement changes. Do
you (and your plants) use:

* Separateform for each purpose

* No form torelease, Oneformtorequest, specify and
implement change

» Oneform torequest, another tor el ease, specify and
implement change

* Oneformfor all

* Other - describe

If you use a separate form to release:
Can a change requiring a new part have that part released in
the change ¢ Yes * No, or do you first have the part
released by that form / process and then “picked up” in the
change form / process e« Yes * No

7. Change Process:
If we generally describe the change process as having the following

major events:
Responsible Engineer Recognize Problem / challenge

Redesign Complete
Change Control Board / “signers’ approval

CAD / Hand-drawn Master Drawings/ Docs Updated
(change incorporated in docs)
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MRP Updated
Change Incor porated in Product (excluded on “document
only” changes)

Does CM / EDC play arall in the redesign (Recognize Problem to
Redesign Complete) « Yes No Describe:

Is Redesign Complete defined by
Marked up documents “attached” to DCN ¢ Yes ¢ No (might
be hand marked, CAD overlays/ redlines, or word document mark
ups)
From-To detailed descriptioninthe DCN < Yes ¢ No
Flag Notes on the drawing <« Yes ¢ No
Detailed descriptioninthe Drawing Revision Block ¢ Yes ¢« No

Where in the process are approval s obtained:

Are the changes incorporated into the masters before or after ap-
proval:

I's the responsible engineer required to sign the master after incorpo
ration: eYese+No

Wherein the process is the impact of the change identified:

Do you have ateam / board that reviews / approves changes
*Yes * No

Where in the process does the team / board first see a change:

How many people approve / sign the typical change:
What functions do they represent:

Must the MRP be updated before the Drawings are updated:
*Yes *No
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Must the Drawings be updated before the MRP is updated
* Yes * No

Does Manufacturing proceed to implement the change from the ap-
proved DCN (mark ups or whatever) ¢ Yes ¢ No, or must they
have the updated documents before proceeding « Yes « No

An ADCN process would allow several changes (by mark up or
“from-t0”) to the same document to be queued-up and incorporated
after alimit (typically 5) has been reached.

Do you use this feature « Yes ¢ No

Do your internal customers like this feature « Yes ¢ No

Does CM / EDC get feedback from Manufacturing as to the actual
effectivity of any changes < Yes « No If yes, which changes

Do you generally limit one changeto a“fix” for one problem/
challenge « Yes « No

Do you measure the volume of changes done per week
*Yes * No How many / wk

Do you measure (change by change) the thru-put time of changes

* Yes ¢ No If yes, describe those measurements and results in the
above terminology and be precise (example: Thetime from Design
Complete to Update of the MRP and Update of the Master docu-
ments, which ever is later, averages seven workdays)

8. General Comment about Survey
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Theresultsarebest putinto adata-baseto bemost easily summarized
and analyzed.

Automotive Suppliers- Summary Results

Thefollowing is an exact copy of the summary results of the above
survey taken for the automotive supplier. Their responsesand twelve other
auto supplier responsesareincluded. At theclient’ srequest, acoupleof non-
automotive supplierswere included and one of the client’ ssister divisions
was included. Two of the automotive suppliers were the author’s prior
clients. Thesurvey wasdonein cooperationwith Teltec, aMinnesotabased
expert service. Theauthor reserved rightsto the survey and to the summary
results. The complete summary resultsfollows:

Survey Participants,

You participated in a survey of your Configuration Management
(CM)/Engineering Documentation Control (EDC) processes. Thefollowing
questions were answered in the context of current conditions, not past or
planned conditions. The following is a summary of the results of the 16
companies surveyed.

Company Background:
Typeof product(s): Automation, Auto Sub Assemblies/Components,
PCBs, Refrigerators, Auto Sensors & Controls, Auto Fuel Sys, Auto AC
& Heat, Tractors, Ignition Sys/Generators, Batteries, Auto Windows/
Glass/Mechanical Assemblies, Relays, Auto Electronics, Washers &
Dryers, Air Bags, Thermostats.

