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DESIGN FOR'INTERCHANGEABILITY
29 January 1951

COLONEL CAVE-- Gentlemen, if the productlon effort could be 1:kened
to a play, then certainly the designer is the one who always sets the o
stage and determines what props are going to be used and his influence
upon the whole operation may very well deﬁermlne its success or fallure.

~The General Hlectric CompanJ is now, of course, in “the alrcralt ges
turbine business to a very great extent, and recently it shifted its Mr,
A, V. Feigenbaum from Director of. Tralnlng of Manufacturing Personnel over
to Assistant to the Manager of the Aircraft Gas Turbine Division, which,
E know, has some very real problems. Mr, Feigenbaum is with us this
morning to talk about "Design for Interchangeablllty.“ I take a great
deal of pleasure in presentlng him to you. Mr, Feigenbaum,

MR. FEIGENBAUM: Thank you Colonel Cave, and T would like to express
my own appreciation for being present this morning, partlcularlv to speak
on the subject of "Design for Interchangeablllty 2 .

IF any single word could be said to keynote modern American produce
tion technigue, interchangeability--of parts, of products, of methods— '
would certainly be that word, And because the concept of interchange-
ability has assumed so mafor a position in industrial thinking since Eii
Whitney first gave it reality generations agsg, it has come to have a
variety of dlmen51ons and of deflnlthnS¢

In talking of design for 1nterchangeab111ty, we have, for eyample,'
referred to the subject of so manufacturing peoducts that they or their
component parts are capable of easy physical replacement in the field.

Or, by interchangeability, we have brought up the entire field of so
establishing channels of distribution that these replacements are geo~
graphically available on: short notice as reguired. And, again, through
the concept of interchangeability, we have made reference to the produce
tion engineering procedures for designing a product which (1) fully satis-
fies its purchaser performance-wise, (2) may be produced with the most
economical and most flexible use of such scarce resources as maberials,
manpower, and machines, (3) can be mamufactured with a minimum of internal
factory rejections and a minimum of hand fitting and bendlng of nafts, ahd
(4) is subject to a mlnlmum of field complaints,

It is to this productlon englneerlng dlmen31on of 1ntercnangeab111ty
that we shall, with your perm1331on, confine. our formal remarks this
morning,




Specific attention to p“oductlon englneerﬂng design for inteie.
changeability is mo mere industrial luxury or whim. It is, in fact,
basad upon a solid foundation of manufacturing experience, showin? thO
need for such attention, and showing the highly unsatisfactory
results When such attention im not glven, '

" For example, every factory has a product the qval1ty standords of
whlch have been continually troublesome to maintaine The quality
problems resulting from manufacture of this product are often never"
golved becausey in terms of the factony Tt would be too expensive to
do soen . . . .

‘Similarly universal is the conflict between shopmen and design
engineers on thoseé parts tolerances which the shopmen insist are far
‘narrower than the use of the part requires., On these parts, engingers

may privately admit that "We call for plus or minus 0,002 inch only
because it increases the likelihood of our vgtt;ng plus or minus 0:005
inch," . :

When a 31tuatlon of thls gort exists it invariably rcsu¢ts in a.
lack of respect for tolerances established on drawings and on specifi-
_cation sheets, It is also accompanied by excessive expense in securing

and using manufacturing facilities of unnecessarily high precision.
Unnecessarily great production nigidity conflicts with the flexibility
cbjectivé,whichmm have already accented,. '

Agaln, there is the percnnlal case of thc engineer who has care=
fully designed his product, rigorously tested two or three toolmakers?
models which perform satlsfachorllv, then complained bitterly about the
"factoryis incompetence" when large porcentages of the product fail to
perform or aszemble properly when preduced in mass quantities. Yet . thls
poor performance may have been inevitable, owing to overly great
tolerance build=-ups or to a statistieally unsound pilot-run testing
program.: ' ‘ ‘ S

There may be in the factory no organnzed means for pumping back to
the design engineer Information from the plant laboratory or from general
national sources about new materials or processes,  Mechanical inspection
or electrical testing groups may be forced to wait for information on
what they should inspect or test until production has actively started
and many defective units have been ucrappf’d6 Parts tolerances may be
} selected with no knowledge of or reference to the accurzcics that may

‘be actually hcld on the plant?'s mach;ne tools and D“OOQSS“HQ farlllulcu.

