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DECISION RULES FOR EQUIPMENT INVESTMENTS IN METAL-PRODUCT IN-
DUSTRIES WITH SPECIAL REFERENCE TO METAL-CHIPPING AND METAL-
CUTTING MACHINES

G. K. Boon. Consultan, Netherlands

L TRENDS N0 HiGr vt s
Produciivity ranking (1)

First. we will try to rank the metal-product industries
by world regions, according to g productivity eriterion
From the United Nations Srarivical Yearbook, 1963, we
obtain a percentage breakdown, by region, of the 1ol
value added in the metak-product industries in (988 Ao
from the same sonree, we obtain the pereentage break-
down of the total number of persons i the
same regions. By taking the raio of the pereenta e
distribution of value added over the pereentage distriby
ton of the number of persons engaged e this acnhivaty
ranking of regional productivity s possible I
rio as g productiviny indicator.

Productivity m the North American continent, aecord-
INg to our ranking proceduire, s highest
come the Soviet Union and Fastern | urope,and Oceani
(primarily Australio and New Zealand) | urope (ks
Western Furope) is only i founh place Atvica and 1he
Middie Fast Latin America and Asiy thase and South-
cast), take ilth, sinth and seventh places - the rankimg
order (table 1y

group n the

usinty the

mn SUCEUN ST

Proviec iy vank ine ()

A second productivin congarison will be
relating index numbers of industrial

inade by
production tor

certain industrial activities with the index number of

industrial empleyment. We will compare the individual

ndex numbers amongandnsines peregion In addition,
Se il ke the rano of the indey number of mdostial
Production over the mdes number of idistred cmploy .
mentas an mdicator for labom producing speaitie
rear tor g certam mdistngd e petreeton e atie
Tor 193510 A o 960 B (e SC Testans s ndicated
Lible b e paricipame m (e Compaitaons e
mdices i

n
Palte N e presented moable b Lo en
mdusial actvaties as detined Lihle ?

Howe compare among mdint e PO resn . i (e
Ml producion imdice . toan ible 3w, noliee tha
ticndex Tor the mery! Prodact imdustoe . TISIe 3 3y
has e havbicaa it companed 1o o Gl dueany
World, Savier | oon
and Fastern b arope, Nonh A | oann AU TNITIN|

Vs For urepe, the mdey s (e Hinad betiesd

aronpsc tor the follow e veepon

dAinld Loy
the Foropean Fcononne Connnnme 11 - e end
Focking s o the mdinanl cmplovinenm undey
table Sowe nonce that this i fiae b, hehic o valag
compared tooalt other mdisns ctoups torthe OSSR and
Fastern Furope, Notth America, Faa i South cast
i Furope and the Furopean 4t conomic Commnnnny
For Batm Amenca the indes 1+ ~econd finehe Lo by
the world only seventh highest tesether wils INTE 230,
20

Ihis that the merad product
mdnstnes are ot oanstandmg mportance o o prodoe

fonas welb as an employment pomt of view .

comparioon shows

Table |
PIRCENITAGE DISTRIBE HoN N T9SK o sl s -PRODY (T
INDESIRY (ISIC 35 1K)

Volue wdibed

Revreon (LI YT

Africa and Middtc Fasr

a6

North America ... k7
Lahn Amerca ... { I
Asia (I as and

South-casy RN

Fxctudimg Japan .. 0.6
Fturope .7

bt 156

Fras oo 1.5
USSR and Fastern

burope . .. 26.5
Oceania .., ... .. .. 1.2

Total 100

Nuniber of perany Kano Erolpctivery
it omnduntrs e runth ing
t3 0.5 5
17.9 22 I
kN 0.4 6
1222 "3 7
67 0.1
36.8 0.8 4
20 X ]
13.5 0y
27.3 1 2
14 09 3
100

9




Table 2
DEFINTUON OF INDUSTRY GROUPS

Imteenational Standard
fudn e {lasafication
STC ) numiber

L I T 2

Description of
ndusiry

Mining,
and gas

manufaciuring,  elecnan

2 m toud. beverages and 1obaceo

o2y 4 Teaniles., clothing and leather pro-
ducts

4 2526 Wood products and furntare

s 27 Puper and paper prodicts

6 11,13, 30 32 Coal and crade petroleam. chemieal,
coal, petroleum and rabber pro-
ducts

7 141938 Non-mietallic nunerals ad products

8 12 M Metal g and basic metals

Y 15 38 Metal products

0 s, si2 Flectrony and gas

I we now fook at the ratio of ndex B over index 2,
ratio A as U kind of indicator for kthour productivity,
we notice that, tor the tollowing vegrons, this ratio is
higher Tor the metal-product sndustries than lTor any
other industry  group. World, USSR and - Lastern
Europe (logether with ISIC 1419, 33), East and South-
east Asii

G. K. Boon

For North America the ratio comes at the third place
(behind ISIC groups 51 SE2 and 11, 13, 30 32). For
Latin America the ratio also comes at the third place, for
Europe at the seventh place and for the lLuropean
Economic Community at the sinth place.

Irom this we nias conctude that the growth of the index
of industrial production for the metal-product industries
has been fess than the growth i the index of industrial
cmployment. OF the seven regions distinguished, the
industrial mdex was highest in five and the employment
indey wars highest, also, for tive thut ditferent regions) of
the seven. but the ratio of the two mdiwees, however, is
highest onby i three of the seven regions, Table 4 sum-
nrarizes the resubts of the ranking procedure.

Thi. ginves evidenee of the following:

(@) 1The metal-product indistry s @ labour intensive
mdustry

(hy Mechanization and automation are more limited
than in certap other mdustries.

(¢) Chowees mequipment with different fevels of
mechanization exist but are presumably not made 10 an
optimal wiay m numy cases.

An opumal choice is not necessarily a chuoice Tor the
most mechamzed equipment. Flsewhere, this author has

Tuble 3
PRODUCHVITY INDICATOR A (1961 Or 1962 1958 100)

ISHC imden 1 ssn o N MMM 28 0n R 1 i3, 0 82 14 19, 448 12, 34 35 38 55

reiline I \ Ki 4 ) H N X v 16

Waorld (19601}

1 126 115 "7 126 122 12§ 128 126 132 130

2 19 1w 106 109 10 102 Ho 110 106 10§
1,2 A 116 1.07 1.10 116 1.t 1.23 1.16 115 1.25 1.24

USSR and Lastern Europe (1902)

i 1% 13t 127 151 (R 138 159 144 178 160

2 14 1ns o Hs i o Hd 18 126 113
1:2 - A (] 1.2§ 1.1§ 131 1. IR 1.27 1.29 1.28 1.39 1.42

North America (1962)

L} 126 114 120 120 122 126 1 120 134 134

2 1 9 1m 102 107 97 ] 100 109 99
12 A 1.2 .13 1.17 117 1.t 1.30 115 1.20 1.23 1.38

Latin America (1961)

] 119 1t 1o 122 122 1o 16 129 125

2 106 12 YR IS 104 103 123 112 —
12 A .12 099 1.8 1.06 L7 1.13 0.94 1.15 —

Fast and South-cast Asta ¢(1901)

§ 164 121 (R]] LI 141 151 185 245 154

2 11?7 11 107 17 121 1 114 124 144 —
12 A 1.40 1 1.2 1.40 1.29 L3 1.49 1.70 -

Lurope (1402

] 127 1149 s 126 129 [RR] 1 122 [R)) 13§

b 108 107 103 iy 110 97 w? 106 1S 105
12 A 1.1 i .12 118 1.17 1.37 121 1.1 114 1.28

Furopean Feonomic Communtiry (1962)

1 2 H I 19 127 1 141 132 128 138 138

2 108 147 104 10} 1y 97 108 1 116 104
132 = A | 1.08 114 (B 1.19 1.43 1.26 1.14 1.19 1.

