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In ~ueh a da scussion there are two principal groups Of considerations 

I, Ta~iblss } 

II, Intar~Ibles | 
The motlviating force of both is management 

D~INYTION OF MAS%GEM~T 

~anagement is the correlation of details o~ op~ation 
of an enterprl se so that it will work as a halm~onlous 
whole toward the desired goal. 

It i s a b~$ad term and covers all the factors in the operation of 
an enterpr i so. 

It involves all the elements i n  the control of bus~ess activities. 

Your object is to get production - selection of places ~ methods. 

~y object will be to present those th:ngs an in~strial engineer works 
with to get production. This presentation, howeve~ is not int~ded to indicate 
technlque or application. It is intended to present management principles by 
which you, in your searches for msmufacturimg Capacity, can properly evaluate 
the productive efflc:ency of the plants you inspect prior to slloeatlon or with 
which you work in prepation a Factory Plan after allooation of the facillty has 
been made, 



I.  TANGIBLES 

i ,  Bu i ld ings  and s i t e  

a. G~ographtcal l o c a t i o n  

A. S t r a t e g i c  f a c t o r s  eT I n d u s t r i a l  l o c a t i o n  
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(i) Through the working out of new econOmic forces in the 
United States, manufacturing capacity is becoming more 
widely diffused each year throughout the country. With 
the passage Of time thls will greatly enhance the de- 
gree Of v a r i a t i o n  In the above factors from the 
commonly accepted order  Of m i l i t a r y  importance,  

{2) From the standpolnt of military procurement, oarta~n 
effects r e~Itln~ from thls tendency are of outstand- 
Ing importance: 

The day of the big, Infelxlble plant, facing 
Internee competition in distribution as well as in 
production, seams to be on the wane. Alre~dy, 
many of the newer and better managed indnstrles 
are gettl~ away from building very large units 
and are leauing more strangly toward those 
eenmm~eurate with the immediate market to be 
served and building them near that market. 

(b) Military procurement in any f~ture emergen~ will 
h~ve to be accom~llshed over a much wider area 
because existing manufacturing capaclty is being 
spreed over a wider area. 

( o )  TherefOre, from the standpoint of geographical 
location of capacity, the military procurement 
function will have to pay increaslng attention 
to the potential importance of wide regions that 
h~re~cfore have not been considered. The selection 
of ultimate speolflo capacity will ~ve to be based 
on the findxngs with regard to these new areas. 



develop interesting variations in economic phenomena 
that were encountered during the past war, In many 
instances there will be involved the neeesslty of 
utilizlng capacity in oertaln areas the location of 
which Is wholly out of line with looatlonal factors 
as viewed from the military standpoint. This means 
on your part much careful study to ad~pt to best 
advantage. It also means that the procurement 
fanction w~ll have to keep abreast of the bewilder- 
i ~  s t acca to  c h ~ g e s  t ha t  have c o n s t a n t l y  been 
t ak ing  p l a c e  in  i n d u s t r y  s ince  1919 and which have 
every i n d i c a t i o n  Of con t inu ing  in  i n c r e a s i n g  degree.  

(e) The diffusion of procurement effort over wider areas 
has two beneficial results~ 

CA} It reduces comgestlon of effort at vital 
centers and thereby tends to redmoe the 
di s t o r t i o n  of normal economic phenomena. 

(B) It reduces the effect of the capture or 
d e s t r ~ c t i o n  of a p o r t i o n  of the  n a t i o n ' s  
p roduc t i ve  c a p a c i t y .  

(3) These changes in civilian industry are being very care- 
fully studied by three important groups from each of 
which the procurement function of the ar~ should be in 
position to  receive valuable assistance. They are. 

(a) I n d u s t r i a l  development departments o f  the pub l i c  
u t i  l i  ty  compani es. 

(b) I n d u s t r i a l  development departments  of the  ra t  l roads~ 

(C) Local and s t a t e  ohsmbers of commerce t h a t  ma in ta in  
an i n d u s t r i a l  bureau. 

B. Secondary factors of industrial location (military standpoint) 

( t )  Proximi ty  to t i d e  water 
(2) Quan t i t y  and q u a l i t y  of  water Eupply 
(3) Necessity for isolation (dangerous) 
(4) Living conditions, etc., to name but a few. 