Number of plants: Ave8 Physical relationship of plants:
Fromsinglesiteto World Wide

Engineering and Manufacturing at each plant? 5Yes 11 No

CM / EDC organization answersto: Engr = 11, Mfg, =1, Quality = 2,
Pgm Mgmt =1, Corp Office=1
Quality Standard(s) 51SO9000 9QS9000 11SO& QS 10wn/Industry

Areyou: 10Certified 4 Working toward certification
1 Not required 1Almost all plants
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1. What is CM / EDC organization responsible for:
Filing all released design doc masters 15Yes 1No

Distribution of formsand docs 15Yes 1No
Document / Item release control 15Yes 1No
Changereguest monitoring 14Yes 2No
Changecontrol / facilitation 15Yes 1No

Defining the change for/withtheengineer 8 Yes 8 No
Most “check for complete package”

Developing the impact of the change 7 Yes 9No
(question was often interpreted to mean checking where used /

products affected)

Assignment of PN, Doc #, DCN # 13Yes 3No
Assignment of revs 12Yes 4No
Input of BOM designinfo 12Yes 4No
Input of all BOM data 7 Yes 9 No
Setting effectivity of changes 8 Yes 8 No
Knowing product configuration 10Yes 6 No
M eans knowing part/change content

Design of the CM / EDC processes 1l4Yes 2 No
Control of the CM / EDC processdocs 15Yes 1 No
Changelncorporationinto “ master” 9 Yes 7 No
Measure the CM / EDC system 11Yes 5 No
Microfilm/Digitizing 11Yes 5 No
3yesdon’tmicrofilm, just digitize

CAD control 10Yes 6 No
EngineeringLibrary 9 Yes 7 No
Standard component engineering 7 Yes 9 No
Manufacturing / Purchasingdoccontrol 5 Yes 11No
Quality / validation/testingdoccontrol 3 Yes 13No
Publications/ servicedocumentcontrol 5 Yes 11No
Sales document control 2 Yes 14No
Drafting StandardsManual ownership 8 Yes 8 No
Other 3 Yes 13No

1 software, 1 mat’'| & process specs, 1 al company forms

2. Release Stages:
How many stages (phases) of release do you have? Ave 3.06
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What do you call them? (The most common answers are as follows)
1 Design/ experimental / Development / Proto
2 Prerelease / Proto / PFilot
3 Production

How do you tell (on the drawing) that a document / part is“ready for” a
particular stage?(example: Rev blank = development, rev numeric=pilot,
rev apha=production):

Cantell each/ all stages by looking at the drawing = 10

Cantell somebut not al by looking at the drawing =5

Can'ttellany =1

How do you tell (on aBOM) ?
(example: Status code 1 = Development, 2 = Pilot, 3 = Production):
Cantell each/ all stages by looking at theBOM = 7
Can tell some but not al by looking at theBOM = 7
(4 don’tinput to the BOM / MRP until production)
Can'ttell any = 2

3. BOMs

Isthe partslist;
ontheassembly drawing? 9 Yes 7 No
on aseparate controlled document? 15 Yes 1 No
both? 8

How many manual or computer databasesof the partslistsaremaintained
in the company? (example; Engr CAD, MRP plant 1 and 3, MRP plant
2, Publications=4) Ave2.3

Plan to reduce / attain one BOM database? 8Yes 3No
already have only one database! 5

4. Supplier Items:
Are supplier items part number differently than other items?
2Yes 14 No

Do you have a separate part number for each supplier you buy the same
partfrom? 2Yes 14 No

Do you use a SCD (Spec Control Drawing or Source Control Drawing)
to buy agiven part from more than one Supplier? 14Yes 2No
Some didn’t recognize acronym “ SCD”
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Do you identify the supplier on the part drawing/ SCD?

5Yes 11No

Doyou maintain an AVL (Approved Vendor List)? 13Yes 3No

Do you create drawings for solvents, glue, solder, etc.?5 Yes 11No

5. Deviation (and other similar) forms:
Have this process? What form(s) do you use? 16 Yes
Mostly called”Deviation”

Are these forms sometimes used to make design changes?

7Yes* 9No * Almost alwaysfollowed by formal DCN.
How many & who signs? Ave 4.07

Almost alwaysinclude QA, Mfg & Engr.

