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PRODUCTION AUTOMATION IN DEMELOPING COUNTRIES

Van Court Hare, Jr., Columbia University, New York City

INTRODE CLION

Conflicting reports ol social upheaval, on the one hand,
and of vastiereases in productive capacity, on the other.
arise when automation ol a0 provess or animdustry
becomes the paint ol discussion,

I or present purposes. much clarity may be obtimed by
directing attention 16 the hasic ingredient of all wuto-
nuited processes. rather than o specitic details of one
apphcation. A machine or process is not automated, m
the sense just because it nuy have some
clectronmic controls, a variety of sensors and actuators, or
Janormpressive arnay ol listures  although most auto-
maed equipment mahes use of these deviees. The power
ol agutonuition comes from the design and organization
of miethgenee, processing skills sind control featnres
“within™ the equipment. rather than having  these
necessary meredients ol production added av will by
hunsm mtersention at the time a product is made.

Fhe more itis nossible to rely upon this pre-designed.
puritaa and self-controlled  part ol the  production
operation, and the less decision-making and special
action the operator is required 1o make at the instant of
cvecution, the more automatic, or automated. one may
siny the process or equipment is. For example, of the wide
range of automatic metalworking tools available, sach as
those displayed at the Machine-Tool Show held in
Chicago (United States ol America), 26--30° September
1965." those which are more “autonomous’ and can
work alone would be considered more automated than
those which require more immediate direction

This point is central to the thesis of this paper, which
is that automated equipment and processes, contrary to
popular beliel. can provide a net gain to emerging
nations in both their economic and their social develop-
ment. The gain comes when packaged intelligence
quickly and inexpensively supplements or  provides
otherwise scarce or unavailable production and control
skills. thereby balancing over-all productive ability and
thus increasing in total the number of workers who can
be put to work.

Similar arguments have long been made for the
selective use of scarce human skills. For example, the
division of labour, as proposed by Adam Smith in The
Wealth of Nations, was to be beneficial because workers

L who specialized in one job would, by habit and ex-
perience, hecome more proficient and therefore more
flicient in that single task because they did none other.

ised  here,

R Hor a reporl, sce Business Week (25 Sept. 1965), pp 47-53; and
prtrol Engineering (Nov. 1965), pp. 109-113,
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In this way, the ser-up and learning time required when
going from one job to another would be climinated. This
was i Torward step i the advance of human productivity,
but not the critical pointin terms ol cost, or in the use of
rare skills.

Charles Babbage. who thought in more madern terms,
agreed with Smith, bat argoed more cogentls. To him,
the real benetit in the division of Tibour Liv not anly in
the Tearnmg-time saved Tor the aversge worker, but silso
in the cconomical employment of more highly priced
talent. When a single worker completed all the operiations
required for the production of the finished product, e
had to be paid at a rate determined by the individual or
selective skills needed Tor the completion of specific job
segments. Thus, the worker of highest skill, often
required i small quantity of time per unit of production,
could be vewarded individually at a differentially higher
rate than the worker who performed “ordimary ™ opera-
tions, The net result was 1o reduce the total cost per unit
ol the product, sinee less expensive labour could he
assigned 1o the magority ol joh segments reguiring le ser
skills,

1o the purposes of this paper. the argument proposed
by Babbage can casily be extended to cover over-ull
productivity. I the highest skill required for the produe-
tion ol a given product is m scaree supply in the face of
abundant “Cordinary™ labour, then  this scarce skill
becomes the limiting Factor or bottle-neck in the total
productive potential of the operation. Not only can the
higher skiil that iy scarce be highly rewarded m s
instance, but any strategy that will make available more
ol the scaree skill will also muluply the total productive
ability ol the economy. Greater employment of more
ordinary skills, as required in the usual technological
distribution of job segments in a total job, follows
naturally as the obstacle to total productive potential is
removed. Moreover, the more rapidly such an obstacle
can be removed. the more rapidly can such productive
potentiul be realized and the more rapidly can the
average citizen (who may be unemployed or employed
“unproductively” if the rare skill is absent) improve his
lot.

If the rare skill is not present in the developing country
and if the time reguired to produce that skill is long, then
the use of an automated device or process which can
supply the needed skill in a package (by virtue of the
intelligence designed into the machine or stored in
programmed instructions within the machine) provides
a powerful strategy for accomplishing the ends Babbage
had in mind. In those terms, many unbalanced productive
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operations and many emergig nations with an unevenh
developing ccononty find themsehves i the posiion ol
Shuahespeare’s King Richard. shouting for A horse’ 4
horse! my kimgdom fora horse' The .o obautonition
1o provide a seleetine o vetd rapid mtusion of scaree shaths
mtoe the productive enterprise ol developimg ccanonmy.
may be the Thorse™ that s needed s and. m this sense. the
use of automation provides one obvious e of nterest
for planners who are heset with the diferama we have
described abow

LOPIRATION O AT TOMATI CONTROLS

o emphasize ithe imphations ol this thess, one nin
mention some examples from the metalworking indus-
tries, b what way does an Soutomated” machine toot
provide saree Rt How s intethgenee” stored
these machmes” flow can they be Ctaught’ skalls v a
flenible, swift and ceonomic way?