Sales efforts in product pLannlng and morchandlslng may Work in
directions opposed té the design actually being developed. Desirable
cost standards for parts 1nspectlon sampling and bogeys for manufacturing
losses may be established only after the design has been in actlve
production for a consmderaole 1cngtn of the@
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Data on field tests and performance of units in the customerst

- plants may not be effectively reported by the field organization for use
by the engineer in the design of products similar to the one under
development. Cuarantees mey be established, based upon the performance
of a few specially made models rather than upon a sufficient quantity of
actual production units., Company efforts toward standardization and
product simplification may be thwarted by the fact that the new design
calls. for many new and not required special parts., Manufacturing ,
employees may be considerably handlcapped by the nonex1stenco of adequate
quality sp901flcat10ns. ,

,These problems are too often faced and solved long after the
product design has been frogen and a considerable investment has been
made in inventory and in processing equipment, The latitude of decisions
affecting process improvements of inspection schedules after the actual
design has been completed is obviously much more llmlted than it is
during the development stage of the product, :

That problems. of this sort should be faced, solved, and eliminated
has, of course, always been recognized as. a "good 1dua" industrially,
But machinery is required to transiate such good ideas into reality., We
have such machinery in formally recognized programs of production. '
engineering-~which we have termed "design for interchangeability."

Tgis design for interchangeability may perhaps be most clearly =
visualized against the backdrop of product quality broadly conceived, as
a major portion of this agctivity--a very important port10n~u1nvolvcs,
(1) developing realistic ‘quality standards and specifications for the
product in such forms as bills of materials, subcontractor specifications,.
and vendor information; and, (2) laying the groundwork for practical,
guaranteed maintenance of tnese quslity standards when quantity produc-
tion actually begins--in such forms as inspection standards and proper
selectlon and analysis of tools and gauges.

Historlcally, design for 1nterchangeabillty activity is nothing new
to industry and has been carried on -in varying degrees of informal ity for
many years. More and more, however, recent years have seen the formali-
zation of such programs to galn the fullest value from their beneflts for
factdries, such as: :

1, Improvement of product quality.
" 26 Improvement of product design.
3. Better utilization of materials and manpower by the building in
of greater flexibility in the utilization of these resources.
4, ‘Elimination of production bottlenecks Whlnh reduce the cause of
" design problems..
5. Improvement of processing methods.
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The term sometimes used in industry to describe this activity is
"New-Design Control" and it mey be defined as follows:

"New-design control involves the establishment and specification
of the desirable cost--quality and performance--quality standards for
the product, including the elimination or location of possible sources
of manufacturing troubles before the start of formal production.”

This tool is a planned method for balan01ng the quality costs of a
new product design with the service that the new product must render if
it is fully to satisfy the customer, New-design~control procedures aim
to minimize these costs and to maximize customer satlsfactlono

New-ée51gn—control activity, perf01nmnce-w1se, includes all the
gquality-centered efforts on a new product while its marketable charac—
teristics are being decided; while it is being designed, sold to the
* customer, planned for manufacture, initially costed; and while its
quality standards are being specified and inspection and test
routines are being established to maintain these standards. In the
" cagse of quantity pro&uctlon, new-design-control activities end when pilot
runs have given proof of satlsfactory production performance so that the
product may be released officlally from the manufacturing floor. With
job=shop productlon, the routine ends asg work is being started on the
manufacture of component parts.

Application of this tool may perhaps be best approanned by
describing its relation to the over-all cycle for developing a new
.products Ten typical key points in this cycle ares

1, ‘A new design is contemplated.
2o Technical and marketing analyses are made of the des1gn.
: 3.’ General specifications are written. They may be in the form of-

ae. Sales propositions in the case -of job=lot production.
b, . Rough functional specifications for products that w111 be
- manufactured in mass quantity.

e Preliminary design is made, ' : o

5¢ &n extensive program of testing tne characteristics of this is -
carried out,.

"6, Intermediate d881 gn is made, ineluding - production drqw1ngs»

7. Tests are made on this intermediate design. |

8, Final design is completed along with final spec:flcatlons,-
standards, guarantees, and production drawingse. Life and per-
formance tests are culminated before the completion and release
of this final design; approvals for manufacturs of production
tools and facilities are given in parallel with final design
completion.
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Some steps~of this sequence are quite general for both job-lot and
hi gh~quantity productlong a few steps apply chiefly to units produced in
mass quantltles.

The fundamental Llements of new-d651gn-control routines mesh into
tbls sequencc, These elcments are roughly four in number:

le
2o

3s

b

Establlshmcnt of tho quallty standards for the pvoducto This

 involves analyses which culminate in specifications which

incorporate performance ruqulrements and the cost-quality
balance for ‘the article.

D051gn of a product which meets these standardsn This activity
involves the preparatlon of production drawings and of manufac

‘turing and inspection specifications, It also may include

field tests and performance studies of handmade samples.

Plannlng to assure malntenance of the required quality durlng
manufacture of the producte This involves the planning of
inspection, the development of ¢lose ldaison between manufactur=-
ing and engineering, the securing of manufacturing facilities

. adequate to assure the proper quality of the new product,

Preprodﬂction final evaluation of the new product and its

‘ mmnufacturlng F30111tlesg formal rblease for active production.