Index | — Industrial production bndex I - Tndustril emplos ment.

3
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Rules for Equipmient Invesiments in Metal-product Indusiries

Tuble 4
RANKING ACCORDING 1O 1HI THIGHT OF INDICES AND
RATIO A INTIR-INDISIRY IR RIGION TOR METAL-
PRODIC 1 INDUSIRIS

Region Your Rarkine acordine o hoieht
ot andey of paduser gl Ratio A
Uy prowducaen 100 cmphoyment 12

World . ... .. 1961 t 71 1
LISSR and

Lastern Farope 1962 1 1 1"
North America .. 1962 t 1 }
Lalin America ... 196l | 2 1
Iasl, South-

cast Asia .. L 1961 1 1 !
Furope ..., .. 192 3} 1 7
luropean | conomie

Community ... U2 2 1 o

o Relative position shuared with 181¢ 23, 24, 29,
A Relatve positton shared with 151C 14, 19, 33,
S Relalne posviion shared with 1IS1C 27

shown that the choiee of equipment in the metal-product
mdustries depends on: the wage rate and the interest rate;
annual production (size of market). and the homogeneiy
of production (the size of production runs or lots).

In the second part of this study we will use an atomistic
approdach, i the sense that we will use highly disaggre-
gated data to explore for which metal-chipping and metal-
cutting operations there are chowees or no choice
equipment with various degrees of mechanization, and
how the optimal choice depends on the variation ol such
parameters as wage and mterest rate and size ol lols,

The aim ol this first part o our study is only 1o show
some trends and tendencies by comparison with highly
aggregated Ligures.

Productivity ranking (3)

The same procedure as carried out in table 3 Tor the
years 1961 or 1962 was done tor the year 1955, yielding
ralio B,

Table 5 presents both cross-region ranking and mter-
industry per region ranking order.

Noteworthy is the low runking among industries of the
metal-product industiies in Burope. Cross-region. the
metal-product industries in Europe rank low, especially

Tuble §

RANKING ACCORDING 10 INCRIAS] IN LAIOUR
PRODUCTIVITY INDICATOR FOR METAL-PRODUCT INDUSTRIES
1935 1961(62): ISIC 35 38

Revion Periond Runhking number
Crov recion Inter<indusiry
per region

World ......... ... 1955 1961 2 |
USSR and

Lastern Furope .. 1955 1962 6 5
North Amwerica ... 1955 1962 | 2
Latin America . .. ., 19551961 7 6
East, South-cia

Asia oo 1955 1961 3l s
Curope ... 1955 1962 b 9
Luropean 1 conomic

Communiy . 1955-1962 4 5

* Relune postion shared with 1SIC 11812,

Ys

compared to North Americia. Some improvements in the
efficieney of the group Tor Curope seem urgent on the
basis of this comparson.,

Aanal producrion erowh rares

For a number of conntries, the avenaee annnal rate of
growth m the industrnl prodoction mdes of the meral-
product mdustries is computed tor the penod 1933 1962,
Table 6 shows the results, Some conntries hase annizimgly
high annual growth vares such as Lapan, 7200 per cent,
Tarwan, 4259 percentand Venezuchn, 3329 per cent. to
meation only some countries with o prowth e laeher
than 30 per vent o vear Countnes with a lower than 3
per cent annual growth sate dovmy this penod e
Argentina, Canada, the Unted States and the € nned
Kmgdom.

Tubic 6

AVURAGE ANNLAL RATE OF GROW UL METAL PRODT ¢ S
(PLR CING YEAR) (195K 110)

{rnadd vate of
erewth

Tndox ot bt !
AL TR e

Cotentries

[EARt Jrer sy fon

Unted Stites L L. t 138 240
Canada ..o o) s 1.07
Argentomne L X2 42 1.3
Brasit thasic metals) 72 150 12.04
Veneseely oo K] 142 8.9
Thigary . K0 172 127

Crochoslovaku L 59 161 1921
Polindt ..o §2 198 LT
Sonaet Umon Lo 49 175§ 2874
Indea oo 40 oS 18,56
Lo 0L 40 3 730
Chia ( Liavwan) .o 36 174 42.59
Belgrlom ... ™ 126 .61
lranee oL 03 136 1l
Gernunn (1 Ry L §6 119 1647
Netherhimds o 73 145 127
lads oo T 161 14.76
Sweden o X1 126 § 76
tmited Kingdom . b 114 108

Comparing the relatnve positiens o the United States
and Canada in table 6 with the relative position ol North
America in table 8, some evidence is tound that ethaencey
mcercases  have materalized, possibly by increased
mechanization and automition.

Some further corrcluationy

In trying toterpret the hereght of the average annual
growth rate of the mden of the mdustriad prodaction n
the mctal-product industrs. the average annual gprowth
rate in the index ol per capria praduct Tor the same period
wis wsed as an mdicitor ob over-all cconomie prowtl,
assuming that countries with tapud ccononne growth
would also experience vapid growth rates i the metal
product mdustries,

Table 7 shows the sample wheve the dependent varable
postands For the average annial growth sate an the
industrial mdey ol the metal-product mdiny and
stands for the average annual growth rate i the imdex ol
per eapita product. The correlattion coethaent 16 not
high, 0.5944, with i stundard error ol 14,8246,
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Tuble 7

AVERAGE ANNUAL GROWHHE RATE OF per capita PRODICY
INDEX (X)) AND INDUSIRIAL PRODICE INDEX (yv) ot
METAL-PRODECT INDUSERIES

Countrics \ v
United Sttes .o 1.1 240
Canada ..o 0.91 1.67
Argenting ... .81 1.36
Brasil ... ... 358 12.04
venesuehl oo 02 15.29
thangary ..o S.82 12,78
Crechoslovaki oL 6.81 19.21
Poland ... 6.39 .55
Soviel Lmon Lo 974 2570
ndw ..o oo 1.17 15.56
Tapan o 11.54 n»
Chma Classan) oo 1LRR 42.59
Belgiam ... .. 278 6.61
France ... 4,37 1.1
Genmans (L R L 6.96 16.47
Netherlnds oo 170 1.y
Waly ... 6.5} 14.76
Sweden ..o . 183 5.76
Pinned Kingdoim . 217 418

7 See table 6

Finally, an clfort was made o0 explain p. the average
annual growtli rate of the mdustrial index in the metal-
products mdustries, usig Tour idependent vartables:
(@) the income per capita. (0 the size ol the popukation:
(¢) the product of gad and (hand the average growth rate
of the index i per capita product,

More mdependent sartables were mtroduced, and the
sample size then reduced 1o lilteen countries due to lack

ol informaton. The countries are: Umted States,
Canada. Argentna. Brasal, Venesnehi. India, Lapan,
China ( Fowan). Belmuane, France. Germany R

the Netherlinds, Ty, Sweden and the 1mted King-
dom,

A muluple correlation coethiaient ol 1HRDOS wis ob-
tined to which the vanables of per capiia ancome and
the average anmal rite of growth ol the per capita product
indey contributed most. As the size ol the market s not
only the home market but afso the Torergn market. the
introduction of an appropriae sarible for the foreen
man ket would, undoubtediy, have improved the resalts,
Farther work s mtended 1o mprove the sample and to
find the best combination ol mdependent variables.

