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PREFACE

This study deals with four subgroups of electrical
machinery industry in: India, viz. Motors, Transformers,*~
Switchgears and Fane. . : X : ' "_
The problem of unutilieed capacity of the manufacturing
plants in some of these industries has been studied '
using linear programming - technique. The analysis may
-bring out to the reader the multifaceted nature of the
problem. It also throws out useful engineering data for :
further economic research. : ; ,

Earlier attempts towards the analysis of ‘the problem of
unutilised capacity have been reviewed in Chapter I.5‘.
This chapter also discusses.in_brief certain issues 1ike
the nature of the 1arger”complex of metal working indus-'
tries of which the four sectors studied in this work are:
part and the use of engineering&technical data for: this i
study. _ A : ,w{nLﬂ gt o

D . L F
Chapter II presents certain aspects of the industry ‘ ‘
relevant to the problem.  The purpose of 'this chapter is“
mainly to give a broad outline of the four industries
 being looked into. , EE R

y "*'f“u“p\,‘\ﬂAzw
Chapter IIT gives an account of the supply position in
~respect of raw materials. .. Inadequate -supply of raw -

materials of the requisite quality forms a .constraint L
on the production in the case of many industrial units. n
Later, in Chapter V, in the linear programming models
of the firms, this constraint has been assumed away,‘“~
for the limited purpose of analysis. However, the . '
importence of this constraint in the: context of some of
the Indian industries is fully appreciated. A discussion
_of the supply position in respect of raw materials was,
therefore, thought necessary.

Chapter IV gives a technical background to the analysis
and data presented in Chapter V.
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In Chapter V, the concept of capacity of a manufacturing )
plant has been developed. Measures of unutilised machine
capacities under a variety of. conditions are: obtained and.

discussed.

Chapter VI summarises the 1mportant points in and the 2
issues brought out by this study. e » R

Much of the technical details have been relegated to the
end as appendices.. .

The research underlying this study was carried out ‘at;
the Gokhale Institute of Politics and Economics, Poona—h.;
It was preceded by a one year pre-doctoral training pro-
gramme at the Institute. The work was made possible by
the award of a junior fellowship and later by a senior :
fellowship by the Gokhale Institute. I had the advantage
of the excellent library facilities, congenial atmosphere
and free and frank discussions:with colleagues and elders.
I wish to express my sincere thanks to the authorities .
of the Institute for giving me an - opportunity to Work at
this place. . N
Particularly I wish to record my warm,feelings‘of'grati-
tude to Prof. D.R.Gadgil who provided an intellectual’
stimulus through his lectures and dlscussions during the
pre-dootoral train;ng programme.‘ \ SRR
I am indebted to Prof. P.N.Mathur, my research guide,‘for
inspiring my interest in the industry study. He intro- i
duced me to the subject of mathematical programming and -

to the different vistas that are opened up by the appli-'w
cation of this technique to economic problems. I have~
derived much benefit by suggestions made by him as ‘the:
study passed through its several stages.‘

I have had the benefit of several fruitful discussions fl:
with Dr. M.V, Namjoshi. His cheerful. help has been’ reallyI
invaluable.

Special thanks are also due to Mr. R;S.Rao endMiestale‘
Pant who read parts of the manuscript and“helpedgtofre-lﬂﬁ
move a good many crudities. I wish to thank all the. ,
friends in the input-output group with whom I had. the
opportunity of discussing many problems in the weekly
'workshops'. Mr. V.V.N.Somayajulu must be singled out
for rendering valuable help in reading and checking some
of the matter at the final stage of the work.
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_ CHAPTER 1

PRELIMINARY CONSIDERATIONS -



1.1 The Thepe'

tCapacity' figures as an important éoncept in economics.
It is frequently used both in theoretical di;cussions and
in econ;mic}édministration. Megsures of capacity, under a .
given set of conditions, are used as indicators of the total
‘ potential of an industry or firm. The rate of utilisation
of capacity based on a concept of ‘'full papaqiﬁy' shows how
’fa? the economy is.using»its :ésources and how far it is -
failing to use them. Alternative approa?hes towards the
'full capacity' concept can be br;adly classified as. those
' bwhich consider it as a pﬁrely 'tecﬁnological' coﬁcept and
others which treat it as an 'economic' concept.

Technolog;calicapacity generallyArefers to the theore-
tical or rated capacity of a capital equipmént'or that of a
set of equipments working together in a chain to produce a
particular product, Tﬁe fechnoldgical'concept of caéacity
does npt take into account the various economic factors.
These, however, have to be taken into consideration when the’
plant;is to be put inte operation. The economic.doncept of
capacity is based on the consiaeratibn of fhese economic
factors and is usually defined with reference to prices which
are the indicators of these:factors in ? market economy.

In the case of a uniproduct, singie equipment manufac-
turing plant, given the technique of production (which de-

fipe§ the capital equipment and auxillary factors like raw:

materials and labour which cooperate with it), 'technological



capacity' generally means the rated capacitY of the
machine 6r the maximum rate of output with the given

technique.

In a uni-prdduct, multiequipment'case, like for inst- )
ance, sugar producing plant, givenliheitechnique of produc~
tion, technical capacity may be_defined as the_maxiﬁum
techhological rate of output with respect to the technical>"
imbalancesl in fhe chain of equipment. through which thé raw
material has to pass. ' ) . v

In a mﬁltiéproduct; muiti—eqﬁipment plant, é;qiréct
measure of technological capacityris'more éifficult.
Difficulties in the meashremént aré introduced by the
existence'éf §eVeral products: on the‘produétion‘scﬁedUIe
or wpét is referred to as a !produét.mi;'; Ih the first
instance, this implies a problem of aggregation requiriné
one to take resort to prices. ‘This is nécessary whilei
expressiﬂg the measures of capacity and capaeity utiliéa—
tion, say, as a maximum achievable total output and the
total output that is beiﬁg achieved;

Difficulties are ﬁot confined to theAprobléﬁ of aég{é-
éation alone. Within a machine gréup in such a facfory,

i . 2 : )
a certain amount of transferability is possible. A machine .

could be used to perform‘an operation for different producté.

} This refers to the different technical (rated) .
capacities of the individual machines. -

For more details regarding this point, see Chapter v,
end Appendix C. ' ’ '
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'Alternately, a product could be fabricated on either of’
the machines within a precisely defined greup of them.
Thus, a c;rtain amount.of change in the composition of a:
'product mix can be met with the same sét of machines. In"
a market ecbnomy, the compoesition of the product mix or
th; relative quantities of different products to be produced
will obviously be determined by the Qonéiderations 1ike.maxi-
misation of pfofit given fhé prices and costs of different
products, Purely technieal concept of‘capacity, therefore;
looses some of its significance. Given, however, a set of
prices aﬁd a pfoduct Aix based on the set of prices, it is
possible teo obtain a measure of capacity as a maximum rate
of output that is poésible with the given sét of capitai
equipment; Such a measure is not unique, because ﬁith a
change in the propértions of the quanfities to be preduced,
a different.measurg of capacity is possible.
In all the three cases described above, it will be
seen that the technological capacity is ratgér an indicative
concept. It indicates maximum pOSSiblé rate of output of ;
machine orvthat of a sef of‘ﬁachihes for one or more ﬁroduc%s.
Though it is possible tovdefine'capacity in the case
of industries producing a single homegeneous coﬁmodity.as
a hypothetical maximum rate of output (with respect té the
capital equipment), market established costs have to be taken
“into account of almost all industries while defiﬂing capaéity

as a maximum output possible in practice. 'The economists
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work out ideal output under various assumed conditions.

From their concept of‘iddﬁl éutput they derive an economic
concepf‘of capacity.Bﬂ In certain cases this may coincide
with technological ponceptlor full rated capacity; in

others it may differ. Particularly in thé malti-product
case, it is the ecqnomic concept (o; a central planningu‘
directive as regards the composition Af thelproduct mix)
that can provide the guidance. - The actual ievelléf outbut
of a plant has to be distinguishéd from both the technologi~-
cal maximum outputvgr the ideal output given by the economic
concept of capacity. Measures of unutilised capacity will
depend on the‘concept of 'full capacity' that we égopt for
comparison_with'actual leéel.of‘output éf firms.

Without a study of the practices in this respect, it
is difficult to 'state how capacity in different indust¥ies
is defined. It is, howéver,_neceségry to bear these points
in mind from the point of view of anaiysis of preblems in
which measures of capacity are used. In man&.iﬁportant
policy problems, especially these related to planning for
development, or those related to war mobilisation, the
necessary capital rquirements of different productive'

sectors is.an important ebjective of analysis., Attempts

3 See, for instance, Chamberlin's definition of the
concept of full capacity discussed on PPe 9-10 of this
_chapter. See also, pages 177-78 for the definition of 'full
capacity' as an economic  concept adopted for the purpose of
analysis.in this study (Chapter V).



are being made to estimate the.capital required for a

unit capacity (outpﬁt) in a particular industry. :
Input-output‘approach,hecessitatés detailed studiéé

in ‘the capifal requirements for different sectors of econo-

mic activities. Capital-output ratios or capital coeffi-

cients which describe capital requirements per.un;t of

capacity in a particular sector form an important empirical
base of such m&dels.' It is obviqus.that the measures of
capital reduirement will be subject to a considerable
variation dépending upon whether‘we assume piant operation
near the maximﬁm technological capacity or operation at some
level of ‘economic!' capacit&. |

| Another problem in;the_estimatipn of real capital
requirements per ﬁnit capacity is posed by the fact that

ﬁany reporting units in.the'pfficial surve&s that.are
general;y the bases ofAsuch §tatistics,‘have unufilised
capacity. . The existen;e of excess capacity leads{to‘# higher.

il

measure of capital requirement per unit capacity (output)
than what is technically warrantea.A This unutilised capacity
is often coupled with aﬁothen problem-viz.; imbalance in the
capital equipment of‘tﬁe'manufacturing plants, At a parti-
cular level of output (which may be the.capécity.output),
certain machine groups show excess capacity while the others
show ghorfﬁges'and form bottlenecks beyond the.partiéulaf

level of output. ' -

Existence of imbalance in the capital equipment vitiates



the picture of capitai requirement in another sense. Thus,
if we assume a brand neﬁ plant, whére inveétment has to

£e made in all the sections, right from machining and
stamping to assembly and despatch, we may get a certain
measure, If, however, we base the measure of capital re-
quirement on the basis of an old plant (using the same -
technélogy’as in the_earlier-case)_expanding its capécity,
we may’get a different measﬁre of capitai rgquiremeﬁt for
a unit capacify in the same ihdustryf This is:so, because
it is a common experience that expansion of capacity in the
case of plants having imbalance in the “capital equipment
is possible by investment on certain machine groups only.

The probable factors that lead ta this type Sf capital’
structure are discussed in a later chapter;h The‘important
peint te bé noted here is that the analysis of capital
. structure itself becomes nécessary along with the‘ﬁeasﬁre.
of capacity as a particular level of output.

Apart from the problems éf measuremént of capital re-
Quirement of different industries, thé intere;t in the
‘measures of capacity and the rate of. utlllsation of capaclty
results from many problems of current economic ‘policy; ‘some
of them intended as remedial measures»are -- licensing of

new capacities in different industries, location of new

capacity, liberalisation or tightening of imports, etc,

See Chapter V,
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Unutilised capital resources imply a loss of the national
product due to certain malaise in the. economic structure.

The problem assumes ﬁarticﬁlar seriousness in a country

5 of

like India that has te speﬁd a consi@erable amount
foreign exchange on theAimport of méchinéry ;nd is facing
almost a foreigh éxchange crisis.

What is worse is the fact that preéise‘measureg of
capacity and the exact magni£ude of unutilised capital re-
sources are net knoewn in many cdses.,ﬁThe estimates of un-
utilised:. capacity are obtained either on the ﬁasis of pub-
iishéd statistics or on the basis of measures supplied by
the firms. Glib talk of the 'failure to achieve the maximum
output’ or 'our unutilised caéital equipment' is often not
based An alélear knowledge about the situati&n in these
two respects. It is still too early to expect'official
surveys to throw light on ﬁhese,aépeéts. Some experimenta-
tion with data for each industry is needed before.we,éan’
bring forth different a;pééts of.the éroblem-in detail.

The present study pfeposes a m;thodology6 for this
purpose. Here, the attention is drawn mainly on the twin
aspects of fhe problem of capacity u£ilization, viz., tﬁe
current rate of oﬁtput as a proportion to.thé maximum

possible output and the rate of utilisation of caﬁital stock

at the level of a firm, under a variety of conditions.

5 During 1965-66 (the last year of the Third Five Year
Plan) India imported Rs. 4,89,46,77,766 worth of machinery) in-
cluding electrical machinery. Source: India, Department of Com- .
merdal Intelligence and Statistics; Monthly Statistics of the
Foreign Trade of India, Calcutta, March 1966, p. 1k. .

6 Seey Chapter V.
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The analysis is based on the case §fudies of firms in
fhe electrical machinery industry. This work also‘follows
. thevéatterh of general industry studies in so far as it
covers certain important’aspects of the industry related
to the main theme (Chaptkrs II and III).A An outline of the
‘industry is presented in Chapter II, wﬁile the supply posi-
tion'in respect of raw materiaié is described in Chépterv
III. Chapter IV serves therpurpose of giving avtechpical
I .

background to the analysis and data presented in Chapter V.

»

1.2 Earlier Attempts to define the'‘'capacity’concept

and related empirical investigations

The earlier attempts to analyse the proﬁiem of un-
utiliéed capaci%y, could be broadly divided into'thoge ﬁf-
a theoretical and others of an empirical mature. This dis--
tinction is 6nly a matter of emphasis. Any attémpt af
theorisation has an empirical expefience at the background
and any empirical study takes a concept of oapacity as a-
basis. So far as the Indian scené is conéerned, attemptsr
are mostly of the latter kiﬁd. | |

We may begin our survey with the coﬁc?;t of 'full
capaciéy' of a firm as developed by Chamberlin.7 —Capacity

of a firm is defined as the output level associated with

full competitive equilibrium. This point would occur at

7 :
tion Chamberlin, E.H.,, The Theory of Monopolistic Competi-
’

The Oxford University Press, 1949, pp. 104ff, .
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the minimum point of the average cost curve Of}the firﬁ.

An important feature of thislcohcePt is that it brings

in the economic conéiderations of cost in defining'the
capacity. Any departure from the perféct competitive.
nature of the market towards monopolistié competition
according to this theory leads to exceég capacity. As‘a
theoretical model this concept has been regarded as an
impoftant landﬁ;rk in the economic énalysis of the problem.

Chamberlin's work inspired a number of essays both of
v
critical and supplementary nature on_the same subject.
G
Thus, Cassel in an'article8 makes a clear distinction be-

tween excess capacity of fixed factors and excess capacity

of all factors. He interpretes Chamberlin's analysis as
) ¥

applying to all factors, and long‘run curves.

: -9 '
While Nichglas Kaldor agrees on the whole with Chamber-
v :
lin's line of analysis, says, "general conclusion as to the

effect of generation of excess capacity upon qfonomic wel-

. . L d
‘fare is extremely difficult." "Neither excess capacity is

the result of consumer's choice, " -~ "Consumers are never
in a position to choose between the alternatives 'variety;

10
to 'cheapness', "

Cassel, J,M., "Excess Capacity and Monopelistic Compe-
tition, " The Quarterly Journal of Economics, Vol, 51,1937,

PP. 1‘26‘&'30

9 ‘ A :

Kaldor, Nicholas, "Market Imperfection and Excess
Capacity", Chapter IV in Essays on Value and Distribution,
- Gerald Duckworth and Co., Ltd., London, 1960, pp. 62-80.,

10
’ Ibid., Pe 80.
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1

Suppose théf it is decided to measure capacity as
the minimal point on a firm's cost curve. The short run

) - \

cost curve may very -well be U-shaped with a disfinct
minimal point but .there are serious do;bts whethef the
long ruh ;ﬁrve will actually turam up like that. fhis led
Klein11 to explore some épproaches to capacity measgrement
in terms of cost functions parficularly as properties of
what he callg 'probit! total cost functions.lz' The‘empha-
sis of the methodolog& given here is on éggregéting thé
individual capacities; those of the firms to that of én
industry and those of industries to that of a nation;l
economy.~ The attempt at the methodol;giéai_exploration,
however, is not combined with any empirical exercise.

In a paper entitled "Capacity Conéept and Induced
Investment " Bowman and PhillipslB.discuss the concept of
capacity in the light of its use'in,éynamic input output
analysis, The capacity 1e#el.for each indgstgy sought by -
thg'input-output analysis is to be expréssed in’such a way

that changes in the selected final bill will not call

forth capital expansion in anylihdﬁstrial sector until it

i1_
Klein, L.R., "Some Theoretical Issues in the' Measure-
ment of Capacity", Econometrica, Vol, 28, 2, 1960, pp.272-286.

121pid,, p. 278.

13
Bowman, Raymond, T. and Phillips, Almarin, The Capa-
¢ity Concept and Induced Investment, National ﬁu;eau of
Economic Research, Inc., New York, 1953, p. 19, '
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\
reaches its capacity. In tﬁis context capacity is defined
as "The rate of.output which is best for the present faci-
1it£es, considéringrthg existing price and cost structure
(and associated institutional arrangements such as number
of shift operations eté.)_as given. " In an explanatory
note on this definition %he authors~further Qrite, "this-
implicitly assumes that there is a ratévof output wgich is
ideal for exisfing cépit;l stocks., Such need not be the
case if there are imbalance$,existing,among the equipment
of the various production pfoces;es,vwﬁich make up a plant."'

In a separate section on measuring the capacity of an

industry authors write, "The simplest and most reliable

‘way of measuring industry capacities is to ask the establish-

ments involved what their capacity is ... Many plants will
be found to have capacity estimates for their own use which

are not very dissimilar to that being required. The measure-

14

ment itself does not -seem at all insuperable. "
In an appraisal of the'measures of industrial capa-
city and rate of capacity utilisation obtained by the major

. 1 .
research projects, Phillips 5 has pointed out clearly how

% 1pi4., p. 25..

1 .
5 Phillips, Almarin, "Industrial Capacity ~ An Appraisal
of Measures of Capacity", American Economic Review, Papers

and Proceedings, Vol. LIIT, Number 2, May 1963, pp. 275-292.
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"capacity is required to be measured separately beth in
terms of output rate and aé the rate of utilisation of
capital stock. These .two measures are necessaryrif effect
of sheer demand 6n capacity utilisation is'to be distinp
guished from that due to structural changes.

The theoretical economic concept of capacity is some-
times also illustrated in terms of production instead of
éost function. A recent attempt'is by Klein and Preston.
The authors have developed a measure of capacity and capa- .
city u?ilisgtion at the industry level from production
functions. The thorny problems encountered here as the
authors have mentioned are: (a) to determine the real capital
bemployéd at time ¢ and.(b) to determine available man-hours
at tiﬁe t. Further, lacking estimates of capitél utiliza-v
tion, authors are forced to use a proxy; viz., the rate of
man-hour employment by industry.

Thus, it will be seen that quite a few able attempts
have been made to define the capacity of a firm. In the

case of some of the measures that have been suggested, how-

ever, the empirical application is difficult, while in some
of the other cases, it has not been tried on any significant
scale.,

We may next look into the way, the capacity is defined

(or is asked to define) at the level of a firm in some of

16 '
Klein, L.R., and Preston, R.S "The M
) s R.S. easurement
of Capacity Utllization," The American,Economic Review,
March 1967, pp. 34-58. .
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the important surveys undertaken to obtain industrywise
méasures of -capacity. ,

In the United Stafes, the McGraw Hill Department of
Economics17 publishes measures of capacity which are
derived from their tAnnual Surveys bf Busineés Plans for
New Plants and Equipmént' which are conducted since 1947.
No effort is made by McGraw Hill fo define capacity¢
Companies set their own commonsense definitions of capacity
such as 'haiimumvoutput'under normal work schedules. "

In India,'the goverﬁment publication called }Monthly
Statistics of the Production of Selected Ipdﬁstriés of
India'}s reports monthly figures of capacity and actual ’
prodﬁction for different products. Capacities fqr‘electri—
cal machinery induétries‘are computed by assuming_ 300
working days per year and en one shift.basis.

The concept of ?nstalled capacity of preoduction ié
defingd.by the 'Annual Survey of Industries',l9 which seek
information on capacity from ihdusfrial units as "the pro-

duction which can be achieved in a plant er a combination

of plants working together in a sequence under normal

17 McGraw Hill Department of Economics, Business Plans

for New Plants and Equipment, 1961-64, 1l4th Annual Survey,
New York 1961, o ‘ ) '

1

8see India, Central 'Statistical Organisation,
Monthly Statistics of the Production of Selected Industries
of India, Calcutta, Vol. 18, 1966 pp. iv=v.

1 .
9India, Central Statistical Organisation, The Annual
Survey of Industries, Calcutta, Vol. 1, 1963, pp. 1l64-65.
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operative conditions. "™ In the case.of a ﬁniproduct!‘
multiequipment manufaéturing plant, fhe tgrm 'normal
operative co;&itionsﬁ refers to "the factors inherent in
the imbalance of therdesignéd capacity of\individgal plants
in the whole chaiﬁ". In the case of a multiproduct, multi-
equipment manufactﬁring plant the term 'nofmal opefative -
conditions' refers to the actual composition of the pro-
ducts to be produced during the year., The éapacity is
"3 technological maximum rag; of output in thé given con-
text of fixed assets and other rglated factors. "

Thus the questionnaire is adequately qualified by the
appropriate‘éssumptions regarding existing plant and ’
equipmeht, number of shifts, product mix, and subcontract-
ing.20 However, the term '"normal operative conditions™
as elaporated above does not distinguish the imbalance in
the capital equipment (givep a product mix), which is due
to technological reasons ‘and the imbalance‘crept‘in due
to other fagiors.21

Apart from the official publications meﬁtionéd above,
a few noteworthy attempts that have been made are important
from the point of view of better understanding the magnitude

and causes of the problem of underutilization of capacity.

. 22 :
The report of the Survey of Small Engineering Units in

20,, . )
- oThls has been specified in an another question,.

Ib| ido, Pe l69.
Some of these factors are discussed in Chapter V.

2
Reserve Bank of India, Survey of Small Engineering
Units in Howrah, Bombay, 1964, pp. 143-4%.
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Howrah undertaken by the Jadavpuf Uhiversify, under the
auspices of the Reserve Bank of India contains an excel-
lent analysis of the idle time of men anq machines. :In
tﬁe context of_the Indian industrieS'this‘is perhaps the
first serious éffort to investigate the probieﬁ by a joint
team of engineefing and economic investigators. The pur-
pose of the authers was "to obtain a broad idea of the
total wofk cohtent of evéry work.hour and the p?gcess of
,.production apart frdm the gain in the knowledge necessary
for reducing ineffective time of_machines and idle time of
men where it is avoidable."23 Issues, like for instance,
the set-up time as a'factor in the idle timé of'pachineé
and the ﬁroblgm of optimum lot-size, the pattern of machine
loading etc,, which ;re significant for economic analysis
but which are rather difficult to tackle by economists
alone themselves, have been thrown up, It is.intereéting
t# note that idle machine time due to sef—up time (17 per
cent) exceedé idle time due to shortage of raw materials.
(10 per cent) and the shortage of work (13 fer cent) in

the case of these small engineering units.

24 :
Rao's study on excess machine capacity in the

23
24

Ibid., pp. 143-14k,

Rao, R.S., "Capacity Utilisation in Sugar Industry
in Maharashtra™, Papers presented to the Input=-Cutput
Seminar held at the Gokhale Institute of Politics and
Economics, Poona-}4, from 24th to 30th August, 1965.
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factories belohging to the sugar industrY-in_Mgharashtra

is based on the data supplied by thirteen factories re-
garding the capacities of different- machines and the final‘
output., Norﬁs are set for machines as regards the mipiﬁum
capacity of each required for a given finai output, This

is done by calculating whaf,is called minimum capacity co-
efficient (this points out a machine with a minimum éapacify
sustaining a particqlar final output). Capae;ty of this
machine is cohpéred with those of a similar type in other
factories. Excess capacity of machines is defined as that
above the minimum capacity indicated’by the "morm'. Due
weights are given at each.§tage of comparisoﬁ. S&éh a com-
pﬁrisén was made poséible because the producf (viz. sugar)
is homogeneous and there were no qualitative differencés

in the product, In the case of‘processing industries in
India, like sugar for ins%anée, this is perhaps é pioneer-
-ing study on the individual machine utilisation and presents
a féirly workable approach.

In a brief but illuminating essay "Better flant Utili-
sation in Iﬁdia", Soloman has analysed'éertain causes of
unutilised capacity. Maintenance imports i;e.,.imﬂorts of
spare.parts, components and tools has been mentioned as an
important factor in the lesser utilisation of machine caéacity

2 .
in this study.l To quote Soleman 5—- "In an attempt to increase

Soloman, Morris J., Better Plant Utilization in.India,
A Blueprint for Action, Asia Publishing House, Calcutta,
1963, p. 45,
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indigenous manufacture, imports of tools have been cut -
off as soon as an Indian manufacturer starts supplying.
tool. In many cases the Indian product is far less durable
than the imported products. This obliges the user of the
tool te adjust in two ways. First the speeds of cutting
have to be reduced. Second, time has to be taken fto sharpen
the tools or at least a change in the tool must take place.
Both effects can drastically reduce the produet that can be
obtained from the fixed plant. " -

The emphasis of Soloman'e;study is more on the ways
to impreve the situatien at the plant 1e§el. One ef the
important measures suggeste& is ‘more intepsive staffing
of labour pef;macpihe in the plant. Assumption here is'
that labour tiye is cheaper and machine time dearer in
India. ihis assumption,however,does not hold gobd'in Qvery'
situation.

In a preliminary report on the subject entitled
'Capacity Utilization and Factors Affecting It in Certain
Indian Industries, 1966-67' Kot126 has covered 234 indus-
trial products and obtained estimates of unutilised’capa-
city and reasons therefpr. The.investigatioﬁ was confined
fo important industries manufacturing capital goods and

‘intermediate goods and therefore covered coal and other

26 L ' ’
Koti, R.K., Capacity Utilization and Factors

Affecting Tt in Certain Indian Industries, Gokhale Institute
of Politics and Economics, Mimeograph Series No., 2, Poona,

1966,
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mining, paper; chemicals, fertilizers, cement, metal gnd
metal products, electrical and other machinery, transport
equipment and otber;engiqeering industries. Thougﬁ the
number of units in each sector on which the results are -
based was small,this inquiry gives a glimpse of the‘cogdi—
'tions regarding the utilization of éapaéi%y for a muchvwider
variety of products than what is avéil;ble in the 'Monthly .
Statigtics of 'Production'.27 S | I
Koti's study tries to explore the effects and extent
of the two main factors responsible for the under-utlliza-
tion of capacity viz. (a) the shortage of demand and (b)
;ﬁortage of raw materials, The importancevof these factors
in the case.of‘éach product has been assessed.’ It was left
~to the respondénts fo define the éaﬁacitf.ef-their plant(s)

and to f£ill in the questionnaire accordingly,.assﬁming a .
given product mix. The obvious advantagé of this method
is that questions relating to capacity are responded - ‘to by
persons likely to know,the‘answers.’ This is not an unmixed
blessing, however, for there are mény ways in which bias
and errors can enter the resﬁlts; |

As Koti's and other studies show the unutilizéd capacity

may be due to shortage of demand. The details of the demand

factor? as the cause of unutilised capacity, are yet to be

2 |
7 India, Central Statistical Organization, The Ménthly
Statistics of the Production of Selected Industries Industries

of India, Calcutta, This source reports only a part of the
total number of industrial products.

4
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inveétigatéd.' A firm may be facing a shortage of demand
because it 1s ﬁot in a position to meet the exact standards
of quality. On thé other hand, a firm may be facing a
shortagé of demand becéusé the industries consuming its pro-
ducts might themselves be gaqiné difficulties, say, a period
of recession. Difficulties on the dema@d-é&de may be“fhe
result of the~c$miné up of cheaper ‘and béfter substitutes.
The shift from a product to‘its substitute may be the result
of sheer pricé advantage, taste, or technologiéai improve-
ments embodied in thg new product.

Another important factor which hag emerged in thése
studies is the shortages on the‘suply side, ‘especially
in the case of raw materia;s and intermediate goéds which‘
are, in the main, the effects of poﬁ-bélanced planning in -
an economy facing foreign exchange difficpities. In certain
cases where the indigenous supply is not of requisite quality
the users have to depend on imports. Supply-of imported
materials is always unsteady mostly due to changes in the
government's import policy.‘ADifficulties in getting timely
supply of épares and tools are also mentiqﬁed as resﬁopsible'
factors in some-stuqieQ, |

This survey of the works on the cdncept and measure-~

ment of capacity and problems related to unutilised capa-

city is by no means exhaustive.29 Its purpose is to take .

28  toe
The Reserve Bank of India, op.cit., p. 106.

29 _
. For a comprehensive discussion of different factors
r?sponsible for the underutilisation of capacity of industrial
firms in India, see,Morris Budin and Samuel Paul, 'The Utilisa-
tion of Indian Industrial Capacity (1949-1959), ' The Indian
Economic Journal, Vol. IX, No. 1, July 1961, pp. 19-47. '
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note of the aspects of the problem that have been covered

already.

1.3 Approach of the Present Study towards the. problem
of unutilised capaclty

In an industrial sector, whlchis a .part of a mlxed
economy, unutilized capacity may arise due to various other
reasons; It may be the resnlt of the peculiar nature‘of the
markets., To quote Chamberlin,30 L It is the peculiarity
of monopdlistic competition that it (excess capecity) may

develop over long period with impunity, prices always cover-

ing costs, and may, in fact, become. permanent and normal
tnrough a feiiure of price competitien to function. The
surplus capacity is never cast off, and tné result is high
prices and Wast;..;. They are wastes ef monopoly - of monopoly
elements in monopolistic competition, " It is beyond the scope
of the present study to bring out elagoratel& the nature of
competition in the electrical machinery industry. - However,
ChaptenvII may give at least a glimmering of the'situation
in this respect. . | |
Complicating the above mentioned factor sometimes as
also operating independently are another set of factors
which are structural in character. Thus, the growth rete
of a particular industry, say copper refining, may not keep
bace with others which are growing faster and this may at a
_point of time start causing bottlenecks in the production

of the 1ndustries which use copper as a raw material.

30 Chamberlin, E.H., op.cit., p. 109,
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These‘leéds and lags which reflect main}y aé bottiéﬁecks of
different kinds, also have their effect on the demand side.
The operationAof these factors has to be Yiewed in a dynamijc
‘context. A4 detailed input-output analysis prbfideé‘a tool
for grappling with such preblems.

Apart from these problems; there are forces strﬁctural
in character qperating at the level of an individual firm.
We may look at a production ﬁnit or a plant'of a firm espe-
ciallf one in metal working industries as consisting of a
set of different facilities or machine groups. Thg problem

of ?nutilised capacity in.such a plant ma?‘be'vieQediboth‘
in terms 6f'output rate as well as the utilization of the
capital stock.- Unused capacity on'different ﬁachines may hof
arise bgcause of insufficient demand alone. It may arise
from changes in the prbdugt mix due to varying relative demand,
relative prices and costs, ?hese facters have to be‘dig-
tinguished from iﬂadequat; aggregate demand, because they
disturb the balance of different machines or facilities in a
plant which also gives rise to .excess capacity. |

It is here viz. in separating struc¢tural effects from
sheer demand effeqts as causes for under-ufilisation of re-
sources (capacity) of a firm thqt the preseﬁt study attempts
to fill inllacuna. As will be 'seen in Chapter V, the linear
programming analysis helps not only to define'capacity of a

firm under a variety of conditions, but it enables one to

probe into the pattern of utilization of the capital stock,
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1.4 Use of Engineering and Technical Data

The approach of this study towards the analysis of

unutilised . . :
jcapacity requires the use of technical data en a number of

aspects. This kind of infofma?ion may be obtained directly
from firms or in certain respects standafd technical litera-
ture could be used (when fﬁe analysis is of a generalised
ﬁature). As the interest of this stqdy is more in the actuél.
'Workihg of the units in the electric;l machinefy industry,
technical data were obtained froﬁ the firms themselves. It
peﬁtains to the existing capital equipment; production pattern
and the pfoduction technique adopted in tﬁe manufacturing"®
plants of the units studied. |

Technicé; data, either in the form of information supplied
by firms or that baSed on standard engineering handbooks'has
been used for analysing quite a few important econoﬁic-pré-
blems;_ Recent applications are foumnd in the anal&sisvof
capital and othef input reﬁﬁirements of industries and
industry—ﬁide capability studies.31

The usual problem faced in the contexf of input pptput

. o X 2
analysis is that of instability of technical coefficients’3

31 Our interest in looking into these applications is
more from the point of view of their experience regarding the
use of this ‘new field of-information (viz. engineering and
technical data) rather than the objectives of analysis

per se,

. 32 Coefficients denoting inputs of raw materials,
machinery etc, for a unit of output in different industries.

\



24

over time due to factors such as changing producﬁ mix,

33

process mix and product‘multi-dimensionality.\ Inputs of

»

raw materials, requirements of machineryjand labour, inven-
tories of ;aw materials are all Q#sed on the assumption that
there is a constgnt product-mix adopted by the manufactur-
ing plants and thatAthe technique of production remainsA
unchanged. In maﬂy industfies both the product-mix and the
manufacturing processes are subject to frequent changes.
These changes intreduce an element gf ipstability in the
technical_coefficients.which are based on the situétioﬁ pre-
vailing at a poiﬁt of jime. Effofts ﬁave to be put in

afresh to construct newer tables either de novo or by in-

v
A ]

corporating the known changes.

In order to circumvent the problem of-coefficienf
instability attempts were made to use’technical'and.eﬁgineer-
- ing data mainly as a supplement to metho&s of calculating
input coefficients based on statistical data. Attempts of
an experimental nature were also made to use éuchvdata as. a

basis for classification and aggregation.

34

Chenery for -instance, has discussed from a general

methodological point of view the derivation of economic

33 For the. discussion of these concepts, see, Mathilda
Holzman, 'Problems of Classification and Aggregation' in
Leontief et al. Studies in the Structure of American Economy,
Oxford University Press, New York, 1953 passim.