' Thls involves, a8 we quggested earlier, pllot runs, fleld tests,
customer studies, and so forth.

Let us illustrate the operation of a program of this sort by refer-
ence to an actual, quite simple product, In facing the problem of
designing a new electromechanical switech for interchangeability and high
quality, an eastern factory followed these four steps quite closelys

1.

Establlshlng the quallty sbandards,~-The first step in esb Yot
lishing the gualitystandards for the new switch was a product

 evaluation, IExisting switches weré compared in regard to their

mechanical and electrical characteristics, accessibility for
repair, ease of inspection, and servicing. - Mecheanical. and:
electrical=life tests were run on several samples of each switch
type used in the study, and careful analysis of other character-
istics was made, The result of that study was factual data on
meghanical and electrical life and a tabulation of other
d651rab .e features for the quality required in the new switche

The wide background of experience available in the plant from
previous new-design-control activities was a sécond source of
quality standards, This know-how in the mlnds of the design
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- engineers draws them‘away.from designs that mightﬁlatér be sube
Jeect to trouble, It correspondingly draws.them toward new stand=

ards of quality derived from knowledge gained from past mistakes
and troubles or gained from specialized experience in the appli=
cation of other switch designs., A similar type of experience
was available in the form of various standards, such as NEMA
(National Electrical Manufacturers Association) Underwriters,
ATEE (American InStitgte of Electrical Engineers), and others.
These standards contain many requirements set down as the result

Jof experience in obtaining high-quality COmponent parts such.as

inclosures and contacts which are major components for a switch
of this sort, ~They are generally expressed in the form of data
such as temperature rises, rauangs, or test requirements, and
other mago” characterlstlcs of 1mportance o the customer~

A thlrd source of quality standast was new developmenzs in
materials, process, and understanding of the theory of electro=

mechanical switch opsratichs These developments pointed the way
-to new quality standards. Many gualiity 1mpzovcmonts incorporated

in the new switch were mede possible because of these new aevelop—

- ments,

The accumulation of these quality Stéhdards resulted in the

 writing of functional specifications for the new products These

specifications outlined the performance standards required and

" fad into the second major phase of the new design sequence--
: comp]etlng the d981gn. :

Completing the new d0310n.~—The specifications that were thus .
written served as the bench mark for actual productlon drawings
and “samples of the new switch, The design engineers looked to
these specifications for the required mechanical and electrical
life, the standards to be followed, demands for corrosion pro-
tection, types of inclosures rcqu¢red for spec:al oondlﬁlonsa
voltage ranges, and other spec1a1 requmrcmentso

While actual design of the new product procceded, consuitants

" and experts from the engineering group of the plant and from its

laboratory were frequently called upon for advice in the selec~
tion and use of materials and processes, Working through the
purchasing agent of the plant, the design engineers and planning
people cooperated with outside vendors to determine the highest
quality parts available at acceptable cost, since even at this
stage of the game this plant recognized that its emphasis upon
incoming materlal control depended upon close liaison with its
vendors,. A o
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Evaluating the new design.--After preliminary production,
drawings were prepared and handmade samples of the new switch
were manufactured. These gamples were critically analyzed and
tested. The test program amounted in effect to an audit of the
new design by qualified people. The orlglngl functional speci=-

- fications were used as the criterion of performance.

The evaluation carried on during this test program consisted of
three phases. The first was analysis of over-all switch perfor-
mance, having to do with such functional features as arc inter=
ruption, temperature rise, pickup voltage, and noise level. The
second phase was materials examination by experts to evaluate
whether or not proper use was made of material in the new design.
The third phase involved mechanical and load=-lifc tests on -
samples containing an ample mumber of switches. The objective

‘here was to determine the life that could be expected from the

new device. The three phases of this test program culminated in

a report which was critically analyzed hy the Product Engineer—

ing and Quality Control orgaﬁiZabimnwoﬂ the plant.

The results of these tests were 1ncorporated into final produc—
tion drawings, When actual production tools and facilities were

~available, & pilot run of production units was manufactured and

a critical evaluation agein made of switch performance. Any .

‘quality problems showing up in this pilot run were immediately

analyzed, and the requlred cerrections were made in ﬁhb degign
of the new switch.

Groundwork for malntalnlng quallty during actual manufacturee—-

One of the most useful means of assuring the meintenance of

o quality during mamufacture was the completion of a program of

tolerance analysis of all mejor mechenical parts and. assemblies.
This analysis was made an integral part of the production-

b_ drawing structure, so that it could not be by-passed, and later

be the cause of trouble, either on the manufacturing floor or in
terms of failure of interchangesbility in the field.

