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'• Influence of Production Volume on Technology and Economic» 

1. The economici of »cale deserve prime consideration when intro- 

ducing new manufacturing plants into developing countries or when re- 

adjusting and reequipping manufacturing facilities to best serve a specific 

market according to its present and forecast demands.    The automotive 

industry of Latin America offers numerous cases where the economics 

of scale need to be taken into account.    Some of these cases demonstrate 

proper solutions of the problem of dealing with the anticipated volume of 

production; one also finds cases where disregard of economics of scale 

led to difficulties or even outright failures. 

2.        The problems posed by the economics of scale are often complex, 

because of the many elements that have to be considered and because of 

their intertwined relation in the areas of technology,  financial arrange- 

ment,   personnel integration, government regulations, utilities, plant 

location, etc.   This paper examines these various elements and their 

interaction,   suggests a method of assembling and analyzing the signifi- 

cant data, and arrives at a method of cost analysis and cost comparons 

for various volume« of production.   Cases drawn from the manufacture of 

automotive parts are used to illustrate the recommended techniques. 
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n. Factor» Influencing Economic» of Production 

3. To arrive at the most economical condition» for the manufacture 

of a product or products,  at various level» of production volume,  it is 

of course important to aim at the lowe»t possible manufacturing cost. 

Many items enter into the computation of the manufacturing cost and 

their influence on direct labor co»ts as well as on indirect labor co»t 

and overhead costs may vary with the varying scale of production. 

The determination of the»e element» directly affecting manufacturing 

cost i« di»cu»»ed in the next chapter.    But there are many factors 

besides manufacturing cost that muit be considered, because they 

too affect the economics of scale in varying degrees. 

4. The choice of technology to be used for the indicated production 

volume has, of course, a bearing on the manufacturing cost.   But that 

choice also determines the type and si*e of plant required, the raw 

material to be u»ed, the type and amount of various utilities, what 

type of tooling will be called for, and what »kill» will be needed to 

operate the equipment.    The »ise of investment in plant and equipment 

ha» to be weighed against potential manufacturing cost advantage«.   The 

choice oí technology also affect» the amount of work in process and 



inventori... i,.m. ^u«h will demand. .„„.«,„„., .„„„ of 

working capital. 
the required 

"'•     Manufacturlnt Co.t Element. 

5 «« may be u.eful ,. „., „,„.. co„ .„„^ ^ ^ ^ ^ 

.i,nif.c.„, influence on the .conomic. oí mân(ifict<iring it virying 

Paction lev.,, or wh.n .n,lyiing „.„ ,„, ^^ ^^ 

-«.«...   Th... co.t .,.m.nt. ,.„ lnt0 ,wo el nameiy   viriiWe 

»... .„o „„„ COitl; in . ,.w lniUncei   cMt eum|nti ^ ^ ^ 

«»d a», part.y vari..,.,   „,. „„.„. „.,. „, ^ ^^ 

.o the production volume. ,„., ... to „,« mmUr „ ^ ^^ ^ 

'".PU... remain e...„,i.„y UIlchMf .„ f„ , ap#clflc „.^^ 

method regardl... oí the production level. 

*•       Two major variable co.t u.m. „, 41rict miuriâi< Md ^ 

l.bor.   A. „n, a. «he m.nufaeUlrinf „.^ ^ ^ ^^   ^ ^ 

P« -.ce for material .„d dir.c« Ubor „„,.,„. ^ ^^ ^ ^ 

« ^ by volume.   An „c.p«.n „my occur ,or .om. materia,., 

when increaeed volume may reduce eoe, beca«., o, ,u»tt,y diacoun». 

from «he .upp„„ or b.c.u.. „ low.r lr.niport.,loi> „„    ^ very 

..«».««», coa, dUference. may .pp..r t„ „,... ^ ^ ^ 
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in manufacturing method«,  particularly when higher volumes allow the 

adoption of semiautomated or fully automated production methods. 

Examples described in the later section of this paper will give specific 

data,   like a changeover from a method using bar stock on automatic bar 

machines to a method using round wire on cold-headers.   Similarly the 

content of direct labor cost may change dramatically with a change of 

methods.   In fact, in case« of full automation the direct labor content 

may virtually shrink to zero. 

7.        A number of overhead cost elements are variable.    These elements 

do not alter the unit cost at varying volumes and do not enter into the 

economics of scale, unless a method change also is involved.    They are 

such items as maintenance of setup, perishable tools, electric power, 

etc.    Then there are semivariable cost elements which are composed 

of both fixed and variable expenses.   If the fixed portion of such cost 

element« is relatively large, it may have a significant influence on the 

unit cost at various production volumes.    Examples of semivariable 

cost items are supervision and clerical salaries, general indirect labor. 

Fixed cost elements may play an important role in the economics of 

scale,   since they remain constant at all production volume, although 

some may change with changes in manufacturing methods.    Examples 

of fixed cost items are property taxes, depreciation charges, certain 

insurance items, and administrative expenses. 
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,V-     Co,t An.lv.i. .„d Co., comnri.ont 

8.        To comp!... th. mor. or ,.., «h.0r.«ca, ,„„ v„y .„„.„„^ 

P.« of «hi, p,p„,  it „em, lpproprUt. to recommend a method wMch 

win lend i„.,f tü . „„.y. co.t analysu ind cott comparuon    whM 

con.id.ri„g «h. economic. of ,c.l, „om ,he viewpoin, „f vary.ng pro 

duc«,o„ volum.. and .,«„„.«. ,«chnt>l<Jgi„      „ must alio be ijtumed 

<».. .d.ou... co.« d.U .„d ...nd.rd. .r. „.il.W, for . current opera. 