34 Chenery Holis B., ''Process and Production Functions
from Engineering Data' in Leontief et al.,, op.cit., pp.297-325.
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production functions frcm engineering data. Holzman,

while suggesting a new mode 6f~classificafion‘based on pro-
cessea rather tdan oﬁ products for thehindustries in ﬁhich
process changes are more important, attempts to construct a
process iﬁéut function_for"machining' based on technical
data and basic engineering iaws. Mrs; Cafter36 has,studied.
the technological structure of the cotton éextiie industry

from this point of view. Production function for cotton

textiles ﬁas'obtaiﬁed in this way and furthef it has been
compared with one based on the economic statistica.
Fergusson37 has tried to estimate‘the current\and capital
inputs in the production of commercial air transportation in
the United States in the years 1937 ‘and 1947..

If engineering data from standard technical handbooks
are to bc used to estimate the technical coefficients diffi-
culty arises because there is not a single design law for manj

technical conversion processes, Different materiala and

processes could be used. This makes inputs based on a single

35Holzman, Mathilda, op.cit., pp. 326-359.

6
3 Carter, Anne, 'The Technological Structure of the
Cotton Textile Industry', op.cit., pp. 360-420,

37Fergusson; Allen, R., 'Commercial Air Transporta-
tion in the United States, op.cit., Pp. h21-447,
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law somewhat irrelevant. This leads Furubotn38 to propose
a production function based on engineering data, as what
he calls a 'multi-eqﬁation construct'. There is, however,
no application of the theorgtical fofmulatioﬁ.

_Another field which has found wide potentiality for
the use of engineéring source material,aqd technical data
is industry or economy-wide feasibility studies. Attempts.

39

made by Markowitz énd Rowg to estimate fhé requirements

of machines, materials and labour for the:metal working

sector involves the combined use of éngineering and census
data., Though input coefficients for material, labour and
equipment.are largely 5ased on censu;'data; éngiﬁeering esti-
mates are suggested.by the aﬁthors for the purposes of second-
ary corrections. The technology in the metal working iﬁdus-
tries has been described in terms qf standaré tasks (techni-
cal processes), st;ndard machine classes, the breakdown of

’

machine time for different tasks and machine availability.’

8 e -

3 Furubotn, Erik, G., 'Some Questions on the Theory
of Engineering Production Functions', Artha Vijnamna, Vol.9,
No. 2, June 1967, pp. 252-276.

39Markowitz,-Harry, M. and Row}{ Alan, J., 'Metal Work-
ing Requirements Analysis',also see by the. same authors,
'A Machine Tool Substitution Analysis'!, in Studies in Process
Analysis, Economy-wide Production Capabilities by Alan S.Manne
ang Harry M.Markowitz, John Wiley and Sons, Inc., New York,
19 1. : .

40
Ibid, See especially pp., 357-363.
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Investigatioh undertaken by the Institute for Research
in Social Science of the University of North Carolina to
study the Soviet Machinery Industry,%l-is another inséanée
of the use of engineering data in the'field discussed above.
This study was intended as a tool for estimating the economic
icapébilities'of the Soviet Union. It was based on published
Soviet engineering and industrial source material.
Without going iqto the details ‘of these studies and
the operational aspects of the theoretical formulatlons in
some of these, we may highlight their important conclusions
as regards fhe use of techmnical data. vThé experience of
these studies shows that a ceftain amount of economic Jﬁdge-
ment is n;cessary in usiné fhe engineering data. The technical
material is vast,apd available in considerable,details. The ‘
levei.of disaggregation for the collection or compilation
of the data has to be decided according to the purpose of
economic analysis,
An important point emphasised by these studies is the.
use of the comﬁined engineering statistical approach (rather
.than pure statistical one), for the analysis of requiremeﬁts

of various types of inputs for industries. The use of dis-

41

University. of North Carolina, Institute for Research
in Social Sciences, Production Coefficients and Technolqglcal
Trends in Soviet Industry - 4An Input-Output Analysis of
Machinery Construction, Soviet Planning Study No. 7, Chabel
Hill, North Carolina,. 1959.
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aggregative technicail informatioh.provides insight intOAthe
relationship of different industries. Further, it helps to
point out the resource shortages or bottlenecks in the ,
particular production programme cleafly, which is also an
important objective of these exploratidns.

Iﬂ the present study, technical data have been used
in a modest way. The linear‘programming analysis of ‘:f'irmsl*2
is baéed on ﬁetailed fechnical'data. These include Lists
of Machines and their total time available for the particular
period chosen for analysis, say a week or a month.' Time of
different méchines rgquired to fabricété each product on the
production schedule, etc. The eéonoﬁic data are required
to formulate the oﬁjective functions to be paximiéed..Linear
programming technique, provides an excellent tool for com-~
bining engineering and ecoﬁomic data for the.purpose of
detailed analysis.

Thus, the capital structure of the firm surveyed for
this study dégs nogrkgan so much Rupees worth of machinepy
but it also implies information listing the number of machines
'classified according to the groups chosen for the énalysis.
The optimum plans given by the linear programming analysis~
according to different objectives show nyt only the amount

‘

of maximum profit or value added that could be achieved out

L2
N See,Chapter V,
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of such plans but different machines and their time usédvin

the production pfocess.»

The attempt is-to arrive at the values of optimum éro;
duction, capacity measures, . etc. by direct analysis of the
firms baéed on disaggregative engineefing.gnd economic ﬂéta

instead of dependingon results baéed'on Financial Statistics

régarding some past performance.

1.5 Electrical Machinery Industry As a Part of the .

Larger Complex of Metal-working Industries.

. The present study pertains to four sectors. in thé
electrical machinery industr& viz. motors, transformers,
‘switchgear and fans,- ?ithin the elec%fical machinery ;ompléx
these producfg (especially the first three) afe more akin to
each other from-the Point of view of &ependence'oﬁbthe power
generation in the country fof‘their demand, important raw
‘materials required and the basic teqhnical précesses_involved.

Most of the products of fheAelectrical machinefy in-
dustry and particular;y those mentioned abovg can‘be inciudéd
in the general class of metallworking induétries. Theée in-,
dustries prodﬁce an arréy'of products ranging from traptors
and earth~-moving maehinery, electrical‘machingry, other.
indugfrial machineryvto nuts and bolts, pails, sp?ings.etcr
Despité the diversity of products, there is a.high dégreeiof
overlap between the procésses, skills, and equipment used

by the metal~working industries. 'Hiring in' and 'hiring out!'

of the machine capacities i; found quite common in these
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industries. It is hardly a case when the mahufacturer in
these industries produée; all the Bbmponents, parts ‘and
accessories requiredgfor his final output himself. |

| A machiné tool preduced in a machine tobl factory may
"be sold with an electric moter (whicﬁ goes as an'important
accessory . of the main capital asset) produced in an electri-
cal motor manufacturing uﬁit. A large numbef»of parts are
genefélly bought from ancillary industries who specialise in
the particular processes., An énciiléry unit may $pecialisé
'in certain machining processes such as-laﬁhe—work;.another
may Be efficient in the press tool work; Yet énother may
pe'best in electroﬁlatiné Jjobs,

Efficient output of an eiectricél machine manufactur-
"ing plant thué'depends on the growth and efficiency of several

.other metal-working industries inecluding those producingA
minor parts. -

This has lead économiéts to study the who;e mefal
working complex as such from the point of view of its require—
ments of materials, skills and eqi.t:i.pmen't:.u3 qusibilities of
transferability of machine capaeities from one prbduct to
ano ther, and further possibilitiézfsubstituting‘machines for
different 'taskS"or the basic technical procesées~have been

studied at some depth.uh In the United States, the outbreak

3Markowit2 and Rowe, ' 'The Metal-working Industries', in
Studies in Process Analysis, John Wiley and Sons, Inc., New
York, 1963, pp. 264-284, '

, hhMarkowitz and Rowe, A Machine Tool Substitution
Analysis, opscit., pp.313-351,
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) 4>
of Korean War in early fifties prompted surveys with the
object of assessing the capability of metal working indus-
tries especially to switch over from peace~time prodﬂbtion

to war time production.
The peculiar feature described above has been stressed
here because some of the problems that are facing electrical

machinery iﬁdustry and especially the ene of unutilised

capacity has to be étudied in the context of this gamut of
relatidnships existing in the metal working industfies.

1.6 Unutilised Capacity - Recent Statistics

In the recent years unutilised capacity has plagued-

most of the sectors of these'ﬁetal working industries, in=~

cluding thése-products of the electrical machinéry industry

which are the subject of the present s£udy. The situation

has no déubt been aggravatea by the conditions of recession
prevailing in these sectops for the last one and a half'yeaf{

It is, however, an agreed fact on all hands that.man& indus;

tries are running below normal at least for the last quin- '
Quennium, The study made by the National Counéil of Applied

46 _ oy

Economic Research which is based on published statisticsh

hSSurvey of Production Machinery, Factory Space and
Manpower, York, Pennsylvania, 1951.

h6National Council of Applied Economic Research (N.C,4.E.R.).
Under-utilisation of Industrial Capacity, New Delhi, 1966. -

4 :

7Viz., the following, India, Central Statistical Orga-
nization, Monthly Statistics of the Production of Selected
Industries of India, Calcutta.
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reports that the average per cent unutilisgd capacity for

the period of four years viz..1961-6h‘was 44,5 per cent for
motor starters (Sﬁitchgear), 49.4 per centlin the case of
electric fans, 15.3 per ceht for transformer and 38.2 per
cent for electric motors on the double éhift baSis.h 'The
latest'published statisticsu9 for tﬁe year 1967 show thét on
4the two shifts basis, the unutilised éaﬁacity ih the four
important sectors varied betwéen 25 per cent and 57 per cept.

Preduct-wise unutilised capacity was as follows:-

TABLE 1.1. UNUTILISED CAPACITY (ON THE TWO SHIFT BASIS) IN
MOTOR, TRANSFORMER, SWITCHGEAR AND FAN INDUSTRIES

DURING 1967.+

Product : ' Unutilised capacity
1. Motor Starters (Switchgears) 24,73
2, Fans ' e 57.08
3. Transformers (Power) . - 38.65
4, Motors ) 26,43

+ Calculated from Monthly Statistics of the Production of.
Selected Industries of India.,

hsThis is considered to be the desirable shift working

pattern for these industries in the 'N,C.A.E.R, ! Study.
h9India, Central Statistical Organisation, op.cit.

The data given in the Menthly Statistics of the Produc-
tien of Selected Industries of India regarding these products
relate only to all assisted units featuring on the list of
Directorate General of Technical Development of the Govern~
ment of India (DGTD) in the whole of IndianUnion. Units
having fixed assets of more than Rs. 5 lakhs are generally
looked after by the DGTD. Exact situation regarding the

utilisation of capacity in the small scale units not covered
by the DGTD is not known. '
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50
Koti's study for the year 1966-67 shows that the

unused capacity in the caée.of responding firms ranges from -
22 per cént in switchgear, 21 per cent in the electric

motors, 22 per cent in power transformers, 31 per cent in

v

other transformers to 66 per cent inlthe cables and wires

industry. The responding units in the electric .fan industry

had no idle capécity.

v

1.7 Summary

A}

Four sub-groups of the‘elgctrical machinery industry
'in India have been studied in the present work. Theée are:
motors, tpansfofmers, switchgears and fans. The emphasis
of the s£udy is mainly oh'the apalysis of unutilised capaf
eity (at the level of a firm) in these industries., The
problem of unutilised.dapacity is being approached both aé o
a comparison of the aqtﬁal output to the capacity oﬁtput‘and
from the point of view of utiligationﬂof capital stock, |
Linear programming has been used as a tool of analys}s for
this pr;blem. The analysis of unutilised capacity has beeh
facilitéted by the.cémbineﬂ use of engineering and economi;

data.

50 '
R.K.Koti, op.cit, )
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THE INDUSTRY




35
. 2.1 Introduction *

v

The lést chapter gave an outline of the theme of
this studys It also showed the kind of need that may be
fulfilled by studies of this kind. This chapter is intended’

)

to present broadly, certain important;features of the iour"
subgroups of the electrical machinery'indusﬁry, viz., motors,.
transformers, switchgears and fens, being considered in this
"study. It also gives the recent positionvof these four -
industries in respect of installed capacity, prqduction,
imports and exports. Most of the étafistics trelates to the
period 1951-52 to 1965-66 which is the period covered by
India's three Five Year Plans. This account is baséd mostly
en puﬁlished statistics, fepqrts anq other references.
Unutilised capital resources involve certain 'extra'
costs. In the model of a ﬁerfect competitive market'it is.
assumed that such a firm will be weeded out by the market
forces. The nature of competition prevdiling in an industry
is related to the problem of unutilised capacity inAthis
sensg. The nature of competition in a modern industry in°
India is influenéed by ﬁany factors; Onlywa bread outline
of some of -these could be given here. .What strikes aﬁy keen'
qbserver of ' the industrial scene in India is the faet that
market in the case of many sectors of industry is segmented
inte many distinect sectiogf.«fThat the,operation\of‘competi-

tive forces in some of the modern industries in many countries

is restrained by factors such --as preduct differentiation and
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-

selllng cost is a subJect already dlscussed at able hands.
Some of these factors appear to be appllcable to Indian"
industrie§~also. Certain facts of the Indien situation
(such as, ; rdnge production being-reserved‘for the public;
sector undertakinés, and others as‘diScuesed in the next

further
paragraph) probably/restrlct the fleld of effective compe-

i
tition in Indian industries. No conclusion, however, could

be drawn.here as to the effect of this situation on prices.

. ‘
In the case of electrical machinery indugtry in India

and'especially the four sectors under study, it is the policy
of the Indian Government2 that a major part of the'demand
viz, thai?ine heavy electricals will be met by the un1ts 1n
the publlc sector. ﬁ substantial range of production is,
thus, reserved for the.bublic sector where an entry of a
>private firm is difficult, unless the government makee an
exception to its policy and licences a private firm to under-
‘take the prodﬁction.\ In eachteector,-a large3 amount of pro=
duction is accounted for oy a few big firms, Quite often,

as will be seen in a subsequent section'theee largest firms

'

represent foreign capital investment; sometimes with far

K

1See Chamberlln, E.H., The Theory of Monopollstic Compe-
titionf  Re-orientation of the Theory of Value, Oxford Unlver-
sity Press, London, 1949, pp. 71-173.

2 . .
Government of India, Industrial Policy Resolution,
New Delhi, 1956, pp.3=4.

See Section 2,8 ﬁassim.
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better business compefence than their In?ian counterparts.

Restrictive frade policies of the.Indian government
in respect of iﬁporfs either in the fbrm of a total ban on
the imporf of certain items or prohibitive tariffs keep off
tﬁe forces of international competition from a wide range |
of indigenous prodqction.'

In the subsequent sections, these aspects have only
been touched upon. It is not the iﬁtention.here to question
the 'raison détre' of the public policies involved.4 Nor is
the attempt directed to answer.the_'why'-of the‘problém of
fhe under utilisation of capacity by explaining the nature
of competition in the groups of industries b;ing studied
here. The purpose is only to present certaiﬂ facts‘in this
respect which also fdrmsalpart of the objecti;e of this -
chapter viz, to gife a general outline of the industry.

Section 2,2 gives a descripfion'of the'prqducfs:.motofs,
transformers, switchgears and fans, along with a brief histofy
of.the electrical machinery in' India. Section 2.3 describes
in short, India's fotal hydfoelectric power potential, and
hydro-power put to use., The scopé for the products that are

being studied depends very much upon the power generating

capacity in the country. Position of the electrical machinery

Thus, perhaps no private Indian firm was coming forward
to invest in the production of heavy electricals which have
been reserved for the public sector. Alternative to public

investment would have been to invite foreign private invest-
ment,
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industry in the total manufacturing sector and tpe size of
‘different sectors (Large, Medium and Small) within the
industry are given in Section 2.k4.

" Section 2.5 gives a brief description of thé present
position of thé public séctor undertakings, especially as
regards the investment and the range of the products for which
capacity has been installed. However, for the convenience of
presentation, statistics regarding the actu;l production of -
these units has been given along with those ih.the private
sector in Secfibn 2,8. ' E . *

Seétion 2.6 describes the foreign concerns participat-
ing in each sector. Present regulationg régarding imports
and tariffs om imported items are stated in Secfion 2,7.
Section 2,8 puts in brief the receﬁt poéition of the four
sectors .in respect of capacity, production, expdrts and |
imports., This has been given for the four selected years,
Statistics on different aspects of industries is not,avail;
able in a single Source. Different sources of data héd to bé
used. At every staée it has been shown that the sources cover
major portion (that of production,,capacity, etc.) of these

industries.

2,2 Scope of the Industry and Its Brief History

The Electrical machinery industry consists of establish-
ments engaged in manufacturing machinery, apparatus, and

supplies for generation, storage, transmission, transformation

5

and utilisation of electric energy. Generators and turbines,

5 See for instance, the definitions given in the follow-
Continued/
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transformers, switchgears and distribution line eqqipmeﬁt‘
like wires and cables aqd related products are required

for the genefation and transmission of electricity, Electric
motoré of various types are used to transfqrﬁ electrical
energy into mechanical energy. The products using electri-
cal energy are many énd varied, ranging from‘eledtrigal
lamps, meters, radios, teiéphones, to household appliances
working on electrical energy. Motors, tranéfofmérs, sQitehJ
gears and eiéctric fans are considered in the present study.
Except electrical fans, which.is a d@rabie consumer good,

) allitheArest are important capital goods. These capital
goods are' the key.prddugts'reéuirgd in the electrificgtion'
and irrigation programmes and in increasing the pfoduqtivitf
in dindustry and agriculture. We may look inté'the nature

of these four groups of products in some more details.

Electric Motors : .

This is a machine whichAconverts electric energy into
mechanical energy. ' Electric motors are produced in.a bfoad@i
range of sizés. Those below one hofse-power are cléssed as

fractional horse-power motors, while those with one horse

power and above, ranging upto thousands, are called integral

Footnote continued from previous page.

-

ing publications:

(2) India, Central Statistical Organisation, Annual Survey of
Industries, Vol, I, Calcutta.

(b) U.S.Dgpartment of Commerce, The Buréau of the Census;
Census of Manufactures 1947, Vol. II, Washington D.C.,
1949, p. 714,
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horse-power motors. An électric motor can be madg with a -
wide variety of characteristics, such as, speed, voltage, -
torque, duty rating,.temperaturé rise, etc, This makes the
" standardization of the product difficult as the customers
demand motors with special characteristics for their appli-
cations, A la¥ge portion of fractional horse-power and
integral horse-power a,c. motors, however, are made iﬁ
standard frame sizes and'hqrse-power ratings.

Transformers

Supply of electricity from a power stétion td distant
load centres, and tg consumers, nepe;sitates transformation
of voltage at various stggés. Large blocks of powef are
stepped up to_extra high tension voltage near the power ey
station] stepped down to intermediate voltage atvsub-stationsv
near load centres, and further transformed from 33 KV, or,
other secondary voltages to 400/230 volts, for distribution
to. smaller consumers, Transformers of various duty ratings
and types are used'for these applications. .

. The two important categories of this machine are:

'

(a)‘bistribution and instrument transformers, and

(v) Power transformers.

<Distriﬂutibn and instrument transformers are sold to
the electric utility industry. They are located at the out-
lying ends of the electric utility network and convert trans-
mission voltages to the end use voltages.l Instrument trans-

formers are devices used in measurement of voltages, and

currents.
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AsS compared'with the manufactgre of éther equipment
involved in the generation, transmiséion, an& distributioﬁ
of electric power, £he minimum capital investment necessary
to enter this segment viz., distribution and instruméﬁt
transformers industry, is lower thén thét pequired for other
apparétus. The spepifications for eaéh rating of transformers.
of ‘this type ﬁre clearly established. }his commodity type
charécteristic of the market makes it posgible for smali
size plants.to.éﬁecializé in fhe manufacture of certain
range and coﬁpete successfuily with the large scaig units
inithéllocal markets in terms of service and price. 4s a
result of this,many companies have entered.this field.‘ 
The‘electricvutility industry is also the primary
customer for power traﬁsformers. They are used to step.up_
voltage for long distance tréns;issioh and fhen t6~reduce it
at a éub-station for local distfibﬁfion.  Power transforﬁeré
form a major capital equipment required for elecfric ﬁtilities.
Because of the large number of variablés‘in.designs, they
are usually custom~-built, to meet the feéuirements 6f each
customer. Large igvestmént-is'needed to enter this field,
_'beqause of the iarge size, long prbduction—cyble time;

and extensive engineering facilities needed.

Switchgear

The térm switchgear includes all types of circuit
breakers for transmission and distribution of power, control-

gears for various applicatiens, sﬁitéhés, relays,‘etc;
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Broadly speaking, the products which are classed as
switchgears and controlgears are devices which make, bréak,
or change the course of an electricvéircuit.é The term
switch is usuall&\ﬁsed to denote only those devices intended -
;o function when the circuit is operating under normal load;
as contrastéﬁ withvciréuit brqakefs which‘a130bfuncfiqﬁ whep
the circuit is carrying abmormal currents. | .
SQitchesAare made in many- forms ranging from mich—
switches used in low voltage circuits, carrying small currents

in.such equipment as'telepﬁones and business machines; to dis-

copnecting switches in power traﬁsmissiop circuits carrying
large blocks of electric current. Most famiiiar switches
are the wa;l éwitches used.in homes and offices fof turning
lights and'appliance;'on and off, énd‘service entrance
switches used to cut‘off power from buildingé in emérgencies..
Circuit'breaker is a device which bfeaks an electric
power'circuit whenever excessive cufrentvdevelops,'thereby
protecting the circuit's apparatus and surrouﬁdiﬁgs fromAthe
potentially disastrous‘consequences of sustgined exéessive
current. Circuit breakers are used in practically all kinds
of»electriévpower transmission and disfributing systems,
from small isolated gegerating sets to lérge public utilities

6 ) y
) This description is based on McGraw Hill Encyclopedia
of Science and Technology, McGraw-Hill Book Company, Inc.,
Vol. 3, 5, 13, New York, 1960. :
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and industrial plants. 1In physigal‘size they range from
that of a-sﬁall two-sfory'housé to that oan packége of
cigaretteé. They are rated according to their abilit& fo;
interrupt short circuit cﬁfrent: f?om a few amperes at less
than 100 volts to over 40,000 amperés.at 345,000 Vﬁl?s,fﬁnd
150,000 amperes of 240 volts. ‘
According to.the methods used to extinguish thg‘arc,

circuit. breakers are classified as (1) oil circuig breékersy
in which the arc is drawn and extinguished in insulating oil, -
(2) ‘ai.r-blast, in which the arc is extinguished by a blast
of compressed air; (3)‘magnetic air, in which the aﬁq is
forced by a magnetic‘fie;d and (4) gas, in which arc extiné?
tion takes place in a'dielectric gaé‘bther thénvqir. ‘

| Relays of different types are commonly uséd.for remoté
switching and cbntrol, pr&fecting elecfrical de#ices‘énd

systems, and in diéitalﬂcomputers. This is a device,, usualiy
electro-magnetic, that'u;es a variation of the Euffent in
one circuit to control.conQitions in another circuit.

The demand for swiﬁch—gears and motor'contrél-gears
(a section of the switchgear production) is in direct pré-v
portion té the demand for t£ansformeré_and motors.and has‘

therefore relationship to the electric power generated.

Electric Fans

This is an item with which we are quite conversant
because of its common domestic use. Various kinds of'fans

are available. They iaclude ordinary table féns, ceiling fans,
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railway carriage fans, pedesfal fans, blowers, exhausters, etc

Brief History

The"electricai ﬁachinery indust:y came igtp'éxistencé
in India a few years after the termination of the first
World War. The necessity of building this industry was
felt much earlier, but lack of technicaﬂknbwledge combined
with restrictions on the import of capital goéds and machin=
ery during the First World War precluded the industrialist
of the country from entering into the field of this industry;
The industry's prospects were further narrowed byAthe’dﬁmpiné
of cheap‘electrical goods from foreign countries like Japan
and Germany. ‘

The electrical fan indu;try with the establishment of

a factory in Calcutta in 1921 became the pionéering electrical

industry of the country. Before the Second World War, the .

capacity of factoriés established in Calcutta, Bohbay, Lahore“
and Amritsar was in the neighbourhoéd of 40,000 fans per
annum, Duriné‘the War, with a view to meetihg the véry
large demand of Defence Services the industry was rapidly
developed. By 1946, the capacity of large units was approxié
mately 1,50,000 fans per annum.8

In the thirties, electric lamp, dry battery, and storage

battery industry were established. During the Second World

7 India, Department of Industries and Supplies, Report
of the Electrical Machinery and Equipment Panel on the Develqpf
ment of Electrical Industries, 1947, p. 36.

. 8 Tbid,
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War and after, the manufacture of electric mofors, trans-
formers, cables and wires was undertaken. ‘

In the late thirties, factories producing electric
motors were set up at Bombay, Calcutta and Kirleskarwadi.
Manufacture in the pre~independence period was restricted to
that of 1 to 16 h.p. motors. Factorlies manufacturing trans-
formers were loéatéd in Calcutta, Bombay, Lahore and Bangalore.
The range of transformers manufactured in India till 1917
was quite limited. Only a limited number of 500 KVA trans-
formers were being manufactured and the bulk of the produc-
tion, apart from the very small low voltage transfdfmgrs,
had been in the range of 25 K.V.A. to 100 K.V.A., and 11 K.V,
on the high tension side. The capacity aréund 19#7 Qas
approximately 80,000 K.V.A. per annum.9 The manufécturé of,!
swifchgears and controléears was startediaround the same
period ag in the case of motors and transformers (during the
Second World War). Factories were located at Calcutta,
Bombay, and to a small extent at Laﬁore. The range of switch-
gear manufactured in India covered (1) knife switches and
fuses including iron-clad, domestic and industrial switch- =
gear of 15 to 200 amps capacity, (2) manually oéerated dis-
connecting switches suitable upto 33 K.V., (3) simple type
switchboards, and (4) fabficated switchboards.lo The produc-

tion of'all the four types was very limited.

9 Ibid., pp. 20-21.

10 Ibid., pp. 25-26.
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Private investment in the heavy electrical equipment
industry was, however, conspicuousiy absent. This was
largely due to the high standardsiand complicated nature of
the technelogy and processes involving,heaéy capital invest-
ment qnd a long period of éestation lag. Excepf a few cases
of private firms undertaking the manufacture of items like
-‘transfopmers of high voltage, the production of heavy elec-
trical machinery has been in the.éublic sector undertakings
only and of very recent origin.

2.3 India's Hydro Electric Power Potential and the’

Electrical Machinery Industry

" The demand for heavy and light electrical equipment
and especial}y these products which are being ﬁevered in.
this study, closely follows the prégramme of power develop-_
ment in the country.\ Vérious conversion factors are adopted
to‘estimate the demand for electricai equipmént on the basis
of power generating capacity in the country.ll There are
foeur main primary sources on Wwhich eiectricity sﬁpply'must
depend. Thef are! water resources; coal, eil and nucleér
fuels. Wﬁile India has limited Tesources of good coal, and
so far isg yét known, only meagre resources of oil, tﬁe country
is relatively rich in water power resources. A.detailed dis-

cussion of the country's resources of hydro, cdal, oil aﬁd

11 : : ' :
See, for instance, Samuel Paul and N.V.Raoe, 'Demand

for Electric Motors', Artha Vijnana, Vole. 9, No. 2,-June
l967,pp. 228"251‘ -
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nuclear fuels12 may lead us far off our track. The idea of
the presenl level of utilisation of resources could well
be obtained ffom thé following statistics regarding the
total w;ter resources utilisable for power generation and
théseiwhich have been put to use.i ‘

| The economically utilisablevhydro-eleetric power \
poténtial of the Indian Union aggregate te 41.155 Million
KW. at 60% load factor (corresponding to about 216 TWh
annual output).l? Schemes for generating electricity from
the weter fesouqces which are currently in operation, under
constrhction, and whose investiéations have been completed,
cover a total potential of aboﬁt 11,6 million KW at 60% |
load factor (61 TWh annual output). The ultimate pofential
for hydro-electricity may, further, be compared with the
total electricity production by all public utilities, hydro
and thermal, of 22,4 TWh annual output in 1962—63. 14

This shows that a large untapped potential of hydro-

electricity itself exists for exploitation in the future.

12
For a detailed discussion of these three resources,
see, India, Report of the Energy Survey of India Committee, -
Government of India Press, New Delhi, 1965. .

Terawatt hour = 109 KWh
Killowatt hour

13 Ibid., p.192. TWh
KWh

Hou

14
- Ibid., p. 125. According to another source, the

latest figure regarding the level of utilisation is 6 mil-
lion KW, See, S. Swayambu (Chairman and Mangg. Dir. Heavy
Electricals (India) Ltd.), "Heavy Power Equipment Industry"
The Journal of Industry and Trade, Vol. XVII,No. 2, Feb,
1968, pp. 130-32,
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The total power generatlon capacity which was 1.1
million KW at the beginning of the First Five Year Plan was
expected to rise to 12 million KW by the end of the Third
plan. 1’ By 1970-71, it was planned to be 22,0 million KW.
Side by side with the increase in-power generating capacity,
extensive transmission systems are also developing all over
inter-connecting State grids. ihis has brought ebout the
adoption of higher transmission volfages. Many power systems
have commissioned 220 KV lines and it is expected thatlhOO
KV lines would be’constructed in the next few.years.l6.

The supply of generating equipment‘is a necessary part
.of the country'e power develoément programme. The important
equipment.for.generating hydro~electricity are turbines of
different types and retings. The equipment for generatiqn
of power.ffom coal are boilers, steam turﬁines and turbo
generators, .These equipmerits are to be manufactured'by the

-plants manufactﬁring'heavy electricals at'Bhopal,‘Haradwar,
and ﬁyderabad, in the public sector. |

Increasing power generating capacifyrwiil also give

a spurt to the demand for motors,'transformers, switchgeers

and other equipment in beth the higher and the lower ratings

-

15 '
S. Swayambu, 'Programmes of Manufacture of Heavy
Electrical Equipment', Capital, July 1964, pp.73-75.

A6 See, V.P.S.Menon, 'India's Heavy and Light Electri-
cal Industries', The Journal of Industries and. Trade, Vol.
XVI, No. 9, September 1966.
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and ranges. Produqtion of lighter electrical;equipmeﬁt

is concent%ated mostly in the privﬁte sector while‘the out-

put of public sector units is mestly that of heavy electri-

cal machinery, |
The subsequent éections a;e arraﬁged 80 as to give .

a broad outline of the important. aspects of the industfy‘

and its relevant statistics.

2,4 Relative Importance of the Electrical Machinery

Industry among the Manufacturing Industries_and the

Position of the Different Sectors within the Industry

If value added is taken as the basis of comparison,
the electrical machinery industry stood.seventh by its
share in the .total value added by the manufacfuring indus—
tries. Its‘contribution in the total -value added by the
'industrial sector stood at 3;9 per cent in 1963. Table 2.1
showg the d;fferent manufactﬁring'industries arranged .
according to thgir féspective share in the total value added

Ih;'Aﬁnual Survey of Industfies17 divide the electri-
.cal machinery coﬁplex'info sixteen ;ub—groupé of industries,
‘Table 2,2, which is based on the reports of this survey

. 18 . :
for the 'Census' part gives the description of these sub-

1 . ’ '
7Ind:.a, Central Statistical Organisation, Annual
Survey of Industries, Vol, I, Calcutta, 1963, pp. 90-93.

The coverage of this survey extends to the entire
factory sector. '’ 'Factory"according to the survey means
any premises including the precincts thereof
(1) whereon ten or more workers are working or where

working on any day of the preceding twelve months,
and in any part of which a manufacturing process
is being carried on with the aid of power, or

Continued/
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TABLE 2,1, INDUSTRIES ARRANGED ACCORDING TO THEIR PERCENT-

AGE SHARE OF THE TOTAL VALUE ADDED BY THE

INDUSTRIAL SECTOR

Industry . : Value added
percentage
share

1. Spinniﬁg, weaving and finishing of

textiles ) 24,7
2, Iron and Steel . . 8.9
3. Electri¢ Light and power and gas ' . - 5.4

4, Paints and Varnishes and lacquers and : A
miscellaneous chemical products 5.2

5. Miscellaneous. feod preparation and
. slaughtering. Preparation and preserving

of meat . : . 5.0
-6.,Machinery,‘except electrical N 5.0
7. ELECTRICAL MACHINERY - - 3.9
8. Rail road eéuipment | . 3.5
9. Metal preducts - ’ 3.3

.10, Basic Indﬁstrial chemicals includiné
fertilizers ’ _ 3.3
11, sugar factories and refineries .~ - 2,7
12, Tobacco @anufactures e : 2.1

Selected‘industries' share as pefcentage
of the total : Co 73.0

$ Source: Reproduced from, India, Central Statistical Organisa-
tion, Annual Survey of Industries, Capital Empleyment
‘and Qutput Estimates for the Large, Medium and the
Small~scale Sector, 1963,
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groups and their tetal output in the year 1963. The share
of eaéh group iﬁ the total valﬁe added has also been
given in order to aséess the relative importance of each
according to this criteriop. The units in the electrical
machine;y complex covered by the 'census' parqbf tho’Annual
Survey of Industries formed é major part of tpe industry.
In 1963 these accouﬁted for 96f7l per cent of the total
fixed capital, 88.28 per.ceht of the total eﬁployment,
91.38 per cent of the total gress output, and 93.70 per
cent of the value added.”

Annual Survey- of Indﬁstries also divide thé units in
the electrical machinery industry into larée, medium and

small scale sectors according to the size of the capital

invested. Units having fixed capital of Rs, 5 lakhs and

Footnote continued from previous-page

(ii) whereon twenty or more workers are working or were
working on any day of the preceding twelve months, and
in any part of which a manufacturing process is being
carried on without the aid of power. ’

Factories employing 50 or more workers with the aid of power
or 100 or more workers without the aid of power are comple-
tely enumerated.  This is called the Census part of the
Survey. The remaining factories, namely, employing 10 to
h9‘wo;kers with the aid of power or 20 to 99 workers without
the aid of power are covered. on the basis of probability
sample., Table 2.2 is based on the results presented in the
Census part of the survey. See, India Central Statistical |
Organisation, op.cit., p. xiii. .

l9Ca1cula't:ed from, India, Central Statistical Organisa-
tion, Capital, Employment OQutput Estimates for FactorygSector,
Calcutta, 1963, p. 4k4. _

This annual paper published by the Central Statistical
Organisation gives combined estimates of the fixed capital,
employment, output and value added for the !'Census' and the

¢ Sample’sectors.