The tolerance analysis program was also applicd to many factors
affecting operation of the device, such as the effect of coil

turns and resistance on. pickup voltage., The performance of the

device throughout the possible meghanical variations of its
components was thus established, . _

o Barly in the<deve1ppment of the new device, close liaisori and a

clear charmel of communications were established among the

_design engineers, the planning people, inspectors, testers, and

other concerned parties, As a result, the manufacturing and -
inspection organization understood why certain partstypes were
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required and why it was necessary tosst up to provide the.
required quality for these parts. On the other hand, Engin=
»eerlng was informed about potential manufacturing difficulties
in producing ccrtazn parts, about economies that could be effec=
ted by certain design changes, about flex1b111tles and specifi-
cations that would make the manufacturing program a mich casier
and ﬁuch more effectlve SEequence,

T+ assist the manufacturlng people, specifications were estabm
lished by Engineering to eover many often-overlooked’ shop '
details, such as scruw—tngnténwng torgues~=how tight should a
screw be-=screw and lock-washer hardness, and hardncss of the
contact tibse

As part of the pllot~run prOC)dure, samples of parts from the
new producbion tools were carefully inspected for variations in
their quality charaﬂuerlstlcs° Statistical analyses were made
as required, : ' ‘

The plant summarized the benefits it received from this four-
pronged comprehensivie new-design-control program on its new
electromechanical switche 'As a result of this work, wc know
that the new line of devices is technically the hest on the.
market--technically a line that will most fully meet our customer
requirements, We have, along with the basic design work, estab=
lished meny of the controls and data necessary to guarantue the

" maintenance of this high level of guality as production proceeds.'

Examples such as the feregoing will naturally. vary in detall.from
plant to plant and from company to company, depending upon such factors
as products, personalitics, and ‘plant quality histories., Yeb, if
discussions in the current industrial management literature are any cri-
terlon,'we can rather confidently suggest that the basic problems faced
by production engineering ueSLQn programs arc quire common from factory
tao factory. .

P@rhaps Key among trends - in thpoe problems are twoz

. First, there has been a great increase in the p“ec151on demanded of

products by their customers in the last decade. - The relay that was ac~ -

ceptable in 1940 must perform with much groator accuracy today if it is
to .serve certain portions of the modern market, The machined part that
was once checked with a pocket scale must now be measured with a pair of.
‘micrometers or even an air gauge, Material spec¢flcatlons have become
more rigid., Tooling has bescome. a more critical factor. "Intangibles"
such as dust in the air and humidity have become both oxtreme]y tangible
quelity problems and the objective ofselaborate safeguards, Neny methods
for produ01ng and measuring quﬂllty no lonﬁer meot prescnt standardso
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Second, there has been increasingly widespread decentraligzation of
individual responsibilities in the modern industrial plant for preproduc=
tion: product performance. Speclalization to an ever greater extent,
plant expansion, employee turnover have all contributed to this trend.

Failyre to achieve interchangeability of parts when production begins
‘on a new article may be due to unsatisfactory specifications written by
the design engineer, to faulty interpretation of specifications by the
purchasing agents, to inadequate testing standards established by laborae—
tory téchnicians; or to unsuitable processing equipment installed-by
methods engineering, I . ' :

Modern progrems of what we have termed here “ngw—design—coﬁtrol"
attack these twotrends directly, and may, in fact, be most clearly identi-
fied in this fashion: : : "

' First, by the use in their programs of a number of techniques, both
new and old, for dealing withjp measuring, vand thinking about, the increased
emphasis by customers for precision in products. Among these methods are
tool and die control,- industrial statistics, modern gauging practice, pilot
plants, operation, and tolerance analysis, : ‘ '

Second, by their use of up~to-date administrative procedures for
coordinating the often uncoordinated approaches to design for inter-
changeability into an over-all new-design-control program for the factory,
the plant, the company, as the case may be, The value of such an over=-
all, coordlinated plan in place of sprawling, disjointed activitied is
well known in factory administration.

Tt may be of some interest if we review briefly and generally some
of the highlightis of these two aspects of modern production design for
interchangeability. -

First, Goordination,--Basic responsibility for this coordination
 rests, of course, on plant top management. In factories which are too
large for this responsibility pebsonally to be exerclsed by top manage-
ment, a very small staff group--or functional group depending on the
organization-—reporting directly to top management, is delegated to carry
‘on the required coordination, Titles of this staff group may have almost
as many variations as there are plants, ranging from production or
quality engineer to product service managers ) :

For the new-design-control acti¥ity of a plant to be fully effect™
ive, a definite routine must be established and maintained for it, This
routine is usually developed by the staff group in cooperation with the
concérned functional = groups such as engineering, planning, and inspec=
tlone o - :




RESTRICTED

Before this routine can be initiated, a ba31c decision must be made
as to the classifications of new products mhlch will be subject to the
new-d031gn-control routine, Many plants include all their new products
in such routinesjsothers include only those products which are suffi-
ciently costly commcr01a1~w1se or which are produced in sufflclent1v
large quantltles.