«ion, wh.n .„ i„v..«m„« involving . Mw ,echnology or a MtmM <ciie 

of produCion i. being co„«.mpl.,«d.    rh. m.,hod recommended for «hi. 

purpo.. i. b...d on bud,.«.ry con.ro, procedure,   Such con«rol i. b...d 

on ,«.„d.,d..  .ppli.d ,o dir.c, l.bor.  m„„ul, indi„c, ^    ^ ^ 

°v.rh..d expen... wl«h due reg.rd «„ ,„. nitur. of ft« co.Ui whether 

they .re v.rl.ble, fixed or .emiv.rl.ble. 

9.       Th. bud,., ,«.nd.rd. for ov.rhe.d «pen... of . d.p„,m.nt „. 

recorded on . budge. ...nd.rd r... .h..,.    An exemple of .uch . «wo 

P.|. documen, i. .»own in Figure. ! .nd 2.    NoU „,„ ,he .„„„„„, ,„ 

expr....d in doll.,.. «,. v.ri.bl. „,„ ,„ „„„„, ^ ^^ ^^ 

«v. l.bor hour. «h. fi,.d Co„. in doll.r. p., mo„,h „,.„ workinf „^ 

Th. «0..1 b»d,.,.d m.nu«««uri.g „pen.. ,. $4>271 oi ,„.„ „„.„,., 

•nd »1. 5499 p.r .u„d.,d produc.lv. Ubor hour.   Th. n.rrn.1 .c.ivi.y 

-'---*• 
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» i- * «14 standard productive labor hours per month, 
of th.ir d«partm.nt is 5, Bi« •*••» 

„.»Hi», in . v.ri.bl. «p.— °< •»••»•   Addi"« '° ,hl* »6'"1 °' 

,U.d «p.»-. « ."'« •» * bod,eUd eXPen" - $15'2W "* hÌ,h U,k 

Th. .dju.i.d budg.t.d «P«« «»"" '",0 "C<""" ,h" ** "iiCie"Cy " 

productive Loor I. «p.c..d .t .1-1/1* of high L.k. which will ,..uU 

in $10,813 oí v.ri.bl. .«p.»« P»« *••*" """ «*•—• " " *dJO,Md 

/ *i7  0*4     Thi» amount divided by 5,814 results in 
budgeted expense of S17, ua« • 

, u    j— ~*te oí $2. 94 per standard productive labor hour, a departmental burden rate oi #«.        r~ 

10.      Th. primary purpose of the budget standard rate sheet is to form 

a b... for the budgetary control of the plant operation, and for the 

*       ,.„^rd cost system.   But a budget standard rate establishment of a standard cosx    y 

* i -,k*n examini the economics of scale under various sheet la also useful when exam»«» 

_»;»„•     For a projected operation, it is necessary conditions and assumptions.   * or • H    j i- 

.   -K—t based on estimated standards.    This is not as 
to construct a rate sneei »» 

formidable a task a. appear, at fir.t glance, becau.e experience and 

p..t history will allow fairly accurate estimate, of th. expected costs. 

TH. virtu, of the rate sh..t li« »l« in th. fact that it facilitate, a 

systematic analy.i. of the problem and that no .ignificant factor, will 

b. ^^d.    The author ha. used thi. method, when working on a project 

for a n.w plant to manufactura *utomotiv. sf.ring linkage components. 
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Ih. old PU». w.. ,„ b. abandoned, modern ,.chnology introduced.    Th. 

,«..«ion wa. how m„ch »ill ¡, co.« and w»l the i„crea.ed e££ici.„cy 

ju.«ify «h. co.U    To an.wer «„... „„..„.„., . compleU ^^^ 

bud«., w.. co„„r„c«.d. department by department. and lpplied ,o ^ 

anticipated production volume.    Th. proj.c, wa. approved on ,h. ha.i. 

ofthi. a„.ly.i. .nd the ,„b..Qllent operaMon reiuUj cioMiy approached 

the forecast budgeted eatimates. 

M.     After a bud,., „.„dard rat. .h..« i. compl.ted. th. a„.ly.i. o£ 

th. .«.c, of .cal. of production and ,h. comp.ri.on b.,w..„ .„„„»,. 

m.,hod. can b. adv.n«.,.o».lv pr...n,.d ln gT^ictl f<Jrm    A ^^ 

c... wi.1 iUu.tr.,. u,. u..fuln... of ,hi. «raphlcal pr...n,.,io„.   L„ 

u. ...um. a produc« wi«h . pr...n, d.m.nd of 4,000 „i.e.. per mon,h. 

Bud,., „.„dard r.t. .h..,. h.v. b..n pr.par.d for m.«,od. A and B. 

Manufacturin, m.thod A win r.quir. an inve.tm.n, of $100. 000.   A 

mor. ..phi.,ic.,.d m.,hod B win r.,uir. an inv..,m.n, of $200.000. 