TABLE 2.2. RELATIVE IMPORTANCE OF THE INDUSTRIES IN THE ELECTRICAL MACHINERY

COMPLEX (ALL STATES)

Sl.No. Description Total Value Per cent of
. Output added the total
value added
1. Equipment for generation, trans- .
: mission and distribution of
electricity including trans-
formers : 32,18,40,894 7,36,25,214 13,61
2, Electric Moters 15,62,82,918 5,88, 65 625 10.88 -
3. Electric Fans 16,45,78,684 5, 19 80,296 @ 9,61
4, Electric lamps 7,17,71,409 2,24, 35 826 4,15
5. Manufacture of electrical )
furnaces 7,70,68,517 2,33,43,036 L.,32
6. X-ray equipment
7. Electrical machinery )
apparatus others ) . ,
8. Electrical cables and wires 51,79,37,998 14,52,24,879  26.85
9. Household appliances, :
: irons, etc. : 1,13,20,207  36,33,246 0. 67
"10. Storage batteries 6,49,41,750 2,47,59,259 4.58
11. Dry cells 7,20, 80,964 2,38, 64,909 L.oki
12, Telephones 12,14,37,831 5, 96 89 321 11.04
13. Telegraph equipment and )
14. Teleprinters - 4,67,83,698 1,94,27,511 3.59

4]

'15. Wireless communication apparatus
and radio receivers including
amplifying and

. 16. Public address equipment

Total for all sub-groups

11,40,07,132 3,38,12,392 6.25

1,74,00,52,002 54,06,61,514 99.96.

Source: Calculated from India, Central Statistical Organisation, Annual
Survey of Industries, Vol. 1, Calcutta, 1963, pp.90-93.
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below are defined as small-scale uniés. Those with fixed
cépital between Rs. 5 and 25 lakhs as medium and those
abové Rs.25 lakhs afe largercale units. .Table 2.3 gives
the sector-wise distribution of the fixed capital, persons
employed and the value added by the manufacture in the
electrical maphinery industry. It shows that on the basis
of size, large-scale sector is predominant in all the three

aspects of this industry.

TABLE 2.3. SECTORAL (LARGE, MEDIUM AND SMALL) POSITION OF

THE ELECTRICAL MACHINERY INDUSTRY (ALL STATES)

Sector Eixed - Per cent Persons Per cent Value Per cent
Capital share of employed share of added share of
Rs.” each each Rs, "each
Lakhs  sector , sector ° Lakhs sector
Large 6752,35 82.57 67,848 55.26 3656.72 64.50
Medium  866.57 10.60 - 22,627 . 18.43 1092.10 19,46
Small 558.50  6.83 32,294  26.30 920.2hF 16.23
99.99 100 + 13

Total 8177.42 100.00 1,22,769 ¥00.00 5669.06 YOU/09

Source! Calculated from A.S.I.,'Capital, Employmeht and
/ . Output Estimates, 1963. ~

Fixed capital invested per rupee of value,édded, fixed
capital per person employed and value added per person
'employed; for large, medium and small~scale sectors are

given in Table 2.4, The measures are based on the aggregate
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statistics given in Table 2.3 . Cépital-output (value
'added) ratio as well as the capital required per person is

#he highest in the{large-scale sector, so also is the‘valueﬂ
‘addea per person employed.

TABLE 2,4, FIXED CAPITAL PER HEAD VALUE ADDED PER HEAD,

AND FIXED CAPITAL PER UNIT VALUE ADDED FQOR THE
LARGE, MEDIUM AND SMALL~-SCALE SECTORS OF THE
ELECTRICAL MACHINERY INDUSTRY

Sector Fixed capital  Fixed capital Value added

per unit of per perseon per person

‘value added employed. employed
Large 1.85 9952, 17 . 5389.57
Medium 0.79 " 3829,80 4826,53
Small © 0.61 1729.42 2849.56

Source: Calculated from A.S.I., Capital, Employment and
OQutput Estimates, 1963. ' :

2,5 Public Sector Undertakings

The Government of India according to the 'Industrial

Policy Resolution' has included the manufacture of heavy

electrical machinery including large hydraulic and steam
turbines under that category of industries, the future
development of which will be the éxclusive responsibility

20 .
of the State, Investment in the public sector units

oIndia Industrial Policy Resolution, New Delhi,
1956, pp.3—h

The policy, however, does not preclude the expansion
of the existing privately owned units, or the possibility of
the State securing the cooperation of private enterprises in
the establishment of new units when the national interests
50 require. (see, p. 4). As mentioned at the end of this
section certain units in the private sector have recently
been licensed to manufacture heavy electrical equipment.,
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iﬁtended to produce heavy electrical machinery‘was first
undertaken at the beginning of the Second Five Year Plan
viz. in 1956 57. Heavy Electricals (India), Ltd., with its
first giant plant at. Bh0pa1 was the first public sector
unit set up in the electrical machinery industry. ‘The next
company to be incorporated in the public sector was Bharat
Heavy Electricals Ltd., in 1964. '

The following ﬁaragraphs descfibe different units ef
these two companies ﬁainly from the point of view of the
range of production for which the capacity is beiné created :

and investment in each unit.

Heavy Electricals (India) Ltd. (HEIL)

This company was incorporated in August 1956 with the
objective of manufacturing heavy electrical equipment)for
which the countiry héd so far been almost entirely“dependent
on imports. Due to the foreign exchange cfisis which ensued
in 1957, completion of the ééheme wasischedulgd in three
‘phases. The important features of the threé>pﬁases are’
given on the next page. |

Till the end of March 1967,'the.company spent Rs. 62

crores (approx.) on Capital assets. The working capital

22 S :
stood at Rs. 19.62 crores,  while the total staff employed

1
Reproduced from:Heavy Electricals (India), Ltd.,
2nd Annual Report, Bhopal, 1957-58.

22
Heavy Electricals (India), Ltd., 11th Annual Report,
Bhopal, 1966=-67. . .




HEAVY ELECTRICALS (INDIA) LTD.

IMPORTANT FEATURES OF THE THREE PHASES

No. Phase I Phase, 2 . Phase 3
1 Production scheduled Production scheduled Production scheduled
to start in the lat- to start in July to start in July 1966
ter part of 1960 on 1963 on . on _
(i) switchgear (i) Industrial (i) Hydraulic Turbines
(ii) Transfermers Motors (ii) Rectifiers
(iii) Contrel gear (ii) Traction Motors
(iv) Capacitors (iii) Heavy Electrical
Rotating Plant .
2 Full production to Full production to be Full production to be
be achieved by achieved by January achieved by July 1970.
January 1965.. 1967. ' -
"3 Annual output value Annual output value Annual output value

Rs. 6.21 crores

Rss 4.16 crores

Rs. 2.12 crores

9¢
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during 1966-67 was 1k4,605. Recent statistics regarding
production targets and actual production of this unit is
given in Appendix 2.1 at the end of Section 2,8.

Bharat Heavy Electricals Ltd. (BHEL)

This new company was .formed in 1964, in the public

sector with factories at Ranipur (Haradwar), Ramachandra-
: . 23

puram (Hyderabad), and Tiruverumbur (Tiruchirapalli).

- (1) Ranipur (Haradwar) Unit:- This will manufacture ;

steam turbines and turbo-alternators (with a capacity‘of
1.5 million KW per annum). Hydré-turbines and generators
(1.2~millién KW per annum), electric motors A.C. and D.C.
(0.515 million KW per annﬁm). Steém tﬁfbines and turbo
alternator§1will be in ;he range of 50 MW to 200 MW with a
possibielihcrease of single'unit capacity upte 300 MW{>Hydroé
turbines and geheratérs will be in the‘rénge of 25 MW to 100
MW A.C, and D.C. industrial eleétrical motors will be .upto
é'capacity of 9000 KW in héavy'A.Ca/b.C. type and 700 KW
of A.C./D.C. in medium*fange.zh B

The cost of the project is likely to beé of the order.
of Rs, 74.00 crores. The entire supply of imported éﬁuip-
ment amounting to Rs. 21,15 crores is to come from Russia..

The plant was formally inaugurated on the 3rd January 1967.

23 Bharat Heavy Electricals, Ltd., First Annual Report,
New Delhi, 1964-65.,

2 , ‘ . .
b i,
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(2) High Pressure Boiler Plant, Tiruverumbur,

(Tiruchirapalli) :- This unit will manufacture High Pres-

!

sure Boilers equivalent to 750 MW generating oépacity, 1800
tons boiler fittings and 10 package beiler units per annum.25
This project‘is being set yup with Czechbslovék collabora;
tion and assistance. According to the estimates the total
capital outlay og thislunit including the township'of 3000
quarters and the training séhool is likely to be Rs. 23.24d
crores, |

(3) switchgear Plant, Ramachandrapuram (Hyderabad):-

This unit is being set up in technical collaboration.with
M/s. ASIA of Sweden for the manufactureidf 132 K.Y.,'220 KV
and 400 KV airblast circuit-breakers. Capital invesfﬁept
in this plént will be of the order of Rs. 2;27 crores.26

General Comments

L 27
According to a recent. report, manufacture of water

turbines for Obra Power House in U.P. and Ba551 Power House
1n/PunJab had réached a very advanced stage at Bhopal. Some
idea of the size of the jobs which are capable of being under-
taken by the Heavy Electricai Factories can be‘had from the

dimensions of the Obra turbinme. It is a Kaplan type and its

25 1pid,

Ibid.

2

7 S. Swayambu (Chalrman and Managing Director, Heavy -
Electricals (India), Ltd. ), 'Heavy Power Equipment Industry s
The Journal of Industry and Trade, February,1968.
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spiral casing is - one of the largest in the world,‘ﬁaving
an inlet diameter. of 26 feet'and a height'of 10 feet. The
stator frame of itsrgén;rator is larger than that of the
machines installed at the ﬁhakré hydro-electric generating
station. 'HEIL' and 'BHEL{ can make large industrial motqrs
upto very large ratings of 12,000 HP. Bhopal has already
ﬁanpfactured and delivered its first é,OOO HP motor to‘the
28
cement industry.
Thé heavy electrical industry is b&-its very nature.
a complex one invelving many maéerials; processes and test-
ing p;ocedures}which call for a pigh standard of technology.
Skills inveolved will have,to be built up over many years.
Similarly the design and man;facturiné know-how will have
to be acquired. This invélves a long period eof time. |
There are stray cases of priva?e manufaéturers under-
taking the produétion of heavy elgctricalsﬁ Thus transformers
and Electricals Ltd., in Keralé, M/s. Crompton andvGreavqs
in Bombaj, M/s. Easun Enginéering at Madras and M/s. Kirloskar
_Electric Co,, Ltd,, Bangalo;e, also‘maﬁufgcture iargé power
transformers. The Hindustan.Electric Co., Ltd. iﬁ colla-
boration with M/s. Brown Boveri Ltd. manﬁfacture high ten-
sion switchgear (circuit breakers).

Statistics regarding investment in the private sector

is not available in details. However, a rough comparative

28 Ibid.
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picture could be obtained from the following statistics.,
While the total investment in the fixed assets by the

Heavy Electrical (India), Ltd., Bhopal, which was the

only company incorporated in the public sector by that

time was Rs. 47.02 crores (Rs. 47,02,27,735) as on 3lst ‘
March 1964,29 value of the total fixed assets in the elec-
trical machinerf industry as a whole around the same period
stood at 81.77 crores (Rs. 81,77;42,000).30

2,6 Fbreign Investment

Predominance of the foreign private investments is.
another important aspecf of the electrical'machinery com=-
plex. Outstanding fogeign investments in business enter-
prises in the private sector.in India amounted*tdrRs.6él
crores as at the end of 1961.31 Out of this tetal, share
of private sources abroad was Rs, 581,7 crores, while offi;
cial sources abroad_accounfed for Rs. 99.3 crores. tDirect!
investments (i.e. foreign investments which are accompanied
by control of the undertakings in which the inves?ments are
made, for‘instance, equity ownership, formed a larger share,
Rs, 528.4 of the total. 'Portfolio' investments (héldings

of shares, securities, etc.) amounted to Rs. 152.6 crores.

?9Heavy Electricals (India), Ltd.,, 8th Annual Report,
Bhopal, 1963-64.

30India, Central Statistical Organisation, Annual
Survey of Industries, Capital, Employment, Output Estimates
for Factory Sector, Calcutta, 1963, p. 42. This figure
relates to the period January~December, 1963.

31Reserve Bank of India, Survey of India's Foreign
Liabilities and 4ssets, 1961-Survey' Report, Bombay, 1964,
PP. 16, 80-82,
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The figures exclude investments in insurance companies.
Foreign investments in electrical goods and machinery pro-
per amounted to Rsflh.7 crores in December 1961.32

The exact quantification of the share of foreign
investment in each sector of electrical-machine;y industry
is not possible, for lack of information in that details.
The following account, therefore, merely describes the
foreign private concerns partiéipating in each sector,
These companies mainly'operatevthrough their brancheslor
subsidiaries in India. They alseo oﬁerate through their
collaborations with Indian firms. Important instances of
‘such participation are given below.,

Heévy‘Electrical equipment is to be manufactured
mostly in the public sector units. The project report for
the Heavy Electricals Ltd. was prepared by the Associated -
Electricals Industrieg Ltd; of U.K. who are also one of
the financiers for the project. The English Electric Co.
Ltd. is expected to meet a large share of the demand for
heavy equipment required in generation, t;ansmission and
distribution of electricity, Eveﬁ'the'lighter equipment
made in the private sector is dominated by a few foreign
firmg, some of them being the giants of the industry in the

U.K. and the U.S.A.

Thus, out of .21 private concerns manufacturing trans-

3 Ibid. 3y Do 81’
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33

formers, at least seven are foreign controlled. The
seven concerns are:- The Associated Electrical In&ustries
(India), Pvt.,Ltd. ,-‘ The British India Flectric Construc-
tion Co., Pvt.,'Ltd., M/s. Crompton Parkinson (Works),
Pvt., Ltd,, The Enélish Electric Co. of India Pvt,, Ltd.,
The General Electric Co. of India Pvt. Ltd., M/s.Greaves
Cotton and Crompton Parkinson, Pvt., Ltd., J. Stone and
(India), Pvt., Ltd.

Io the switchgeaf industry (lighter equipment),
Larsen énd Toubro, Ltd., Bombay, afe a leading manufacturer
in many items of switchéears and controlgears.34 Licences
‘for high tension switchgear (a.sphere reserved earlief for
public seotor) were granted among others to tﬁe English
Electric Co., Ltd., Madras, a foreign unit. M/s. Kir;oskar

Asia Ltd., Bangalore are collaborating with 'ASIA!, Swedeﬁ,

and M/s. Mysore Electrical Industries, Ltd., Bangalore

' 35
with the J.G.Statter and Co., Ltd., Amersham, Bucks, U.K.

\
Electric motors of 200 h.p. and above are to be
manufactured in the public secter units, The lower ranges

are left to the private sector, where foreign capital is.

well represented in many forms. Thus, M/s. Crompton

33Michael Kidron, Foreign Investment in India, Oxford
University Press, London,; 1965, p. 202. '

3l‘See India, Report of the Monopolies Inquiry Commls-
sion, Vol. I and II, New Delhi, 1965,p. 280.

35 ‘
. . Srivastava, P.K., Foreign Collaboration in Indian
Industry, Shiv Lal Agarwala and Co., Agra, 1967, pp.76-78.
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Parkinson (Works) Pvt., Ltd;, Bombay, is a foreign control-:
led firm (parent coﬁcern, M/s. Crompton Parkinsons, Ltd.,
London), the Kirloskar Electric Co., Ltd., Bangalore has
a éollaboration agreement with the Brush Electric Co.y Lfd.,
of U,K., while Siemens of-Germany‘are collaborating with

New Government Electric Co.,, Ltd.,, Bangalere, and Bharat
Bijleé, Ltd., Bombay. \

The electric cable industry which is an importaﬁt
segment‘of thg electrical machinery industry éresents av
similar picture. The largest of the four units preducing
power caple and the sole preducer of co-axial cable in 1962
was Hindustan Cables, Ltd., a public seqéor'unit.at Rup-
narainpmr, West Béngal, having technical collaboration with
U.S. controlled‘Bfitish Standard,Telephones and Cables Co.,”
Ltd. Among the three. others, the Indian Cable Co., Ltd. is
a British subsidiary,'while-West German interésts are in-
volved in the Cable Corporation of Indié. The fourth, the
Asian Cable Corpor;tion, an Indian controlléd fipm has a
technical collaboratioﬁ agfeement with the British Enfield
Corporation.

A number bf other firms engaged in specialized lines
‘have foreign know—how} while some have foreign equity or
loan capital,

While the flow of foreign private capital in India

is encouraged on terms which are equally,advahtageous to

v 6
the investor and to the country,3 .imports of a number of

36 The Reserve Bank of India, India's Foreign Liabilities
and Assets 1961-Survey Report, Bombay, 1964, p. 15.
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electrical goods and machinery are banned. Tariff protec~
tion has been granted to a sizeable range of production..

2.7 Tariffs and Import Controlé

As in the case of many other indian inqutries, cer-
tain sectors of the electricai méchineny industry enjoy
more or less a‘sheltered domestic market either due to
tariffs and/or import contrel policies. Iﬁ'yhe case of
four products covered in this study the situation stands
‘as follows:i- 3 . L '

(1) Motors: - Thefelectric moter industry received
protection for the first ;ime in 19#8-by convergion gf the
then existing revenue duty of 10 pér cent ad valorem into
an equivalent protéctive duty..'Theiscope of prdtection at
tﬁat time was confiﬁéd to motors upte 30 herse Power only.
Since‘then,.the scope-of prbtection wéé'extended te cover
motors of higher ratings in consonance #ith tﬁe changes in
déméstic production.’ Till 1965, the scheme of protection
-covered squirrel cage and slip-ring induction hotors and
‘synchronéus motors of 1 te 3000 horse power, excluqing,cér-
tain sbecial purpose motors between 1 and 3 hérse power
raﬁge.37 This protection was in force till Blst'Décember
1965. The rate of protective duty was in;reased to éO per
cent 22 valorem on cémpénént parts and 15 per cent ad valorem

38 ; '
on electric motors. The protective duties continued after

.

*

37

" India, Tariff Commission, Report on the Continuance
of Protection to the Electric Motor Industry, Bombay, 1965,
P. 1. .
- 381bid.
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December 1965, as they existed before.39 Thus, except
certain special purpose motors (like variable speed'cém—
mutator motors) thé industry has béen‘granted tariff pro-
tection for almost a complete range of fractiomal and inte-
gral horse ﬁower metors. .

There hés been no qupta for the import of electric
moforsvto establiéhed impgrters for mdny'years. However,
imperts of prohibited types of moters are allowed clearance,
with machinery .and equipment provided the motor shaffAis
directly coupled: to the driving mechanism and caﬁ hence be
regarded as integral part of the major capital asset being

. 40 4
imported. P : i

(2) Traensformers:~- Transformer industry was sub jected
to- tariff inquiry for the first time in 1952, AAs a result,}
the import duty of 5 «per ceﬁt‘ad valorém‘on power and dis-
tribution tramnsformers upto 2500 KVA and 37.5 KV on thev
high tension side excluding certain special purpese trans- ‘
formers in this range, was increased to 10 per cent ‘ad
valorem'exclusive of surchargé of 5 per cent on duty.hl

With the subsequent tariff inquiries the scope of protection

was increased. Till December 1965, the‘protected range covered

power and distribution transformers upto 50,000 KVA and

39Ib:ld. p. iv (Resolutlon of the Ministry of Commerce,
Government of India).

ho India, Ministry of Commerce, Import Trade Control
‘Policy. For the year April 1967 to March 1968.

b1 India, Tariff Commission, Report on the Continuance
of Protection to the Power and Distribution Transformer
Industry, Bombay,1965, p. 1.
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220 KV. on‘the high tension side. There was to be 10 per
cent import qﬁty, exclusive ‘of regulatory custems duty
and surcharge of 5;per cent on the transformers in-this
range. |

After December 1965, hewever, Governmenf of India
decided to discpntipue the tariff bretection to this industry.
The regulafory customs duty was to chtinug'at its existing
rate.42 Import of transformers of ratings upto 5000 KVA
and upto 37.5 KV on high tension side was completely ban- -
ned during 1967-68. Transformers of ratings not covered v
in this range and components and accessories of‘ail types
of transformers are allowed to be imported.uj' . ‘

(3) Switchgears and Centrolgears:- The import of motor

starters is banned'both in the case of actual users as well:
‘as by the established importers.hh . 8Similar bolicy‘exists
for metal clad switches and switch fuse units and metal

clad cut-outs.

2

Imports of air and oil circuit breakers upte 660 volts,

those above 660 volts and upte 11 KV and those above 11 KV,

are allowed for actual users, though banned for established

45

importers. Imports of all other types of switchgears and

2 ' . '
4 ibid,, p. iii (Resolution of the Ministry of Commerce,
‘Government of India). '

thndia, Ministry of Commerce, Import Trade Control
Policy April.1967 - March 1968, p. 45.

“.uIbid. , pp. hs""é.

5Ibid.,p.46.
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controlgear falling outside the range'defined ebove are
allowed.only to.actual use:n:':;:.l}6 No tariff protectioﬁ is
given to this industry; |

(#) Fans:- Import of eleetric~fane, table and ceiling,
and part thereof was completely banned dufing the year -
1967-68, This was true both for actual users as Qell as
establishe& importers.47 However, import of fans especially
certain parts‘and accessofies like fan regulator, fan re-
sistance units, condensere‘etc. was al;ewed against the
export of complete fans to the extent of'zo% of the‘f;o.b.
value of exports;as No tariff protection wae given to this
industry. |

A look'into the/reports of 1nqu1riesh9 undertakeh
‘ by the Tariff Commission and the declarations regarding the
Import Trade Control Pol:Lcy50 by the Government of India show
that proeection'either in the form of import duties or import
restrictions, has been granted to the respective products

almost simultaneously as the capacity for these was available

in the country.

46 Ibid.

47 Ibid., p. 47.

48 1bid., PP 205-206. ,

49 Tariff Commission Reports (such as quoted elsewhere
in this chapter) for the electric metor industry are avail~
able for the years 1947, 1949, 1955, 1958, 1961, 1963 and

1965. 1In the case of transformer industry these are avall—
able for the years 1952, 1956, 1960, 1963 and. 1965.

50 A document annually published by the Government
of India (quoted elsewhere in the Chapter).
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2.8 Recent Position of the Four Industries:

Motors, Transformers, Switchgears and Fans

The following account of the recent position of the
four industries is'based on published data. It relafes to
the numbef of_uhits in each industry, installed capacity
and production in each of them,.their exports and iﬁports.
Data regardiné the number of units, capacity and production
are based on the official publication, 'Monthly §tatistics
of the Production of Selected ‘Industr'ies of India'(MSP)Bl.
Statistics furnished by this séurge relates to all the gnits
in the Indian Union borme on the list of Directorate General
of Technical Development (D.G.T.D.) of the Government of
. India. Units having fixed'assets'of more than Rs. 5 1akhs,‘
Iare registered with the D.G.T.D. Henceforth in this‘chaptér
these units will be referred to as the t'organised sector'! in
the respectiveé indusfries being looked into. Only one
public sector unit viz, ﬁéavy Electricals (India) Ltd.,
Bhopal, had commenced production during the period covered
here (1950-51 to 1965-66). Statistics regardingAthe produc~
tion in this ugit has peen'given sepafately in each sub~-
sgction and in the Appendix Tab;e 2,1 at the end.. Output

of this unit is of a specialised nature and is not always

available in the same physical units as reported in the MSP.

See, for instance, India, Central Statistical Orga-
nisation, Menthly Statistics of the Production of Selected
Industries of India, Vol. 18, Calcutta, 1966. This source
also gives the figures for installed capacity, along with
the production statistics. ' .
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Units comprising the organised sector accountvfor
a major share offthe.total productivelcapaéity_in each of -
the;e industries; ;Thus, in the case of electric motor
industry, units borne on the list of D.G.T.D. accounted for
69.92 per_cent of the total ;nsfaiied capagityszin the
industry including that of small scale units. The -situa-
tion in other sectors cannot be presented as abave because’
of the la?k of\compréhensive-data at a point qf time. )
However, it could be assumed fo be similar as the small-
scale units .(with fixed capital below Rs. 5 lakhs) in the
electricai machinery industries account for a minor share
of fhe total producfion capacity.53 Secondly, though large
capacities have been built up in ‘'the public sector units,
the production on a significant scale has net commenced in
any of these except in the Bhopal plant till 1965 66.

Figures for the total capacity of the units in each
industry presented in MSP are on a singie shift 5asis;
However, in the case of many units, double sﬁift\working'
is quite possible. This fact has to be moted while looking
info the tables given ig’the subsequent pages. Figures givén
in these tables.sometimes show that‘tot#i production has

exceedgd the installed capacity given in the earlier column.

Wherever it was possible, information of a supp;eméntary

52 See, Table 2.6 on page 73. -

53 See, Table 2,3 given earlier,



70

natureAhas been éiveh so as to give a‘fullef and better
: . .

picture of installed eapaci%y and production and to give

an idea of the.range;of production undertaken in India.

The figures regarding expofts and impo?ts are calcu~
lated from 'Monthly Statistics of the Foreign Trade ofilndia.'sll
when these relate to the two years viz. 1960-61 and. 1965 66.
For the two previous years, viz. 1950-51 and 1955 56, the
'AnnuallStatements of the Seabourpe Trade of India'?> have
been used for the purpose. The data regarding capscity and
production are in terms of physical units like H.P. or K.V.A.
in the sase-of moters aﬁd transformers, respectively, aﬁd“
only in numbers in the case of>othefs. ‘The import and
export statisties on the other hand is .available in terms
of number of units and value. No comparison is,'thﬁs
possible with the production flgures glven in the tweo tables
.given in the case of each  industry. The tables, therefore,'
will serve.only the iimited‘purpose of showing the.positiOn
of the indnstry>in respect of each item as it stood at dif-

" ferent periods of time. The figures}have been given for four
years. The data for the year 1956-51 shows the positioﬁ

right at the beginning of India's First Five Year Pian. The

5k See, for instance, India, Department of‘Commercial
Intelligence and Statigtics, Monthly Statistics of the Foreign
Trade of India, Vols. I and II, Calcutta, March 1966.

55 India, Department of Commercial Intelligence and
Statistics, Annual Statement of the Seabourne Trade of India,
Calcutta. .

.
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three subsequent years, viz. 1955-56, 1960~-61 and 1965-66
represent the end years of the First, the Seceond and the
Third Five Year Pléns,

Electric Motors

Capacity and Production

3

Maﬁufacture of electric motoers in the‘pre;independence
period was limited most;y to the motofs in the lower ranges
of horse power between 1 and 10 H.P.56 Even until recently
much of the capacity was being utiliéed for the production
of motors upto about 30 H.P. only.57 However, the need for
larger and special types of moters for different applica-
tions, such as for cement plants, rollingimills, paper mills,
coal mining machinery, sugar centrifuges and other heavy
industries fis growing. .In order to meet this demand, capa-
cities for larger metors up to about 5500 horse power ratingé
and for flame-proof, variable speed and ofher special motors
have been established.

The number of units in the organised sector, as the
Table 2.5 ﬁhows, inc;éased from 10 in 1950-51, i.e. the
Year before‘the First Five Year Plan started; to 27 in l§65-66'
i.e., the last year of the Third Plan. Among the units in the

private sector, Kirloskar Electric Co., Ltd., at Bangalore -

o

56India, Department of Industries and Supplies, Report
of the Electrical Machinery and Equipment Panel on the
Development of Electrical Industries, New Delhi, 1947, ’
PPp. 18~ 19.

57See, India, Tariff Commission, Report on the Conti-
nuance of Protection to the Electric Moter Industry, Bombay
1965, Pe 9.
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was the leading producer with 34,1 per cent of the total
- production in 196#.58 This was fellowed by the Crompten
Parkinson (Works) fvt., Ltd,, Bombay with 19.5 per,éent of
the total share, The next, the General Electric Co. of
India Pvt. ‘Ltd. accounted for 7. 1 per cent.

TABLE 2.5, INSTALLED CAPACITY AND PRODUCTION IN THE
ORGANISED SECTOR ¥ OF THE ELECTRICAL MOTOR

INDUSTRY +
Year No, of Capacity in ' Production
units H.P. (on omne ~-=iccmecimmcmeanaa o

shift basis) . H.P. Neos. "
1950-51 10 1,74, 654 99,004 N. A.
1955-56 . 12 2,00, 400 2,71, 500 N. A.
1960-61 20 6,02,400 7,24,800 1,37,000
1965-66 27 13,58,&00 17,55,600 2, 82,400

#* Units borne in the list of the Dlrectorate General of
Technical Development.

+ Source: Calculated from, India, Central Statistical
Organisation, Monthly Statistics of the Production
of Selected Industries of India, Calcutta, 1950-51
1955-56,1960-61 and 1965-66.

The capacityl(on one shift basis) increased from

1,74,654 H.P. in 1950-51 te 13,58,400 H.P. in 1965-66.

58 See, India, Report of the Monopolies Enquiry Commis-
sion, Vols. I and II, New Delhi, 1965, p. 281,

The total number of units in the case of- éAch sector
considered by the Commission, are those borne on the beoks
of the Directorate General of Technical Development of the
Government of India. See pp. 11-12, .

Kl
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Production of these units increased from 99,604 H.P. in
1950-51 to 17,55,600 H.P, in 1965-66. As stated earlier,
these figures are bésed on the reports of the 'Monthly
‘Statistics of Production' and relate oﬂly to the uﬁits which
report to the related organisétion.59. |

Reports of the Tariff Commission provide a periedical
;ource of detailed information reéardiﬁg electrié motor
industry., Latest report6g of the Tariff Commission summa-
fises the repent posifion of the industry as follows; By
1964-65, the installed capacity of 36:;nits in‘the organised
sector (excluding HEIL) was 14,90,080 h.p. Adding the.capa—
city of.HEIL,thé'totalfinstalled-capacity for the organised
sector came to 17,15,080  h.p. Thé total production of the
33 reporting units during the same period was 13,37,997 h.p.

TABLE 2, 6. INSTALILED CAPACITY IN THE ELECTRIC MOTOR INDUSTRY

No. eof Installed Percent

Units capacity = 'share in
) H, P, total H.P.

(a) Units borne on the list '

of D.G.T.D, 36 14,90,080 - 69.92
(b) Heavy Electricals (India) '

Ltd., Bhopal 1 2,25,000 10.56
(¢) small-scale units 130 4,16,000 19,52
 Total 167 = 21,31,080 100,00

Around the same period (1964) there were 130 small scale

59

viz, Directorate General of Technical Development,
Government of India, )

6

. oIndia, Tariff Commission, Report on the Continuance
of Protection to the Electric Motor Industry, Bombay, 1965,
PP 7-80 .

61 Ibid., p. 8.
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units (having fixed capital below Rs. 5,00,000) with an
installed capacity of 4,16,000 h.p. The estimated produc-
tion of these units in 1963 was 1,72,000 h.p. 'and fer 1964,
1,83,000 h.p.%2 ‘ '

Statistics regarding the broductioﬁ in the Heavy
Electricals Ltd., Bhopal is available in terms of numbers .
only. This bhas been given separatély in the‘Appendix Table
2.1 at the end. '

Table 2.7 shows the Break-up of pfoduction according
to horse power ranges. .It gives .a cross-éection of'the
pregent output pattern in the private sector in 1962'and.
1964 . Producti;n of motors between 1 énd 30 H.P. range |
accounted for 64.41 per cent of the total in 1962 and 72.31
per cent .of the total in 196k%.

+ TABLE 2.7. +PRODUCTION IN THE ORGANISED SECTOR OF THE

ELECTRIC MOTOR INDUSTRY ACCORDING TO HORSE
POWER RANGES IN 1962 AND 1963 ..

]

1962 - 1964

H.P. Percent H.P. Percent

of the. . of the

total total
Below 1 H.P. 8,637 0.89) 9,780 0.74)
1 to 5 H.P. , 2,65,938 27'.363 3,88,304 (29.38
Above 5 to 10 H.P. 1,97,316 20.30 3,175,536 24,03
Above 10 to 20 H.P. 1,62,838 (16.75) 2,449,811 (18.90
Above 20 to 50 H.P. 80,309 8.26) 91,146 6490
Above 30 to 50 H.P. 88,727 9.13 87,750 . ( 6.44
Above 50 to below 100 H.P.1,11,053 (11.42 91,934 6.96
100 to belew 200 H.P, 49,215 5.06, 62,978 k.76
200 H.P. and above . - 8,105 0.83) 22,365 1.69

Total 9,72,138 (100.00) 13,21,604 (100400)33.80

% Reproduced from India, Tariff Commission, op.cite) ps 9.
+ Production figures relate only to those units which have
furnished the relevant data to the D.G.T.D.

62 S
' Information supplied by the Development Commissioner,
Small-scale Industries to the Tariff Commission. See Commis=
sion's report, Ibid., p. 8. '
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Exports and Imports’

Exports of electric motors show a slow trend towards
increase. Table 2.8 shows that the total value of exports
increased from Rs. 24,073 in 1960-61 to Rs.5,25,065 in 1965-66.
There were no exports in 1950-51 and 1955-56. In 1965-66,
exports of alternating current squirrel cage iqductioﬁ motors
between 1 and 20 horse power‘accounted for the majo£ part63

Rs. 3,60,305 of the total exports of Rs. 5,25,065.

TABLE_2,8. RECENT STATISTICS REGARDING EXPORTS AND
IMPQRTS’OF'ELECTRIC MOTORS

Year o Exports Imports
T Ne. Valwe  Nes.  Value
1950-51. - - N 1,15,55,068
1955-56 - o - N.A. 1,59,49,833
1960-61 70 . 24,073 - 40,358 3,19,82,466
1965-66 1963 ‘ ‘ '
Nos. L, 84,564 11,640 4,29,56,118
Parts etc, 40,501 Parts etc.l,h8,78,787
Total 5, 25,065 Total 5,78, 34,905

Source: Calculated from, India, Department of Commercial
Intelligence and Statistics, (a) Monthly Statistics
of the Foreign Trade of India, (b) Annual Statements
of the Seaborne Trade of India, Calcutta.

i -
63 Basis: India, Department of Commercial Intelligence
and Statistics, Monthly Statistics of the Foreign Trade of
India, Calcutta, March 1966. -
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Imports of electric motors and parts and accessories
thereof stood at Rs.1,45,55,068 in 1950-51 and Rs.5,78, 34,905
in 1965-66. Import 'statistics show that motors of larger
ratings viz. above 20 h.p. figured largely in the toetal imperts

of electric motors.

