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PRUDGCTION ERGINEERING
19 Jusmary 1856

GERERAL CALMOUN: Gentleman: 26 far in our atudiss
we axve been through Heguirersents and the coosideration of thw
ptruchure of our industry wp (o the conslderation sf how onr
needed 2nd toms ave produced,

Cur speaker toduy is bir. Gearge i.. Dowss, iant Mansger
of the weders Great Arrow Flast of Svivanis Slectric Products in
Huffale. Az you bnew, his long sxperience in electranics, engis-
sering, and production properly fits his: to discusn with us today
the subject of Production Saglesering.

wWhen he was imre last year se characterized the production
enginger A8 tne max who trenslates ine dreas of the aciestiat and
the develdpment maa tede the roality of military hardware.

R i3 a plansurs to welcome hack to the College and to
prasest Mr., Cowns.

MR, DOWNS: Qeowrsl Calboun, Faculty, snd Stadents of
the Indeatrizl Collsge: 1 feel iiks 1 do bive sometialang te say to you,
aad yot, by the roles of speaking, 1 am 2ot swpposed to say anytidag
for shout five minutes, I swppoes yOu are sware of thet,




1 was ialiing to Captaln Wright on the way over, and
riding pmt the Liwcods Merworisl recinded e of the tirce that
I was very inteventied o read thel a Meterian was ceriais that
Limcoln ad not delivered the Getiyabarg Address to the peopla
at Gettysharg, that o that particular ocoasion he wap speaiing
for tie record. The Listerian xmew this was go, because it was
such & shert spasch and Lincels had sol wuramed ninsell or the
sadisnce wp hafors he staried.

50 I huve i take & moment, | ax told by all the rules, for
a8 to g a lttle it acousinted sod for you 1o becoss accustomed
to the peculiaritios and the soand of oy voice, wmy delivery, wt
ewiera.

1 very rewch admire preaciars. You kncw they make their
living by speaking, und wieoever ! see & good soe in public~-aet
in ciwrel, but in public~~1 know ue is going 10 ease wmio s talk
very wall,

Up = Baffalo e little bit back the Salew Munsgers decided
thiy bad io tanpire people a itle Hit, so they 2ot Dy. Feale up frow:
Hew York City. Be does very well. | sdmive blw, { set thare and
was antranced, and at tiw same tixe intrigued, with the process.
He satd, 1 work with a ot of payehologiste ia my cimrehs. 1 eajoy
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it. she do a ot of good fer u 1ot of people. 1 will tel) you privately,
though, sald he, ‘they wre a mighty cueer etl. * Sverybody pot
wp and sort of isoked arewnd, He sald, There was a cumvention
Goum in New York Cliy net long age of paychiatrists. * It was in
that big hotel opponite Penu Htation--1 das't remezber the name of
i, Heaald, 5 et of plgeans that sre novmally wall balanced sod
rational pigecas flying arcund DPenn Station got somewhat deranged
by the presesce of se much exotional lostability in all the people
at this pwychiatric conventing, aud one of them west across toe
siraet and flow into ihe ball room of this hetel where ine convesdion
was being held. e said, Do yeu kaow, It was (wo days before
o peychiatrist would adn:it to ancther that he saw & pigeca fying
aronud the Dall recs:,

I don't swen: t0 ot my mtories lo gracefully like that, |
have 10 drag teew in by the tafls. | do want to tell you ons tiat 1
bave had & Tod of fun with ta the jsst fow woeks. This is adoat Logic,
You may bave use for this sametime, &mmmw#
binlogy professcr wro, in leeturing 1o the class, had & freg, He
zeld tha frog ia ooe haad and held the ofther hand oul, and said,
‘Jwop. ' The freg jumped to the other hand., Then the professor
resioved Aoe Jegs from the frog and put it back in 2is hand. Be
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held out hoth s bands snd commanded the frog io juwp. The
frog didn’t mave. He said (o the class, 'Now, class, you nave
chsarved that, when one removes the ngs frowm a frog, He becosces
quite deaf. x

Well, Iwm golng be take it for Jraated now thst you can
hear me, and [ do want to talk about Production Sngivescing. |
think tae first production enginver on record for the military wes
Bl waitmey. 1 think you know the story about Sr. Whitasy swtovnd-
ing the military suthorities of bis day by taking in ten mrmy rifios,
dissasen:dling thoss rifles, mising all kbe parts up ua the tabhle,
sad rangswiiing ton ten vifles. This, st that tisie, was sabheard
of. I sure you are awars of the impliontions that that hrowght
o the milttary of the day.

Prior wo that time, every spare pars Had to e band tailored.
FFIOT t8 thad the avery rifie was a hand-fit job. Here acw, st
ons siroke, we have broadened the base of our mpply. VWw have
arranged {t 5o (st pavta can be made in varions plants and fed to
oz potat for sssenbly. “We have arranged it ae thal spare parts may
be currisd in the feld 50 that any broken part sany be replaced at
any thoe from: spares. We have srranged 1t so thal, if we have ons
dazzaged pisce, the good perts can be canuibailsed off that part and
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the parts oy be saved 3o a8 to aele & lenser guantity of good
aseenbites,

That, esscntially, is the wern of » production engineer,
How, Ihave ¢ exxmine this ting carefully so tist you coan wader-
stand whant t am trying to get of.  Let's just review the Kinde of
sngireering there are as spplisd te militery squipment,

¥irat of all thevs is redearch. Hewearch eagineering in
guueral is aimed at coming up with an jden of provirg theoreticnliy
that a certain thing cun be done, or investigating the possinilities
sod developing o theoretical convepd. Yes, we think you cma do
coriain thingu.