»duc. dir.« maurlal co.,, dir.c, labor co., and ,h. v.ri.W. ov.r- 

h..d ,.,..„„, ,„„.... tt. „„„ ov.rh..d>m.iiay b0cmugt of th< hightr 

d.pr.ci.,ion.   Th. »o».j. f0, th. two m.thod. a,.: 

£?" IUm M«thodA     M.thod B 

Material co«, par pi.c.                           $    Ti «    in 
Dir.c, Ubo, co., p., pi«.                     J,  M »  • » 
Varia«, ov.rh.ad co., p.r pi.»          $1. S0 $ . ", 

»"lx.d overhead co.t p.r month      $6.000.00 $10.000.00 
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The conditions with method A are graphically represented in Figure 3, 

tho.e with method B in Figure 4.    At the expected normal volume of 

4,000 pieces per month, the total budgeted manufacturing cost is 

$21, 000 with method A and the standard cost per piece is $5. 25.    With 

method B, the total cost is $19,000 and the standard cost per piece is 

$4.75. 

12.      To appraise the merit of these two methods and to select the 

most economical one for the prevailing market conditions,  it is sug- 

gested to draw up the chart,   Figure 5,  which superimposes the total 

budgeted manufacturing cost picture of method B over that of method A. 

This graphical representation is revealing and gives management a 

reliable tool to compare costs over a wide range of production volume. 

Cost of method B are obviously higher than method A until we reach a 

monthly volume of 2, 667 pieces,  at which point the cost of both method. 

are equal.   At the normal volume of 4, 000 pieces per month, method B 

.hows a gain of $2,000 per month over method A.    The decision has 

to be made whether the additional investment of $100,000 is justified 

by a yearly saving of $24, 000 in manufacturing costs.   A decision for 

the costlier method B would be greatly favored, if there were a reason- 

able expectation that a volume higher than 4,000 piece. p«r month might 
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b. ~p.c«.d,  b.c.«.. ,„. g.,„ „ metho<i B over method A |MMMM in 

direct proportion to th. production volume beyond the break-even p„i„t 

of 2, 667 piece..    For in.tance, a. 5. 333 piece. per month.  method B 

ha. double th. advantage over ,„. 4.000 piece lev.!,  .„owing a gain of 

$«.000 a y..r. which cerUinly woul(J ju>tlfy ^ |Mu inveitmeM 

needed for method B. 

13.      Our finding, .o far may be .umm.rU.d a. follow:   A „liable 

procedure for ,„. .to<1y of economic, of .cal. i» „,. produc,lon of ^ 

motive component. - or for th., matter of any product - .hould have 

for it. b..i. an ad.,«.«, co., accounting .y.,.m.   A „«xiWe budge,ary 

control t.chniou. I. recommended.    Th. u.e of the mo.t economical 

technology ha. to b. weighed again., th. inv..,m.n, needed,  available 

fund.. fl„,bi,i,y to changeover ,. other de.ign., depreciation polici... 

Labor .kill., av.il.bl. utiliti... ..„„. of prim. „,„„,„   ^ 

and rn.nuf.ct.rin, .»ppl,.. ,„d «..ir price, pl.y . role in d.ci.ion. 

concerning th. .conomic. of .cale.   A for.c, of ,h. marke, demand., 

number of d..ig„. „d typ... lo, .i... to b. proc„..d ,p. ,„,„„ ,o 

b. c.n.ld.r.d.   Th. r.l.,ion b.«w..n c«. of m.«eri.l.. i.,»,. ind 

.,»tpm.n« oft« v.ri.. .lg„ific.»Uy from country ,o country .„d will 

affect th. d.ci.lon .. to which nwnul.c«url»g m.U.od i. th. mo., 

economic! for . p.«lc«l.r .l,u.tton.   «».Ily, th.r. will b. ..... 

¡SOB 
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where an analy.i. will .ho. «ha. «he ...aoli.hm.n, of a production 

faciU,y |. economically no« fea.ibl« -au., the volume I. ...««.«i«. 

,. J..ÜÍ, «he c, of 1».«- « *' ^»tÌng C08,S WÌ,h  Ìny °' 

the availaole techno.ogies; .uch ca,.» prompt «h. adoption of ,.„«-1 

• » a market of sufficient magnitude for an 
understandings to create a market 01 

economical production unit. 

14       some a.pec» of thU compie* in.erp.ay of .any facto» will he 

brought ou, in 6~ater detail hy ca... invo,vi„g the manufacture o, 

motive co,,- «n -all and Ur,. volume..    The.e ca... 

„. cited primarily to iHu.tr.te ho« the econome, of .caU and the 

technology of production interrelate. 

V.       Automotive Steering Pump 

,,.      The machine of the pump hein., «he WW..« and al.» co.,- 

liest part of the pump assembly 
,  is the subject of this study.   An 

•k «ill be required in the foreign 
estimated 3. 000 pieces per month will be requ 

r plan for a monthly capacity of 50.000 per month 

of a U.S.A. plant, which is geared for a 

paction <* around B0. 000 piece, p., mon«,    Th. ..Unding p— 

eters for th. .mailer plantear«: 

subsidiary.    Anothe 

follow, somewhat the setup 
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».     Required rate oi production 

3,000 pieces per month 

50 week, per year. 5 days per week,  one 7 hour 

shift 

•0 percent machine utilisation 

Required rate of production 21 piece, per hour 

b.     Equipment co.t is based on U.S.  price.; shipping costs 

and export duties are not included, 

c     In addition to the equipment co.t shown in the tabulation, 

it i. estimated that a sum of $75, 350 will be expended 

for .tartina co.t., which include engineering .ervices, 

vendor toolin., handling equipment, training, etc. 

