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COIOI~EL CP~.~E: Oentlem~n, this mcrnin!~ w;s start on ~ new Sub~cct 
in Our curriculmm ct the Cclle:i.l~-~. in the next ~.~ight '~,~ecks you will b-~ 
r~:.~d._nh~'- ~ ~ t~.!kin~- . . . .  ~!nd discussin:-.~ producbion; -~nd it ~s~ pertinent at the 
scnrt~ I believe, tc develop the exact purp,.sc "rod cbjcctiv<, cf th.~ pro- 

._ ~:.n., ~,n~,t we hc.oe t,-, a c h i e v e  ducti~m course, just wh~t we are aimin~, c t " {' . 

as I said last fall in my o_~,ienbation ts].k, the purpose of this 
cours~ is not to make you production experts. Our purpose is to develon 
in you a basic understanding of the prod~ction process and an appre- 
ciation of some of the more imF..ortsn5 ~nd outstanding production orob- 
l~ms~all this as an aid be you ir~ makir:~/.., more r,:alistic _p~..~o ..~h to 
the more o..n~.r~l problems of industrial mobiliz.~ticn ~.~na ecom)mic 

• ~¢, •. 

mobilization, with the hop~ tn:~t in dew~lopin[z plans for mndu.~trlal 
mobilization ?.nd economic mobilizatio~ you ~ill produce mor~ totalistic 

pls ns. 

a f~w we~ks ~go during ~h,, dmsc]~'ssion pcrio@ in this auditorium 
one of you raised a qm~stJ.on c:b,)ut a L~ck of light mortar shells ~,-h<n a 
dem:~nd or requirem,~nt :~vas set, up for them in the European the-~ter. As I 
rec~'!l the situation, the hcnvy shells ~-:~.d proved unsutisfactory and 
more light shells ~,.me nt..~dod~ ~i'hO requirement ~as passed back to the 
Zone of Interior and no~h~n<~ hsoo<ned. 

I don't know the details of i.h~'~t p~:rticular c:i, se, but I ~o~!d ,t, ssume 
that prod~.'ction was a contributory, if no~ a primary, caus~ for th~t 
delay. The facts of the matter ~rc that the t~o sb:.lls ar.~ made by en- 
tirely different processes. Th~ heavy shell is made with se:<mlcss steel 

. . . . .  c u~t, ln,.:~ T.)ress the tubin{~, ~,,.'hich is ~.-~,,'~ee r<t o~,~ <n~ and cuo:)ed in a ,~ n" "" ~ :rb 
other, then machined to final dim~<~nsions. The light shell is mad~ from 
bar stock and i'orsed in ,'~n up:~etter or for:.,~ing m~c.hine~ then ]zachined to 
f'inal dim,.nsions, 

Thus~ assuming thnt the: :<v~':Llable c~.p:Jcity for the light shell vJes 
utilized to the full~~st <:xtent~ the incr,~<'sed requircm~nt for the light 
shell resulting from this un~.~;~p.~cted dcm~md involved tb_:. establishment 
of ~dditional facilities for th..~ li,~ht shell° ~.s to m~terial, since the 
s~::-~mless steel tubing ~hich was on hr.nd, could not be used bsr stock had 
to bc ordered° Presum~-~bly the bill of mcterials was availsble~ but the 
rco~,~irements h~,d to be prcse.nted to ~he hequirements Com::!itt,~:;u for a].lo- 
c'~tion of the steel under the: Controlled i~-beri~:Is Plan (CJ~IP)~. Aft~Jr that 
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allocation had been made~ an arrangement had to be made with the steel 
mill for the scheduling of the rolling of the bar stock) worked, in with 
existing schedules; the actual rolling accomplished; and the material 
delivered. In so far as facilities were concerned, the upsetter is a 
rather 'heavy machine, with heavy castings and involving considerable 
machine work. It is a machine that is not stocked~ but v.~hich must be 
built to order~ Therefore there was a long. delay in getting the castings 
and the necessary mschine work to assemble the machines. 

In the upsetter there are four stages where hot metal is formed~ 
four punches and dies. Those punches and dies had to be designed and 
they had to. be obtained by manufacture in a tool shop~ which calls for 
very high-precision work° They had to be carefully heat-treated r:nd 
finally proven to determine that they produced satisfactorily. 