Bere i3 & repert of our resncan vivy. Bere is twe iathe-
maticd. The outpet of resesrch sagineering is fregumtly on pager,
a report of pome kind,

The sectxd type of sngioeeriug is what 1 call development
The develspeent sngioser bas the assignment ssaally
of producieg s working model of a piece of tardwars or equipment
that will actuslly perdorm: the task, that wiil do simt tie reguarch
ssan sald couid be done, o ha Las the prodblem of deviaing en
equipment that will fill o specific military deed soreawhare, Now,
this man is part scientist, yol part production snginser, uad exactly
what 8o is depends, of course, ou his sdncution cad backgrownd.
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But if { have anything important to say to you gentlenien,
it in thia, Toe cutput of a deveiopnient engineer is oot mconnarily
s produstion dewign, New, if Igowrd vehament about this, it {2
anly beceuse [ am. I Gave heen on the receiving end of 80 many,
03 LAve deen BO many, mistakes made by peuple wios ought to kaow
better, andé i an eriticining the nalitery at this point, pecple wio
angnt (e kuow tier, in assuemiag that because they had 4 werking
model and some drawings they and a productios desiyn, R logks
ilke a production design. The drawings are ncade to the standurd
wailitary fermat. o upes all the reguived rnmnher of cocs ponenta.
The model vorke. What is the natter with it  Why isn's it & pro-
duction denign i Tiais is whet 1 would be asked, vou see,

T renean it is oot & production desiygns is that i has not
been production englasered. Tue jub of the production enginesr is
te make certain thnt it in a produc’ sle, relisoie, mamufscturable
plece of equipment.

Ruw, iz jast g moment we will put on the blackboard the
steps nocesaary to de iiis asnd the time reguired, approximalely,
te do #. I electronies tals problew is widely recognizsed now,

i don't ke peopie that yet up and resd tkings to you, but { hepe
you wiil bear with wie just 2 sutnute . Here | have an adiress by

Mr. 4. M. Burgesa-~ft is a copy of the thing- - Director of Klectrenics,
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Cifice of the Assistant Secretary of Deiense, 5 Cotober 1858,
ut the workiag confereace on the reliability and malndensave of
siectronic equipment st the Aberdeen Proving (round.

fquote: K is now wniversally recugnised that the reliability
of military electronics ix generally #0 fow as to comuiitute a serieus
theeat to the operationsl rendisess of many of car Bajer weapon sysisma,
Furtwrmere, this low reliability resulls io 2 osintenamve effort
of staggering proporiions in both sanpower sad money,

e quotes & project in the Rand Report ia 1953:

“This aastysin bas established that It is costing the Air
Force about twp doliars per sear to maictain every dollar’s worth
of sirgorne slectronic equipment. Tharefore, during the Life of
the egquipmoent, somaswhers betweesn ¢ and 12 times s ariginal
cast is being apert on maistenance, '

Tuls is not peculise o the eslevtiruice industry, but the
slesvironics Incuatry at the momed 9 the one that ia turning out
the lenst reliable squigmest. Fundarcentally, eloetromic squipsent
5 tess relishie thnn mechanicsl eguipament because of the vecEMD:
tube and otber aspecty; but it dows not have to be an bad as 2t ix.

This is not & new problem, 1 have & book I drought alony
out of my book shelf at hoame, cslled roduction Eaginrer * by
Bar]l Buckingham, who is Professuvr of Mechaniecnl Englnsering at
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MIT. He quotes hers {resn something written in one of yeur
journsis baek in 1333, Army Ordnence was tae jpubliestion. 5

iellow nasmed J. I, i‘etarson wrote it. At this polnt he s talking
abwout whet asppens when yom try to pul 8 gun into preduction, Frob-
ably it 19 & miess. He says:  We got medels. Tae medels functisued
well in theninelves; (heir componeats readily interchasged from
one 1o the other; bat Npen Ineasuring those somponenis it was found
iNat in wany particulars they did sot ugree with the drawings nor
amang thesseives. Fregeently the drawings carried tolersaces
difficult to procurs Ender mass-production methods.

#ie talke nhout ail the travell ithat they had there o the
factowy. 1 vemmend thia article to you, geantlemsn; 1 really do.
He sald:  Woat aappeced when we got ali dewe was this: Al our
work rewuited fo the sdoption of tensbis tolerances with lhmits
adfusted t6 secure inlepchasngeadility, [ might add beyond that
poiat taey were siriving for relisbiiily in the Held,

We will sow come baeh to owr desige engineer. iie turns
out s dexign, and this design works, We have a working model.
We in pretty prowd of . It is a functional desiym. Tuis can be
cloctronics, it can be snything. Je bas not thought about what ia
going 1o happen (3 thal design when somabeidly pity the part o an
sirplane acd curries it over the Hump at 60 thousand feat., He has
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ant theugixt abowt whal (s paing (o happen t0 it whon it lands oo 8
beach sead and samvebady kicks it. e kns not thonght about what
is golag to nuppes to it whes secsbody elies it over & hard road,
or any rosd ot all. Be as net thought sbowt what is going 0 bappen
to it wheo it i3 cperaied st 139 degrees. Ee has oot thought about
what e going o happen to it when it is aperated at 3¢ belew sere.
It it is a pikce of equipment that reguires specd, be hus not thought
shoul waat Is peing tO bappen whee the velacity drops 20 pereent
belcw what it is supposed to de, ar rises 0 pereent sbove what it
18 supposed to e, or the froguency varies, or many otber things.

