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she}red the production of a section of a sit:p!e four-piece, three-inch 
projecSile. You will recall that ='.ore t]~ar. 250 .,ac.~..±:~~" ':~-~ tools were 
used; that these tools ;,:ere of s,:~' different t~ges; and that approxi- 
mately I00 seoarate, ooerations_ were i~z,.'olved. You saw tna~: : shoo "-!a~-- 
out; tooling for production, .scheduling, ...... ~ .... 
factors were a necessary part of ..... ~±s c.neration. 

If you keep all Of t:-ese facts in r_i~d and t~ W in your Amasination 
to compare the construcbion of this ~~.~..~_,~ projectile -to tl~at ef tke 
co~~p!ex modern automobile, I am sure t:,~a',~ ?.reu narvel at t h e  ,~om~_~y "~' " ~ -  
o f  the " - " '  P"  " "  ~ ' " ~  " " ..... n~ac~.r .... to come out :..'-, t:., a line of new models each year 
and: I ni:jht add, to produce ~"ci lar~:e ...... "~'-{ ~ ' 
of tl-ose m o d e l s .  ,:]:en ".:;e ~o,p t o  .~4,: ,° c o  . . . . . . .  c_  t h e  m a g n i t u d e  o 2 - : - " ' ~  t a s k  
and all its involve::ents~ it creates deep ~ o + _~p~c~ for the ; , : e n  wkose 
abilities -ual:e ~ ... . . . .  . .. -=,-.~ f e a t  p o s s i b l e  

Our speaker today is one o£ b h o s e  n:en. TTo,_ is a n  o~,.,,~',+~t~-, , ~ 4 , , ' , ' ~ :  ........ .~ engineer ~ 
and executive of the Studebalr.er ~ ~ " ~ ~ "  . . . .  . ~ o ~ , p o r ~ . ~ - . o n ,  and~ as ~,:ou n o - t e d  f r o m  :":~.  

biographical sketch~ has also ha.:! extensive e:<perience in industries 
outside the automotive field. He was asked to discuss :a'.th us todsy one 
portion of the oroductive ~ ~ e=~o~ wl,icb, is kuc'::n as "Too".ins for Preduction." 

I take great p)_eas~c~e in introducing to ,'ouo.. l.lr. Ld:..'a>d L. Usner~ of 
t l : e  Studebaker ' . . . . . .  ÷-" " " ' 

liR~ USi~R: ThanR you~ Commander P~~'-~' ""~ 

"~TooI~nL' for Production~" the s~cject whic:~ tb.is lectvre is to cover~ 
has been a nest interesting subject in its 10repa.ratidn and t::.rned out to 
be a very broad s~fcject, ~:hic:b to be f-:!!~r covered 2or all phases and 
t~es of manufacturing~ would require a much longer period tl.an is avail- 
able. Consequently, this discussicr, will be co~ined in genc...~'al tc the 
mass-product.ion industries~ wkere a £e;: end "0roducts in large vol:aq~e are 

.J.noustr.,,-.;hich is being covere£ %his morning manufactured; the particular : ~ : 
is the manufacture of automotive vehicles. 

The proble~of i{eawy = " ....... l . . . . . . . . . .  c uu~ . : n ~  cuite df_i'fe rent 
from those encountered in ..... _ "-,-: .... so oroduction~ oarticu!arly rejard to 
material ne.n~l_ng, arrangement of equ::.pmcnt and plant layout as mass 
nroduction, must be " o r o g r e s s i v e ~  i n - ! i n c "  to t h e  o ~ , . ~ " ~ " ÷  n o s s i b l e ~  e x t e n t ~  
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w h e r e a s  Ln h e a - ~  S i n d u s t ~ / ~  t i - e  v a r i e t y  o f  w o r k  p r o d u c e d  d o e s  n o t  u s u a l l y  

p e r x : i % ~  no? '  w a r r a n t ,  p r o s r e s s i v e  ~ s r c d u c % i o n  ! a y o u , t s .  

Both of tl-ese t~pes of ~.'..anulacburing are most interesting~ ?he mass- 
productio~u indust~ is one tha" requires ve~.D~ meticulous plannin:~ .50 the 
utmost degree, lead t~.~ies mv_s,t be determiued so that the },t.an:.~ac~u..~iP.3 
program can be laid out properly. Purchased .<!aterial receipts :uust he 
timed, a:qd parts manufacturing ;.:usb be timed. .~here ti.ere is a varlet y 

. . . . . . .  ~ . . . .  " i r e  of product soinj tnrcu~-n the sar::e cha~mels, suck as in-one ~:,~oo:.,o~ 
industry.where differe>t models; wit].' va_~jins colors s.rd tr:hn ma%erials~ 
are tout togeti~er on the same assc..~b!y conveyor, t]:c line so%tins has to 
provide for b~,£ngint • the various parts of 8ha correct color.through the 
s u b a s s e m ' s b , ~  o p e r a t i o ~ i s  up t o  %he f i n a l  l i n e  i ! ]  t i~e  ~'eq~=:oe,~- "' s e q u e n c e ;  

and the lead t~~..e becomes, a vc~% ~ L.por%ant facbor in. the tP::inE" of iaternal 
plant operations, 

"Progressive in-line'; .~an~!acture is where the -boois and equipment 
requii'ed for an operation are physically hroug[rb to t]m place there t-~o 
operation is to be perfor::~ed Jm lojica! .manv.facturirg sequence~ this bch~g 
acconplishod by "~ainstab::~ ~.n~l~ .... ~ ~nd careful .n~c- .~.:._.n~ - of o~:e ontmre 
manufacZurin S _~rccesses. This pl,~'~,'P -',_ .~ in all of 7us _!~hasos~ will ~'~ 
discussed this mor-.ing. 

in . . . .  " ' . . . .  ' . . . . .  b e  ' " " ~  ~ ] I  . ~ ~atln s .... %1" today' , , -  . s s ,~ , .~Juc t ;  i t  c a m e  ap-}a~"em:; . . . .  . . . . .  . , ) h a s c s  
of pz~epcration for manufacture ::ou!:l noc~ssari!y be .~o~;ched ttpon~ as 
tools, machine tools, plant equipment, a;..d pP-nt layout Co,<plot:tent one 
another into a complete :.~:a:~m~.'~acturir:.' program, and their troati::ont cannot 
readily be suWodivided. Therefore, this discussion carries througl: -.-.'i%-~ 
the various stops in preparim.g re. ~, mam~fact~.}re in the logical sequence 
i n  ~-:" :~ t h e y  " . . . . . .  ~ " wn=e.. ~ occt:r zl] ~t~.~.! or~ot.].co; 

D I " . • .L . 

urint: pe"iods of gro.%-.':, emor&;oncFb ~-:o s~,=ps to bs tahcn still 
remain the samc~ a!thoug!: the th:~e elcmcr:t i'- an emergency <{.cos not 
permit the carefu!~ painstaf:in! 5 study of each small dc~,ail, particularly 
from :she cost standpoint> .:hich is so essential in %iic production of a 
purei~7 cor:;mercial nroduc-8. 'f!e "orob!em in an o'.uez~ :oncy is to 6:o+., a 
no~. project movinj L~ all of its essox~iais, as rcpidl:r as possibAe~ 
.:itl: tke refinemcn-ts being ;::sic <:bile the :;ork is actuai~%: being done. 

In order that tkis troDrise ~::c:~; be £uli~r co;:~prchensivo~, the stops 
necessa<,~ to nroduce a cor::plctoly nc-c produc% ).ave boon uscd as a b.a.s-is 
for tko sequence o:f orsanization':..l operation. Let us starb <,it]~ %he 
asstm)ption thah the uroduct ]-as 10con ensineorod from a to%no; a dcsiLn; 
and a mechanical ste.ndpoirlt; and that pilot r.lodcls hav.s been built and 
tested. Let us also ass~uo that production re!Is.to has boon deherr~in,~'d; 
as any such progran, ::hen the point a~rivos ~./hc:"e %]"e quan%iby of %eels 
and equipment and floor space must be do%crr.:incd, :~iust be cls.nnod around 
a certain dci'inibe ,<'.rz~J]uum volu~::o. 

~ .  T.~..s--~ ..... • .... .f:--:'~]'..'~: "-='I ...... 
I t / ,  -~ \ ~,. : ~ t  ' .  
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..... "~~ - plan ' L:o reasonably - "~ ~" That is. ve~r i.~portant. ,nc ..... ~or musL co~:p~c~o 
bci'orc thc dotal! o£ the intcrnai planning is started, This does not 
mcan that it is absolutely neccssa~j to roach the ~-:sa~:~ 151arc.~cd vo].~;:;e: 
b u t  t h e  i n t c r n a l  p l a m ~ i ~ . ~  s h o u l d  c o c t e : , p - , a t c  ~ ~.c. ._nc:~< .... t h a b  vo~ ,~c_  ..... s o  

tl:at if it became necessary to de so a co~<a!6%o plc.i-t roarranzcmcnt would 
netbe nccessa~. 

Dur~]g the process of )roC.uct encincerin3, a prol~:~inalL ~ checl < on 
tho cost is made bTI the £nginccrin S Division, wor]:in S in conjunction 
with thc i~anuSacturing oivision, through a series of orclir.Jmcr y dis- 
cussions as to the rc!ativc merits and cost of v~.rious idcas v;hich 
could be incorporated in the product. Drav:ings: bills of materials; 
and parts lists arc turned over bf- the Engineering Division to the 
1[anufacturing Division. ].[odels are also avai!able~ so tliat tlmy can be 
torn down and the parts examined ".:hen the processes to be used in manu- 
facture arc discussed piece by piece. The effect of any char:~cs which 
ms.}- be propose& in order t o  facilitate production, or to i o . : o r  cost~ 
can bc host dctcr::~incd from models, in c o n j - ~ u u c t £ o n  ~vith the dra~.:ings; 
this being particularly truc .:hero slmot metal-corh is invc!vod. Possibly 
a slisht contour change can bc made to .facilitate £orning an! drawing 
a panel. - , ? n ~ r c  . . . .  ~- " ' p~.~ arc to bc ,"c~dcd~., _ the ocs~ location of the ~-,o_ctzng" ~ 
£1angcs can bc better visualized ,,.,:~n"- ¥:orking fret! moo.c ' ~is. 

In actual practice: so as to orcvcnt a bo%tlcncci: in mam.~£acturing 
analysis, this examination is carried on .orosrcss'-vc! ~., dv.rinti-"~.~c ........... pc.. ~o.~-~ 
"chile the ontJ_ro .product is being engineered. Just a s  soon as a part: 
or ,~. unit; has been dcsij..cd, tested, and a determination made that it 
v.i!l bc used in thc and productj it is turned over to .'.:mnu£acturing for 
prciim..inamj discussion, analysis; and dcvclopr.:c-f0 o£ Ad-Tancc ®pcrc.tion 
Shoots: oven o~ougn there a grcab possibilit 2- '-'-": ......... ~ 
Ci!['.]I~CS ,~l,Q~t~ r DO [.IQLLC "PJQiOI'C . o . c t u . a l  p~O~l'tO45--on ShQr'Ls, I-T: ."O.C~,, o~.c ~L,-_'~y 

o£ a manufacturing organization %0 absorb Ongineorins chansc's is essential 
in the automobile industr?; a s  many changes to al-bem appcara:..ice or ~:.~rovo 
p e r f o r m a n c e  a r c  made f r o ; : :  t,~.c t4 -uc  o2 0no  =..cc.].~ o£ ,_: nc~,/ m o d e l  t o  a n t  
%~'.~0 ~,.<:cn the first cars roll off the prod'action lines. 

As an cxar.plo of this: several years ago--this is hearsay with me--when 
Studebaker car, c o~:.t :.ibh on~ c£ -bhc post:;a. ~' z:odoLs, it ,:as buying sheet 

~-°---'~ ~ ~ ~_l.~ do, -" .... ~'~ ~-- ...... "'" ~" ..... ~ c t c . 1  D~.~to ~,i~=Cn i"/0 ~" ,-~nouo= u,'c a r c  n o v :  .mO~tltl.i~ ot!r cT;'n ,~P~UOo 
metal s t a r . p "  - " . - mn~ plant--and the sheet r::otal parts ~..'erc to be "..;ace by ~. co::-pany 
wn~cn specialized in ~'-.~- . . . .  ..... ~ particular -...or]:. u l ~ c n  t i - e  cn~mnce::~~a- cnan~es 
£ina!ly reached a total o£ 25 on one particular ito:b a :uc.ubcr of the 
Studebaker organization told the shampins cor.pany k o , :  ]~adly hc fc!t that 

rn~ O "" " " so rJaIZr changes ~o.'--" 0courted. ~a jobbin6 comoany, said; "[nlni: notlling 
o£ it. Or-c o£ your col.pctitors had 125 changes fron t-~c tint ::hen ::c first 
received prints up to the present tinc." 
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T l i e  , ~ : ~ - - ~ . c ~ - - ± ~ 6 ~  ~ ' , ~ "  .. . . .  ~ n ~ , l y s ~ s s ~ '  ~ " -: w h e n  . . . . . . . . . .  , .~aNe i n  . J c t s i ~ ,  b r i n g s  o u t  c i ~ a n g e s  

_.. c .  I I Q  ,:~=~n have boon ovc•r!ookcd i,~ t ~c oro!D~ina~•~ stages, ~ ~ ~-~{ci may :.ell 
be made. in the interests of econoi%- an.i ease of' i~mnufacturins, and possibly 
o n  c q u i p i . i e n t  w h i c l -  i s  a v a i l a b i c .  E a c h  s u c h  n r o p c s e d  c=,_.~-::c- " t k c n  . . . . . . . . . .  s . c c e ~ . ~  

a s u b j e c t  of d _ L , ~ C . . o ~ _ o , ~  b o ~ w e e n  n a n u f a c t u r i r : j  a n d  x i g l n e o r . '  n L ~ ....... ~ ) .~ . -uo~ . . "~ , .  ~ : . ~ i v : ; s  

t e  d o t c r r ~ i n e  t h e  b e s t  s o l u t i o n  i n  t ; ~ e  "~ ...... - - .  . . . . . . .  ~' ' "  ~ - - - " "  ....... a : : ' d  ' i , , u ~  0 ~ .  ( i O S ! ~ : ! ~  ~J.~--~.oS' , COS'6 

o f  product. 

Certaim specialized ~oarts in an au~onobile are froqucntiy i.~adc "~,,~., 
parts manufacturers ;.no ~.v~ s,. ccmc.lizcu on these parts for a long period 
of t~.',e and, consequently~ have developed special production equip;:.ont 
a n d  m e t h o d s ,  a n d  h a v e  g a i n e d  t h e  ~ = ~ o ~ , _ . z , .  . . . . . . . . . . .  " ~ . : n o , - - i o . . . "  -"  " T h i s  " ' , - ~ o - ' - o - - - " . . :  ... , .  ,. 

a n d  s p e c i a l  e q u i p r . ~ e . u t ,  ' ~ " " ~ l ~ . ~  a i ... .  coh~o_meu with % h e  fact ' - ~ ~ ' -  o~:~ts . - . : a n t ~ f c . c t u r o r  

.nay produce a soecialized . . . . . . . . . . . . . . . . .  ~ ' p~ ~ for several, or even ..... n~ ~:~-produc% 
"~ . . . . .  ~ .  . . . . . .  "~-- b h c r e b y  a t t a i n i n g  l a r g e  - - ~  . . . . . .  ~ "  "" - • :.~..J~u~_~ ~'~'~L~.:O~ froc:ucN'6 m-::/ ~ i , a ' . ~ I s s  a o r i o e  

tO ]De ~-~-4 ,,; ' ..A_C~. i~ CO:o~iC[~-~O-j ouu=~.e~ frokl such parts manufacZ~or-: ~ ~ "o ' -~''.,--~: ~.,- lower 
than the cost at which t!ic ei~-=)roduct i;:anufacburor ccu.,_.u- ~;" produco ~"-o:~u 
same part. 

" ~ - ~  " ~ " ~ - . - , a s  called subcontracting~ In other v:ords~ during the :,at p~oa ~ .... 
~ r _ i c u  out vc~ ~ ex"~cnsively during ~-:"<~ period, w h i c h  w a s  necessarily ~ ,~" ' ~ . . . . .  

• ' ~ ..... " kn. '~ carriud , • and in {he event of a i L  r g'reas elt;orgencv ~'ou~.d a - ;az .n  , .... e to ,~.~' 
on e ; . : t  o n s i v e  l y ,  

~'he spccificati'ons of suci" parts, af,;cr bci:ig engineered into the 
end oroduct as to general dls~.ensions and requir.:~::~nts, and discussed 
::iti: the specialized parts r.mn-~acturers, wi~,,:, can then dc!.,ori:iinc ha; tko 
new parts will affect thuir available equip~.:ci=t a::d productieu facilities. 
Frequently suc!- a parts manufacturer is ~i01¢ to i?.ako sugg'cstions on 
desirable changes ,d~_ich will decrease the cost and possibly ~rove the 
end product. Ti~e parts nanvi'acturers, -;hen these qRcstions have finally 
been decided~ must ~ ~ ~nun ~._~ ....... ~.~,s~ the r..eccssary cnan 7cs ir: ~'~.~"~ tooling 
and make ~,~atlons £n their olant layout in order to :.:co,0 their part 
in the production schedu!cb. 

Tha~ comes back again to lead tL.:c, Void ~ few l:mnufactur~rs are large 
enougib in a mass-oroduction indust~j, to p:"oduco evo~.~hir:z they require, 
so they nust depend on subcontractors to a large extcr~t, and that again 
requires the planning of the lead tii.~.e, .jiich is r.ost essential. 

Needless to Say~ the prices of such ourchsscd snocia!ized harts arc 
constantly cllcckod against the "out-of-pocket" costs which the Ond-product 
manufacturer could obtain by ~mnufact~.dring ti:o parts ti~ensolvcs~ However, 
the parts manufacturers have r:.anagc(a to su~,'ivo in ~ very coupco=tmvc 
:mrket and Lave becc:::o a most essential part of the automotiv~ indust~ ~. 

4 
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T h e  independent autonobile nantWacturers purchased specialized 
parts fro-.: .vendors to a greater c~ent than the ve~ !aroe in,tograted 
organizations; ~,..hich l]ave frequently fo~m~d it advcnta .ce~ ~- on i;nnv 
of ~hc specialized parts; due %c the iarAe vo!m~e iuvolvcd, tc estab- 
lish their o~,;n sc.~arato, divisions for ~..~.;~_,n,< ............... ~:-a distributing these 
parts to their variou~ asser.'bly divisions. 

'Z!~o plap~ing proccdurcs~ which have bccr: prcvious!y oublinod in 
this discussion~ have no~: reached the point -:hero it ix !.-.nmln .;hat 
r.~atcrials and parts arc required to fill %!~c progra'J. The ne:<t step 
is to s<fndivide all oft'-e detailed parts; s'c.bassc:.b!ics~ a--.d unit- 
asso:~blics into those ~.hich ar~ to be purcl_ascd and b/~osc ~.:hich arc 
to b c  manufactured. 