These are the elements which delay the fulfil]~nent of on un<-~xpected 
requirement which comes up~ the production delays° Don't get me wrong° 
I don~t feel that it would heED the m':.n in the fiel~ to do without these 
shells by kno~ing ~hat is involved in getting Lhcmo I am very sympa- 
thetic with the position of bhe man in the field° I think it is the job 
of the logistic forces to furnish what is required. On the other hand) 
I do think that if the logistic pl~nner had a proper a, ppreciation of the 
production problems involved in the transition from a heavy shell to a 
small, light shell; i£ he had r~cognized that by providing sufficient 
flexiNility in his plan through reserve c:~,pacity or some oth~r means, 
realizing thathe must be in a position to meet some unforeseen continger#- 
cies~.l think then v.e would be nearer to meeting the problem o£ providing 
une:~pe cted requirements. 

Now, this all brings out the point which I am tr~ing to establish 
here--that a knowledge of the capabilities and limitations of production 
is absolutely essential to the. logistic pla.~m~r~ If he is going to ms.ke 
realistic plsns, he must know what he can obtain and v:hat he cannot ob- 
tain from production; snd~ if fle?:ibility in thos-, plans is needed3he 
must make provision for Lhat flexibility° So that is our purpose in the 
production course--to develop an understanding and apprecie.tion of ~hat 
is involved in production) to facilitate your performance as logistic 
plann,~rs in the future~ 

There are n~mcrous definitions of mass production. S~idom do we have 
exactly the sam~.~ .ide~. in mind v, he.n we are. using that general term. I 
don't want to give an cx:~ct definition, becaus t I don't ~ant you Lo spend 
your time in quibbling about ~.nutic.~ ~.nd details as to the exact defini- 
tion you us.s. }"or our purposes~ hollower, I think we should consider mass 
production as a method which has been developed in this country for the 

> production of large quantities of produots at low cost° I think that will 
serve all the purposes that we may have. 
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~'what are some of the signi..@icant characteristics of modern~ m~ss 
production? I think it is cssenti~l that w.~ should reco~z.nize just 
6x:~.ctly what ~hese ch~k~cterisbics are~ because~ they enter into the 
problem of understandi~-~ what the czpabiliti~s and limit~.tions ,are. 

In the first plo.ce, mod~rn~ m~-ss production mak~-.~s extensive use of 
semiskill~d workers, It m~k~s minimmm us~ of skilled workers and n'..~:i- 
m~.~ use of scmiskil!ed work,~rs, the m,e.chine-op~mator t~qoe of workers, 
That is probably due largely to the economic reason th~.t, the w~.g,.~ scal~-; 
of the semiskilled ~.:ork~r is much lo~*er th~..n th?. v,~:..ge scnl¢ for th~ 
ski].led werker or the c .... ft~ ..... ~o On the other hend~ there ~r~-~ Drob.~:'~bly 
oth~.r reasons as well~ an important one being theft the number of skill~:d 
~ork~rs or crafts~n available is quite sr~all. You can probably vis- 
ualize where we {~ould be in ti'%( of war if we had .to dep{~nd u~)on the 

. co~n~ y to m~nufn.ct~re number of gunsmiths that wer(~ av~ilablc in this "" ¢~ 
our rifl,~s and m~chine guns. 

In the secor~ pl~-~ce; semiskilled labor is extensively used bees.use 
of the extreme inflexibility in the supply of skilled labor° An extensive 
tr~.ining period is re~uired to dew~lop ~nd tr:~i.[n a skilled ~:erk~r. Nor- 
mally the.re is ~ period of~ ±our y:~srs of ?.pprenticeship required° You 
can readily se~; th~-t dependence upon skill~d l~bor, ~;ith the ,..xtr ..... I~ 
long period of trair:ing r~-~qair,~!~d~ ~ould r.~ake us extrfmely vuln~-rable in 

t~e of war, 

another f~tctor entering into th~ inflexibility in the supply of high- 
ly skilled l?.bor is the artifici~l limitations and restrictions which are 
imposed as to the number .of apprentices ~'hich may be trained ,~ach year~ 
Yo~1 are all probsbly famili~m with the attitude of organized Icbor on this 
point~ It is merely e security provision, to insure theft th~.-~ supply avsil- 
sblt~ is not too gr,::~-~t~ so that it will not advers~:ly affect their bargain- 