Transformers

Production capacity for transformers has‘been sign}fi—
cantly diversified during the last two decades., Firms in
the private séctor are noﬁ,maan#cturing distribution and .
- medium pdwer.transférmers,;some‘of them have extended their
range upto 20,000 K.V, 4. ratings.65 The Heavy Eleetricals,
Bhepal, is manufacturing oﬁi& large power transformers and .
has covered a range of transformers uéto about 100;000 K.V.A.
énd 220 K.V.66 ‘ -

Table 2.9 which is based on the official reports (MSP)
shoﬁs that the number of units in the transformer indﬁstry
increased from 5 iﬁ 1950-51 to 20 in 1965—66.‘ Capacity in-

. ' \
creased from 2,88,914 K.V.A. in 1950-51 to 21,81,600 K.V.A.
in 1965-66. The production shows an increase from 1,77,975
K.V.A. in 1950-51 to.kk,59,400 K.V.A, in 1965-66.
In 1964, Crompton Parkinson (Works) Pvt. Ltd. was the

leading producer in the private sector accounting for 14.9

Arpia,

6 .

5V.P.S. Menon- (Industrial Adviser, D.G.T:D.), ‘'India's
Heavy and Light Electrical Industries', The Journal of Industry
and Trade, Vol., XVI, No. 9, September 1966, pp., 1084-1087. -«

661114, 4 :
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per cent of the total output of the units registered with
the D.G.T.D.67 Hackbridge—Hewit£ic and Easun Ltd, and the
National Electric Cd}, Ltd., Bombay, followed with 13.9 and
13.5 pef cent of the total production respectively.

Tariff Cémmission putg the'position in respect of ecapa~
city and production with some details.6 There were 18 units
effectively in operation besides Heavy Electricals (India)
Ltd, (HEIL) in 1963-64. The total capaéity-of'éhese 18
units was 20,73, 800 K.V.A. exclusive ;f HETIL.

TABLE 2.,9. INSTALLED CAPACITY AND PRODUCTION IN THE
ORGANISED SECTOR #% OF THE TRANSFORMER INDUSTRY. A

Year _~No. of Capacity (on a Production
- Units single shift K.V.A,
basis) K.V.4A. °

1950-51 | 5', 2,88,914 1,77,975
1955-56 10 4,14,000 6,25,000
1960-61 16 12, 4k, 400 13;73,900
1965-66 20 21, 81, 600 hu,59,hoo

% Units borne on the list of D.G.T.D.

A Source: Calculated from India, C,S,0., Monthly Statistics
of the Production of Selected Industries of India,
Calcutta,

67See,Indi:/:L, Report of the Monopolies Enquiry Commission,
New Delhi, 1965, p. 282.

681ndia, Tariff Commission, Report on_ the Continuance.
of Protection to the Power and Distribution Transformers

Industry, Bombay, 1965, pp. 6-7.
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HEIL's licensed capacity of 3 million K.V.A. on double
shiff was to be bﬁilt up progressively ﬁanufacturing trans-
formers totalling 1.,% million K.V.A. in 1963-64, 1.9 million
K.V.A. in 1964~65 and 2.6 million in 1965-66. With the imple-
mentation of licensed capacity of another two uni}s the total
capacity of the 22 units inclusive of HEIL was expected to
be 73.8 lakhs K.V.A. by-1965-66.69 Report on Fhe Monthly
Statistics of Production state 44,59,400 K.V.A. as the pro-
duction of the 20 units borne on the list of the D.G.T.D.
for fhe’yeﬁr 1965-66, wﬁen the production of 12,41,300 K.V.A.
of power transformers in Heavy Electricals, Ltd.; Bhépa;
is added to- this the total production comes'to 57,00,700
K.V. A, Detaiis regarding the production.in the small scale

o

sector are not available.

Exports and Imports

There was oﬁly a moderate rise in exports of-tran;formers
from Rs, 3,190 ét the end of the Second Plan to R§.7§,306 at
the end of the Third Plaﬁ. India has, however, a’substantial
import bill on account of transformers. Table 2,10 showé
that imports of transformers increased ffom 1.56 croreé in
1951 to 3.83 crores in 1960-61. ‘In 1965-66 thé imports stood

at 9,02 crores.

69 Ipia, "
70

/

See, Appendix Table 2,1.



TABLE 2,10, RECENT STATISTICS REGARDING EXPORTS AND IMPORTS OF POWER
AND DISTRIBUTION TRANSFORMERS.

- 7 —
Year Exports Imports
T No. Value . Ne. . Value
1950-51 - - N.A. 1,55, 67,75k
1955-56 - | .- '  N.Ad o 1,73,40,833
1960-61 38 '(N‘?s’). 2,793 14,274 (Nos..) 3,49,22,654
pParts etc. 397 R Parts etc. 33, 84,951
Total . 3,190  Total . 3,83,07,605
A 1965_—v66 - 40 (Nos.) - 76,414 2,776 . 6,48,50, 881
' Parts etc. 2,892 Parts etc. 2,53,62,770‘
Total 79,306 . Total  9,02,13,651

-

Source: Calculated from (a) ‘Monthly Statistics of the Foreign Trade of India,

(b) Annual Statements of the Seaborme Trade of India.

64
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Transformers above 66 K.V. to 132 K.V., and those
above 132 K.V, (i.e. of higher rafings) figured‘importantly
in our total impoftsl71 While thelincfease in power generat-
ing capacity, ifs transmission, and the-risiné tempo of
industrialisgtion in the‘country demand transformers of higher
rating and of speciaLised‘types;.production of these cate~
gories of transformers has started only r;égntly in the pub-
lic sector unit at Bhopal, and stray cases of private units.
This fact éerhaps eiplains the rise in the impo;t bill, din
spite of the increase in installed capacity for transformers
at hﬁme. |

Switchgears and Controlgears

Among the four sub=-groups of the electrical machinery
industry being studied here, switchgear and contrelgears |
was the latest to be_established in India. As stated‘earlier,
capacify has already been created in the pﬁblic sector unit;‘
Heavy Electricals (India), Ltd. at Bhopal, for the production
of switchgears and centrolgears eséecially of higher ratingé.
The switchgear plant of the Bharat Heavy Electricals, Ltd.‘
at Hyderabad is coming up. Units in the private sector are
manufacturing switchgears and controlgears of lower ratiﬁgs

and capacity. Official reports om the 'Monthly Statistics

i
71
Basis! India, Department of Commercial Intelligence
and Statistics, Monthly Statistics” “of*oreign Trade of India, |
Calcutta, March 1966,
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of Produc:t:i.on'72 give the installed capacity and production

for only one item viz, motor starters,73 in the group.

In Table 2.11 below, the figures for capacity and
production relate to motor starters only. The productien
of switchgears and controlgears in the Héavy Electricals
(Indi;), Ltd., Bhopal h;s been given separately in the

Appendix Table 2,1 at the end of thls chapter. The major
switchgear 74
/product groups are-as follows:-

(1) hoo KV/230 KV/llO KV breakers. The demand for

this category would be 1argely for air blast clrcuit break~
ers because of the high rupturing capacity needed. Till
1965, the two public sector units viz., Heavy Electricals
(India), Ltd. and Bharat Heavy Electricals, Ltd.,.agd Hindu-
stan Eiectric Co., Ltd., in collaberdtion wifh M/s, Bréwn
Boveri were the only three licensed manﬁfacturers in this
product range.75 Cf the three units, omnly two, viz, Heavy
Electricals (India), Ltd. and Hindustan Electric Co. Ltd,
have commenced produqtion. Capacity of thé order of 350

numbers per annum is likely to be available from these three

72 '
India, Central Statistical Organisation, Monthly
Statistics of the Production of Selected Industries of
India, Vol. 18, Calcutta, 1966.

73 " _ ' L
The production of the moter starters, the only pro-

duct presented in this publication, appears from 1960, and.
onwards,

74Details regarding the licensed and installed capa-
city are not known in the case of each product group.

751ndia, Planning Commission, Fourth Plan Planning
Group on Machinery Industries, Report of the Working Group
on Electric Power Equipment, New Delhi, 1965.
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units whén,the schemes that have been licensed are imple=-
mented. This covers the capacity for 240 numbers eof Bharat.
Heavy Electricals Ltd.,'Hyderabad, 50 numbers of Hedvy>
Eléctricals (India), Ltd., Bhopal and 60 numbers of M/ s.
Hindustan Electric Cos, Ltd.’° '

(2) 66 KV/33 KV/22 KV breakersi!- There were six units

licensed for the manufacture of these breakers. The details
regarding the capacities of these units are net known.

(3) Switchgear - 11 KV (High and low tension) i- The

equipment needed in this range include: indoor drﬁw-out

type switchgear as also out-door pole-mounted rural 0.C.Bs.
These alse iﬁclude low.voltage iren cladbswitches and switch
fuse units, motor starters, relays ofvvarioﬁgﬂtypes and

HRC fuses. The installed capacity in the privaté sector,

for these products (switchgear 11 KV and below) at the end

of the Secend Plan i.e. by 1960-61 was.as undéf:77
H.T. switchgear . essece 300 Nes.
L.T. switchgear coveen 1,000 Nos;
Motér contraigear. evesee ‘ 81,700 Nes.
Iron clad switches and :
‘'switeh fuses ) covnes - 1,36,000 Nos. .
76

India, Planning Commission, Repert of the Teehnical
gNagl Committee to study the Requirement ef Major. Electrical
Equipment, New Delhi, November 1965, pp. 24-26.

. 77 India, Planning Commission, Programmes of Indus-
trial Develepment, 1961-66, p. 293.
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In the public secto:, thelproduction programme of
the Heavy Electrical Plant ;t Bhopal also:includes the
manufacture of 2500 ‘Nos. (approx.) 11 KV circuit breakers
annually,78 though this factory is intended mainly to cater
for the needs of'equipment in the higher ratings. |

The production of various types of switchgear and
controlgear ip the Second Plan period covered electric
motor starters, such as, contact starters, Star‘deita starters,
stator-rotor starters and othep special types of starters.
Recent statistics in the M;S.f;'report is available for
motor starters only.

TABLE 2,11, INSTALLED CAPACITY AND PRODUCTION IN THE
ORGANISED PRIVAER SECTOR OF THE SWITCHGEAR
AND CONTROLGEAR INDUSTRY

\

Year’ No. of Installed capacity . Production
. units (on a single shift - Nos.
basis) Nes.

1950-51 - - - ' -

1955-56 - , - -

1960 N. A. 1,52,ho; S 1,10, 400"
1965-66 - 20 2;82,000 ‘ 3,10, 600 »

Source: Monthly Statistics of the Production of Selected
Industries of India

8 : ,
7 Ibid. See also, Appendix Table 2,1.
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 Table 2,11 shows that the capacity (on single shift
basié) in respect of this item increased from 1,52,400 Nos,
in 1960 to 2,82,000 in 1965-66; The production shows an
increase from 110,400 Neos., in 1966 te 310,600 Nos. in 1965-66.
Statistics regarding either the capacity or production are
not available for earlier years. Perhaps tho production on
the regular basis staroed only around this period,

According to another source79 p:oduction of the various
items in the range viz., low tension and high tenoion switch-
gear upto 11 KV, low veltage iron clad switches and switch
fuse units and motor sfarters, Relays of wvarious typos and:
H.R,C. fuses was worth Rs. 16 crores in 1965-66 against only
Rs. 0.4 crores in 1955. |
T In 1964 .Larsen and Toubro Ltd. was the leading pro-
ducer of motor starters among 15 reporting units and accounted
for 46.6 per cent of,the total production of these units. The
Mysore Electrical Industries at Bangalore‘was.the second
lérgest producer accoqnting~f0r 18.1 per cent of the total
production. M/s. J&oti Ltd., Baroda, M/o. Crompton Parkinson
Ltd., Bombay, and M/s. Hindustan Klockner, Ltd,, Bombay,'stood'
next with 7.3, 6.7.and 6.7 per cent of the teotal production

respectively.

79y, p. 5. Menon (Industrial Adviser, Directorate Genéral
of Technical Development), 'India‘'s Heavy and Light Electri-
cal Industries!, The Journal of Industries and Trade, Sept,1966.

India, Report of the Monopolies Inquiry Commission,
Vols. I and II, New Delhi, 1965, p. 280,
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There are a'number,of‘mofe specialised products like
controls for steel mills, etc. falling within the. scope of
_'Industrial Electronics' for which there is demand and no

progress was made in the manufacture qf‘ihese.items.

"~ Exports and Jmports

Despite the incréase in the preoduction ¢apacity in fhe
country, the requirgments ofrswitchgear; and controlgears.
ﬁre noet being met in full and impofts oqva iarge-scale had
to bé arranged'all.through the'last three Plans. As Table
2,12 shows, in 1950-51, India imported Rs. 3.71 crores worth
of switchgear of different tyées while there were no exports

of any ofithese items in that year.

TABLE 2,12. RECENT STATISTICS REGARDING EXPORTS AND IMPORTS -
‘ OF SWITCHGEARS AND CONTROLGEARS . '

Year Exports Imports -
"Nos.  Value Rs. Nos.  Value Rs.
1950—5i - -  N.A. 3,70,80,434
1955-56 - fo - ‘ N. &, 6,79, 64,926
1960-61 26 Nos, 437 | h03;1hl 6,71,02,033
‘ ’ (Nos. ) ‘
Parts etc.,. 1,020 Parts et¢. 4,97,67,731
Total 1,457 Total 11,68,69,764
1965-66 7,73,089 5,04,776 .v 6,29,997 7,64,80,025

Source: Calculated from (a) Monthly Statistics of the Foreign
frade of India and (b) Annual Statements of the Sea-
borne Trade of India, '

8
1 1pid,
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From a negligible amount of Rs. 1,457 in 1960-61

exports show a rise to Rs.5,04;776 in 1965-66.4 Cheaper

items like -plastic switches and small switches and fuse

units constituted large volume of exports in 1965-66. Impor;s
of ‘switchgears and coﬁtrolgears amounted to Rs. 6;80 crores
in 1955-56, 11,69 crores in 1960-61," and Rs. 7.65 crores in
1965-66. . S o

~Electric Fans

Capacity and Preoduction

The qumber of units in fﬁe organised private sector

of the electric fan industry, as Table.2.13 shows, increaéed
from 20 in.1950-51 to 28 in l965—6§.- Annual installed capa-
city of the uhits increased from 2,84,600 nos. to 15;20;h00
nos. within the same period. Today, the industry is making
a complete range of electric fans such as ﬁeiling'fans, table
' fans, pedestal fans; éir circulatoré,'railway carriage fagg
and exhaust fans. !

TABLE 2.13.INSTALLED CAPACITY AND PRODUCTION IN THE ORGANISED
SECTOR OF THE ELECTRIC FAN INDUSTRY

Year No, of Capacity (on a single Production
units shift basis) in Nos. in Nos.
1950-51 20 2, 84, 600 2,00,000
1955-56 17 3,03,600 2,87, 400
1960-61 23 8, 66, 400 10, 40, 100
1965-66 28 15,20,400 . . 13,58,400

' ‘ }
i

Source! Calculated from 'Monthly Statistics of-the Produc-
tion of Selected Industries of India'.

l
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Ouf of the twenty-eight units operating iﬁ 1965-66,
fourteen were 1ocated in West Bengal, seven in Maharashtra,
three in PunJab, two in Delhi and one each in Uttar Pradesh
and Madras.82 Production of electric fanS'increaséd from
2,00,000 Nos. in 1950-51 to 13, 58 hOO Nos. An 1965 66.

In 1964, the Jay Engineering Works, Ltd. (USHA fans),
Célcutta, accounted for 27.7 per cent of,tﬁe totél outpﬁt
of 24 reporting (to D.G.T.D.) units. The Orieht'Geﬁeral
Tndustries Ltd. accounted for almost equal share, viz..27 N
per cent. The next threg concerns - the India Electric Works
Ltd., Calcutta, M/s. Matchwell E;ectricgls (India); Ltd,,
Poona, and Ralli Fans,Ltd. -- followed with 8.6 per cent,
8.2 per cent-and 7.0 per cent of the total share of produc-

83
tion respectlvely.

.

~

Production of electric fans 1ncreased substantially
during the Second Five Year Plan, perhaps in response to
the increase in internal demand due to rapid electrifica-
tion and.a boom in the builqirg construction industry.

Exports and Imports

Exports of electric fans rose from a small amount of

Rs. 18,894 to Rs., 94.43 lakhs in 1965-66.

2 ) .
The Indian Institute of Foreign Trade, Commodity
Study Report on Electric Fans, New Delhi, 1967, p. 19.

g ‘ ) .
3India, Report of the Monopolies Inqulry Comm1551on,
Volumes I and II, -New Delhi, 1965, p. 280.




TABLE 2,14. RECENT STATISTICS REGARDING EXPORTS AND IMPOR&S OF ELECTRIC FANS

Year Exports Imports
---- Nos. ' Value Rs. .  Nos. . Value Re.
1950-51 - .- . Nead 3,26, 457
1955-56 100 7 - 18, 894 | N.4. _ 20, 54, 367
1060- 61 89,764 (Nos.) ~ 81,25,634 411 (Nos.) 3, 30, 287
Parts etc. 42,812 parts ete. 3,05,537
Total 81, 68, 446 Total 6,35, 824
1965-66 = 1,25,250 (Nos.)  85,10,156 454 (Nos.) 8,15,797
bartg.étc. : R 9,3_3,119 - _Parts etc. 4, 60,405
Total - 94,43,275 Total v12,76,202

—

: - . . . p
Source; India, Department of Commercial Intglligence and Statistics,
Monthly Statistics of the Foreign Trade of India, and

a
b

Annual Statements of the Seaborne Trade of India.

88
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Countries in thg Middle East and the SouthlEast Asi; arec.
important markets er Indian fans. In the total exports

of engineering-goodé (excluding fabricated steel and steel
items) exports of electric fams represent about 5% by value,
and rank third, being next to 'Steel Pipes and Tt:t:besi and
'Diesel-Engines;.8 ‘ »

Imports of electric fans appear to be'fluctuating over
the period covered by the three Plans. From Rs. 3.26 lakhs
in 1950-51 there is a.steep increase to Rs. 20.54 lakhs
in 1955-56. The total impor'tsvamounted to Rs. 6.36 lakhs
in 1960-6; and Rs. 12,76 lakhs in -1965-66. Parts and
accesso;ies or what are called the maintenance-imports figure
importantly ih the total imports. Fluctuations in the size
of import#, in spite of the grédual_increase in the produé-
tion capacity at home .are difficult to Se explained._

2,9 Sﬁmmary

The electrical machinery industry is a class of many
related industries., Though the manufacture of some product
lines like fans was started in the early twenties, most

"of the other products ana especially the heavy electrical
equipment are of very receﬁt origin, Large-séale sector is
the most important im this industry on the basis of fixed
capital invested, persons employed as well as by.its share

in the total value added in the economy by this industry.

S
84 The Indian Institute of Foreign Trade, op.cit., p.2.
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While ‘the production of heavy electricals was so farhliﬁitéd ,
to that in the public sector, capacity is recently bei‘n_g
licénsed in th; prifaténsectpr als;, for the production eof .
such équipment. Foreign investmgﬁt:'either direct, or in '
indirect form is important in all the four industries
‘studied in this chapter. .All\the four moere or less enjoyed
avéheitered‘aomest;c market atfleast, for the iast fiffgen
te twenty years. There is a significant~advanee in_respeet
of installed capacity and'productioh in‘all-thg~four indus-
tries during thg three Five Year Plans. It has not, hQWever,
been pessible to.meet the diversified deﬁanﬁ for these pro-
ducts created by the process of industrialisation in. the
country aﬁd imports on a 1é;ge scale contiﬁued in the case -.
of all the four product groups. ‘Electric fan industry has
made a break through in the export market.. Capacity, even

on a single shift basis, has net always been fully utilised

in these industries.



' APPENDIX TABLE 2.1,

|

PRODUCTION IN THE HEAVY ELECTRICALS (INDIA) LTD., BHOPAL,1965-66.

sr. Product Unit Physical Output Value Value of
Ne. - eececsecececcccccccccccns accrccrmcecccacccca- total
Target Actual Target Actual orders on
T - books at
the. end of
. the year
1 2 3 4. 5 6 7 8
I SWITCHGEAR AND CONTROLGEAR . (Rs. in lakhs)
1 11 kV Indoor type BVP3 Nos. 1200 1000 174,90 154,91 197.10
2 11 xV Isolaters type IBA4 " 50 50 © 1.8 = 2,00 2,64
3 11 kV Outdoor type GPC " 300 275 15,60 13.85 2,43
4 33 kV OQutdeor type LG1 " 250 - 250 93.18 91,56 146.73
5 66 kV Outdoor type I.G3 " 80 62 42,48 32,28 82.39
6 132 kV Airblast type GAX " 1 2 © 1.83 6.92 35.44
7 Control and Relay Panels Sets 400 351 24.00 27.59 24,21
8 Industrial Controlgear Nos. 250 250 6.37 7.71 - 16.67
9 Traction Controlgear AC Sets 24 12 . 48.00° 21.97 244,16
DC " .11 11 22,00 30.74 94.08
Diesel L 15 - 22,50 : .- - 180.00
II TRANSFORMERS _
10 Power Transformers MVA 1790.94  1241.30 390,70 . 254,18 992, 39
11 Welding Transformers . . . .
(Thermac) . Nos. . 110- 110 2.75 2.74 1.34
12 Traction Transformers(EMU) " 9 - 7. 20 3.99 119.00
13 Traction Rectifiers (EMU) " 9 - 7.20 - - 101.15
14 Traction Transformers for '
Freight Locomotives " - - - - 65.28
15 Instrument Transformers " - 106 - 12.50 27.72

" Continued.

T6



APPENDIX TABLE 2,1 - concluded °

1 2 3 4 6 7 8
IIT CAPACITORS : KVAr 63000 80000. 39 35.00 4,63 1.46
IV TRACTION MOTORS ' | ' '
16 Type 253 BX (AC EMU) Nos. 98 40 29,40 ) 200.00
17 Type 133 AY/AZ and SH )
109 ID. (DC/EMU) n o 46 26,24 106,11
18 Type 165 (Diesel) ‘ n 60 2 27,60 47.53 459.52
19 Type AG-51 Generator " 25 - 0. 60 19.20
20 Type TG 5301 : " 15 - 13.15 120,00
21 Type 51 BY MG Sets - . " 19 5 4.95 .14.00
V  INDUSTRIAL MOTORS " 107 85 35.05 27,45 104,61
VI HEAVY ROTATING PLANT
22 Vater Turbine Generator MW/Nos. 48(2) - 1.70% © 1404,00
23 Steam Turbine Generator " - - - 368. 67
24 Large Electrical Machines HP - - - . ' 24,14
25 Engine Drive Alternator HP/Nes. 470(1) - - 9.08 1.90
VII WATER TURBINE MW/Nos. éz(s) - 21.00% 1907.00
VIII STEAM TURBINE " 30(1) - 4.99% - 1062.23
Total 1060.24  791.63  8125,57

#¥ Heavy Electricals share of work only,

Source: Reproduced from Heavy Electricals (India)'Ltd. Annual Report, 1965-66.
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CHAPTER 3

RAV MATERIALS
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3.1 Introduction

Raw materials form an important item in the cost of
prodﬁction of elecfrical machinery. The proporfion of the
raw‘materiallcost.to the ex;factorf cost in the case of an
eiectric motor, for instance, varies betﬁeen|7l per cent
and 84 per centl and indigenous content thereof accounts
generally for o#ef 90 ﬁer cent.z'.AdeQuate and steady sup-
ﬁlies'of raw.materie; form an essential factor in the fuller
utilieation of capacity and grewth‘of the industry; Study
of the raw materials enables us to see what are Fhe 'supply-
'ing industries' to the eleetrical machinery industries.

As in the preyious chepter, four mejqr sub-groups of the
electrical machinery industry viz.,vmotor, transforﬁer,
switchgear and fan have been faken into account.

:The technical description of the raw materials has.been
given in the following section (3.2).1'A11 the items dee—
cribed here are those coneumed by one or-the'other of the
four industries mentioned above. Section 3.2,therefore;
gives an idea about the wide range of iﬁdﬁsfries thch are
related with the four industries being studied here. As

stated in Chapter I, production eff101ency in these indus-

'~ India, Tariff Commission, The Report on the Conti-
nuance of Protection to the Electric Motor Industry, Bombay,
1963, p. 13.

2 Ibid.
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the reﬁﬁisite

tries depends upon a regular supply of goods of
. ) : ]

Quality from all the supplying industrigs that will be
described in thé nexf section. Tﬁiq description is follewed
with an‘accoun£ of the supply position of importanf items.

of raw materials. Supplf pesition of.soﬁe of the iﬁpoptant
ferrous and.non-ferrous metals is'discussed‘eveﬁ‘for théir
primary stage. This was thought necessary as the Subply of._
rolled prodﬁcts (such as biiiets,~st£ips, rods, etc.).which
are consumed by the eléétrical machinery units, their prices,
and import requirements.will be determined by the avail~
tability‘of metals in their basic form. A general discussion
of the substitution possibilitieslin respect of impqrtant

raw materials which, are imported, and the development 6f

new ones has been given in Section 3.4.

3.2 Description of the Raw Materials
Metals

Somé forty chemical elements of\commeréial‘importance‘
are usually classified as met#ls.' Thef are distinguished
'frgm other eleme#ts by charaecteristic physical properties,
such as high melting temperature, good électriqal and thermal
conductivity, metallic 1uétre, hardness and the #bility to be
deformed permanently without‘frgdture. Those metals widely
used\in the electrical machinery industry are discussed ‘

below,

Iron and Steel

Iron is the name given to pure ferrite as well as to



96

fused mixtures of this ferrite with large amounté (above
1.7 per cent) of carbon. These mixtures afe known as pig
i;on and cast iron. ' Pig iron is produced from iron ore

in the blast.fufnace. It is the>basic raw.material from-
which all cast ironm, wfoﬁghf iren and steel are made.

Pig iron is weak and brittle and is not used for stfuctural
purposes. _

Cast diron islobtained by slightly purifjing‘the pig
iron in a furnace in which the composition of iron-taﬂ be:
va;ied. If no other alloying element is present, the
quantity of carbon present must be 1,7 per cent., Presence
qf other alloying eiements changes this value considerably.
Thus, 2 per cent silicon lowers the possible carbomn limit
to 1,1 per cent., Different varieties of cast iron are:
gr;y cast iron, whité cast iron, malleable cast iron, etc,
These are determined by certain,ménufactﬁring details and
the propertion of carﬂon and other alloying elements. Cast
ir;n is used in industry because of its low cost and good
casting characteristics. Wrought iron was the first tough,
ductile material ﬁsed in struétural,work; but'it is used
very little today. 'This is because many.steels are superior
in almost every way to.wrought iroﬁ, and are much less

expensive,

3Most of the technical details in this section are
based on: James F., Young, Materials and Processes, John
Wiley and Sons, Inc., New York, 1954, pp. 244-245,
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Steel can be manufactured in great quantity at smaller
expense than wrought iren and with many varieties of

desirable physical properties., Many parts formerly made

of cast or wrought iron are now either cast or fabricated
from steel. The molte; steel coming from the refining
Afuénaces may either be cast intoe the &esired‘shape in which
it will be used or it may be cast into an ingot and.then

rolled, forged, hammered, pressed or machined into the de-

sired shape. Steel is generally divided into five classi=-

v

fications :-

(1) Low-carbon steel (éarbon content below 0,20
per cent)
(2) Medium carbon steel (carbon content between
. 0.20 and 0,50 per cent)
(3) High carbon steel (carbon content above
0.50 per cent)
(4) Low-alloy steel (alloy content less than 8 ‘
per cent) :
(5) High-alloy steel (alloy content above 8
. per cent)

All the darbon.éteels contain less than 1.7 per cent’
carbon, aleng with other elements, usually in theé range of
0.50 to 1.00 per cent magnesium,0,20 to 0.70 per cent sili-
con., Others like phosphoreus and sulphur are présent'iﬁ
very minute qﬁ#ntities. Steel is called 'talloy grade' when
the alloying elements exceed certain limits: 1 per cent |

manganese, 0,70 per cent silicon, 0.50 per ceht'nickel,ietc.

2

4 Tbid., pp. 269-70.

5 Ibid., p. 270.
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Among the carbon steels, medium-carbon grade finds the
largest application in steel products. Low and high carbon

steels are considered for specialised application. Between

N 't

the low and the high alloy steel,rthe former finds the
largest application while high alloy steels are used for
sPécial applications such as cutting tools, dies, etc. . \
réquiring high efficiency and corrosion resistance.

Wrought i.e. mechanically worked steel méy take many
forms. - Thus, the sound part of the steel ingot may be
rolled down to a bloom. The bloom generaily has a cr;s;
sectional area gréater than 36 sq.inches. The bloom may
be rolled down to a billet, which has a cross sectional
area between 1 1/2 and 36 sq. inches, or fo a slab which is
at least 1 1/2 inch thick and has a width more than twice
its thickness. Thesé various forms may then be reduced to
-any of the many finished shapes such as bars, rails, struc-
tural sectioné, etc, |

Eiectrical'macﬁinery industry requires various typesv
of intermediate Steel products mentioned above. Types
usually required for. the four sectors uhder consideration
are: skelp, plates, structurals (light and heavy), sheets,
bars and rods, strips, mild steel sheets, electrical steel
sheets and various alloy and special steels (other than
ordinary carbon steel).

The term 'electrical sheet steel! is a trade name  used

for steel sheets used in the manufacture of 'stampings’'.

‘
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DPynamo grade silicen steel is somewhat brittle. It
is used in rotating apparatus only where low stresses are
invelved. It is also'used in lower grade transformers. It
contains 3.5 to 4.0 per cent silicon.

Stampings a¥e thin steel sheets cut into varieus
shapes. These are used for 1aminated magnetié circﬁits
and are usually m;de of silic;n sheet steels. The silicon
steels form the most important type in the steelé used ip
transformer, motor ;ﬁd relays (switchgears). 'The manufac-
ture of silicon stéels for eiectrical application has becomé
very standardized. Names of the standard grades used in
the electriecal industries are: field (gfade), armature;
electrical, m;tor, dynamo, transformer and special:tfans-
former. These grades are arranged accord;ng to thg §ucces-:
sively iﬁcreasing percéntage of silicon in the steel. ,
Electrical grade silicon steel cbntains between.i.o and'l.S
per cent silicon. It is used in.relajs, ffactional horse-
power motors, and smalllrailway motors. Motor grade steel
(si;icon 2,5 to 3,0 per cent) is used for motors of various
kinds and other A.C. .and D.C. machines.v‘Transformer grade
steel has high silicon content (4.5 to 6 per cent) and it
is too brittle. it is used in transformer#. There are
several grades of transformer steel.

The number of types of steel used in industries is 50'
large that it is 5eyqnd the scope of this work to even list

th 1 6 ¢
em all, Only those varieties which are of special

About seventyfive varieties of steel castings of dif-
ferent composition are used in industrial applications.
Ibid., pp. 271~-272, .



100

relevance to the electrical machinery industry have been

described here.

Non-Ferrous Metals

Aluminiqm. '

The princip#l'ore.of aluminium is bauxite, A1203.H20.‘
Commercial aluminium contains a small quantity of iropﬁ
silicon and copper. It has aboutithe twice the strength
of that of the chemicélly pure érade. About twenty to twenty-
five varieties of alumiﬁium ailoys are.fouhd in commercial I
use,

The thermal and_electriéal conductivities of commer-
cially pure aluminium are’about sixty per cent of those of.
copper. This is high enough to bring about its use as the

‘conductor for many electric power lines. Because of its

light-weight,the aluminium,conductor woﬁld cost oniy.half as
huch as the copper one. This ecbﬁomy cannet be fully realized
because the dluminium is weaker and must Be reinforced by a
steel core in order to support its own weight_and service
loading. However, the saving in the cost invelved and the
more easy supply position has led to thé use of aluminium
in many electrical transmission application. Aluminium ingots
are being used for rotor cage of squirrel cage motors when
these are aluminium die cast,
Copper

The high electrical conductivity of copper (seéond

only to silver) has led to its use in large quanﬁities in
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and i
electrical wires and cables/in electrical machines. .

Copper forms an important raw matérial in.all the
four>c1asses of prodﬁcts being considered here, Its use may
‘take diffefent forms such as, strips, plates open and insu-
lated wires, etc. - Cobper is. also ugéd #s a materigl for
'electrical contacts'7,in apparatus and cbntrol‘systems
carrying electrical éurrents.

Copper and nickel form a series of ailoys which find
important application in electrical industries. Starting
with alloys rich in nickel (70 per cent nickel, énd 30 per'
cent copper) successively lower resistance to electri?'
current ié obtained as the proportion of copper is increaséd.
The alloy havihg 55 per cent copper and 45 per cent nick;i
has Rractically zero coefficient of resistivity.9 The appli-~-
cations of copper alloys take the form of open and insulated
wires, wire coils, wire spoolé, strips, etc.

Magnesium

Magnesium is the lightest of the metals put to commef-
cial use. Pure magnesium is seldom ﬁsed_as a strﬂctural
material because of its low stfength, but its alloys are
stronger and many of them can be hardened by heat treatment,

The usesof magnesium in alloys used for portable or high

7 A device for closing and opening the electfical ciréuit.
James F. Young, op.cit,.,: p. 189,

9
Ibid,
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-

speed machinery have increased manyfold in‘recent years.
An important instance is the use of magnesiuﬁ in different
varieties of carbon énd allo& steels.in‘yhich hagnesiuﬁ is
present in varying proportions.
Nic k e 1

Pure nickel is a tough,:silyerjcoloured metai. The
most important of the.commercial nickel,all@yé is khbwn as
Monel metal., The fesist#hce of Monel to steam attack at -
high temperatures has-causedAits ex%ensive use in steam
valves and‘turbines;. Nickel élloys that have high electri-
cal resistivity make ideal eléctric heater materials. fheir'
characteristic resistance té complete oxidatién‘and reten~
tion of strenéth at high temperatﬁres recommends them for
use at red heat. Typical standard electric heater materials
are (a) 80 per cent nickel, 20 per cent chromium and (v)
6Q per cent nickel,_lS per cent chromium and 25 pervcent
11.:-on.10 Nickel has come up as an important alléying element
or a_base metal in nickel-chromium-iron,alloys. ‘
Lead

This metal occurs in at least 60 miheral;, but it is
produced commercially from galena, £he sulfide of ;ead.