A~ an example, consider the numencathy controlied
machine tool, so-called beciuse 1 receives structions on
i step-by-step basis from @ pre-recorded ist which muy
he stored on punched cards. m the holes of o paper tape.
in the magnetic spots of an exide-coated film or m other
media.2 The simplest and snsatlest of these devices (which
is used Tor simplicity of illustration rather than for othey
reasons) is the numericaily controlled punch press (of
drill press) which s used to create holes or other shaped
apertures m a metal sheet. This is a “pomt-to-pomt”
machine. since the operator (or the tape mstructions)
must provide only the spectiic hole focations and
co-ordinates) to which the tool or the work must be
mdexed  before the ool operation (@ s-co-ordinate
motion) tukes plice

With such machines. canstruciion design nosmally
fixes the vernval tool axis rigidly above a tuble which s
free o meae m both the vand ) directions relating to the
ool axis. Actuators, usually with “leed-back sensors™ o
assure vorrect table posiion, move the tthle in response
to co-ordinate information provided by the mput tape.
To perform work. the workpicee 18 bolied firmly 1o the
mosable table (which s usually o frame that allows ool
penetration through the workpieced. the table is indexed
1o the -1 posion specitied by annput instruction, the
ool 18 actuated to produce hole and the table n oves to
the next specilied -y posiion. continuing the pre-
recorded or stored mput programme of steps nnul the
job s done,

The physical constiuciron of the machine s less
important to the present discusston than is the construc-
tion of the programme ol steps the machine is to follow
tor example. suppose four tinch holes are to be punched
i 10-inch  H0-mch metal plate Assume also that the
machine operator has set up tanch punch o the
machine, so that workpiece pasttioning s the only
remaining operation reguired At one sets the lower left-

 The historicl antecedent ot the numetically controlled machine
ool s 1he Jacguand loom, which i tsed 1o weave intricate parerns
m clolh under 1he direcnion ol hodes punched e cards Alihough
s device works mechianiclty to teelibe patlern hotes 1m0 1he cards,
rather 1han through clecircal sigmals as doihe modern numericalty
_ontrolted mactine tools, 1he concept of the “aored progromme’’
s The sanw
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hand corner of the workpieee as the reference pemt 0O,
v tand af one wished 1o punch the holes with @ .entre
faneh e from cach edge at cach corner. one could
prepare i series of Imstructions i follows. A 1LOO  HOU,

VEOOL 19 00 S .00 9.000 ¢ W UO b0, 2T

In the segiential st ol mstructions. the table would
assume the stated = and ropositrons (n mches from the
origin. the toob motion would then be actuated by the
nstruction, and the ahsequent movements and tool
operations would follos i order unut the st was
completed. By constructing the machime with a turret
contaming i number o difterent tools and selectuing the
desired teal by an appropriate canstruction, such as 1z,
3- et . the versanhity of the machine could be enhanced.
and o vanety of products conkd be made without the
need tor manual oot change.

Now the mmportant point i the operation of this
machime 1s that the machine’s programme ol instrucuons,
onee wrtten. need never be wiitien agam. I the operator
wints to produce more punched sheets of the same type,
he simply pliaces new sheets on the table and runs the
mstruction hist through the machine's control “reader”
(u device that converts the input tape into table and toul
monons) again and agann, The skill needed to cause
Lable movements to precise locations is not left to the
operator, but s built inta the machine and the pro-
gramme ol machine imstruciiens.

1t s, therefore. puassible to praduce reliably and
accurately identical products and to predict the time
required to produce cach of them. since the control of the
machine is left to the struction list and the machine. not
1o the whims of the operatar. kven further. 1 specilying
how the product is to be made. its designer may chiminate
the usuat blue print and the operator daes not have to
consult one: everything that needs to be knowi s con-
tamed 1 the mstruction list and a few simple material
loading mstructions. bven though some shill might be
needed to set the angimal reference pointy 0.y Oothe
can be fixed Tor o large class of products (say. all rect-
angular sheets of metal within the table capacity of the
machine) by providing precision steps the origin,
which are set once by the manulacturer or by an expert
set-up man.

Continuing with the same example, suppose that Iin
addition to the mstruction list given above, the operator
had availablc 1o hin a file of instraction lists, reduced to
the paper tape farm the machine could read. Then, as
vartous kinds of plates were required. the aperator could
extract from his file the appropriate instruction list and
matertal-loading mstructions lor each product. load the
machine with material and programme, set the machine
m motion and so produce the variety of products needed
without further intervention. The file or “memory” of
yobs for which instructions are availuble could. of course,
be augmented by the product designers as time went on
oo thatt o large library o) pussibilities would be available
10 the operator. The instruction tapes, which could be
prepared anywhere in the world and dispatched to the
operator m compact form, prav.de the intelligence for
operating the machine.