ing power 

Along with this extensive use of s(~miskilled labor v~e have another 
characteristic which is directly related to it, if you ar~ going ~o use 
semiskilled labor instated or highly skilled L~bor, it is n~cessnry to 
break the productiv,~ cfl~ort down into simple '~nd element,sr~; t~.sks which 
are capable of b~iu~ performed satisfactorily by the semiskilled !cborer. 
Thus we have at, other significant chnr,-~cteristic . in modern, mass produc- 
tion whcr~ the~ entire productive effort is broken dov,'n into a l.?rge number 
of simpl~ and elementary tasks, 

~s s result of t.~x~se two thip.gs, the ~xtensive us.~ of unski!l..~d labor 
and the breaking dcwn of the effort into sL.~ple c.nd elementary t~nsks or 
op<:,r:~tions, we have a third characte.ristic, which is the extensive use of 
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complicated end ~utom?.tic machir:ery and equipm~:nt. •Here we think of the 
equipment furnishin~ the skill v;hich has formerly been supplied by the 
skilled laborer, In other ¥{ords~ the skill ~hich is built into the 
machine.cry and ecuipment supplements the limited skill of the unskilled 
worker to produce the r,~sult ~;hich the highly skill~.d ~<orker formerly has 
produced o 

That is accomplished in t'.¥o ~a~j~s, The first way is by special-purpose 
mschires and automatic machinc~ Th..'~s~. are machines in ~hich the entire 
operation is automatic.~lly per±'ormed throuTh c~.ms and othe.r mechanical 
devices, ~here the worker merely has to press a button~ observe theopers- 
tion of the ~:achine~ and raake sure that r~othing ~oes wrorg, He si~ply 
presses a button to start and presses a button to stop th~ machine. 

For the general,-,purpose machines that additional skill is fmrnished 
through the aid of toolin~o "fooli~:~ is Decessary in the case of ,~eneral- 
pt~'pose machines in crder -to enable the semiskilled op~.:r:~tor to produce 
a satisfactory result, That toolin~ consists of ji.~s ~nd f~.~tu~es, ~{hich 
are nothing more than ~ork-holding duviceso These work-holdin:~ devices 
are attached to the ma~,chine and adjusted to the proper r..:~lationship ~,ith 
the cutting tool cf the machine by ~: highly skilled man knc~-n as a set-up 

After th~.t adjustment all the operator has to do is t~o insert a piece 
, in this work-holding fixture~ clamp it, and push a button to Start the 
machine; an@ the cut is auto~:~atically mad.e in the proper relationship to 
the other dim~.nsionso '~'~hen the cut is finished~ the machine operator stops 
the ~.achine~ picks out the work~ inserts another piece~ clamps it~ .and 
repeats the cycle~ 

There is one othe~. ~ necessary bit of skill required her~ to supplement 
that of the unskilled ~orker, Tools veear as they cut metal; and as the 
wear occurs~ the relationship bet~veen the surface being cut and the other 
surfaces changes° Therefore the nschine operator must be furnished ~~'ith 
some device or tool to chec~ an@ m~ke sure that his machine is producing 
the way that it should~ That is done by the: use of gages. By the use of 
the g~.g~ the or, crater periodically can check tile result of his ms.chine and 
determine v;hen it is ~pproaching the msxi~.~um lin~i~ of variation allo¢¢ed 
and can then shut his machine doyen and call for the set-up man to make the 
necessary readjust~ent to bring the result within the alloveable vari:~tion 
so t~.~at he can proceed again.~ 

~$ork-holding devices for operations ether than drilling are usually 
called "fJmtt~res." The term "jig" is opplied to ~! ~;ork.-holding device 
used for drilling holes, Just visualize an ordinary box ";¢ith a hole 
accurately drilled in the top. ~chine operator merely inserts "~. piece in 
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that box, or jig, clamps it in place, and positions the jig so t.hat .the 
drill comes through the hole in the top~ which has been accurately 
located, amd that produces a hole in the proper relationship in the 
piece directly beneath, without the necessity of measuring and locating 
that point on the working surface. 