The parts lists, .:hen turn,~d over to t:~c '--- ~ ...... "--' 
indicc.to~ based on co::-,pany prac-bicc~ ,.:]..cti:cr a part is normal]q/ :~anu- 
facb.~ed or purchased. Ti~.is does not m e a n  that such an indic,~_tion is 
irrovocablo~ bccausc~ as br.ou..ght out proviousiy~ ~"-~,.=~ o~t-oz-n-- "' _.oci:cb 
cost and purchase price c o - : ~ p a ; ° i s o n s  are constartiy being ~:c-de. A small 
saving on any ite::b ~;hen -Sra,-~s].atcd into tcrr:s cf yoaz~<% - prc,iuc-0ien at 
hitTh vo]_m.'.O~ really r.to~m.:~s up and rtiuht ~:arrant the caoita! e::2cndituro 
f o r  s p a c e  a n d  e q u i p m e n t  n c c c s s a z ~ /  %o r . c . n - o E a c - ~ u : ~ c  t i : c  i te~.:~ i n s t e a d  c f 
p u r c h a s i n , s  i t .  

-70 a r e  c o n c e r n e d  t o d a y  . . . . . .  . . - ~  t s o s o  p a r t s  -, ' l :  ~ ~ '. . _ ~ .  a r c  t o  b c  , ~  , r  . . . . .  

and the procedures for deterniu~:g ~'"'~:,~ tcc!ing~ cquip~cut~ ana .p,_~:~:~ 
layout requirements for + . . . . . . . .  ~m~it-asso;~b].ies ~,:os~ parts, subassor-biics, ~._~ 
"~" ' u~ ;,,c . . . . .  , c o n c e r n e d  ~.-it-~ %Lo a s s e : . - o i y  ",nmcn arc '-~ be processed, are -zo_,. - - 
o~cmp..:unu and the asser-bl-,r laD-on% required to ....... "-:-. 
and purchased parts into tiic cci.~plcted cud prod-:ct. 

To give a general idea of the mag,.'~itud~ that suci~ a prcg~ar', can 
reaeh~ the follot.'ing is quo.~od fron a bookl-t :vhich is izO!_-t.g prepa:¢cd 
by tl-e Auto-.'cbi!o ilanufacturcrs Ass.ociaticn. Tl~e ~ta'.~.u of tl:c particular 
a-,tonobil.e ,.:a'.,"~ufecturer is uot given in the report~ -~or do I knc-,; %o 
";,l~ich c c r : o a n y  i t  refers: 

"",..]'_on cnc now post-,.ar :~<.dc]_ ~,'as i-rbrc:duccd~ the company f.;~d it 
ncccssaiD: to purchase ard install !.64 no~.: m~ci!incs~ ranging -.n size 
fr~ small spccia! purpose units tc a ~:iiiicn-pound press, in addition, 
97 ° r.achinos and presses ~.:cru moved to nj,.- )_ocatio-".s; i~650 nc~. ~ dies 
and ~]05 ne~,. fixtures :.~re dcsigncd and built for the body plant; 2,615 

~ ' ~ I "  f o r  " " "  a s s e m b l y  . . . . .  = "~  --~' nOl:  t o o l s  ]Tcru  :.:.~:~,3 ui'~<; :p-, . . . .  t ,  ~lld l j'B" :.IILIO$ ,s-' COi%~,.;Q$'or 

t r a c k s  r , c r c  i n s t a l l e d .  T h i s  r e p r c s e n t , ~ d  o v e r  t : r e  : / e a r s  c f  : : o r ! :  o n  
factory c h a n g e o v e r  a t  a c o s t  c £  . . . . . . .  r .... .,: l o ~  u<OC ~. u t  u,. u 

w 
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Cost is one thing that t::o :::ass-:?rcducti:::i i::d:.'..str~" :.:::st car:::&:]!y 
deter::inc, and onct:g': tL:c ).:ust be al]_et~d to. dc tl:'.s pr, p~rlyo In a 
{~ruat c:::cr~cncy: bhc situatic7 is s<,r,:c:v'.:at different, The c::st f.?,c"c;r 

does :::.,t ont~r to such a ccntrollinff u:.:tor:b; .=t least in the b~:-i::~iri 3. 
C c s t  r o d u c t i , . . n  a n d  ~ : p r c v o : t ~ c n t s  i n  p r o c c s = o s  c a n  b c  mado a f t e r  t h e  a c t i o n  
i s  s t a r t e d .  .The m a i n  t h i n i '  i s  tc :  , ~ t  t h o  j c b  r : ( . v i n  L. 

A-.RLYZiI:G T;.KCSE PA;tTS :S!iCY. AFt., TO ;)E .'.,,SI:UF;').jI'Uf~D. : 

i*.. CC~..D--,..,oO ~ ,-,7.~ " ' _ ~n~=~ s : s  ca - :  b e  d i v i d e d  i n t r -  s , ~ v c r a z  d i s t i n c : : ,  s t . c p s ~  :<~ich 
must be carried o1: sJJ'u!%anccus}.y i : "  crdor to o:.%?odito t:,:c earl}:• co:spittle:: 
of "hkc task, Theso subdivisions a r c :  

i .  D~oc.r::ining :.hat'::abcrial shall b c  . . . . . . . . .  ...... t,:. g::o final .-:-.~-,a:io .rcduct 
....... o±~. lines as unit assonb]_~.~s; as ~,u~-~.s~..u!_cs; ( , r  as ,., 
p&rbs. 

Thc practico in :.:ass-pr,'?ducti;,,n indRstriss is to sub-asse;::bl:c 
and unlt-assc',:.b!c to; th,~ greatest pracgicaL ,n:tcnt~ pri<r t(, the final 
assc:.!:ly (:.f this :~.atcrial intc t],c end prcduc%, This is a loL:ic=l 
dcw-loprcnt bascd upon conditions~ so}.':~ cf :.kich arc: 

a .  - { u s p o n s i b i l i % , j  f o r  c u t p : . : t  .... :~. q : 7 . a l l : s y  : > s c ( : : . ; c  . ~  . . . . . . . . . . .  ~ , ; d  

i l l  s l . : a l l o r  : . : : . : m ~ a c t u r a n s . . .  . _ .  ,~ l h n i t s  __ii' p " • u  s ' o . s & s g , u : . : o ~  s_:'ict " d l l z o - o . s s c , : b ' c  t o  

7 a "~ ~',3 o x % c n t .  

b .  T h e  c ' : s t  o¢_ ~ s r a : i s . ? c r t i : : g .  ) , ~ a : s o r i : i  =r~ % : : u  __~::',s.q . . . .  , . , ~ , . . ~ j , : , ~ "  

' ~" ;::uc]: l e s s  t : r - : :  z :  l : : u z v z d u a !  c a r t s  l i n e s  i n  a n  aSSO:..:b_Lc<,, C"..'::'k'j.i'gigll ~S . . . . . .  . 

: : ~ r c  t r a n s p o r t e d .  

C .  T ]  10 "< '  ' . . . .  ~ "'~ " . . . . . . . . .  p. ~QdC~..-C.. CC::Itl'C-O~'.3b~C;]'.] !S .r'i'O~LA'r Sli.[t).tlli~3C, ~ ~S 

• ~ - ~,-- o u . : ~  o'U..b;-.o:,~;.:O.:'.~' -.-,,,7 %hI .LL - -Q,_ ;SU. .~D.L : / -  ~.l~ o ~ : O Q  : : ~ a 2 c r  c o n t r o l  _ u c { . . d ~  u z ~ d ~ p  " . . . . . .  " . . . . . . . . . .  - . . . .  ~ _ ~  " < . . . .  " "  ' • ,  . . . . .  

d e a l  "'~+:' fe'..:cr ~ ..... , ' ~  

d. --and this ms oumzo m:po:~-c.ai,:t ,,~n.~, ---,•'o-.~ .... final ~s~u.•,o]_j 
l i n e s  az'o c o : : v o - 7 , - r i z o d ,  s c  -gb.at~ 52 a l a r g o  : -~-~b~r .':..:' i i l d i v i d u a i  ocr-:.ss 
V~cro @ .... :.ritl:; u,lC ........ , ............... ~., cs!3\:.s"s'3r lin~s ::<.<:!d bs too 7-~,~ 
f , : r  D r a c t i c a i  o r .p?  , . . . . .  and . . . . . . . .  ~ .... 

v o } ' c . r l z c d  f i : : a l  a s s t . i f ) l - , .  _ l i n c s  . . , . f A d  b e  v~m.-., m u c h  s r c a b o :  b sc  t b . a t  
d o : : ' ~ - - ' £ : l c  _ l _ c s s c s  " , , ' c m l d  %,uc:1:,•4 N ..... ~ 7 i ] " ~ 4 4 ~ } "  a s  " ~ ' "  ' "  • J~,~.._~,_o.~.~] :;i!C I] bi~',].:]Dlo CCCL[I'S G"6 

a ..a - • 

any :£,,cJzu ,on ,% convcl%rorizec~ ii-:~ t:ie cntiro ].i:io ~:ecosssri!~: .... 
~. . :~  . . . .  aT].__ , : , f  t : c  m e n  b o c - ' r e  i d i c ,  C o n v c y c r i z ~ d  ~,~,;~...~;,7-r._& .:-~..,.,,~7-" .,.-, . . . . . .  ~._~'~". ~. . ,  

. . . . . . . .  ' - : ~ q  o , ? . : %  ; ' f  ~ " "  " . ~ a s s = ~ r o t l u c b i . : n  -',~r~",~" - " -  ~- " ' . . ± . . ~ , . . o t . i ~ o  iJu-c do. p l a c e  a ' ~ ' ~  .~  
• ~ • "  , ~ o , . :~ . :  i r e s  o f  : : o c ] : n i c & i  of ry~z.:':ksibilitv cn thu crgarizati.c:: t.',? ]:coo ~",, .... 

a n d  h a % t r i a l  s u p p l y  . . . . . . .  ~-o_ ~,,. ~ r ,_ ,ue-uo~  a s  st,  o p p a £ e s  a r c  t , :c .  c < s t i j .  :~  i i i u s t r a t c ;  
a l i n e  h a v i n g  f i v o  o r  s i x  l u : r : , ~ . r c d  . . . . . . .  " . . . . .  " : - "  ~:~= ] o r  ~..o~,s;.,P~.L.- S ho.,E: S:  £ ~ C 7 A 1 - 6 1 2  , C ~ o _ 

. : : cur  t ,  ..... . . , : ; I  knc:.ck a o i g  h o ! u  i : :  a i h o u s a : : d  d , . ! i a r  1.-,'.1!~ a s  t h e  ;.'..on 
r.:uSiS bc oaid~ unless ~no fa::.!urc ,,£ '0l:c .7.inc is so. s .... :.-t '~ *"~+ 
for that c:, ~,,;, -.,.-" s discontiuucd. 
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~-~- ~--.~ ~-~. r-- % ~ - ~ , ~  .~  .~-. s.:~ .-~%-.~ .. . . .  

'~ . . \  [ ' 1  - - ~  t ;;d'~ I ' , !  I~ ' ; ,~ : 
7 ;,_' ." 

" i o - : : e v c r ,  i t  ~ '  . . . . .  ' ~'- u~.=~us a pru~j s~ricus delay t., ~" ,--~ ~, ~ . ~ , ~  i.:0"-.1 l ] . :  0 c . l ld  ~ '"  

p r~q~ ~c o~on. 

,#.,, D;tDr;i.i:ining h e } ,  each part ° i  - ~  . . . . . . . . . . . . . . .  ~ " - ~  . . . .  . . . . . . .  ; ~  ~_;adp p_zm p.,'.., ouo~.~,or . ;b l . , : . ,  

and unit-as scmbly . . . . .  ~ ; ~ __ c p c . , . ~ i o R s  ~ ; 1 . ~  b o  D o r i  ~ ' ~  . . . . .  I 

T h ! s  i s  ",,".'.at ; m y  b o  t o r " ~ o d  ~ s  " P r o c e s s  o r  -..~eol,.o~.s ~ u g : _ - ~ c o r - ~ s  

a n d  i s  c n e  o f  t h e  n a m n  p o i n t s  t c  b e  c o v c r e @  i n  ~.,~4~ -:-; . . . . . . . .  - , . .~ 

i n f c . r m a t i o : , l  f o r  d c t c r m i r . . i n ~  t h e  : . ! a c i - i n c  t c . e l s ~  ~,.~.cr_±nu-'" " -" . . . . . . . .  u q ~ : . ~ " "  ..... : - : ~  + a n d  

u a n u f a c t u r i u g .  ~.~o-bb.ods i s  d e v e l o p e d  a t  t h i s - o o i n t .  

Each part; subassembly, and ~mit-assomb]y is oxa:uined by the 
• -.-~ - . - ~ 4 ~  -,~, P r . t c e s s  or-. .c-~.u,. . , -~s E n g i n a a r  ( c r  o n g z r , ~ c r s ) ~  ,..no s o ~  . . . . . .  zc,~ o n  tb_c  

particular type c f  processin~ i n v o l v e d .  T]~_esc m e n  - . - , c rk  f r ~ . . :  dracin.gs 
and mode!s~ when ncdc!s are availabl~ and pro]i.~ina~, dctcr::::ination 
is :.:ado as to the ideal sequence cf operations and tko t3,_'pe o f '  t<;c.ls 
and cqu±pi:unt thab can bo used t<" the best advan%aso cn each <,£ the 
neccssa~; operations. This iufor.~ati~n is .listed on Advanc,~ ~oratJ.cn 
Sheets ~-hich ~:-ust be set up for each part, stfoasscmbly, and unit-asscnbly 
to be manufacturored. This advance information is usually pr:t cn a form 
which is c£ a different color tkan tke @pora5ie;~ Sheets ~;b.-.ch c~vcr the 
final decisions. 

~ ' "  "~  n . . . . . .  ~ - ~ "  " . . . . . .  r " e ~  " . ; ! " b b .  ' . . . . .  - ] c ; ;  

developments in the fields in '..,'h:~cz~ %ncy spccializc~ so u~u t:zoy can 
r e a d i l y  a p p l y  t h e  ~x:s% ; . o d e r n  .... u ~ . , . c d s  -~:'.,-sn . . ~ ; _ ~ : ~ g  "dp t h e  ~c.~ . . . .  ; ¢ a n c u  u ~ c ~ . ~ l c n " !  ~ " 

S,~u ct o. 

in the event tkat heat trcatins~ or kindred operations, arc 
toe, tired in tb_c sequence ::.f eporati',>n~ the i~otallurgica! Dopartnont is 
c c n t a c  ~c.fi."-" '~'±-~s-" s a n e  o r a c t i c e  ~ - ' -  ~ ~ ' ~ , c  , -~ .~ks  pa~ . .~ -  . . . . .  . ~  . ~ . , 2 ~ = ~ o  .- : ] ' .en s p e c i a l - "  ~ . . . . . . .  : : r  . . . . .  

cquipn~nt is i::vo!vod~ as a i2,rjc orj2nization naiu::ai:-m sSaf£s tb.at 
specialize on such major cpurationso 

\ {4non  a D a r t  c a n  b e  m a d e  -:,n ~ . .  . . . . .  ~ . . . . .  . . . .  r ~ . ,  % z z i c r e n t  .-.~.,,o, o o t i o n a l  
- - -  . . . . .  , 7  ~ J  . 

A c e , a t : I c e  O p e r a t i o n  S h e e t s  s ; - o v l e  b e  ' . , , a c e  ( ,u 'o  t o  s e r v e  a s  a b a s i s  f o r  

discussion and final docislon. 

Operation tines arc astiNated; or if sJi~.ilar tc cxistin~ 
oporaticnsj the actual operating tJm.~cs arc obtained £'ror the 'f~.~o 
Standards bepart1_cnt. R~asonable accuracy in predatcrrining the t~ae 
standards is most ossontial~ as .... ~ :"~ ...... -~:~cr costs .,.u ~.:I:i ..... u~s %no comparative "~'- 

,, -? 

o~u..c~.l Lno oropcsed optional .~.~t ..... d~,. Usually~ a lowered labor ~ .... 
for a particular operables: .~.~ans an increased ~vcstmcnt in -~oo!s and 
cquipmcnt~ and~ tkerefurc, tkc ccRparativo opcratin~ tim:its nest be used 
during later ccc:fcrcnccs in f'or~:ing decisions as tc the ::'cthods which 
will bc nest advantageous to the .... ~-"" ....... 
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Spccializ:~d cquipmcnt for proccssius a~=d 7 : o . r ] :  handling t o  an increased 
cxbc~t i~as bc~n industries ans-,.-cr be t'..iis prob!c::, p..s tltc incruasing 
use of such cquip::cnt cnab!cs a dccrcas~ in the labor hours ruqv.ircd 
f ~ r  a u n i t  o f  . o r c d u c t .  m,,nis- i ~ . p o s c s  a b o a - ,  T b u r d e n  o f  r~~-op ..... ~ ~ " "  ~ -" ~~-~--~-----~.0 

on a -:an-o_factu~.oing crgan!za~,ior, in i : : a l d a : ,  S ::cl!-ccnsid~rcd dec/skeins 
so as to acccnplish the required results and still i.:ai-~tain c:r)ui:d.-'._turcs 
f,cr cquipi.;cnt at a ccra.'.cus~tratc !ev~l, 

The cost of such o.]~c~l_.zcu cquip~.:cnt, wkich !c espccial]~j CnsinccrCd 
and custom-built for each jc:c~ is voia; ---o-.,~'~'i' and a ~c~. ~ of b[-c cucstions 
that nust %c -,viscl7~ ........... by '-- ~ . R ~ , , ~ r u a  ~ ~,.~u : . . a n D £ a c t v ~ i " l  S - - ~ -  . . . .  " . . . . . .  ~ . . . .  

I. 11o; :  !cns a ocriod will it take f(..r o h e  special equip.icut to " 
amortize itscT~ ~ " - o  . . . .  : . . . . . . .  ' . . . . . . .  ~ . .  r.sdr.ccd 7 . . . .  % a s c d  .~.;~.r cast per tu',.it of 5 r . x ~ , ~ z , a  

u p c n  t h e  h o u r l y  r a g c  o f  p r o d u c t ! a n  . . . . .  " ' .. ~,,.,~ , . n ~ . c a  :;ill bc required b y  .. . . . . .  sci'cduies 
• ...i. • ~ ~i. ~ °° r- , ~" " ana ..,zi~h will bc ~c~,_cn~.: into the :mchinc? 

2. !,%11 the part ::k!ch is to bc prcducod by t;-c soccial cquip:ent 
have a life spc.~ before :-'a.-]<r chanscs in basic design rc;~.dcr the parb 
cbso!ctc~ o£ a s~-ffici~mtly !cus period to pcr:tit the arcr%izc.tion~ based 
upon the rate of ai.:ortizaticn dctcrr:in.~,J, in the previous qucs-:icn? 