This decision is made--at least in terms of commercial practices—-
according to the economic circumstances in each individual shop, based
upon answers to such questions as, Can we afford not to have a new-degign=
control routine for this product? and How extensive a testing program can
we. afford in the new~design—control routlne for this article?

In the sp601al case of those products upon which safety of humans
and property is dependent, a comnlete new=-design-control program may be
required for all products, ‘apart from direct economic considerationse

Once these classifications have been cstabllshod each new product
that is subject to the new=-design~control routine should then be geared
directly into the.gteps of the routlna in an autometlc sequences

Design engineering is the key functional group in new~design=control
~activities, As "quality plannlng," the activity is an important comple=
men¥ to the design engineer's main rospon81b111ty of developlng the maat
useful and ingenious product p0351ble.

AlsO‘lmportant invnew—design~control are other members of the fac~
tory technical groups, such as laboratory engineers, plenning and methodé
people, and inspection and test personnel, Manufacturing supervision,
production-control; marketing, and oth r groups act chiefly in a consult-
ative capacity. '

Commlttee-type organization, in those plants where the committees.
type organigation is effectively operating on a working basis, 1s parti=-
cularly useful in nvw—dc31gn-control. Mach valuable information is
available in the engineering, manufacturing, inspection, and sales groups
in a plant as a result of accurmlated past product cxpnrienco.' Since the
committee will be made up of representatlvos of these various groups, it
can use Dast experience to the benefit of the new produot denlgn. '

, Second, Technical Methods.=-A- second area in which modern prodvc—
tion bna;necrlng design for interchangeability may be discussed is tech-
nical methods., Numerous techinical methods .are used in’ neWbd051nnwcontPol
acti¥vities of the sort described above, - Fhese methods range from induge

trial statistics and product testing to the use of inspection reports and
the results of process operational accuracy studies., Some of the more
important methods are sutmarized belows Perhaps with your permission w
can highlight a Bew briefly to illustrate the range covered by thems
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1. Product Plarning.e-The new~de51gn control portion of these ac—
tivities is carried on from the standpoint of establishing the most
economic . quality standazds for 1ncorporation in a product Whi@h'Will
sell well on the market. and will satisfy the customere.

2.' Statistical Malysis of New Deslgnsa—nFrequency distributions -
and "special methods" are especially useful in answering such questions
as, Have enough test runs been made? Is the variation to be expected
from this product too great for manufacturing purposes? What performance
can we guarantee for this product? ' - ‘

3, Process Operat7onal Accuraoy Studies. These are another very
useful and relatively new uechniqueo Records of the accuracies that can
be maintained with the factory manufacturing facilities are of great
value in decisions as to the type of product deSJgn and parts toleranccs
to be establisheda ' )

e Specifications. ~=Written specifications are essential means of
commuinication in modern factories. Manufacturing, testing, and inspec-—
tion guality specifications may incorporabe in writing the characteris-
tics to be inspected, the quality required of these characteristics, the
“amount of inspection to be applied to determine conformance to the
specifications, and the type of inspection guides that. are nseful (charts
and photograth), The entire administrative quality-control program for
the new product is included in some f orms of these spe seifications, The
control charts to be used, the quality-control meetings that may be re-
quired, and the sampling tables that will be employed may be describeda
These with drawings will be the basic core of representing the new product,
its tolerances and dimensions, materials, and guaranteeso

5s Planned Inspec+1on,-1his is another very useful method in this
regard, It is vitally important during new~-design control to select
quality characteristics. to be inspected, the gauges to be used, and the
physical location of inspection stations so that suitable guide c ards can
be prepared for the use and training of tho inspection force,

6, Planned Packaging and Shipping.-lhis is the last methbd, and I
will" suggest it just as briefly as I can to illustrate the range in these
techniques, The choice of the proper container and the proper shipping
routine is 1mpor+ant for the receiot by the customer of a satisfactory
product with a minimum of shifts in adjustment, scratches in finishes, or
other quality defects. It is entirely possible that a great deal of the
quality emphasis in the factory can be very largely negated by inadeguate
attention to the proper shipment of the product while in traﬂ81t,

Tn broad perspective, therefore, the modern factory cannot take for
granted--no matter how many or‘how talented its indiwidual gpecialists—
thet it will automatjcally achieve interchangtable highmquality manufac-
ture which takes advantage of the most up-to-date production engineering
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techniques of new materials. To achieve thls objective, it mst speci=
fiecally organize for this purpese a production engineerinp”program which,
first, coordinates the several individual internal plant efforts which.
p01nt toward intérchangeable manufacture and, second, utilizes the most
up~to-date technical methods for facing and solving the problems generated
" by the increasing emphasis'upon precision in product manufacture,