In addinion, the designer af new products benefits from
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the stored instruction hsts which have already been
prepared. New  product designs that contaim  major
spicces” oF old designs (as s ustially the case) can be
“pieced together™ by editing and Upastmg up” com-
minations of what has already been done. There 1s no
need to repeat the clenical drudgery already  accom-
plished ; thus, both design and producnon lead times are
drastically reduced. (This Torm of product design may be
compared to “adult learnmg” which usualhy proceeds
by combinmg large blocks of previously acquired know-
ledge, rather than the bits-and-pieces < mbined by the
infant.}

ihe example of the simple numerically  controlled
point-to-point. machine iflustrates how inteliigence can
he built into the automatic machine by a combimation of
machine design and programmed-instruction design and
storage. Although somewhat more complex inapphication,
the same concepts may be extended to metal-remo al
tools that operate continuously over i surface. for
example, milling machines. and 10 the design of machines
that combine point-to-pont and continous abilities.’

For example, using the intermediate services of an
electronic computer. it is possible to create the specific
siep-hy-slep instractions required numerically to direct a
continuous” milling machine according to the require-
ments of a mathematical formula. Such machines can
cul complex mathematical sections having far greater
quality and precision (with respect 10 the mathematical
specification) than even the most okilled machinist conld
hope to accomplish by “hand™ direction. Therefore,
these machines have wide application in the production
of aircraft parts, turbine blades, dic sets and other
products requiring mathematical precision at every point
on a surface.

1. ORGANIZATION O WORK OF AUTOMATIC MACHINES

It is now convenient to extend the discussion of auto-
matic machines to the organization of the work and the
tools used. The purpose of this dewour is to illustrate the
range of flexibihty available with different forms of
automated organization.

in the mass production of a single product that has
both high volume requirements and a stable demand,
the automation of the process follows the organization of
an assembly line.

For example, in high-volume metal-removal processes,
it is common to develop highly specialized tools which
are “fixed" in a given physical location. The work is then
moved from one fixed 1ool-station 10 the next. The
capacity at each station is adjusted so that a smooth flow
of work can be achieved. When the material handling
can be mechanized, so that there will be a synchronized
movement of work between stations, the total production
line can be made automatic. with automated self-control
features built in as desired. The “transfer machines’
commonly used in the motor-car industry (to produce
the many operations required to machine an engine block)
are an example of this route 10 automation,

YFor llluslfalions and casc studies of the use of this wype of
equipment, see H, C. Morse and D. M. Cox, Numerically Controlled
\fa-hine Tools (American Data Processing, Inc., Detroil, Michigan).
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Al this extreme of automation, the intelligence of the
productive process is designed mto the hixed specralized
tooling and the fixed sezquence of work Row. Thas, al-
though this product flow arrangement results m the
lowest production cost per anit at high vohimes of pro-
duction. the set-up is rigid. The antomated Iine can
produce products with only a smail variation m design,
i any. Small changes m design require varations m
tooling (which is not possible when the tools are ex-
temely specialized and fixed in position). Furthermore.
any change in product type usually “unbalances™ the
line, even if the sume specialized tools could be used on
different products.

The initial cost of this approach 1o antomaaon (whaich
corresponds by analogy 10 the istallation ol a chemical-
process plant, which produces volume, as opposed to the
operation of an apothecary shop, which produces varicly)
is also relatively high in the millions of dollars for
typical installanions.

Nevertheless, the “rigid™ approach to the sutomation
of an entire process has its place in the production of
hasic raw materials (steel, glass, synthetic materials),
utilities (water, electric-power, sanitary disposil) and
widelv used consumer goods (radios, electric-meter
housing, water-pumps). 1t is in automation of this kind
that one becomes concerned aboul the gross elimination
of jobs.

Thus. the “‘rigid”" approach to automation may be
appropsiate in an emerging economy if there are a
certain few “high-volume” industries or processes
which limit the productive possibilities ol the rest of the
economy.

In such cases. the complete elimination of that bottle-
neck —even though automation would eliminale job
possibilities in that sector of the economy - can have a
benelicial over-all effect. Fven though one may have to
deal with larger “Dlocks™ of sutomation, a deliberate
search for the farge, critical blocks which deserve
complete automation 1 the economy is sensible strategy
if there is a large imbal ce in the productive system of
the country. indeed. the complere rigid-automation
approach may be the only possible alternative for those
productive sectors of The cconomy which are not easily
improved by adding more human workers, regardless of
their skill (c.g.. in electric-power generation).

By contiast, the numerically controlled machine tool,
previously discussed, is a flexible machine. The organ-
ization of the machine follows the work pattern of the
individual craftsman. 'n most designs, the workpiece 18
fixed, and general-p irpose tools are programmed to
come in sequence 1o the single workpicce and to operate
upon it.