Those are all aids or supplements to the skill of the unskilled 
worker. I have already mentioned punches and dies in the case of forg- 
ings ~ Dies arc merely carefully developed devices in which the desired 
shape or form is recessed in the working surface of a steel die block. 
A hammer or press forces hot metal into the recess and the metal takes 
the form of the die~ thereby giving it a predetermined form without any 
aotio6 on the psr~ of the operator except to operate the hammer that 
comes down on the hot metal and squeezes it into the die° 

All these devices are what is kn~,~n as tooling, the necessary tool- 
ing for the job. As I said, they are supplements to the skill of the 
unskilled machine operator~ to enable him to produce work of satisfactory 
quality~ 

Now, the fourth significant characteristic in modern, mass production 
is interchangeability of parts ~ ~ve nor~?.ily think of interchangeability 
of parts as being related to the service function, to the maintanance 
and ~epair of the material after it is put .in uS~o However, interchange- 
ability of parts is a very essential part of modern, mass production° 
I think you can readily see that in the assembly of this material~ if 
you are going to use workers or laborers of moderate skill, semiskilled 
or u.nskilled workers, you have to eliminate all fine adjustments and 
the fitting of the parts at assembly° Therefore, if you are going to 
utilize unskilled labor on the assembly process; you must make the ~'.rts 
interchangeab!e ~ so they will fit ~ithout any adjustment at assembly° 
!fthere is not interchangeability, you require a worker with a very_ high 
degree of skill to make the necessary adjustments to fit the parts to- 
gether 

Let me ~ast summarize, then~ those four significant characteristics 
vrhich I have mentioned° The first is the extensive use of semiskilled 
workers~ The second is the breaking do~:n of the productive effort into 
elementary tasks or operationsj into simple tasks° The third is the 
extensive use of complicated and automatic machinery and equipment~ The 
fourth is interchangeability cf parts° 

Now, those four lead to another significant characteristic,, which to. 
my mind is the most impor,tant from our point of viewf and that is that 
modern, mass production involves detailed and time-consmming prep~irationo 
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In order toprovide these things 2 extremely detailed ~nd time-consuming 
procedures must be gone through ~o m~l~e re~dy for bhe pr0duStieno i~e. 
sometimes-refer to t~ut as production engi.neering, but in gene~s.l the 
problem&.s to p_7_an in detail just hov~ the job is to :~e done. And when 
I say "in ~ detail" I mean in detail, step bY ste.p, for each part involved. 

After the pls. n h:~.s be~n developed, there must be desig.ned~ manufac- 
tured,. ~nd installed all th6 .necess#ry equipment and machinery required 
to do the j~b according bo the plan ~'~o • ~l~ll), after this has been in~ 
stalled, there must be .,'~ follov~-up tc insure that the machine~f and 
equipment ~'hich have been provided produce in accordance with the pl~.n, 
following through to ~k~-~ sure that all the bugs have been el£min.zted, 
sc theft the prooessino= proceeds smoothly and without anydifficulty.~ 

. . . . . . . . . . . . .  N~j,~, in contr~st be the actual production process, which uses .'~. 

large proportion of semiskilled or relatively unskilled personnel, this 
preparation requires the highest degree of skill and +.echnical knov:ledge. 
The make-ready period is entirely dep~ndent upon personnel ~ho he.re a 
very high_deEre~ oftrainin~..~nd technical skill." 

First of all, there :~rc the production engineers, who lay~ out ~he~ 
jobs. and plan them: Seceded, there ~'.rc the m~chine-tool designers and 
the machine-tool builders, who t~'kc the requirements, usualiy in such 
b r o ~ . d  t e r m s  a s  ~'~,~e ~ ~ . • ~,,,n~a machin.~ to ~o •this at a certain prOdu.ction 
rate and to be h~ndled by one m~',chine operator" and proceed from there .. 
to pr0dulce the desired result. Then there are the tool designers and 
tool makers'~, who are resoonsible~ for t:~king,, the bros.d~ gen,:m~.l ~eeu~ek~ ~ ,~ 
mcnts of the work-holding device and dew~ioping s detailed design which 
will operate satisfactorily; t-rod then aczually fabricating it so that it 
does produce as intended. Finally~ there are the gage designers and the 
gage mcl}ers , ~ho ar(" very simil~:.~r to the tool makers except that thelF-~:ork 
to far closer tolerances ~d therefore require considerably more skill and 
expermenceo I want to ,~ ~ .... " ~mpm~oize this point° Although in the actur~l pro- 
duction process you rely b~_rgely on s~.miskilied workers to produce, the 
material, during the prev'.ratory sU.~ge or the m~.kc-rc.edy stable you arc 
absolutely dependent upon highl~y skilled :,.nd highly technic,~l workers..- 