Lead is widely used for storage battery castings and cable

coverings.

10 Ibid., p. 361.



103

Zinec
Zinc is a fairly héavy, bluishfwhite metal used prin~’
cipally because of its low cost, corrosion resistance, and

alloy properties. Galvanizing and die.casting are'éome of
the important uses for which zinc is used in industrial
applications. The protection.of.iran and steel from corro-
sion is done more often with zinc thaﬁ aﬁy other metal
coating. The oldest and the most important methods of apply-
ing the zinc coatings are known as galvaniziﬁg. bA number.

éf other non;ferrous metals of commercial importance are
required (thoﬁgh on a very minor ;cale) in the electrical
~machinery industry. Tueée are: molybdenum, platinum,

silicon, tungsten to instance a few.

Non-metallic Materials

While metals are dividéd as a class in'ferms of certain -
related and measurable properties like e.g. a definite melt-
ing point, measﬁrable‘and reproducible mechanical properties
such as ténsile strength, thermal expansion etc.,; non-metallic
materials are characterised by gross departure from these
and other quantitative relationships. Non-metallic materials
could broadly be divided.into (a) inorganic and (b) ﬁrganic
materials, Examples of inorganic materials of commercial
use are ceramics, graphite, carbides, etc. Organic materials
commonly used are rubber (natural and synthetic), pape;,

cellulose derivatives, synthetic resins, etc.
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Electrical Insulation

One of thé-important use of many non-metallic materials
in the electrical in&ustries is that as'insulating materials.
Electrical insulating materials are these which offer a
very large resisfancé td‘the flow of electric curreant, and
for that reéson £hey are ﬁsed mainly to keep thé cprrent,in.
its proper path along the conduétor. The materigls‘ordinarily
employed in insuiations include cotton, silk, paper, rubber, '
wax, resins, asphalts, natural resin varnishes, plastics,
mica, glasé, asbesfos, porcelain,‘and_pure ox@des.l There
are liquid and gaseous materials also,which serve as insu-
lating materials, The insulating materials are used for wire .
coating and c;ble consﬁruction, for insulating spacers and
structural purpeses, for coil, generator and moter winding
applications. .

Plastics |,

i/

Plastics are a certain group of nafural aﬁd.synthetic
resins and their compoﬁnds that can be moulded, cast, ex-
‘truded or used for coatings and films. Pfactﬂ;lly all these
resins are of an organic nature, composéd of éombinations
of hydrogen, carbon, oxygen and nitrogen. The_chief ;;urces
of raw materials for plastics are coal, petroieum and agri-
cultural products. The mosticommon classification of
plastics is under thermoplastic and thefmosett%ng materials.

The thermoplastics are those which when heated begin te-

soften ‘at temperatures as low as lhOOF, then can be moulded
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without any change in the chemical structure. The therma-~
setting materials undergd‘a chemical qhangé when meulded
and cannot be resofténed by heating to reshape them. The
- mould tempera;ures for the thermosetting materials are
usually considerably higher than for the thermoplas£ics
and the finished product is capable of withstandiné much
higher temperatures without deformation. |
Plastics are basic fabricating materials having a
'variety of properties.  Standard forms in which plastics
are available include moulding powders, sheets, filmé,
rods, tubes and liquids. The choice.of res?ns&And suitable
modifiers offers. to the engineer plastics‘thatvare very
flexible or rigid, low melting or heat resistant, eléétri-
cally conductive or electrically insulating. |
Plastics therefbre have , found many applicétioh§ in ther
electrical machinery industry. Thermoplastics such as
cellulose acetafe butyrate is used for telephomes and radio
dials, flﬁorocarbon; are used as insulations in high volf;
age and high-frequency electrical equipment, nylons and
'polyfhylenes are used as superior wire insulati;n materiais
and so on. flastics as raw materials are not inexpensive
as such, but they compete with other engimeering materials
because (a) their édaptability to high volume low-cost pro-
duction (b) the savings effected by little or no need for ‘
machining or finishing operatioﬁs aﬁd (c) the possession

of a combination of inherent properties not fdund in ény
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othef materials. A plastic can be found for virtuaily

all applicatiens exeept'those,involv%qg high (abo;e SQOOf)_

temperatures and ver& bhigh strength.

Rubber . ) - .
Major groups of materials in this class are (a) natural'

rubber, (b) synthetic rubber, and (c) rubber like plastics.

Among the important applications of.thié class of materials

in the elec%fical‘machinery indusfry is that as wire and

cable insulation, If is also increasingly beiﬁg used as

belting materi;l for power transmission.

Ceramics

Products classed as ceramics are made either bhiefly
or entirely f;om earthen materials.. Of the iﬁdustrial
applications of ceramic products, electrical applications
are perhaps the most extensive and important. \Tﬁe pfo&ﬁct
6f'the ceramic industr& used chiefly in the. electrical
apparatus is porcelain insulaters. fhere aré thfee general
categories: low voltgge‘insulatdrs, high voltége insulators
and high frequency insulaters. Usu#lly a'mixture of raw

materials is blended to form the ceramic product. Clay,
flint, and feldspar are the principal raw materials used.
Other non-metallic materials used are different types

of adhesives, carbon and graphite, cement, cork, felt,

different types of fibres, paints and lubricants.

3.3 Supply Position in respect of Raw Materials

The following is a brief account of the sﬁpply position
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of the important raw materials consumed by the four sub-

groups of the electrical machinery industry under study.

It is based mainly on the publishe@;litera%uré and interviews

with men in the industry. It has not been pessible to deal

with all the itéms described in the previous section for

" lack of detailed informafion'in reséect of each, Those

céve;ed here, however,yfofm a mgj?r ﬁrobortion of the total
11 . .

cost incurred on raw materials.

Pig Iron- : : .

There is an acute shortage of foundry grade pig.iroﬁ
for the last ten years.‘_Indian Iron and Steel Co., Ltd.
and two publiec sector plants at Bhilai and Durgapur are the
only.producer; of saieable pig .iron in India.lz, A sméll
amount of saleable pig iron (40,000 to 45,600 tonnes in
1964-65)13 has been‘produced in what afe called "Small pig
iren plants™". This is primarily sold té foﬁndries fop'the
manufacture of‘c;sting§. Large-scale manufacturers iike
M/ s. Crompton Parkinson, Ltd., Bombay and the Kirloskar
Electric Co., Ltd.,Baﬁgalore have got their own foundries.

Others buy the castings. The shortage; according to the

14
Ministry of Steel and Mines is largely due to delay in the

11 see for instance, the tables showing the pattern of
raw material consumption given in Section 3.5.

2
Johnson, William A., The Steel Industry of India,
Harvard University Press, Cambridge, Massachusetts, 1967,
p. 218, . .
13 India, Ministry of Steel and Mines, Briefs on Some
Important Aspects of Work in the Ministry, 1965-66, p.32.

14 - Ibid,
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implementation of schemes licenséd in the private sector.
A total capacity of.296,000'fonnes_licenséd in the years
1960- and 1962 had ;o be revoked in 1963-6h"

Small plénts upto a capacity of 15,000‘tonnes per. year
were licensed.. As an incentive to their establishment,
these small pig irom piants were exempted from price and dis-
tribution contrels governing India's‘integrated iron and
steel mills. Because it was thougﬁt too low for their
erection, the upper limit which was initially fixed at
'15,000 tonnes was raised to 100,000 tonnes and more recently
to 300,000, With this latest;épproved maximum capacity the
'small pig iromn plants' neo longer_remain small, as this is
a capacity of a sméii-éize blast furnace., In spite of\this,
of the twelve plaﬁts approved by Mérch 1963, only three
had been erected.‘A possible réason as to‘whyithe capacity
didn't materialise seems to be as follows. Under the normgl
circumstaﬁces i?on produced in small pig irqn‘plants‘could

‘not-compete with iron produced in large blast furnaces
located in north-eastern India. Private interest consi-
dered erecting small pig iron plants oﬁly because circum-~
stances havg not been normal. Indian demand for foundry

- grade pig iron was well in excess of sgpply, and the quality
of the output of India's integrated steel mills was not

' 15 - ,
satisfactory, Under the circumstances, only a few small

15 Johnson, William A., op.cit., pp. 226-228,



109

plants have been promoted by companies that are themselves
consumers of iron and are W1111ng to pay a higher price
for the pig iron they need in terms of its higher pro-

duetion cost,

Electrical Steel Sheets (Silicon Steel)

The Tata Iron and Steel €o., Ltd. (TISCO) was the only
producer of electrical steel sheets of dynamo grade for
making motor stampings till 1965 16 The capacity of this
firm in that year was 24,000 tonnes per annum.(-éhe bulk
of the output of TISCO of this variety of steel is sold
to Guest Keen Williams, Ltd. (Sanky Division), Bombay.
TISCO had plans to increase the production of the electri-
cal steel (far electrical motor stampings) from 2h,OOOU

tonnes to 42,000 tomnes. This plan was held up because its

appiication for a loan from the World Bank for the necessary
. . 17

.

foreign exchange was pending with the Government.
. .18
The Hindustan Steel Ltd. has plans to manufacture
electrical sheet steel of transformer and dynamo grades to

the extent of 50,000 tonnes by 1967. It has been estimated

1
by the Indian Electrical Manufacturers Association 2 that

16 S

. India, Tariff Commission, Report on the Continuance
of Protection to the Electric Metor Industry, Bombay, 1965,
p. 14,

17 Ibid.

18 India, Ministry of Steel and Mines, Briefs on Some
Important Aspects of Works in the Ministry, p. 19.

19 Indian Electrical Manufacturers Association., Demand
Survey of Electrical Equipment, 1965-66 to 1970-71, pp.43-46.
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by 1970-71, the demand for electrica1 sheet steel would
.be over 100,000 tonnes. It is .clear that even if the
aforementloned plans of TISCO and Rourkela are implemented
there is going to be a gap between supply and demand which
Awill-have to be_coyered by imports.
‘ Tﬁe problem of adjusting the productioﬁ pattermn of the
steel industry to'the chénéing pattern of demand for steel
in this cbqntry, has often been‘discussed.' Much, however,
remains to be done in this direction.  The transformer
grade sheet steel planned for production.at the Rourkela
Steel Plant, fo? instance, is of %ﬁe hot rolled variety.
This will not help the transformer manufacturers to-change
ovef from thé hot rolled to the cold rolled grain.oriented
(CRGO) variety to improve the perfo;mance éf the transformers
and also to effect econpmies.in the raw materials.
Production of transformer grade electric steel of the

'¢old rolled grain oriented' (CRGO) variety involves con~
siderablé further processing than #hat required for the'hot.
rolled variety. However, the use of steel of the CRGO -
variety invelves substantial economigs; To quofe‘an earlier '

report of the Tariff Commission:- "“This {(the use of CRGO -

steel) enables the material to be used at higher magnetic

20
India, Tariff Commission, Report on the Continuance

of Protection to the Power and Distribution ¢f Transformers
Industry, Bombay, 1965 p. 15.
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density thereby reducing the quantity required and at the
same time reducing loss of electric energy. The insulation
usedvon these sheet; 5einé superior and!smoother, the
stacking. factor is better and reduces deterioration during
storage. Thus, the economy is not limited to electric
sheet steel, -but a‘similar savipg is effected in'fhe re-
quirement of cepper, trapéforﬁer oi% (both importgd
materials) and the materials for. fabrication of the tank.
.The size and weight of the éransformer is greatly reduce‘«.jl."zl
As thersﬁpply of transformer grade electrical steel’
from the Ro;rkela plant (which is the‘only,source of supply)
will be of the hot rolled variety, the phange-overyko‘CRGO

.steel will involve continuous imports of that variety of

steel.

Stampings and Laminations

The inner eore of an electfic motor consists, among
many qther parts, of circular thin steel plates lumped
togethér. These thin plates are called stampings. ‘Trans-
former cores are made of special alloy steels rolied to
approximately 0.014 inch thickness. These thin sheets are
called laminations. These are stacked to form the trans-
former core. |

M/s. Guest, Keen Williams, Ltd., ﬁombay, and M/s.

Devidayal Stainless Steel ‘Industries Private, Ltd., Bombay,

21 ‘ o N
See,. India, Tariff Commission, Report on the Conti-

nuance of Protection to the Power and Distribution Trans-
formers Industry, Bombay, 1963, p. 15 ff.
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are at present the only two concerns who manufacture these
parts for sale,zé The capacity of these two'units fdr the - -
manufacture of sta@pings was 13,400 tonnes“per annum in
1965, while the:actﬁal proauctign was 5,152 tonnes in 1963
and 7,747 toﬁnes in 1964. Capacity of the same two units
for the manufacture of transformer laminations was 12,200
tonnes pér annum/in 1965 while actual production was 4,536
tonnes in 1963 and 6,319 tonnes in 1964. While the
annealing capacity for steel of the cold rolled grain
oriented (CRGO) variety was 3,150 tonﬁes,'the actual pro-
duction of lapinations of CRGO‘gteel was ;lso negligible
(11 and 24 tonnes in 1963 and 1964 respectively). Bofh

-

the units .are having underutilized capacity. This has been
o 23 .
attributed to acute shortage of electrical steel sheets
which have to be moestly imported so far.

Cooling Tubes

The subply of cooling tubes required for the trans-
formers is'anther instance of how the laék of co-ordination
between the pfoduction pattern of steel industry and the
demand patte;n of consuming industries l?ads us to.a pro-
longed dependence on imports of certain items. .A substan-~

tial part of the demand for cooling tubes required in the

’

22 Seey for instance Report on the Continuence of Protec-~
tion to the Power and Distribution Transformers Industry,
Bombay, 1965. }

23 See;, the discussion on electrical steel sheets
(silicon steel) in earlier paragraphs.
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manufacture of transformers is met by three iﬁdigenous
manufacturers, namely, the.Indian Tube Co.; Calqutta,
M/s. Tube Products ;f India, Madr#s énd M/s. Premier Aute-
mobiles, Ltd., Bombay.' Producers of transformers are satis-
fied with the quality of the tubes but they complain about
protracted and irregular deliveries and high prices.zh

The main difficulty of the fabricators of tubes is
said to be iﬁadequacy of steel strips for the-ménﬁfacture
of tubes. These steel strips are mostly imported at_p:esept.
There is a possibility of manufacture of these strips at
the Rourkela Steel plant, but it would be hot relled strips
in lh,SWG. The manufacturers of transfermers are using
strips in 16-SWG. (This requires further processing of the
14 swaG variety). The indigenous production of the steel
strips in order to be useéful ‘to the transformer manufaeturers
th¢mge¢Xyeg has to be in 16 SWG or the transfofmer manufac-
turers themselves have to adopt Stéel striés in 14 SWG for
their purpose (which they are not prepéped to do for ceftain
technical reasons). therwise the country will have to
dépend on the ;mports qf 16 SWG séeel strips‘for an in-
definite period.25
Aluminium

From the point of view of its present as well d&s

potential use and as a substitute to copper and other matals,

24
India, Tariff Commission, op.cit., pp. 20-21,

25Ibid. '
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aluminium occupies an importaﬁt place in the electrical
machinery industry. The Indian Aluminium Co., Lfd.,
Calcutta, (smelters.at Hirakud, Orissa and Alupuram,

Kerala), the Aluminium Corporation of India, Ltd., Asansole,
Calcutta,vand\the Hindustan Aluminium Corporation,'Ltd.;
Bombay (smelters at Renukoot; Uttar PradeSh),are the three
producers of aluminium metal in the form of ingots.?éThe'
total ingot production of these three units.stood at 54,966
tonnes in 1963. The quality of indigenous products (ingo£s).
‘compares fairly well with.the imported ones.?7i The.Tariff
Commission estimated the. total demand for alumiﬁium'in
different industries te be 170,000 tennes in 1967, while
the estimateé total preduction sfood at 114,000 tonnes.28
The report stresses the need for further,increasé in éapa-
city of this industry. .

The policy of the Governmént is to sanction fabriecating
‘capacity such as for plates, sheets, circies, strips, foils,
etec., to primary prbducers (producers of aluminium metal : .
ingots) upto a cgrtain proportion 6£ thgir ingot capacity.

The Indian Aluminium Company and the Aluminium Corporation

of India have their own rolling mills. In addition, there

26 : '
India, Tariff Commission, Report on the Continuance
of Protection to the Aluminium Industry, Bombay, 1964,pp.6-7.

27

28
Tbid., pp. 1l4-15.

Ibid., p. 19. ' : -
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were nine units in 1965, which fabricated rolled products
excluding wire rods. The total capacity of the eleven
29

units was 27,100 tonnes per annum in 1964.

E.C.+ grade aluminium

E.C.'grade aluminiﬁm is required for the manufacture
of bare conductors, covered conductors, accessories and
other purposes. The total proéuction.of E.C. grade'aluf
minium by the three units (producing basic metal) mentioned'
above was 8,h23‘tonnes in 1962. It increased tov26;377
in 1965. This increase was.inedequate for thqrequirements
of aluminigﬁ cable and wire indusrry and considerable
importsVWere_neceesaryitd make up the>defieit. Taking
into account the requirements of bare conductors only ane
excluding those for other purposes. the Tariff CommiSSion

.

estimated the requirement of E.C. grade aluminium as

84 ,590°°

tonnes. The supply figure based on the estimates
furnished by the producers was 73,500 tonnes leaving a
gap of 11,090 tonnes to be met by imports. If the require-

ments for all the other purposés are taken into account the

-shortage would be sfill greater.31

4+ Electric Cenductor.

9Ibidn, Pe 90

30
India, Tariff Commission, Report on the Continuance

- of Protection to the A.C.S.R. (Aluminium Conductor Steel
=~ Re-inforced) and A.A.C. (All Aluminium Conductor) Industry.
Bombay, 1966, p. 17.

31 Ibid., pp. 20-21.
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Further difficulﬁyvin respect of the existing supply
of E.C. gradé aluminium is that while the production of
E.C. grade metal is éoncentrated in a‘few stétes, the bare
aluminium conayctor industry is spfead all over’thg country.
Thus, Uttar Pradesh_an; Orissa acéoﬁnt fbr nearly 75 per
cent of the total production of the E.C. grade metal but
their capaqityrfor bare conductors is only about'll per
cent of the tqfa; c.apacity‘.32 - '

Thevtendency all over tﬁé}world is to u;e aluminium
in ﬁreference to other_non-ferrous metals. INotwithstanding'
'some of the diffiéulties mentioned abo&é, aluminium has
‘already made a Big headway in the Indian cgble‘industry
. and in view‘of the shortage qf zinc, wﬁicﬁ is how almést
-ﬁholly impoftéd in India, thé case of allminium has-méﬁy
interesting possibilities{

Copper

The important cepper producing cpdntries in the world
are U.5.A., Canada, Chile, Congo,vNorthern Rhodesia; Japan
and Russia. Ambng them, the U.S.A. ranRSAﬁirst and pfo— |
duces about one-third of #he t&tai‘wéfld‘production. The
U.S.A., Chile and Northern Rhodesia account for nearly half

of the total world production.

I

32 d
Ibido y PP 27-28.

33India_, Forward Markets Commission, Report on the
Recognition of Associations in Respect of Forward Contracts

in Copper, Zinc, Lead and Tin, Bombay, 1956.
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Indian supply of copper falls far short of the demand
which is being met largely by imports, as will be seen
. "3
from Table 3,1 below,

TABLE 3.1 INDIGENOUS SUPPLY AND IMPORTS OF COPPER
. (REFINED METAL)

Year Indigen- Imports . Total

" OUS PrO= =moemec—mecacseccece————— (3 + 4)
* duection Ingots Electrolytic :
billets copper wire bars

1 2 3 - 5
. 1962 9,781 33,314 34,743 68,057
1963 9,582 39,208 32,702 - 71,910
1964 - 9,474 28,562 32,488 61,050

The Indian Copper Corporation, Ltd.-with its factory
at Ghatsila (Bihar) continues to be the only unit manu-
facturlng fire refined copper (a variety of pure metal)35
Its annual installed capacity for fire refined copper is

9,600 tonnes per annum. The statistics presented in Table

3¢1 give the supply position in respect of copper in the

4 Reproduced from
3 India, Tariff Commission, Report on the Continuance
of Protection to the Non-Ferrous Metals Industry, Bombay,

1965.

35 In order to draw a line between marketed grades of
copper and copper alloys, the American Society for Testing
Materials, for instance, has adopted specifications in which
metal containing not more than 0,5% of an element or elements
other than Cu is designated as copper. These specifications
cover three main commercial varieties as determined by the
method of refining, viz., electrolytic, fire refined and
Lake copper; also, as determined by the method of processing,
tough-pitch, oxygen-free and deoxidised copper. See McGraw '
Hill Encyclopedia of Science and Technology, Veol.3, p.467.
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form of refined metal,
Coppef is usually imported in wrought or unwrought féorm,
Iﬁ the wrought form it includes rods, sheets, strips, tubes,
pipes, wires and braziers while in the unwrought form, it
includes ingots and wire bars, tiles, cakes, brické, and
slabs #nd scrap. The latter forms a major proportionlof
our imports of copper. Unwrought copéer is imporfed from
U.K., Congo, Mozémbique and U.S.A. while wrought copper is
usually imported from U,K. mmd U.S.A. and Sweden.. The
quantum of imports of copper into India is dependent upon
the industrial situ;tion in the .producing countrieé, the
availability of supplies and the price prevailing in the

foreign markets. .Copper is a strategic metal and it assumes

importance in theAstock piling programmes'of countries like

the U, S. A.

‘Insulated Enamelled Copper Wires and Strips

-

In 1965,.there were ten units manufacturing enamelled'
copper wires requiied for electrié motors, transformers and
fans, There were nine units ﬁahufacpuring paper’ and cotten .
covered copper strips.and wires, Indiéenous manufacturing
capacity in this respect is reporfed to be'adéquateiy
planned to meet the demand. The actual.producfion{‘however,
is short of requirements, being limited by.the‘allocafion.

of copper to the cable and wire indﬁstry, The allocation

of copper fo the electrical industries has beeh reduced due

to the inérease in the prices of copper in the ipternational"
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market. In this c&ﬁnect{yn a suggestion36 made by the
Indian Electrical Ménufacturers Association viz,, that the
Government may‘énteé into an.agreement with the (copper) .
producer countries directly on the long térm basis, so. that
we need not have to depend on th9 vagaries of éhe London
Metai‘Exchange,37 seems to be very important.

Zinc

The important zinc-produciﬁg countries in the world
are U.S.A., Canada; Mexico, Peru, Australia,'Gefmany and the
U.S.S.R.; the U.S.A. ranks first and accounts fof about 20
per cent of the total world prodﬁction. '

Zinc occurs as lead-zinc ore in the Jawar mines in-
Rajasthan, A; estimate regarding the reserves in these
mineg puts them at 700,000‘tonnes of high grade ore contain-
ing 12,5 per cent of combined metal (5.25 per cent lead and
7.25 per cent zinc). 'Héwevér, this is quite inadequate to

undertake the production of virgin zinc on a commercial

scale in India, as the quantity of zinc concentrates having

.36India, Tariff Commissiem, Report on the Continuance
of Protection to the Power and Distribution Transformers
Industry, Bembay, 1965, p. 18. '

37The London Metal Exchange was founded in 1882, It
has developed and maintained a position at the centre of the
world's metal trade. The Exchange is the only continuous
market where copper, tin, lead and zinc can be freely bought
and sold, in large or small quantities, As it is the only
efficient and competitive mechanism for establishing world
values for non~-ferrous metals, its official prices form the
basis of dealings in ores in the countries throughout the
world. ' :

See, The Economist Intelligence Unit, Limited. The
London Metal Exchange, The Whitefriars Press Limited,
Tonbridge, England, 1958.
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; zinc content of about 55 per cent is only 5,000 tomnes.

At present, the Metal Cérﬁoration of India, Ltd., producés
zinc cﬁncentrates~(an intermediate product to virgin metal)
ahd gets them smelted inte zinc in Japan on toll~basis. The
production of zinc concentrates in India, zinc concentrates
shipped to Japanland the metal obtained therefrom during the
past three years are indicated below. '

TABLE 3.2, THE SUPPLY OF ZINC CONCENTRATES AND ZINC METAL:

"1961-62,1962-63, -AND 1963=-64

Year - Zinc concen- Zinc concen- Zinc Metal
trates produced trates ship- Received after
. ' ped to Japan Treatment
- . for treatment
1961-62 9,008 10,895 4,327
1962-63 11,031 . 10,919 3,875
1963-64 9,900 9,922 - - 4,826

Source: Reproduced from, India, Tariff Commission, Report
on _the Continuanée of Protection to the Non-Ferrous
Metals Industry, Bombay, 1965, p. 16.

The Corporation is setting up a zinc smeitér at Debari near
Udaipur in Rajasthan with an annual capacity of 18,000
tonnes., The raw material viz. zing concentrates will‘have
to be imported.

In‘respect of non-ferrous metalsAother than aluminium,
in spite of the increased production planned in the next

few years there will be a wide gap between demand and pro-
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du;tion which wiil have to be met by imports.38 Aluminium

is the oniy nén—ferrous metal for whiqh adequate raw mate-
rial resources are ;vailable in the‘cduntry. 'The‘raw‘
material resources in respect of'ali other metals like
copper, lead and zinc are very limited. The possibilities
of importing concentrates of these ores from other ébunﬁriea
and processing thém in the smelters within the country will
have to be urgently explored. .

Porcelain Bushings

.

These are required mostly for the transformer ihdustry;
The demand for these parts is met both from imp§rts and
from indigenous sogrces.‘ The indigenoué manufacturers are;
ﬁ/s. Hindustéh,Potteries, Calcutta, y/s.bBengal Potteries,
Ltd., Calcutta, The Bengal Poréelain'Co., Calcutta, the
Government Porcelain Factory,‘Bangalore, and the Bihar Govern-
ment High Tension Insulator Factory, Ranchi. There is at
present no standafdization’in respect of gizes and dééigns
of the bushings orderéd by the transformer.manufaéturers;
This leads to a long delivery peried, sin;e every 5rder has
to be taken as'a special order. The qualit} of thé.indigen-

ous production is quite satisfactory.

Insulating Materials:

The supply of insulating materials such as leatheroid,

empire cloth, cotton tape cotton sleeving, empire sléeving,

38

4 See, India, Ministry of Steel and Mines, op.cit.,
p. . .



122

etc. required in the manufacture of electric motors and
transformers.is adeéquate to meet the quantity'neededvin-the
organized sector. &hough the quality of ﬁhe indiggnéﬁs
'prbduction is satisfactory, the prices are relafively high.
M/s. Senapathy Whitely, Ltd., Bangalore;vand M/s. Rohtas
Industries,'Dalmiaﬁagar,'are manufacturers of some of these
items, Insulgting materials required for slot insulation in
'E' class motors such as‘polyester paper laminates, varnished
terelyne cloth and sleeving, micanite'with polfster film

bond etc, are-fully imported.

Transformer Oill

Transformer oil is a prodﬁct of petro-chemical coﬁplex;
Almost all tﬁ; requirement is at presént being met by impeorts.
The demand for this product was estimated b&’the Directorate
General of Technical Development of the Government of India’
to be 1.55 crores of litres in 1968. The Ministry of Petro-
leum and Chemicals is making efforts to set up indigenous '

39

preduction of.transférmer oil.

PF (Phenol formaldehyde) Moulding Powder

Phenol Formaldehyde moulding powdef of various grades
is used for the manufacture of telephones; radio cabinets,
switchgear parts, etc.. There Qere six manufacturers in

, 40
India with a total capacity of 2,195 tonnes on single shift

3 - .

9India, Tariff Commission, Report on the Continuance of
Protection to the Power and Distribution Transformers Industry,
Bombay, 1965, p. 21. '

India, Tariff Commission, Report on .the Continuance of
Protection to the Plastics (Phenol Formaldehyde Moulding Powder)
Industry, Bombay, 1962, p. 6.
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basis in 1962, Production_in 1961 Qas»2,244 'I;c;nnes.hl
Produ?tion in 1966 was stated42 to be 3,823 tonnes; The
Industrial Plasticé Corporation, Ltd. and the Indian Plastics,
Ltd, are twe large scale producers in Bombay, Accord}ng to
the Tariff Cﬁmmission's Reportug the Lapacity of this industry
;f worked on multiplé—shifts basis is adequate to meet the
demand for P.F. moulding powder in the next_few Yeafs.
Rubb é r
The figures regarding the productipn and~consumpti§n

of different varieties of rubber in 1966 are as follows: .

TABLE 3.3. PRODUCTION AND CONSUMPTION OF RUBBER
' DURING 1966

Type ‘ | Indigenous ‘ Consumption
Production -
Natural Rubber . 53,196 66,693
Synthetic Rubber 15, 604 ' 21,947
Reclaimed Rubber 10,832 - 10,578
T etal 79,632 99,218

+*

The shortfall in the,ihdigenous suppl} is accounted '

hlIbid., Pe 7o

2 :
Narasimhan, N.S., Promising Prospects for Plastics
Industry, Foreign Trade of India, Vol, 52, February, 1968.

uBIndia, Tariff Coﬁmission, op.cit., p. 9.

thr. Modak, K.N., Indian Rubber Goods Industry, Foreign
Trade of India, Vol. 49, September, 1967. o
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for by importg. There is only one factory,,viz., Messrs,
synthetié and Chemicals, Ltd. at Bareilly in Uttar Pradesh
manufacturing synthetic~rubber with a capacity of 30,000

k y S ‘
tonnes per annum,

AS far as the rubber godds industry is concerned the
present capacity meets all the Indian demand‘aﬁd‘has an ex-
port ;urblus; There are at present 200 large and medium- sized
units in addition té over 460-500 small-scale units. The
total prqduction was‘estimated to be Rs. 200 crores while
the exports amounted to Rs, 5 erores. o

'Excepf such items as electricalléteel, éopper éndlqther
specific itéms discussed above the supply posifion of ra&
materials fo; fhe organized sector is_fairl& satisfactory.
However, small-scale manufacturers in electrical m;chipery
industry are experieﬁcing considerable difficulties in pro-
cﬂring the basic raw materiéls. Whereas the manufacturers
of stampings, laminations, copéer wires and strips,:steel
sheets and plastics etc; have some sort of a regﬁlar arfange-
ment with the large scale manufacturers of electricél machinery
in terms of regular quotas etc, there aépeafs to bé no such
varrapgement as far as small scale broducegs are 6oncefped.

As a result é gmall;scale producer of gléctrical machinery

has to purchase his requirements of copper-wires and strips

and many other materials in the open market by paying

hsIbid.
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exhorbitant prices. In many cases the requirements of the
. small-scale producers are not large enough to place an

indent on the producers of the basic raw materials.

3.4 Substituting Imports and the Use of Improved
Varieties of Raw Materials

The account of the supply position of raw materials
consumed by the electrical machinery igdﬁstry gi#en in the
‘ earlier section points out amoné other things, to the urgent K
need for.the substitution of certaipvraw materials which
are beiné imported at present. A few iﬁétanées of the sub;
- stitution poésibi;ities in fespect of raw materials have

been given‘in the following paragraphs.

The Use of Aluminium Die Cast Parts

Rotors (the rotating inside part of an electric motor)

as they are manufactured.today involve the use of quite a

i

substantial amount of copper. The use of aluminium die cast
rotor has an iﬁportant consideration of reducing fofeign ex-

change on imports of copper threugh its feplacement by alumi-

nium, which is indigenously available., Though the initial

capital cost in terms of die cast machines, dies; etc. is

high, it has a special significance for reducing the cgst

of production in térms of lower labour costs, compared to
rotors with coppér strips and rings. ‘Despite such significant
economies,with a few_exceptions,veven the producers in the
organised‘sector have ﬁot taken steps for a chaﬁge over to

aluminium die cast rotors.

46 :
-India, Tariff Commission, Report on the Continuance of .
Protection to the Electric Motor Industry, Bombay, 1963, p.23.

.
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The use of aluminium dié cast bodies is also possible
in the stator (outer ceover) part of an electric'potors.
While a one horse poﬁer motor (with.the sfaforAcasfingAin'
pig irom) of the Kirloskar Electric Co., Ltd., Bangalore’
weighs 73 lbé., the ﬁotor of the‘samé-horse‘power manufac-
tured by ASEA (Swéden) with the use of aluminium die cast
body for its statof, weighs only 19.8 1l:>s.l47 For frame sizes
whbsé production is possiﬁlé on mass scale such a substitution
may help to bring down the ‘costs particularly for the éxﬁort_
market. | v

New Insulating Materials

In the case of insulation material for electfic motor,
the preoducers jin the countries like U.S.A., West Germany,
U: K. have switched over tdrclass ‘B insulationhsas agéinst
cléss 'A' insulation. This has resﬁlted ih economies in the
quéntifiés of materials and reduction in cost. Though some
manﬁfacturers in India 1ike Bharat Bijlee Ltd;iof Bombay, ,
Jyot; Electric Motors Ltd. of Baroda and Kirloskars at Bangalore
have started using this variety on an experimental basis,the
use has not been widespread so far. The1reason is maanly the
lack of supply of good quélity materials used‘in the class
'E' insulation maferials. These materials are mostly of
éynthetic, thermoplastic variety,

The use of class 'E' type insulation has a wider impéct

on savings other than merely that reflected in the reduction

of the material cost proper. Its use results in the increase

7 India, Tariff Commission, ep.cit., p.

48 This is a mode of classification of the insulation
material used for amn electric machine. The alphabetical
order does not indicate the quality gradation.
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in heorse power output for the same framesizeh9 (represent-
ing a certain quantum of material and manufacﬁuring cost).
This impliés a saving din all the raw materials which are
cfitically in short supply, viz., dynamo grade shget steel,'
copper wires, pig iron and shaft stgel (steel uséd for the
shaft of the electric ;otors).

Aluminium Conductors instead of Copper Ones

Copper condﬁctors in transformers say gpto 2000 KVA -
ratings and in motors upto l5nh.p., bus bars and cennectors
in switchgear, earthing conductors in sub-stgtions, could all
- be replaéed by|tho$e made of éluminium.‘ Here, there are two
difficulties, viz,, (a) the methods of jointiﬁg of aluminigm
to copper an& aluminium fo aluminium have not yet been
established properly and (b) aluminium ceonductors are not
available in suitable forms and alloy combinations.5

\

Electrical Grade Papers

Numerous grades of treated and untreated kraft, tissue:

and other types of papers are used in the manufacture of

hgThis ranges from 100 per cent rise of output in the
case of a 1.5 h.,p. class 'A!' motor to 20 to 25 per cent in-
crease for a 25 h,p. class 'A' motor. Alternatively, saving
can be gauged from the reduction in size which will involve
less material cost, for a motor of given horse power. This
reduction in the size and the resulting economy in the mate-
rial cest averages about 30 per cent.