Where are they filed? 7 CM /Doc Control 9 other places
(Quality, Plant, etc.)

6. Forms:

Some companies use separate form / process to release, request

changes, and to specify changesand toimplement changes. Avel.67
forms (one on line with multiple screens)

What forms do you (and your plants) use?
Many combinationsused

8 have only oneformto do all
2 do not use aform to release

(drawing notations suffice for them)
If you use a separate form to release:

Can a change requiring a new part have that part released in the

change, 11Yes 1No ordoyoufirst havethe part released by that

form / process and then “picked up” in the change form / process?
1 Yes 11 No

7. Change Process:

If wegenerally describethe change processashaving thefollowing major
events:

Responsible Engineer Recognize Problem / challenge
Redesign Complete
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Change Control Board / “signers’ approval

CAD / Hand-drawn Master Drawings / Docs Updated
(change incorporated in docs)

MRP Updated

Change Incor porated in Product
(excluded on “document only” changes)

Does CM / EDC play arall in the redesign (Recognize Problem to
Redesign Complete? 7 Yes 9No Note dlight difference than
guestion #1 “define change with the engineer?’

Is Redesign Complete defined by
Marked up documents “ attached” to DCN? 15 Yes 1 No
(might be hand marked, CAD overlays/ redlines, or word
document mark ups)

From-To detailed description in the DCN? 13 Yes 3 No
Flag Notes on the drawing? 9 Yes 7 No
Detailed description in the Drawing Revision Block?

Note word “detailed.” 2 Yes 14 No

Where in the process are approvals obtained ? Most later in the
process—at team/CCB meseting.

Are the changes incorporated into the masters before or after approval ?
5 before 11 after

Istheresponsibleengineer required to sign the master after incorporation
7Yes 9No

Where in the processis the impact of the change identified?
8early 8later at CCB, etc.

Do you have ateam / board that reviews/ approves changes
13Yes 3No

Where in the process does the team / board first see a change?
8ealy 8later

How many people approve/ sign thetypical change? Aveb5.6



366  Engineering Documentation Control Handbook

What functions do signers represent?
Usually Engr, Mfg, Materials, Quality, CM and others

Must the MRP be updated before the Drawings are updated?
1Yes 15No 2 Neither

Must the Drawings be updated before the MRP is updated?
13Yes 3No 2 Neither

DoesM anufacturing proceed toimplement thechangefromtheapproved
DCN (mark ups or whatever), 8 Yes 8 No or must they have the up
dated documents before proceeding?

An ADCN processwould allow several changes (by mark up or “from -
t0”) to the same document to be queued-up and incorporated after alimit
(typically 5) has been reached.
Do you use this feature? 5Yes 11No
Do your internal customerslikethisfeature? 3 Yes 2 No
(One yes marks up a “master” with al queued changes)

Does CM / EDC get feedback from Manufacturing as to the actual
effectivity of any changes? 5Yes 11 No (5nokeep actual inplant/ mfg)
If yes, which changes? Any product change.

Doyougeneraly limit onechangetoa“fix” for one problem/ challenge?
6 Yes 10No

Do you measure the volume of changes done per week? 11 Yes 5 No
How many / wk? Ave 47.9 (for those answering “Yes')

Do you measure (change by change) the thru-put time of changes?
7Yes 9No

If yes, describe those measurements and resultsin the aboveterminol ogy
and be precise (example: The time from Design Compl ete to Update of
the MRP and Update of the Master documents, which ever is later,
averages seven work days): Highly variable answers for the 7 “yes.”
Range asfollows:
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5 work days thru CM (From Engr complete to Docs and MRP
updated) 45 work days recognition of problem to Docs and MRP
updated.

8. General Comment about survey:
4 nocomment
1 negative
2 neutra
9 podtive

Notice the opinion question about the survey itself. Those with no
comment were not pressed to give anegative, positive or neutral response.
In retrospect, they probably should have been.

Survey—Univer sity Seminar Attendees

The results have been compiled from 58 companies / divisions of
companies who responded to the survey. All respondents were seminar
attendees. A few have been clients of the author’s company.