No~v, let us co'nsider for ,u minute just ~hy it. t~_~kes ~o loug to ms.ke 
r~.udy for production.' I "~,~ould like be revi:~,~r briefly the stone which zre 
involw'd in the prep~.~ration for the producticn of a ne.v.~ product. ~' "~ 

.... ._ "~ ~' . . . .  be in t h e .  v<~st m,'--:.jority of c ' ~ , s e s  h:~.s  '~ d i r e c t  b e ~ . r i n ~  o n  o u r  p ~  o , ~ 1  . . . .  , c ~ , u s . : -  

the products th:--:t the military ~.;ishes industry to produce are nc~v prod- 
ucts to theind~ustry. Thii:y arc products with which " ~ ~naustry is entirely 
u~£'~miliar and h:~ve had no pr<~vious exp~.~rience. 
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The first step for a manufacturer to take in preparation for ,the 
production of a new product is to s•rml~e completely the product part by 
part° The first decision he has to-make is what parts he will manufac- 
ture himself in his own plant and which •parts he Will procure by sub- 
contract from outside sourceso The considerations involved there are 
largely economic under normal conditions--which is going to cost him the 
least money° But certain other consid~rations enter into it--as to 
whether the necessary skill add technique is available within ~his Organi- 
zation to manufacture this part; wheth~.~r the necessary faciliti.s•s are 
available; whether the quantity is lergc enough for him to set up ~:~ new 
"dep;:rtment within his .organizs~tion to produc@ it profitably. It is a 
rather complicated subject© I have just indicated some of the conside.ra- 
tions. But, before he can go any further, he must decide what he will 
manufacture in his own plant and wh~.t he will procure from outside 
sources by subcor.tract. 

Once he has decided on ~,~hat he is going to manufacture, th:~ nextstep 
is to decide just how he is going to manufacture each p~rto By that I 
mean, w_hat are the successive st~ps that he is going to take, for instance, 
for a certain part, starting from the raw material and going through the 
successive steps that will be taken to finally end up with the finished 
product as shown by the detailed dra~ing~ 

Now~ that process is kn~vn ~s making out a list of operations for 
each part. The lisb of operations sh~'s in detail what the operation is. 
It shows the operations in sequence° It shows the material tobe used, 
hew much is req~lired ~nd in what form, whether it is bar stock or 
casting or forging~ Then it sa~n~ '~The first operation will be to do this 
• and the second to do this ~' and so on until all the operations h~.ve been 
completed and the product conforms to th~ shape called for in the finished 
drawing o 

In the list of operations all operations are listed in sequence° For 
e~ch operatien the particular t~c of n~chine tool that the operation is 
to be performed on is indicstedo The general t~e of work-holding devices 

=~ and so forth are indicated. There is or special tools~ fixtures, o-o~s~ 
also an estimated machine time for the operation~ 

~en the list Of op~rations is completed, that becomes the bible, 
It is the specific plc, n sho-~'~in g in detail for each p:-~rticul~r component 
to be manufactured exactly what the successive steps are~ what machine 
tool is used, what work-holSing fixtures, what gage, and the estS_~.ated. 
machine time o 

Now, with the list of oReraticns as the basic plan, subsequent steps 
proceed concurrently along several lines. The first step that we will 



coDsider is the tooling. The list of ooerations .indicates merely the 
general type of work~-holding:device ~-hich will be used for the operation. 
The tool designer takes the list c f e~.-'.rations and works out in detail 
the exact design of the work-h(~.iding d<.vicc and detai~s it on a dre:~ing. 
He has to consider the design .~iso in view of the successive operations- 
and the changing shapes th:~t the piece will take on i'n these; operatic.us, 

That is a rather c<~mplicated prccedur.~-.. Let me give you an examole 
cf the numbmr Of operations involved in [' p~rticular ccmpc.nent, the 
receiver of the Springfield rifle~ 1903 mcdelo In that receiver there 
are 117 operations from the start to th6 finish, from the forging of the 
material to 'the metal finishin~e If any of you are interested in getting 
a better picture of just what is involved, there is a boTk in the library 
by Colvin and Vial which contains all the operations on the Springfield 
rifle° If you are interested~ just take a lock at ire Don't try to read 
through it~ Just lock at it and get an idea ~:f the complexity and the 
amount of detail involved in setting these thin~s up. 