K U iz a plece of airorafl squipment, would e censider
e vibration ¥e are sucosstering in today’s jet planes and misaties
which go st & good~aime soarket priew’ H 2 18 w0 be a plece of
ship-borne egnipmant, dops e know, when s particular set yoes
off ou & heitle ship, tos sbock it gets ag the sbip moves in the water ”
e of these shecks are terrific,

Tas ansewer is no, I wxot to tell you gentlenen the silitary
is oot the oaly growp that has this trouble with designews. ! brought
along o prop heve. Tale gadged is the aye toal goes on the dash
board of a Liacoln to ook shead and poe the hean: of ihe otaer fellow's
hendiigit and lower your cun. R is called a eadlight dbmmer. we
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runke them, To tadk sbout economics for a minste--this tiing
soils for 45 bucks, & here is a tube that coste six dollarn, We
would like nothing better thas 4o get rid of idat photo multiplier
that is the hesrt of this gadigerl. We are working wita pesple o
all kinds of devicen. They sy, ‘Yes, we think we can help you. ™
They develop r gadget, ses, Lo we ask Uwin some of these ques-
Hons 1 bave bewn asking. They say, Well, poe, we have worked
along this lise, ” They will produse a thing., H, svery line you go
out and gel {n yaur car, you calibrate dg, rake 38 adinetment,
it will work fine for abowt & wesk, They will make & gadget thal
will be O, K. provided yoo doa't drive in Arizens, wiere it gets
aot, see.

weil, | guess you realize thet ot Jeast [ think there ia a
1ot more t0 a sanufpetwring desiga than there is to a2 fenctionsl
dealgn.

Bow | will give you all imart Intlure. e will alk 2 UNlle
bit about tirce. This will effect those of you who are in procurscaant.

{#rites on blasckbonrd, )

Toese sre yours. § will back off a tittle furthor. isot e
take & pisce of eguipment, scine reastably cosplex devivce or
otheyr, Thia thecreticel piece Jaa sever been muads bafove--not
thin thing. e want #i, and we are going to 2ot & derign engineer
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ta do it. After thatl oo wart (o fallow up with production of gome
hardware. %o, the firat thing our desipwer does ts uls wark on
paper, the bresd-beard of the thing, o prove up this movement
and fast cireuit, to chuek the various devices accourately and gut
them all ccapled together 6o that they work asd e can baild a
madel of our device, 1 will call this the first or the bresd-board
stage. That =il take sbowt § or S nronthe,

Toe next thing he il do is build & model. This will
start back while als bread-bosrd stage is still under way. Frebedly
in & month o2 teo later that nodel witl anderyzs soxe Tather axten-
sive tapts. He will moke some changes. At the ong of the yesr-~
you suight say alvesdy we speat our year and we speat our B& D
WOy~ ¥e Have bere & functional design. And heve, brethers,
is where the ristake ia made.

Let's ses--moy lecture aasignment was toat we hegln wita
an approved denign. You can see why [ am suspicions of so
approved desigs. This in whet we bawe now, a functicaal design.
Lot's sxy you gave that (o uaa (r our factory. What would Happen
Gensrally we got & madel OFE, You sy, ‘Here it is. I works,
boys. Now, take it gway. ™

The tirst thing we will do is check the drawings and tbe
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ciraudivy and the seals, shdve & pencil arsund, make » Sow Npeuts,
aivd pow haw 12 locks 4o we. Are thay asking for tsdevances that
cun’t b ont?  Thooe of yen whe st familiar with rader will kncw
what I e tnlking abowt. Thin sqniyment is the nicreownve yubied
coaxial Sittingy and 2o Sarth nawil to pipe the mugine. Thase of you
Wi have worbed with it oan ligere out {hat averpikiag Swwe bas (o
b bold W tene of ieusandths of an taeh, becsuse the freguencies
are so high, Yeu ey slee know & lot of 18 is bralsed Sogather.
Tt Semperstores 1un ia the onder of nell over charyy red, so it
i» unp over 1000 ¥,

Being & practiesl gay—-st least I hope [ am--1 kuow wheo
you heat semething i axpaniy, and wham you ool it it contracu.
When you rus it through hant cyoles L thet it doss aot siwaye

cons beck to where you atarted from. ) was glven onte sowe drsw-

ings thal required 100 4 beuiss sn assembly and beld i within o
soupia of thousaniiis in ayerall amgth, & wan 46 nciee long.
AR goit huve 10 40 40 look wp the tempersturs cupansion of bronse,

wirink s what thin thing s giag 1o bes 0 sosunse thad the tusperature

will b the mparntarw of ST soider, whioh Jmay meve over one-
il jovh arnd wen't come baek vheve 4 was suppased io da,
Well, 1 chech the drawiage and losk to sow if we ave &

munufactursbie precess, sk we ol build a model. ‘We will spend
13




Nelther doss the GFY, Hoosst to goodncss, now, one thiag thet

is & myatery to e is how la the workd so many GFE models that
are bullt 10 & certain specificetion gut dut in the fleld withowt
meeting that specification. ! don’t imow; I hoowetly don't. [ doa'i
neve the answer, either, Hut snyway, & does not. o we test the
model, That ts sibeut & J-manth run, genersily. i asybody talis
to you shout lile-teating sexcething, it will run three mostha. liost
of the military tests that you will have of end-te-end testing, incihedicg
the iife tomt, o general will ren close & two months, (Geite a

few are arcusd-the-closk ogerations. You havw (o allow 3 Itle
thine for hreskdown, Yme for makisy changes s8 you go. You tave
to write & report. 1 has 10 be Teviewed before you are thrvough with
the test. I our thinkizg we allow thvee montha, with a little tizne
for making changea.

That has hroaght as up to tbe end of 3 second year, »t which
thune [ would now say ww have s marsfacturadle design, or a nsaem-
facturing destga., Now, i you wast to talk abtest an spproved dasign,
we have one. 1 agree with you.