. T AN yses

In this seetion. we intend o make the analysis from
which we will derive decistion rules i the fast part.

Vi

The aim of the analysis s, as the titde of this study
suggests. the derivation of decivon rules Tor equipment
investments in metal-chippimg and metal-cutting machines
for a developing metalworking mdustry.

Bis also suggested that there is something o deaide.
that o choice among aliernative equipment types can he
made. Tyershody who has some experience with the
metatworking industry knows that, for many  metal-

G. K. Boon

working operations (tasks) a chowe among alternatine
machines does indeed exist. Exen the highly aggregated
data used in part 1 suggest the possibility ol chowes n
metatworking equipment. 1 choiees must he made, they
should preferably he made moan optimal way and the
present study thus shonld give answers 1o such guestions
as: which varbles deternune the optimum choiee 1
metalworking cquipment and how de these varables
influence the optimum chonee e metahsorking eyquip-
ment”?

The pracucal guestions Tollow directh - which 1y pe ot
analysis must be psed 1o answe the first two gquestions
most adequately and. subsequenth, o whom are we
gomg o direct ounches to privaie ovtoe pubhic decision
markers? The Tast grestion s of mportanee: beciuse, in
pracucal hieo opumal choiees for private or public
authorites mary, mean different things, For this reason, we
state as an addional amm ol our anabysis that should
yield results from which general rules can be derived,
rules applicable 1o private as well as public decision
makers. Henee, the Tinab amm of our analysis can now be
formulated: the dernvation ol dedision rules on equip-
ment investments i establishig or expanding a metal-
product mdustries for private and or public decision
makers

Scope

I'he scope of the anadysis should be broad, in the sense
that its resutts should cover:

() All countries in the world:

(M) Al seales of production operation
() All types of metal-products industries:
(o) AN types of deasion makers.

In order 1o achicve this. the analysis must take into
acconnt the production ¢ircumstanees which simulate the
real production characteristies for counlries in various
sLiges of cconomic developmerit. To this end a model
should be deseloped in which:

() Prices of primary mputs (stock and or flow) can be
vanied 1 a discrete wan simualating the relative scareity
relationship o capital and - labour (and possibly of
foreign exchange) Tor most-highly. highly, semi- and
under-descloped conntries.

() 1.0t sizes or praduction runs (delined as the number
ol identical parts produced with asingle setup) van be
varied. simulating small-. medium-. and large-scale pro-
duction charactensiies.

() A mumber of production tasks should be detined
which vary according to - shape, size. and precision,
simulating in this way characteristics of all possible types
ol metal products,

The variations in wage nd interest rates zan be con-
sidered 1o relleet actual market prices or equilibrium
prices, gross or net ol inflation. Private decision makers
will be inclined 1o work with market prices,  gross
o inflation: public decision makers should preferably
make use of estimated equilibrium  prices, net of in-
lation.




Rules for Fquipment Investments in Metal-prodnel Tudnstries

T'rpe

We now hanve to decide on the ty pe ol analy sis that will
best meet our previonsly Tormulated arms and scope.
Best fitted for our purposes s i osensitivity nalysisg
busicatly. we want to know how sensdinve machime-tool
optimahity s when certam parameters are varied.

A muachime s considered to be optimal i it can produce
a ginen anit of output at fower total capital and Tabour
costs than any alternative machine,

The sensitiviy of which parameters on machime-tool
optinahiny do we want to explore? Fieste ol the wige-
and anterest-rate parameters (praimeters dare gnen
exogencoush b T eononicatly. the most-highly developed
countries will ke characterized by a relauvely high wape
rate and relatnvely Tow mterest rate, under the assumption
that 0 such countries capital s abundunt relane 1o
fabour. while under-developed countries will be charac-
terized with i veverse factor-price relationship that s,
high interest rate and o relatively Tow wage rate under
the assumption that Tabour s abundant relitnve 1o
capital. The prices of Libour and capital Tor the middle
group, highly devetoped countrvies and semideveloed
countries. will he set between the extremes of the most-
highly and under-develeped countries.

The neat parameter that will be varied s the size of
tots: the variaton will e such that uall the possible
scales ol production will be simukated.

The variation ol anterest vates Tor cquipment aipital
and wige rates Tor Labour and the varation i size ol lots
will be called seasitivity amadysis AL

The troduction of costs of structures, o type ol
capital, and the itrduction o a varnation m equipment
prices (e, transportiton costs Tor equipment and the
apphceition of an cquihibrium exchange rate instead ol an
over-vitlued othicial exchange rate causes equipment prices
to be hiueher in under-developed countriesy will e ex-
plored st analyvsis B In this analvsis, the
clbiciency rate ol kibour will be varied ander the assump-
ton that, m under-developed countries, this rate, s
result oF such Factors as less skall and less work diseipline,
will be Tower than the efficieney vate i developed coun-
tries.

For the sensitivity anabvses we will Tormuliate total-
cost Functions, where total costs e o Tunction of the
cquipment price. the mterest rate, the kibour time and the
price of Lahour, the size of Tots and the elficienes rate,
from which mmit-cost functions will be derived. Tence, as
machine-tool optmithn s definad as that machine with
the Towest total caprtal and Libour cost per it we will
analyse how the varation of the above parameters
mfluences the machine-tool opumahite . As soon as we
have established ihe sensitivity hehaviour of machime-tool
optimiahity we can then derve our general decision vules,

As we hane now broadhy mdicated which type of
analysis we will apphe something should e sud about
th> level ol aggregaton on which the analysis will he
carricd out and which tvpe ol data will be apphed. The
analysis witl be carried out at the most disaggregated
ievel possible by applying engineering estimates of time
data for metal-machining tasks which are delined for
certain shapes, sizes, and precisions. For each task

VI

are listed alternative machimes capable of e g it out,
Fime data Tor cach sk on cach alermauve machime e
used s ime dati consise of prece e (nachine time aimd
hand tmed and setnp e fasks e also nsed s the nnt
quanuty of vaput: consequenthy L task it s delied
ds e elementany machimime eperaton with . partienla
shape. size and precision Tar a specitic metl

By cissignme anmvestment cost te eadh i hime and
assummg it this stady . as o s approsimation, deals
with only o oncomacnime  onennm elation, we know
capital and Libour reqanenenis (prece mnesi per task pe
alternative maching

By varvmg the poces of capital and Libon i a discrete
way o and by ovarvig the Tor sizes. we can analvse the
price effectand the Tor size cthect o the optnal machine
(sensiinvny analvsis Ny Fhe apper and Tower secnons ol
frigave Tollustrate respectively the ot size and the prce
elfects on the totil-cost finctien of one nachime e
effect ol alotsize increase on the totabcost e tion ol the
mdividual machime, tor fived and yiven prces of capital
ard Labour, iy two-fold

(e} The slope of the cimve s allected s the Laboan
requirements per unit of onpit decrease tthe tved setnp
trmie s divided by niber of s e the
loty;