As soon as the tool designs have be,~n ccmp!eted, they are immediately 
released for n~nufacture tc the tool room in th~ pl.~nt, or ore farmed 
out to an outside heel shop.. Here again the ccnsiderati<ns involved are 
the question cf control, the questien of capaci%y, and the question of 
time. An over-all tim~ schedule is s~t upo If the capacity in the plant 
tool room is inadequate t4 meet that schedule~ outside toc, l shc~ps must be 
utilized in order tc ~et all the tooling d,:ne .~ccerding to schedule~ 

Nu~v, concur-rent v,..ith the desi~zn and me.nuf,~eture of the tc.~lin£ is 
the determin'-_~ti:..n cf the machine-to.el requircmdnts..The list of ,:~.pera- 
ti,'ns.c:.ntains the estimated machine time for es.ch c~peratien. .By cons<:.li- 
dating and •adding up ~II the nmchine tim<~s f(r o £,.iven type of mm.chine~ 
the tctalo machine hc.urs r:.~quired t~-., ~.~;~ the j<.b sr~. ~ determined f:t,r each 
t~e ef machine tc:::l° Th~n by inventorying th.-'~ machine t,'.cls in the 
plant ~a'nd the number <'£ machin~-t.:,('l h<turs available for w,~.rk in an~ given 
month ~" the total.hum.her of av.~.iiab].. :" machin...-t.:..::l h.::urs may be c':,mputed. 
Of"eo~mse, .the difference betv,"een ~;~hs, t is required and v~h'-t is avo.ils.ble 
is ~hst must,be supplied by.additi,.:nal r, acl~ine-te,::l equipment° 

After ths.t has been det~r~ined, s:L~urces cf supply must b~. ic, cated, 
orde~s"p!aced~ and c<ntinued f..:li,::~v-up pr~.vided t<~ secure th~ best de- 
livery date f,~r 'the new equipm~Jnto 

aS s~-en as the machine t..-..e.l ruquirem~nts h~.w: been determ~cd, the 
problem of rearrangement ,~:f the: plant lsy~:ut for the pr:~ducti~..n .~f the 
ne~.~ pr~"duc~ must be s-"Ived° Th-'..t is a rather involved and tremend..-:usly 
detailed c.p~-rati--n~ Gen~rally~. seal,; m,.~dels are prepared.fer ~ali machine 
tools and equipm~nt and various arrangements .are studied and anal~ed in 
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order to attain an uninterrupted flow of material from the receipt of raw 
material to the assemb].y and .th~.:shipping.. The whole idea is to avoid 
unnecessary handling. It includhs provision for a continuous f]_ow o£ 
materials and for the nqces,sary ma.terial-handling equipment in order to 
keep the material flov:ing.~ ~ .  . - .  

It also provides for a close intc.gration with the assembly lines~ 
that is, for a crossflow of .components entering into the assembly line at 
th@..proper points ~'~here they need to be incorporated in the assembly. 
and to-avoid unnecessary hs.uling and. bscktracking~ That is a veer det~-iled 
prccedureo. ~t is an extreme..ly..interes%ing one, as approached by industry° 

Also concurre.nt with this is the preparation of the bill of m~:terials 
£r'om the list of op,:rationso T_ha'.t is merely a compilation of the tots.l 
requirements of material needed• to produce everything that has I,o be 
produced and at the production rate desired, showing the specific ~orm 
required, whether bar stock~ forgiugs, castings, or ~d~at not~ 

The next problem is to locate sm.~ces of supoly r:nd pl-::.ce orders £or 
this material,. . I he.re assumed that no orders for parts which are not to 
be manufactured have been placed° So th.?t :--iso comes in here~ Settees 
of supply must be loc~ted ~.nd orders placed for the parts that ar..~ not to 
be produced in the plant~ Sources of supply must be located and orders 
placed for raw m~,t.:~'rials, for c~stings~ ~nd forgings if no capacity is 
awilcble in the plsnt~ Thk: c£fectivc- £ollow-up must bc established to 
ins~e that there is r.o tie-~o~ theft th~ro is no delay in delivery° 