Add a~v o the r s  you can t h i n k  Of. 

b. 0 o n s t r u c t l o n  a td  l ayou t  of t n i l d t n g s  

A. This w l l i  be considered under t he  sub jec t  of ,,Layout,, when we 
come to the  d i s c u s s i o n  of  ' ~ a c h i n e ~ _ a n d  Equipment.,, 



A. As contrasted with the period 1~efore the war, industrial lighting 
hae been revolutienlzed. Research in this field by the National 
Electric Light Association has been one of the outstanding contrl- 
b~t ions  to i ndus t r y  in recent years, 

B. Plant lighting is important from two sta~-points both of ~hich 
are important from a military procurement point of view. They are. 

(I} Social effects 
{2) Production effects 

0. Results of defective illumination 
(1) Loss of production 

(a) Recently the Detroit piston Ring Comply made 
an extensive test, the results of which are 
qulte interestlz~. Starting with a production 
of 12,000 p i s t o n  r i n g s  per ds~ under ~ an 
illumination Of 1.2 f0ot-candles, the follow- 
i~ gains in produc t ion  were recorde~. 

% increase 
FO ,ot,-candl,es, i n  p roduc t ion  

(b) 

(el 

(2) Spoilage 
(a) 

1.2 
6.S IS.O 
9.0 17.0 
14.0 2S.8 

The total co st of operating a good lighting 
s~stem is seldom over 2% of the productive 
wages, and if a workman is hindered for even 
as low as i minute in an hour by defective 
lightlnE, the res~Iting loss in production is 
s~fficient tO pay for properly lighting his 
place for that hour. 
On a semi-automatlc buffing o~eration a t  the 
Schenectady Shops of the General Electric CO~ 
improved lighti~ alone caused an 8,~% 
increase in production. The Increased cost 
Of this llghtimg was but 0.4% Of the increased 
value of pro4uction. 

Estimates from various sources seem to agree 
that approximately 75% Of spollage in American 
industry results during the time that artifi- 
cial lighting is used, or roughly dnring 15% 
of the working ~ear. 

(b) Sight should not be lost of the fact that fre- 
quently the natural lighting of a plant is 

worse than its artificial lighting. 
(3) Present and future capacity of the worker 

(a) Inoreasi~ eye strain and ratine 
(b) Decreased productive push (reduced output) 
(O) Lowering of quali~ Of prO@u~lon 
(d) Greater time required to insare accuracy 
(e) Developmeat Of chronic ailments that shorten 

the productive llfe of the worker. 



(4) Aeoldents 
(a) In 19|0 the Travelers Insurance Compauy survey- 

ed 91,000 ~ndustrlal accid~ts and found that 
23.8% of then were attributable to  poor 
lighting. Since that t~me there has been no 
exact survey, al though t h i s  company now estl- 
mates that 10% can be charged tO poor lighting 
and of thls 10% a large proportion are aocl- 
~ents OOcurrimg outside of buildings in p~aoes 
not yet generally stressed in good lighting 
c~npalgnS~ 

{b) Accidents cmlse 
(A} Loss Of productive time of the 

Injured one 
~l~ose about h~m (morale) 

(B) Caution induces sl~ir~ up 
{~) Effect on the general character of the workplace 

(a) Relation Of good llghti~ to cleanliness. 
(b) Relation of  shop cleanliness to health of 

w~rker, 
(O) Psychological effect of good hghting on 

cheerfulness, health and ~otiwty of workers. 

D. Good lighting is obtained by 
(I) Effective use of natural lightimg, supplemented by 

effeotlve artifiaial lighting whenev~ necessary. 
(2} Correct intensity for different ~eratlons (tables}, 
(3) Eliminatlon of glare and use of proper reflectors. 
(4) proper diffl~ston ~no l i g h t s  and shadows) 
(5) Proper color 
{6) proper arrangement of lighting sources 

(a} General ) Spacing of cutlets important. 
{b} Group ) Tables of lumens 
(c} Local ) 

(7) Proper maintenauoe of ligh~iDg equipmeat. 

d. P laa t  v e n t i l a t i o n  

A. Atmosph~'e dlr~ctly influences prodmction (worker and process) 
(i) Dr. Ellsworth Huntingdon -Civilization & Climate.- 
(2) Society of Heating & Ventilati~ Engineers. 
(3) P~rks-Cramer ce~, Fitchburg, Mass. 

B, Quantity of v e n t i l a t i o n  
(i) 3000 Oublo feet Of a i r  per hour per person. 
(2) The a~r of a room can be changed from 3 to 5 times per 

hour without Oausir~ a draft, 

C, Relation of tempm-ature and humidity to promotion 
(I) Heat with insufflelent humidity dries the tissues and 

increases the possibilities of colds in w~uter. 
(2) Increase~ l~midity reduces the necessity for h~gher 

temperatures. He~tlng oost red~oed. 
(3) For dlfferent types of operatlone there have been 

developed tables Of Optimums of temperature and hamldlty 
that are readily available. 