When raw numbers are given they may not add up to the 58
contributors because some didn’ t answer that question. When percentsare
giventhey were based uponthosewho did respondtothat question. Inthose
cases where more than one choice could be made, the percents may add up
to more than 100%

The survey included over one hundred guestions. A sample of the
results for afew of those questionsisincluded here. The complete survey
results are available from the author.

GENERAL - - - oot

Size (no. of people):
0-100 17% 101-500 55% 01-1000 9% over 1000 19%

Designand Manufacturing: 1. Areinthesamebuilding 27

2. Same site 7
3. Same city, different sites 7
4, Different cities 11
5. Different countries 7

6. Combo of above 8
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Comment: May have checked more than one choice. The further
apart thelonger the bridge.

Name you call your EDC/ CM group:
22 - Documentation or Doc Control

6 - Configuration Management or Control
6 - Engineering Serviceor Support
4 - Drafting or Design
20 - many and various (two or fewer of same name)
Peopleinthe CM group (including manager if full time):
Peoplein Co. Peoplein Group
0-100 2.2 ave
101-500 6.0
501-1000 8.0
over 1000 12.3
overdl| 6.7
Range 0-35

Briefly describe products: Detection Devices, Jet Engines, Telecom,
Metrology, Rock Crushers, Hotel Communication, Aircraft & Antennas,
Hose & Ducts, Mail Machines, Broadcast Antenna, Batteries, Wheel
Chairs, Medical Devices, Rail & Mass Transit, Digital Radios, Physics
Education, Equip to Mfg. Optic Lenses, Microwave Hybrid, Membrane
Keyboards, Video Systems, PC Disk Drives, Automation Components,
Industrial Heating Systems, Auto & Appliance Controls, Control / Inspect
Gauging Equip, Truck HydraulicLifts, Wafer Track, Irrigation Sprinklers&
Valves, Time/TempHumidity Instruments, HVAC Controls, TeleMultime-
dia, Batteries& Chargers, High-End Print Inspection & Counterfeit Detec-
tion EQ, Telecom Switching, Diagnostic and Test Eq, Mechanical Assem-
blies, Liquid Level Measurement, Airplane Windows & Lenses, Medical
Diagnostic, Capitol ProcessEquip, InductionHeating, Auto Brakes- Pumps
- Fuel Injection, Wiring Devices, RF/M-Wave Power Amplifiers, Automo-
tive Lamps, Children’s toys, Respiratory Protection, Refrigerated Food
Cases, Circuit Protection, Network Anal Test Equip, Mach Tool Compo-
nents, CPM Capitol Equip/ICs, Adhesives & Sealants, Medical Products,
Electronics.
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Regulated by (check all applicable):

Good Commercial Practices 57%
UL / CSA / OSHA Etc 50%
FDA / GMP 17%
DOD / MIL Specs 17%
FAA / JAA 10%
NASA 3%
Other 16% *

*DOH, VDE, DIN, DOT, FCC, NIOSH, SSPA,
EN 71, ANSI, NACE, ASTM

RELEASE PROCESS - - = = = === === s s ssmmmmmmmmamms

Part Numbers assigned per week: 26 ave,
Formused: Yes 64% No 36%

Part / Doc number maintainedin:
Hand kept file 17% Database40%  Both43%

Part Number is:
Significant24%  Non Significant 17%  Semi Significant 59%

Releases / Phases used:
Quote/ Definition 36% Design / Development 79%
Pilot 46% Production 88%
Comment: Phase names weren't consistent nor as named above.

BILL OF MATERIAL PROCESS - -« ----n-cemmmmmnnenn-

Manufacturing Resource Planning (MRP) system used:
Y es89% No 11%

MRPbasedon: PC 24% or Mainframe 76%
Partslist entry by EDC/CM: Yes71% No 29%
Number of partsin atypical product: 353 ave. Range 3 - 3700

Structure two part numbersin order to purchase an item from two vendors
(example: buy anuntreated part fromvendor A and sendtovendor B for heat
treatment): Yes 61% No 39%
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The Parts List datais hand / key entered to the following data bases:
CAD- Structuretreedrawing e MRP o
MRP at several (___qty) plants « Assembly drawing ¢
Process / Routing * Pubs - Other _ qty
Comment: Question poorly stated. Some interpreted as“ done by Doc
Control” and some interpreted as “ done by the entire company” (as
intended). Informal seminar pollsindicate that afew have one, some
5 or 6, and an average about 3.