For example. a machine tool (the NumeriCenter-H)
made in the United States of America by the firm of
Giddings & Lewis provides as many s sixty-three
different mitling. drilling, boring and tapping tools from a
turret ring to operate upon the workpiece under instruc-
tions from the control tape.

Although this type of equipment is not usually econo-
micai for high-volume production of a given item
(various studies show that optimum production runs
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with such equipment are in the range of S0 100 units,
depending upon the job), it doces allow the greaest
fexibility for producing a variety of items at essentirify
10 set-up cost other than the one-time cost of preparing
the Instruction tape for each product type, Clearly this
trrmof 1ool organization is ideal for 1ob shops where
crmge-over e uswadly  reduces elfective machine
copacity, where the fength of the production run wil} not
ety special tooling and wihere extreme precision and
quality may be required.

The numerically controlled machine wol, in addition
toats fexibility of application. is un order of magnitude
fess expensive Lo acquire than the transfer machine or
“packaged  process”. Prices currently  quoted in the
Unnted States of Amerien range from $10,000 to $3K).000.
For-example, the price of the Kearney & Trecker
Milwaukee-Matic Model b, 4 numerically controlied
miachining centre with some contouring ahility, averages
about SH7.000; the Pran & Whitney  Tape-O-Matic
point-to-point. Model ¢ tape-controlled drifl is abon
25000, with some ypes costing less than $10,000,
Seni-antomatic equipment of the same Bpe is, of course,
correspondingly less costly,

Morcover, jobs are not necessarify climmated by s
1y pe of equipment. One numericaly controfled mackine
tool may be used 1o provide the skilis w hich will amplity
the ability of many manua portions of a1 production
process. The elfect is usaally to shift the reguired joh
skills, however, from the numual operation of the niachine
1tsell” to the preparation ol the instruction tapes for new
tobs it these are done locally.

Finally, as ian intermediane between the two extremes
mentioned above, one may ha.e semi-automatic desices
tooserve as semisspecialized work-stations that yer may
be arranged fexibly in 1he production work-flow (o
climinate bottie-neck operations,

Typical of this class are the inspection and test stands
which are often inserted in a production sequence to
asstre quadity, to mamtain dimensional toferances and
to-provide other production tests which may 1equire
higher than average consistency., precision or skill.

Use of such equipment with some programmed Feiatures
often permits a complex test to e reduced to a simple
UYes-noTresnlt, or permits a series of such tests 1o be
perfarmed without humin mtervention,

Moreover, general-purpose equipment of this type
can be made more eflicient by the use ol specialized. yet
mexpensive, jigs and lixtures that allow the worker
o adapt manually the generat machine to the specific
requivements ol o given product, For example, precise
optinit] comparison of the dimensions of a part may he
Made against a templiate that provides the dimensions
for that part. The intelligence Tor use of this type of
comparator, a- general-purpose device, resides m the
template prepared and in the life of templates which
waild be provided lor checking a variety of parts,

The semi-speciatized work-stution machine is another
order of magnitude which s foss costly to acquire than
the general-purpose numertcilty controlied equipment,
In this class, one may include semi-automatic lathes,
speciilized work-stations Tor critical steps in a work flow
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and - many  mechanized matertal-handling  machines.
Comparable purchase cost for such equipient is i the
range of $2,000 1o $50.000.

This class of equipment is also in many ways the most
effective in increasing the efficiency of a manual series of
steps, if the fevel ol the cconomy or other consideration
dictates that onfy & small block in tae process can he
automated. Usually, the majority ol Job skills iare not
affected by the introduction of such devices only the
operator of the specialized station must be trained (o
use 1t and the relatively inexpensive automation of the
selected step i the process may enhance the over-all
productive capacity of the manuat system. so that in the
end the number of nmanual positions iy aifable nuiry bhe
incredsed.

With this bachgromd. one may conclude that the
fatter two classes of equipment are of more interest i one
s seehmg o balinee or parvally o atomate g given
production process, vather than completely 1o automate
aenteal mdusty.

Moreover. it may be possible 1o tind a critical step
withm a criocal indosty that, when automated,  will
doubly muluply the over-all result for the cconomy,
Gnen the indisty. the methods for sefecting those
process operations which should  be automated  are
work-flow analssis. studies 1o pm-pomt cnitweal scaree
shills and solation proceduares 1o idicate the process
steps which regnire great precision or w bich currently
generate undue waste of scarce nuterials,

When ene i find erineal steps ina productive
process which  when antomated  will greatly amphify
the resufts of the automation effort. the mtrodnction of
automatie devices may proceed on step-by-step binis,
with major attention being directed to a few erinical steps
I process, When one cannot find sueh eritical steps, it
My he necessary 1o abandon the 1des of automation or
to turn 1o the more heroic measures of complete auto-
nirtion of the entire process, *