The equipment co.t breakdown for thi. operation i. .hown in the 

following tabulation,  which give, a li.t of operation., the hourly 

production rat. for each operation and the co.t. of equipment 

including permanent tooling. 
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16. The machine tools are modern general purpose tools.   As 

indicated in the tabulation,   one operator will be able to run,  in 

some instances,  more than one machine tool simultaneously, the 

total direct labor time being 21.301 hours per 100 pieces.    The 

capital investment is $315, 200 in local U.S.   prices. 

17. The larger plant for 50,000 pieces per month employed a 

more sophisticated technology with special purpose machine tools, 

a large amount of automation and automatic gaging.    The direct 

labor cost is reduced to 3, 931 hours per 100 pieces and the capital 

investment amounts to $792,000.    The tabulation for the large 

capacity plant is as follows on the next page. 
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18.      To study the economic« of scale for this particular subject, it 

is assumed that the material cost, namely,  the cost of the housing 

casting, is constant and equal in any situation.    The average direct 

labor rate in the subsidiary plant will be $1. 50 per hour,  in the U.S. A. 

plant is $4. 00 per hour.    The capital investment will be amortized 

over a period of 10 years (120 months),  so that the depreciation charge 

per month will be 1/120 of the capital investment.    Employing the bud- 

geting control technique,  the analysis, given here in a somewhat 

abbreviated form, can be conducted as follows: 

19.      A.     Subsidiary plant for 3, 000 pieces per month 

• 213 hours per piece at direct labor cost 

of $1. 50 per hour 

Variable overhead at 250% of direct labor 

Total variable cost per piece 

Fixed overhead (not including depreciation 

Depreciation on $315,000 

Total monthly fixed overhead 

B.    Plant for 50,000 pieces per month in U.S.A. 

.0J9J1 hour* per piece at direct labor 

coat of $4. 00 per hour $ , ¡4/^ 

Variable overhead at 300% | .4t/pc. 

Total variable coat por Bieco $ . 64 

$  .32/pc. 

$  .80/pc, 

$1.12 

$2,400 per month 

$2, 620 per month 

$5,020 
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Fixed overhead (not including depreciation) 

Depreciation on $792,000 

Total monthly fixed overhead 

C.    Plant for 50,000 pieces per month in «ame 

$3, ZOO per month 

$6, 600 per month 

$9,800 

Country as A 

.03931 hours per piece at direct labor 

cost of $1. 50 per hour 

Variable overhead at 450% 

Total variable cost per piece 

Fixed overhead (not including depreciation) 

Depreciation on $950, 000 

(20% over local U.S. prices) 

Total monthly fixed overhead 

20.     With the above data on hand, the economics of alternative« can 

be ascertained.   For alternative A, assuming the modest requirement 

of 3,000 pieces per month, the manufacturing costs, not including the 

cost of the casting, figures $1.12 + |j£J =   $2.79.   If the same piece 

is manufactured in U.S.A. as per B, at a rate of 50,000/month, the 

manufacturing coet amounts to $ . 64 +    "ÇgjÇn   "   *  '64   +   '**6 " 

$ .836.   If the same sophisticated technology were transplanted to the 

$ .06/pc. 

$ .27/pc. 

$    33 

$3,200 per month 

$7,900 per month 

$11,000 
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.ub.idiary a. p., C and could .«.in a production volume of 50. 000 piece./ 

month, the manufacturing co.t per piece would .mount to $ . 33 +      1U00 

- *    «e . 50000 
- $ . 55 per piece.    If. however, the volume were 3. 000 pieces/month. 

the cost of one piece goes up to $  .33 +     H100 ,    $4 03f 
3000 

21.      Break-even chart, de.cribed in paragraph 11. if constructed for 

the plan. A. B and C. would clearly .how the interrelation of the.e 

alternativ... and would .ugge.t the be.t solution.   It i. quit, evident 

that the co.t for method A. even if volume could be doubled to 6.000 

Pi.ce./month.  i. .till r.lativ.ly high, namely $1.96.    Importing the 

part, from U.S.A. where their co.t i. $ .84 appear, fea.ibl.. if we 

a..um. that the imported co.t w.,. .hout doubl, due to cu.tom. dutie. 

and freight charge., thati.. $1.68, and if the U.S.A. plant ha. the 

capacity for thi. r.lativ.ly mod..t incr.a.e of it. production volume. 

In fact, the avoidance of the $315. 000 inve.tm.nt make. thi. alternative 

preferable, even if the .ub.idiary plant could incr.a.e it. volume to 

9.000 pi.ce./month in a 3 .hift/day operation, where the co.« would 

happen to come down to $1. 68. the .am. co.t a. the imported part. 

The met economically attractive alternative could be brought about 

if the .cal. oí production could be incr.a.ed by enlarging the market 

through a regional agrume»«.   The question i., at what volume could 
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the coït of $1. 68 be reached under plan C and at the urne time allow 

to repay the $950,000 over a period oí 5 year« instead oí 10 years.    A 

simple equation gives the solution 

33  4    11100   •   7900    .    KM 

X 

X   *    14,000 pieces per month 

The final conclusion then is:   Do not consider plan A, but rather plan on 

importing the finished pump housing for a monthly consumption of 3,000 

pieces.   If, however, the market can be expanded to reach a demand of 

14,000 pieces/month or more, then it would be economically justified 

to make the investment for plan C.   If importing were prohibited and 

the market was limited and is not expected to ever reach 14,000 pieces/ 

month, then a plant equipped with conventional machine tools per plan 

A is recommended notwithstanding the penalty of a very high product 

cost associated with such a plan. 