Company makes a conscious decision as to what items are to be sold as
spares:

NA (inseparable or throw away product) 25% Yes 52% No23%
REQUEST PROCESS - - - -----------mmmmmmm oo oo oo
Number of requests per month: 55 ave. Range 5 — 300

Number of people who sign the request before the right engineer seesiit:
2.4 ave. Comment: What valuedo they add to the process?

I's requester given a “accept/reject” response: Yes 79%  No 21%
Quantity of Requestsin process: 75 ave.

Comment: 75 requestsin process divided by 55 ave. requests per month =
1.36 months. Thus the average throughput time is almost 6 weeks.

DESIGN CHANGE PROCESS - - - - === == cmmmmmmmeeaee oo -
Changes made per wk: 22 ave

Ways to make a design change are (check all applicable):

Quick Change form followed by formal changeform 29%
Deviation/ Waiver form followed by formal change form 50%
Mark upson production floor 23%
Change form is only way to make design changes 76%
Other: 10%

Hold Order, QC Form, MRB Response, PCR, Revise Drawing
Comment: Some folks missed theword “only.”
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Total number of waysto make achange: 2.4 ave, Range 1—- 4
Comment: Several different waysto makeachange! Thisisa
symptom of a problem—the formal systemistoo slow!

We have a CCB (Change Control Board):  Yes 49% No 51%

Number of people who regularly attend the CCB:
7.2 ave. Range 4 - 15 CCBs per wk: 1.6

ChangeFormiscalled: ECO 16 ECN 14
3 companiesor fewer; DAN, ADCN, PCO, ECP, EDCR, ECR, EO,
EC, EA, CO, EDCF, ECF, EDC, EAR, DLO, REA.

The change is specifically defined in the change package by:

Marked Prints 84%
Was - now description 62%
New condition - refer to old print for “was” condition 19%
Not specifically defined - compare old and new docs 10%
Other (Revised Master) 3%

Comment: Don’ tthink that thereisadifference between thelast (other) and
“New Condition” but 3% of respondentsdid! Obviously many companies
allow morethan one method. The author believesthat only thefirst two are
acceptable practices.

Some changesarefieldinstalled: Yes67% No 33%
Some changes areinstalled on product return:  Yes 79%  No 21%

We precisely measure the Change Processtime: Yes 31%  No 69%

Comment: Only four were willing to furnish their report. Based on
informal seminar polls the 31% number is suspect. Was the word
precisely overlooked?nthe seminar the question isframed “ change
by change” and the results are about 10%.

TheBenchmark Report

Thereport of survey results should contain:
. Who the report is for / Why was the survey done?
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. What dates (inclusive) of the survey?
. Who wrote the report?

. Methods used.

. Executive summary.

. Strengths of the Company compared to the bench-
marks and compared to best in class.

. Needs of the company compared to the benchmarks
and to best in class.

. Detailed results.
. Comment and Interpretation.

I nter pretation

Careful framing of thesurvey questionsisacritical startingpoint. Use
of “plain English” helps. But nothing substitutesfor in depth questioning
aboutthesurvey withtheparticipants. Intheautomotivesupplier survey, the
personal discussionwiththeparticipantswasinval uable. Questions/answers
werediscussedindetail. Acronymsweredefined, terminol ogy analyzed and
language parsed.

Itisvery easy to say that you know the change throughput time, but
fromwheretowhereintheprocess? What point inthe processtowhat other
point in the process? Does “Design Complete” mean the same thing to
different peopleor companies? Thewriter could go onbut you get thepoint.
If youfeel uncomfortableasking your competition detailed processquestions
put athird party in the process.

After al the questions are framed, asked and answered, thereisthen
a need to interpret the results. If the questions weren’t properly framed,
recognizethat fact and either discard theanswer or reframethequestionand
retake the survey.