D. 



Indm~tr ia l  a i r  cond i t ion ing  today i s  accomplished in  the b e ~  ~ 
m~nc~ed plants by automatlo mechanical means. It is used to 
overcome the irregularities and def~clencies of the atmosphere 
caused 

{i) Outside weather con~i tions 
(2) Inside process conditions 

(a) Removo the humidity of a dye house 
(b} Increase the humidity in a forge shop, etc. 

S t a n ~ r d  cend i t ion~  are eonstau~ly m~iuta~aed ~y t he rmos t a t i c  
con t ro l  opera ted  ~ both wet and dry ~ l b  thermometers.  

2, ~achinery, t o o l s  and equipment. 

a. Plamt layout 

Ao The modern factory 5uildlng is developed so that all processes are 
thoroughly considered and related to one another and to the site 
which is available. Room for expansion is always ccasldered. 

PrOper layout Of bulldln~s Is assured by deslgnir~ them to house 
properly the processes for whleh they are built. Thls is in strong 
contrast with the older ide~ of fitting processes to buildings 
already constructed. Fewer a~l fewer buildings wear cut these 
days beesmse the rapld~ty with ~hieh processes are changing make 
them obsolescent long before their period of physical usefmlness 
iS OVer. 

C. However, modern Industri~l architecture does not incline so strongly 
to specialized construction that f~ture adaptation is not posslble. 
In fact, adaptib~llty to variation in layout is an important factor 
in any in~at~al oonstructlon program. For t h i s  reason in the  
fu tu r e  the a s s i g n i n g  of capac i ty  fo r  m i l i t a r y  p roduc t ion  w i l l  not  
be so difficult as it might seem, 

D. Classification of industries according to the layout they require: 
(I) ~ontlnuous: All material received at one point from 

which successive operatlons turn it Into 
the finished prock;ct. 

(a) Anal~tical. One material broken up into 

(b) Di sslmilar, 

(2) Assembly: 

(a) 

different prodacts, such as, 
Oxl refining - by-prodact coke. 
Various ingredients brought 
together to produce on~ product, 
such as yarn spinning, paper 
msnufaeture, explosives, etc. 

~ake various components by different 
operations and bring them together. 

Similar. Components are slmllar and go th~a 
similar operations, as the clothing 
in~stry, where all pleoes are cut 
and sewed. 
COmponents are dlssim~lar and go 
thru d~fferent processes, m~oh as 

shoes, automobiles, cannon, small 
arms, ammunition. 



E. How ~0 cheak up a £ayOUt ~ ~ 
{I) A poor layout is an inadequate layout. It cannot carry 

the load required ef it. Its inadequacies become evi- 
dent in several ways: 

{a) Congestion points (lock f~ them} 
(A) TOO msr~v Operations at one polnt 
(B) Inadoquste equipment for one or 

mere ~eratlons (unPlanted shep)o 
(C) Inadequate provlslcn of space for 

materSals in pr~ess. 
(D) Inadequate material handling 

facillties, e~g~ internal transpor- 
t a t i on~  

(b) Product reerossing its path or backtracking 
(A~ In assembly industries of a dissim- 

ilar character a certain amount of 
this is unavoidable, and it becomes 
increa~Ir~ly so as the equipma~t Is 
called on tO bear a wider range of 
produc t s ,  

{B) TWO schools Of thought: 
Avoid it at all times even to 

the extent Of placing single machlnes 
a t  points in  the produotlon line 
where a oertain operati~u is needed. 
Needless to say, this complicates 
supervision and inspection of that 
operation. 

Fac!litate sup~vlsion and in- 
speotlon by grouping all simllar 
machines together regardless of the 
path of the product 

(0} That pl~n must be selected which will 
under careful observation produce the 
best results a t  commensurate costs. 

(R) The ideals toward ~h~ah layout should strive are. 
(a) Proper balance of departments & operations, 
(b) Development of prod~ctlon eente~ s for groups 

rather than workplaces for indivlduals. 
(e) Direct line layout wherever possible. 
| d )  Short  moves, 
(e) Adequate internal transportation. 
(f) Oonvenlent servloe centers. (loss of time) 
(g) Provlslon for future e~panslon. 

b. Age cf maehlnery and equipment 

A. Is an important factor because of its boarin~ on: 
(I) ~aximm eapaolty Of equipment. 
(2) De~ree of precision that eau be attained. 
(3) Amount Of time lost for repairs. 
(4) 0ommerclal availabillty of spare parts. 
(5) Adapt~billty tc several types of operations, e.g., 

ohuaklr~ machines on turret lathe work that can be 
switched over to wlre-feed or bar-feed equipment, or 
again, gear cutters that will cut spiral, straight, 
spur, and shoulder gears, or do gang arbor work. 