What 40 we 46 now in the factory” Ve gt an engineering
relexss. That means thet the engineertny department offictally
says to the factory, THere sre the priotu, specs, sad medel, * Thst
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within the factory. There M imoediately s wmeeting between the
masufscturing superintentent sod tae hewd of indastrial engineering,
wno is responsibie for thoe-sindy movengnis, eqipmest toeling
cod pmwclsaee., B S 19 go ont and buy all the stufl we wan't aake
in the tectory. The plavning supervisor site down with them and
they separabe this whole project. 7 may take quite o whils. They
decide what thay sre geing to make and wiat they are golag o by,
Tnis determinstien s 10 be made. We don’t buy all te parie the
way they are on the prints. Fe buy some. Cibers are bowsd with
secondsry opsTeiions to be puriormad o the plant.

ANl of tiis toforsestion has bees recerded on the bill of
sterial. The purchening depsrtment will determice the quantitiss
invoived is ench lostance far the job and the schedale. e all
spzee on thut. Fequisitiens ars relsssed to the purchasing departmesgt
for the fevss thal swve 50 be bought nad i plaa for toe wock that
uas to be dene af the plant, aund the preject ia fiaally unched,

Thed will tnke two weeks £0 & wonth, depording oa the sixe
of the project. I wilt call that planning activity. #&s will give thad
& month, How, the purchasing depmrizcsst has loupedistely made
ordars for ihe sutside Mels and parts that are going to he made on
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the sutside. It will begin 36 line up vendors. In ordinary imes
it will get comupetitive guotes and try to catahlisi: sources for
thase paris. 1 bave t talk with refersnce o elsctronies, Hat
oviinnrily, sasumiag thal we have been copnisant of wint was
coseing, we bave goitew in acd relessed some of oar long-tern:
tooling e shead, like dis castbys, whick are pretty sawch o
Siu-wmanth B soywhers, we belinve that ki about four wonths we
can have Wele made, die cewtings, and samples avaiisble,

$0, lot e expand thin seale & 1ikte bit. Wo cnlied up to
bere antther year. in sbout four conthe wo seve sampiss, “ow,
thase are samplen of parts off produtticn tocls, We dua't authosine
the weo to go shasd and make ¥ thousand, 19 tusand, or ssy
qEamtily. We waat seaue aampies., They come in. The gurchasing
departnent submits the samples te our sagtosering depertment.
The sagioeering deportosent puts thees in the | sboraiery. £ouvrabody
thibcka thes out o the print, 19 see I thw componsods are 19 ovder,
sad rans them through (he vwriovus enviromoentsl tecty. ¥ you
baild geod squipmant, you bave good warts.

In tlactronics you have a vircuit et has 10 opeTEe thareugh
extremes of lerrperatares, ar the parts save to sperate throwgh
axtremes of temperniuras. “omebedy says, This ie & jam part.
Here R is. Take . That dowsa't maan asything, We put it 25
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the cold box. Wo want 1o sex #t work at 30 beiow. We shake it,
We want to yao it stand vibratise. We put it inte 30 duys’ heniid-
iy, or the salt apray, or the bot bux, 10 son it de whatover # ia
geing ta aave o do.

There is no way te buaild good equipgniant withont gmod perts.
We call that oparetion paris spproval.  That tabes a monii te two
sontiw, overlagping same of thin. %o we will say it s & menth
after we have suxples in tat we have parts approval. We go baek
o our supplior and may, O, ),, with clmages. Freceed. R
will be another two mostihs heafore we have materisl in thet we can

We call that prodection meterinl. Lot's wow; it 1 adé thiy
P, that in seven montis after we mve our producticon releass from
scratch. We save production seaterisl in, resdy to do scassthing
with it.

senswhile, of course, ihe vomt of Uw plaot has uot by any
osns beee ile. The factory soginsering reup, the industrisl
engiseering yroup, bas been laying out the neyennly ssen, tas been
sstting up spenial touls wiers required, bas been designing sed
devisley sssenbly fixtures, bas been writing process sheels 1o
indicate everything that has to be doue inside the plamt, Freviting
espipanent, gaugen, and fisteren. Usnerally thuse ave schedules
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to he ia rondiness al tale thme.

5o we will write down eve, production facilities, these
asving been staried several months prior 10 this lime. Now, W
bave the production facilitten, all this proved-vut wsterisl. &o
we are sursly resdy io g0 now, area't we? No.

The next thing we do is this. We can begin this ack ep
there & Mithe. Ve gessrsily svevriap & Itde, [ aw just making
thin agoniaing, 1 gueas. What we have i 4o uow s yet Owr prodee-
tion feveman, who is golag (o 7un this job, sod o few of us key
pavpie together. This is (he asseobdly siage. This is where we
are geing to skt sr brepk this thing, @ prove f2 ot by engineering.

W start at e beginoing of sech oparstion and 4o tae aper—
stion, If there is saything wreng, we eatel it right there. wo
assermhle aoe of thers a3l the way dowm the kHine to the end, following
ngtructions axactly, making any last-minute clmages thei are
aeconaary. That wait thee has 1o be tesied, Axs to be saowr to
cngisesring. We ask, I It all right, engineering? i enginsering
Is oot standing right over the aparstion,

i it 1» approved by everybody, it goes right up iste the
place whors the 1o i geing o be carvied out, asd bectmen a
wodel. HNow we are rendy 19 @31 Ne,
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Tae sest thing we @0 is bring in all our peaple that are
polng o do txig jok, and they ruo off & representative geastity--
25, 30, or 100--somathing kike thet, wwing this set-ap thet we

Then we gait. Everybody goss home, There zre My con-
favences, 19 prove up whal was wrong, 1o set i evmrythiag is sl
Fight, Ferhape there ame some laat~-mimnte sorrections, little
difficuition, things that don't B, Sdugs that swes to fadi spart,
things that dreg on the faor.