3. " I n  t h e  o v e n < 3  6 ~ i a ~  a , ~ a .  " ' ' 3 e i c w o  " ' r . . ~ c r  c h a n S o  i n  o r : . . c . u c ~  d o ~ s  o c c u r  ' " 
- -  C ~ - . ~ - . -  t h e  ~ n _ t  o f  %1:0 u s e f u l  ± ~ f c  c : r  . . . . . .  ~ . ~  : : a c l i n c ~  c a n  i t  b e  c c n v o r b e . : i  ~ a 

reasonable cost ai.d in a reasonable tV.:c period, or is t h e  de.ai.r;n c:x.plctely 
ins !c: [ib 15 ? 

o 

4 .  a.~r~ ~ t h e  o : ~ u ~ % "  , ' ~  . . . . .  ~ . . . . . .  o ,  < . i : i c ] . :  c . r ~  b c - . n s  ~ • " "  . . . .  " ~ ~u ,  . . ._ . ._ , ;~;  o.~ s u . c h  a c L l a r c - c t c r  

t h a t  v n d u c  t r c u b ! ~  i n  o n e  c . r  c c v ~ r a !  ,"::' t h e  o p . : r a t i c n s  w i l l  ' ~  iq. o be orov&loh~ 
a n d  g h c r e b y .  o f f s e t  . . . . . .  ~ : u  h a n d l i : ~ s  c a . s t  a d v a n t a g e s  t k a t  a r c  - a l r . ~ c .  b y  c c n b i n o d  

o p e r a t i o n s ?  D u l i c a t ~  o p e r a t i o n s  - , : h e n  t o . , . . 1  . . . .  ~ . . . .  " o , w . - . ~ . c ~ :  can bw u ~ p c c t . c d ~  or 
~.,hcn" t c o l s  % : u s t  b e  r e ; o ! a c v c ' . .  . . . < , . . . ~ : . . t . : ; , "  . . . .  - . . . . . . . .  ~ ,  i n  o r < o r  t c  : . : a i n t a l n  t h . ~  r e c u i m c d  

a c c u r a c y ~  s h o u l d  . . . .  co ' :£c  i : - c d  . ~ .. i . , . ~  oe =.:ith opvraticns :Th~r~ toc.l lii.7o ai-~.d uoi:c~o 
i s  n o t  a ~ ' "  "~' " . . . .  "" " ' . . . .  3 . . r  1 3 r o o l o i : .  i f  tkoy r u s t  b o  e ~ . . o - , _ : l c a ~  d_-.:-"ora c . . 'n ' f .k- -  ~ . . . . . . . . . .  ~ . . ~ . z . . . b  ~ ~ O r  

dc.~,.11 t ~ . : e  ~mst b e  r . ! a d o  : . ' = i s : ,  t h e  : : c - , ? : r ' . n o  c a p c . c i b y  i s  c , ~ l ~ u _ , . . ~ c ~ , ~  ~.r~c a r c , - _  

vision must bc "-~" o f  ~ . . . .  ' . . . .  • r k . , . z ~  f t . l "  tile " "  . . . . . .  su~-~c . : J~_u  o a n l c s  cf ' : . - a t c r i a t  b u t w c c n  s ,~ _ . , r a ~ o  

t h e  s p e c i a l  : m n c h i n e  a n d  t k c  o c i n t  : , k ~ r c  t h e  ~ u ~ . , ~ . ~ '  . . . . .  ~, . . . .  , . ¢  o p c r a t i 0 : ~  i s  p e r - .  

f o r m e d .  

A mc.nl~acturing oroanizatic-, t:: bc succcssfv~l~ must c c ~ c  -cp :.'ith 
a [~igh proportion cf ccrrcct crs.:crs to these qucsticnsj as an error 
in judgmentj~~hcn once it has %o~n put into physical cffcct~ can be vcr/ 

~ :.oroc.~uc~on . . n c c  ~ , ~ . . ~ j  S h e  failure of ~. :c .cb : i .nc  t c  £uuctmon c o ~ t _ , y .  A £ t c r  L ~ .... " . . . . . . . .  ' -~ a " " 

propcr!y ray caus~ a vc~.- large finar.cial loss tb.rcugh i n t c r r v p t c d  -~ro- 
ducticn of the .and o .... and '-- . . o , : n  t " r . : e  p ~ . _ ' c  " , ; , x c k c : r s  ,..**o a r c  

dependent far %heir op~raticns vpon -bbe proper pCz'gor:.~ancc cf %ha rachino; 
" ~ ~ ' "  . . . .  ~ . . . .  ~ ~ -" " . . . . .  CA I , Z i 7  t o  s : y  n o t h i n g  ,..~, . . . .  c~ s t  o f  ~ g~.,~u~._...7 4,  r c p l a c i n  S a r,  a c l _ ~ . n c  ' ~ " , ~  ~ "-  

n o t  function satisfactorily. 

9 
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The manufacturers of special machines and equipment are really 
abreast of the t~es and are coqtinua!ly working on new deve!opments. 
They are constantly in touch with the product ..ai~t.fact:~rers and sub- 
contractors and keep themselves £ully irformed as to tke probLeus 
wh'.ch arc co:.:tiuuai_ty arising due to new prcduct develop'ner.t or the 
necessity ef cost reduction in existin~ products. Timy work ve~- 
closely v,.'itk the product manufacture='s in 2eepirg them Luformed as 
to any net'; developments ~=~-"~}, 'nave bceu worked oft successfully -~,~ 
nractlca! applications and assist then in the solution of many  of 
the special problems that arise. Those companies 51,at Lave soecia'izcd 
on ~iprovements in cutting-tool s-tee!s~ a~d in bhe turzsben carbides~ 
have also "played a ve~ ~,~o' ortant par0 c,n u:~ Lea:~: that has made us a 
great r,tanufacturin S nation. }-O.';ever, the enl-proc]uct manu/~aci,urin6 
o r g a n i z a t i o n  c a r r i e s  t h e  f i n a l  r e s p o n s i ' , x ' . . l i t y  o f  s o r t i n  S o u b  t~:e w}~.ea-b 
from the chaff and cf fibbi.n..; tac factors together into a successful 
m~.:,u.fac u ur~.~g op @ re% ion. : 

~"~e~,,, .. : l e c i s i o n s  h a v e  b e e n  made  a s  t o  t h c  ) r e c e s s e s  and  m o b h o d s  t o  
b e  u s e d ,  t h e  A d v a n c e  O o e r a b i o n  S h e c t s  a r e  ~' . . . . . .  ' - ~  _ ~,:~., :z~uu %0 r e f l e c t  t h i . s  l a t e s t .  

i u f o r m a t i o n .  The i J ~ e  S t a n d a r g s  D e p a r t m e n t  .::u~u b h e n  a n a l y z e .  -ohe' 
~ n o . , n  c .na  malce  a r $  ~ necessary; chaii~cs i n  ~ - "  ~- ' -~s o £  _ 

~'-o-n ~ooos for e a c h  d u c t i o n  tJm~c, ma~]o- .zer  r e q u . i r e m e n - b s ~  a:.:d d i r e c b  l~.u _ ~ ' ~  
operation. = . . . .  " . . . . .  • :~eoe r e v i s e d  A d v a n c e  O n e r a t m o n  ~ n o e t s  t h e n  boco;. ;c  -bl~e bas - ' , s  
f o r  t h e  f u r t h e r  n e c e s s a i ~ ?  cbe.~s  in tb_e p].annin...< o.C t h e  co-~oleho .p-ro/~ar:: .  

The  - : " o r e ~ o i n c  d e c i s i o n s  a r e  t e n t a t i v e  as~  w}rLle t h e  ~ - o l b w  c o r ; o c c t  
m a n u f a c t u _ r i n g  p r a c f i i c e ~  t h e y  h a s o  b e e n  c.a~e,:t on  g e n o r a l ~  r ~ , b  ..... r t h a n  
on specific~ detailed info . . . . . . .  - =,.a~].o_. No such uccisions are absolutely 
final until the subseque~ut details covering th~ tool_s, jigs, procossi:.:g 
f i x t u . r c s ~  i r : . s p e c t i o n  f : b : t . u ' e s ,  a n d  l n s o e c t i o n  ~,~..~,,? ,,a,,~, . b e e n  worked 
o u t  on  p a p e r ,  a n d  u n t i l  s a t i s £ a c t o ~ . ;  ) : , a ch ine  ~.~-,~, ...... p l a n t  l a ~ r o u t s  h a v e  
,~cn maac. if the c-cta-,~ua mn....o .... a,~_.on ,,ndicates that a revision Ln 
an O- decf.sion is advisable, the factors rc'por.siblc for the original 
decision are re~:icwcd. 

i".~e h a v e  nov; b r o k e n  d m , n  t i l e  e n d  p r o d u c t  i n t o  -..l~at - / i l l  b e  nurc~-ase.d ,  
a n d  w h a t  " . ; i l l  b e  m a n u f a c t u r e d ;  a rm n a v e  d e t e r m i n e d  i n  g c n e r a t  . . . . .  t 
_ o r o c c s s e s  w i l l  b e  u s e d  i n  ma.clns~ " ~ t h o s e  p a r t s :  s u b a s s c m b l i e s ~  and  u n i t -  
a s s e m b l i e s  w h i c h  a r c  t o  bc  ,,anu~'" f c c t u - . ~ a ' ,  t.'he_ n e x t  s t e n s ~  - , . 'h ich a r e  
c c r r i e d  o n  ~ , . ~ . _ t  . . . .  u o u ~ z ~ . ,  r , : .e  t o  t r a n s l a t e  t i ~ e  i n f o r u a t i o ,  ~. o n  t l . , 'e 

=~,..vanc~'~" ~ Operation ~,.cc,,~';~ ' -  ~ into detaz!s a n d  i n b e  terms of s c h e d u l e d  
roqui~.-cments. At this point the fool E.;~*'"o~ - .... ~-~5~"" Dcoartmcnt,. the Plant 
Lavout Dcoartment; and the Plant Equip::icnt Eh.jincorin% D~artr;<r.t come 
in.to the picture. 

!0 
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TOOL ENGII~EPII,]G 

The Tool Enginccring Dofartmcnt is one of the most ir:.,porbc.wt !in]:s 

in b~:~ cha!n '-~-~ makes up a manufactur,ng organization. ~no in:~c~w:t~ 
o f  t h e  m o m b c r s  o f  t h i s  d c p a r t m c : ~ t ,  o ~ . c k u  .... b y  l o n g  c : . c ~ u r - . ' c n c c  ...... ..... ....~."~-.-.-~.. 

they know to a rcasonabic ccrtainty what ;:ill heppon under certain cir- 

cm..~stanccs, has a vc~.~ rcai effect on the cost of the PrOduct, t]~.e cost 
of tooling-up, to r,-al:c txo product, .an~ ~.=~ rcsu!tant o ' ,~a~Lv~.  . . . . .  ~ of the 
product. 

t 

Thcrc is definitely a scoucncc of o)~r~onoL ~ ~"~~ - of any ~-.~.~-;7~.,~.__~d.; oar~-; 
that will cnab!c the required accuracy and ~'~ ~ qua.--,<,, of' finish at a 
minimm~, of cost. The -)roblom of -bhc Tool En.::inccr is to dcScrm:Lnc on 

each ~" ~ .... . ,,n._c.~ will give the dcsmrcd ,'csu].tUo parulcu=ar p~.= o the scc, uoncc " 4 - ~,. 

In a large organization ".:!:ore a groat variety of p .... .... ~ arc ma~mfact~.mc~ 
tb.o Tool ~]r:g-,nocrs .... ~ .... : :. ~-" ' -" " 

with a necessary $cncral knot.:icdco of "bhc ~"'~'" o~-~,,~ tL.:Dos of operations 
"'~'~-.::_~ arc rosr, irod in a compictc:,..v into: rated :,anufaotur'.n.3 ore>ram° 
Even if .... opcratzons c.rc not i ~ .... <~; ' ~-~u a~fo .... ~ .... by Ll,_c cnd-)roduo% ,..~c.nu~acuu~cr~ 

..... "- Tool Engineering _,cpmrtmcnt but arc purchased from outside' sources, ~.~ 
should 'nave engineers -,:.'o havc an -'_~.~%:'=.,a ~ c ~.no., ...c .RN~ -8 . . . . .  c2 t].c p.. o~csscs, .... 

involvodo ~:~u.u ~.:ro Y:hcn m~nu~.~ .... ll~.g trouo!cs dovolc<: i-" the 

. . . . . . . . . . . .  crd t k c  cnd'proc.uct ma~:u- plants whore purchased "products az~c oo~;_,_~; 
i&cturor should be ~n a - 3 o ~ _ ' ~ = o ~  so t ~ . a ~  ~ ~  ' - ; ~ : ~  

rendered to those outside p].ak:,-.~s. L].so~ coonomi.~s of ran~d'ac-turc ':;cO ~ 
possibm~;, be ma~c on a p~...c ..... ~, nard us an ~-o-~.~r-ns"~'~'~ ~ "" char:..~,, and the 
'fool -~ . . . . . . .  .'.nz~caarTn~ ])cl)arti]unt must %0 -,_n position to c%~nor .... co;:-,:cnd or 

reject a n y  such proposed chanjcs in :pr.rclascd Darts, and if r~_:cor:mondcd~ 

I , ] U S t  c].cc.r t 1 1 0  "- . r , .q, . ,  .,=:~l.=~c . . . .  ] G c . . . . . . .  ~ ; . . ' i t l -  t " w  Product ~: . . . .  " "  . . . . . . .  ~ - " - . u c p a r t ; ' . u u t ,  

in general, the Tool Enginc<rin.~ ucpartmcnt has spbcia!ishs ..'he 
cover certain man',~.facturin.s op~raticns~ somc of which arc: CastlnSs-- 
grc¢ ~ iron and ma!icabic iron~ forglngs~ r.lachinc ,,or< of all t.N?~s, 

including automatic a>d scr:~iautomatic operations; !ari_;c si,:~ct ~:~,~t,a! 
".;ork~ such as automobile body parts, hoods, fenders, front jr::_!Ics~ 
instr,:lent boards, and b-mpcz's~ and the r~-..arsr small av:d ,ucdiw?. sizes of 
sta~npings; assembly and welding of sheet recta! ~/ork of all t~q)cs~ asscr]-iy 
of mechanical parts] inspcctto:.u .... ~ . . . .  . -.~_.~.uzcs and gau,scs~ qucnchJm.'~ f-xbuz-'~s 
for heat treating and fi}[turcs for copper ])razing. 

. . . . . .  ±:1o drawin.:x~ for 0hose "carts ~,'~imcl: arc to bc maL:uz~..~ou: ~u~ arc s~nt 
to the suoorviscr o£ the Too! r,-.~ .... ~,~, ,'.- . . ,~s.u~m:~g Department, lie divides the 

drawings into classiP~catio~s, dcocnding_ upon he'." ........ ,~ ~nom=~ccr~_'~ ~~ =n~"r-_'. 5roup 
is organized ~ and assigns a Tool Engino..'r to be in ci~argo of .tack one of. 
the "~ ~ °'e~ -" ,- c-~o~L _cat ~o.l group s. 

ii , 
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Tqo respective Tool EngL~.eer t]~.on bcco:.:es resoonsiblo for ...... ~e ~'~ ~ 
and fu:.'iotio'..'~in L" of -gr, o ~oart~cular- tools involved ~_~;~~ in some ors~~ -~ ~-~ ..... ior-s~ 
is also res2omsib!c for fol!ov:ing the prosross o.£ the tools during' %he 

." n . . . . .  U:I¢.~' Y._LJ_-'. be Feat,. =~ per:ou ;.'ton 0~:ey arc ooino maoc., to r:m]:c certain .b;mt .... ~:~ ~ 
for operation in tLne for ~"-~.~ ~mster scqud,a_,,o roquircmci'.ts. 

'" . , o  . . . .  s Ln o o n j ~ c t i o > - " = ~ ' ~  ~ a c , :  T o o l  L n g ' i - : c o r ~  " "  r ~ - i u  ~. , . ± ~  t k e  oup~_~' -. r , - - "  ~ - .o  v r  ~. 

. 'ua] . :cs  r c c o m : l c n d a t i o n s ;  b y  o p o r o . t i o n s ;  - . , , h e % h u t  ~u.,~" L o o ± s ~ '  - d4'-<,'.~ ~ : ~ , ~  ... ~ -~-'..-i-].~, ~ o _ .  
. . . . . . . .  ~} ,~.,- o-; . . . .  or oiecos o£ soccla! .... -"'~- • . 0 ~ o _ . . u  _ C r o [ . i  e . . . .  i p : : , . ~ , _ t  c a n  . ~us~  b e  p r o m : r e d  o n  ~e 

t . . . .  ~ s~cclaizzo in. the . . . . .  '~ ' ~ " - ~ ~ ,  ' -" . . . . . . . .  companies , . 4 ~  • - • - . , - , , + :  :.i~.~:,ll~.~b~_~.~ O~ S!'.Ci! ±u<~: .~# Oi ~ , ~.~,iQr 

t h e y  c a n  o o s t  o c  : . ' . a d o  i n  t . ' _ e  t o o l  r o e ; : ,  . . . . . .  ~: : -~ o p ~ r ~ . ~  b y  b : o  c u d - ) r o d u c t  

. . . . . .  ~ ~ ~ , , u  t o o l : : . . n / . - S r o { ~ r a m  " ~ ~ " ~ -  b c t - , : c c n  : . : a n u f a c t u r c r .  z , ~ c  ~ . , ~ c n ~  o f  farm-m-.,/.--. o~.rb ~ " "  ._ ~ , ~ , ~  

c o , . : _ , ~ . _ = ~ ' "  ~ ,  but, in general, it is n o t  c o o ) I I [ O i : ] i o  ~."o[' a OOI:.i'Dan~/". " b c ' ' a ~ ,~ + ~ "[ ,-, I : " - -  " : ~ ~ "  - -  " " 

a tool room largo enough to oro~.id,b all of L~c tools for an o:dfensi-.:c tool- 
ing-up prograu. A rough -, ,~- on an .... o . . . . . .  in.:!ust~j-::ide basis~ a g . . . .  ss tc " ~ i h i c ' ~  

~ ' ~ c u o t l o n  n i g h t  b o  t a k e n  b y  l n d : . ' . v i . = u - - . ; ,  c o ~ . : ) a n i e s ,  i s  ,, ..~""- 0 , : c  , ....... . . . .  ~ - n r o d u c t ,  

manufacturers procure from '"" ou to 6.5 perc.~ut of tha total tool, ~ - ; ~  f-':z:ture~ 
and soocial o~uioncnt requirements for no.; .. roauc~s fro':: specialized ou-gsid¢ 
sources. ~'-~~:~.g zs" a g~ess on ny part. I don't .m.vo . . . . . .  any s-0a~ms~zcs on it, 
but I think it is reasonably close. 

m a c a ~ n u  t o o l  : . : a n u f a c t u r c : ' s  a n d  ~ . ' c ! d i n g  . . . . .  ~ . . . . . . . . . . . . . . . . .  ± ~ t ~ r ~ o  u s u a l l y  

n a i n t a L n  o i : g i u c e r i n , , ' /  o . . . .  ~,~+-e~ a n d  * ~ o o ~  ~_ co., ,~ '  ~ r ; h i c h  ~ ° r o d u c c  s o c c i a l ,  f 2 & : t u r c s  

for custo':'ors; o'-d it is cu~,~o:-c~/, ~.f~en procuring spccio.l ::~acl-:ines £ron 
cutside sources; to .":ave b i . c  no.rufact'.'.rer of the s')ccial m r . c i : i n c s  also 
mal . :o  ~- ' '- 2 ,~ r= o. m,.~no ~,. ~,~.~ fJ~:tures, or at least a s s u : : : a  rcspons:,_bi!ity for t;-..eir ~ - ~ . . . . . .  