Such a program, which we have here termed "New-Design Control,"
points toward design of development of a product which (1) fully satls-
fies its customer performance-wise, (2) may be produced with the most
economical use of scarce resources; such as manpower, machines, and -
materials, (3) can be manufactured with a minimum of internal factory
regectlons and a minimum of hand fitting and bending of parts, and (4)
is subject to a minimum of field complaints,

A formal production cnglneerlng program of design for interchange-
-able manufacture is thus a major preliminary tool in progressive indus—
try's kit bag for producing products into which quality and interchange-
_ ability is built and maintained at the most economical costs which yield
full customer satisfaction, -

Thank you, gentlemen,

- QUESTICN: In your discussions before coming up with this désign for
final production there will be times when you have fighbs that go on
between maybe the Engineering Design people and the Production people,

Do you have some policy board which settles these differences of opinion?

YR: FEIGENBAUM: "We like to think that the truth comes out in dis-
cussion. I think that quite seriously it does in many instances, But .
in those cases where there has to be an upper echelon there are two
instances that have to be citeds: First, assisting in such resolution is
a major function of this staff group I talked about coordinatlonﬁwise,
second, if we can't work it out in that fashion, top management has to -
make the decision, and on occasion does,

QUWSTION In the flght that goes on between the desngn people for.
close tolerances and your production people for keeping then down where
they can get volume and all the other things they are looking for, do you
find the design people are right and that the production people can do
better than they think they can? .

MR. FELGENBAUM: Yes, there are times when we find that to be truc.,
On the other. hand, there are times when the manufacturing peopln are
"right, - I have seen cases on both ends of the scale. There is one part
I think about which "fits the air" on which a specification of plus or
minus .003 inch was required, The shop challenged this requiremsnt and,
upon tracing it down, found that the draw1ng for that particular part was
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taken from the files where it had been used for an:eariter*devmce and was
not looked at in terms of the dewiege with which it was to be currently
applieds So we w ere able to put a fractional dimension on that partx—»
cular part and therehy savc@ time and labor.

On the other ‘hand, thcre have been many instances where the natural
tendency of our manufacturlnp people toward the most flexible manufactur-
ing tolerances has made it necessary for some of these resolutions by
management to take place to indicate that "We must do it this way." T
will say this, however, that in these businesses, in our industry, as I~
know them, where the tradltlon has bheen for a new product to be largely
an engineering development and where the manufacturing organisation
gradually was built. out from the engineering development re ather than vice
yersa, there is not too much of a guestion in that respect. The manufac-
turing peoplé recognize quite well that these close tolerances are re-
quired and there is not the conflict that tends to be in an organavatlon
which began largely as a manufacturﬁng organization upon which ergineering
activity was superlmposed. So I think thw history of the particular -
organization is a big factor as to whether or not the problem you cite is
a serious one, I think some of our businesses, particularly the newer -
ones since they started as engineering organizations, have been fortunate
as some of that problem has been mlnlmlzed.'

QUESTION: T must have m1889d it, but JL seems to me that somewhere
in the liaison there is some lack of coordlnatlon of the maintenancec -
problem of this end product; Who has that 1ittle headache?

‘MR, FETLGENBAUM: Wéll that little headache, as you put iteeand I
think you put it quite well—-ms the basic respcnsibility of the production
engineer in line withsome of these other activities that are indicated. I
had confined my remarks this morring only within the shcp phase of the
activity and so didn't devote my attention to. the extremely important
‘maintenance problem. Certainly it is essential to production which we

are getting for defenss operations, where such a characteristic is a ma=-
jor consideration, and that is taken very strict account of before actual
release for production is given--again by the production engineer in the
industry to which I refer,

QUESTION: This question is inspired by a rather selfish motive since
T am in the process of preparing a vaper on the Federal cabaloging programs
- I wonder if you would comment on how the completion of a comprehensive
Federal cataloging system Would affect your productlon and your productlon
plann1ng° .

NR, FEIGENBAUM& Well, I think I can only say quite generslly that
there would be many salutary,effects of such a catalog in many ways.
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QUESTION: To what extent does international standardization enter
into the design of parts and- equipmerit in the General #lectric process?
We are faced with the constant problem now, especially in the North
Atlantic Treaty, of standardizing Canadian and British equipment. Do you
take that into consideration in your design? :

MR. FELGINBAUM: Yes, and that again varies from product to product,.
There are certain products which we have only on the internal market,
- commercial products, for example, where that consideration is not cared
too much for, but certainly in products such as our engines, and many of
our other activities, which are sold quite generally to our international
companies as well as to our internal channels, we take that into account -
and must take it into account when we are éxamining our standards for
design interchangeability. I don't think we are at all unigue in that,
I think that is quite general throughout the industry. o