Kow, we are ready to o, at the end of our prove-up ran,
e can call tie peophkk bock and put them to work, put the material
st the Line with resseushle sssurance thet i will go ent into tha
tisld and we wim't haw cugtomer compinints,

fat me just finish tais. 1 ssid we would bulld o model and
DAYe B3 prove~up operatian, Lat's sty thet woold take ws probably
a momtl. 20 we sy that elght rontis safter the prodactien releasse
ef & resily sporoved dasign, we g0t ander way.

Now, this uay see far lstched in you~--~the detail | have
oo inte~<but it 16 aet, It hes been lewrmed by hitier experieace
by those masters of soane preductien, the suinrcobile people, that
things Like this hxve got 1o Yo dane; and tais is swbstentislly the
Mﬂmwmmm.<wm.mmwk
ruaxing the coecpeny have thelir own meney tavested snd eow tast
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if the thing does ot siich 12 the field they sre guing to go out
sxd mep it wp st thedr own cast. £, frow o aboolute pedint of
view of squipenent relisbility, this ta it. “hen yeu nest thews
spers, bows !

Fow, dack to mxy peop, the Linesin diemer. Thin is 5
Hory abowt wia, e, Last year we had & six-volt dicsner. This
yeur, of course, it has changed over to iwelve volts. The saghwer
changed s design to x 12-velt deelgn. We cmitted the pilot res,
becamne the chuapes wors 36 winer--ag problen.. Wall, | wesnd
up with » pretty sad cess on roy hends. mnwmm
After we got ibe tobes tant we buy for this ittle seving sye-~they
cest gix dollars aplece-—ball of thaw would ast werk in the squip-
ment, Thevre was incompatibility betwess: the reguireinents of the
contrel snit and the oulput of this tube. How did this ceme sbout
R oaee shout bucause, it re-specifying the tvbe, e saginesr
said 1o aaother maglneer, I (hnk this ks aow It Ie going to be,

The othar engloess took kis word and redesigned oo that basis,

ware not itke that, We hought tabes (0 apecificetions. Vo can™t

retars them: i the sucnfsctwrer, beeanee ke tas falfiiled kis obli-
gakion. We cun't ue thets, becuwse the eqiigarent won't work, I
now have 13, 300 dollars' werth of tubas.,
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Wy 4id we 40 that  We did 1t because it was just & shpie
Yitle thing and we thought it would be all right. Thers lu saother
company thal manaiactures that sane thing. They did o stnilar
thing abast two years ago. They lot 2 transformer got aul fn the
Geld, They hed to replace it. 1 was talking 16 {he seles mensger
of that comapany thin Mondey, wwid be told me that corporstion
drapped over a militee dollars replacing fiwt littls transformer
in the field in thelr Hitle headiigint dimmer,

I the smtoenabile companies onn sake seistakes 1ine thet,
carefal as they are--and they spprecisie the impitcutions of svery-
thing 1 bawe suid here--tiwn yoit can see what kind of trowkie it (s
esay 1o get inte I you doa’l nppreciste these tmplicstions, If §
sound like ! s carrying x mxessage, it ix only becsuse | amx,

Now, [bave five minutes hare before questions, Thare
are some ways to shorten this, Fatwrally, in waritce amd so on,
sebody in geiug to sit still fey fhrse yesrs froum the time somebedy
aeeds 3 rader to the thoe he geta i, Ry then the war is ovar,

Whet cxn you do ¢ Well, first of all, i you unve suplwesrs
who are gaauinely production englasers, they caa do your design
work and you can ssbatestially combize the lirat two phases rignt
sany and cut & yeur off the thing--aybe oot & year--ahout 8, 3, oo
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10 monthes. Thess fallows are daing more work sow,. They sre
starting ot frees scradteh and packaging e they go. That is not
too sstisfectory & way (o do it. Thw auly trouble therve is thw sbheo-
bete searcily of eaginesrs whe actuaily loww what pradection eagin-
eoring ia. 1 em not blowing anyboedy*'s orn now, That t9 just »
furt. Read the New York Thues isctiom § sometine, and took at
the went 4z if you think there i3 ast s scarcity of engiveers in
goneral.

Thai in step one, ss Br ss collapsing the achedule is con-
corned. Now, i you want to risk sonsething, we can start taking
sohe chances. R is geing to cost you seras money. The thing we
exn do is thisc Toe engineering model, whea it pets sil bullt, bas
g% 10 be type tested. That's three months' work, X you want to,
yom can release your design te the Incttry when only the cperstivasl
part of that iype test i doos. That will suve you 2 or 3 moqths.
I doss rsan 1hat raove casnge notices will be written afler the
reloass of tiw eguizsnent.

The third wuvé lust way borders on insanity. ! have beew
throngh i, sad maybe it is veally necatsary sezcetizes. This is
it The last way in to #il your designer down and have i start
wors like so twriting oo the dackhoard). This is abasletely tae
fastent you can do i), As sonn a8 he determines be ia going to
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use seecething, or thinks by s, you go out mnd buy it. Evwery
time this Wallow picke out 3 part, soxehody orders Swve thousnnd.
As e gows along, be will build a model. Hs & bullding thet
madel along here (desensirating). Bvery time ba runs inte

twe party taat dondt ik, be ranies s change. Somebody rewerks
five thousmed of thes:. EBvery time he deehing ke can'l wee & part,
somahody throws away five thonssl,

Whes be gets dews to the paist where bis avedel is pewity
#ell alony, semebeddy in going to start milding t first of five
theusacd production wits, and will follaw jusi as clowe benind
aive s they can posaibly do se.