(M The annua! productne capacity of the machime s
mureased. v hveds given namber o aminl productine
machime and man-hours vwiuch are wentical nnder the
assumption ol a one-mian

(NTRUS

one-nclime relationshipy
more units can be produced as the prodaction e per
umit s decreased by producing Linger batches. Note than
swithin cach lotsize there sore constant seinins Lo scalke. as
can be eastly observed m ipare 1 Shittne Trom lot size |
1o fotsizes 2and 3 canses mercasmg returns io scle s
Latter elfect v one of 1he subyects of nvestigation

The unit costs will he measuared e the tull auhizanon
lesel expressed i tmie s o one shitt buasis ot the
machine. This assnmpuon of tnll otthzaton s postihed
as we think m highly agereeated werms vather than at the
lesel ol the mdividaal T

Tt could be avgued that the varmons sezes of firnes stad
between the mdmvadnal preces ot cqmpment and the
aggregate outputand thar at the brnnlevel, the nthization
is not necessirihy 10O per cent. lrowever, 1this aithor
believes that, by varving the lot sizes hetween extienie
boundaries. the varation i prodoctine utthzatuon™ ol
cquipment covers all praciical cases,

Figure 1 abo shows what happens at the mdivadual
torm devel where the mdivsiihtios of machimes e
relevant. nan aggregate sense, the sdivisibiisty aspeat ol
the mdmduat machimes lesels oat Lor tlns reasan, we
measuice the lot size eliect at the pomts of lall uthization
ol the machines. Connecting the argim with the pors ol
fuil uthzation ol a partcular machine Lo o specibed Tot
sizes we ohtim strinelt curves, as shawi i the hpnre

T digare T we illustrote the eleet ol price chianges of
capital and fabour on the total-cost Tanctuon of the
mdividual machime Tor a given, hixed lotsize The annaal
productive capacity 1s now constant as the lot size s
kept constant. Increasing the price ol capital and de-
creasing the wage rute also has a twofold effect:




Total cost per year

"
-

Total cost per year
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EFFECT OF INCREASING RETURNS 1O SCALE ON TOTAL (COS1
FUNCHON TOR ONI MACIUNTE TOR A GIVEN AND FIXED PRICI
O CAPLEAT AND EAOLR

{@) The intercept, which measures the fixed cost,
increases from £ to Fs o Foin onr example.

(M) The slope decreases as the price of lubour is dis-
cretely lowered at the same time the price of capital is
increased ina diserete way.

Untt cost wall be measared at a,, tfor each capital-
labour price set thigure 18 and ar each lot size =, (24, 2.
oy ete ligure 1A).

For reasons ol simphitication, the fignre shows only
the total-cost funcuon for one machine. In fact, for cach
indiv whirat task, there are as numy cost funcnions as there
are economically feastble machimes to produce the task
unit,

Amdysis B s adenncal to amalvsis A exeept tor the
variations i the parameters mentioned  earlier. By
comparing the machine optinitlity m analysis B with the

. K. Boon

machine optimality obtained in analysis A, the sensitivity
of machine optimulity to the varied parameters as a
group can be observed.

The analyses outlined above can bhest be characterized
by the term sensitivity analyses, as they compare total
capital and labour cost per task by keeping certain
parameters constantand by varying certain others, From
the changes i total unit cost, which lead to changes in
optimality, the sensitivity of cach puarameter or group of
parameters can be established.

Assimptions
The assumptions on which this analysis are based are:

(a) Complementary or intermediiate inputs for each
machine per unit of product are the same and conse-
quently omitted. Hence, the analysis counts only the
capital (in analysis A only the equipment capital, in
analysis B the equipment capital and the capital invested
in structures) and labour cost per task unit per alternative
machine.

(h) 10 as assumced that equipment is used 2.000 hours. a
year. Etfective utilization, measured in physical oiziput
per year per machine, varies considerably as a function
ol lot size vamation. s assumed that the fluctuations in
physical output per year reflect reasonably well the
fluctuations in annual capacity  utilizition in actual
production circumstinces,

(¢) The annual potential productive capacity of the
machines renmains constant over the years and is measured
in physical units, in other words, gross benelits remain
constant.

(d) The lifetimes of all the machines are equal and
constant.

(e) The cost of capital includes tnterest and deprecia-
tion. The interest rate s assumed constant throughout
the hfetime of the egnipment. Interest and depreciation
are maintained constant per year by applying a capital
recovery factor (CREY m computation.

(f) Labour v consdered avarable mput, but the price
of labour remams constan the hfetime of the
equipment. Under these assumptions, benetits and costs

over

are constant over the litetime of the equipment and there
is no need o mraduce o discounting procedure in the
catculation. Fotal conts cam be computed on an annual
basis and remam constant for i given proce of capital and
Kibour,

(g) The cost functions are bimear step functions under
the assumption that, for & given 1ot size, kibour inputs
are constant per unit of output.

(h) Prices of capital and Tabour are exogenowsly given.
Each ser of caprtal and Lahour prices i~ assnmed 1o be
representative for a spectticd geographical area with a
certam degree of mdustrial maturiny,

(1) For reasons of simphtication, we assume that the
same task untt s produced the year around. varying the
size of fots I reality, not the same but ~omparable task
anits are produced the vear around; however, this
assumption of i uniform task unit in production simplifies
the analysis considerably and does not alfect the con-
clusions,
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(j) Lot sizes are exogenously given under the assump-
tion that they are dictated 1o the entreprencurs by size
and composition ol demand.

The model
We will now present some of the most essentiitl
equations of the model. which all refer to one task unit, /.
The following symbols ure introduced:

¢ total capstal and tabour costs Tor tusk jon optimal
machine

¢ total capital and fubour costs Tor task j on
machine i

k equipment capital Tor task j on machine i for a
given lot size =,

J task vnit (j 1. .. S1); subscripts 5. however,

will gencrully be omitted: the model refers to
one task unit, j

14z)  labour-output ratio for operaior on machine i,
task j. for u given lot size -,

n subscript for annual capacity output of a machine

n number ol shilts

P piece time on machine |

r¢ price of capital (including depreciation) per year
Y/ B Y

s setup time on machine i

w* price of Lubour, per unit of time

o* lotsize(d 1...7)

C total capital and labour cost Tor annual produc-
tion on muachine J

E highest integral number smaller than Uf (if U
v 1)

F efficic v lactors

Fa oo illness, holidays, et
Fy  or allowances for rest and personal care
F. Tor general efficiency level inside and out-
side the fuctory, to the cuent that it influences
the productivity of the indivadual operator (F, is
assumed to be 1 analyvsis )

H potenttal maximum annual number ol machine
workmg hours on a one-shift basis

i alternative machine. 1o rooduce a given task unit
{superscript i ... 5

H efficient annual number of machine working
hours

K new price of machine 7 cupable of producing task

Joinoa given year and country, expressed in
United States dollars

u: degree ol utilization at capacity output
m g 3
Y, annual  capacty-output  level of  machine i

expressed in tasks j Tor a specilied shilt patiern,
lot size. and elticiency parameters (Y] indicates

a side condition)
Starting point of the model is a function for total cost:
Cerav)y  K[EEY 0] r - [12)] Yie (1)
* Thc symbols r, w, and z represent continuous variables; we
consider only discrete values of these variabtes, indicated by

sthscripts o and /& however, in the model, these subscripts witl be
omitted in order to simplify the notation.