QUESTICN: Do you have a research and development organization as
~such or is your research separated maybe in an ivory tower? I presume
that your development part is done by your Design Engineering Groups If
the research is separated, then how does it flow through the channels to
where it ends up as a specification? =

MR. FELGENBAUM: I can perhaps cite a specific reference in some of
our defense production. Our organization there is in terms of a Research
Group and a so-called Project Engineering Croup, The responsibility of
the Research Group is to iron cut, insofar as it knows howy the basic
technology of the design, at which time the data are given to the Project
Engineering Group which has the specific responsibility of uvtilizing this
technology and bringing it into the development stage, ' :

QUESTION: Does the idea flow from the Research Group to the Tech~- .
nology Group, or vice versa, or both ways? B ’

MR, FEIGENBAUM: T think it flows both ways, but if we were, for
example, confronted with a new development in a certain area, we would
first put that problem to our research people, in terms of ironing out
many of the problems. It is, of course, a coordinated effort in the -
sense that the Project Engineering Group will ask many pertinent questions
in terms of basic technology relative to what questions they feel need.bo
be answered before they are ready to get started on production desien.-

In terms of our particular organization, we operate through several layers
of laboratories, We have one large Central Research Labvoratory.which is
concerned with general problems, not only in terms of specific projects,
but in terms of quiteé general operations, and we have approximately five

- research layers, -Coming down to one specific business, such as jeb
engines, to which I have just referred, the Résearch Group in the indivie
dual business may call upon any one of those other four layers of labora=
tories for assistance in its research work, Again, it tends to be a
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coordinated effort at the research level as well as in the coordination
between the Project Group and the Research Group at any one of the levels,

QUESTIONs If I may'carny that a little further, we have the Research
and we have the Project, where does the lesign engineer come in? In other ~
words, the man who designs this for the greatest case of interchengeabilitye

MR. FEIGENBAUMs The design engineer is a member of the Project
Engineering Group and in a product which has meny components, the over=-all
designing engineer for the product will in all likelihood be the Project
Engineer. He will be supported by a variety of individual designing
engineers, one of whom mey be concerned with, or several of whom may
actually be concerned with, the design of a pump; several others with the
design of a motor wheel, and so forth, each of them doing a portion of
the design for the‘over4all/prog}am; ’ : o

, “That basic design work or fundamental design work is being done by
the Project Group and, after a while, at least in theory, it turns its
design--after it has been in production satisfactorily--over to another
link in this chain which we have called Production IEngineering, Some of
the activities involve shop engineering, which is more a maintenance
problem, technical-wise, while the product is in actual production. So
in a certain sense there are three engineering levels--the basic research
while the product is still a "twinkle in someone's eye'y the project
engineering for design; amd the .shop engineering when actual production
is under way-and when design engineering is no longer emphasized, although
gven at the shop-engineering level it is only in theory:that the design
engineer is entirely out of the picture, since in directing the fast-
moving activity within the plant there may be changes of design required
by the Project Engineering CGroupe.

QUESTION: I know that GE supplies many items .in limited production.
Could you tell us to what volume you would go before you would engineer
for interchangeability? ‘

VR, FELGENBAUM: Many of the characteristics of the program that we
have discussed this mornifig may be built into both a job lot as well as
a high=quantity production system, the philosophy being the same although
the techniques for each production type may be quite different. The
pilot run=-just to use that as an example of the difference in the two
techniques--when we are building a single motor generator sebt which we
" will never see again, is obviously not feasible, so what is done there
in terms of evaluation is, wherever possible, to have a very careful
“analysis of field results of motor generator sets that have been built
over the last 25 or 30 years which have some degrees of similarity. In
addition to this, field tests may be conducted at customers' plants of
gimilar products, In other phases of the program the same basic sequence
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jigﬁtalns, that is, we still need to ‘establish standardsy we still need to-
maintain quality during productiones But the emphasis on our job lot is
more upon the standard-setting end of the process than it is on the

produect. itself,- S

One other way of looking at it is this; that 1nsofar as our Produc—-
tion engineering empha51s for maintaining quajlbv relates to mass producw
tion, the emphasis is upon drawing number since the drawing number of '
parts going through the plant is the same, whereas the emphasis by job
lot design is on the procéss, since we never have a job shop S0 w1dely
drver81fled that we won't have common processesg

One further‘exampleAln point: We may build a motor generator which
"may be almost as large as a portlon of this room or-a mobtor generator set
as small as the width between my hands (indicating), but we still must
use colls and rotors; and so forth, and our attention there would be on
cmmm1mmhwloftMamu]me%so

QUESTION: T would assume that the avallability of soe01a1 sizea and
shapes of material would have considerable influence upon desigh and pro= .
ductions Who is your go~between. in General Eiectric and your sunpi1ers
for specialized shapes and qlzes of rvaw. materlal?