T summary. there s g wide range of automation
possibifities in terms of equipment types. methods of
organizing automation eforts and conligurations  of
dutomated steps. Thas, it should be clear that the first
problem encountered when introducing automation is
in decision-making. The hey 1o ihe effective automation
ol an industry or a process is 10 select froni the wide
riange of possibifities the degree of automation and the
point ol automation in a given economy or proeess that
will provide the greatest returns for the effort expended,
This selection process and the difficulties associated with
It represent in essential planning step, particularly in the
emerging economy, since random automation is seldom
beneficial and may, by its consumption of scarce resources

————

* Historically, 1he mechanization ol indastriat operalions has
usually gone torward on a piccemeal basis, with an mprovement in
organization here and g new piece of eqaipment there, Without
some care, however, this approasch can lead to anbalunced devetop-
meni for the production Sylem as a whole, and recent trends are to
aprly svstems unalysis to 1he problem ol mechunizalion and auto-
mation, so that over-all improvements may be realized in a con-
rolled manner. See M. K, Starr, Production Management: Systems
and Synthesiy 1Englewood Citfs, N.J.. Prentice-Hall, 1964) and
V. C. Hare, Jr., Systems Analvsis - 4 Diagnostic Approach (New

York, Harcourt, Brace and World, Inc., 1967),
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in an unproductive manaer. be rumous when capital is
limited.

For example, to decide upon the priority of investment
In i given equipment type. or for given points in i process
or cconomy, one must be able to rank or scale the avail-
able alternatives by a “measure of elfectiveness”™ or a
merit rating showing the contribution of each alternative
to over-all investment or 1o social goals. With such a
measure ol effectiveness, one would then usually prefer
tirst that alternative which, for a unit of capital invested,
produces over a given time period the greatest marginal
increase in the cnosen measure of effectiveness, assuming
that the absolute increases possible are not unduly
restricted. A somewhat simpler criterion would be to
eliminate from consideration all those alternatives which
produce less than a threshold or cut-off value in the
measurc of cffectiveness, which might be, in the simplest
case. & minimum return on investment of X per cent. or a
minimum increase in productivity of 'Y per cent.”

In either case, it is necessary to know the benefits and
drawbacks of automation whick. will, 10 a greater or
smaller degree, affect the meusure of effectiveness, and
one must know some of the major constraints of the
economy or process that will either require minimum
performance or limit maximum potential.

HE ECONOMIC CONSIDERATIONS
A, Adrvantages of automation

In addition to the rapid acquisition of advanced
technology and productive output in selected areas of
need, the advantages described above may be amiplified.

Thus, the quality and precision of a given operation,
the reliability of production schedules. the length of
design and production lead times may all be improved
by automation. In many cases, the cost of jigs and
fixtures, and the skill required to make them, may be
climinated or reduced. Morcover, the “programme of
instructions” prepared for an automated machine does
not wear out like the usual jig or fixture, so an accumu-
lation of technical, cost and control data becomes avail-
able for management use as a by-product of continued
use of programme-controlled equipment. Each new job
adds a permanent increment of growth to the versatility
of the operation.

Other advantages include reduced factory-space
requirements, improved safety and the elimination of
finished inventory losses due to engineering changes
(since the product may be made very nearly to order).
With stored programme equipment, the need for blue
prints, costly templates, process sheets and detailed
drawings is eliminated, and the machine programme that
replaces these production instructions may be prepared

* These points are well made from the cconomists’ viewpoint by
R. Dorfman, P. A, Samuelson and R. M. Solow in Linear Pro-
eramming and Fconomic Analvsis (New York, McGraw-Hill Book
Co., 1958). The same arguments are stated in mililary terms by

1. Hitth and R, McKean in The Economics of Defense in a
‘uclear Age (Cambridge, Mass,, Harvard University Press, 1960),
it the devision-making problems of the developing country
urlating under a limited wolal national budgel are essentially
lar,

T——_'—————
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anywhere and acguired in large blocks or files which
provide immediate machming capabilits. When the
automation of 4 critcal process siep results 0 a high
degree ol utilization of the gutomated step (as it must
to justify automatior). the productive output ol the
cquipment rapidly amortizes the mvestment made .

The total cost of machines for a shop may also be
reduced by the selective use of automation, smee one
automated machine may replace many others. Sinee the
output of the automatic machine s predictable within
narrow limits, management abilny to control the auto-
mated application is enhanced, cost estimates are more
accurite, machine loading and scheduling problems are
alieviated and cost-accounting pracuces cin be sharpened.

Automated equipment using stored programmes of
mstructions permits the production of a wide variety of
products in short runs at alnost “mass production”
costs. This tactis important 1o the industrialized economy
(in the United States of America. un 2stimated 75 per
cent of all items machined are in runs of seventy-five
units or less) and even more important to the developing
economy, where short runs are likely to be even more
prevalent. The development of marketing strategy.
vendor and subcontractor relationships. research and
development practices and factory management methods
are all affected by this new ability to handle variety
economically.