All this, of course, has to bu carefully coordinated. A schedt~le 
has to be set up with proper coord'~nation ~nd control to insure that these 
things all come out together :,.t the sam,-: tim~_~, so that you will b~ ~ ~ii 
set to Start production., Thr,.t coordinabion and control also involve 
£dllow-u~ and chasing around to the m~i.chine-tool builder and the. tool 
maker cud' the ra~v-,.~zterial supT-licrs in order to insure the ~ furnishing of 
materials as required 

Lot m e  sm,~marize agazn the :h.~portmnt points involved in th~} ~,repa- 
r~tion for the production of r. n~w product° First is ~hz. c omplct'~ analysis 
o£ the product and its cor.tpon,:;nts p, art by p::'rt~ th~ d,ctermin.:~tion of what 
is to be.msnu£actured in the ylant, and -~,.;hat is to be purchased outside. 
The next step is the prep:~ration of the list of oi.-,erations , v;!iich is a 
deta'iled plan as to how each com~onenb is to be manufactured° ~he n~:xt 
step proceeding £rom ther~ is th,~ tool desi~,~n and the. toclin~ procurumen$ 
or manufacture~ the determin~;tion of the additionel machine tools required 
and placin~ orders ~or thi::m~ r.~nd the determination of the material re~ 
quircments c, n d  placing orders for them° ~ 
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d n . s  vo do ~::ith our oroblems th3t ~ e  are inter- Now, w h e t  has .all ~ ~" ' 

ested in h<re ~ 'To n~ mind it is o~:e of .fun,aam~.nV:.l interest to us~ 
becaus~.~ it runs tl~rou.,zh s.il prod<)ction problems, it is not peculiar to 
any particular ty!~e o[' product° 

it is also extremely i:,~Fort~mt b<ccu.sc the cn:~ thing that we n r e  

concerne, d with ~t the present tLmu is th, formulatin~ of pl~-~.ns~ devices~ 
and procedures for saving time° ~'~, are ~:orking ag,:,Jnst time. Prepara- 
tion for mam~facture is ~ dctail-sd and t~v-t-consuming thing. It is thu 

].~ic for most fertile field for savin::, tim~.~; thercfore~ the most fertile .... 
industrir~l mobilization plam-:ing ~~.nd economic mobilizction rl?nning whore 
~e h~w! ~ .... o p~ertunitL< of ru~<l!y saving %im~ and .nccomolishin~~ .~, so~.~'~,~ng. 

~klso it serves snoth:{r us<ful purpose~ boca{us< it provides ,.'.,, y.~:rd- 
stick for us to mcssurc or ,~w~luatc proooscd paper pl:ms. Cert~-i.nly if 
you know what has to be done, you cr~n tel!. from the pl').n c:ctu~-~lly what 
has to be done~ you c~.,,n b,,-~.i! from the ,.ol.:,n ::ctm.'lly v, hnt has been 
accomplished tov;zrd that ~::nd. If ew~rything re.mains to be dcn.:: in the 
future for prep~-r.ztio.n; yo~_~ pap@r p!~n is worthless, because you he.ven't 
accomplished s. ~hir.g so f:'.r ::s ~'ctual].y saving time Ls cc:~c~trned. It 
helps you.to undcrst,'.-,nd th< propos~is and measures v;hich are tak~n and to 
evs luate them° 

I don~t ".,'..,ant to ap,Dear -'s opposed be this. But lut us t:~ke the 
JA~A~.T Pl~_~n for cstoblishing "= m~chine tool reserv..-:~. To what ,~xte~t can 
m-e exact this action to exped%tc prod~.ction? Of what va!u~; is it going 
. t o  b~. ? 

I want to suggest to you. th:<t possibly the procurement of m<<chine tools 
may not bc the determining f~:cbor, it may well b~ procurem~:~.nt of tooling. 
The m~chine tool without th~ tooling nay not improve our positionj m~::y not 
save us any time° The tv~o work toc,.:ther; they arc complamcr..tr.ry~ I am 
mer~l.f thr~~ing out to you th~ point that <:n undcrstnndinz of Ibis pro- 
ced~r,;~ is necessary tc evclu':t<~ ;0r%,orly plnns ~nd procc~ores v:hich are 
propos~,d and that it v,~il!, be absolutely essential in yo~r ~'ork of devel- 
oTing these proce=dures on a rcn!istic be-sis. 