See, India, Tariff Commission, op.cit., p.

0 .
Ajwani, M.B., 'Import Substitution in Electrical
Industry - Problems and Proépects', Electrical India, Vol.VIII,

No. 5, Bombay, May 1968, p. 25. :
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capacitors, condenser bushings, coils, composite insulation
efc. At prggent papers of all gradés are imported.  Major
tasks in the production of these pépers are the attainment
of requigite degree of purity and dieele;tric.strength.Sl
'Suitab;e'pulps from indigenous woods.and other scrap mate~
rials have to be devquped; as a first step in an atteﬁpt
to substitufe.import.qf thése materialé. |

3.5 Pattern of Consumption of Raw Materials

The‘daté presented in the tables in this section show

the raw materials consumed by the four‘industries under con-
sideration.52 Apart from showing the ¢oﬁsumptioﬁ pattern of
raw materials\some‘of‘these tables may prgvé useful for_?er—'
tain analyticél purposes. as indicated below.

" Input output flpw tables that are constructed at present
" are based on the dafa regarding the cpnsumption éf raw’mate—
rials by'induséfies as it appeérs in the bublished sourceg of
statistics., These figgreé‘are based on aggfegate'data usually
for units iﬁ an industry as a whole or for a sector in an
‘industry. In the proceés of aggregation impertant inférma-
tion is'logt or has to be reported under.such ﬁiflés as’

5 ) ‘ .
fothers!'. 3 Cases are not rare when the value of items

51A loose definition of a 'dieelectric' is a substance
which does not show metallic conduction. Most organic’ sub-~
stances, for instance, are dielectric, It is common to
classify insulating materials according to their dielectric
strength. This characteristic is simply defined as the
maximum A-C or D-C voltage that ecan be applied to the mate-
rial before dielectric breakdown occurs.

52 '
In respect of switchgears, detailed statistics regard-
ing raw material consumption was not readily available. Only
important items have been given here.

Contd./;.
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bracketed under the'title 'others' exceeds even the most
important single item in the list. The data presented in
the two ;ubsequent iables, therefore, may #Xg¢ ﬁﬁovide a
check or an alternative reference while using the stafistics
of an aggregative nature, |

Table 3.4 gives the list of raw materials consumed in
the production of electric moters. ‘It also shows the pur-
chases of indigenous.materials and imported emnes separatelyf
The data peftain to an individual firm and to the year 1961~
62. Raw materials worth Rs. 1,11,85,553 were consumed in the
production of electric motors worth Rs._2,51,lh,6d7. Stamp-
ings, electrical steel sheéts, ball bearings, enamelled
copper wires and strips-are the most important items in the
total cost of raw materials consumed. Imported items of thé
raw materials formed 15.09 per cent of the total value of
materials purchased during fhe year. -The concerned plant
producing electric motors is a large scale proﬁuction unit.
- Its production of electric motors includes those in the
fractional horse power range as well as those in the inte-
gral horse power category upte 250 h.p. in the usual produc-
tion schedule. ﬁotors above this range are also manufac-

tured as per special order.

33 See, for instance, India, Central Statistical Orga-
nisation, Annual Survey of Industries, Vol., IX, Calcutta,
1961, Pe 80 . ’ '




CONSUMPTION OF RAW MATERTALS FOR THE MANUFACTURE OF ELECTRIC MOTORS

TABLE 3.4.
DURING 1961-62
Particulars ..Unit‘ Imported -Indigenaus g:i:ﬁm- -
.................................................................. %%
Quan- Value Quan- Value Quan-" Value
tity tity tity

1. M.S.Rounds M. T. - - 178,50 1, 28,942 145.40 1,07,836 0.96
2. IV D Steel M. T, 484,65 4,227,854 24,18 18, 305 435,00 4,13,231  3.69
> §i2§221°a1 Steel M. T, 120,57 2,05,803 843,00 11,98,304 ~ 1,004.00 14,42,786 12,90
4, Stampings M. T. - - 816.44  31,10,034 743.58 30,16,363 26.97
5. Ba11 Bearings No.  22,259.00 5,24,296 A41,637.00 4,46,639 75,362.00 10,95,797 9,80
6. Pig Iron M. T. - - 2,343,00 . 6,07,949, 2,238.00 5,83,221 5,21
7. Hoop Iijon M, T. - - 5.00 8,824 3.75 6, 449 0.06
8. Enamelled Copper M. T, - - 264,18 18,69,835 320,20 20,58,195 18,40
9. gi;::r Strips M. T. - - 56,15 4,19,921 94.00  L4,65,446 4,16
10. Copper Fans No. - - 8,231.00 . 45,121 10,359.00 56,525 0,50
11. Copper rings No.. ' - - 1,566.00 5,531 2,254 g9 8,256 0,07
12, P,ﬁ.Sliprings No. - - 4,158,00 57,159 5,509,90 57,661 0.51
13. V.I.R. and P,V,C, MR \ - - 92,698,00 87,726h,56,h33.oo 1,28,156  1.15
14, Xiﬁ::nium Fans No. - - 22,225.00 2,79,926 22,960.00 2,93,224 2,62
15. Bakelite Terminal No. - -  25,845.00 75,091 25, 388.00 71,395 0. 64
16. Eiﬁﬁiiee Insulation No. - - 6,109,00 21, 597 3, 890.00 13,831 o0.12
17. gi;i:e Cloth cM 640.00 6,394 6,799.00 61,842  5,956.00 56,669 0,51
18. Empire Tape No. - - 1,800.00 . 21,066 1, 340.00 20, 225 0.18
19. Carbon Brushes No. 14,150.00 65,533 11,761.00 52,830 0,47
20. Brush Holders No, 5,074.00 . 71,422 - - 4,702.00 83,563  0.75
21, Leatheroid Kg 22,750.00 2,i2,616 © 450,00 3,831 10,168,00 1,43,478 1,28
22, Empire Sleeves No. 3,757.00 4,115 1,91,777.00 47,517 137,372.00 58,811 0,53
23, Varnishes LR - - 60, 502,00 1,94,679 71,697.00 2,44, 355 2.18
24, Paints LR - - 17,505.00 1,13,686 11,425,00 95,396 0. 85
©. Planke o - - LB63.00 3,62,597  1,863.00  3,62,597 3.2,
26. Packing cases No. - - 16,441.00 1,43,771 16,441.00 1,43,771  1.28
21. Packing paper R1 - - 350.00 8,599 450.00 10,486  0.09
28, Cotton Tape No. k1,171.00 2,18,090 19,000.00 95,000 0,85
Total 14,52, 500 96,22,115 111, 85, 553 99.97

#*%% Percent Share of each item in the

Source?

Case Study Data,.

total cost of raw materials consumed,

oft
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The dafa regarding the purchase and censumption of
raw materials for the production of transformers (year
1961;62) are presented in Teble 3.5 next. Raw materials
worth Rs. 58,17,611 were consumed in thg production of tran§4
formers worth Rs. 84,76,691. Transformer 1aminatigns, cop-
per strips amnd wires, transformer oil,,are'somé of.the
important items in éhe total cost of raw materials consumed,
Imported items of raw materials in this cagg, accounted
for 20.11 per cent of the total value of materialg purchésed
during the year 1961-62. .

Table 3.6 gives the consumpfion pattefn of raw mate-
rials fo? fans. The table has been based on publish;d -
aggregatelstaéistics, viz. the Annual Survey'bf Indusfries,
as detailed information was not available froﬁ the case
studies undertaken for this work, Data relate to'the year
1961 aﬁd show the aggregate consumption of raw materials
for 23 factories. Raw materiéls worth Rs., 7,29,03,?3& were
required for a total output of Rs. 12,13,20,481 of the 23
units. Elecfrical sheet stgel (stémpings),.winding wire,
bearingg, aluminium sheets and strips are'éome of the
important items inm fhe cost from the point of view of. their
share in the total cost of raw materials, ' |
’ \

The 'Annual Survéy of Industries' do not report the
product gfoup 'switchgears and confroigears' separately.
This is groupe& in the 'equipment for génerétion, transmission

and distribution of -electricity' including transformers. Raw



TABLE 3.5. THE PURdHASE AND CONSUMPTION OF RAW MATERIALS FOR THE MANUFACTURE OF TRANSFORMERS DUR;NG
THE _YEAR 1961-62

Particulars Unit Imported Indigenous . Consumption Percent-

e e e e e e e e e e e e e e e e e e e e eesscscscsces age share
Quan- Value Quan- Value Quan=- Value of each
tity . tity tity item in
the total
cost of
raw mate=-
rials
consumed
1. (a) DCC Wires M.T. - - 26.42 2,04,827 29.83 2,24,142 3.85
(b) DPC VWires M.T. - - 110.48 7,82,907 7743 6,56,495 11.28
(e) TPC Wires M.T. 9 C1,69,447 15.60 1,22,671 - 18.80 1,73,957 2.99
2. DPC and TPC Strips _ : .
(Copper) M.T. - - 134.19 9,45,142 111.16 8,55,468 14.70
3. Paints LR - - . 17,505.00 1,13,686 . 3,583.00 21,589 0.37
4. Vvarnighes LR - - 21,780.00 45,420 19,684 .00 36,142 0.62
5. Empire Sleeves No. 5,757 4,115 1,91,777.00 47,517 66,365.00 14,680 0.25
6. Cotton Tapes Rls. - T - k1,171.00 2,18,090 - 10,482.00 58,556 1.01
7+ Elephantide and Ke 10, 524 68,792 - - 30,591.00 2,85,151 h.90
Press pan sheets Keg 12,698+ 1,19,125 - _ - ~.
8. Trans.0il h . LR 2,117,433 2,17,147 ' - - 5,97,966.00 6,57,763 11.31
LR 1,94,370 2,14,871 - -
9. Cooling Tubes MR .- - k8,k72.00 2,02,680 63,310.00 2,53,049 k.35
10. Porcelein Bushings No. 1,349 1,277,880 9,224 .00 78,854 9,925.00 1,82,163 3.13
11. Dial Thermometers No. 50 . 6,296 - - 221.00 12,938 o,gé
12. Bucholz Relays " No. 60 23,530 - - >33-0 13,742 0.24
13. Transformer
Laminations M.T. - - 581.62 17,43,492 613.61 18,30,231 31.46
14. M.S.Channels M.T. - - 29.50 25,385 88.75 66, 562 _—
15. M.S. Plates M.T. - i 143.00 1,09,666 263.00 1,79,346 3.08
16. M.S.Sheets M.T. - T 170.35 1,38,468 212.40  1,61,055  2.77
17+ G.M.Wheel valves - No. - - 4,958.00 9l , 724 3,537.00 79,711 1.37

18. Bakelite Sheets Kg. - - 7:635.00 69,890 2,522.00 22,383 0.38

19. Bakelite and

Fibre Tubes MR 12,392+ 97,656 75,317.00 24,034 6,243.00 32,488 0.56
Total ' 10,148,859 49167,453 58,17,611  99.98
Source: Case Study Data. ) A el

+ Imported,but locally obtained.

781l



TABLE 3.6. RAW MATERTALS

CONSUMED IN THE PRODUCTION OF ELECTRIC FANS DURING THE YEAR 1961

Sr. Item Unit Quéntity Value Percent share
No. of each item in
the total value
of Raw Materials
Rs, consumed
Basic Materials
1 Pig iron M. tonne 1,404 3,44,624 0.47
2 M. S.bars, rods, strips " 2,427 23,51,149 3.22
3 Electrical sheet steel/ ;
stampings " 5,200 1,04,81,940 14,38
4  Casting steel/stamping " 4,239  33,09,762 4. 54
5 Pipes and Tubes Metre 2,73,253 3,77,336 0.52
6 Other iron and steel :
materials M, tonne 959 7,92,396 1,09
7 Copper bafs, rods, tubes,
and sheets n 46 3,49,338 0,48
8 Copper wire n 228 11,96, 407 1.64
9 Brass bars, rods, tubes
: and sheets " 136 7,41,482 1.02
10  Brass wire " 13 82,585 0.11
11 Aluminium sheets and strips " 780 41,37,453 5.67
“ . . et e e e an R L e e g et s e BT R
12 Phosphor bronze wire " - , 4,401 = 0.01
13 Other non-ferrous metals ) 922 35,72, 831 4,90
1k Winding wire " 741 72,48,263 9.94
15 Bearings No 16,78,296 46,26,443 6.35
16 Condensers No 8,99,014 20,55,506 2,82
17 Regulator components Rs. - 2,94,900 0.40
18 Others Rs, - 1,91,55,787 26.27
Chemicals and auxiliary materials
19 Paints and varnishes M. tonne 839 28, 30,317 3.88
20 Others Rs. 3,25,951 0.45
Packing materials
21 Paper, all kinds M. tonne 377 2,53,031 0.35
22 Wooden cases No. 8, 35,949 22,54,597 3.09
23 Others Rs. - 10,08, 692 1.38
24 Consumable. Stores Rs. - 46,69,552 6.40
25 Materials consumed for re-
pairs and maintenance Rs. 4,38,491 0. 60
TOTAL 7,29,03,234 99.98

Source: Calculated from, India, Central Statistical

-Vol. IX, Calcutta, 1961, p. 1l.

Organisation, Annual Survey of Industries

€ET
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¢

materials consumed for 'switchgeérs and contreolgears' are.
not therefore, separateiy available in thié publication.
Another sourcesu meAtions the following impo:tant itgms of
raw materials required for switchgears and controlgears:-

(1) Iron and Steel (éastings, strips, ete.)

(2) Electrical Steel Sheets

(35 Brass

(4) Copper

(5) Phosphor-Bronze

(6) Aluminium .

(7) Winding Wires

(8) Bimetal and fesistaﬁce wires

(9) Speéial contact materials

(10) Insulating materials

(11) Insulating oil

(12) Moulding powder .
3.6 Summary '

The electrical machinery industry consumes réw mate~
rials ranging from products of iron and steel to modern
blastics. Electrical steel, copper, aluﬁipium, and various
insulating materials remain by far'the most important among
them., Supply position in réspect of many items is not
satisfactory., This is especially true for the small-scale

sector. Fuller utilization of the capacity in the electfical

5uIndian Electrical Manufacturers Asseociation,
Demand Survey of Electrical Equipment, 1965-66 - 1970-71,
Calcutta, 1965, p. 45.




135

machinery industry‘that has been created ip’the jast fif-
teen years implieé a.simultameoué development of all the
industries supplying the wide range of raw materials to this
" industry. Development of 1ndustries which are comparatively
new, like for instance, alumlnium and plastics.apd the
switech over to'the;use of their products is vital botﬁ from
the point eof viey:of reduction of costs end minimizing the
‘1mport component in the electrical machinery industry.
Dovetailing the production programme of the steel mills

to the specific requirements of the metal working indus-
tries vill also help teo sevejthe foreignbexchange"to a

large extent.



CHAPTER &

TECHNICAL PROCESSES AND SOURCES OF DATA
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4,1 Introduction

The need to resort to the'technological information
for the kind of analysis undertaken in the present study
- was p01nted out in Chapter I, There, it was also pointed
out how engineering and tecnnical data are being used in
this study. The purpose of devoting a'separate chapter'in
this study to the technical processes involved in the‘mann-
facture of electrical machinery; is mainlj,.to_give a
technical background for the analysis undertaken through
case studies of two firms in the electrical machinery
industry, which is reported in the following chapter. The
description of the techn1cal processes also brings out to
the reader the fact that the basic proceSsesl of manufacture
in this industry are more or less similer to those prevalent
in the whole metal-working complex. Section 4.4 of tpis
chapter gives an account of ghe different sources of en~
gineering and technical information in an electrical
machinery manufacturing plant. These sources 'and modes of
organizing data are, again; common to many modern plants in
the different sectors of the: metal—working complex. The

treatment of the processes, manufacturing equipment and

-

Many variations will be found in the process .
details (such as given in the Appendix A at the end). Here,
we are emphasizing only the broad groups, -

[
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the sources of data given here is by no means exhaustive
and for a more detailed information sources quoted may have-
. . : .

to be referred to.

4,2 Technical Processes

The metal working industries each inclﬁde the follow-
ing broad groﬁps_of processes: - i |

(A) Change in the form of the metal e.g. casting,

forging, . ¢
(B) Cutting and shaping of the forms e,g., machining,
stamping, . » _

(c). Joining of the forms e.g. rivefting, welding,

(D) Heat treating, | '

(E) Cle;ning, Plating and Finishing,

(F) Assewbly, .and .

(G)’Testing.'

In the folloﬁing analysis, a typical electric motpf_
is taken as an exagplé of electrical'machiné and the processes
involvea in its mapufacture are given in‘greater detail, All
those are covered by the seven broad catggories mentioned
‘ above; |

The general characteristics or the level of the
technical process choseh is dictated both By engineering
considerations and by the nature of the economic investi-
gation., The production organization of a plaﬂt,producing

electric machinery suggests a stagewise subdivision of

the technical relationships within the industry. The final
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product of a metal,working industry 90nsists of many coﬁ; '
ponents. Each of the components requires some or all of

the seven broad procésses mentioned above. fhgse components
are finally assembled to forﬁ the final product. A plant °
is divided into departments éorresponding to sucqeséive
operations or steps in the processing of different parts.
Eéch stage is associated with‘é major type of processing
equipment. . ‘
Befdrefwg g0 over - -to discuss the basic.technical pro-

cessés involved it is peqessafy to see what are the basic

parts of a typical electric motor and what are the procééées

that they gobtﬁrpugh. . ’ . ‘ .

The basi; parts of an électric motor and the processes?
Parté ‘,

(1) stator sheir (6) Fan

(2) 1Two end covers (7) Sheet metal components

(3) shaft (8) Rotor winding '

(%) Bearing Caps " (9) stator Winding

(5) stampings
Stator Shell '
(1) Casting,.c;eaning, deburéing, etc,
(2) Turning
l(3) Base Milling

(4) Drilling and Tapping

2 .

See, Anderson,Edwin, P,, Audels Electric Motor Guide
Construction, Control and Maintenance, Taraporewalla and
Sons and Co., Pvt.,, Ltd., Bombay 1, 1964,
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End Covers
(1) casting, Cleaning, etc.
(2) Turning
(3) Fine boring‘operafions
(4) Drilling end Tepping
Shaft | |
(1) Cutting to size
(2) Facing and centering of ends
(3) Turning on copying lathe
(4) Cylindrical grinding of specified steps
(5) Keyway cutting - Milling
Bearing Caps '
(1) Pres;urg die casting
(2) Turning and grooving
Stampings ":
Stamping
Fan
Pressure die césting
Sheet metal components
Yarious machining processes henfionéd above
" Rotor Windings
(1) Rotor stamping block (Manual bpération)
(2) Pressure die casting
| (3) Insertion of Qhéft
» (4) Turning or grinding of rotor block - '

" (5) Dynamic balancing of rotor
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Final Assembly

| Asgeubly .
Testing |
Painting
Packing and Despatch .

As pointed out abové, the éoncept of an industrial pro-

cess can be defined at-variousllevels. It can be defineq
at the level of production of an electriclmofor'Itsélf or
preparing a shaft out of a barstock, or, disaggregating
still further, it maf be.defiﬁed as facing the two ends of
the shaft. Disaggregatidn is generally required.to increasé
the ability of an analysis to detect bottl?necks under a
variety of coﬁditions. As‘we disaggregate; however, the
impor'tance of’(machine).substitution possibilities increases.
Without going into the details of this point,3 it may be
stated here tﬁat the main consideration foliéwed in the
descriﬁtion of the processes that follows was availability
of data and the nature of the‘*investigation undertaken iﬁ
the case studies, The principle proée§ses ;re:-

‘(A). Change in the form ¢f the metal |

?

(1) The production of castings
Castings are made by pouring molten metal into moulds

and allowing it to solidify. 1In some processes the mould

3 - |
For the elaboration of “this point, see Alan S, Manne
and Harry M, Markowitz, Studies in Process Analysis, John .

Wiley and Sons, Inc.,, New York, 1963, p. 313.
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can be used once only and a new one must be made for
every casting, while in éther proéesées the same mould
may suffice for the.pfoduction of a large number (soﬁe—
times over 100,606) of casfings. The latter process may
Le called casting in permanent moulds, vThus we have two
main diviéions of foundry york:-

(i) Casting in non permanent moulds

(2) casting in permanent moulds

(2) Forging process

-

Forging may be describéd briefly as the art of mani-

» pulating metals that have been heated uﬁtil they are more

or less plagtic, by means of hammering, squéezing, aﬁd
bending. Most forgings are made in steel but other>meta1s
can be forged, for example some of/thg brasses and many of
the aluminium alloys. A forged maferial nearly always hés
better mechanical properties than a cast one§ the difference
being usually.marked as regarés toughness and impact stréngth.
(B). Cutt%ng and Shaping of the forms .

(1) Press tool work

This phrase is used to describe a Qide variety.of
ﬁrocesses by means 6f'which articles are made from sheet
materials by cutting,lﬁending, drawing and stretching opera=-
tions all of which are performed cold. A cértain amoﬁnt.

of cold pressing and bending is done in forges but such

work is not regarded as coming under the heading oflpress-

tool work.

The material operated on in press tools is
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usually fairly thin, seldom exceéding 10 S.W.G, in thick-
ness, andthe‘operations performed may be roughly.classif
fied as:-
| (i) Piercing, blanking and trimming
(ii) Bending and Forming
(iii) Cupping and drawing

Frequently all of fhese qperatidné may be performed
by a single stroke of the press uséd to produce ag_article.
(2) Lathe work

Lathe is a machine in which work is held so that it
can be rotated about an axis while the cutting teol is
traversed past the work from one end t§ the other thereby
forming it to-the'required shabe. Various tasks caﬁ 5é
performed on an ordinary lathe with the help of different
attachments and cutting tools.

Suppose for instance, the piece shown in full line

in Fig. 1 has to be machined all over from bar stock (shown"

in dotted line) the operations will be as follows:

S

R
See, W. Steeds, Engineering Materials,Machine Tools

and Processes, Longmans, 1962, pp, 208-9,
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Operation Tool
1. Cut off piece or bar Hacgsaw or' circular saw
.2, Centre ends . Centre drill
3. Rough turn one end A R.H. frontvrouéhing tool
l‘f. Turn bar end for end -

5. Rough turn other end B R.H. front roughing tool

6. . Square out corners C ‘ 90° front roughing tool
' or knife tool ’

7. Square out corners D As for 6

8. Turn bar end for end -

9. Turn semi=-circular . Roqnd-nosed‘parting tool

groove G, F.

10, Finish turn end A ' /900 finishing tool
11, Turn bar,  end for end -
12. Finish turn end B As for '10! .

All. these operations are performed on. the same machine.

(3)‘ Machining of holes

. Madhining of holes may be divided into two types accord-
ing as to whether the hole has to be produged in solid metal‘
or whether it already exists because of coring in caéting
or'punching in forgings and merely has to be‘broqght to size.
Depending.on the nature of the drilling p;ocess, diffefent
types of &rilling machineé are used such as sensitive,

pillar, radial, multiple spindle, etc,

(4) The Milling Process

1]

The milling process is very widely used and is second
in importance only to the lathe. Essentially it consists

of the use of a rotating cutter against which the work is
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fed. The work of the milling machines in general is te

face surfaces of any size within the limitatiens of the
machine: to cut-gro&ves, including keyways and splines;

to mill keyseats; to do a limited amount of boring; to mill
radii,; either convex or concave, to cut angles, levels and .
dovetails; in short to machine any sufface that cén be

reached by a milling cutter.

(5) The Grinding Process

‘ Thigs is a method of machining articles by means of
abrasive wheeis. It is similar in one respect to the mill-
ing process in that it uses ; rotating cutter having numer- -
ous cutting angles. An abrasive method is composed of ;
large number of abrasive particles held together by a
bondiﬁg material;v ‘

The abrasive particles must obvioﬁsiy be harder than
the mate;ials thef are geing to cut and they must have |
sufficient strength to resist fracture under the suddenly
applied force of cuts taken.

Grinders are uéed‘when a good finish is required or
where Very close tolerances’ are to be met. Grinding
machines fall into three main classes: External, internal
and surface. The work prodﬁced is of many typeé - plain
stepped, form, concave and convex radii, taper, etc.

(c) Joining of the Forms |

Welding, brazing and soldering.

5 ' '
The greatest variation in the dimensions of parts
made that can be tolerated.
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(1) Welding process may be divided into two groups

(i) Pressure welds

(ii) Fusion welds

The characteristic of a pressure weld is that the
metal being joined is never brought to a molten state, it
is heated upto a welding teﬁperature-and'the actual union
is then brought about by the application of pressure. ‘In
"this group are forge welds and re51stance electric welding.
The characteristic of fusion weld is that the metal being
joined is actually melted and the union is produced on
subsequent solidification. ‘Gas welding and electfic arc
welding fall invthis ércup.
(2) Brazing i |

This-is a method of joining two or more ﬁieces of
metal by means of a‘Qery thin film of suitable spelferA
which is fused‘and run into the space between tpc pieces.
It differs from welding in that the metal surfaces being
joined are not fused,
(3) soldering

This is similar to brazing but uces.a low melting point

‘ ‘ ‘ 6
alloy solder instead of spelter., The heat necessary for

Solders and Spelters:- Solders are divisible into
two groups - (a) Soft solders and (b) hard solders. The
principal soft solders are lead-tin alloys, thus tinsmiths:
solder ranges from about 40 per cent to 76 per cent tin
as an alloying element. The hard solderipg are sometimes
called spelters, a common composition for spelter is
copper 50 per cent and zinc 50 per cent. See Young,

James F., Materials and Processes, John Wiley and Sors
Inc., New York, 195§, ' ’
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N

fusion is ﬁsually supplied by warming the articles being

joined by means of a flame.

(D) Heat Treatment .

A heat tréa£ing process_ihcludés, bfoadly speaking,
aﬁy operation or combinafion of operations.invdlving\heat-
ing above room teﬁperature and cooling to room tempe;a— ’
ture and beloﬁ for the purpose of.obtaining desired propert-
ies in a metallic material. Usually a finished part is-
given a heat treatmenf to ﬁroduce-some desired change in

strﬂcture.‘ The change"obtained may be in nature of the
.structural constituehts,vin théir size, form or.&isiri-
bution, of either ferrous or non-ferrous metals. ~ The pr&—-
cessing schedﬁlg depends on the goal to‘be attained. The’
operatipns involving structural changes ty%icélly include‘
heating; holdiﬁg at some femperature and cooling at a desired-
rate. Temberatures and rates of heating and cooling depend
on the specific meﬁai or.alloy'and the purposes of the ‘
treatmenf.'A
(D) Cleaning, Plating and Finishing

Coatings are'uséd on almost gll metél producfs‘today,\
either for protécti&e purposes .or for both protection and
decoration, Mo;t often coatings are applied to finished
components, which are then assembled to form the fingl
product. The various processesAinvolved in preparing work

for coating and in applying the coating are closely iﬁter-

related. In smaller manufacturing plants the me thods
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available are often performed in the same department.

(1) Cleaning Methods

Three general methods for cleaningmetals contaminated
with oil, grease, etec. are'(a) vapour degreasing, (b)
emulslflable solvent cleaning and (c) aqueous alkallne
cleaning. Cleaning previous to plating, for example,
ghould be comp;efe, and the wérk should show neo 'watér
break' (on removal from wafer,,the work should bé covered

by a continuous water film).

(2) Electroplating

Electroplating may be described as a process in which
metals are deposited or plated from solutions contéining
metallic ioné.by means of electrolysis. The main purposes
of depositing one metal on another by electroplating methods
are: (a) to afford protection?gainst corrosion of the base-:
metal, and (b) for decorative effect. .

The technique of electroplating is basically the same
.for all metals, although there are certaih'variations in
some of the details. Parts, after having thoroughly cleaned
are connected electrically to the cathode bar, and on the
anode bars are suspended slabs of the metal being deposited.
The solution in which the components_ére immersed itself
contains dissol%ed salts of the metal to be plated, and
in order to increase its conductivity other chemicals which

will ionise highly are added. Direct current transmitted

through the system results in the migration of the metallic
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ions to the cathode apd their deposition, upon losing
their charge, as metal on the cathode. The metals used
as coating material;-are H alkéline tin, cyanide.cadmium,
cyanide copper, cyanide zinc, nickel (neutral solution),
acid copper, acid zinc, and acid chromium,

(F) Finishing

>Organic finishing consists in coating a surface with
a continuoﬁs film of an_organie film forming material.

This film may be applied for protécting the surface from
corrosive influénces, for enhancing the'appearance, or a
combination of beth.

The organic finishes of industrial impﬁrtance at the
present time ;re asbhaltic paints, oil paints and enamels,
synthétic resin enamels and lacquers. .

" A finishing system consists of thé materials or group
of materials appliéd to a surfacé to produce a desired
result. It may be made of one, two or more coats of mate-
rial., Organic finishing materials are applied by any method
that will léave a continuous film of material bver_thé sﬁr—
face. For a long time, th; most common'method was brushing.
This method has been replaced'in manﬂbaSES by spnaying.
or dipping. Hot spraying and electrostatic sprayihg are
two new tools for spray-painting that haQe been developed,

'

(F) Gauging and Inspection

Before the advent of mass production methods in in-

dustry, products were produced for Jjob-shop work (manufac-
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turing products in small quantities and to épecial design).y‘
Each of the mating parts of a machine were hand fitted to
each other. They would seldqm-fit the similar parts of
another machiﬁe of the same design. . = , .

TheffﬁnQamental basis of mass prodﬁction is careful
control of the dimensions of parts and of proceéses.used
so as to obtain uniformity of parfs, thus, making them
'interchangeable between different assemblies of tﬁé products,
This requires good measﬁring and indicating devices., These.
are known'as gauges. Gauges_are used to iﬁdicate the mea-
sure of a dimension of a part or to compare dimensionstof
two or more parts. Adjustable general purpose gauges suéh
as micrometer; aqd vernier callipers which will measure a
range of sizes are used for job shop work, Gauges of fixed
sizes and gauges which.give very accuratélreadings by high
amplification are used for high production work. ,

The function of accepting or rejecting work on the
»basis of how well it measures ﬁp to estgblished specifica-
tions or standards is known as inspection. There are four
i main_points in the whole manufacturing process at which
inspection maﬁbeﬁecessary: (a).In repetitive'production
the first few parts produced when each operation is started
may be inspected for defective workmanShip so that only a
minimum number of parts will be spoiled in setting up the

Job. (b) Batches or units of semi-finished parts are

inspected so that any defective material may'be set aside
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and no additional work done‘oh*it until a decision has
been taken as to whether it can be repaired or must pe
scrapped. (é) Inspe;tion at the assembly.operation prevents
.assembly of defective parts which Would slow up the assembly
work, or require dismanfling'or repair of the procht.
Kd) The fourth inspgctién is the final inspectioﬂ of the
finished product afteQit'has been assembled. ‘This;inspec-
fion assures that no parts have'been damaged during assembly
and that the p?dduct functions pfdperly.‘

Important methods of‘inépécfion ares (a) Proof tests,
(b) radiographic inspectipn, (c¢) magnetic and non-magnetic
particle inspection, (d) electromagnetic inspection methods,
(e) supersonic inspection and (f) chemical inspectien,

4,3 shop Eqﬁipment~in fhe Electrical Machinery Industry

Each of the processes described above neqessitates
an equipment of the type and s;ze‘appropriate to the nature
of production undertaken. The description of the equipment
in the subsequent paragraphs follow broadly the processes
descr;bed iﬁ the previous pages. (A list of machinés in
én-glectrical machinery plant along witﬁ the pric;s is
-given in Appendix B at the end).

T he production of castings requiresequipment ranging -

from simple sand moulds to ﬁressure die casting machines,

7
The description of the process of inspection as well
as that of some other processes described earlier is based
mainly on -
Young, James F., Materials and Processes, John Wiley
and Sons, Inc., New York, 1954, pp, 1023-103%.
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which achieve far greater'dimensional accuracy than by
other equipment used for this purpose. ‘

The eguipment b;mmon tq‘forging operation is a forg-“
ing press. To quote a technical gourcg: "The hydraulic
forging press consists essentially of a ram guided in the
fraﬁg of thé press and carrying the upper anvil beneath
which on.the foundation is the fixed lower anvil. . Hydraulic
pressure applied to the ram enables a slow 'squeez' to be
" given to an ingot or forging placed~bétween>the anvils. "
‘The bydraulic forging pres%is particularly suited for
handling very large forgings such as gun tubes, ship's
mainshafts, alternator'rotor shafts, etc.

Presses‘;re also.used in press-tool work or processes
used to shape different forms e.g. trimmings,'bending;,‘

' forming, etc. These presses could be divided into (a) hand-
operated presses and (b)‘power operated presses. Hand
éperated presses are very simple in construction and are
generélly used only for small batches of simﬁle work. Power
presses'have a wide range of bapacity. fhese are provided
with a fly wheel and are usual;y driven‘by an electric motor.
Machine tools are numeroﬁs‘in type, lathes, drilling

machines, milling machines, grinding machines, etc. to._

instance a few. The differences between many of them, how-‘

" .
W, Steeds, Engineering Materials, Machine Tools
and Processes, Longmans, 1962, pp. 126~127.
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ever, are matters of detail and not of ppincipl:. Steeds
classifies machine tools into four gfoups - thgle pur-
pose,.Multi-purpose,.Special and Tfansfér.' *

Single purposé maphine tools are designed fo do one
particular kind of operation., A shell turning lafhe is
deéigned specially for'shell turning apd is not adaptable
for general lathe work; it is not, ﬁowever, restricted to
one particular size or profile of shell.

Multipurpose machingftools are capable of doing a
number of different.types of operatioms. For éxémplé,'a
sliding, surfacing,' and scfew;cutting lathe fitted with a
taper attachment can do almost every lathe operation except
certain speci;%ised ones. ‘The mulfi-purpose machiné costs
more than the single éurpose ones, butbin most ﬁachine
shops, it can more easily be kept fully~9ccupied ahd con-
sequently it is the most widely used type.

The special machine tool is one Built'speciaily for
some particular job that is'required in large quantities.

It has to_be specially designed forbyhe job and is not
usually capable of doing any ofher JobAéb that it mﬁst be
scrapped when the job ceases. It costs_mofe_than the single
or multi-pﬁrpose machines but does the job in less time and
thus is able to show a-saving in the fotal cost if thé hum-

ber of articles required is sufficiently high.