B, Stu~dlness to wlthstan~ modern tooling. ~ 
(I) Effect of introducing hlgh speed steel. ~ ~ 
(2) There has now been reported a new steel which cuts brass 

ezght times more efficiently than the beet we now use, 
and forged steel four a~ one-half tlmes, 

(~) ~ome machines five years old will not hold up under the 
toollr~ that intensive research has found to be best 
m~!t~d to m~c~anes of that general type. 

C. Reduced produotlon also results from the psyohologlcal effect that 
an obsolete m~chlne prodnoes in a highly skilled worker. 

O. Tools and fixtures 

A. Is there a sufflcie~t quantity of tools 
(1~ TO keep each m~ohlne ~zlly supplied at all times 
(2) To permit of inspection, maintenance ar~i repair after 

return from a prodm cti on job 

~. Is quality such that the tools will de their tasks without undmly 
rapid deterioration, Is th~s quality and efficiency maintained 

(I) Prompt sharpenir~ & repairs l~ skilled tool men 
(2) Adequate tool control a t  various maah~nes 

d. A ready means of checklmg up hhe we~ points in the equlpm~t or mauag~n~mt 
of a~ factory is ~ to make a thorough analysis of the reasons why each 
piece of equipment that is net running is idle. If you add to this the 
reasons for the existence of congestion spots, you have an almost infallible 
me~m~re of the relative efficiency Of that factory, as well as the mauagem~t 
t h a t  operates It, 

S. Power ~upply - bare outline of checking points 

a. ~ke or buy - existence of stand-~ facilities in either case 

b. Maximum preset c a p a c i t y  in either case, 

e. FL1ture ~noreases in capacity - are they readily possible. 

d. What is the likellhoo~ of other war time demands f~ power in that area and 
will the maximum pot~tlal capacity take care of it 

e. Adequacy and protection of the fuel supply that generates that power. 

f. I~vdrOelectrlc possibilities. 

4. LabOr e~pply - bare outline of checking points 
a. Preset quantities accordln~ to sex, age, %nd dpgree of skill 
b. Extent of potential sources of labor that can be trained tO the operations 
C. Adequacy of local transportation to brin~ labor to the factory 

~ d. Adequacy of housing in the commumlty ~f there was a large influx of labor 
e. Social and cultural advantages (efflcioncy of labor) - llvabillty. 



I i .  I N TA N G I BLE S ~ 

I. Attitude of the man~gem~t toward standardlzatloa {a prlmary ma~gement step) 

a. Standardlzatlon is the development of ~he one best way and sticking to it. 

b. Attitude oan be gauged ~ several tPan~s. 

A. ~tent to which c~wl~an produetlon h~s be~n simplified 
(I) Has research been applied to the product for this 

purpose? 
(2) I s  it felt that no improvememts can be made? 

B. Extent tO ~hich standards have been set up for the 
(i) l~archase of raw materials and supplies. 
{2) Purchase of machinery and equipment. 

0. Exteat tO which standards are maintained 
(I) Purchased materials - inspectlon and testing 
(~) Product - inspection department 

(a) Accuracy limits within whlch the inspection 
departmsat ~s aacustomed to operate. 

(S) Equipment - maintenance department 
{b) Belt schedules 
(b) Motor schedules 
(o) Idle time reports 
(d) Individual machine repair cost records 

(4) Labor performance records 
(a} Output per man hour (or other unit} 

J & L - tons per maohlni st hour 
(b) Steps taken tO secure s tandards  of labor  

performance, such as 
(A) Job study - time, motion and prO- 

duction studies, 
(B) Sorting standard performances 

2. Personnel relations 

a. Personnel p o l i c i e s  

A. MOrale-bullding versus morale-destroylng o r g a n i z a t i o n .  
B. The scope of the personnel director's authority. 

b. Employee training methods 

A. For the next job. 
B. For supervisory capacities. 

.# 

3. Oontrol of operatxons 
a, Budgetlng fop administrative control 
b. Oontrol of inventories 

A. Fini shed pro@Act - sales planning & pro~:ction correlation thereto. 
B. Raw materials - stores control methods. 

| t )  Storeroom procedures. 
C. Purchasi~ depar~ent procedures. 

c, Control  o f  product ion  
A. Routing and scheduling 
B. Order of wOrk and despatching - elimination of r~sh & special rush 
O. plazming economic manufacturing l o t s  / ~ .  ~ 