It paysto begintheprocesswithyour flow diagraminplace, your time
and volume measurement in place and your “facts bank” in place. Doing a
benchmark survey iscertainly achallenge and interesting to compare your
world with your counterparts.
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CM in the Future/ Summary

Itissomewhat presumptiveto predict the future, however, it may be
more permissible as awish, rather than aforecast. What should the future
hold?Thefollowingisaresult of amixtureof ideasfromengineering, repair,
manufacturing and operations experience, consulting experience, holding
seminars, discussion with peers, doing surveys/ benchmarking, aswell as
researching and writing thisbook.

System Standards

Documentation of the system will not be viewed as merely away to
satisfy an agency or | SO 9000 requirement. Standardswill beviewed asthe
first step in constant improvement and a necessity for management by
exception. Appreciation for single-subject, brief standardswill evolve.

Part Numbers

There will be a gradual movement away from smart part numbers,
except for the end product top level. Classification coding systemswill be
developed (such as smart descriptions) or purchased to fill the needs of
significance. The"ideal” part number will haveminimumsignificance. The
part number will have the document number embedded init. It will also
have a tab in order to facilitate part number changing on non-inter-
changeable changes.

373
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| nter changeability

Thesignificanceof interchangeability and part number changing will
be “rediscovered.” Reliance on the product specification to interpret form
andfunctioninterchangeability will bethenorm. Therewill bearecognition
that changing the part number is the least painless way to track non-
interchangeable changesin the long run.

Engineering functions will come to realize that the manufacturing
systems depend upon revision levels being interchangeabl e, and therefore
relatively insignificantintheir processes. Therevisionlevel will bereserved
for interchangeable changes to the document that represents the revised
item. The parts will not be identified by revision level. The relationship
between Purchasing, Receiving Inspection, and Supplierswill beonthebasis
of purchase order and purchase order revision (design change) and inter-
changeability rules.

Traceability of non-interchangeablechangestotheend product will be
recognized as a task that needs the full co-operation of Engineering and
Manufacturing. It will not be done by use of rolling the drawing revision
levels.

The BOM

Thedesign portion of the Bill of Material will berecognized asakey
configuration management process. The singular BOM database will
becomeasignificant way to bridgethe gap between engineering and therest
of the company. Many companieswill achieve asingle BOM database by
simply not putting the partslistsinto CAD.

Moresimplified BOMswill emerge—fewer structurelevels—driving
toward one, twoor threelevel bills. TheseBOMswill evolvewithaonelevel
structure until Engineering and M anufacturing agreeon aslim structure. It
will berecognizedthat theBOM needstobejointly and minimally structured
by Engineering and M anufacturing to be mutually beneficial .

Moreand morecompanieswill realizethat assembly instructionswith
mini-pictorials is a better solution than trying to make and use assembly
drawingson the productionfloor.

There will be more wide spread use of modular BOMSs as a better
method of documenting features and options and, more importantly, as a
powerful tool inresponding quickly tocustomer orders. Therewill begradual
recognition that Configurator Modules are only for those who have more
than afew dozen real world, sold configurations.
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Clear and Crisp Release Process

Design development and the documentation release will be recog-
nized as a marriage of necessity. Clear, crisp, fast, accurate, and well-
understood methods will result. Small companies will develop a process
wherenoneexisted before. Larger companieswill simplify their processes.

Themajor emphasi swill beupon encouraging apart by part assembly
by assembly evolutionary release in part lead-time, rather than today’s
tendency to massive batches of documentation for release.

Therelease phase chart will becomeanindustry standard for the best
of the best processes. The release process will be complimented by
increased use of Cross Functional Teams.

Simplified Request Process

Therewill be an increasing tendency for companies to continue the
use of teamsinto the request and change processes.

There will be a tendency to more quickly recognize the need for
change and a simple change request process. There will be a gradual
recognition that the simpler request processis better. Whatever processis
used, alist of “challenges’ will result that isworked frequently by theteam.

Companies will abandon the tendency to process the request as
though it were already a change. The process savings will translate into
competitive advantage and cost savings.

OneFast Change Process

If for no other reason, the competition will forcethe abandonment of
multipleformal andinformal systemsinfavor of onefast, accurate, and well
understood process.