Die shoos ' - ~  . . . . . .  ~ : . - l ~  . . . .  " ,  ' ' _ _ :,:~:cn eeoc ....... zu on dies for l~r~ sncc.~ :::¢%al ,/ork :=e.inta~n 
engineering staffs -.,.hick :.or]< in connection ,:iLl) gl~e ::~omb..rs 0£ the Tool 

~ n , s * * . u c , z n s  ,~up~rt~..uno of t h e  ond-prodvct ::,_.,.uz~c~.~r,... 
_ ' . . . . . .  ~ , ~ - - ; o  . . . . . . .  "- o f  t h u  . . . . . . .  u ~ _ c t ~ . ~  ~o  t i m  d.csi:.'ns ~nat -,:ill fit i n % c  o_'~c oross _,,,~._~.. . . . . . .  ' . . . . . . . . . .  - ~ ~ " r  '- 

bost advantajs. 

The usual procedure on those itons eL"  too!inj i:hicf: arc to bc procured 
fro~:: outsid¢ sources is for the engineers o£ both conpanios to oct together 
a n d  r o u g h  o u t  %}'._,~ir _ ~ _ c e a s  a s  t o . h e y : - b h ~  t o o i ~  ~ -  - " o r  s o  , ~ ~ a l  . . . . .  ~ i , ~ ,  

should function. !~on one of these ideas has beer., scloct.~d as havi:.:g t-he 
bent possibilities, tile ].:ngJ~!ourino bupart;:crt of the o'o.tzidc source 

t..~ oioco o£ OqU,.O:~CnT5 :.~c.~.~Oo rough lcgmuts~ indicatlr~s~ in E.cn.oral~ k,m.: ~,~ " ' 
:;ill £m~otion; hey: bl-e oioco cn ~..-7~i.c]~. the opcratlo:i is -be be .oorfor~>~d is 
to be qcld it: the £is:ture~ and ot]~.or esscntiai dctai!s. If these prc!~::~, - 
ina1~ idcas~ .,i~.url rou:uhcd out on pap~r~ p,o,:t -.:!b!i the approval of the 
:-'a-'mfacturcr's Tool ]-.ngi;:ooring =Jopart~::c~.t, a tontatlv,2 prJ.cc is usual)Q- 
cst~:-ated so t'.-at a gouoral idea o.(' the cost of the ecuipmelut can be 
obtained. I l' it happens to b6 an itc: ~. -..vhic!- is bai:~g h]~ro~a~ open to 
co::petition, several outside sources -.ill be asked %0 suhnit tkcir ~deas 
and tentative estinatus. A cozpa:.-..y u~ual!y ].:as sevcra! approved sources 
for. each o.? certain lc.mr:c~s o£ "0eels .... ' ~..~..~ur,n,~ ~....,. O00J.~_ i l  G !S i%0"~ 

].2 

~ ,'~:-~- ~t----~ ~ t, "~- "¸" t.'T -~" ~ . ,'t~. =~.---r~<-----" c----~ 



~ , ~ " i ' : " . a :  " i ; :  i : (  " ; . ; .  

_ ° u r c l , a s c d  cni;ircly on a price basis, as a cl,ief cc-".sidcratlcn i s  ~'~.~,, . . . .  

the outside source is reliable as to oue.lit"~- of -,;orla:.r.ns:'.ip and also 
in t h e  ~ . . . . . . . . .  " "" - .-u~p~,s o2 , . , c ! z ~ u ~ , .  p r o n i s e s .  

. . . . . . . .  ,<. , . , : ,  the orci~-~ina~r. , d e s i g n s  and . . . . . . . . . . . .  ~ . . : ~ . _ v c ~  " c o s t s  .,:,'" ..,~c b o o n  a.~rccd 
vL~on, -bl-c designing of the dctai!cd parts bcco:.,cs t]:.c r~spo:~.sD)il'i,y 
o £  the c:t~tSl(~O sourco~ c v , J n  t : ~ O l M . ' b  -'~ " " . . . . . .  " u ,  . . . . .  ; - .b  1 S  " ] ~ C c c ~ . I  .. SO! ~ t . ' c L ] ,  iN z . ,  . . . .  

t o  far[ . -  c l S  t R c  d e t a i l  d c s i s n  : ; o r k  t o  c c : . p a n i o s  ;. 'he s p c c ' . a l i z c  on  t } . a t  
t * , . g c  o f  w o r k .  Espocially d t ~ i n g  t ' t c  , . .at p c r - o d ,  t k o  : . : a c l . ' . n c  %,"o1_ 

special cquip::.~,~nt ~-..anufactur,.rs wcrc so ]_oc,!od "..:it'~ work b~:a% tl.<- had 
tc fari:" out thc detail d~sign tc c~.i.panics ~" ..... ' ..... ; ........ 4 - o,:,,u : : ,  . . . .  <;cc_,~.L._z~ o1 that 

particular kind o£ -cork, bvt ib :.:as super~is6d by the ".mchirc toe! 
" . :ar . : l~aol ,  u r c  r S .  

These detaiicd dcsijns widen cc.:.plst, c<i, and often dr~in S tl'c orccosses 
of dosignJ~g~ arc subject to t]:c approval cf tbc Tool Engi,t.ccr cf the 
end-product ranufactur~rs, '.;k'C ]COUPS :,.is supervisor Sully advise& cf the 

. . . .  - ~  n-,cRr;Dd pro,  c r o s s  b c i ~ ' 8  . . . . . . . . . . .  2pproval c£  ..... s u o c r v l s c . r  :.~.usa a.;.E.s ,~  
-,:hen any p r o p o s e d  departures f r o : " ,  s%anCar£  practico £ < o c c . r  ; ; c , r h h ; /  o f  
cons i6_c rat ion. 

'JL~on l . % r s ~  ~" ~ £ c r  . . . . . . . .  " " cz  . . . . . . . .  a l o e  ",  -,.-.,." o ~ r-~. 

s h c e - b  r . : c t a ] . - "  -~" -be ' ~  : b y  ' " ~ " : ¢ ~  -'"- i s  . . . . .  ~ . . . . . . . . .  ~ , 0 ~ . , .  a r c  ' c o  ,.,~..(,.c 8.-% o ~ u . , ~ . , . ~  s o . A r c c ~  ~ C . L ' o  v .~ ; .  ~," d 

~'~,~ s e n d  , ; o o d e n  :_',o..-~ l s  u.~"  ..... " S" " " " t ] ~ "  t k c  c..ra,,"ZzLSs: '  " so. t k a t  t ] - a s e  . . : C a l a i s  c a n  

"co used t o  b e ' s h c r  -" ' ~  q . . . . . . . . . . .  ~.ms ........ z~ the vario-cs ccut,:!:~s of the pr~c:,~u, u r.:r:d also 
t o  s u r v c  a s  a <,~,4.-:,, i i ,  a c b u r . . l l y  t r a n s f o r r i n . s  t h e  c o n t o u r s  t o  ti~< m e t a l  

snu~t :o2.z'%S a r c ;  ~_~...~-.%~ dies. In ~.du_uion, . . . . . . .  

a v a i l a b l e ,  a~;c" t n c s c  ~' . . . . . . .  o .... j . , ~  ar,3 scz-.,t %c -one oubs ' . : i ,s  s o L ~ c o s  
,.~:c aro to make t::c -,,'eldJ.ng ec.uioi.:cnt.~ . ±~IC bo.i~pu C.,:td t.]C ..:...0c. 03-011 el 

.:olding fq n~,,o ' " -~ . . . . . .  ~ ,~ ,  o n  ! a r - : o  s r e c t  ~ : e t a l  p c . r - a s  i s  v c % . .  : 3 D o r t a : , o : .  a n d  t h e  

d e s i g n e r  o £  t ~ ~ . . . . .  4 ~ ]  . . . . .  o . . . . . .  ;- . . . . . . . .  ~ ,c . . .u .mrS c q u ' : p : . : c n t ~  b y  wc..rk-'.n..~: f o r  s a m p J . e s ~  

f i n J . s  . . . .  " " " " ~ h ~ m  o f  S z ' o a t  a s : ; i s t o . n c o  I n  : . o i " < i ~ ]  o ' i t  ~ : -  . . . .  4 . , - . , . . . ~ ' . ,  

o z  , . c~ , . ,mn s A~ar:s a n t .  t 4 s p s  %l -c . t  - . . , " i l l  b e  u s c c .  

I ; : a s  . r c c o n o J : , r  z n  a j o b b i n g  _'~',--n~ . . . . .  " . ; h e r o  b o x  t v )c~ :  f r r . : : e s  -,;mo~ ,_~ b e i n g  

: : e  1 , : i ud  _ c ,  ~ .... a n  n u t  o : ' : ) b i l c  . . . .  . . . . .  -~.~,.~'-°~.c*-~ are.-'~ it c c . ~ z u ± ' "  " ; ; " - . . a s  a , re  ~,..-. - . e  i 1  
,for1[oG OilS r: ~.m'-4-;~ ''" bcx '--~ " " • ~ ' . . , . 9 , # _ c . L = < . . . ,  J . , ! O  b p O  i ' r c / o  r Q c , . Z ! r O c ,  spot-/o].,;.:L--" a_ong 
i t s  o r , . ~ i r o  _quz,~U~.~ ..  a t  i n t e r v a l s  o f  ..:.~o,~ . . . . . . . . . .  . . . . .  4. . . . . . . .  .~,,~-- t : : o  i r c ] ' c ~ .  . . . . . .  ±.,..o~ '"~~( . . . .  6 z n : i  . . . . .  

.;o.±,_,, , : i t l l  o. s e r i e s  o i '  - : c . , c ~ l n  S ~ ' - " ' ~  w b . i o - - : , o r e  : ? . o o r o x L ' z a - b o i } -  

t w o  m ; z c i : c s  a p r _ r t  a n d  o : : t c - ~ d c . . ~  a l o n s  t i : c  ~ n b ~ . r e  l c n . s t l -  o~ ~.,.~ , r c : : c ,  .,_.~_.o 

s n e c i a l  n s c b J . n c  - . .as  s o  b u i l L  *',~*~..~ a l l _  t : :u_ ",;c-_r.. ,msS ,:.,...~-~S~..o ca: - . ] . ;1  cc.:..c d o : , n  

a r c  .ti.O ~ ~' • . . . . .  ~ . L - :  _ . , . .  • ~t .~ w u ! d i n s  L,~_ o n e  o p . u ,  ~ .~_o~ , .  I b  6£d.  n . c t  -."°~,. ~._ :. . . . . . .  : , z  op~ -~c" . . . . .  ~ ~. .  u , - c  

" . : c l z d i n g  i I o a d s ~  o n  a c c c u - : L  o f  bc !_ i~ f :  s<: c l c s u  ~ ~c.~..;o~:~J. . . . . . . . . . . . . .  ~ d i d  n o a  s L a r - d  c o  i n  

p r o d u c t i o u  s u r v i c c ,  T q c y  f i n a l ] . y  . . . . .  t o  " " " -, . . . . .  '--; ", '" . . . .  , I_~:~ SO.OCilVidO %[~00~.ul ..... O:. -Nee 

t h r o e  o~p~_~o~"~-"', r . : a c h i n o s ;  so. t h a t  ~o~:.~ .... f-:'rs"0 : : a c h i n c  - . , t : u l , : i  . . . .  ..~:,~.='~ . . . . . . . . . .  ~.{,- i ~ o  h ~  
a p c . r t j  and  t l ' o  _ -Jerk  ~..oul '3.  t h e n  bo ~.'~ .. . . . . . . .  ~ q " "  
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" C'-~.. • ~.-~.1 , " :  r~- < " , .,-7, '-7 .--" 
-"-~ ~ : . , " " - "  ' ~ " :  "i " , i~i[ :~T':~-:: ,  • 

& ' , ~ , ~ . - - h , Y  ,t:. ;.. '<~,.u,' '..::p' i i ~!.?.- !! 5' 

. . c : ~ o  s i x  3_-~C~L~S &;art O.rO a ".~-. '~ " ~ ' ~ '  ~ ........ ]~u~. OU.U , . : _ ~ . ~  . . - o r s  

' " "  ,> • i .  _ i " . i  s p a c , s ~ ] ,  t . ; o  l n c f = o s  i ' ro ; .~  ~1:0 o r J _ ~ - - i n a i  w o ~ , i s ~  ar-:~ 2:;  c n  ~.~. tho . . . . .  ""' 
- - : u  . . . . . .  ~ o  ~ . a t  ~ . , '~z  : b "inS f i g ? r c . r . ! ,  o u ' ~  c'." :~ - 

E - ' , - H = , ~ _ I A ~  . . . . . . . .  ~ . . . . .  I ,  ~ '~ -K : "~  ~ . . ,nq  . . . . . .  .d o . . - , o r ] ~  s ' d c c c s . r i ' ~ a l ] - ' :  b l : : c  ;.~'~.'_.'S,, . . . .  .~z..' ~ i b  ...is 

brio::'.:~ . . . . . . .  ' . . . . .  "~,', 4,~c,  t o o i s  O f  s p o c  ' ~ . _ ,  v.~tb.l'O J_s~ ..... 

,..& ~Oo 0.1"i(_',. ~- "" C. ~ q J . : O  " ~ ~"  ± o r ; , . ,  

?he proper desi~;ning of f~turos for ::ac!:inc work rcquiros 
cxfcriuncod cnginoors; as all of the ;:achinc operations roqui-'cd 
o:-~ a p a r - b  : L u s t  D o  - o i / c . r c u . ~ ' . l ± - j  u , ; ~ . ~ o = t u  5 ' L r : ; . t l ~ i .  C.:.<L ~; ! i~. .L~rZu' . .~ O Q _ _ . . I ' C  

the actuc.l dcsigni:-g of the :.:or1.-. is star-',~cC.. T~"o ii/oal condit.ic.n 
' " : . . . .  -'" -" ~ ' ~_  " " '~ . . . .  " . . . .  i r : t  ' ":,:: L:iC : a o , , ~ n - l ~ u  , ; r  c 'k-F part ] . s  ~ : r , ~ r c  c,no _ , c c a b - ~ %  oc c - : :  l c,o u s e d  

as a basis for all (_.f t:zc -;:ackining opcrati<.:.s~ %ut c.-; cc;.:plicatcd 
- c o r k  t h i s  - °  ~7 n-r ~'.e ........... " " ~  ~.~u~.-. '-~ c a n b o t  ~ , , < ~ : . ~  c . ~  t( ~..~..%~:.~-~~-..s~', and s c v . ~ r a i  

ioca.tin C pci-rbs tb_crcforc b c c c : . ~ u  ncccssa~'. It h i - o n  b c c : ; n c s  vcz%- 
i<;portc.r.t that or%~or iccatin.~ p<ints bc s c - . c c t c d  s~ t.,ab dJz:onsicnal 
varia,tions ;:hic]'.. crcop into c.~-%.." cpcraticn t.}.rough tolerances v : i ] . ] -  r:<,t 
cr.::pcund to tl:c point :d:cr~ tho over-all toJ.cranccs for %b.o part arc 
not ,..aintaircC.. in oN-or :;~l,ds~ J~ ~: (C.  adj..rp c. Ict of a!lowablo 

" ......... i s  j u s t  t o o  ~ " , ~ "  e r r o r  errors, y o u  :ua  Z ~c.:.~c u p  ; , ' i t 1 - -  a t o t a l  o r : o r :  ~ ~ , ~ , o  . . . . . . . . . .  

? i : c  cstc.t!islm<mnt o£ locating points : : h i c } ~  a r e  uscC i n  ~ m . c h i : - c  : ; c r k  

cer.-'ospcnds to a grunt extent t-, the ostab!isl~'~.'."-~ cf "%~nch -:arl:s" 
which sxrvcyors use in :,~':inL'; survo~s; their Lmortanco cr.nn(:t be s%z-,.ssr~d 

9oo hishly. 

p!icatcd part Sl~C.u!./ bc :.~ac.c ~y a Tool L-<~J_:~c,~ ~ -.;be. ::as kL;t", both -csii;.~. 
• " - ] ~ _ o d r C ~  o.:i~v and nractica! machip.ing c;.mcricrcc, in cr.q.cr %o (.~sijn ............. " : 

a r c  c ~ # ~ o J _ u  of-'roduc4-:,s . . . . .  , . o r . " :  a c c r a - a t c l y  an, . -  c c . .  . . . . . .  c~!.~ ~ ,..~ c u a > . 3 c s  

-..1.4~-,.,,~,, R;v .s -b  b o  ::&do o l l  o . . £ ~ [ L I ~ Z ' o ~  ~ "" . . . . . . . . . . . . .  : .~ .o  b O d n  _-o'-z-~ ; ; ] L c .  - '  

i n  a . o r o d - u c t i c n  -L i zzc~  ~: ,av b o  c , ~ i t , . .  ~ . . . . . . . . . . .  c .  o u . , . y ,  : b e ; . : O c Z ' S  0 2  ..n ~.o.,±," ~ - : " ~ S ' i : : o , . r -  

• ~qg bcoartmcnt have ti:e abi.litj" t o  ; . , a k c  proper . . . . . . . .  ~ - ' " " "  ~pcz~.~-~ .... ] .o£. . : . : ,u ts  £ - ~  t o  

s u c c u s s f u ! l y  s u p c r v i s o  . . . . . . . .  ~ , ;~  ...-',-rk o z  ~ . ~  D e t a i l  D c s ; . L . u  ~ r a : - b : < . : a : : ;  ...... ~_~:'~, -..~-~ 

q , ' . . . o o r u ~ - . - o  _ ; ~ . c ~ o ,  . ~ . .  b : , ~  . ,~ : -C. , . .  C . l 'O  OG'Ga .LP . : ; (~  L".:'I '311C , . , . , .~_¢- .~ .~ ] -  

c o s t  c f  t,  h c  t o o l s  e..,~, .... .... ~_~u ~C',~lz,,~." ..... : . f  t b c  ' ) . .  . . . . . . .  ........ ' c ~  ~ . . } : : i c - :  %b.c - ; , : ; , . ' ! s  ; . ' i l l  

p r c'.:- uc C .  

built into ........... ~:,u %co!s; ~,u~u bo .... ~, -<.u~cc~ %c the :.:acl'_.iRc .cp.~ra,.,<..r= ....... :.i-o 
,4q  i a c t u a l . ] ; . : "  i . . . .  ' t h e  . . . . . .  l ' h c  " ~ ~ S C.F ._~C . . . . .  o r u , . . - , . c o  p ~ . l  u .  _ ua, u , . - p r a c t i c . s  : '.s to., : ! u  " - " "  e a c h  

_ o ~ a l  . . . . .  a ,. r a c t i c ~  ' ~ " - '  . . . .  -"~ . . . .  • I_, . . . . .  : ~ _ , . . . : :  ~ J ! ] O < ' L o  . L [ I _ . S  L ~ . o  o p c r a t m o - ~ _  in ~ ~  " l  , . r  S t a n O . a r d  "~ . . . . . . . . . . . . .  

b c c n  t h e  o r a c t i c c  ( . , f  : . K s t  c c , ~ . p a ~ : i c s  f o r  :..:r.r6; : : c a r s  a , . . j  i n  : , c s t  c c s c s ~  

found it ~;~ ........ ~ .... .... . ' " m~ ~ re brai:t . . . . . . . .  -s . . . . .  ~ n a r L l c u ! L ' . r ! y  "..%~un " "  i s  ~ . ~ o ~ _  . . . .  ~",. 

o L t 0 o _ , , , : ; c u t  tile : " .... " ~ ' s  or.',:~!.,,./,~,~,.,c-- .... ~ _,4,~. o ] : c  o r o d u c t i o n  c f  n o ' , :  :-" ",'~'" ~ ,  

Practic~ irstruc'- . . . . .  q~ . . . . .  " ~  " so 
~ng L.~.c ~ : c u ~ ' - =  ci o a c h  opoz"atj.c:~ ~.,,_,.' nrc.',p~r_ s c q u . o ' , : . ~ o  i : . :  w , r ._ . cn  %izc c.ocratio;]s 



shcu!..: bc purfor:.:c.-':. To i!iustratc, if a part kas sb: scoarate and 

c . z s t - . n c t  . . . . . . .  . . . .  ' - " '  "~ .z .~zn~ c ~ _ ~ . L , ~ . . : ~ I  - ~ "  ~'~ ~' a . S  c a c : ~  opcraTmcn c ~ : m s z . s b s  c £  t P c  :..~-]-~-':.s 

c f  c n c  o r  r ~ c r o  c u t s  c r  s r : t n f i i n d  o.~r~.b__~' ~.",",~.. . . :~ e t c .  ~ . . . .  ~4 . . . . . . . . . . .  ~ q ~ . ,  a"-,~.. , . . - r~ : .~ .n ,~"  . .~  

- , v o ' c ! : i  b c  . . . . .  ...~_.~'.~-~ o n e  f c r  e a c h  o p c r a t i o k . z ~  a n d  --'-~:sso o p e r a t i c . n - : ' !  ca°a..."_:~.::s 
• . -  . 1 . . . .  