L 1Y)
where
. s
M - p (.n
and
H = F, FgF. H (LY
and
. ni--’,{,_rll'
Yl ) (3
then
¢ (r.w)_ K , "o ,
Yi@ o [)',1,(:):]' ' {”"] " )
entrav2) (K] e (M) w
where
Cir.w) e
Yizy o Onlre) Q@n
and
Yi(2) ~hae) 2y
then

CulZann) = min (ki) ry o [FE v (D
d 1...7 h1...4.

Equation (I} gives the total unit cost equation with
definitions of the basic relations in equations (1.1, 1.2,
and 1.3).

Equations {2) give two versions of the unit-cost equa-
tion. with partial refations further explamed m equations
(2.1 and (220

Finally, from cgnation (3). the solution of onr problem
comes as it states that the total capitat and Libonr cost ¢
For the optmat machine s o tunction ol e, and .
By varsmgdiom o Fand keepig o constant, chianges
i optimahty of machimes can be observed, wiuch ae dne
todotsizevanation: By varsime fotrom | o4 and keeping
o constnt, changes e optanahits that cne due to price
vartatien can be obsenved

The doregomg eters toosensioivaity analbyvas AL Tor
analysis Boonls nomor changes me the basie model e
needed. A new symibol s introdnced g0 which idicates
mvestments imospace reguirements needed Tor worksite
arovnd machime 70 henee, the 1ol mvestiment o
machme i s (k' A9 Lquation (1.2) s revised as

i, 220,81 (1.2.1)

Finally, instecd of K 2K 15 used i the eguations for

analysis B, us the machine mvestment s assuimed as
doubled.

Souocaun ' dgnificance of data used
The tasks

So far, we by onny occasionally referred to the data.
The basic simpic wis ollected in 1955, The saple is
complete 10 so b itancludes all the conventional
metal-chipping and metal-cutting machines. The more
recently developed numerically or tape controlled metal-
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working machines are not included v the sample. With
the comventional machines we mean all the metal-
cuting and  metal-chipping machime tools excluding
clectromicaliy: controtled machme tools.

As stated. the amalssis s onthe task lesel How repre-
sentiine s such an analysis tor the dersanon of general
conclusions? The pomt s thato o actaal prodiuction
crrcumstinces, ene works with pants Vers seldom does
part reguire only one machimmye sk Most commonly,
mulbple nachimeng casks Tave to be cammed out ona part
I the tine data by sk, supplicd by onr hasie sample.
can pust beoadded, veldimg the same production nme
vequirenients s e panCamalvsis could have given. there
v no problem o that cises one stiply analyses wiloneh
hasic tashy have o be pertormed o whatever part one
might be mterested moand. atter having derermined the
magnitude of the relesant paameters. the conclusiens of
o analyvsas e divectly appheable

After o caretul nvestigation on s giestion. the
concluston i~ thet tor eleven tisks. evoept those mvolving
the fathe oy of miachine toelss there s no o sigihicant
dllerence Lashs
tnvolving Lithimg . there sl be o dhitference beaare in
Lithes successive mechanizaton can be dis-
tinguished most deahy This means that, by carrsimg ont
a nmmmber of tashs mowhich a0 Lathe s imvolved. one
ceonomizes on production tmes whenever.,
mechamization, tisks can be antomatically changed.
vanous degiees, without mrerterence by the operatorn

For ths reason, transhumg the task analssis mtoa pan
analysis will vield prodiscnon tmes samewhat agh tor
tashs umvolvimg tet lathes and autoniiti
machines. Tloweser, after seseral nls wirth modihied
ume  dut om mist he thar the above
mdicated  tact allects the outcome of onr resnlts i
only oo way

hetween tash and pant analvsis 1o

stepes of

bevaise of

SArew.

conclision

1.5k 1 teran T

Fasks are chanacrerized by shapes. sizes and peecisron

FPhieteen shapes, Tive sizes and thiee preaision chisses of

the work piece were distingushied. s shown i table ¥

Tahle N
CATFGORIS 08 TASK € VR VO UTRISHIOS

M

A n.‘.‘;;,‘:;u. \\,‘. I~ ‘x.‘.‘ ; " o o
FooHlan sacfaces, ne conton Aery saiall Seii-precision
3 Flat strfaces, esternal S uall Prociston

vontowe
3 Flat soctaces, el

contout Maedium High precision
4 COvhdecal s alies,

enterial Large

K"

Cyhindoedd settuces,
nerior

Polled hotes

Cylindne it forms, eviernal

Standard sorew threads

Standind gear shapes

10 Comples shapes

o levegnbie penpleny,

NUTEING
12 Mutuple surfaces
13 Multuple holes, dritled

Very Lirge

& x -3 >

G. K. Boon

Prices

Four discrete values of & iprice set of productian
Factorsy are used which can be ronghly identified as those
prevanimg o North America, Western Larope, the semi-
mdustriahized  conntries, wod  the ander-simdustrialized
conntries. A price set s detined as g owage vate and
capital rate thint are wsed i conpunction. The prices are
presented m tahble 9.

Table v
CAPHEAL AND L ABOL R PRICTS

Frice wer

Faivtime € apiral Moo rate
Lo Ircre o feivigry 0SS
e Coglitprsnet fator
Per vear Cresirsd (ORI
North America L. 5 in 10,1295 36
Western Farope 5 10 1.12950 24
Semi-imdusiiat-
tred coumries L. 10 0 0.16273 n.45
I nder-indastral-
t7ed counlries . N n 019925 n.20
{or sizes

Fovall tashs, seveir fotsizes will be taken into aceaunt:
5100500 106 200, 300, and talimite. Tts beliesed that the
mdicated Tot size ranges cover wll scales of possible
production operamions, that s, small-seale, medium-scale
and Large-scale production.

I'theener rate

Fhe basic daa are corrected by certaam allowances for
fangue and defay . varvmg wath the tvpe ol machine. the
degree of preasion and the size of Tois i sensItivity
analyvais Vrhes reflect nonmal annual prodoction allow-

ances common e the Umired Skies. In sensitnty
analysis Bothe allowances are &|Ull|\|\d ander the assump-
von that, hecause of differences in skl ditferences in

mternal orgamzation and d||kumn m the organizanon
ol the ecconomy at Large. only half the chicieney can be
obramed 1rom \Ihm prevathng meothe cosmiry with the
highest mdustenal efficiency

Samiple size

Fwo sample sizes are distinginshed
mchides ol tusks for which
alternause machmes are hsted

Sample size |
economical)  feasible

Sample size 2 meludes tasks for very Lirge preces (size
chavactensties, category e Syand smgle obsers ations. By
stagle observations we mean tisks for which no afterna-
llm: michies, no mocquipment {or capital
mtensity or level of mechanmization) exisis, Sample size
Foncludes trv-one askss sample size 2, thirty-seven
tasks of wheh tour vefer 1o wize S oand thirty-three 1o
single obsevanions Wath the latter rerm we mean that
for these tisks only cne maching is fisted s feasible and
consequently ne alternatinve can be chosen,

&hﬂlu

Stnnary for paramcrer valucs

In summarizing this section we present in table 10 the

numenical values aof the parameters that are varied in the
analysis,
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Table 10
NTMURICVE AV ALEES O0 PARAME 1T RS