VI.     Automotive Valve Manufacture 

22. The manufacture oí automotive engin« valves is an excellent 

example of the influence of production volume and lot sises on the 

manufacturing methods chosen.   The economics of seal« become 
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v.ry invo.v.d ^ oi ,he proportjo„, ¡n ,„. ^ ^ ^ ^^ 

vary .. much iron, country to cou„«ry.    In . „.,. „„„ nm[Ktmiag 

PU«, «h. av.r.g. ..bor ra,. i„cr.a..d .ach yMr by ,„ ^^ 

from „60 «o .966 and 20 c.„«.,hour .lch year ,rom „u ,. „^ 

Th. ra«. in „60 »a. *. 30.  ,„ th. begi„ning „f ,„„ ,( ^ $jgQ_ 

Comp.« «hi. with .v„.g. Ubor rate> ,n Argentimor Braiii and the 

ra,. oí L.«i„ American l.bor I. Co.. ,„ ,/, of „.,. llb(Jr     The 

oppo.i«. „..«ion occur, in «,. Co., of a .ypica. e,h.u.t va.v. .,«, 

«-«.   Th. Br..Ui.„ prie, for ,hi. m.««ria.,  produced dom.„ical.y, 

i. «% hifh.r «han ,h. Co., in U.S.A.    Th. Arg.„,ln. Pric. ,„ M, 

...... imporud from Franc, and burd.„.d »i«h high impor« du«y and 

•hipping co.,, i, M0% high., than ,h. O.S. co.,. 

23-     A v..« «„„hin, „„. ... up |n mo in at vs    congUted o( 

vari«. ,„„,„. .„d ,,indin, ramchin. ,„„,. ^^ ^ ^ ^^ 

U di.,inc« op.r.,1.»..    Th. m.chin. ,.ol. ,r. ,oc.,.d a.ong , ro.l.r 

conv.y., ,.„., work ,. proce>. it hMdled in tote pinj    ^ ^^ 

load and Un...d „««,, «,. ,„.., d„„ing ^ ^ ^^ ^ 

don. m.nll.Uy by tt. »„.„,„.   „„„, in,p<lctlon .^^ ^^ 

q».U,y cntro..   Th.r. .„ 27 .„.„,„. p., ,Mft    A c<)mpUte 

chang. rf ..„.p ,., . Mw „„„ „„.„^ by ^ ^^       ^ 

.pp.-.m.Uly ,.., hou„.   „. ralnimum m ili# ti mpprMrimMtly 
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4,000.    The manufacturing cost per unit produced on this line has risen 

in the last ten years approximately by 35%,  primarily because of the 

above given increase in wageB.    This is also the type of line installed 

in that company's plants in Argentina and Brazil.    A substantial amount 

of work in process has to be on the line at each work station,  so that a 

stoppage of one machine would not idle all the following operations. 

24.      A completely automated line has been installed in 1962 and another 

one,  of updated technology,   in 1968.    All finishing is done by grinding, 

the handling is mechanized with automatic loading and unloading,  post 

process gage machine control provides automatic dressing and compen- 

sation.    The number of operations is essentially the same as on the 

manual line (11 against 12), the number of individual machine tools 

is 18 against 36,  and the number of men per shift is 9 against 27.    The 

tooling cost of such an automated line is relatively low,  but a change- 

over to a different valve is costly and causes the loss of approximately 

two shifts.    Therefore,  the minimum economic lot size is approximately 

200, 000 pieces, the line has to operate on a two shift,  5 or 6 day 

schedule (the third shift is set aside for maintenance of setup),  and 

the production volume must be 400, 000 or more per month.   Under 

such conditions, the unit cost is 46% of the unit cost for the same 

valve finished on the manual line.   The labor cost in the automated 
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line is 22% of the unit manufacturing cost aïainat tn „   .,. K *-u»i against 35% on the manual 

line, the depreciation share 30% against 18%. 

25.       Ph. economics of such an automated Une in Argentina or Brazil 

would be disastrous under presen, conditions.    The savings in labor 

cos, would be insignificant, mere is no saving i„ material costs and 

•he depreciation rate on the costly equipment also has an adverse 

effect.   B„, the greatest drawback is the present insufficient volume 

and the absence of large runs.    However, with the growth of the Latin 

American automobile industry and also 
the prospect of regional ag ree 

menta which would reduce the „umber of tvp.s and increase the volume, 

K may be feasible in the no, too distant future to find an economic 

approach to , partial automation of valve machining lines.   Several 

European valve Pl,„,. hive ,uch modifled ^ ^ ^ .__ ^ ^^ 

of installing ,h.m.   Flgure 6 ,how§ the end ^ a fuuy Mtomwed ^ 

finishing line.   In the ,o„ground ire two „„^ .„.^^ ^ ^ 

the finished Yllv„ coming ^ ^ ^ ^ ^^ ^^ ^    ^ 

are the only inspector, on ,h. line, because dimensional accuracy is 

ioo% („.„„„ by a,. Mtom„ic gag.ng mnd compeniat.ng dev.ceg   in 

the b.ck,ro«r.d »r. ,„iou. grinding miMmf ^ ^ ^^ 

control board, and .utom.tic m...,i.J handlin, device..   When thi. 
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picture was taken,  the line was running, but note that none of the 

machine tools is manned,  the entire operation being automatic. 