::l~.zb:.~. . . . .  u~  , f r o : . :  c r u  t o  s - x  m:, tL,~ c o r r e c t  . . . . . . .  * "  , ~ p U *  ~ u - I  ( t % 8 7  ~ - : , - , -  . . . . . .  , ..~ , :  - , r - - "  ~,-, . , ,7  

into the tcc_,s." T~_ls' " practice ;':as cf "o,.., .... ~_c,~_~4, ~.~ bcnc£it ~:1o~ng-' ~ : t::c war 

• C v ; " i V . s  ~r" b L , ' =  t:: pcri(d c~:.cn ~.'.any r.anufacturiu,.7, plants - ........ pr~.uuo'" ~os ,.-~t', :ihich 

" " ,-,,- v - ,  ,~  h o t  f a ~ ; i ] . i a r  a n d  i s  a 2 r a c t " _ c c  ~ ~ 4 ~ ' - .  l . a s  p r c , ; c n  t,lOl,.r .... pl.~ ~oo ;.ore , ....... 

. . . . . .  s ~  . v c t l . ; : : ' ; r t h y  c f  c o n s : b t i c l ' a o ! c z  b p r o v i d i n g  t h e  - . ; , : r ; . :  is <. i  s u c h  a 

4 - ~ , 2  ~'~" ""'" cf " . . . . .  l t r u  . b h a t  % h e  b r ~ ] . n z l : 4  c ; , p l o y c e s  s c c < F o s  a p r c b l o ' t .  

I b e l i e v e  t : : a t  i s  a v e r y  L.ocd p o i n t  a n : "  .::':.~c .:kic'_.".. i s  . . . . . . . .  ' . . . . . . . . .  ~.O£ b.i r O~.;OI ~o,cr- 

i-%..~ as I~ COr~!ilA~ (IO.3S ]IC]p in %r~,=:.,..~ no,; C:::oaosrccS On a oar.~.~_cuzar 

j c b  t o  b,u v c _ ~  o : o i i c i t  a s  b'.'. -u~-~  " ~ '  h o w  b.:zo . . u _ . .  s h o u l , ,  b c  . ~ c : . c ,  D u r h ~ g  

a period cf c ~ , - r g c n c y  . . . . . . .  ..,'~=~ s u . b c r v i s i < n  i s  o v c : . ~ b ' , . ' . ~ d c n c d ~  t h e  t r a i n i n . T  of 

u r _ c , : ~ . ,  c ~ : p ! o y c c s  b e c o m e s  qu-. ~,~ a pr.oo!c:.~ a: , ,d  o k c  m<:.rc < .o . ,  ..... .,. 

. . . . . .  ~m. .b  c a r ,  b c  -~u~  ~ A u t o  t ' z c  z n o ~ r u c ~ i : : n s ' , - ~  . n,,':_ ..... , i n b e  t h e  d r a : / i n ~ ] s  " , . : ' ~ c , :  . . . . .  a r c  

given -b r  the ~ . ' ~ + r ~  c c : : s a i n l y  he 7 ~ ' ' " ~ . ~ - - : , : . ~ " - r ~ - -  • . . ± , ~  . . . . . . .  - p ~  b :  a ~ r o a t  o 1 : % . 3 ~ : L , ,  - . . . . .  u ~ . ~ . , - . , - , ~ _ . ~ , ,  

i . I o t h r x l  for " " " . . . . . . . .  ~" " % ' 0  ],  i S  ~ " " : n d m c a t : L r ' g  ,s~-c . . . . . . . .  . . . . . . . .  o ,,.~ porlk;r, .u, ."--l  o n  a _n a r t  i c u l a r  

opcratiun is t(" i-%d.icato it < n  t]!.c ocoi*atJ.o:-..al t i r e . w i n s  b~" using n4 ~ , o  

: ; h i l t  t h e  oalancu c f  0 : : o  Po~. ~ i s  s h c : . ' n  :i:~ s[..*c "~u~,.... f o r . ~ :  : ; i t S -  t . ' S h %  l i n e s .  

S o : . c  companies h a v e  o v e r .  ,S<:.I'o o ~- frr as t :  " ~ . . . .  " " " • ~ ; . . . . . . .  ' . .  ] . S  ( ] [  I S ~ ,  r ~ O  L . I~  . . . .  ~ . ; , r 4 4 . [ ! ~ S - .  " "  " • ~ "  

good sat.of -, ~÷4c-- . .  " ." ~-.,4 . . . . . . . . . . . .  ,,- ; , .~ , ,  • • op~r . . . . . .  ~,a-,.r~.,=h~o a r ~  a l s  ,} c f  a s ~ o ~ . u  . ,u.~p to S ' . ' . . ps l~V!S!D~ 
b e c a u s e  rh~n y o u  arc buil.'.lin.~ • ~op far high ...... "" ~ . . . . . . .  p . . . .  . . .uc~., .~.. , :  i n  a.,-,, c m . c r s o n c ~  m a n y  
~ C - , ' : 7 y  ~ . . . . .  , . .  , p - .  O , . O u ~ £  ~ '  ' . , 4 ~ _  o ~ p c r  . . . . . . . .  r s  - , a v e  r o c c i v c G .  ~ ' - , * ~ ' - ' ,  t r a i n i n c  c o u r s e s  % h a m -  

SOIvos~ 

. . . . .  ~ . . . . . . .  ~.~:~C,~ } l a v e  v , o l ] . - C l ~ & ' . . ] i z o d  t t < l  . . . . . . .  " ~ ~ ~  , i ~ . v c  

adcptad standards for tlmsc detail ........... 4 ' " ~<,c,s, mbm, . ,o  ~ . ~ . - - C i l  : .F .3  LLSO£L i n  "~ " '  fLxtEmas, 
and:. d i e s ,  o r c ,  v i < : o d  s u c ] :  " '  ' . z~c::s :.~ust bo .replaced ?~ ..... tLvc ~ ~-~"~ _. <.:.. uC ~,.~.~u t~.U_C t O  

"...;aT or orc~,:,£~o. N~cso stan:..az~.l -..ta..:s~ sacn as :..r=ll b.d.shin-s , s-=~,~ 

~,,~ 4 -~ " ...... co pro/uccd in qua:t.£tios ..... " ' p i n s ~  o ~ , ~ h L n u ~  f o r  C l o s j  e t c , ,  c a n  "~ " -  " , . ~ l c n  

a r c  ! a r g o  c n c u s : ~  t c  o c r r i t  c c : n o : ' : ~ y  i n  ' " -  -" ~ . . . . .  • . :=a~..=!,S, cr it" s . , " , . ; . ; c  . . . .  , , o  c a : q  bo 

,.~ , - ~ , - 4  ~,,- , ~  . . . .  ,< ~ o c c ' :  such : . - su : . . s .  The p ' c r c h a s c d  fr.;.:...: ~ - ) , ~ c , ~ l _ z ~ . : l  o u t s ' d o  s o u r c e s  .- .... 4 ~ '  o"- 

Tool Engineer s.:c.u_:, insist tl.~.u bloc Cctaii Ccsi:'u-ng bc bu"..Lt " ~ ,"'~ 
s t a n d a r d  o ~ . r , ~  . . . .  8< t h e  c r ~ t ~ u ' - ~  . . . . . . . . . . . .  o o s s f i ~ g q c  u x ~ c : , t ,  c. . . . . . . .  ~ - ~ , - -  +~ .~ 

- .  , . . . .  .o-..:~ o r i t t i n s s ;  n a t i o n a l  b a s i s  ,~.f s u c h  p r o d u c t  i t o : : s  c s  b o l o s ,  n....~.)~ s o ; t a w s ;  ~ ~ 

a::,., e t h o s  ~_cc~.s -.,n~.c~ - a r c  u n i v e r s a l l y  u . s~d~  k a s  occ:-~ o f  i n e a l c n l a b l c  

b e n e f i t  . . . . . . . . .  " " " , ' u , . ~  c . ' : : ' d i v ~ r ~  r O.s & ; ' r l , O l O ~  aR%i %,10 ~"- . . . . .  ~ , . ' 4  ~ - 4  . . . . .  " t '  

within a c -,::,p a n y  is oss~utiai f o r  its .... ~ ~ 1 - . ~ ' ~ -  " ~" . . . .  " . . . .  

i n  '~ " q ~  C q o : . o ~  22]VOLQ%(:I'LCS C.f. LR'..,SO r o ' ) . ? i r  o o . r t s  ' " '" u n a  . . . . .  n ,  _ . _ " . . . .  ~ ~.l~.Lc~ ' . . : u :~ t  b o  c = r r i u , ~  

in stock. 

The Tocl Lni~ir:~crs i:ecp in ac.~iv.~, $ouoh with. the progress .made by outside 

source by ~!cans of a ".,:cokly rcocrt which: is '..:ado (;n cat:: ire,i; ~his report 

i n d i c a t e s  t h e  p c r c c n t a j c  o f  c c ~ . 9 ! c t i c n  :on an o s b i : : a t o £  b a s i s , ,  ',. 'he a n S i . n e a r s  

a l s o  a c D u a ! ] 7 :  ~.~akc , u<ny  p c r s ' , : . n a t  a n d  t o l c p h , . n c  c c n t a c D s  F u r i L ~ '  DLc  p r o g r e s s  
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of the work, t o  be certaii-that difficulties~ when encountered~ are 
pro:~p~% ironed eut~ so that any ur:necessa~, delays can be prevented. 
Tke tooling items which are belt.<; made in tlle ~.mik~acturel~'s o;,u~ too! 
room are also fo!iov..ed up by ti:e Tool Engineering ,L:eoarti,~eltt £u -,oR ~ 
much the same ;-turner as for tl'e outside sources, in tooli~:g-u-o for 
a new oroduct, there are a great Lan-7 tools involved, and ti:e failure 
of any of these tools to be ready in time to ~.:eet ti:e Sched.ule, or to 
£ur_.ction properly when put into ope:..'ation; could :,.ave .a d'atr~_nental 
e f f e c t  o n  t l : e  e n t ' . r e  : ? - , ~ o  -~, : , , - '~  ' ~ ;  t h i s  afp!yin S no'~ o i : i y  to tools, jig's, 
£ ~ c t u r e s ~  b u t  a l s o  t o  p a t t e r n s ,  f c r g i . ~ S  d i e s ~  p r e s s  d l e s ~  s p e c i a l .  

machines~ and special equipment. 

p~.]..,.i~, s ~oseu:!er o-~ scnec,,~_=ed ti::-e t:~ nany tooling 
cm~azls recuired., ~ ~ ' o r -  putt-"._mg a mass-:Jr,",iuc'tion, ~ . D r o g r a u  into ~ fleet is 
a gi6a::tic program and requires an organization tkat is trained in 
cooperation and in the ooordi.ua%ion of effort~ and also one that is 
not afraid o£ hard work, 

I ca:m~.ot give a ve~j close idea on the amount of lead ti,:e requiredj 
• as it varies, dependent vpo:: the product. 'i'ke point ! am t~.-inj to bring 
out ~s that there is a lot of lead-b~-:e : ~ ~ - ..... each ~-~," -b . . . .  ~mst . .al lVO.LVGO. ~1-(.~ .J :~ab 

be programmed so that eve~3,'-ghin £ cot,or togetkcr in time to perfor::: the 
assembly operations. 

~,.~ are now puttmng in a new Press 'soparmne-rc. Studebaker ~:as o~cnascd 
practica!~% ~ all of its ~s .... " _-.,r, ~ sueot metal ~,,ork. :;c do oroduce t:::.o small 
and meditm size stampings in two existing press rooms~ b.ut the hoods: 

fenders, and body parts have been pure]rased. :i~ are no:: too!if-g-up to 
ma!:e hoods and fenders for ourp~u~.~. -~ ....... "~ cars° A large n:m~.b:~r of dies 
a r e  r e q u i r e d  f c r  t h i s  w o r l %  w h i c l i  i s  a p r o j e c t  ~ ~  . . . . . . .  o . ~ :  "~;-~*~C"~°b=~-~'" c a t t y  

. . . .  a K . !  c o : r - a ~ l , ;  , ; . i f _ o n  %l" lCLt  t o  t O O ] . - % )  i s !  ! h ~ 4 g .  i%, o o i n i o n  w o u l d  b e  ° ' "~ -  . . . . . .  

for a iar%o sheet-metal proLra::~. in .less tl-an a year under normal con- 
ditions would ~ • ' a s ~ a n ~  c h a a c o  o f  b e x n g  ~ ' ~ o D -  - , - ~ , , "  ~ - '  " , . ' .  " C...'t,] ~.. _" 03..3. t . ~  $ a - t o - o u t { : .  \ !P, d e  i ~ ;''.~ o~.~"-,J 

p r e s s u r e  i n  a n  e m e r g e n c y  i t  . . . .  ~ '~e  _ " c,n. t . . . .~. . . ,  s h c r - b 0 n c ~ . ,  T a'.}l a g a i n  Q ~ r ~ l , %  s ' - "  . . . . .  ~ "" -" 

f rom t h e  s u b j e c t  a t  t h i s  o o i n t  h e l o t s  ~ - , ' - - : - , 6  . . . . .  u p  _o"~-~,-°'~"c ~_,,~j ~ . . . .  o..:...t-. ~ : t  o u  ~ . . . .  

t ~ : . . e  i w a s  .: .4t ' ,~ t k e  M a r i o n  ~ " * ~ - "  " '  " ~ . . e  . _ j - _ -  J ~ I : :  ~ : I O V C Z  $c;r~?oair.." ".il . L - .  c s ' o R o - ~ t  ' '  o : ~  

! f o r k s  i l a n a s e r .  The . . . . . . . .  " . . . . .  -- - o ~ r ~ . ~ l O i l ~ . =  c - . . ' c l o  011 a s f . . ; a -J_  ~ o ] ~ - ~ i  , ~  s h o v e ] _  ~, '~s 

a s c u t  .,.~ . . . . . .  ~ f r o m  t h e  t ~ : z c  o £  z n c o : ; 0 z o n  o f  ~;..~u . . . . . . . . . . .  o r d e r ,  c ' h o n  c , ;~  ~,:.~_n:' 

p a r t s  : : e r e  s t a r t e d  imq t h e  ~ t u c _ ,  f e t u " d ~ %  t o  t i m  % - i ~ e  t~  . . . .  -c~:c s : ~ o v o l  
-.,,aS ready for skioment, O n  t'e : . . . . . . .  , . . . . .  " " " . ,. m~-~ S~ S,.',O~rU~S it re.i-,, up as ill~il as 

26 weeks, and oao% steo_ ,sd %o •oo ~oro:ra~r~.:ed as to :-::".,on' diffcreit items 
of ma-[-,erial would start in oroccss arid <..'!ion they "..ov.ld be ~-~{~ ,; 
the idea being to have evo~vtb.inf. £iuishcd in t~:.c, but not too %~ 
ahead of the required assembly ~ .... ,-. ~.,~ In other ~:ords~ so~u par~s had 
to . . . . .  ÷ 2 6  w e e k s  ~ "  ~ " " " ~ ~ n e a c ~  o f  t h e  t i m e  .. .' i -.u -~ a s s u m o l y  w a s  s c : : o d r ! e ~  t o  s ~ a r ~ ;  

o~_,~c~ parts would not require starting more ~"~ ~,~,.,~u of ~.!o' 
a s s e n b l y  sehudu!cd d a t e ,  : '"  - C O r i p a i : i . e s  " : ~ '  .-an:/r qOc..b -.... ~,'~oO.L** 5 Ot[O 
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~nc].r product by "~ ~"~J -']~ to Lr~c s~ncz,.s bm_~s of material; cov~rzng all par bin; 
plant and. saying, £n c~cct~ "Ycrc~ it is e.nc we ;;ant ~-":~_~ mad-,~. ~' And 
t/-is is " "~'~ ' what happens uudcr those circ'.m:~stauccs. ~,~ casL. oar ss arc 

~! p . .~  . 4.1.1 made first~ ..... ~ oar%s ~.at require a long manufacturzng cycle aud 
" "  ~'~, , ' " ; ~  " ' ~  to m a k e  are neglected. ~; first . . . .  ""  , n_.~ .... .~,~ ~ ~ L  -;bile ~,~ ~Tar-'~.. _on 
was tc install corrective ;noasurcs so ~- ..... par-bs ;;ore not startc,l unt:z"" 
nccessa~ to meet the ......... a, : ,~u~, , : .±y s c h e d u l c s ~  b a s e d  o n  t h e  O.OCZ,..o:LOn~.~." " "~' C - : o l e .  

and lead ,~,:e required for each par0. '£l'.c furt::er effect oz' bl-:e ~.~±~, 
procedure previously outlined ~.'as that there ",;ou!d bca let.To inventory 
of ~ " { ~ ' ~ ' "  ~ ~ ourrcrtly :~ec,:Icd $o; for m a n y  reasons z_n .... co. parts whicl- were ~.o~ 
tko programmLng of parts processing is vary Lnportan%. In a mass-production 
i n d u s t ~  y o u  k a v o  t o -  - ," . . . .  p a r 0 s ;  o r  t h e  . . . . .  " ~  "' p~osr~m, all the ' ,..:~o.:_,.; ,~roc~duro stops. 
It is just like a ,.atcn or a c:ocx ,;nero e~czj ~:s must fit tugctner; 
if one co[~ in tile chain stops, the ;:hole procedure stops. 