Pricy et
Price vartation

Wawe rare i UN bl Capitind rale

h T (ryl

i 16 N.1298n

2 20 129510

ki 048 0. 16275

4 0.29 0. 19978
Lot size variation Lot sioe g

d vk ity

1 5

2 m

k] S0

4 LILY]

5 20

6 00

As stated. the parameters for sensitivity analyses A
and B are the same: however. in analysis B, capital
includes the amount invested i foor space: fatigne and
personil and work delay allowanees are doubled and
equipment capital for all machines is nmiformily: doubled
also,

Problen formdation
Sensitivity analvsis

Problen: Separate the mfluences of the following
parameters on the optimnm technigue:

Lo The varation of the prices of capital and Tabour

(respecinels roand v L4

2. The varation of the sizes of Tots (hatehes or pro-

duction vunsy -, 6 H Ty,

Given: The given parameters an be divided o two
CULCROTICS !

to Parameters that are kept constant

ta) Fguipment prices tor alternatine machimes 1

(A Potentiat maamum ninuber of machime working
hours per machine per vear

(¢} Taime data tor cach task jo prece ume (p
machine  lahour e per task amity, and setep
e (v makesready ume) for o number of
identical tisk nnits on cach aliernatine machine:

() Shift pattern. degree ol nuhizanon, eticieney . et

2 Exogencusly given. parameters that are vared g
discrete way e parameters for lot size. wage
vate. and capita! rae

Procedure:

1. Fimd the oprmal capital mtensity of the machme
tk decrsion or mdependent variibley by determm-
g The mmmum total capital and fabour costs
(¢ dependent vanabtey per sk unit tor cach
machine /.

(a) Compute it cost by equation 2y for cach
machine 7/ for each value of roand v, for a given
and constunt -,

(h) Determine i by equation (3) for each value of
ryana wy, for constant 2,

g

(¢) Determine F 7 s changimg, gnving roand
different values as /e 1020304 for piven and
constant -,

1o

Determine whether or nor and 1o winin extent

varston m lot size affects the opiimiunm technigne
(e} Compute eqiation (2 1o cach nachine & for
cach value of
h

tor gnven amd constant +

0

thy Determine by equanion 3 tor cach valie of
for miven and constant + and

(¢) Determumet s changimge. siving
do2 4 s 6T

£y and w

Cosvaties as
For cach given and constanl

Sensitiviny analvain B

Seusitvaty analvais Bas essentralls the snne as danalysis
AL Only paramerers kepr constant moanalyvsis AL sich as
the egmpment price smd the altosances tor fabour . are
vared moanalvsis B analvas B the costs of stractines
for the worksite of the operator and the machime are
meluded i the capiab imvestment i addinon 1o the prce
of the machine

Resulin

By havmg discussed the modet and the data we e now
ready 1o feed the dava mie the model

Labour-output ratios aie compied wnh eqnanon 1.1,

Annual capaciy outpuis per nachime are compnted with
cgertion 1.3

Capral-outpur ratios e computed with equation 2.2,

Fotal unit cosis are compited with egration 2.

Eguation 3 vields the resnli

Resulis of analivsis o

(e Price eflects ot capital and Libour aconr whenever ¢
shifts as aresule of vanving satues ol o, and w, 1or cach
gnen and constant value of

(M Fotsize eflects econmr whenever o shifts as aoresndt ol
varyimg valaes ol for poven and comtant valnes ot 1,
amd

Fabde 11 simmmanizes the devies o
varit on o the fol size paramercrs and mdicates the
sairabion e capital and Labor proces tor cach wask the
sesv Y T vaston me ot size as dehined as toltows:

sehsthivily 1o

Toreach task. tor agivenand bved prce set the mavimmnmm
number of changes i nnachnge opnmahing dae o ot size
varirtion s egal o the nmmber of cconmmcatiy teasible
machimes nunes one, nluphed by foan (e number of
Price sets)
,ll"/(' 1

SUNSEEEVIEY CTASSHTIC A LION 100 VARIVHION IN TOL SIZE
PARMWI TR

Sewrteity ol on it Chaage | e

Nt Mavinram Bl e g by opteeades
ENTR LI
e chanies
muchmes Nenwter filoan N daon Wiessks 1 Gery bighy
§ [} 1)
2 4 (] f 2 3 4
k| L Q 1.2 1.4 S.6 T»
4 12 n t 16 79 10 12
L 16 a 16 79 142 1316
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The sensitivity te variation in capital and labour prices
is defined betow. We distinguish the Tollowing optimality
patterns. per task tor cach lotsize, luc to price varition,
Each pattern of four X markigs. as hsted m table 13,
has to be anahvsed independent of any preceding o,
following pattern,

Dependimg on the namber ol cconomically Teasible
machines, we chissify the degree of sensitivity to price
variation as i table 12,

Table 12

SENSITIVITY  CLASSIFICATION 10 VARIATION IN CAPITAL-
{AROUR PRICE PARAMITERS

Number of alterna- Mavmae number
tive machines per of Changes

Senvirnty degree

turk optimal mn bine \ i Al " [N

1

2 14 2w s 6610 1 1
R} 2 4 S10 Lt 16 17
4 28 6 712 t32 M|
h] i ] 7T 814 1428 26

« The numbet of price variations i the analssic s 4, the number ot b swe
variations 1s 7. The number ob vhanges m machine ontimality, owng o pree
variation, depends on the number ol Alternatne machoes pore task . Vhe anamum
number of changes 15 the number ol price vanations muttinlied by the number of
Yot size variations,

Table 13

Opgimality patiern Nunther of variations in optinel

e himes tor given and fxed 3¢

X X X X 0
X X
X 2
X X
X X 2
X X
X 3
X
X
X X X 2
X
X X
X s
X
X .3
X X
X
X 4
X
X

In table 14, cach task s classified according toois
degree of sensitivity tor ot size and capital ind kabour
price variation. For sample size 2. there is no sensitiviey
to either lot size and price variation, except for taskh 72
which shows some sensitivity to lor size vanation,

G. K. Boon

Table 14

SENSHIVITY O MACHHNT OPTIMATHIY 10101 SIZL VARIATION
AND CAPITAL AND LABOUR PRICE VARENTION

An dvsis A

Lok wo Nty ol ecomomtis dlly

teanthie madchines

1 of seee varnation e variation

[ ¥ A7 A R Y SRS A ¥ B |

t 4 12 1

2 2 6 2

3 2 to 2

4 2 10 3

J 4 . 2

6 6 13 3

1 4 0 2

¥ 4 8 2

9 3 4 2
10 4 2 1
t 4 0 2
12 12 6 2
13 3 0 2
14 0 0 1
1§ 0 0 '
6 k! 4 2
17 4 2 2
8 ] 10 3
19 4 2 3
e 2 1J
] 4 2 2
2 0 0 i
pa] 4 2 3
b1 ] s 12 3
28 4 8 2
b s 1] 3
” 8 9 3
b2} 3 8 2
by 1 2 2
4] 2 10 F;
M 2 10 2
R3] 4 0 3
n 2 12 2
] 1 13 2
» k 12 3
i1 3 3] 3
37 ' 7 ] 2
w0 4] '
w | 2 2
L] 1 14 2

Results of analysix B

Machine price and efliciency rate cffects do oceur
whenever ¢ shifts s i resutt of doubling the machine
price and reducing the ethicieney rate of kabour, keeping
all other parameters and varations in parameters idenu-
cal to anabsis AL

The sensttiv ity of machime opunutity to sariation in the
efliciency rate and varation i the equipment prices cin
be determmied by comparig the opumahty markings in
anabsis B owith those of anabvsis Ao Any change in
machine optimabhty manabss B compared te analysis A
is the combined effect of the vaniauon i the parameter
vilues changed.