VII.    Steering Linkage Manufacture 

26.      Steering linkage parts offer good examples of how the manu- 

facturing technology and also a design are modified to suit products 

or volumes.    Two components have been selected for that purpose; 

the ball stud and the centerlink.    For those readers not entirely 

familiar with steering linkage parts and their English nomenclature, 

the illustrations,  Figures 7, 8,  and 9 will help to visualise these 

components.    Figure 7 shows a centerlink with the ball studs assem- 

bled to the two socket ends.   Figure 8 shows in detail a solid ball stud 

assembled to a socket,   Figure 9 is a photograph of a hollow head 

ball stud that is being manufactured in very high volume. 

A.    Ball Stud 

27.     A high production manufacturing process to produce hollow ball 

studs as illustrated in Figure 9 is described in the following tabulation: 

Major Operations 

Cold-head 

Drill and Countersink 

Cotter Hole 

Capital 
Investment Pcs/hr Equipment 

2,000 3/4   Coldheader     $300.000 

1,000 Davis-Thompson    $ 75,000 
Cotter Drill 
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Major Operation« 

Roll Thread 

Burnish Ball 

Heat Treat 

Pca/Hr 

1.250 

333 

1,000 

Capital 
Investment 

$ 50,000 

$ 50,000 

$100,000 

Equipment 

Roll Threader 

Roll Threader 

Automatic 
Pass Through 
Atmosphere 
Hardening Furnace 

Th. «OU, ,.oo, Mm. ,„ ibove opirationi u   63 hourj/ioo ^ ^ 

« .n .v.r.,. „,. of $3. 80/hour amount> to $2 4o/ioo piecM     ^ 

«ot.1 i„v..«m.nt in machin, tMls and equipment is $575 ooo     ^ 

m«.rUl u..d i. .905., round coldhead¡ng ^   ,_ JM ^ ^ ^ 

It .hould u need «h.t «„. coldh..di„g method iUow, ,„ „^ a 

honow h..d. . v.ry .dv.„ugeou. de.igni except for the thread ind 

cot.« pi„ „o,..  ^..din. pr<jdu«. . ,lni.hed <tud o( excellent phyjicii 

Prop.rti.. .nd „nl.h ind con.,ant dimen.ional accuracy     u u aiso 

«-»-» «h« «H. d..ign of th< heid„ t.oU and gagM   the ¡nventory 

of .V.U.M. t00l. .nd ,lg„   the dle dimeniiMi for Mch ^ ^ ^ 

«h« v„lum. 0, m.til .nd Iength „ Mn requ¡Md to mike B ^^ 

««i«n o, . „.Uow b.U .,„„. .„ «,... ,.... are programmed to a com 

PU««.   Th. comp»«., „,«„„, giv„ lh. degigner all tte dimen>.on> for 

*« .nd ......    Th. d..itn tim, ha, bMn  r6diiced by approxiiniteiy 

- hou„ p., jo,   AUo all duplicatieM ^ iooi(Bi ^     ^ ^ ^ 
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eliminated.   Such advanced procedures further enhance the profitability 

of an expensive,  but high performance manufacturing setup for large 

volume production.    Production lot» for this setup are in the range of 

100,000 pieces and over. 

28.     Smaller lots which also are the rule in Latin America usually 

start out with a solid ball stud blank produced on automatic bar machines 

or on hot forging machines.    An automatic bar machine will represent 

a capital investment of $70, 000 and turn out approximately 100 pieces/ 

hour*    The same stud,   specified for the above high production line would 

require on the automatic,   1-5/16" round bar stock with a cut length of 

3.08".    That is double the weight of the coldheaded stock and means 

that 50% of the material goes into chips!    The subsequent steps in the 

ball stud manufacturing process also can be simplified for the smaller 

lots, particularly the heat treating,  in order to reduce the capital in- 

vestment.    The special purpose drilling and countersinking machine 

can be replaced by inexpensive standard machine tools and the loading 

and unloading can be done by the operators, thereby saving the costly 

automated loading equipment.    Thus a line for the volume of 100 piece*/ 

hour can be aet up with an investment of approximately $165,000, or 

$350,000 lea« than the high production line.   The coat comparito« for 

the three coat items and for U.S. wag« and material cost level« ia 
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given in thi. tabulation, expre...d ln dollar, per piece. 

Coït Item Manual Line 

.090 

High Production 
Line Difference 

Direct Labor 
.024 •         .066 

Depreciation .040 .014 •           026 
Material .104 .052 •         .052 

Totals $ .234 $ .090 •    $   .144 

Th. b.ll .,„„ produced on th. „„„, liM for a voiume of ioo ^^ 

hour co.t. M. 4 c.„«. mor. th„ th. .,„„ produced on ^ hiih production 

H« 'or 1,000 pi.c./hour.   While «hi. appli.. for U.S.condi.ion..  «he 

co.« difference wouW b. higher in Litln America   where the ^ ^ 

are lower, Du« ,h. m.terU, „„, „. „^     ^ ^ ^ ^ 

» pr...„« ,r. 50% hifh„, lB Arf,ntln. „ ,0 100% h.gher 

29.      Two ¡llu.,r«ion. of «he .„ulpm.n, fron> ,„. Mgh production ^ 

«ud Un. .re <hown.    rig„. ,0 „ . }/4„ ^ ^.^ ^^^ ^ 

wir. coil i„ pUc.    Fifur. 11 .how. ft. ,„,..„ roll„ wWl ^ „^ 

»ted m.urial handling .,„ipm.nt ,„ M,om.«.d op.„tion    ,„ ,h<( 

foreground i. «,. d.vic. for l«dinf th. ...din, „„pp., „d ., ft. 