Although it is not possible to give 1 general prescrip-
tion Tor the mixture of advantages that wilt he more
relevant in a specific apnlication, a4 review ot the benetits
suggested will usually reveal those which are of most
value. As u general statement, the ability to share world
technology and management science rapidly and at low
cost (by virine of the acquisition of stored programmes
of machine instructions) would come near the top of
such a hist. Although operator training is required for
the automated equipment, the time required for that
training is measured in months, not years, and far fewer
workers need to be trained. Moreover., as will be seen
later. the training differs substantially in kind trom the
historical tradition, which, with the current “state of the
art”, is obsolete.

B. Disadvantages of automation

Several constraints limit the advantages of automatic
equipment, and these should form another phase of
analysis in any apphcation. Automatic equipment. when
used in a process step, produces a high volume of output
and depends for its profitability upon the cflicient use of
the equipment, either by itself or by removing an obstacle
and increasing the potential of a larger productive
system. Certain prerequisites to this result are apparent.
The equipment must receive adequate, rchable and
consistent input volume, either of raw materials or semi-
finished products from a previous production stage. The
equipment must have maintenance to keep 1t in operation.
Furthermore, the equipment requires ““service’” supplies,
such as electric power, lubnication and coolants, which
are reliable and stable to spec:tication. The automatic
machine or process must also find consumers who can
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absorb its farge output, so that the flow of production
may be maintained at a high totd value (even though
the total may consist of a variety of short rues),

These  constraints  suggest  several organizational
requirements an using automatic equipment. The source
of raw material must be reliable, It great distances and
varable transportation tumes intervene between  the
process and the raw-materiat source. some raw-material
mrentories witl be required to support the automated
operation. The manmtenance and service supply require-
ments Gisowell as transportation requirements)  ilso
suggest a geographical clustermg of cutomanie equip-
ment moaogiven locabity so that scarce manmtenance
tacilimies. personnel and paris nay be shared  and the
clustered volume of serviee needs can jusufy or explont
adequirte power and sinnlar resources. Fven in industrial-
ized ccononues, such idnstrial clustering s found for
silar reasons. As a o simple example, if scarce main-
teianee personnel must travel berween distant seryice
focations. not ondy - will their effective cipacity  he
reduced. but the cquipment to be serviced will he  dle
fonger and peak crises will be more dithicult to avoid.

Although the basic constraimts outlined are stringent,
they are nov insuperable. They do argne again. however.
tor the selective use of automation first in critical Process
stepy and industries, and then in locitions where the
stated constraints may be satisfied.

After selection of the step and location which are the
potential subgect for automation, two additional prob-
wems arise: they are financiat and social. The later is the
MOFE Serous.

The block of capital required as an iitial investment
Inautomatic equipment may represent a substantial
commitment for an emerging industry (or ceonomy) as a
pereentage of the totat reserves currently wvailable. This
fact. coupled wath political unrest. raises immediate
questions about the stable growth of the emerging
cconomy (or imdustry) which will undertake the commit-
ment for purchase or fease of the equipment. Possible
local and internatonal instabitities raise risk questions
for both the sefler and the purchaser of automated
equipment.

s one olution for the selter, o date, most machine
tool producers in the United States of America make
sales chiefly 1o divisions of Large imernational cor-
porations which, in their total vperations, [rovide the
financial stability required and proteet the seller rom
local upheavals. Other sources of qutomatic equipment,
which today are nnmerous, have effected similar guaran-
tees in the form of raw-miterial commitments. trade
concessions and the like.

Apart from the acguisition problem, which s again
discussed below. the problem of capital commitment
mist also become an mmportant question for the pur-
chiner. whoo in the fuve of mstubilitios in ruw-material
supply. market or political regutation, may decide on the
gronnds of nsh (rather than average ncreases in produc-
ton potential) not to explont the possibilitios that auto-
mation can provide. Stable cconomic growth 1s, then,
Jnother prerequisite Tor autonition —as it is for any
major capital investment in a single fuciliy.

I ————— e e
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Several social problems also plague the proposed use
of automatic equipment.

In many countries where capital equipment is scarce,
a pride ol personal ownership develops, which runs
counter to the efficient use ol capital equipment. The
artian owns his own tools and lets no one else use them,
Frequently, this attitude carries over to capital equip-
ment. The owner of the only motor-car in town may re-
fuse to let others drne it for fear of damage. and.
unfortunatety. operators  of  {ocomotives, aireraft or
automated machine tools may, by tradition, alsa adopt
the same atttude. limiting the use of scarce equipment to
those hours when personal  attention of the single
operator or crew e be provided. Since continuous
utthization as required of most farge-scale capital equip-
ment, this soctal pride of possession must be overcome
to employ the equipment suceesslully in the developing
ceonoms .