Goviously, you can see whet is going 1o happen, B mesns
you don't hawe v masmfscturing sei~up o all, bt past & gloritied
model sivag, sad it messs the steff is extremoly comtly wian done
in this way, But I bave sewn projects i world War I produced
froan nothing to sormething on & haal in § to § wonths by this fssnion.
o very szuall gad net oo eomplicated prajects, | ssve seen things
dome thiz way very seesntly, on senci-BL L jube, in six seanths
from the regaivement 1o the thee Lhat the flng Das guiden ool,

B cas be doae, bt it iz not what you cali production enghe-
eoring.
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Now, my tisoe is up. | wes golng to get loto astemetion
ang » few of those specisl areas. Binyhe e can do thal duriag the
guentic: pariod,

Thank you vty mwch.

CAPTALY WRIGHT: hir. Downs i ready for yowr questicns,
gentiemen.

QUESTION: Mr. Oowns, durisg your talk, it sounded llke
quote a bil of your GFE turved ont to be OFH, I'ne wain thing 1
wondered ahout i, in your groduction stage who tsibes cave of e
malstesance aad oversaul aspects  That inciudes e esase of main-
talaing, and ibe ease of overasaling.

BR, DOWNRE: | really don't know. [ guess the ususl pro-
cedure iy tazt the Gemigner demigns with taat io mind, inasmuch as
the thiug is 5 be put together anyway. I i does not werk it has to
be tuken apart and fixest, The production engloeer, in whatever
railitary group, is cognicant of this. Your procurememt officer
nas corteic things in mind, where he bas been Hatening to his ser-
vices, Thoaw ideas sre fvequently requirerents of this particulsr
department. The way spare paris and Held-wervice s:asuals are
prepared la strictly an aflter-the-fact abiusiion, sfier ine design
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Bua Seea made snd is in production, wvawally, or asar proedection,
with model available and priots aveilable. £ spare-parts provie-
toning tesrs will show up fren the concermed military group and
will sit down wits the sngiveers of the Incliity cancerned, and they
will po down ihe line ard leok at the tuing snd wast Il does, and

vienalize tawir problemas, and say, Do we want o wiilive thlia as

a5 saeembly, or 98 we want t¢ have the pleces © What do you think '~

They will dehate » safle. Filrally they will say, &e are joing to
pit in assmxchlies and stock spares. I I can vae & Ravy term,
tisey will say they «ill put garts in the equinmuent spares, and go
oa. Thnat is the provisioa made in 3 provisioning mesting, iustantly
after the mewting, when there 3 oot sasegh srocurssuent time, they
want spares concurreat with the squipment, and slways sfter thst
it generally becwnes incuabent on the contractor 1o propare a
ssrvice mxnaal and & epare-parts List, complete instractions for
sdjasting, repairing, and servicing the equipment.

Does tont sapwer it -

STUDENT: I other sords, it just tappens. Nobedy pre-

ME, pOWNE: [ would asie to asy it guite that brutally,
bart 1 don't think that in the fundesental, fuzctional design of this
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thing too rmuch thougat in pmnih&ifﬁr&’ﬁm service of it, |
mewmmnnmnu;mamm.

GUEFTHON: 1 am sure we #otild all ke to bear your
comwietE on satomation, which we $d not have tine for in the
carlier period, At lenst, 1 womld ltke to kaow what you have i
that Hah bowl there,

MR, DOWNS: Of course [ wan boping scmebody would
a8k, Auwtomstios iy defined reslly fancy e having the wlewents
ﬁkﬁhwhwemm%r&usthﬂmwwmm&
harmans ssd 59 Gn. immw&em‘tmnmmmtm
mmm;mmwnnmmmagmtsm excopt
mpmmmbymmmmamumawmmwm
the servant of man. That is all there is o it,

T&wmlwmmummahmﬂm
first sntomatically produced radiow. This particeler redio was
mlymaﬂmtmmmmummwmmm'
AN sutomatic. Thwy have been uning the tevm: autemsatic ’ for a
iong thne, Mmmghﬁnmm“mmmm and so on,
Those are 50 years ohd,

Iam going to leave this radio here, Tou fellows can ook
At itand iaum to it. 1 te an ordisary prodection wolt right off the
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lise. The only tning I did different was 1o have the boys put it in
® bax that you can ses through, What beppene s the wiring ia
eiched on a copper laminated plastic board. Hoiss have been
paached, Muost of the conigonents bave been gut ou by weching,
éﬂmeﬁt&d&wm&dmﬁmemﬂkﬁﬁmmmm
by hand. I was hand assenbled in the cabinet, Gagid intake ig
made by ane atroke of the die, which cuts vat copper sheets in the
form: of a vecteaguisr cpiral, and i adheres oo the besis of firm
setting plastic o tee plastic back, That is wil there in to that,

Tl is as good an example of the product of avtemailon
as | could pot my hands on, 1 thougit maybe you would Hie 1o have
#t. Antowmstion in geners] really is mechanization, i you wani o
use thoss terms., Thet s all B ie. The hope thal you are geing to
elin:inate the aunues beteg in the aspect of Jesd-beck or control |
say is aothing ~aw, The things done are not awhally stariliag,
eithar, nmm:mwmuammm
of that sowl, sver a period of yesrs. The piastic industrics and
mwmahwmtmmlﬂt%tmdmmthm
ke,

Imann, Wwt's aot got exeited,

QUBETION: I was x little svrprised sl your statsnent about
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the servicing net being gives more coustderatics. Maybe i have
been romding the wrany prepegandsa, bt 1 underetood that, par-
tieulariy in electronics, & grest deal of sttection was being paid
mwmrmwkmmmhmmauumﬂn
wmmmmwwmmmmmmw
ummwmmm

mmmmuwmmmhmm.m
éwatnihemmngmmmm 35 to wosthexr you
MMWhMMammmmmeW
iato & box,

tMW%Mthmmdm i you ploase,

ME, DOWNL: I have to agree with you, Mayoe | am wrosng.
Mnye a beiter answer would be that | reelly don't know.  ®ith
mwtmmmmnmdm 1 g agree--pot in
ﬂmmw;mﬂtﬁg. &smm.mmmﬂtmm
the tirow-awsy type of package circuft ix coming. Ferkaps if |
remmmywm%jmﬁﬂﬁhm From the
mwmmw, we naver sec thass
conmideratioss st all, Mhnmmmmfn
EROre accurate saswer all riget,