machine ,. «h. chu„ t„ „,. MtemaMc fMdlni ^ ^ itudi to ^ 
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B.    Center link 

30.      The high production line for the centerlink made from bar stock 

is described in the following tabulation: 

Major Operation 

Cut to length 

Upset one end and 
bore 

Upset other end 
and bore 

Capital 
Investment 

Shot blast 

Drill and ream 
two end holes and 
two center holes 
complete 

Pc s/hour        Equipment 

1,000 Cut Off Shear     $10,000 

167 3" Upsetter $170,000 
with Indicator 
on Heating Unit 

167 3" Upsetter $170,000 
with Indicator 
on Heating Unit 

1,000 Tumbler shot     $45,000 
blast 

250 Davis-Thompson 
special 6 station 
rotary drill $430,000 

31.      The total investment for the major machine tools is $825,000. 

The Davis-Thompson rotary drill will produce 3, 750 pieces in two 

shifts; to match this output, the upsetters have to be run on three 

shifts. 
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32.     In manufacturing „„,„„„,,._ „ „ nec,„„y to controi the 

•«»..».ion.! r.U,i„n.hip. b.,w..„ ,h. two .„d and c.„,„ hoi...   Th. 

flr.t „p.., 0p.r.,i.n ..lablilhe. „,. locitions of one end and ^^ 

hole.    Th. ..cond up.., operation u... ,h... location. ,„ obtain th, 

n.c...„y dim.n.ional r.lation.hip. between .11 f„„r hol... 

33.      Diff.,.„, toolin|( „ ordin„ily re<luire<1 to uptet eich end o( 

. cenfrlink.   If only on. up..,,.r w.r. u..d ,„ produce th. entire 

«nfrllnk on high volum. production run., cycling would be r.ouir.d 

in ord.r ,o maintain . bu.nc. b.,w..n work in proc... inventory 

co.t. and .„up c..,..   Th.r.fo,.. „„ hlgh volttrae ,„„._ ^^ 

.r. normUly p.,r.d - ..ch up..«« p,odu„. on. .„d o£ th. c.n.erlink. 

Thi. .llmin.t.. ft. cycun, pr.M.m. u.o provid.. «h. opportunity for 

i-provd ma«.,!., h.ndUnI .,.,.„._ Md r<ducei the momt ot work 

in process. 

34.     Af*.r ft. up.., op.,.,i.„., . „»„„ink ,. ihotbUit.d t0 r.move 

*• .cU. .„d «h. „.„...ry ho,.. .„ mmchln.d.   ^ lh# ^..„^.^ 

.P.ci.1 6 .„„on rotary d„„. ,wo r.vo,u,ion. ar. r.,ulr.d «o dril, .„d 

«am „1 four hi...   r«, „„.„ink. .,. m.ch,„.d ., ..ch .,.,lo„ 

(«ciudi», ft. ,.^/uDl0Ml .,„,„,„.   ^ op#râlort work cyeu con>iiti 

of th« following: 

-   Unload two contorllnhs that aro machins« complot«. 
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- Move other two centerlink» to have center holes machined. 

- Load two centerlinks to have end hole» machined. 

- (Next station). 

35.      For low volume run», four 2-»pindle drill presses might be used 

to machine the four holes.    The operation would consist of the following: 

Capital 
Operation Pieces/hour Equipment Investment 

Drill 2 end holes 83 2 spindle drill press       $12,000 
1 man 

Ream 2 end holes 83 2 spindle drill press       $12,000 

Drill 2 center holes     83 2 spindle drill press       $12,000 
1 man 

Ream 2 center hole»   83 2 spindle drill press       $12.000 

Twelve 2-spindle drill presses would be required to match the capacity 

of the Davis-Thompson special rotary drill.    It would require a capital 

investment of $144,000.    The direct labor would be 6 times higher, in- 

asmuch as the 12 drill presses would be operated by 6 men as compared 

with the one operator on the special rotary drill. 

35.      The two key machines of the high production line are shown in 

Figures 12 and 13.   Figure 12 shows one of the upsetters and the over- 

head chain conveyor for bringing the cut bars to the operator and con- 

veying the link« with the one upset ond to the operator of the second 

J 
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on roUry drill.    It ,how, up..««.r.   Figur. 13 1., pictur. of th. 6 .«Mi 

«wo «„.„link. .„.„,„ unloaded.   Not. ,h„ each roUti„g ^^ 

hold, «wo .Kid. ,„ o,d.r ,o .„„,„.„ m.chin. dow„,ime for mitirui 

handling.   Fi.ur« M i. . picur. o, «wo 2-.pi„dl« dril, pr on . 

low volum. c.nt.rlink machining Un». 