Next, the development o (he semi-specilized skills
required to operate and manage the automatic equip-
ment often produces a thin Tayer of élite workers and
managers, feaving o vast gull” of education, experience
and income between the éire, whose efforts and decisions
are muluphed in effect by the machines. and the vist
miajorty o workers in the population who cannot
comprehend the objectives, uctions and attitude of the
clite segment. tn short. the introduction of automated
cquipment mto a developing eConomy  can aggravate
the refative disparity betweer one sociul group and
another.which may atready be the caise of much cconomic
and potitical instability in the saciety. Indeed, this result
may oceur even though the absolute lot ol the average
worker is improved, because the relative spread i soctad
and cconomic positions of the average and the dlire
workers has increased. Symptoms of increasing relative
deprivation appear in the curly history of most economies
undergoing industriatization. as Lonspicuous  power,
alfluence and control are embraced by the few. The more
rapid industriatization  offered hy automation c¢an
heighten the rate at which the refative distance between
groups increases and make the gap more apparent.
Measuies 1o offset the social instabilities caused by this
gap must usually be taken by administrative officials. As
atragic extreme, the Tilure of Louis XVI and his officers
to notice and care for the motivating elfects of relative
deprivation ended in the French Revolution and his
death,

The manner in which the trinning necessary for up-
Iifting an economy shall be administered is a finad point
to consider in view of what has lust been said. One
problem oceurs with the élire group mentioned above
and another with the average worker,

Most frequently, the é/ige group’s training or education
must be conducted abroad, because ol the limited
resources of the developing countiy concerned. These
few workers, upon whom the suceess or failure of the
automation eflort rests, always acquire some of the social
tradition and attitudes of their hosts, in addition to their
technical skills. Morcover, later dependence upon the
producers of the uutomatic cquipment selected (usually
the host country) for technical advice, repair services
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and further mstraction may lead to a political asd social
loyalty which is forergn 1o the desires of the developing
cconomy, This isan ever-present problem maraining, not
unlike the concerns of a father who sends s son away
to school. Again. however. automated caupment and
its possibly critical nature i the economy heightens a
nornmitl worry toe one that can hecome a major concern
in the mtroduction of automation into an emergimg
economy. With extreme automation, control of the é/n -
techuictuns means physical control of the productive
tacilities, and the administration and placement of this
control may dectde the political fute of the economy.
There may also be ditheuities i mamtiming the physical
presence of the trained élire, as well as their loyalty.
Since there is 1 world market i technical talent. theve
will be substantial pressures for the élite to seek the
highest wage for their new skills and the source of the
highest wage usually will not hie i the developmg
country.

1 or the average worker, the admmistration of triming
presents problems no less severe, In plunning tor the
development of @ society, there s always the conflict
between the destre to upgrade the general level of the
population, on the one hand, and the desire to develop
sefected areas of the economy quickly, on the other.
With limited resources. this eonflict is heightened.

In particular, for the average production worker, the
following question arises: should an aitempt be made to
gain over-all increases in productivity by increasing the
skills ol a large number of production workers by
small amount or by increasmg the skill of o few workers
by a large amount ?

Although, for many social reasons, the former choice
muy be preferred. the advances in world technology
argue against 1. Thu, it the productive economy is to
compete in the world market, it is competing with the
most advanced technology available to all. As a con-
sequence, to follow historically time-consuming and
technologically obsolete steps in industrial development
and training is to subject the cconomy to a constantly
worsening disadvantage in the market-place. In short, a
substuntial “jump’ in the level of technology is required,
and even in the most industrialized societies, such a jump
is difficult or impossible 10 produce except in selected
arcas of the economy. Although the problem ol education
for the general society remains, education for the tech-
nologically skilled few, with its attendant problems, is
often ol first priority and corresponds to the necessities
of automation as well us world marketing.

C. Need for selective quomation
Although some of the mijor obstacles to automation
in the developing ¢country have not been mentioned, they
do not set aside the present theme: that selective auto-
mation ¢an not only be beneficial, but indeed may bhe
necessury. 1f a developing economy is to make the gains
n technology which are required for it to compete in a
‘chnologically developed world market, automation of
Jected steps in a process or selected industries in the
onomy may be the only route to survival. And by
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carelul handling of selected cases, many ot the constraints
and possible disadvantage. can be handled.

Morcover, the developing country has greater ability
(o use autonmiiie tools at a faster rate than has the
developed cconomy which o already  equipped  with
many non-automatic tools and a large current invest-
ment. §he developed economy mast dispose of this older,
possibly - obsolete equipment before mtroducing new
automatic tools. This necessity has often stowed down
industrial automation i developed countries, Sectors of
the cconomy can be tied not only to old machines. but o
truditional methods of production. This is nol the dse in
developing economies, where the tirst introduction of
mechanized equipment i reprosent the  tatest teeh-
nological advances without loss of previous investments.
This ditference m o automation v old and new imdustries,
and in old and new industrial locanons, o strikimgly
tHustrated by a 1our of any highly indusirialized nitoss.
The newest equipment, latest technology and greatest
automation are to be tound m the newest mdustries
located in the most re ently developed industrial areas.
In the new setting, the acquistion of new tools providesa
frosh start,

In conclusion, consideration may be given to the
problem of acquisition of a given automated macline,
for which a process step or irdustry has been selected.
First. it should be mentioned that most manufacturers
of automatic equipment have not yet trken advantage of
modern construction principles, such as rigid standard-
ization of design, modular construction, interchangeable
parts between machine types and siand:ardization of
material-loading and programmed-instruction formts:
nor have they mass produced a narrow product line
which would provide a reliable. casy-to-service, inex-
pensive automatic tool.