PL\dT ~ \ Y O  u z' 

The layout Department and tkc o~ .~.=~.~ .... Lquipmcnt ~n~,~.cer :~" '<~: "'-~6 Dcpart:ucnt. 
are ~,o~_n~-~, rcsooasiblc~ for ti~e task cf a~.uaivzJ_~.-~g ~-.~] ..... of the problems 

, . m ~ , ~  the rearrangemon~ of tb.~ plant machinery ana equipment 
rcquircd to meet the -ate of production ~:hich -cili "'~ ~ necessary to fulfill 

• ~c .~ .~u]~ s c h o d u ! s d  o ~ b D u t .  ±~:s ~ . ~ l a t c r i a l  ~lal-:dlJ_Fg ~ q u i p r . ~ e n - b  i s  a ~ s o  

very ~nportant~ .... "'- ~ " ~uc the p~cnn_ng of tkis is a,_so tbc rcsponsib-.lity of 
these t w o  dcoartmcnts. There arc many factors to be taken intb considcra- 
LlOn~ SOTI.C o.i7 which o.rc : 

I. Hot: many machines or pJ.oces Of spccLai cquJpr.:ont :;ill bc ncccs- 
sa~r for each operation in order to produce the hourly production required 
to fulfill the maxi:~t~: schedules? A i"u!o of tkt~mb is to use approx~natoly 
80 percent of the ra-b~d m m x i I : ~ . : ~ , ~  productive ;capacity of a piece o~.? equip- 
ment in making those ca!cu!ntions~ :;ut, as in all ru!es~ ~i=.;~c arc 
exceptions :vhcr~ judg~,~cnt is rcquired~ particularly in borde~.'line cases 
"~:hcre a slight change ~z t'.:is percentage could decrease ,or iT.crease the 
m±<focr of pieces of equipment to bo made available for a pariicular 
opera%ion. 

Some nachia~s~ such as .orcsscs and autonatic sere... machines, ke.vc 
a high hourly outp~:b and th~rcforu r.o¢ ~ possibly bc u.~cd for more than 
one operation on one oart. In suc:: cases, provision for ~_.~-~.:-~"'~m:~g 
and sot-up tg,~.o must be taken 5:~to consideration xbon d etor;:,inins tile 
n~ub,~r of pieces of cquipn~nt reqcirod to '.:oct the sch~du!e. 

It seems as though it .v:igkt b~ possible, if you l'_av(, ~ one opcratlon 
that is slightly skort of cquipr:.cnt~ to ban]: the material and. run it on 
a third shift as an cmcrgcncy~ in order to "oick up the diffcrcr.cc bct;:ocn 
your schedules and nachinc capacfty output. This is not ah:oys possible 
because the banking of some matcria!s .:ill clog things up to a w~y co,:~- 
sidcrablc o;~cnt. 

1"7 
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Uc havre at ........... o :.::men " ocon The prcss-s p r . ~ u ~ n o  a r o b l o m  -~ " ' : : a s  n o t  " s o i v o a .  

. . . . . .  ,.:_mc~. : . c  o u r s e l v e s  : : i l l  s t a r t  t : '  real.x:} o n  t h e  n o ; ;  sh~:~ : a ~ t a l  : . ' o r k ,  - " ' "  "~- 

- a r e  g o i n g  t o  . p r o d u c e  ± ,  ox:u ! ' c n d : s ' r  s t a : : D i n q s  ~.<,~<:,"~ <'" - '  t h a n  ~",~. :~, ou~-a'  : . - o l d -  

i n g  o p e r a t i o n  w h i c h  i s  so in , ' .~  t o  -.,:c : : a d o  o n  t ] : o  _> u ~ , c - u r .  . . . . . . .  L o  . d o  u o t  a s  ~u-,% 

know ius% :,.l:,?.t to do about i%. Ths manufo.cturor of %:,.~ :;oldmrs toils 

us tl:at the macl~incs ::ill . . . . . . . . .  n o ~  d o  t h m  o t t o  : ; c l d J . n g  j o b  a s  i a s ~  a s  : . ¢  : . a n t  

_.o d o n e  i u  o r d e r  t o  ] : c o p  u o  , . ' i t h  t h e  o : . ' c s s c s  ",/c d o  n o t  . . . . . .  t ; o  t c . ] : c  

t k c  m a r u f a c t u r c r ~ s  w o r d  a s  f i n a l  . . . .  + ~ '  .... - . . . . . . .  .. ~.v ourso_~vos , q - r e  it a ::hirl. 

F e n d e r s  a r c  v e r y  b u l ] . y  i t o r . : s ~  ~..nu- -' ~..o s~,,~,~-~-'"~- c a n n o b  b a n k  t h e m  ,~' ,'"-":,~,.~ ,','£ 

t l : o  b u - t  : .-~GSq . . . . .  0 c - ~ + ~  .... d o  " ! . . a v e  . . . . .  ' - ' ~ " "  • .~ . . . . .  :s  p _ ~ , ~ = ~ , . ~  a s  :.'o i-~o0 ~.v~.::~:.._<w s p a c e  t o  s l o e : )  
s u c h  a b a n k .  . : , u r b : : ~ r m o : ~ e ~  s a o r a . ' . c  of . . . . . . . . .  . - i -~  S S : ~ C b  . . ~ , ~  - o r o s o - T U S  : a l ! O ' L . . O ' i  ~ 

p r o b T e r :  . . . . .  " s o o a u s c  ~ t  i s  l i a b l e  t o  b c c o : : o  s o r a t c h c : i  a n d  c o n , , c o . '  " -"" ~ i n  ~ - . r ~ . s ~ n  .. . . . . .  

a::d %his then calls for metal £lnlsb.::~:~. z o u  ca:: , c ~ - = .  5. po:~ a =.o;s 

• 3.~i o 0 C J X O O S  S . . . . . . . . .  o f  n o n o , y  . . . . .  m o t a !  f ~ n ,  s n : n g  " ~ ' o  . . . .  a s  t h a t  : s  o : : o  o f  t h e  
~-. n • ¢,.L . - - , t , 

co~amuo~ o o c r a b i o n u  o n  a : :  a u t o m o b i i o .  ,3c~ < k i l o  : , e  ao not a a v e  0 h a l  

. . . .  - . . . . . . . . . . . . . .  " ~ -  t :" .- '  e n t i r e  problem solved cs. ~.ro'5~ i-6 "."IlISL ~]O oOIVO<,.~ ~r~°~; O b i ~  .... ~'~ _.~ 

fcnd<~r nross lin,a would have to bo slo:.'cd <:own. 

2 .  l ~ : a t  b a n k s  o f  m a t e r i a l  m u s t  b c  c a r r ! . ~ d  a : R ~ a d  o f  t h e  o r i g i n a t i n g  

m a c h i n e  o o < ; r a t l o h s ;  b o t : . . c c n  m a c h i N . o  o p c r a t i o > s ;  % o b : T c u n  m a c h i : : c  o p o r : - % i o n s  

a n d  s : 7 . b - a s s o m b i : r  o p u r a t i o n s ;  h c t . . - . o c n  s u b a s s o : , b l y  a n d  : j . n : : . t - a s : : c : : : ] ? !  3r o p e r a -  

t i o n s ;  a n d  b e t w e e n  t : ' . o  f i n a l  o p o : - a i , i o n  o n  a p a r t ~  a s u b a s : : c m b ! ~ r ~  o r  a 

u n i t - a s s c m b l y ~  a n d  %l-c po: '_n% : T i : w r c  bb .o  f i n a l  e : . d - p r o , ' . i u . c %  a s s o : . : : b ! y  i s  

p e r  f o r t . l e d  ? 

3. bhat mot]:od :i ~7., ,_. be used in bringing m::t~rial u:? to the :~-->~:~.,::.,o 
. . < Z  4 ., . o_ -  . ~ . . . .  , ~  p ..... oh aru ahead o f  o...uc o r - . g l n a t i : : g ,  o p o r a t i o : : s ;  and : : - : a t  ..... t : . c , , ~  : : i l l  

:~-  u s e d  i n  "; -'.~ . . . .  ~ •  .oi- . ' ,  " -~ . . . .  ~ : . ,ov~ . : s - :  . . . .  u :  _~;,- s o  o . , c u ~ :  o ' ? c r a t i o n s  " ' n i l !  t h e .  9~.._. ~'""o i s  o o m -  

p 3 e - b o d ;  a l s o  h e r  : : i l l  .... ~., oar'. ~;  ...... ' '  " " . . . . .  . o._w,, b c  c a r r i e , : : ,  t o - s n o  s u ; ~ a s s . a : : ~ ? . ! y ~  

"unmt-~o~..,b.'_y~ and final assomo.!4: lines? 

4. Jill banks o£ :::at~rial ' ........... ~ ........ " ~ o v , , ~ w , ,  o g o r a t i o : : s  bc o n ~ ' : . - . r :  2.il movable 

c o n - 0 a : p : : o r s  o r  o n  . p a _ ' l c ~ s ;  o n  g r a v i t y  c , r  o n  p o , . e r - o p v r ~ c ,  r o l i m r  o r  

bolt o o n r c a , o r s  ; o r  o:: ov ....... c o n v e y o r s ?  

T":o c o n c l u s i o n s  . . . . . . .  .~ . . . .  : " :  . . . . .  "- " "" ' " ~ o s ~  ~,,c ru~. ,~.r  . . . .  ,::~ vi : . s  t o r e r o _ h e  q u c s c m c ~ . s  > : u s t  t a : : c  

i n t o  c o n s i d c r a t ' _ c n  t h e  t t q ) c s  o f  ? a r t s  . . I : ' . o ] :  a r . s  i n v o l v e d .  Sor, :c  p a r t s  

- . : i l l  b e  m a d e  a % a  p r o d u c t i o n  : ' a t e  : : l - i c ] :  a p p r o x J j . : : ' . t c s  tb : ."  u s a , 3 c  r a t e  : 

J .n  -b].~o product, and such p a r t s  """ "~  ' . . . . .  " - o~.o ..... (~ t h e r e f o r e  . f i e : :  u _ , r o c . A . y  to the 

' ~ . . . . .  ~ :,.s.sc~' " s N ~ a s s o : : b ! y  or i n  ~. ~ ........ 1 a s s o : . b i " r  po_ ,~ .v  : ; h e r a  % . : c y  . . . .  t o  b e  i n  a - - ~ - ~  

1 8  
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c r otdlc uzol% %'o illustrate that~ in our onL-nc ..... " " ±:LnOS---- 
~ "~' .... ~'~' its otnn cn.glncs--the re.to of flow in t]:,o 

cnsinc li~~os all throu,:l: t1:e machining and subassc:-.~bly cf 
parts of" t h e  c n g i n e ~  a p p r o x ~ : ~ a t c s  bb.c ~ o ~  o£ t£..c asso~:~o~r  
of the engine on the final cnginhasSdmbly conveyor. Small insur- 

e.nee b~.~.~.~ o f  e n g i n e s  a r e  a t , ; a v s  . . . .  ~ .... : ..... l : ; ~ Z l ~ u ~ _ _ l ~ C C  S O  "O'-'/".'O ILL' Dlr j ,  r 

~A..7~_{.,, h a p p e n e d  i n  t h e  e u . s i n e  a s s o m b l v o  i t  w c u ! d  n o t  b c  n u c c r -  

s a z  9, t o  s h u t  do ,vn  t l - o  f i r a l  c a r  ~ s s c : . , o l y  l i n e .  2r~c s p e e d  
o f  %he f i n a l  o -~ .g ine  a s s c m b ! y  Z i n c ,  - . :ken  c o n s : ' i c r e d  e v e r  a 
2 / + - h o u r  'p~_ou~-,'-4 ~ ~._,. c p p r o : - r L : : a - b c ! y  t- ie" s& , :o  as  t h e  ~.~u" o f  

usa2:e .it the car and truck final acsembly liz:os~ a,-,.d the 
engines arc carried on an ovcr:',_,:ad conveyor diroc%l~: frca 

the c~-:gino asscubly line to the pas,~or-~:cr ,car final s~-~ '',~7~ 
The on~mnos wl-ich.aro used in t~uc~_~ ere taken off the con- 
v c z ~ o r  ah  a l o & G ~ " ] s  d o c k ~  T ; h c r e  ~'--~::uy a r e  ~ n - p p u G  ° b y  . . . . . . . .  ~ o  
- ~ ' -  7 ~ile - b r u c k  a,.q . . . .  ~ 7"r "'~" sc,.,o~.~ plar't~ located some  tT.'0 r i l e s  south (.z 
%he m a i n  p l a n t .  E n g i n e s  f o r  s e r v i c e  a r e  "~ '"  _ " ... . .  ~o % a l i e n  o f f  81)c 

. . . . . . . . . . . . . .  b y  c o n v e y o r  a t  a l o a d ~ , : : S  d o c k ,  f r o m  :.':~:UC.:: ~:-C2 ° a r c  .~,_~.c~.: 

truck to the Studcbal<cz" Plant l:o. S, : ; h i c h  is ...... ' '~ ~c~ o u,~Li , 

v,~h.oz~Ip b(" ~E:o ~tcr_.,~ and sliipoins of scrv'.cc parts. 

The usual practice is to have a ba:,d,: o£ ~ ~.,c~ .0~-~ .... t ~.:~ ,....~ ii:surancc 
~:s~.lno~ ~o~vs duc to brca!~doTms~ but this insurance bank does not 

necessarily have to bs adjacent %o t:~c p..~oductic:~..._:~:~.- ..... ~_,_. ............... ~ ..... :.,,~r_,~.l'~ 

in %~0 oank must bo rot .... ed in crier to ') ...... ],+" " ...... "."~" :_t -- I ~ ~vu=~ <.~ ~r_~ ~.~..., should 
co stored 'in a !ocabion °,:,~mcn ms reo.sonabl3: accossib!e] but zl .... ,_~ %~pe 
of .... ~ {~ -~--~ a~t~r_o ..... o:: not occur ill ~"}" ~"" - .... s- 
siblo Iocs.tio~'~ of this bank is not of ~or~:~e L.~oortance. come parts :d~_~.c~~- 
c.rc ncccssari]$, oroduc~u much mrz'e rap=_..iy tbcn they c.ro used in ....... end 

Drodtlct; SnC}l as snail ~' ..... ~ ~'~ " scr~-,v " " -~-,~- ...... " ~ . ~ ~,.i;:Z)=nuo c . n G  ~::C.C=IZr~O ps,  r " b s ;  . . . . . . .  . . . .  1 z l y  go  

i n t o  s b o r a g c  b a n k s  . . . .  " . . . .  ~" ~::<, arc ~nu~ ~.u~ o u t  of the bani: into t]zs production 
lines as required. 

..The quantities e,£ ]parts ::l~ich :;ill b c  carried iu the af.src-'!:,cn~icncd 
t~os of ~mtorial banks rust bo dctor.:'incd so tL-at th< ricer s~,ace recFah~cd 

may be calculatcdj as providing floor s25.c~ or ov,~ri:oad convcyer space, 
for material '-'~ ..... " . . . . . . . . .  I_~ , ) r ~ V ! G l r ~  ~ S]30~CC for !.IC.o]!'_.ZO ~.1~ a r c  $_-,:~ a s  ~ ~ " s s o . l ~ j  as  ] e, " ~" ~ .. 
and assembly !incs. 

The usual iaycut procedure Lu :::oct cc:.:panics is for the i~:ycut . 
Dcpartmunt to ma!,:c cardboard eutuuts to sea!c, based on tb_o ilcer space 
required for ~ach ::.achinc ai~. for each bank of c,aborial. T~cse c':bouts 

are then ":~,o;~uted on depart;::cntai layout boards T:it': %1,',~:~b tachs so that 
various arran~'c.'ucnts o£ the cutouts can be made and discussed bet:.e~n 
the Pian% Equipment Erii~inooring Dcpc.rti~cnt; the Fcrorion of tl:c opomating 
dcpartr!cnts inv,':ivcd; and the Divisional and General Sup6rintcT.dsnt. 
Convcyors~ :;hen required, arc indicatcd by the u'sc 0f co!s.rcd tacos 
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• ' •  " . < {  ' . , U  

' ." , : ' ' "  < : :  : ; 2  ; ~  ' "  I ' l ' ~ "  : ~, 

whicl- s,r~ poe:ted on the layout tabic, various • colors indicating the %~pes 
of  c o ; : v c y o r s  t h a t  a r c  t c  'co Recd ,  Cenvcyer: i .zod ass~Nb].~.- l i n e : :  br . :o Leon  
Lidcl<}" pS3!icizcd i n  c o n n o c t i o : ~  wit}-%!20 a u t c n o t i v c  i : t dus t r~ , ;  a::d a l l  o f  
you are fa:.;iliar ,,~it'n t]:o general princi~:ios invc].v.:..l. Tb.crc is scmc 

~ ; o t , . ¢ ~ : l  c o ' . - ~ o & i q i o s ,  d l l o  t o  t ~ l o  " " " ~ ~ - - ' ¢ ' ~  v a r i a t ' . o n  in practice . . . . . . .  ' " "<~ "~] 

o f f l o o r  s p : . c c ~  o r  d u o  t o  d J U f o r + n c e  i n  o r c d u c t  - . : k - c k  c a u s e s  , a r i a t l u n o  

in t}-c asse:;'bly m e t h o d s  - . . ; h i c h  a r c  u s e d .  A general r'clc for c . . - . . ; , . v c : / c r i z -  

i n g  m a - t o r i a l  f o r  a s s c r ' ~ ! y  i s  t o  a z ' r a n j c  t i : o  c o n v o y , " r  s o  t : ~ a t  t:'c •.:..:..rl~ i s  

• 2..0 b h e  m o s t  c o n v e n i e n t  ~ = " ~ n - s  ~ l e - o n t  for +he ~ ~ ... . .  . "- , . - o , ~ i ~ b o r ,  a u d  . ' - .  carryinc c u t  ;-~ 4, 

p r i n c i p l o ~  i t  i s  f r e q u e n t l y  n c c o s s c r y  t o  ,:,a~/.t]_,o :,eibk"b o f  th.u co:.:vo:,:or 
f o r  d i f f e r e n t  o p e r a t i o n s °  Custc;;ar~r Rrac%icc~  a f t e r  t] :c c h a s s i s  assc;-,:bl3; 
w o r k  has  boon  co~.•) lotod and bhc t i r o s  ::.<,untoA c,;'~ %1:c e s r ~  i s  t c  u s e  f l o o r  

~ 

iovc! corvoyors whore the b<;dj-and shoo8 uotal ~..:ork is added and the final 
conneoti'ons and adjusD:::,cnts made. Pi-{;s are prcvidud 7::u-D':..'ocx the ricer 
c o n v e y o r  r a i l s  f o r - h h o s o  f i n a l  o p e r a t i o n s  Dh~-,S .oust  bo p c r f o r : u c d  bonoat : , .  
the car. 

Final assoJ:-..bl~ + c o n v e y o r s  rl jA-_, c t - . . ~ - , ' . ~ l l o u s ~ .  D. O,,, & .D . . . . . .  u o , ~ z . . . _ , _ . u ~  , 

P u s l , . - o u ~ 0 c < n  . . . . . . . . . . .  a r e  A u c a t c d  a l o m g  b k o  o a t h  o £  ~-' " c c u n . - u y o r  s o  t h a t  

,--!-,.-,~ t r o u b l e  d c v c ] . c - ) s  t h e  c o n v o y . : ; r  c a n  b o  ~ o c . p p ~ d  -.£~0_," s u c h  a , ' ~ . - .pp . . : sc  

o c c u r s ~  o. . . . .  4 . . . . .  of ~ "  .4 . . . . .  i s  ~,,_~,~ b].':~ W c f . :  ~,z%.,. w L ~ o r o  t k o  ~ D , ~ r i .  ~ l o n o ~  so a r r c ,  T rged  * ' -<- ' -  ' . . . . . .  " 

trouble has dove!aped is indicated b-j tZlc].: tc r...SL;iS~O str3vrvisioR :,.i: 
p r o r ~ t l y  Io . . . .  h,~ i;'.~o : , u r n . . a r ~ a  ; a : o r e  one d i f f i , : ' u l . t  .... n c s  occ'. , :rro~. ~c~.otmo,... 