VIII.   What N.rt? 

37.      Mor. ..... couW „. d..crlb.d to Uluttrmf> (he impact oi ^ 

on Uchnolo,„ „d co„. „ lh. ra,nufic,u„ „, „„^ con)ponentj 

Th. probl.m of L.«in America i. «h. ..ra. .. ,he probl.m of ,he 

Europ..„ coun.ri...  ,.p.n, .„dth.Unit.dSt.«...   Ho. «„ eon.olid«. 

«h. d.m..1for .««omo«lv. p.rt.. .l,min„. duplication,  .pli„,.,ini 

in«o .„,.11 „„„.,  .nd how to „,op, common de>ijni ta order to ^ 

lot .i... .nd «.k. .dv.n«M. ., «,. ,.«..« ,.chnolo,y.   C.n «hi. b. don. 

in Latin Am.ric. Witt«,, .„„in| h..u„y comp.tl,lo„ „„ ,„ ,h<¡ ^^ 

of all p.rti„ eo»c.r».d?   A ,.,¡„„.1 ,ppro.ch ,0 ,he ,conomic. „, 

•cU. hold. . k.y ,o th., .„.„,     lBdu.,ry   iov„nIn,n,.    int.rnMionâl 

...nel.. .„, p,.,...,.,., ,ociM„ mnt ,0 „. lBvolv#d ând mht iB 

«hi. work. 
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BUDGET STANDARD RATE SHEIT       TWC 3M 
Division       Foundry Nermol Activity -JaaxaVaVMon Hour»            58Ì4  SHtH 

Department    Casting               M«.    4 ludaoted Exponte <§) Normal Act. Mphtat.    fljgft 
mal Activity      917.01 

2 
Fer »man Adjuated ludaoted Expente ® Nor k  
Effective      7-1-53           Suponede»      BOOB •urden Rote           92.94 P6T SHJt 

ACCI 
ITEM UNIT OF MEASURE 

IUDOET 

Fixed Hr». 

STANDARDS Dollar Convenían Factoi •UDOET STANDARDS 
Ne. Vari'bl.Hi. Fixed $ Variable $ Fixed t Vorlebte $ 

101 
PRODUCTIVE IAIOR 
Direct lobor-Operotlnf 2.03 

102 Direct Labor-Inspection 

TOTAL  PRODUCTIVE LA IO« 

MANUFACTURING EXPENSE 
Non-Operating Labor 

102 Inspection labor .0205 2.03 .0416 
10) Setup .0256 2.03 .0550 
104 Repair» to Product» 

105 Reclauifled  Indirect labor 

111 Idle Time 

112 Ireakina in New  Help .0317 1.99 .0631 
113 Maintenance of Setup .0119 1.99 .0237 
114 Time Poid-Not Worked .0017 1.99 .0034 
115 Paid Holiday» .068? 

TOT. PROD. IAIOR NON OPER. .«U .2323 

121 

Non-Productive labor 
Otneral   Indirect  Labor 24.0 .1460 1.75 1.75 Ö93 .2555 

122 Inventory  Taking 

7Ü584" ^0T ~&rr 124 Intpection-Floor Checker» 16.0 2.05 .1197 
I2J Factory Super. 

124 Impaction Super. 

127 Cleaning Machine» .0070 2.03 .ÖU2 
121 Administrative 4 Clerical Sal. 700 .0662 

1)0 Employee 4 Super. Training 

1)1 Employée Relation» 

1)2 Overtime Premium-Hourly 

D) Niobi Shift Premium 

1)4 Vacation Expente 663 
IM Overtime-Salaries 

1)7 PayroH Adjvttment 

TOTAL NON »ROO   lAtOR 40.0 .12114 2933• .4558 " 
TOTAL IAIOR 40.9 .30üé T91T" .?w 

IM 
Omar Manufacturing Exp. 
Wd Security Tone» 51 .0667 

21« •F RJR^tecW/eMW  t)  v9M"rMJMnVR9TfQM  Int). 6 .0074 
11) rlMlMl    • 11 BcVAtM)       rVWCIV 80 .1302 
IM Trovai 4 Other lutine»» lap. 

MI Project Coet Direct 

tu Coed 

tu OH» and) LubrWnt. 

IM Oenettd SuppR». .1032 
M7 WWHOBH ^TMJ«P4JP(  eta AtaWctMlVVt 

MO WWlrWllRje/jr M< %e»ITMJ«w »M00pMaM .0034 
IM) •MBOVÍVIBI   aVaMMom ahtaaaaaaaM 

IM Cedete*« luaonso 

)1) ROWR^ROWÉM   MaaMasM 

~U0K~ 
311 M-   

Figure 1. 

Budget Standard Rate Sheet,   Page 1 
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130,000 
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Figura 3. 

Coat Chart, Method A 
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Cost Chart, Method B 
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Figure 5. 

Cost Comparison Between Two Methode 
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Figur« 6. 

Visual Inspection at End of Valve Line 
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Figure 7. 

Center link with Two Ball Stud Assemblies 
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Figur« 8. 

Ball Stud Assembly 
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Figur« 9. 

Hollow Ball Stud 
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Figure 10. 

3/4" Coldheader for Hollow Head Ball Stud 
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Figur« 11. 

Thread Roller for Ball Stud« 
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Figur« 12. 

J" Ups.tUr for CenUrlinki and Conveyor 



rnarnm 

- 44- 

Figur« 13. 

6 Station Rotary Drill for CenUrlink in High Volume Lin« 
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Figur« M. 

On« Sot of Two 2-Spindle Drill Presses for Ccnterlink in Low Volume Line 
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