Thefast change process will allow the horse (documentation) to get
in front of the cart (the product).

The trend will be away from boards and committees, replaced by a
process with “up front” crossfunctional teams.

Increased emphasis on costing changes will occur. There will be
gradual recognitionthat not costing at least “ cost reduction changes” results
in creeping el egance and profit erosion.
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Moreand more, companieswill realizethat thematureproduct linedoes
not haveto be continuously improved, thus saving tremendous amounts of
money.

Processdesign and writing standardsfor the* rule” asopposed to the
“exception” will evolve. Thiswill free management time to handle excep-
tions.

More methods for avoiding and eliminating some changes will be
devised. Development of good cost estimating toolsand use of teamsearly
in the processes being the most significant.

Many “myths’ apparent in change processes will be exposed.
Primary among the disappearing myths will be the queuing of approved
changes for incorporation into master documents.

CM functionswill gradually betrained and organized to incorporate
theredlinechangesintothemaster documents. CAD redline/overlay ability
will make this a matter of afew keystrokes.

This fast change process time will also translate into significant
competitive advantage and cost savings.

Automation

Putting the release, request, and change forms “on ling” will be the
rule. Putting the rest of the package and “flow” on line will come with
improved application programs. The relatively expensive PDM and ERP
programscurrently offer designyour ownformsand design your ownwork
flow for formapproval. Therewill beapplication programsof a“ cook book”
variety that will betailorable specifically to your processes.

There may be atendency to measure every operation in the process
becausecomputersmakeit so“easy.” Eventual recognitionthat “noonecan
use al that data’ will befollowed by amovement to measuring only afew
key process pointsfor volume, thru put time and quality.

Moreand moresoftwarewill allow “linking” of CAD andMRP. This
is a necessity for many companies to achieve a single integrated Bill of
Material. Applicationsare available for some MRP-ERP/ CAD-PDM and
morewill followtofill that gap. A key element—security ontherevisionfield
for CM —will come with some of those packages.

Allinall thefast movementinthisareawill aidthe CM disciplinemove
toward “paperless’ but still being satisfied with “less paper.”
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Goalsand Plans

A chief engineer who had been at one of our seminars called to ask
if thisauthor had any CM Goal sor Plans. Thefollowing, whichyoumay find
useful, resulted:

Reducethetimeto market new products, new features, and optionsand
problemfixes:

* MeasurethedesigntimeandtheCM timetoreleaseand
change. The design time probably measured in work-
days per new drawing. The release time probably
measured in the work-days to release to manufacture
any signed document or group of documentsrel eased by
asinglereleasenatice.

* Settimegoal shased uponthemeasured current design
time and release time. Goal s probably reset each year.

» Assurethat sales/marketing and management are part
of each cross-functional team for development of new
products, features, and optionsin order to optimizethe
availableengineering manpower.

» Assure that the cross-functional team reviews all
requests for changes and that criteriafor filtering out
undesirablechangesaredevel oped. Costing of changes
called reducemanufacturing time, reducemaintenance
time, ease of manufacture and cost reductions to be
doneincluding consideration of all start up/ onetime
coststobepaidback within___monthsby theunit cost
reduction. Also make alist of productsto be continu-
ously improved and productswhichwill not becontinu-
ously improved and review that list each ___ months
with sales/marketing and management.

Improvethequality of new designsand engineering changes:

» Measure the changes per new drawing per year (mea-
sures the quality of the new product and document
release process). Set goals after the measurement is
established.
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» Measurethecurrent fixesto correct aprior fix after the
changeisturned over to CM based on a percentage of
changes done in the same period (Change Process
guality measurement). Set goal safter themeasurement
isestablished.

» Assurethat the cross-functional team reviewsall new
designs and changes.

Assure that every practical measure is taken to bridge the gap between
Engineering and the rest of the business.

» Establish effective cross-functional teams for new
designs and for changes.

» Assure the existence of and support for an effective,
well trained ConfigurationManagement functionthatis
dedi cated to documenting, measuring and continuously
improvingtheprocessesfor Release, BOM Structuring
and Control, Requesting of Changes and Making
Changes.

Perhaps the above document can help you set some goals for your
company.