CUESTION: ﬁmmmmmmnﬂm
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sguipmment, aren't you going {0 get into that busineas some place
Boewn't gonietne in yOUT organisation say, You can't make it
that way. Jeoe Blow out {n the field has to get in there and fix
this piece. & '

MG, DOWNS: o those consfderations anve to be hasdied
at the time the original spacifications are put en paper, I think
thin is wbere we are Disaing il, oerhaps. In ey capaeity I don't
work generally directly with the prajeci engineers ic the mrious
military yroups. Once the design ls under way 1 see very little
considerution for that aspect, uniil the provisioning mewting, sod
of course, like anyihing else, Iase mistakes made in provisiening
along these linew of provisitaing. [ see pavts thot peopie in the
fistd sbaolutely aever could put together and ke wark.

wm‘vmy, 1 saw a projet net loog sge thet was desigeed
amyg he lintw you said, & thveow-away plug in snite. Now, a yeur
or twod years after that deaign was all spproved and everything, do
yia kpow what is bappening? They are provistiosing the parts of
tasse things. 1 don't know why. ! resliy dou't. Sesvebody must
heve Hgured & would save money somewheve,

I would bute to b ihe fellow in the fleld who opened cue
of thone. They see senisd ix o Hkle can. B looks ke an overgraen

tube,




WUESTION: My, Downs, | sm one of your ship custon.ers.
! wonder il you can tell we sheul soueons else gwiting into produstion
and using youy plens, mad slpo the probiecie of your geiting into
production aghin and uaing your own piace sfter a lapuwe of time,

¥, DOSNS: AD of these thinge, of course, are a mafter
of degree. H i » traism that o set of tools can evar ve moved
from ene press thop 10 anether press shop and be any yood. Towy
den't work. They sre tervidie, They have W be worked cn, |
ganse it s humen resistence 10 ascething thst is oot youxr baby.

There is a Hithe of that when you move a design froso
ong puce to another. ‘ve would Mie to think that, if our drawings
were put into aasther plaad, with a renseoable amowst of xodel
bullding and & preliniuary prove-up thet these would prove satis-
fnctery. B sould aot be entirely 36, we do find,

It bna deen sy persousl experisnce many times thet coanges
mwie ia the squipevent are not actually meflected in the drawing,
Tois, of vourse, is the bugubec--when things are in production and
tiaw drewings do ot actuaily reflect shat the parts sre or the pro-
cospss thet ure requlred. When you tske those prists and put therr
toto anstiwr organicstion, that srgacisstion nes to resolve the
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and the prinis were naver changed, Thay stumble: on it themsetvan,
Thwy way sulve it soother way. ¥ou may unistendially find an
WM&WWMW#W&#I%
waneiscturers. 0t variss. [ have to say & is apotty, transfereing
one design from one manufeacturer to snoties. B depexds suatirely
ox the adequacy of the destgn ix the first place--the production
design, the detail design, the caraful, awthadical, patnstaiing
hﬂ@w‘wmmhmmemm. Q. K, ¢

WEESTION: Hﬁvwm:&mmmmnm?

ME, DOWNRS: Oh, that depeods on the thne lapae, 3
year o teon dosan't sake much difference, There are psople aroend
w0 remember what they @id, aud the stwlf goes rigit Usrough, In
five yuurs or se, Wm‘twmuum
m.nmmammmmmwmwn
new design,

QUBSTION: muQmwmquemm.
as it is your prohlew, in the sorvices we intend te 40 this w1 tie
e the developrent sngineer says 1ae engioenring chunge is
NECOSEATY. Mw&mmt%mmﬂmammm
in n profit-meking kind of systes: - Lo you set up your engineering
Mgnma%ﬁwﬂmWM@.W&ﬁ:ﬂetm
eslsment ?
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ME, DOWHS: Ths dependa extirely on the mrgency of the
situniicn. Let ma say that [ am 35 pereest engaged in nilitary werk
wyankl, but, o a conunercial preduet, if you heve a situstion that
requires 2 change you sunhe it then snd there o n¢ more equipment
will be assexchiad, or oo more will be shigped, It is pretty sbriows
that chnoge IS going 10 be made vight then if it is pessisle 1o do v,

STUDENT: I W a very lnrge chnnge, though, that is
affecting the workabillly of the equipment ¥

M, DOWNS: Bight,

SYULENT: Many of sur cheages in the military are not
taat kind?f

KE, DOWNS: Well, ! can’t rosily quote & rule of factors
being weighed, av pwt it in ot the point that seers the most reases-
skle. There's slways the cout of ohadvlancence and the Helibood 5f
tiability in pervice being incaryed to consider. The special weight
e can give o the regincercent seterials or pests to make the change
is the factor that has 0 he cousidered.

In general what we try o do in not 1o make any change tant
we dum't have to make. o sutonebiles and radics, ere's a model,
You maks (his model this yexr, and seit wear you have & new oodel.
I that is wital you mesn, S8y change made once & model is in pro-
duction is sxtraxely mandstory sad required by eitber » Inck of
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suppdy of a part er by unforwsesn aristions--ihat'a a noe~
offengive term--in the produet. O, K. ¥

STUOENT: Yes.