MR.. FEEGENBAUM~~ Well, llaloon there ig in terms of the Purcha51ng
Group which has the basic re pcnb;bl}lty for procurement, -In terms of
the technical specifications end of that, 1t usually comes down to-a team
with our purchasing man as the coordinator and the liaison man, and the
design or production engineer, as the case may be, who goes out to the
vendor's operation, Considerable effort is made at all times not only
within each product businéss but also with the company as an organization
to keep special sizes to a minimum, and that is done at companj level by,
a purchasing coordinating group.

QUESTIMN=: I imagine that you put your men that are going tobe in
the Project Section for a considerable time -in ths shonq before they get
to the Project Section so they will know: the shop man's problems. I just
wanted to confirm that, and also ask if you put your R and D men in your
shops and Project Sections before: going to Research and DeveWOpwent9

- MR, FELGENBAIM: We certalnlv would like to do. thqt and it is our
very definite hope that we can. By and large we are able to do so,
through progranms - herebv most of the engineers who come into our compamy
are not directly placéd in the Project Engineering €roup. They go rather
through an indoctrination period of a year and a half or two 3 years,
varying with the circumstances, where they are actually employed on the
shop floor doing a testing job, a manufacturing. job, and others, TFurther
than that, particularly for our project men, as you supgest we very
strongly llke them to pags thrcugh production or shop englnoewlng for a
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so0 they unaerstand gnop prob ems réthgr than merely having the
theoretical approach to d051gn1ng something, say, this big (1nd10ab1n )
which can most desirably be this big (1nd1cat'mg) a

The problem we _run into rerLodlcallv, in common with others iy 1S that -
in periods of grest expansion when we are called upon for a considerable
expansion in manpower, we may have to cut down in some instances on the
amount of time which those indiwiduals have. Fortunately, however, bee=
gause we do have a relatively large force of these individuals who have
been in training for a considerahle length of time, the basie people of
our Project Group are individuals who have had +hab training.

Now in - berms of research and devvlcpment, we have not done so much
of that as we would like to do=-for the reason that the research msn has
generally balked hlstorlcallj at that kind of thing. He has fdlt his own
objectives could best be served by. emphasis in térms of a sound theoreti=-
cal basis and a sound theoretical background, but it is becoming more and
more recognized that such praot1ca7 shop backgroung is desirable, even for
him., For example, we have had in our company for some 15 years a creative
engineering program which is mot only a matter of training men in theo-
retical operations, but it also takes these very theoreticians and tries
to inculcate the inventive approgch. Our experience, which is now being
found after 15 years of the experiment, illustrates that in develppment
such practical training represents a very healthful program,

QUESTION: Do ybu consider gimplification to be an ag p@ct of design
for interchangeability?

MR, FELGENBAUM: Yes, I do, sir, and a very important one.

QUESTION: We are going to be in an age of critical materials
probably for some time, How can the designer be sure when a certain type
of material is out for the purpose that he is interested in that hc gets
the next best or even something that is probably in advance a little bit
. of what has been specified?

MR. FELIGENBAUM: That is a very important and a: very dif ficult
problem, so for that purpose in our industry many of our laboratory
engineers or laboratory technieians have the specific problem of special-
#zing in certain areas, As an exemple, in the field of bheryilium copper,
where dlaphragms are very critical matter, each plant mey have an indivie
dual of individuals whode responsibllity 18 not deaizn but PPS?O%S;bLlltJ
of keeping abreast of thevparilcular materials d@velopment in beryllium
and ¢ther copper alloys, - The design englneur‘must also eall upon the
purchasing 'man to do sems c rystal gazing in terms of availability ~~ -
of many kindsof Material over the. expected life of the new design, and
in agdititn eall upbn both the laboratory” technieian in térms of “kinds
of new materials afd even better:materials,’
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That is--again--a problem of the over-all coordination of design
for interchangeability and an extremely important portion of it, For
instance, as Dr. Juran was pointing out in our talk ‘ust before the
meeting, it is of vital importance in this day and age that. particularly

- high quality manufactursrs, who have built into their specifications high
quality requirements, keep abreast of all the new developments in materi=
als as substitutes to those matérials of high quality which are now and

are going to be in short supply.,

One further raspect of that—eand it is a responsibility that we, at
least, like to think our Design Fngineering has with all of us—-is that
every effort is made to utilize in designs some of these materials which
will be in larger supply, and which perform with equal satisfaction or
greater sefisfaction, than material which will be in short supply for a
considerabkle lengbth of time, ° o

COLONEL DIEHL: Mr, Feigenbaum, on behalf of the students and the
faculty, I thank you for a most comprehensive and informative lectures

(19 Mar 1950-=350)8.