In the past, most machine tool builders huve created
specially designed. custor..-made. custom-serviced mach-
ines. The result has often been ingenious  -but expenstve,
Only the scarcity of the custom-made machine created
real benefit for the owner, who could increase his output
and reduce his cost, yet control nis price because ol his
technological  monopoly.  And  machines  are  often
specialized and designed to that end.

In other industris, such as clectronies, design practice
has been different. Attention has ceatred on modular
design, standardization of practices and the use of
various combinations of standurd compounents (which
are relatively few) to obtain the variety ol final devices
desired (at a drastically reduced price and increased
reliability).

Although many automatic tools may be justified at
current prices (based on the substitution of rare skills in
a bottle-neck operation, is outlined above), the import-
ant point here is that when the steps of moduiar design,
standardizaition and mass production are finally exploited
in the automatic machine tool field, the range of appli-
cations available to the developing country will be vastly
increased. In the trade between skilled-lTabour hours at
the bottle-neck and machine hours, the machine will
become increasingly more attractive.

The fact that the same type of autematic tools will
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become also progressively more attractive to the tech-
nologically desetoped countries Gand at a possibly faster
rate) provides both a warnmg and a substantisl oppor-
tunity for the desclopig economy, for o no automated
mstatbations e contemplated  and made earlv, the
technologicathy developed cconomies will fiurther spread
the dutference in productiaty, 1t the deselopmg economs
does exploit the selective arcas which can use automated
ols and does so rapidly (isisting - on standardized,
modular. mass-produced. retarble equipment) the desired
technotogical and cconomie emp oy be achieved. Tt
certaanly will not be achieved by the use of traditional
methods. Thus tar. the acquisition of automatic eguip-
ment by deseloping cconomies his usiiathy progressed o
one of WO Wiy

() A co-operative effort or ot venture with a major
imnternitional corporation:

(M A gosvernment purchase. loan or guarantee. Al the
carrent time. manufacturers usually requare an escrow
payment to be delivered upon shipment of the equipment
or the credit stunding of an mternationat corporation (or
a Government) to back payment.

The sources mentioned abose are abso the most
common since the use of automation may  reguire
broader view of a production process or an economy
than may be available o a small manubacturer without
technical assistance.

In the joint-venture approach, the developing economy
may induce an international corporation to construet
and operate an automated plant in the country by pro-
viding trade. tux, material or other concessions. Various
degrees of domestic and foreign ownership are ubo
possible and vary widely from one economy to another.
However, the point s that instead of purchasing the
equipment or technology directly, it s purchased by
concession, partnership or other form of pauyment in
lieu of immediate cash. Various limited versions of this
approach are also 1in use, such us royalty agreements in
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exchange for technical advice and some tooling. the
exchange of products for tools and the Hke.

In the second approach, a Government. convineed thit
a4 proposed automation project is of long-range social
benetit or immediate monetary  bhenelit, provides the
purchaser with a loan, or the setler with o guaranee.
Fhis Government may be either the buyer’s ac the
seter's, Usaally, the transaction then takes plice through
normat bankimg channels,

For example. in India. A Refvigeration Co.,atocally
owned  tirm aumutacturing compressors and - other
refrigeration equipment and situated about 200 miles
from Bombay. instatled i late 1965 a Pratt & Whitney
Fape-O-Matic Model C tape-fed numerically controlled
machine 100l at 1ts plint.* This equipment. which seths for
about $25.000, is 1o be used 1o drill and process com-
pressor-head  top-plates and for similar apphcations.
Financing was handled through the T'xport-lmport Bank
(Washmgton, D.C.). which provided the munufucturer
with escrow tunds pavable upon shipment. Air Refrigera-
ton abo is reported 10 hine hicence agreements with a
foreign refrigeration nanufacturer to provide technical
information. In this example. the drilling steps require
repetitive precision and the vatue of the casting is rela-
tively high, so that operator mistahes and inaccuracies
are highty undesirable, This eritical spot an the production
process thus provides a typical subject for puckaged
technology or automated equipiment,

By relying on the built-in skitls transferied (o the
operiation by the programmed tape. the operation
benetits today from the apphcation of automation by
multiplying the elects such added skills can produce in
one production operation of a developing economy.,

o b the Uinned States of America, Pratl & Whilney has moved
farthest in the standardizanion and use of modales, and in mass
production of a fimmted fine of module 1vpes. The result has been
drastic cost redaction in namencathy controtfed machines. with one
point-10-point machine priced in the vicinily of $8,500, which is
30 40 per cent fess than the price of 1heir closes) competitor in that
couniry.