TheGovernment

The military has moved towards commercial standards and away
from DoD specifications. Somecontractshaveeven carried adefault clause
on change approval time. They seem to be headed in theright direction.

The FDA continuesto be paranoid about the manufacturing process
changes even when dealing with hardware products not implanted or used
inthe operating room. The FDA new product approval time continuesto be
unacceptably long. Each president in the last several administrations has
responded to that problem by adding hundreds of people to the FDA
bureaucracy. What they apparently need is fewer people and a serious
overhaul of their processes.
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Unfortunately, theother agenciesseemto begenerally drivingtomore
complex requirementsrather than simplifying them.

| SO and Copycats

These standards are plain English, make sense requirements. They
have served the manufacturing industry fairly well. The August of 1994
changesto the 1SO 9000 standards increased their weight by almost 50%
without an apparent corresponding 50% increase in substance. This is
somewhat alarming especially if it isatrend. The December 1995 Guide-
lines for Configuration Management at |east recognize the discipline but
seemto betoo DOD oriented. The standardsrun therisk of being too much
of a good thing—taking on a life of their own. The changes now under
consideration might include more of agood thing than we need.

ThecopycatsAS 9000, QS 9000, etc., havetypically added require-
mentsfor OEM stoapproveall supplier changes. A requirement that will add
and has added to the cost of the product without any apparent val ue added.
They obviously donot understand specificationsand i nterchangeability and
how they can and should be applied to suppliers.

The 1SO paragraph on Documentation and Data Control has the
highest deviation from standards—in fact nearly twice that of any other
paragraph. Recognition of thisfact has caused heightened interest in EDC/
CM.

TheDiscipline

Thedominanceby DoD oriented organi zationsand societieshasgiven
way to society memberships who will find a significant majority of their
members are interested in generic CM. The International Standards Orga-
nizationmay bethedrivingforcehere. Thedisciplinewill gradually shiftfrom
thetraditional “ Identification, Control, Accounting, and Planning” toempha-
sis on the processes involved. 1SO has started that trend.

Therewill be anincreased use of operative Cross Functional Teams
inthe CM processes—Release, BOM, Request, and Change. Therewill be
recognition that poor implementation of cross-functional team practices
does not negate the power of the concept.

Therewill beincreased emphasison the product specificationandits
interchangeability asthekey procurement tools. Companieswill realizethat



380 Engineering Documentation Control Handbook

approval of supplier design changesisapoor substitutefor well thought
outcomponent specificationsand interchangeability requirements. A move
tolimit the time for customer approval isoccurring and will increase.

Educationand Training

There is an increasing recognition of Configuration Management /
Engineering Documentation Control as ateachable discipline. Significant
increasesin CM soci eti esand soci ety membershi pwill occur—most notably
the ACDM. Severa organizations and groups will eventually unite just
enough to merge the certification requirements. Hopefully these will be
based upon testing to certify the capabilities of the practitioners.

Thereare somewho believethat engineering or other students could
benefit significantly froman EDC/ CM coursewhilein school. Othersfeel
they won't fully appreciate the disciplineuntil beinginthe*“real world” for
atleastacoupleof years. Thereis, inthiswritersopinion, aplacefor teaching
thedisciplinetothepractitioners of thedisciplinein“trade schools,” and to
engineers in colleges and universities. Academia has been very slow to
respond. Continuing education programsat afew far-sighted school swill be
the primary education and training tool for sometime.

Industryin General

Americanindustry will leadtheworldindevel oping simplisticmethods
to handlethe CM processes, integrated with CAD / PDM and MRP/ ERP,
in a systematic approach.

Document Control will be distributed to the functions that own the
documentation whilethe CM functionwill be centralized with one of those
document control functions. Functions that are now dispersed in the
organi zation will be brought together into ameaningful CM function.
Therewill beanincreasing demand for CM managerswho haveproventhat
they can “bridge the gap.”

Therewill be an ever-increasing emphasison CM asapractical way
to bridge the gap between Engineering and the rest of the company. The
discipline will be recognized as the most significant way to eliminate the
“throw it over thewall” syndrome. Minimum control, better and faster!
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Sketch number 85
SN tracking 285
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