9 Ibid., pp. 190-192,
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' The transfer machine tools are, in efféct,hseveral
machines coupled .together, and are qpératéqiautomaticglly
as a single unit. fhe capital cost of these machinesiis
usually high, but the operating costs are lpw begause
fewer operators are required. $hey are.built.to order to -
~perform fi¢y a specific series of operations on a single
component and are essentially high production equipment,

Welding process such as spot welding is done in
machines ranging'from’simple pedal operated ones producing
a single weld ;t each operation to large power operated
units which will produce lOO to ZOQ spot welds each‘time
the unit is operated. , o .

In the gés welding‘processes, gases are used in a
blow pipe which is provided Qith control valves to regulate
their flow and to enable the desired type of flame to be
obtained, Tﬁe biow pipes are provided with interéhangeable
nozzles or tips of different sizes so that small and large
flames may be obtained, The ?onsumption.of,apetyléne, fAr
instance, ranges from abodt 1. cu. ft.’per hour with the
smallest nozzle upto 200 cu, ft; per.houf with the largest.

Heat freating equipment consists of‘different batch-
type and continuous typé furnaces and induction heating'
apparatus, Thé 'horizontal' batch furnace is the oldé;é
and still the most common type., It consists ofla horiz;ntal
'heating chamber of reﬁtangular section charged ;nd diséﬁarged

through a door or opening in front, the bottom being known
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as the 'hearth'. The medium and high (over 1850 F)

temperature furnaces may be provided with special gaseous

e
e

Y

atmospheres; suitable for processes like brazing, sinter-
ing, and carburlzing aéwell as for hardenlng and anneallng.

Furnaces of the contlnuous type are modlflcatlons of
the horizontal batch type furnace proV1ded w1th a convey—
ing mechanism to carry the parts automatically through
" the furnace. |

The equipment for 'blast! cleaning consists of a
storage tank, a heavy rubber'nose for carrying the abrasive
to the point of use, and a round nozzle that directs fhe
aprasive material'against the work being cleaned.,  Three
types of 'blasting' machines are used: barrel‘tyPe, téble_
room type-and full.automatic machines. The barrel type
of equipment con51sts of a tumbllng barrel in which sand
or grit is 1ntrodnced through nozzles placed at both ends
of the barrel, Tnis method differs from 'barnel—working"
in which tne~parts, usually smal},'are'tunbled against -
each other and with other materials, The automatic type
of equipment consists of an endless belt conveyors running
in an enclosure that is equipped with nozzles which blast
.the work as it moves along on the belt

Electroplating is performed in 'tanks"or ‘barrels'!
as described before, A variety of eéuipment is‘neeeed for
organic finishing eperations. Spra& guns of vafious’types

are used in paint application. Although they vary somewhat
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in detail, their ultimaté accomplishmenf is to mix the
finishing material with a‘ streng blast of air. The paint
is atomised by m;anshof air.and sprayed against the surface
being'painted.‘ Spray painting is done, wheﬁ possible, in
a spré& boeth equipped with an exhaust fam. This provides
for the protection of the operator frqm.painf mist and selvent
vapours and for the elimination of the fire hazards.. ‘

With .this brief deseription of the eapital .et_juipment,
we maj next loek inte the wayfthe various kinds of engineer-
ing and technical information are recerded in a manufactur-
ing plant. \

4.4 Sources of Engineering and Technical Data

The relevant sources of information regarding capital
v 10 , . .
equipment and 'time standards' are listed below with a
brief description of each.

Plant and Machinery Card

Various kinds’of information regarding the capital
equipmept is maintained. This inecludes an uptodate list
of machinés; their prices, depreciation, development rebate .
obtained on each equipment and se on. : .

Besides this, modern factories alse maintain detailed
information fegarding each machine on é separate card which

is usually called 'plant and machinery oard'. As an insgtance,

1o
i.e. the time of a machine required for a particular

eperation. Details regarding this term are given in a
subsequent paragraph. .
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a.-eard for ; high speed turret lathe in a factory with all the

detailé entered upon it has been reproduced on the next pages.
Besides giving ‘the make, the eﬁgineering capacity and

the plant location, this card gives information mseful for

detailed studies of many kinds.

Machine Load Card

A Machine Lead C;rd fgr-the surface grinder in a factory
with the detailéd entered on it has been réproduéedfop,the
next paée. »

' This card is mainfained for each machine and gives the
information.regarding the 'lead' of the machine i.e. how ﬁany
different components will ée faﬁricated by this machine.and
how much tetal time of this machine will be oécupied during
the accouﬁting peried, say, an year. This is termed as the
'machine load!. The machine load is given accordiﬁg to com~
ﬁonents, or, ;ccofding to products, if productfwise inferma-
tion of this kind is available. The time required of the
machine for a particular component entered on the machine
load card is usﬁally the 'actuwal' time required.

Job Orders

These are maintained for évery part manufactured and -
give the folloviﬁg informgtion on a sheet.of paper:-

(a) The 'standard' time for a given eperation, which is the
tiﬁe required for én average operator fully qualified and

trained and working at a mormal pace, to perform the epera-

tion.. It is determined by summarizing the allowed time for
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| ' e
| PLANT NO. D66

MACHINE LOAD CARD

Description of -

Year i
Machine. . gyjrface Grinder FPurchased

Price Rs.40,700

'D700S0! 'DISKUS!' 1960
Part'N&. + Op. No,. Milli~- Qty per | Hours Other
: : . hour's year per Machines
per Year suitable
piece ‘ :
SK80006 1 0;065 5400 351.00
SK80008 1 0.065 5160 335.40
SK80010  ° 1 0.068 2880 | 196.00
SK80014 1 0.068 3360 228.60
SK80053 1 0.068 | 1720 k1.00
, SK80016 1 0.082 . 1380 114.00
" SK80018 1 0.082 1260 103.30
Year 1963- | 1964~ | 1965~ | 1966~ |1967-
64, 65 . 66 67 68
Total Hours Planned
Total Hours Booked 2326.30]2682.23 3250.8

Hours Out of Service
Maintenance Cost Est (Rs.)

Maintenance Cost Act (Rs.)

Overhead Rate

+ . Code numbers for different parts.



PLANT AND MACHINERY CARD T

Plant No. ! C 22
Supplier G. Boley Indian Agents Garlick and Co. Order Ne. SWT =~ 68
Date 2-6-1959
Suppliers M/C No. Manufacturing Date F.O0.,R. cost Date received -
54815 1959 - - Date installed -
Description of Plant HIGH SPEED TURRET LATHE Model - BOLEY RD-25
Capacity 26 mm ' Weight of plant Plant Loeation
Ll X ¢ ol plant v Lo
- Size of Table Max. drill size 7/8". i 1000 kgs. Dept. 1 ]
) | ; :
Morse Taper - - LI
———————————— --—-—--———-----—-————--——--—._l.----.._..—-.......__-—-——--———————-————----—--——--—---—-———--
!
T . ; .
. Spindle Speed For tapping L5<355 - ' No. of Steps 12 each
For turning 450-3550 '
1 -
e e e e e i e e e o e b o o e o s e e e 8 e B D O D i S O 0 O o e
Feeds 0.06-0.1-0.16 mm/rev. No. of Steps Elec.Motors HP/KW R.P.M. Volts
2 X - )
e cemc e c—————— - o e o o o e e B e e e o e i e 5 e o o e 5 e o T
T-Slets - ' Main 1. 3/1.6/2 2 750/1000/ 4%0/3/50
1)
S S L SRS et e e ———————— e
Distance between T. slots - L3 ‘
S O B i e S S e S S e e e
! Bélts - IV - 17 x 1280 mm K2V~ 17 x.1500 mm
1 e e e e e o o o o T e e A Y e e S . o S 8 o - "
1 'Foundation (B-48) B-58 >
t

65T



PLANT AND MACHINERY CARD II

PLANT NO.

YT

PLANT REPAIRS

Cost --Rs.

Nature of Répairs

. e e

Date
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. 11
all of the individual elements comprising the time study.

Generally the time is given inm milli-heufs (thousandth'
part of an hour) fer a batch of a hundred or that of a
thousand parts depending upon the leot siée.'

(b) The appropriate machiné for each of the opérationb
toAbe performed on the part is listed along with. The

" operations listed on this sheet are to be undertaken in.the
same seﬁuence'by the operator. -

(c)' The job orders also give the type and tﬁe quantity of
' the raw material required for the particular part.

Sequence of Operation Sheet

In some factories the above mentiened infermation is
listed on a sﬁeet whiech is called the sequence of operation
sheet.

Standard Operation Sheet

This sheet gives the information aﬁout the operations
and'the.time required for operations in stil;'more d;tails.
It specifies the machine, jigs, tools and the grade of
labeur required for an operation. The totalbmachine time
required for an operation is given in.gfeater details such
as set up time, outting time, handling time, etc. A spedimeﬁ
of a standard operation sheet maintained in a factory is

reproduced on the next page.

" , ) .
Benjamin W. Niebel, Motien and TiméStudy. An Intro-

duction_ to Methods, Time Study and Wage-Pafhent, Richard
D. Irwin, Inc., Homewood, Illinois, 1958, p. 312,
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'Drgl No |
1

tDate
L |

STANDARD OPERATION SHEET Issue No. Drg. No. ERATE FIXING DATA

T ' | ' ' 'Rate Fixer

INDUSTRIAL ENGINEERING DEPT .

-y

Group No. Sheet

Machine ”

Frame Description

Material " Material Size
Pattern No.

Opn. |Machine and Dept. - Operation
Noe Grade of Labour

Toel Reset Time

Depth of Cut
Cutting Time
Handling time
F to F Time
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-

The set up time is the time required for the imnitial
' prepafation of the equipment or the machine. The setting
up operation consist;.of the following ﬁasks:-

(1) Check job , :

(ii) Study drawing

(iii) Obtain teels

(iv) Instal jigs \

(v; Adjust speed . '

Instal drill ’
Tﬁe timé per lot is prorated over lot size in obtaining the
final productivfty figures in terms of pieces per day. The
problem of optimﬁm'lot size, therefore, assumes impertance.

The machine time is the time required for actual metal
removal (by operations like, eutting, dfilling, milliné,
etc.) while hapdliﬁg t;me is the time requ;réq for insertion
and ;emQVal of.material to be machined and the'adjustment
of the machine between successive pieces Inspectien time
is the time during which the machine operafor is testiné?.
compliance with speéifications. ,

The standard time p;r piece isvcalculated on the basis
of the time required for these different ﬁasks, Besides
these factors, allowance is made for fatiéue, persenal re-
quirements and other work delays.l2 Time standards for dif-
ferent operations to be performed on a part may be determined
in a number of ways,; such as, by stop-wétch time study, by
standard data, by time study formﬁlae etd;13

Time standards are used as a basis of wage_incentive

plans, as a means of comparing various methods of processing

12 Ibid.
13 Ibid., pp. 408-09.
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a part and so on. The important use of time standards from
the poeint of view of the presenqbtudy lies in the fact that
by means of time standards, not only the machine capacity as
indicated above in the description of machine load cards,
could be determined; but further, it is possible te arrive

at the maximum eutput petential of a'factory,'once the
available machine hears and the time required to produce *
a unit of»eachvproduct are known. Standard time of different
machines required fof a batch of hundred nnitstof a product
form the elements of the Fable which has been used as a
simplex tableau for the linear pr;gramming exercises .in the
next chapt;r.

bes Summary

This chapter provides technical background information
for the next chapter. The basic processes and the capital
equipment described in_the foregoing pages are almost cemmon
" to many electromechanical products. Most of the machines
are eriented to a particular process er a seé of procesées.
Transforming raw materialg of various serts into a compli-
cated product like electricity generator set invelves,
basically, preduction of batches of particular components.
Productien of cemponents is achieved through operations at ‘
several machines. Operations on a machine invelve several
tasks such as setting up the machine, checking the job,
actual processing of the component and se on. Productioq of
any electremechanical product has, therefore, te be viewed

in terms of these basic processes or operations.



CHAPTER 35

- UNUTILISED INDUSTRIAL CAPACITY : SOME EXPLORATIONS
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5.1 Introduction

The problem of unﬁtilised capacity can.be analysed
at different levels.such as, national econo@y, industry or
an individual firm. The anaiysis, erending.partly on the
level chosen, may take different forms. Attemptsl have
been made fo explore thé?heoretical concept of capacity
often w1th the necessary empirlcal analy51s. Different
tools have been usedz.accordlng to thelr efficiency to
grapple the problem at a particular level. This chapter
deals particularly with the problem of unutlllsed capacity
at the level of a_firm} Two firms, each belonging to a
subgroup of the electricai machinery igdustry, have beenA .
studied for this purpese. Firms 'A' and 'B' (as they willr
be referred to in the folloﬁing sccéionc)-Bclcng to elec;ric
fan and switchgear industries respectiveiy. ! .

As shown in thc previous chaptcr, a typical product in
thc electrica; machinery industry is composed of many small
parts. Raw material for each cf these parté has to pass

through»several processes3 before the finished parts are

assembled to form a final product. Genérally,‘a firm in the

M ts

1 Some of these have been noted in Chapter I.

Input output technique for instance, has been used
to get an overall national index of capacity which has feasi-
ble  component parts (feasible outputs of different industries).
See; L.R.Klein, !'Some Theoretical Issues in the Measurement .
of Capacity,' Econometrica, Vol. 28, 2, April 1960, pp.272-286.

3 The term 'process' here implies a partlcular techni~-
cal conversion process.
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electricél machinery industry produces a range of'products.

The fabrication of each product requires different techni-

cal proéesses and the'necessary capital equipment for each

process. Thus, we are dealing with the problem of unutilised

capacity of a mﬁltiéproduct, mﬁlti-equipment_firm. The firm

is considered here in the sense of actual pfo%uctiqn centre.
Thé problem of fullér utilisation of capacity in thg case

of such a firm may be viewed both in ferms of -output rates as?

well as from the point of view of the utilisatioﬁ of the

capital stock.h We may define full capacity as a particular

ideal output rate based on cerfain assumptions and coenditions.
! K]

. »

Comparison of actual output to the.'full capacity' output
gives us a measure of unutilisea caﬁacity. We ma&'cqmpare the"
capital equipment being used (the utilised machine time) i;'a
pafticular product;en programmé to the total capital eqﬁip—
ment (total machine time) available. This gives us another
,measure showing just the other siae of unutilised capacity‘

In the following section the_concépt of full‘caﬁacity
of a ﬁulti-pfoduot, multi-equipment firm ha; bgen defined in

terms of optimum total value added and optimum total profit.5

18,

"

4 see Almarin Phillips, 'Industrial Cagpacity - An Appraisal
of Measures of Capacity',; American Economic Review, Papers and
Proceedings, Vol. LIII, N.2 May 63, pp. 275-308.

The two aspects of capacity have been discussed by the
author at length. The use of programming models to bring forth
these two aspects has also been suggested. . B

5 Both these terms viz.profit and value added as used for
the two firms, have been discussed in Section 5+3.
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In the case of firms studied for this purpose the optimum

. values were obtained by linear programming technique. These
exercisesﬁﬁelp to bring out the twin aspecté6 of the pro-
blem of unutilised capacity as described in the above para-
graph, Particularly, the pattérn of utilisation of the
capital stock has been studied iﬁ greater detail.

Description of the data collected from the two firms,
descriﬁtion of the results and the discussion‘of these results
have been given in the Sections 5.k, 5.5 andl5.6 respectively.
Important issues emerging from the study have been:discussed

in the Section 5,6. In the next section, certain concepts

used in the linear prégramming technique have been described.7-

5.2 Linear Pigg;ammiqg;jechnidpe - Important.Concepts‘ .
' Linear preogramming is a mathemafical feehnique for &;fgr—\
mining“the best allocation of resources for achieving given
_objectivé(s) in a situatioﬂ in which resources are limited,
or when tﬁefe are,altefnative uses for the resources; Linedr
programming techmique has been applied to the problem of .
optimum utilisation of limited resources by individual f:i.rm.'8

The simplest model is that applied to a competitive firm which

cannot influence the prices of thexfacters it uses or the

These two aspects have been elaborated in the subse-
quent sections,

7These have been given as a convenient reference.

8See, Dorfman Samuelsen and Selow, Linear Programming
and FEconomic Analysis, McGraw Hill Book Company, Inc,, New
York, 1958, pp, 130-185 ff, Apart from the other references
quoted the exposition of concepts is based mainly on this work.
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products it produces. In the followiqg‘paragraphs, some
basic concepts in the linear programming model have been
summarised in the light of this example.

-tActivity' is an important concept in the linear pre-
gramming model. To quote Dantzig9>- "The linegr programming
'apprpéch is to consider a syétem as decomposable into a number
of‘élementary functions, the #ctivities. An activity is
thought of as a kind of tblack box! (any system,whose'detailed
internal stfugture one wilfully ignores),into_which'flow
tangible inputs, such as men; materials, and'equipment, and
out of which may flow the products of manufactufe, or thé
trained ecrews of the military. What happens to the inputsf
inside the 'box' is the concern of the engineer or of the
educétor; to the programﬁer? only the rates of flow into and
out of the activity are of'interést-‘ The various kinds of’
flows are ca}led items. The quantity of eaeh activity is

called the activity level. To change the activity level it

is necessary to change the flows into and out of'the activity."
Each activity corresponds to some physical operation. It may
be manufacturing a product in a partiéular way, storing dif--
ferent products or materialsvand so.oﬁ. .
The firm tries to achieve its objectives by choosing °
between different activities available to it. It is further

assumed that only a finite number of actiﬁities.are available

9 See, George B. Dantzig, Linear Programming and Exten-
sions, Princeton University Press, Princeton, New Jersey,

1963, p. 32. ' ‘
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to the firm. Each activity implies ?ts characteristic pat-
tern of inputvand output rates which does not change with
the scale of operaticn. This is called the assumption of
proportionality. The activity ¢ ”%e operated at aﬁy posi=-
tivé 1evelAso long as the necessary inputc are available.
This is the assumption of non-negativity. Alongwith these.
two.assumptionstherc is the third assuﬁption implicit in a
linear programming systém,}o vig., the assumpticn of additi-
vity. Thus, it is aéqumed that the total rescurcerequirement
‘for production pfcgramme is simply the sum of thc resource
requirements of‘different‘activities. -

" The quantity to be minimised or maximised such as the
total costs or total profits, for instance, is called the -
‘objective function'!. There are certain conditions which
prevent the firm from making its‘objective funection in-
finitely smali or infinitely large. For instance,'a firm is
assumed to possess a given inventory of physical assets and
. no activity however profitable coulc be operated at a level
which it is beyond the capacity of any of the physical asset*
to meet. The equations expressing these'conditiohs are | -
called the 'conctraintsb or 'restraints' of the ﬁfoblem; The

constraints are of twot?pes. There'are constraints expreésing

the fact that certain activitiéc cannot be negative. The other

"To be a linear programming ﬁodel, the system must
satisfy certain assumptions of proportionality, nonnegativity
;gd additivity." See, George B. Dantzig, op.cit., pp.6-7,

-33. ’
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'

set of constraints express the‘special conditi;ns of the
prébleﬁ such as mentioned above. The solutions te the linear
programming probiem ;re of'two sorts. The set of activities
or a 'programme' which satisfies all the constraints is.
called a 'feasiblé programme'. If the pfogramme maximises
(or minimises) the objective function, it.is called ' op timum
feasible brogramme' or simply }optimum programme!' .

The linéar pregramming technique is a toql of gnalysis
of production in the short run. In this view of .production’
the quantities.ofinputs and outputs of the firm cannot be
altered directlyy but bniy,indirectly’by-méans.of changing
the levels of variousvactivitieg. From.thes; levels the
factor quantities fqliow as resultants. Ih the'next‘sg§tion
the linear programming model as applied teo the‘firﬁs sfudied
for this work has been described.

53 The Model11 used for Case Studies

Adctivities and Constraints

Both the firms studied for this work can be charédteriéed
as multi-product, multi-equipment manufacturing plants. The °
problem of allocation of resources facing either of the firms
can be put as follows. ‘ '

The firm preduces 'n' different products. There are

‘m' different types of machine groups in the production shop

11 See, Mathur, Valavade andkirioskar, tOptimum Capacity
and Imbalance ofCapital Structurd; the Case of Machine Manu-
facturing Industries', Artha Vijnana, Vol. 9, Nos. 3=k,
September-December, 1967, pp. 428-436.
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of the firm. Machines within a particular éroup are sub-
stitutable for each éther while no substitution is possible
between machines.in‘;ny &ifferent machine groups.

Each of the final products requires in its fabricatieon
the ﬁse of each or some of the types of machines in the,v.
factory for some specified time. This could be‘stated in a

nutshell as follows:

Machine Products
Groups T e e - S D S G R D D TP S D M MDD D TS AR e G e e
‘ 1 2 3 -.........’..j...-....n

|

......f.....ouoo.co-o-.oodij-.ocboc.

B e .. oo o o ulyp

The element a; in the above chart represents the time
of the ith machinefgroup required for the fabrication of j'B )
product. Each of the total machine groups‘(l.:..m) in the

above chart represents a technical conversion proéess.12

12 A technical conversion process can be defined at '
various levels. It may be a particular operation on a bar-
stock, such as 'facing'y or the complete processing of a part
on a machine. It may alse be defined as the complete fabrica~
tion of a product. Here the term 'process' corresponds to

‘technical conversion processes done by machines in a group.
(See, Chapter IV).
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A product has to undergo .a numbef (1...m) of ‘such processes
for its fabrication. The complete productlon process of any
of these 'n producte w111 be referred to as an factivity!'
and the uﬁits or the quantity of the product to be produced

as the 'level of activity!'. Thus, the firm has 'n"activi-

ties available for the allocation of its resources (machlnes).

Ourranalysis\of the firm relates to the §h9rt run in
which the inventory of the cepital equipment is fixed, Total
available time of dlfferent machine groups per week per month
_or per any production cycle relevant for'the firm is there-
fore, fixed, If raw magterials, labour and all other factors
are available in the market at the ruling price as we have
assumed subseQﬁently, then the economic choice facing this
firm could be:described aS'follewe. |

Tﬁe firm has teo seleet'the produets to be<produced‘(out
of the .total 'n') and their respective quantities per week,
‘or per month, in a way that will maximise its total profit -
(er such ether objeetive as the firm may have before.itj.
4As the inveqtory of the capital equipment is given, ghis
choice is subject to the constraint thatvno.more than hundred
per cent.of the capacity, .i.e., the tiﬁe available of any of
the 'in' machine groups can be used, This is a typical pre-
blem suitable for the appllcatlon of 11near przgramming
technlque. According to the linear programming‘phraseology

the choice consists in deciding at what level to employ eaeh-

of the available 'n' activities subject to the constraints

mentioned above. S '
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Objective Functions -

As stéted earlier the firms are assumed to be‘facing
a competitive producé and factor markets. Prices ofthe
products sold as well as those of the'factors purchased arg
assumed to be given. In this mo@el of the competitive market,
firm's objective is assumed to be to mwmaximise profit. This
has been tried for both the firms. In the qasé of Firm A’,
exact profit margins Qn each product were not availéble.
-The d;fferenqe'between the salés price on the one hand and
wages, cost of réw materialé; power and fgel on the other?
was taken as an approximation té the profit margin. In the
case of Firm A, therefore, the term 'gross profit' will be

.used while stating the profit maximisation function. In the
case:of Firm B, profit margins on each product were difectly
available. In'tﬁe absence of the.break-up of the sales price
even according to broad items, it is not possible to state
how the profit margins on gach product, were arrived aﬁ.

Two moré objective functions were tried for Firm A ﬁhich
assume the existence of certain extraneous.factors other than
those implicit in a perfect competitive model. Maximum totai
1value added under the givén Qonstraints/is tried as the
objective function for Firm A fet another objecfive function
tried for the same firm is to minimise thekost of idle time

1 .
of machines.'> (to plan the production in a way so as to

Details of this programme have been deferred to sub—‘
sequent pages.
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achieve the oﬁjective). The situation implied in these
objective functions is not quite imagingry. Maximisaﬁiqn of .
the total value added is an objective to be tried from the
point of view of econemy. Minimisation of the total cost of
1k . . @ Firu in

idle machine time™ = is quite a relevant objective for an
economy like India which is facing foreign exchange scafcity
and where some of the manﬁfacturing plants have large import
content15 in their total capital equipment. There is-a
scarcity of int;rnal capitaivalso.

Public sector undertakings in India for instance, are

' ometimes . ,

operating under such conditions: / these undertakings operate
in a situation where facter and produbt priées'are.given.
~vThé productioﬁ programme of these public sector units, £0ﬁ4
ever, is not always tuned to maximise profit, _It is planned’
mainly according\tO'the needs of the programmes of indus-~ !
trialisation in the country (and such other Social objec-

- 16
tives). The 'extra' costs involved in implementing such

. . -
production plans are either provided in the project reportsl7

P

14 As .will be seen subsequently, the cost of machine time
is assumed to be proportionate to the purchase value of a
machine.
All the products on the schedule of the firm are neces-
sary for the economy.

1 \ '
s See, Chapter 2. Section 2,5 'Investment in the Pub-
lic Sector Undertakings!. .

16 ' -
Over and above those involved had the unit followed
the dictates of the market prices and tried to maximise profit,

1
- 17 See, Heavy Electricals (India), Ltd., 10th Annual
Report, 1965-66, pp. 4-5. : .
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of the public séétor units, or.are provided.from the.public
fisc every Yyear.

Thus,lthe output of a firm trying to achieve these two
objectives, may'not be at the minimum total cost br;'at
maximum'total profit. One may wonder, how a private firm
can‘operate in a competitive market while trying these
quectives. It may'be noted here that these objective
functions have been tried as theoretical exercises in order
to study mainly the éattern of utilisation undep different
situations. All the three objective fqnctions described here
have been attempfed for the Fifm k.‘ Because of the lack of
necessary data regarding prices and costs, however, only
one viz, profit maximisation function is tried for the

Firm B.

Assumptions in the L.P.'Model » -
Following assumptions are made while applying linear
programming technique for the analysis of the two firms
studied here.
(a) The technique of produqtion is assumed to be con-
stant in fhe short run to which thg anal&siS'here pertainé.
"(b) Total capacity requirement for the production of
a’' particular product is directly proportional to the number

of units of the product made.

18, . . . ‘ -
This, however, is not to justify all the losses incur-
red by the public sector units in India.

19 ;
The firms studied for this work are private sector
ugits. For the sake of analysis the two objectives being
discussed here have been assumed for these firms.
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(c) Total capacity fequirement for thevpfoductiqn
programﬁe'is simply the éum of.the capacity requirements
for different products. » .

(d) While any positive multiple of an activity (product)
is possible, ‘negative quantities of activities are not —
possible.

. Optimum produc?ion progrgmmes were obtained in the case
of both the firms with the linear brogramminé technique. Tﬁé

optimum plans depend ceteris paribus upon the objective

funcfions used. It is obvious that thére could be a set of
such plans depending upon different objectives the firm is

.

supposed to maximise and a variety of different conditions

faced by the firm that are incqrporatgd in the model., In
the next section the qoncepts of 'full capacity! and 'un-
utilised capacity' of a multi-product, multi;eqﬁipmenf plant
have been develépéd on the basis Af.values of objective
functions obtained in different optimum plans.. “This also
leads to a corresponding measure showing the level of utili-

sation of the capital steck which as we shall sée, is amother

side of the problem of excess capacity.

5.4 Optimum Capacity and Measurement of Unutiliséd Capacity
L;near programming solution gives the value of the‘

.objective function, i.e. total value added or total profit

that will result by implementing the optimum programme. This

value, the maximum that can be obtained under the circumstances

faced by the firm, is a measure of the economic or business
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significance of the'firmf The capacity of a multi-product,
multi-equipment firm may be defined as the value of the
optimum production'célculated from the method'deScfibed
.above. The cbmparison of_the actual production tb'the
optimum production20 gives}an idea of the utilized capacity
of the firm., There cén‘be a spéctrum 6f-definitions based
on the coﬁcept described above and the corresponding esti-
mates Qf ﬁti;ized capacity of a firm. These are exemplified
in a subsequent sectien. ‘

Lineéf programming anal&sis‘givesvimportant infbrmation
regarding the'capitél assets of firms. The optimal so;utign .
imp;ies values fo be placed on the various scafce resources
which define éhe 6pportunities open to the firm., Thus, we
get a shadow'price of each caﬁital asset which is deterﬁined
by its scarcity value in a particular optimum plan. - We alseo
get the unutilized time ('slack activities') or the idle
capacity of each machine'éroupAin the respéétive optimum-plana

To get an overall idea of the uﬁutilized machine capa-

cities a suitable weighted average of the idle capacities

can be taken. In the following analysis ﬁeights are taken

20 : :
The comparison may be made on the basis of the
output values, or the value added, or the profit in the two
situations depending upon the indicator used to get the
optimal programme. Thus, percent wputilized capacity may
be obtained as

-

Total value added in the actual programme
. Total value added in optimum programme

X 100
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. . . 21
- in proportion to the purchase price of each machine. The

weighted average wi;l give us an indicator oflthe idle time
of the capi¥a1 equipment as a whole.,

If we assume tﬁat there are no market consfraints (in
tﬁe sense that all the output of the firm is 591d at prices
ruling in the market))as we have done, tpe‘reasons for unused
machine capacities which appear whi;e applying different
optimum plans have  to be searched in some other factors than
that of insufficient aggregate demand. ihese could be better
discussed only after presenting the necgésary data in this
~ respect. Antiéipa;ing whét we discuss in a subsequent
section it may be stated here, that the idle maéhine capa-
cities under ;he circumstances described'aﬁove (viz; the
infinite market potential) are a function of the'dbjecfive
function being maximized,'the relative demand for.and the
relative prices and costs of the prodnéts,fand'last but

not the least importagt, certain policies on the part of the

21The rate or the cost of machine time preper; depends
on the following factors.
(A) Costs connected with the hardware, viz.
(i) Depreciation, (ii) Interest on the capital
locked up, (iii) Repair and maintenance, (iv)
Insurance, . .
(B) Costs connected with the space required for (1)
operator, (ii) Machine and (iii) Inventories.
(C) Costs of work in process-(i) Insurance,
(ii) Interest.
‘ Costs connected with the hardware (machine) i.e.
(A) above account for the largest share of the cost of machine
time. These costs in turn depend mostly on thé‘price of the
machine. The cost of the machine time, therefore, has been
taken as proportionate to the price of the respective machine.
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" firm itself'and the government.22 In this chapter the
effects of changing the objéctive functions gn& Qhangihg
relative prices have'been worked out. The next sectioﬁ
gives an outl%ne of thé basic ‘data used for linear pré-
gramming modeis.

5.5 Description of the Data

Electric Fan Industry - Firm 'A°'

The firm analysed in fhis indﬁséry produégs tep dif;
ferent products; most of them are electric fans and the rest
weing fractional horse éower motofé. The mgchinéry in the
factory’has been classified into twenty-four different
groups;23< for instance, drilling machines, milling machines,

. v :
etc. The classification waé based mainly on the machine
type and its feed size.zu Different levels of aggrggatiqn
" are possible whilelgrouping the machines, depending upon
the availability of dat; and the accuragy of the results

' required. In this particular case the problem of classifi-

cation of machines did not exist, as the 'time data'25 were

2 ' A -

See, Morris Buddin and Samuel Paul, 'The Utilisation
of Indian Industrial Capacity (1949-1959)*, The Indian
Economic_Journal, Vol. 9, 1961-62, pp. 19-47.

2 -

BSee, Table 5.1, - Also see, Appendix C at the end fer
the considerations followed in grouping the machines in the
case of Firm B, :

24 ’

See, Chapter IV. 1In the case of lathes, for instance,
the feed size implies the.size of the barstock that can be
fed, or, could be accommodated by the chuck (a part of the
lathe which holds the material that is being machined).