Now~ let me su~;:.rize oriefl:..; wh!~t I h:~ve covered this morn'_n{. First 
~a,= p~mpos~s of the ccursu~l<::t us keep +.hat purpose and ~ " of all~ "-~ ~.~ 30 ctive 

clearly in view. Let us keup ,3r the bc'~m ;-nd not ~o off on ,n. tangert, 
• The purpcsc is to get nn undcrst~.~nding and ~ppr{:ci<~tion of th,.~ oroduction 

ca~..o~llul,_. "'.nd limit'~ti<n<,s of process and production prob].ems~ t, he ..... : ....... ~- 
production~ so that w~ tory "~ oprc, ach the problem of industrial mobilization 
planning r...c~'e- realJtstico.lly~.. 
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There are certain ~utstanding ,sad signific:m~ ch~rs.cteri~tics to 
r-ass ~roduction which ~:e should r~m'~mber -as ~n :,id in accomplishin~ this 
purpose; namel3r~ the cxtensiw., use of semiskilled isbor~ the br~king 
dov:n of the productive effort inbo simpl~ ~.Jnd elementary op~rations~ the 
use of complicated and at~tomatic machinery~ .'-~.nd the interchangs~bility 
of parts. Finally~ ~.nd most inporh~nt of sll~ there is the det~-ilod ~,nd 
time-consuming preparation ruc.uir~ in m:~king ready for the producSion 
of ~ ne~' product under mass-production conditions. 

Then finally in bre~kinff aown this prep,~:ration into ess.~.:ntial pr'rts 
there is the preparation of .':~ list of operations, e;hich is a detailed 
pl'{n for accomplishing the work; second~ the tool design end the m~nu - 
facture of th~ necessary too].ing~ jigs~ fixtures~ dies~ g,nzes., punches~ 
and the sp,.:cial tools for use v, ith the ge.ner.~l-purpose mschinus; th,:{ 
determin~)ticn of the m::tchine-tool requir~ments~ obtaining th(.. necessary 
..v~chine tools to sup r~iem~:~t vh<; existing m,:~chine tools; and .finally the 
bill of .materiels; which is th,~ basis for nlrcing orders for th~ necessory 
reef m~.terisls to accomplish th~ job. 

I think th:~..t if you v;~.ll k<:cp those <.hings in ,-r.ind as you proceed 
with your study and thinking on the probl,~tms which r:re pr~!~s~.~ntad to you 
in thu problem dir~ctives~ ;<ou ~.-,ill be :<bl,o to b<-~ much more re.~listic in 
yot~ approach and more pr,~cticnl in your so].utions~ 

9innlly~ it will ~:-u.ble you~ as I s:<id; to eW-].ur~tc propos,:~d plans, 
Th'~.t~ of course~ is th(~ bi!~ pt~rpos.~ in th~-~ scmJ.~ar ~roup--to pick th~se 
things to pieces nnd ,'m~de sur< ~ that t.hey <re pr.:.:ctic~l and realistic, in 
other words~ gentlsm,~n~ i fe:~,l that this is th~ re ~ ! bzckbone of the w~hole 
production coc,~'seo It is somethir:~ that should b~ thoroughly and cl,:,~:~rly 
undersbood by everyone before we st.::r~,~ 

We .have includ~,d in the f'irst por~ of our curriculmr., book a section 
Gntitled "Froduction Engineering ~undn.mentols~ ~ which is s reprint t_~mough 
the co1~.rtesy of ivicOraw Hill of ~ w.-~ry concise and clear outlln,~ of the 
various st({os iuvolvedo It covers ~ little bit more in detail the matters 
that I h:-:ve cov:~red~ I havu m(~rely reneated it because I want to empha- 
size arYl make sure that it is cluar th'-,t that is the ke~fston~~ on which 
depends your prop~r understanding of the proouction proccss~ ,.'.~nd under- 
standing ~hich is essential for effective logistic plnnning~ Thank you. 

&.re there nrsr questions? (No ques tions. ) 

(1'7 Fc~.bru.~ry 1948 -- /~O) So 
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