WUESTION: ~ir, would you comument oa the ability to
transfer production designs ia the electronies field between coun~
trivs ¥ lﬂn%mhﬂmxﬂﬁa@ﬂmﬁm&km bt
between toe (infted States snd Caneda on the one hand and between
Hrituiv snd Nopts America om the other haud, in otier words,
mumcwmmsmmmr

M, DOWRE § auve kad sheolutely no ssperisnce with
that at all. 1do know that with offshore procurement u iot of
Eurepean peeple sre producing Amerienn deaigns, with some hand-
hedding by Amsricsns, and spparently it is being done =it rignt, 1
mm.gmwmmmmmwm
bullt in Bagland righs after the war, with a great desi of diffseulty,
i maow it is being dooe, the same ss you do. { bave oot bean closely
SnoNET asswmnummmmmmm.
:mrmm-@anmmwmmmma. 1 would suees
it is slow; kind of lee sterting o new Dusiness from scrateh. iove
ihings come wigined thas you weuld expect, sud & requires a great
deul of attentiov for srveral years, ! would expect, $o make a

astisiastory transfer,
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QUESTION: ia your sullive ! preamcs that you ars opera~
ting on » fsed-grice conivact, & procurement contrasi. Ay yuestion
in, i that is s, bow do yeu henille the cest of this eagineering work
thal you wore dessriking ¢

MR, OOWNS: Your question, I preswize, is prompled frox
the belisf tast thal sngioserisg work casty wexe thas wiad it aaves.
The answsr i, wa dan't belinww it dens.

ETHOENT: 3in, six. Jins s & parely somdemis gueation,
B i» 0ot Jeesied b All.

MR, DOWESR Ve pat it bu the bid,

STURERNT: Ia your flapl-price bid you suchele it: 1am
irying 45 got ot the Dnct that yem dreughi out thet you peally dea't
ko whad you are golag ¥ gols 00 the sxtent o sagisseriag work
invelved must ke & dillionlt thing. .

MR, POEES B Is onslomary whan s bid is let-~[ dou’t
have the Fige wewd-~eonebedy will have 10 fill me in.

STVORNTS: Advertined.

M, DOWNS: Whes it is advertised shars will be & brdeling
motting. All thces cmantrnnd in & will come S0 b brinfing seeting.
At the heinling mettiag tees is generally & moded ar oon aut o8
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in milud. There are lots of preferred ftens, Auy tivne ¢ fellow
mwmuunmﬁuhmmmmm ae bas to
natily # to the agency tnvolved. The anewsr is not really changing
the apeeilications at all, but trylng to ltve by the ones we have,

smmtud:nccmmumm.um:
Tnere in & wuy. H is not writtes. R in 5ot enforced. Maybe &
can’t be suforced. § don't know.

WUERTION: Mr. Downs, I wonld Like o volusteer gome
sﬂmwmtmmmwwm When the

comw in, Ithisk, frem the Armiy's point of view, for the purpose
of ehweking the paris, Tessonshie wisirtengace can de gives to
thesn, mummmmmm&mwum
gmmtmwmmmmm. This grovp
dmmmmwmwwmmwmm
models.

BEE, DOWNS: That &8 sewsething I doa’t know. | weader
i nomaitredy else can sdd to that. This i a subject | bate to ey
dropped.

ETUDENRT: mmmmmmmrm;udamm
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Tow 448 purt sl thnt tne b to cheok aguiont the maintenunes
changeability and ense of change.

STULENT: R has gut 3 devil lot of sitention in the five
squipment in Crdoases. The resverch prophs themssives sre
charged with thing. Thsd is whare the siometic tesinr is reped
L S gl tisk Dan 30 st 1n 1he sirginae. | thind thot is wiy
0 Mtvs olae 15 Atle plig-in thewnit. §tkiak sae of the TeNONS
wae that in svernsuling this thing--il cost 500 dolars » wat--
it was an onpanstve thing ' ghewe away., We did dincover tims, by
uning sddiiiens) touts, thoy coudd get bunk inss the hidding without
having to cloan 1% all mp. For & fow baode we van overhsel thons
things,

QURETION: | weuld Mie (o ask ot just whet stage of this
development sngintering yau il whnl INopuctisns e Mecessnry
by the commpany.

MR, DOWNE: For parts or for the poupleted Sesipmend ¥

STORENT: For the complated squtpsant.

MR, DOWER Bvary dquipment in supponed o maet the
spaciiicotions su whish it s bought or seid. Complitunce with hese
spuciiiostions 1o demonstrated by (e spiginal type tosts. They are
calieod suviremmeital tasts. 2 soutiomen to by demenstrated Saroughont
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Beyond that, in electronics, generully we nave tests on
mwuawmmmmmﬁmmwmm
right, with continwity peiot to point. Tide is gecerally done anti-
atically. ﬂt&emhmhrgem. it is a Iull responaibilicy
ﬂmwmwmawmmmm
mmhmmwkamﬂawm& to be sure it Joes
g5 right far all fime. Thase cperationsl tests are recorded sad
m;mmmmmamm along with the
equipes ent.

Have | snswered your gwssiion

QUESTION: i the electreates tinld, do you find that the
mnwnmmm~masm;ymm-m or to

Mh, DOWHS: Well, E#MwmmMmm
Wummmmmaemmm

the same parpose, I alwo belisve it must be ao, for cdhvisas recacas.

!MumMmmmWwemwmm
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ware asking for gold plating wiere they did not noed 1, or did sot
think they needed it. 50 [ geess wy sanwer, sir, womld be ne,
CAPTAIN #RIGHT: Mr. Dowss, en behalf of the College,
ivcﬂﬂuh“mﬁwammmmmﬂa
tisls moraing.
ME, DOFNS: Iume hbappy to be bare.

ue-
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