Table 1S mdicates the sensiivity ranking 1or cach task.
For no tiash s i high or veny high sensttivaty observed.
Considering sample size 1 from the fifty-one  tasks,
fourteen do not show sensitivity, twenty-six show low
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Fable i»

SENSTEIVEEY CEASSHIC VUHON 1O VARIVEION IN THHIOIENCY
R AND M NG PRICY

L YINTINN Nt bt poe sk
ORI NPT R RN QY LTI TAY

N (NI

Low 1) {or 2
Medium 1My h A
High "o T e 14

Nery high (v i4

Tubic 16
SENSITIVILY D1 MACHHNE OPTIMATILY Lo MACHIND PRICY
AND LLHICUHNCY RATL VARIATEON
Anabvsin B

Task {quapmens 2rices asdé Lk 1 quipmmient prices aml
vCeRO raly vartiat cthaency rate variation
N { MO ) { M OH }
i 2 6 1
2 27 3
3 - b2} 3
4 2 b
L | » 2
6 L 3 2
? — n 4
8 1 1 3
9 1 M 2
10 — 3 3
] — » 4
12 3 " 2
13 2 » -
14 - » '
18 — L |
16 1 4 2
17 — 2 3
1§ 1 41 1
19 o 44 —
bA] 45 3
21 ! 46 2
2 1 47 3
A | L 2
b ) s 49 s
25 3} L -
St 2

sensitivily and eleven show medium sensitivty. The
additional thirty-seven tasks of sample size 2 show no
sensilivity to variation of the relevant parimeters.

HHE, DrasioN Ruaas

From the resalts of the precedimg. we can derne
decision rules ol i speatic ora general character. We will
first discuss the speahic approach. then the general rules
for decision on equipment purchises.

Speatie procedure

One has fist to deaide whether analysis A or B best
lits the country under analyvsis. e was made sure that the
omisston of structure ¢osts Tor work sies 1 analssis A
had only @ mmor effect on the optinvalns patterns.y bor
cxample. because of tiamsportation cost and the extreme
sadraity of foraign exchange. an equipment price twige
the one prevanlmg e the Umted States nught indicate
an equipiment myestment bettet monviny countries than

i

the price ot the iternal United States muaehet. Nlso, the
cfticieney of many workers mothe newly industrnthzing
cotntries cannot vet match that of the operators m
nurtare industrnahized conntries Nthough appheation of
double work allowances moanabvais B somewhai
exvaggerated, m the contest of this analvsis s better 1o
overestiate rather than to noderestanate the vardons
The resalts of anabvsas B oann then be consadered as the
feast favonrable Tt and analvsis A as the most Livew
able Tt of ethaieney and cqupmient prce vavanon. By
presentig the upper and ower bonndanies ot machime
tool optimaties, patterns i s analvsis s believed that
worthwhife tosight s sapphicd, the more soas this eters
onty o ethivenoy vaviation and cqapment prce vatation,
while the vavtanons i capital-Libon proces and ot sizes
cover dlb possible prodnchion cnommstanees

Generally speakimye analvas Aetars o mdustinatized
countries, analvses B oto anderindistiiahized conmtes

The next step tor the deaston makers s todetermme,
i detl the sk chatacterstios of thens prodinct mn
Hence, what binds ol shapes do we prodice, whineh peece
sizes. and what degree of preasion doowe need I the
anmial product mesy s onghty tanshated mies tasks, as
defined v Hns teports an estimate nst be made abon
the averape ~ize of tots o which production will be
carried out. savm the nesttenvears Ao the tread
the capital and Libome prices has 1o be ostiated - As
equipment man Last tor wn to twenty vears, we shonbd
mahke an optimal choee not on the prodiaction circame-
stanees of today . but on some penod that will be rore
reprosentative w the tnture Fhs means m general, that
we have to count ona higher wage rate il a somewhat
fower interest rate than the one prevathng todas

General procedure

The more genctalapproach toradeasion procedure on
machine optimahits s 1o st which Lisks are sensiine to
which parameters and o nake some generalizations From
this. This mtornurion s osetul as a basis for dectstons on
machie-tool optimahty

Generdalizations fronr analivas

Tn table B4, the degree of sensttivity was andicated Tor

fot size varation and tor varation it the price of

capital and Libonr tor cach tisk Frong table 14 we derive

table 17, In table 17 we distinginsh ten categones of

sensttivity tor the eftect of capital and libowe priee
vartation and Lo Lo aze varntion on machine aptinnhity

Table 17 alve can be agercrated mto fom nuagor gromps
A B Cand D

Grogp Feonsints o catepones adand ¢ Fhese e the
subgronps which show aosery highe o laghe prce
senstivaty and rospectiveds none. low and medim ot
aize sensiasaty Phence, the sensitivaity 1o prce s pre-
dommant v this gronp

The practucal imphoation s that. tor ks Lthig mto
this gronp. one shoukd be alert to the tevel ot capital
mtensity optimal mocach commtry. as one nuy expedt
optimality 1o change For the Tonr capital Lebonr price
arcas. which we distingashed

However, as the tashs mvedve biare notvery sensttive to
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Table 17

SENSITIVITY CATEGORIES TOR PRICE AND LOT SIZ1 VARIATION ON MACHINE OPTIMALITY

£ ategoi
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5 10
1 1]
i »
2 4
$ 4
1 L
L 5
: 4
s 10
2 4

D fpngtion of catevary semsiii ity
tatthinge

Pryce | R YR
Very high {None) low
High (Very) high

Very) bgh Mesdium

High Low
Modivm Medinm
Medium Low

Low Vory high
Nodium Very) high
Low Low

None None
None Very high

1k
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G. K. Boon
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Rules for Fquipment Invesiments in Metal-product Indusiries

s

lable 1IN
SINSTHIVILY CVUTTGORIES AND TASKR CHAR S TERISTICS

ARl s A)

Nhape s LY Provivom
Group  Citecary N
Bavkx 12 3 4 £ 6 7 N L LU B I I | LI § [ |
LI
a s t 2 | 2%
A d 2 | i 2
¢ 10 LI | | 22 | 1§ v $ ¢
17 4 1 I 23221 I { D
b ? 21 L I i 1 13
R [ 2 I | [} { I |
Y 21 3 ! I I &2 4 23
f 7 o2 | ! P23 o4
C i 2 2 i LI A |
8 9 P2 Y2 s 4
I8 1 4 2 } } 2 Y e 72 9 9
h 2 i I [} 1t
b i 5 21 ! 1 2 122
7 2 I 1 2 1 42 > v 2

fot size variation, there will be not much choice among
optimal machines as to scale of operation such as between
smal. medimm and large. within one price arca.