• " ± r ~ u , c h , , i v  cqv. ippod "tit],. o . - . c c t r i o  s i g n s  a l i~ ;  l o n g  o.ssomb.%: i i n c s  a r c  . . . . .  ~ 

w h i c h  are located " " "  "~ . . . . . . . .  ~- . . . .  ~:.0,;: i" ..,..-,:, abc . . vo  t i " c  C 0 1 F , J c ~ , ' ( : . r  ,....~'G.~"A ; , , : - - '  -t ~. ~.L_,.:LO~.-,~~'e ~"  ~ ' - ' ~  % ] ! 0  

- c o r k  z o a o  ~ ~ . , -  " b : , .  . . . . . .  ~ ' "  ~ . . ~ ,  :/nero , .~  SLCO o~buOh has boon p:;,,~:G,~" '" . . . . . ,  

Se':~c a s s e m b l y  co :< :vo2-c , r  Zincs have a c o , , - b - , , , . , : : u s  " " . . . . .  ; '  . . . .  

1 , 2 0 0  f e e t ,  T r o u b l _ o  i n  a n y  o n e  £ . ~ o t  a i o n s  t b _ a s  ! . ± n o  : : a ~  c , ? . : : s o a  n o c c s -  

~n~r~.  ~ S t C D D ~ g O , _  _ Sc; ' % i l o r o  ~.1':3 ZC:i'L,3 " - l i l J . ' b C I ' S  O-SS' I  ~~l ' leC]., ! .q ! - "  '3]: '  ..... , . . . .  ~q,_.~', I~LI / I  

possi's!y from I to I0. i£ the stop butt,:n in z~,ne k;. i is p~o~s:-cd~ 
thereby stopfius t~m ccnvc~:cr~ l:O. i -.:,:u!d s':,,T: up cn alE'of the electric 
siL.:ns posL, cdaD intervaTs above -b]:o conveyor, t,::us cna'<iing the s~ocrvis<,;rs 
to, concentrate at D'.'c pr,'-,osr poiut in ~-rdcr to apply corrcc-bivc incasing°as 
t o  w h a t e v e r  c a u s e d  t h e  t r o u b l e .  A n y t : . : L n g  - , : h i c b  ; : i l l  c : : -L ;cd" , . t c  t i i o  o c r r c c t i . : . n  

c f  ~ " "~ ~ - " __. " " "  a s  s t c ~ ' _ : : g  a 7 ; o a v i l ~  ~ruuo~o cn a C . t T : V O - j o r  .L-,nc I S  - , . . ' o7 l  worth V: ; i - ._ .LC~ 

Earmod conveyor ].i_.io ruoi~.G~ is C" c:st]$r procedure. 

• "' " ~" ~ ~ [ l . ' . S  o . : . . z ( [  ; : o L , " ' _ . ° L ; ~  LID t C  Cc.nvc~- ( ; , r s  . . ' h i c h  f o o d  : ~ o a ~ -  ~ ; a r - ~ s ~  ~,u.c_..: ~.s . _~  
1 

t h e  ' • : a i n  a s s o : : ~ b l . y  J_~:<, d o  n o t  rc . .~ c u : . : - h i ; . u o u s ! y ,  b u t  S i o u x  m a y  ,-c.v::. a n  

c ! c c t r i c  s ' . ;mbc '~  a r r a r £ . ' o r c n D  . . . . . . . . . . . .  o:.,,; o • . :. • ~ . . , b r o .  ,~. " c c < - . v c v c r  a , : -va : -~co~ o n e  sb~'-b-L< :,  

t o ' . . , a r d  t h e  i : m ~ u  l i n e  : . £ t e r  a " ~ u b a s s o : : b l c d  .~,.~.-~ . . . . . . . .  o , m s  c o o n  ,~" . . . . . .  ..... 7<,._,,", t h e r e b y  

b r - l ~ r , ' i T : ' g  u P  a n r ; t b ,  r 6 a r t .  ? l - t e e  s . ; i t c i ~ c s  :,::a,y b c  - .  . . . . . .  " ~&N u " l l " . "  ~ "  • 

t h o  c , p o r a t c r  ; v h o  r e f o r m s  t k o  s u b p s s u : f o 3 . y  . ' r ~  An  s c ; : ~  c a s c s ~  t h e  S ' . , : : ' . tcbms 
, ~  ~ r  ' ' ~  " " " ~ ' P '  ~ S  '~  :.'3":' < " ' ~ "  arc c . p u , a o ; ~  a u t o ; . ' . a t i o n Z ] . y  -,;.--eu a p c ' r %  z s  rc , " . ; ,DvoG.  , l ~c  .. ~ oc._~,~ c 

d e v i c e  k e e p s  t h e  : . , . iN  c c n  t h e  s u b o . s s m ' : . b l y  ~ . . . . . .  : f i t  . . . . . .  
• . > . 

u s & d o  o f  % - i t  p a r t s  -,r~ t ] - c  . . . .  " . . . . . . . . .  ~O~-D,. ' T b . - . s c  r o f i r : o ; . : c n J D s  c ; r , s - . . o r x c G  

o . l t  b y  t h e  _i-~'-~"+,j...~ D c % r . ; % ~ ' c r , t  .r..n< -b'.,'c P~.~.**~, .. . . . .  :~c¢-_,~:.;~.,~~ .... 4_ . . . . .  ~- _~,.o... . , : .~~ . . . .  ' - *  ' , .~o'~_._;._~--)coart-  

r e n t  b c f c r c  t h e  a o p r c : , c < - ~ . ~ - - , " ~ t  i s  - r - i l - m G q - r - ~ - q  . . . . . .  ,d 
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Ibm.'  ~,-,] ":-~ , i ; i  !1 l '<l  ,; 

o~-;.~.--~ ~o~,~.~c, some statistics rejardin5 the conveyorizing of an as~eub!y 
plant will oe of interest° Studebaker in the latter ~art of 1947 purchased 
f~omthe C~overi~s~,en~ the. South Lend p!anb r:-~ich Stu(leb.aker o p c r a b e d  ,/uri-:~ 
the ~7ar oeriod in making D-Z7 aviation engines. Tki:~ o } . a , b  no'w houses 
the Studebaker TrUck Assembly an::< the E:cjort 3hi.?pJ_ng Division. 

Several optional layouts rtcrc made ."or bi'.e assembly o:,7 i;l~e tr',"_ck 
before final agrcc;.~ent "czas reached. The aviation enc:L:uc tcs~ calls 
occupy the entire north sldc o2 the;building and~ as t~msd~,:cre not to 
be disturbed, thc layout adopted 2o_'." tb.c final as se.ubly-.vas c,.e in ":¢hich 
the chassis was ~,~,,D~ec,.'~'~ ." on a side arm t~o,,~, ,. cor-vc?!or~ aoproxL:mte!y_ 24"~. 
high, and tkc co;~p!cted chassis, ",,:ith v,~hccis and tires mourtcd, ..,'as tl~en 
pickcd up by a for': truck and dclivcrcd tc bhc ?ina! assembly ].ine~ which 
runs pare!it], to the chassis assc~b!y !~o, but this couvcyor~ v~h_-'..ch is of 
ti:c flush £1ocr plate typ% moves in the opposite direction. 

-. " ot a n ~ , p  o ..... , , o  . . . . . .  o ' , : ' t  s a t J : ~ f g . c : , o r : L l y  f r o m  a ~ . . . .  ~ r ~  . . . . .  r o o c J _ v i n g  ~ - ~- i~- '-  
~ . , . : ,  ~ , ~ ~ . 

and a l s o  f o r  t h e  s t o r a b l e  o f  c~..~,,p±ecc~ b r u c k s ~ b c f o r c  c~r.~voa-.-,'ay~ i n  a s t o r a g e  
yard "",~',.~.._.~,. is located south o:[ tbc . D i a n t .  

The laycut v:as ,:-.," ~.-~<-,-~ .... ~..~ for approx~mtcly 20-trucks an hour~ on a 
1 6 - h o u r  d a y  ' °~'o~o_~. i,~o% o n l y  v~as t h i s  a n~,,"" asc;c : : :c iy  p!a~-b~ b u t  b-~o c o r . p l c t o  

• . , L ~  . -  , ] , - " . 1  ~ ; - : .  l i . L _ o ' J  O : : . ~  l .~uo o.f t r u c k s  ".;as n u - .  ,m'.,,,~ver, t h e  l a y o u t  v,-as p l a n n o &  so ' ..... ° " ~  . . . . . .  ~ 
o n l y  a _,~. E ! i n o r  oh&it•gee - ; 'ore nooossa:c;•:  c;z%or .r-,-~c-.-u,~.*-;¢--, -~ 
TI:e c o n T c y o r  ~[?...-~ro f r o n b  ~c . i es  u c r c  s - f i~assomb!ed  had  t o  bc  ~.~:.:,v,:,d s : p p r o x i -  
m a b c ! y  40 f u c t  t c  , the n o r t h ,  ...... ,,~ to insufficient s~gs.co > a v i < ~  bcdn orovidcd 

• " % . ' I 0  on t,,~ main assembly convc~jfor for ti-zc assembly of the roar ~les to " 
c . . , ~ o _ o .  ~--, '- a d j . . s t m c n t  ,.,as ~ ~ ~ ,  made o v e r  s. ".,co_< c.qd. 

AoproxL~°.ato!v%~.~o ~.,L._z~ . . . .  of conveyors of various l ? ,~cs  ~:oro ~.e,,.~_. ~ ~  ,~,'~ ~'~ " 
f o r  h i -o  oo .~ ,~ le to  ~ ~ ~ "~  " ' ~ ' ~ / C , J  _ai,,'cu<, ~ f o o t  scmn3 u o c ~  f c r  t h e  " ' , ~ - - "  ~4,- .a l  
assoi::bly opcracioi:s~ the balance Oc:Ln~{ USeS for nand.':zng ma~cr_a.~ up be 
the assembly l!ncs and into ....... for , ~'i',-'-" ..... p ..... u_..~, cabs and truck body 
oomos~ and for subasso::~b]:y o o~rab4ons~ ~ "~], as .... . _ ,~u~., cao ~,:~ trucn bo, l .y  box 
framinz aud v?o!din,~ cab ~ : .... 4 o' ~r~.~ ~_n~ and add.ing front end ~,u.~ ~ ....... ~ m6tal~ 
radiabors~ and la~-.,ms to ~ ........ .,..~,~-o , {. t~e _ c~.~ co.10 d r o o  ""~'-" me.de o n t o  
bho  chassis. 

Plant layout is an intcrcstln S c budy ,::~=d is a field ,,;hc:'e in,'ic~uuiJ~y 
on t~io part of m~e engineers rcal!~ pays divzdOnds oy -. .... ,~-~ ,.~,;: . . . . . . .  ~ . . %  . . . .  ,:., C X C C S S  

handling costs, ' i 'hc iay!r.g out o f  final ~-ssomL.!y lin~'s, ;:it,'_q the ,uub 3 
a s s e m b l i e s  :' , r ' - ' - - , . ,  ~" , -~ 

the operations and of the .~.,2acc rcd.-ircd for tkc men and matcrlal ;;hich 
;hake up the detail of each oporatior, as it ..uov:~s a!o:ig the conveyor. 
~:~hon nov." products are being fitted into existing bu-.~-dingsj some rca!!y 
tough material handlin$; problems eft!so, and these nust bc satisfactorily 
solved in order to pcr:.~it a reas6nablc handling co,~:t and unab].c a smooth 
production fie',-,. 
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i n  p r e p a r ! n  S t , : u  material 2.n ci~ms t c } ~  ; o l a n t .  ] _a youb  ~-i '~,_~., cou ,_d  
not ice scoaratcd from . . . . . . .  " oo.;I or'ginccrzi:g ,. o o o _ , _ , . g ~  as p l a n t  layout and '- r " " 
m u s t  w c r l :  h a n d :  i n  b a n d  i n  t h e  d c v c l o o i , ' , c n t  o:! a r : c . n u i ' a c t u r i n g  o . . . . .  * ~  

it ' " ~  i n ' . _ .  n,..~ boon n o c o s s c . i ~  to touch oi:. i , ]any oL,[' L:Ic  F 'O I~SS  ln~r~Ivcc~. 4 <  

r~ . t ,~u ,  a s ' _ ' : c t c h y  m a n n e r ;  ]~uS a s  t h e  m c c t z r . , i  i s  t o  b e  t k r o T . n  0 o c n  b o  
quost-ons~ I sincerely ~ruso t},:ao you will. not hcs:Lba~c to ~: ,~- .  ~hc-sc 
qucstions rc.s~r,:~zng points <:hich you zoo! havo not oocn c!r.rifiod or 
fully covcrOdo 

l t b . a n k  y o u  f o r  t h e  o r i v i i e L c  o£  y o o z  ~ . . . .  ~ " " ~  m a d c  i t  ~ ...... :"~ 

- p r c s o . . %  "~ -" ~ " ' ' ~n_'~ s u b j c c b  m a s ~ c r  t 0  s < c h  a r c p r c s c n ~ c . t : L v c  S t o u p  o f  o u r  
Armed F o r c e s .  

. . . . .  t • CHF-'qTT6U:~um . . . . . .  .. : . . . .  A t  :.:~.u-4~ p o i n t  - .n ~,rol i r  _ ~ r o d u - c u ! o n  d o  ~ro~ar s ] o . r c  n a r - 0 s  
come 0ff~ and do you havoa sot pcrcon%~ -.:_:on do you arr)_:.,o at he'..: 

m a n y  n u t s ~  b o l t s , ~ - o r  i t o m  . o o r  p i e c e  ~. C a n  y o u  si-,.,-c u s  a rO~bhLag  o n  
that ? 

i " [ ]  Lo T c ? . - , . - m : ~  m ~  . • " ' • Uo::,',~: ~n~t ors.trice y&rlus :;i6h oc,]:~]r.nlcs. Sp-'-~~' i%r 
S t u d c b a k e r ~  w e  c n d o a v o r  c t  + '~ '-  e n d  o r  a - r u n  :_,~± _~u  a moc:e~ '  c ! i c ] , .R¢  " ' -  

makc a roasonablo quantiSy of spc.ru parts. ,~ -bb_cn save the too!s~ 

• - ~ b ~ * - ' - Y . ~ q  q t ! & R t - : - ' - : . , , ~ .  -" - - ~ - ~  dies~ ano. fi'.ctu..-cs in cass ~u ..... ~.u..,~ .... ~ o.L soarc p , . - r ~  e.rc 

required at a latcr dato. Th:so parts .::r~ then citl:,sr made--.! moan 
• , . o, . . , . iZ wc have to make more -.~.-an ~.~u orJ_i%nal qua~.oxby providcd--ir,~ our 

o : ; n  p ! a n t ~  o r  . . . . . . . .  ~ . . ,  a r c  s e n t  o u t  b c  a j o b ' s i u  C c o ~ , p o . n y o  ~ ' t " b h o  p r c s c n b  

tJm~c . . . . .  ~ "  i s  a ~ ~ ~ ~, " C b . i c a s o  t o  ~ . , ' h i c h  . : o  h a v c  ""  " ~ : : p o c d  c l a r g e  
" , - • -~ . . . . . .  b n 9 . - "  - "  - mm~bcr of dics for service fenders and other s,_.cc .... ~.-_ parts ,.,p._,ch 

a r c  n o t  c u r r l u f : t l y  i n  - ~  ' . . . .  ; . . . . . .  ]JIO(iLiOb-'.~'£~, i.R5~O Shoo5 "--~'"'~ aFC ,.1G U~.'-- pO.r"hS  n c o ~ s , c a r i ! ¥  
~.,_..~d,-, i n  s m a l l  ! o r  r u n s  ,..-k.~" '~ f o r  C]-,.c.-b roe ,  s o n  a r e  c.x.,p-'~=.,,~:_~-'--~-, c o s - 0 ± y . '  " 
~,c h a v e  i.~ado soi,',c s o r v l c o  s ~ u ~  '.,:~-Ssl-.'pc.Z~%s i n  t l L c  r , J . ;  o r c s s  rc,')~,~: t o  

• ' " . . . . .  b u t  t i l l s  c a - m c ,  t > o  c o n t i n u e d  which previous reference has c o o n  .~,~,c~u~ .. 

~ f L ,  U r  < ~ r o L ~ u l a r  . . . . . . . . . . .  3 r o d u c . u = o n  so~ : rus=  u ~ : l "  r:,u:, C o r ~ t : c t n d ~ o r  . ' : ' o 8 , : 3 r - - L ~ L o  l ( ]  ' o  

Co'11L-o.ildor--ls a ]ci],S~i" s~rokc ;,~c, aoor Lilc.n ;,'f.s iz! uAo ._-.;_ • - '" " '  ~ 9 / '  C o t :  ~cnzr. lcr .  

Ho. :~ .v~ : .% t h c  ; ] o b o r s  a r ,  c . . . . . . .  ~ 0 '  - - . ' ~ r c m ~ . ' - ~ u ~ . b ! , - ' ~  -,:c. c a n  s ~ r ' T z c o  

a c o m p l e t e  l~ ,+o  i l O b O r  - , , : i t h  (,1!0 Ci '  ~ , lO nOY; : I c . t o l ' s ~  l ] /  0 . i " I  OYib]_l~O .< ,c .bor  
" c , .  • l s  n c c c s s a r . y ,  cu, . '~r~. ,1 c.dcStz'..~_r< _oa tUs  a r c  r c q u i r a d ~  b u b  ~-"~_.cuu~ :'-~',s._ o f  
a ninor na%ur~. 

NoT; a s  -oo sor , : c  c, oz,,J_ s e r v i c e  " ~ " ~  . . . . .  " ' , . . . . .  ~ .- 

iikc . . . . . . . . . . . . .  u . ~ . b ~  "..o ~ . a d c  ~ h o s o  c '~, - . .~.~u!vcs;  a n d  :,.c n 2 . v c  s a v e d  ~ n c  t o c ~ s  :5<: rc.]<o 
" " J - ,  ~ , o  

G U . C i !  l o ~ : . . ~  ; , ' } l O l ~  . . . . .  ~ " "  . . . . . . . .  . c u u . ~ _ z ~ d .  $c,L.u s e r v i c e  parts nc, y ~  t c  o,~:~ - d - ~ o u g h  ..:,cz;~.r~.uc 
oqu_ipr, bn%; ".T]liC].l SOL:0 .Dm~.~YLS :"C;~ ,I-4- i'c.r ~ 

dif£icult tc. c:.t <0g~iar prodvct:/,,i, :torts far anough ak,uad sc r.r- %<: brcc.k 
in on your ro%~J_~.r standard cqu'.oLt,:nt ~n ,'_:rdcr to oro.a!c,, sot/leo "-'~+~ 

• - ~ ~ ] , ~ . . . .  - ~ - , ~ - -  ~ . . . . ~ . . 2 . ,  . L . , . , } ~ . ' .  . .  S~rvico oarts arc rCs.I.L}, a. ~.~,,z :lu~;G~:~ £<r the , ;,.:~.-.<-.,..c u ~,. -n.~ Pivisicn~ 
p a r t i c u l - : r l y  t l ~ c s ~  t h a t  v a s t y  c o n s i d o r a b i y  f r c . J  "p ~._~-~ ..... o,~ o r  ,:: "-':.m~.~u . . . .  .,~_~.~:.~- ...... 