In respect to generahizauon of tash characteristies we
can state that tasks, which mvolve shapes 7. 8,910 and
12 give sery high and high price sensitiviny and Jow ot
size sensitivaty. Shapes 12040607 and X give, dalso, ven
igh price sensiivate. bt now there s also o medim
SeNSItivItY Lo ot siees See table 18 fer more detinls

Group B consists of categones boand ¢ The tasks
these subgronps show o ligh or mediom sensitivaty 1o
both lotsize and poce varation The pracucal nmaphication
15 that the optimaliny of the machimes producing these
Lishs v ot with difterent fevels of cconomie
development. sensitive 10 the svarnons price values of
capital and Libonr and. within cach area. senstine o the
scile of operation

Primanly. shapes
piece sizes,

dreas

Y

S and 12 are imvolved with small

Group C consists of categornes £ gand g The tasks in
these subgroups are predomiantly sensitinve 1o It size
vtration.

OF the eighteen tasks mvolved e the thiee categonies
Foyand g tirteen concern aases mowhich onhy two
nchines hecame optunal

According to o sensitviy chisses. when there are
fone changes because ot Jot sizes they tabl i the chass of
very hngh fot size sensitivin

I all these cases a phenomenon occms that we hike 1o
calb an optimahiy break. which wicans that tor all price
sets aeertann ot size vantion coses aontorn shilt m
optimality
m two of three steps. We mdicate below tor winehr tisks
this optimahity: break oconmrs respectively foa 120 3
SIZ¢ Seps

b or other tisks this optimahity break occins

The pracoical impheation of tos phenornenan s that
Tor certann tasks. aimvswhere m the warld abosve a certam
crittcal Lot size the same machme s optinal. independent

{uvk

dvtinirion

Gprinality bred e 1 ber 0 it

Tavk [ RURIR Nocof 1ot s N forsiie A
oo, Shupe YR Piee N chanees Sa e N chongrs
s | 4 ] [1E] 1 S0 3
7 2 2 2 50 4
9 2 3 1 10 2 30 2

10 2 3 2 ~ 50 2 100 2

] 2 4 1 - $0 4

1] 3l 3 | o 1 S0 2

17 ) 3 2 10 2 S0 2

19 4 2 2 10 2 50 2

2 4 3 2 10 2 $0 2 ~

N S 2 1 — - S0 k} 1600 L

50 I 1 1 e - 50 R 100 1
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of the price variation. For lower 1ot sizes thin a critical
range there s ot size and price sensitivity, hence Tor the
smaller scale production processes. Although all these
tasks are classified as highly sensitive 1o 1ot size varition,
thevarwtion el s concentrated imanarrow range. mosth
between lor sizes 101000 £ vonn then on there s no or
very little sensitnany to ol size, aswell INLOPEICe varation

Group 1 consists of categories band 1+ The tasks m
these gronps show o or low senstinaty o both ot size
and price vamation The practical tmpheation i~ tha
metabvorkmg tisks wethim these 1w sub-groups have 1o
be crted ont By the wime Tevel of
where mothe waorld

Generahiang tirther we can sy that the smaller 1he
workpieces (sk unus), the fower the precision reqinre-
ments. the more conmmon the shapes of especrally 1,
evlindricat and muluple surtaces, the higher the price amd
lot size sensitivaty will be

The findgs tor sample size 2 the thirty-seven tasks
with no price an 10t size sensitviy conlirms,
our generahization based o sample size 1

In sample sze 20 Tor example, eleven fashs coneern
very Lrge preces, mime tasks coneern large preces: eight
tisks requue ligh precision. Tourteen tasks require
preciston. nd cight tashs concern complex shapes and
rregulay peripheny flat surfaces. Here we find, 1 general,
larger sizes. higher precision requirements and  less
common shapes wineh tend o rediee the number of
ceononcadly feasible machines and consequently  the
possibility of price and Tot size sensHivily .

mechanizatnon any-

LIS SENse,

Generalizations from anahvsis B

As tovariation m the efliciency rate and the price of the
machine, we notice from table 16 that no single task
shows lugh or vers hngh sensiin "y,

From tables 19 and 20 we may conclude than primarily
Gishs (sensitvaty ranking M) with shape S (evlindricul
surfaces, iteron, shape 7 teslmdricat forms, external)
and shape 12 anutuple surfaces) show medium s well
as low sensitnaty.

Certam sk (sensinan rankmg LNy with lo¢ surfaces
(120 0 ohindiieal surfaces (4, 51, drilled holes (0, 13),
and stdand gear shapes (91, show low sensitivity,
certim others with the same task characteristics show no
SCHSHIVILY

I general one can sav that all tasks sensitive 1o price
varihon wdl beom prnciple. also sensitive to a doubling
ol the equipment price

Reducmyg the ellicieney vare will favour the more
mechamzed cquipment tpes relatinve 1o the less mechin-
ed equipment tvpes s, with 1he former, the speed of
work o dictated more by the machine, 1his will, in
principle. vemtoree the oy sse sensttivaty . The combined
efoctol equipment prive donbhing. which favours the less
capital-intensine alternatne machimes., and
the eflicweney nares which Lvows the more capital-
miensive alteratnve machimes s, 10 3 cerain extent,
compensittorn

Concluding remark

The generil decsion rules ave hecessarily less precise.

reducimg of

G. K. Boon

Most important is: what kind of tasks will be most
frequently produced? 1n part 11 of this study we have
mdicated Tor which kind of tasks ane may expect various
degrees of sensitivity m machine aptimality, for vaviation
e the prices of capitatand libour and i [ot size Ginalysis
Mcand the sensitivity o varation i the price ol the
machme and the efliciency rate Ganalvsis Bl As soon as
oneon the bisis ef this general inFormation. may expect
sensitivaty s more accnrate mlormation can he obtained
by Tollowing the deasion vales outlined in the Tirst
section of part {1t

fable 1Y
SINSHIVIY € ATLGORIES FOR TQUIPMENT PRICE AND
FEEROTENCY RARE VARIATION ON MACHINE OPTIMAL Y

A Detontion of category Tavk Detimtion of tush
ot sensito iy ranhing Her -

tavks Shape Nize Procraon

6 2 2 1

24 5 2 2

25 h 2 3

i Medium (M) 27 5 3 2

28 M 3 3

12 7 2 i

n 7 2 2

36 8 ] i

45 12 i i

47 12 2 i

49 12 3 2

i 1 2 1

4 1 3 2

5 1 4 i

8 2 2 3

9 2 3 i

1 2 4 2

13 3 2 1

16 3 3 1

18 4 2 1

21 Low (L) 21 4 3 2

2 4 3 3}

2 5 2 1

26 s 3 i

30 6 2 1

] 6 2 2

M4 7 } i

35 7 k} 2

kY) 8 2 1

» 9 2 2

4 9 3 i

41 9 R 2

42 10 4 2

43 B 2 2

46 12 ! 2

48 12 2 2

51 13 f 2

2 1 2 2

k} i 3 i

7 2 2 2

14 Nom(N) 0 2 3 2

1] 2 4 i

4 3 2 2

18 3 2 3

17 3 ) 2

9 4 2 2

20 4 3 i

» 6 1 1

kH] 9 2 1

44 11 k! 2

50 1 1 i
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Tuble 20
SENSHTIVIY CATLGORIES AND TASK CHARACTFRISTICS
(Analysis B)

Tash characieristu

Preces
No Shape Nice Moot

Sens. of
cat. : tasks L B I I A " R TR T B IR | P ] [N ]
M 1 — b= — 4= 2 3 S 42
L 26 3323222131121 2110 212 2
N 14 R R L e I e 6 7 1
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