%oJ.z~.j ::',ado i n  c u r r o n t  p r o d u c t i o n ,  i% J_s; h o - , ; u v e r ~  . . . .  ~ vc-.%" ~~t.~o, . :  . . . . . . . . . . .  .... ,;r p a r t  
" ' P  t h e  ~ " - " "  
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I ~ ,~li"~,"' ' . , .  - ! t ~ l  ; . % i l  f l  " t -  , " . l f : ' ~  i ~ ' , %  

~<'< t/.. ":-;,', Ii !",<:' i l ( {  II IF~ it )~ 
, Q .  ' , ~  

Q~o-lO'< : Evidently tooling for a r.u':: mode! ;.:,~s0 ~-~.:.u ......... qu.,.~¢ a 
bit of tiz::c~ must %c quitc a job, -r_ .,as ",:ondcrJqs ,.m,,. . . . . .  ]_cn- i~ -~:.,.os"- 
t o  d c  . . . . .  t . . . .  o ~ ' ~ ' ' "  • • ~t.. ~.~l~ig and ?.~i-at dc you do c.::out mi--.,~:.izing it? T~.c 
scccnd qucstio>.: In makin~ . . . . . . . . .  ~ ,, . . . . . . . .  ~ n u ~  ~,:~..z~, o a r t s _  y o u  s a y  y o u  o o ~  . . . .  b~ 

16 hours a dayj would it bc .... " '~ ~n_ra s~mL.-o ~o m~.i.c D r & c 0 1 c o . o ~ o  t c  R s 6  & ~ ~ "  " . . . . . .  " 

_ ~ ~rts 9 t]-osc s~arc ~. . 

" ~' . . . .  equipment a r l  :ct it uo w c u ! d  last question fir:t--to t~ar mc~,;n ~,~ 

~a ,~c  c n t i r c z y  t o c  ~ ..... - ~  b c  d c n c  r . t  + ........ , . . . . . .  c > " 

~ p r c ; d u c ~  s p a r e  o . . . . . .  ~ . o. • ~ .  u~ c.n a t h i r d  s h m z ~  : ,  . . . .  o r . ,  c , }c  v . ~ z  t o d',:  ~ c v c n  

t l ~ o u s h  "0he ." " ~  " ' w a s  ,~,.~ ~ " ~ ;" " " ~ q , _ z p , / ~ n ~  o p ~ : n  o n  ~ '  .... % n ~ r ' a  s h i f t .  - . ; : ' o n . r o e  ~.~cn a l s o  

¥ : c u ] . d  . . . . .  ~ : ~  b c  a v a ' . ! a b l o  --°~..;" . . . . . .  ~ .~ .~ , . . ~ ,~  ._~~.~..-,=-.~'., +',4-~,,_~ s q r r  . . . . . . . .  ~ co. , " - , ~ t  ~ ~ . O - r l ~  C . l ] d  C, V Q W -  

t ] k P . c  o2 ~r~ . l __ . cu  c T i D l o % ~ c o s  "- q . . . . . . . .  . , i.<.U_c: cO rooilzr,]d. ;,o Go hP.v.b ©xcoss coJ]o.c!G < < ~  ~ . 

in scmc o£ ew:' :-acli.ning lines: as it is ~c,~u__.=--z''~ "-.:r _,,~4 ..... ~,..,_~u~ .......... .;c 

a r c  t ~ o _ ~ ( ~ ' ,  q ~, ' ~,'~.~. -bc ; - a ] . : c  t l ,c . ,  c r a : i k s h a - t  ' - . . . .  ~ "-'- , ~ u r ~ c . , . ~ o s - - , . ~  i s  c s s c n t ' . . a l  t ! . . a t  

< :c  " . } a k o  service c ] . ' a n k s h a f b s  L.'~ o'..:r []I]I:n p!a:;t. , . ;c  c].c, ] I c . : / c  c } : c c s s  c ~  i)~" ~.C4~',--~r 
p~e,>~d ~,~ :;e can r-on ahcad cn prcduc%ion ~ '-~' ~f'-~' ......... • C± .... I~:I~_ ~ ;Jhcn i ' I O O . 3 S s c . r } ' ~  E'.bC q. 

t h o n  c h a n g o  o v e r  % h o  r : . ac -~ i n i n : - . . ,  l i n e s  +.~.. s e r v i c e  ,~,~,~< . . . .  " - ' - ~ .  . , . hu r t ' -  a r c  ~._~q ~ o  

coi,~panics which d.:.' spccializc in :ua]:ing service crankshafts, car.'.shafts: 
and si::,.ilar o a r % s  in s~'a!l . . . . . . . . . . . .  _ O ~ . : ~ . ; A ~ _ ' . . O o  f ' o i  ~ . . . . . .  ~ " " q  ' " ~ . . . .  ~ - t ~ . , C : . l _ ~  0 . ] i £ .  u r ~ . L C - . . ,  l.]L',rLuf&c"oQrcrs, 
: ~ c c ~ : a ~  u ; ~  s m a l l  q c . a n b z ~ z c s  i : ~ v c l v c d ~  ~.,_u ~ . ~ : t c ~  . . . .  < .  c:.2 s : - .c '~  p a r t s  is 
quite c:~cnsivc. 

. . . . .  " C'" Ho', .  Q~z,SLIDq: long dc,.~s it taku te shut d,:;;n and c:~ac:cc over? 

i2{ .  . . . . .  1T£'.7"~.. . . . .  T h i s  nc¥ .  ! i n c  .~° % t u c k s  z°'~c~...~ ,_ 0.~-+~-- ~",~.ug~--t; o u t  .%y "ouuacbal:cr 
s t a r t c d  a r c u i l d  ~ r ' . ] .  ! 9 4 8 .  ~ = ~  p G a : i t  : . a s  nc,~ cp~,,r '. £ o r  c v c r  % h r c c  ¥ , ' c c k s  
o u _ , ~ u  , o r c d u c t i c n  w a s  a : - a z n  .K]OV~-../,'"'" J.n r u a s o ' . q ' ~ b l . c  r I v C A q S i : s l O S .  P ~ i l o t  &l%d 

" in ccnsmdurab]v snor,~c:c :.. cducationa! ncdcls ;Tore ."DrOdl~-Cc'~ C. " " ' pc . , '4  ~u t:~en 

throe weeks. T:.-u no',: tr,;.ck plant is about -0we :.-i!cs from ~.ncro the trucks 

w h i c h  ~ . . . .  b i ~  r m a s ~ n  f.:~'.." t h o  t E l ' c o  ; . ' o u k s '  . . . .  . , , .  ~ * *~  .... ~ ~.~iI'O - ~<r Of %Z'UOi<S 
T;&S ~O'~-[~ t h o  O t t _ l . ~ _ ~ ] ~ o  ; , o r e  I~o-, / S O  ~ c . r  & S  ' -  m~ . . .  

m t  - " -  - . . S S  c o r n e d ,  a n d  ~::ucl,. o 2  t e a  c q u i p ; : : , ~ n ~  - . .as  n o : ; .  :n~.~  accoi::Tpi:Lshc:,-< b y  u s z n g  
• ~r  • . ~  oa- c v o r j c , : d - , ~  ! ,'P.S l a r g o  c r o w s  o-? u c n  c c n b r a c t o d  .~.-r  o n  the cutsido~ zn . . . . . .  : . . ,  

u s u d  that : : o  c , ' u i  "~ . . . . . . . . .  " c . c , ~ . _ : , .  ~ v c ;  V c r . r , ' k ~ e ~ + c , - ,  w'nc ..",-'~....~ a-Taiiab:[c ] : : :cn ".-;as 

' '  1 "  o , in - . . . . . . . .  w o r k i - l g  o'_-., i t .  Or,.o ,.,'.f. "on, ,  c_L-.,.uz £ r o o e r s  ,_.,.=,~,);.~,..,.,1-w' . . . .  ~ ; - ' e  . :  o r c d , u - - ~ i , : . n  _is % h o  

.. _ " ' "  ~ "  . . . .  C. i ' lg ' [  - r . - - ~  " ~ 4 ~ ^ .  ~Irying ccu:..io:.-.:cnt for the przn-0, ~nc , ao,~zn L. 
(~ S i ~ . ] i ~ 8 . r  4 - : . , e  " r a ~ - . "  . . . . .  " . . - ,  . ~ a  " 4 - ~ - 2 ~  . . . . .  " "-  

- . ' ~  i n s t a l l e d ,  s t .  m:  . ,a~  n o , ,  n c c : ~ s s a r y  t o  :.]c.vo t ? - c  ' '~  . . . . . . . .  . . , ,~  < ~ y z n . :  o q u i p ; : , : . n t ~  
which ,:c:uld have bouu a c,'~";sidcrablo task. The rE.shinS ar;!:bcr..dcrJz:h~g 
oquipmont was i'.]c, vud, 'i'hc o v o r h o 2 £ ] .  CCA\uOro_~ a OOl;Ig i10-,,'~ ¥$0r.3 -" ~ P  

4~<.-,- ' -  - , q  7 " " " '  ~ ' ,~ , ,  " ,"~ ~ ~ . . . . . . . . . . . . . .  l .... £ S  c.-r lL I, - r '4  ~ , ~  7 . . . . . . . . . . . . . . . . . . . . . . .  ~z  -b i<~c .  I t  . , :as ~ . . . . .  
l i n o  c o n v c v c r s  ~ a s  : , o l !  c.s t h e  c o ' . w c y i n c  c c ; u m p  < ...... .,v,.,~'- : , r  s ;~ou. , :  - -"- ] : . ' . cba !  " 

0,.~ 322 aoow,.,o;.a ~-ncc cab ' " !inos, 
o o  



" cL " ; :" " TM 

'..~-~ b., ¢ " '  { ~ :.~ i ~ :  ' , " '  ," ! ",~ 
L ~ \ ~ I [ ~ . - , ~  ~,! ; ; v . , . i ! t . ' , . o  ;i Jt . ' . , !L.".  / 

~,e d i d  _.L.~-+~ l o s e  a n t  . . . . .  b i L e  i n  c > a L : i l ~ - ,  c : : e r  f r o m  t h e  .,.j~oT~''": , , ~  . . . . . . . .  .... , o ~ , ~  ,~.._,~z 

c a r  o~ t r , e  1 9 L # ?  p a s s e : - s a r  c a r  b e c a u s e  ~,~e c ; ] a n L e s  " , , e r e  r e ! a t i v e ] . f  } : ) i : : o r ~  

a l t q o { z f j ~  a l a r : e  _-~:~.%.sr o f  "~ . . . . . . . .  : ' " - ~ "  -~  " . . . . . . .  . .  C , . ~ , . . . ~ u ~  I , ' O F O  J . : ' - J ~ _ . I t J C  l ' .~ i  : , _ ' . ~ ) r o Y g l R ~ I ' l o S  ~ : t : LL  

• " ' '.~P~ ' "" T . ' D S  reZ.~.ne~genLs. T h e  major c . . r < ~ e  ~ -':sRe Colm-'c.Fc:.er ~:,:)bc.z'~ referred c o  
-'.L 

p r e v i o u s ] . ~ :  w h ' . c h  L :ave  ~u m o r e  p o w e r .  

H o w e : e r ~  f r o m  t h e  s b a r t ~  o r  b l : e  i n c e N b i o u  eL' t i : e  i : L e a  r',..:.r a ,:c".: 
• - ' .  ~. " " . ' ~  ~ t ~ 7  "- .  . { . ' , - t , ,  1 -  r . - o d e l ~  z f  y o u  w e r e  g o ~ . n ~  t . o  e r : ~ : C  out a cc : :o . :_e:~e! " , :  n e w  ..,c ...... ~ ~ .. . . . .  , .... 

. . . .  , _, • - . ,  
-" " '  ~ " -  ~ : 2 e  . £ . . 5 0 f : : C ] 3 : : _ ]  @ t h a t  t L c  s - b a t i s t i c s ~  "..:hzc~, i r e a d ~  a s  &~:'.zc,~ c.u6 ~,. _. 

. . . . . . .  L ~ < . C b l . Z u ~  ; : S S O C - " . C . ' S Z O I :  : , ~ , . ~ c . b e  GO0: :  ~,:.,C.!','5 P;C,  ',:er,...'s ~i'o3.. t h e  

" " ~ ...... ' ;  o ~ r b i l  ' ' p r c j e c t  . ' , : s  . . . . . . .  : . . . .  _.,, -biz,:e t h e  j o u  : : a s  s u ~  ~ c ~  -one ..... ' - - ~ ' " -  i n  o r o d u c t : : _ c n .  

I "..:ould sLT# ~hat any compan'/ ,,,..L,~,.~ c~c}-~e~,,~ed on L,eS%i;~j snee~ metal d z c s  

u n d e r  ~ - ,.c ..=~, v e t :  _ . . . .  ~ _ ~es,: .  % h e n  n:b:Le ~ ! o n b ~ L s - ~ w  ~7~ i : " e 7 ~ "  : ' e  < [ i s a p ! ) o : i . n t o d .  

( N I S S T I O I : :  I n  t h e  c a s e  o f  %ke c o n v c : / o r  :!.i:-m w h i c h  ~:iay b e  i ~ 2 0 0  r e e f  

lo-.- . , j ,  1~o~.-; d o  . y o u  h a r ' & l e  b]~e a r o b l o : i  o £  i : ' . s p c < : t l o n  a n d  r e j e c t i o n  a l o n s  
. ~ , " ,  . , - o 

t i - e  ::a~? A r c - t h e r e  esomolzsnec~ s~ab:L,::-r:s c ].o:.:, '] the l:_no !so remove ..crk 

not up %0 standard~ or does -% co;:tinuc [; k:-' c.: 5] : t:~c lira ::i5[~ a sp,ucial 

identi?ication to insure %hat it does not reach final assomb]%; a}-d 

inspection? 

].~R. USI.TER: ~m~,,t:,~S co::~o!cteiy s aoilc:l ill re:.ovc,.i £ro':1 t:?c line 

L:m.!edJ.a-%c]%~. l',"o £ 1 ; . r t i , . o r  : : o r l : :  J.s ..,.c:.~.-.~, '":,,~ . . . . . . . . . .  ~ , . ~ o  . . . . . .  -I- ~, , , .  : .re o:,. t ~ ; c  rues-:& 

~ o r b a n %  o p e r a t i o n s  a% v a r i o u s  ~ o - m : - s  a ] o u ~  %ke ", . . . . . . . .  " ~  ' l i ; - c ~  s u c k  

a s  o n  u:lu ci:,-~i]:o.. ~ : o ~ : ~  ] ,L,c] ._n. , . . , , ,  l . in@~ : : r l o r c  ~ ~c.n,~. 1~]][9 ~..C4"'-.e~r.ac" P.-: 'L.; ,~ O<.b.~.Ozl,~,~. 

I £  t h e y  f i n d  a n y t : ~ i n ~  wron£'~ .... c o n s  . . . .  ~- ' , ' -" ..... . . . . . . . . . . . .  - - ~  S O I L ,  . . . .  l ~  u . ! ~ D . ~ l - .  3 0 £  L , . G  ~ . . . .  -10:,~ 

" ~ "  " ~' ~ _ , ~ , ~  Y, 'C c~r, 7 . . . . .  ' i o ( 3 ~ s , q  '~.U.C %0 s o o i . l . z d : c  a ~ i < k  ~ _ . : . m  

' " "  i " " . . -- "1 . . . . .  , "  ~ . . . . . .  . .  ~ .  ~ ;l C S" S C S C I e " I C  ~I~.VC eilOLl~-I !DC.I~~S ~ C A I ' f C L :  C,~ ~'3~'.0 CO:_\;u&,..,~. be J L L . L . :  %]=0 t ~ D .  

machine dces ........ . s ~  a i i t t l , u  bc~x:_-~d, "..re c a n  a i w a - r s  " , : o rk  % k c  + . ) ,= r~ - . cu=~ . .  
m ~ - , i , , , ,  ovcr -bJz .~o  %0 r c i ' i i l  a : : : a r k  .... - .4, , ,  . . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  ; . . . . . . .  ,.....~. ::oo!",_ C c p - c ~ c u  d\ IC ~ c  S~::,.4_].ct~. 

parts. 

: :R .  u o ~ :  ,~u__,~ o n c e  " .L  a ',: t :_, 'c : : c  d o  -bc.}-c c n s  . o f f  t h e  a s s e m b ! y  l : - n c .  

1,re d o  n o t  f i n d  '- . . . . .  t r o u c _ L c s  o , ~ - ~  . . . . .  ' ,~ ~, , , - ~ q , s  . . . . .  " . . . . . .  " • . 1  . . . .  ~ . ,5 ~ . . . .  = ~ .  c - S ~ , ~ :  . . . .  . - j  J . ~ - i ~ 3 , ~  ~ _ : . ~ - J  0 ~ C ' i I - 0 ~  !DO 

rectified .on ti,c spot .,.~ti~eut ste.))i.:s the 1-..:1o. !b is vc,°y sc]_do:.'.~ thab 

a i0":, '-~ to be taken co-.ioqetaT~. .- OZ.L She conv,~:#oz'. l]:o ncl"0s T,_:.-0 SO 

_. t£c assembly ,:'re c u:,;c thoroughly -:.~-spcc~cc r~cYc-"c b:,c ~ gc~ k.,.cro. 

It -.'ould !)u prdtt,~: har.~ to foul :. joe ::2 so L,uch on t]:J final assc;":.:.%r 

line tFa% a rc-oazrnan s-,a-ozc:.:cc ~_u].~. i~],.o i-z-c cou]..d::'% £0 %b.c :'~:cnaL.ng 

and <ict it moving .... ~-- If a thread -is ~-~,--; .... - "-" .... ~ .... )p~d~ cr so..'.ct.~_-:~ . a.-'.on C 
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over to tkc hca~%, repair. The same thing ]!eppcns with passcns'cr cars~ 
whicil, after tkcy leave sh~ f~.~._ assembly llnc, gc ii%o -el.at ,:;c ca=l 

the "doll-'q)" !inc. They arc very thoroughly checked, and anT bhin Z 
.:b.ich cannot bc repaired on thc "doll-up '~ line, -~;l:ich is a convcyorlzcd 
!inc, is pu]_icd off and sent over to s. passenger car heavy tel)air 
do/.; a r t m c r : t  ,, 

P a i n t  r o p a i r  i s  a l s o  ,.:.,...~,"~_ur].~ a t  -"~;-o' . . . . .  e n d  c f  t h e  assc : : ~b l ; . . -  I . . . . . . . . . .  ~ "- .~ ~' ] i f  

there arc a few ~ . , ~ , - , - - , f - ~ - ' i  . . . .  in .~u , . , ~  ..... ~ . . . . . .  ~ tb_c oaiqt, ~ . g o e s  to a specialized 
paint line .... ~ .... " ...... c :,=b = : i l l  b c  t o u c h e d  up. 

~i . . . . . .  i:~<;c.- cul ~ o.].'obod t i : : " ,O .  I 

hensivc talk on ".3rochlction. 
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