The time of different machines required in the fabri-
cation of egach product.
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supplied b& the industrial engineering department of the
firm accerding to téese groups of machines; The assumption
in grouping the machines in\this way is.thgt certain amount’
'of substitutabiiity ﬁmong the machinés qlassified under a
particular group is possible.26

The information as regards the number of shiffs each}
machihe is worked in tpe factory was available. No flat
basis such as one shift or two sﬁifts, etc. was a§opted in'
this case. ‘The.available hours fer each group of machines
were calculated on the basis of the,above—mentiéned‘informa-
tion. As no exact information rega?ding the allowance made
for different factors like 3scrap factor', 'fatigue' and
maintenance etc. bgézg avaiiable, eight ﬁoufs per shift was

assumed to be the time available per machine per shift.27

The factory works 25 days per month,

. Available groupwise machine hours were the only con~

straint on the production used in this model. The basic
table (structural matrix), thus, consists of twenty-four
rows which represent the tweﬁéyfour machine groups and ten

activity columns representing the ten prbducts being produ&éd

by the firm. The elements or the figures in the tablé repre-

26 : '

-~ This means that if a particular machine in a group
is booked completely, any other machine in the same group
could be used for carrying out the particular operation. -

27 ,

To a small extent, therefore, the available machine
hours‘have been over-estimated,
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TABLE 5.1. MATHEMATICAL FORMULATION OF THE LINEAR PROGRAMMING PROBLEM AND THE BASIC DATA - FIRM A. 182

»

Sr. Description of the x x x x x x x x

x x Total machine
No. Machine Groups 1 2 3 b 5 6 7 .8 9 10 bours avail-
’ ' able per monti
1 Small Centre Lathe- 0.0208  0.0000 0.0350 0.0000 0.1532 0.1632 0,0863 0©0.5102 0.1000 0.0000 < 2hkoo
2 Large Centre Lathe 0.8273 0.2630 0.3890, 0.3890 0.5851 1.9511 1.7390 1.3394 1.1359 0.0000 £ 8000
3 éapstan ’ 0.1268 0.2262 0.0916 0.0916 0.6044 0.6044 0.4017 0.6538 0.1997 0.0000 £ 3600
4 Special Purpose Lathe 0.0717 0,.,0717 0.0138 0.0138 0.0000 0.0000 0.0000 0.0060 0.0890 0.0000 < 1200
5  Automatics ’ 0.0144 0.0144 0.0144 0.0144 0.0000 0.0000 0.0000 0.0000 0.0122 0.0000 < 1800
6 Cylindrical Grinding 0.0400 0.0332 0.0400 0.0400 0.1077 0.0000 0.1258 0.0670 0.1600 0.0000 £ o800
7  Surface Grinding 0.0000 0.0000 0.0000 0.0000 0.0028 0.0028 0.0518 0.0000 0.0000 0.0000 £ 0200
8 Stator Grinding 0.0695 0.0720 0.0525 0.0523 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 £ 1200
9 Arbor Press 0.0139 0©0.0101 0.0100 0.0100 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 £ 0200
10 Hack Saw ‘ 0.0190 0.0190 ©0.0218 0.0218 0.0360 0.,0540 0.0000 0.0390 0.0090 0.0000 < 0800
11 Down Rod Threading " 0.0449 . 0.04L4Y ' o;ohhg 0.04%9 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 £ oboo
12 épinning - 0,.,0000 0.0000 0.0456 0.0456 0.0000 0.0000 0.1598 0.0000 0.0000 0.0000 < 0koo
13 Trimming 0.0000 0.0000 0.0465 0.0465 0.0000 0.0000 0.1598 0,0000 0.0000 0.0000 £ okoo
14 Hobbing 0.0000 0.0000 0.0000 0.0000 0.2436 0.2436 0.1598 0.,0000 0.0000 0.0000 < ohoo
15 Shaping 0.0000 0.0000 ©0.0000 0.0000 0.0000 ' 0.0000 0.0000 0.0000 0.1600 0.0000 < 0200
16 Shearing 0.0000 0.7450 1.,0100 1.0100 0.3500 0.1000 0.0100 0.0290 0.0250 0.0100 £ 0800
17 Circle Cutting Machine 0.0000 0.2700 0.3000 0.3000 0.0000 0.0000 0.0075 0.0150 0.0000 0.0100 £ 0200
18 Hydraulic Press 0.0000 ©0.7500 2.1200 2.1200 0.5200 0.1500 0.0200 0.5000 0.0600 0.0150 £ okoo
i9 Press 10 Ton 0.0000 ©0.0000 3.2000 73.2000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 £ 24oo
20 Press 30 Ton 0.0000 1.1500 2.0000 2.0000 4.3700 0.2500 0.0075 0.6500 0.1000 0.0300 < 1600
21 Press 60 Ton 0.0000 3.1700 2.6000 2.,6000 0.5600 0.1600 0.0110 0.1250 0.0000 0.0100 £ 1000
22 Press Deep Drawing 150 Tons0.0000 0.9500 1,1500 1.1500 0.0060 0.0000 0.0150 0.0250 0.0000 0.0150 + € 0200
23 Press-Geared 150 Tons 0.0000 0.3750 043750 0.3750 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 £ 0200
24 Rolling Machines 0.0000 0.0000 ©0.2500 ©0.2500 0.0000 0.0000 0.0000 0.0000 0.0000 0.0075 < 0400

Source: Case Study Data.
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Objective Functions’

To Maximise

l.

7.

G = 19.43 x3 + 35.51 xp + 29.43 x4 + 32,50 x,, + 22,13

Value Added: ' | -

A = 27.03 x; + 42,16 x, + 37.03 xg+ 39.15 x + 32.58 x5

+ 60.95 xg + 133.50 Xy + 45.13 xg + 42.70 x9+208.67 X0
Gross Profit at the current wage rate: \ |
B = 19.03 x; + 35.16 x5 + 29.03 x4 + 32.15 x, + 21.58 xg
38.95 x+96.50 x,+25.63 xg + 22.70‘x9 + 153, 67 xio

Gross Profit with 5% increase in wages:'

Q
]

18.63 x1 + 34.81 xp + 28.63 x5 + 31.80 x, + 21.03 xg
+ 37.85 Xg + 94.65 xy + 24,66 xg + 21.70 xg + 150.92 x3,
___________ e with 19% increase in wages: '
D = 18.23 x] + 34.46 x5 + 28.23 x4 + 31. 45 x), + 26;48 x5
36.75.xg + 92.80 Xy + 23,68 xg + 20,70 xg + 148,17 X5
__________________ with 15% increase in wagess
E = 17.83 x3 + 34.11 x3 + 27.83 x5 + 31.10 x, + 19.93 x5
+ 35.65 x¢ + 90.95 x7 + 22,71 xg + 19.70 x4+ 145.42‘x10 :
——eeceermeeeceme-= with 20% increase in wages:
P = 17.43 x; + 33.76 xp + 27.83 X3 + 30.75 x), + 19.38 x5
+ 34.55 x4 + 89.10 x7 + 21,73 xg + 18,70 Xy + 142, 67 x,,
------------------ with 5% decrease in wages:
‘ *s
+ 40.05 xg + 98.35 x; + 26,61 xg + 23.70 Xy + 156,42 x)(
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sent the fime required of different machines to fabricate

a particular product. In the case of the First qoluﬁn of
Table 5.1 for insfanée, representing the product x;, we

see that it takes 0.8273 of a large centre lathe to:fébricate
a unit of preduct xj, whilé it does not requife spinning,
trimming and oether machines listed sub;equently in its
‘fabricatioﬁ. Hence the time requirement has been entered

as zero.

The first two objective functions considered in this
model were (a) to maximise total value added and (b) to
maximise gross profit.x The two objegtive functions are those
which may be taken as being maximised from the point of view
of the national economy and a firm respectively. The sub-
sequent five objective funcéions (see Tablehs.l) are the
varianfs of the éecond. The grbss'profit margins at
changing wage rate28 were obtained on eéch prodﬁct. The
five variantsof the objective function maximisiné 8ross
profit were used only to test the sfability of -results and
to assess the effect of changes in the relative prices on
the capacity utilization, |

Along with the two objéctive functions stated above a
third one was tried for this firm. This was to minimise the.

total cost of the idle machine time.,

28 !

Which amounts to changing the relative price struc-

tgre. A 5 per cent decrease or increase in wage rate will

have a varied impact on the cost of production of different
Products depending on the proportion of labour component

in the total cost of production of the particular product.
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In the objective functions stated in Table 5.1, the |
active variablés correspond to the ten products\on thé.list
of the firm. . The s};ck variabies (not stated in the objec-
tive functions.given in fab;e 5.1)ar§ the idle time of mgchines.
In the oﬁjective function under consideration néw, the
tactive! variables are the idle capacities of machines while
the proeducts on the list of the firm become %he slack vari-
ables. Iﬁ symbolic terms this objective‘functibn can bel

stated as follows -~

Min. C = clsl + 0282 +~ooo. ~+ 021‘324

where C, . total cost of idle machine time.
ci; [i=1,2,...,24], cost of an hour of a machine.
Si; [i:l_, 2,...,24], the idle time of a machine.

x5 [1=1,2,...,10], = ° slack activities..

ihe optimum plan wifh respect to.this objective fﬂnc-

tion is one in which the total cost. of idle méchine.time is'
minimam, The optimisation is subjgct to the same set of
twentyfour constraints corresponding to évailable groupwise
machine time, as assumed in'the,earlie% optimiéatibn pro-~
grammes. The value coefficients in the objecﬁ:iQe function
(ciS) represent the machine hour cests. The .cost of an hour
of a machine is taken to be prOpQrfionate to the market price

of the machine. Thus, the cost of 400 machine hours of roll-

ing machine (24th row in Table 5.1) is ‘taken to be the pur-

*
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chase price of the rolling machine. From this, the unit
cost i.e. the ;ost of an hour of the rolling machine has
been imputed in the ;bjective function. This forms the
'°2h’ in’the aferementioned objecfive fpnction. The
purcﬁasevprices of machines have beeq used as approximation
fo their scarcity values.

The iﬁplications of this programme are discussed in

the subsequent sections.

Switchgear Industry - Firm B.

Switchgear (motor-starters, switchbeards, fuses, con-
trol panels etc.) is the major product line of the firm
‘analysed in this industry. Oécasionaliy, however, the firm
megts small orders for cake mills and petrol pumps from tﬁe
same. production shob. Though switehgear is the major preduct
line, the assemblies and sub-assemblies29 have a varied type
of material and machinery requirements. 1In this major
production line alone, which constitpte nipetyfive per cent
of the total proquctibn (by value), hundred and thirty pro-
ducts were taken into consideration, ' The other products
were omitted. The reasons being their véry minor share in .
the total preduction -and more important, the non-availability

of time data in any form.

A full note on the construction of the table consisting

29
Many assemblies and sub-assemblies are s6ld as end
products themselves, However, they also form a part of some
other major product on the list. *
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of time coefficients used in the analysis of this firm'ig
given as Appendix 'C!' at the'end. Only the salient features
of the data are deép;iben here.

Machines ranging to a number of abont three hundred,
were classified into‘sixfy groups depending upon the machine
type, its feed size, and othdr details regardlng engineering
capacit&. Each machine is available for two Shlft operations.
Week is the shortest period used in planning the production.
Machine capacities (available machine time) were calculated.
as per this period. Aft8r making allowances for‘snrap faétor,,
down. time, etc,,amachine is évailablé fori79.9/hours a week
on a two shift‘basis.jo As shown in Table 5,2 next, there
are sixty coné%rainfs in this model cérnesponding te the .
available time of different machines,' There are hundred gnd
thirty activity columns according to the products taken into.
congideration. |

The time data originally a;ailable for aboun five thou~-
sand parts, were transformed31 into those for tne hundred
and thirty final products. Thus, the basic table or the
32 '

structural matrix in this model consists of sixty rows

and hundred and thirty columns. Constraints corresponding
only C

to machine capacities|are considered in the model. The time

0 .
3OFor full details, see Appendix C.
31
For details, see Appendix C, at the end. ~ Also see,
Appendix D for the data forming the structural matrix.

32The size of th

size o e table in this case being very large

Zg&y tge :Eth;matical presentation of the model has beeng ’
en in e Table 5.2, Complete table has b

Appendix D at the end, : . sen glven as



TABLE 5&2. MATHEMATICAL FORMULATION OF THE LINEAR PROGRAMMING PROBLEM: FIRM 'B!

Products ' ‘ R.H.5.1 ¥ R.H.S. 2 ¥
available available
M/Cc Hrs. M/C Hrs.
(Standard) (Actual)

) . . LK BN 2 . L ) ! . b E—
Rows a1 ¥t a5t + %1373 + *21,130%130 i 1 L5 :
Restrictions » -
corresponding ailx:l + aizxz +.. -+ aijx .‘+ .. -+ ai,fljoxlBO _<_ bi S bi
to machine . . . JA . .
capacity . . . . . - —
Max. Total

Objective function

¥ Right Hand Side .
Instead of solving the optimisation problem with respect to two structural matrices
as mentioned before, it is convenient to solve the same problem with respect to two
‘right hand sides. The. two right hand sides R.H.S. 1 and R.H.S. represent the two

sets of constraintS?-(a) that according to the available standard machine hours of

different machine'groups.and§b) that acgording to the available actual machine hours

of différent machine groups (See, Appendix C). :

88T
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coefficients in the bqsic'tables afe based on 'standard

 time!', '
) Maximization of.the fotai profit was conside}ed'as the
objectiv; fuﬁct?on. Table 5.3 gives the profitlmargihs on
each of the hundred aﬁd thirty products usgd for the maxi-
mising function. Maximization of‘thevtdtal value added as
an objeétive function could hot be tried as the nécessary
price and cost data were not available for each preduct of
this firm, ;Two‘linear programming problems were solved., The
difference between the two problems relates only to .the ti@e.
data used in the basic table.33 The two problems are:!
(a) To maximise total profit with respect to con-
Stra{nts due to available ﬁachine time; The
basic table or the structural matrix beiﬁg
based on the sfandard time,
(b) To maximise total profit with respect to con-
- straints due.to‘availaﬁle macﬁine'timé. Tﬁe
basic table is based.én the éctual time,
An important piece of information in this case study
is tgaf relgting te the efficiency-of the.labéup who'éperafes

a particular machine, The standard time for a particular

eperation is bgsed on the concept of average efficiency 6f

33 In the first problem the elements of the mtructural
matrix show the standard time of different machines required
for a product, This is based on the concept of average
efficiency of an operator of the machine. In the ‘second
problem the elements of the structural matrix show the actual’
time of different machines required for a product, This takes
into account the actual efficiency of the operator. See the
next paragraphs; also see, Appendix C for details,
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TABLE 5, 3. PROFIT MARGINS ON DIFFERENT PRODUCTS + USED IN
THE MAXTMISING FUNCTIONS - FIRM B.

1

Product  Profit Product Profit Product Profit
No, Rs. No., Rs. E No. Rs, =
1 . 1.85 . .23 33.00 45 16.20
2 1.70 24 3.75 46 13.%0
3  0.85 25 7.45 47 27.00
4 2,25 26 39.20 48 1280
5 2,05 ' 27 43.55 " 38,3
6 1.75 28 3675 50 11k.00
7 420 29 40.90 51 31.50
8 3.95 . 30 19.00 52 .38.10
9 . 8.65 © 31 23, 80 53 57.60
10 5.20 32 24,20 54 158,55
EER 12,35 - .33 36. 20 55 34.00
12 12,00 34 138.80 ° 56 66,05
13 11.15 35 k7.15 57 '75.054--
14 10.75 36 49,30 58  275.00
15 v14.85 37 87.00 "~ 59 65.50
16 13.60 38 | 119,00 60 331.50
' 17 8,00 39 98.00 61, 330.00
18 10, 80 | 40 20.30 - g2 " 81.00
19 10, 80 41 | 69.60 - g3 331.00
- 20 30, 80 42 35.80 64' N 3.14
21 33.70 43 112f7°. 65. 3.38
22 38.00 Ly 888.00 66 5.43

+ Source:; Case Study Data, \
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TABLE 5.3. CONTINUED

Product Profit Product Profit Product Profit
No. Rs. - No. Rs. No. : Rs.
67 9429 8y 5.73 111~ '68.90
68 3.00 9 . .8.63 112 53.00
69 5.93 91 602 113 .7é.oo
70 . 10,37 92 9.78 11k 49.95.
71 4,07 93 . 19.60 115 - 68,30
72 3.48 94 7,25 116 12,10
73 - 3.4 .95 4,80 . 117 13,95
78 4,73 96 . 3.00 118 - 13.90:
75 5.86 97 91.25 119 460
76 8. 20 98 6.20 120 7,45
77 ;0.85 ' 99 : ;5.40 | 121 4,00
78 13.91 - 100 2,25 122 9.20
79 13.32 101 - ' 10.90 "123 11,90,
80 3.31 102 13. 65 124 é.lo
81 b, 64 103 31,15 125 129.60'
82 5,94 104 33.75 . 126 174,00
83 13.91 105 43.30 127 119.00
84 17.95 106 52,75 128 258.00
85 hoy2 107 61. 60 . 129 721,00
86 ~ 5.83 108 100, 85 130 569,00
87 4,71 109 88.15

88 . 7.17 110 87.70
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\

an operator who has acquired the requisite skill énd has
undergone the training reguired. 1In actual practice, the
labour available may not be up to the standard and an
operation may take more time of a machine than shown byrfhe

‘standard time. For each machine the firm maintains the

- record of what are called the 'efficiency factors!'! so as to

arrive at thg total time of the machines that yili actually
be required. Efficienéy factors for some of the machines
are giyeh in Taﬁle 5.4, Thg efficiencflfacter of surface
griﬁders (ifeﬁ No; 17, Table 5;4)‘is 45, This means that
if the sténdard time reéuired to do the grindiﬁg operation
3q'a particular part with the help of thisrmgchine, is 45
millihdufs,_th; aétual time reqﬁired by the operator will
be 100 millihours. |

The information reggrding the 'efficigncy factors! is
quite important from‘other.consideraéions, apart from iés
uséjh in the linear programming problems solved for the
firm B, It shows that an extra investment; apért from_those
in bﬁildings and capital\equipment etc, is necessaf& for the
dévelopmeﬁt éf the requisite skills on tﬁe part of éperators
6f the machines; This bart'of the invest@enp and<£he time
-lag necessar} to develop. the skills has to Se.noted in any‘

industrial development programme.

5"

L R
, 3 In the form of two structural matrices based on
standard' time and 'actual' time respectively,
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TABLE 5.4. EFFICIENCY FACTORS FOR MACHINES ¥ - FIRM 'B!'

Sr. Description ofyéhe machinés Efficiency
No. . factor
1 2 3
1 - Single spindle drilling Machines 100
2  High Speed Drilling Machines - N. A.
3 Bench Grinders 100
4 Centre Lathe 100
5 Capstan Lathes 100°
6 Turret Lathes | 100
7 H. Speed Turret Lathe 100
8 Single Spindle Automats 60
9 . Screw Sli%ting Machine ‘ 100
10 Screwing Machine | 100
11  Band Saw 100 .
12 Circular saw 100
13 A Cut-off Grinder 100
14 Single Spindle Driiling Machines 55
15 Multi spindle Drilling Machine 55
16 Radial Drilling Machine 55
17 Surface Grinders , 45
18 Aufomatic Belt Grinding Macﬁine 45
19 P, Milling Machine ' 100
20 Strip Bending Machine 160
21  shot Blasting Plant .N N. 4.
22 Spet Welding Machine 100

¥ Source: Case Study Data
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TABLE 5.4. CONTINUED

Sr. Description of éhe Machines Efficiency
No. ‘ -factor
1 2 3
23 Tapping Machines 60
24 'Hydraulic Presses 60
25 Flf Presses 65
26 Power Presses 65
27 Guillotine Shearing Machines 60
28 sSpot Welding Machines (15 KVA) 60
29 Tumbling Barrel N. A.
30 Bakelite Preform Press 60
31 Bakelite Moulding Présses 75
32 Hydraﬁlic Pre;sesv(lvto~10 Ton) 70
33  Air Presses ' 70
34 Revetting Machine 70
35 Spot Welding Maéhines_(és KVA) 70
36 Electric Drying Oven 70
37 Thermal Rglay Winding M;chine_ 70
38 Vacuum Impregnation Plant 70
39 Au;omatic Cut. Off Grinder 100
40 Painting Machines 55
41 Electroplating Apparatus 95
- 42 Testing Equipment

70
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5.6 Description of the Results

The data as described in Section 5.5 earlier were psed
mainly te bring forth cer@ainvaspgpts of the problem of,uﬁ—"
utilised capacity and iséueé.relate& to‘this problem, The‘
results of the analysis. are presentedAin the following three
sub-sections. Tho;e regarding the optimum production plans

are discussed in the first sub-seétion A, Measures of uti-

lised capacity in terms of 'oﬁtimum values' and 'actual

values' of profit and value'added are given in tﬂe sub-
éectioﬁ ﬁ. Measures of utilisation of maéhiné capacities
under a variety of conditions are presented iﬁ the‘sub-
section C. It would ﬁave been excellent from the point of
view of a compéehensive analysis, to aésume all the set of
conditions for e;ch of the twolfirms and present the measures
of ufilised capacity and other results aécordingly. This,
however,_wag not pessible 5ecaﬁse of the limitations due'to'
available data regarding the tﬁo firms, An attempt has been
made to briﬁg forth the relevant.aspects ;f the problem a§

best as possible with the available data,

A, Optimum Production Plans

Table 5.5 gives the results regarding optimum preductien

pPlans as werked out in the case of firm 'A',  Out of ten

products on the actual production schedule of thé firm ‘'a?,
only four appear’ in the different optimal programmes, Obtimum
plans with the first two objective functions viz, (a) to

maximise the' total value added and (b) to maximise the total



196

4 A
TABLE 5.5. OPTIMUM PRODUCTION PLANS- FIRM 'A!

Progra;nme+ Product Units Value of the
. objective
function-Rs.
(i) To maximise the total 1 7,784 30,53, 867
‘value added -9 50
‘ 5 240
10 13,333
(ii) To maximise the total S | 8,908 22,33,673
. gross profit at the 9 418 -
current wage rate 5 265
‘10 13,333
(iii) With 5% increase in the 1 8,908 . 21,92,976
wage rate - 6 245
: 5 261
, 10 13,333
(iv) With 10% increase in 1. 8,908 21,52,334
. the wage, rate 6 2435
’ -5 261
10 13,333 _
(v). With 15% increase in the 1 8,908 21,11,691
- wage rate 6 " 245
: 5 261
. 10 13,333
(vi) With 20% increase in the 1 8,908 20,71,049
i wage rate 6 245
: 5 261
10 13,333 ‘
(vii) To maximise gross pro- 1 8,908 22,74, 467
.. fit with 5% decrease in ‘9 418
the wage rate 5 265
. 10 13,333
4 = + In all the seven programmes mentioned in the table;coﬁ-

straints on the production are ‘those with respect to the
available time of different machine groups. )

+ Total value added and total gross profit in the actual
production plan are Rs. 4,04,817 and Rs. 3,27,050 re-
spectively for this firm. These figures are compared’
with the optimum values of the total value added and
total gross profit obtained in the programmes (1) and
(ii) in this table. This comparison gives the first
two measures presentéed in the table subsequently,
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.
‘

groés profit are only slightly different. - While the pro-
ducts are the same, there is soﬁe difference in the quan-
tities of the produc;;s to be produced. Further, with a 5
per cent increase in the wage rate and w1th the same objec~
tive function in the third programme, act1v1ty '9t in the
earlier plan is substitufed(byvactivity 161, Thiéishows

that activity '9' requires more labeour iﬁpﬁts than '6!' and
becomes costliér‘to produce with the.increase in waée.rate.
This change remains constaﬁt in the subsequent plans till

the wages are increased by 20 per cent. With the decrease

in\the wage rate by 5 per cent, there is no change‘in the

" .
o, '

products which appear in the optimum plan from thpse obtained
at the current'wage rate and with gross profit as the max;-
misiné,funétion. Thus,'adjusfment to price‘invplves dis-
crete shifts in producti&n plans. In‘othér words’an optimum
plan remains’stable overia range of prices. The shift betﬁeen
the plans occurs at a critical price level at which it is
profitable to shift resources between activities.

Table 5.6 gives the products, their quantltles ‘and the.
values of objective function as they appear in the optimum
plans in the case of firm 'B',

The optimum plan has got concentrated ih only four

35

products out of the total hundred and thirty at the same time

It may be noted that the number of constraints in this
problem ame sixty.
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36

pushing up the size of total profit comnsiderably as com-
pa;ed to the one obﬁained‘with the actual production plan,
While the products wﬁich appear in the two optimum plans

are similar their quantities are slightl& less in the second
programme which has time coefficients based on the ‘'actual
time®. Consequently, the total profit in the secon& optimumu

plan is also slightly less.

TABLE 5.6. OPTIMUM PRODUCTION PLANS - FIRM 'Bt

. ‘ A
Programme . Product Quantity Value of the
: S1,No., (Units) Objective’
, ‘Function~-Rs.,
I. To maximise total pro- | 4 13317
fit with respect to 1 :
constraints due to. | 11 49937
available machine time; | 1,96,45,135
the structural matrix | 64 3551111
being based on the i
standard time ] 85 1775556
II. To maximise total pro- : 4 7990
fit with respect to A
constraints due to i 11 32459
available machine time; | } : 1,84,67,373
the structural matrix ] 64 3373556
being based on actual i .
time ] 85 ° 1686778

A Total profit in the actual production plan is Rs.2,02,359.
This figure is compared with the values of optimum total
profit given above. The comparison gives us the last two
measures in the Table 5.7. :

36
This will be seen by the coefficients of utilized
capacity given in Table 5. .
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(B) ~'Measures of Utilised Capacity in Terms of Output Rates
The ﬁe;sures of uti}ized capacity.given in‘the Table
5.7 aré obtained on épe basis of the qoﬁcgpts diséussed in’
Section 5.4 earlier.: Thué; fhe'ratiq of the value added in
acfual prbduction programme to that'in the optiﬁum pfoduc—
,,tlon plan gives us a measure of ut111zed capaclty of the
flrm, and slmilarly in the case of other indicaters used
TABﬁE 5.7. UTILISED.CAPAéITf IN TERMS OF OPTIMUM AND ACTUAL
VALUES OF TOTAL "VALUE - ADDED, TOTAL GROSS - PROFIT
. AND TOTAL PROFIT - FIRMS A AND B

-

Piogramme A . Utilized Capa~
: o - city (per cent)

Firm 'A' . -
‘I. ' To maximise total value added . 13.26
II. To maximise total gross profit . 1h, 64

Firm 'B!

I. To maximise total profit. The structural

- matrix being based on standard time, 1.03
Ix. To maximise total profit. The structural
: matrix being based on actual time, 1.10

- \

A 1In all the four. programmes the constraints used are A

- only those corresponding te available time of different
~machine groups. There are no constralnts due to market
potential for the products. :

(C) Utilisation of the Capital Stock
- The linear programming analysis of the firms is based

on detailed engineering and technical data along'wi}h the
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economic data like prices and cests. The analysis gave
important infermation regarding the'grdup of‘maéhiﬁes which
.-were completely useé and those which had idle capacity.
This information:.was available along w;th the corresponding
6ptimum production plans with different objective functions.
In order to get a suitable'meésure of ufilisatipn of machine
capacities in a particular programme, the following procedure
was adopted. Idle machine hours in each machine group were
listea. Weights wer; given to the (idle) machine time
(purchase)
according to the market |price of machines in each group.
A weighted averaée of idle time in different maching gréups
was, thus, obtained. As shown in Section 5.4 earlier, it
is fairly valid to assume the rate or the cost of a machine
to be'proportidnate to the price of the machine. These
weighted averages are preéénted as peréentages in the case
of firm A.. In the case of firm B, however, though the prices
of the machines were sép&rately avé;lable, it was not possible
tp establish one to one correspondence for the machines in~
cluded in each group and the price data.. In the case of
this'firm, groupwise idle machine caéacifies are presented
in detail, These are corresponding to the actual production
plan of the firm. The data for the two firms gives an idea
about the utilisation of capital equipment under different
B set of donditions. No comparison betﬁeen'diffe?ent situations

and between the two firms has been attempted here.

(1) with Optimum Plans

Table 5,8 lists the objective functions used in different
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programmes in the case of firm producing electrie fans aﬁd
the corresponding weighted average (per cent) of idle
machine capacities in each programme. A

iABLE 5.8. UNUTILIZED MACHINE CAPACITY OF THE FIRM IN THE

ELECTRIC FAN INDUSTRY WITH OPTIMUM PRODUCTION
PLANS UNDER CERTAIN ASSUMED CONDITIONS .

Programme A - Idle Machine .
Time (percent)

/

I. To maximise the total value added h6.67'
II. To maximise the total gross profit -h9.41

ITI. To maximise the total gross profit .
with 5% increase in the wage rate . Lo.87

IV. To minimise the total cost of idle o
machine time 35.33

Table 5.9 next gives detailed groupwise idle machine
capacities (slack activities) which appear in the optimum
plan? for Firm A. "

(i) In the first and the second programimes liéted in the
TaBle 5.8 abové, it is assumed that thefirm has ten pro-
ducts on ifs list out of which the optimum plan has to be
chalked out. Further the relative price structure is
assumed to be constant. Change in the measure of idle

.
capacities (time) of machines reflects the change in the
objective fﬁnCtiBn in the two programmes.
(ii) In the third pr&gramﬁe, the wage rate has been in-
éreéséd by 5 per cent. This implies a change in the rela-

tive cost structure of tﬁe ten products. The difference
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TABLE 5.9. GROUPWISE IDLE CAPACITIES OF MACHINES WITH
OPTIMUM PKODUCTION PATTERNS - FIRM 'A‘

Machine , . Programmes A

Group  =--e=——es———-a e et L P
To maximise To maximise To maximise gross
value added gross profit profit with 5% in-

crease in the wage -

rate
1 86.52 . 88,85 88.95
2 - - -
3 61,62 61, 86 60.14
4 4, 22 43, 67 - h6.77
5 84.08 - 83.33 83.96
6 32,85 43.53 51.95
7 99, 66 99.63 99. 29
8 . 54,92 48.40 48.40
9 45,90 38.08 38.08
10 - 79.02 77.18 76.02
11 120 63 ' - * -
12 1100.00 100.00 - 100,00
13 100.00 © 100,00 ' 100,00
14 92.68 91.93 84, 61
15 - 66.56 : 100.00
16 68.91 70.43 68. 87
17 33.33 33.33 . 33.33
. 18 - 9,27 . 6.95
19 © 100,00 100,00 100,00
20 1.53 - -
21 73. 20 71.82 68.16
22 - - _ -
23 < 100,00 100.00 100.00
2, ~ 65.62 71.86 ' 75.00
Weighted . ‘ o
Average 46.67 49.41 49.87

4 All the three programmes are subject to the constraints
corresponding to groupwise machine capacities only.
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between the'second and the third measure of ;dle machine
capacities, reflecfs the change in the relative prices'
(iii) The maximum ;tiliéation of the machine capacities .
(espéciélly in a counfry like India facing'the scarcity of
the capital and foreign exchange), given a set of pfoducts,
could be considered a valid obie;tive for a firm, Thus,
the firm accerding tg this objective should so plan thq
broduction‘that the maximum amount. of machine capacities
thgy exist'are used. (This.objective may_not cpinéide with
that of maximisation of.the total profit on different pro-'
ducts produced). |

Such a prégramme'was tried for Firm A and the measure
of average idie machine time was found out. Fof this pro-'
gramme the objective funétion used wés to minimise the cost
of idlé machine time. As stated in a foregoing section, -
cosf of,thé machine fime was assumed to be pi@po;tionatg
tojthe purchase price 6f,the maqhine. The optimpm plén'
chooses products (ont of ten) in such é.way thag the total
cost of machine time is minimum subject to the c#hétraint
that no more thaﬂ 100 per cent of thé_cabaéity of any
machine gfoup ishsed. Even Qith so much leeway, average
thirtyfive per cent of the total machine t}me remains idle
(see, Table 5.8). The likely factors for this result ;re

discussed in thé suBsequent Section 5.7.
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(b) Utilisation of the capital stock with Actual

Production Plan - Firm 'B'

As pointed out in the pfevious chapter the time stand-
ard data are a convenient foollfor arriving at the 'machiné
loads' or the machine time booked for a Particular produc~
tibn plan., This means that if a particular production
plaﬁ is to be implemented, with the help of time standards
(the standard time of a machine to fabricate a unit of a
particular pfoduct) we can know as to how much time each
machine iﬁ the workshop will be engaged. This gxe?cise was
carried out for the firm producing switchgears on the basis‘
sf its current production plan. Table 5.10 gives the
groupwise machine time (per éent).used whiie implementing
the actual froduction plan;7 for Firm B, This takes into
accﬁunt the market restrictions for all thé hundred and
thirty products?? A glance at the groupwiée utilised machine
capacities given in the Table 5,10 will show that some of
the machines are used more than hundred per cent,38 while

there are others which are hardly used at all.

3 :

7This{ however, is not an optimum plan with market
restraints, in addition to. those corresponding to machine
capacities., . '

38Two explanations of the over-utilization of the capa-
city of certain groups are possible: ' :
(a) We have assumed two shift basis for working out
machine capacity (time) available., Some of the machines in
these groups may, however, be worked on a third shift, -
(b) It is possible that a particular processing for
which the machine is being used is done by ancillary units.
In our exercise pertaining to the calculation of the machine
time requirements on the basis of standard time data, the
total time required for a particular process is recorded.
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TABLE 5.10. GROUPWISE UTILISATION OF MACHINE CAPACITIES
WITH THE EXISTING PRODUCTION PATTERN -

Machine Groupwise (%) Machine Groupwise (%)
Group No. utilised capacity Group No. utilised capacity
of machines on the of machines on the
basis of the given basis of the given
- output for 1966-67. - ' - eutput for 1966-67
1 0.1k 30 36415
2 Q.72 31 42,26
3 23,42 . 32 4.99
4 0,67 . 33 79.61 -
5 1,62 _ 7 34 27.08
6 .35 . . - 35 . L.86 .
7 . 14,86 36 - 30.65
8 32.89 . - 37 35.42
9 : 19.79 38 43.19
10 : 19.33 39 0.20
11 . 5.56 4o - 10.81
12 . 20,18 S 41 296,51
13 ' 0,02 . 42 25,59
S 50,76 b3 89.04
15 2.33 Ly . 65.79 -
16 20.48 - : 45 . 5714
17 95.27 46 12.94
18 9.07 L7 36.47
19 6.43 48 47.18
20 \ 12,29 - 49 12.50
21 . 12,17 : 50 . 116.76
22 22,24 51 8.02
23 32, 81 ' 52 . 0.20°
24 2,28 \ 53 15.92
25 7.46 54 60,38 -
26 117. 39 : .55 0.33
28 56.97 57 14,39
29 .- 62,29 _ 58 : 30,93

39 30.93
60 © 83.99
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Incremental Investments for Larger Actual Production Plans

if wevassﬁm; the same pattern of actual output (the
same relative quantgties of differeﬁt products actualiy
produced) and a larger size of demand for the same, the
additional investmént required to sﬁstain a largef produc~
tion plan could be worked out with the help of the data
presented in the Table 5.10. .Thus,if we double the quan-~
tities of all the products in the present actual plgn, the
corresponding caéacity (ﬁacﬁine time) requirements will
also be doubled.’ The additional investmgnt has to go into
the machines which are completely booked and become bottle-~
necks in a larger production plan. Thesg additional'invgst—
ments were worked out broadly on the basis of prices of
different‘machines as given in the Appendix B, at the end.
The results are given in the Table 5.11 below.

TABLE 5.11. INCREMENTAL INVESTMENT IN MACHINERY REQUIRED
TO_SUSTAIN LARGER ACTUAL PRODUCTION PLANS
(WITH THE SAME PRODUCT MIx)

Production plan . Incremental investment
: required (Rs.)

1. Twice the current output , 8,12,960

2+ Thrice the current output 15;90,5h6

The present ogutput could be doubled with additional
investment of Rs. 8,12,960, while it could be trebled with

additional investment of Rs, 15,90,546. It may\be noted
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fhat the tetal book value of the existing machinery wvas

. v .
Rs. 27,51,998 as-on lsf April 1965. The inveStment required
for the further muléiple; of the present production has not.
been giVén in the table as‘it was quite.substéﬁtial as
Fompéred t;-the téta;vbook va;ﬁe of the exisfihg médhinery "
and abﬁeared to be bfino significance as balancing investment.

39

5.7 Discussion of the Results’

Stafting with the optimum prcduction plans, whicq is
the first important itemrigrthe description of the resﬁlts,
an impoftanf féafure.tolﬁe noted is the cencentration of the
optiﬁuﬁ pl;ns over_a,few products, One of the reasons for
this a;y be souéht in the pelicies of the firms., Maxi-

.

mization of the total profit as we have assumed in the

ﬁodél for shortrug aﬁalysis may not be the only objective
sought b} thé firms. It may be to maintain a steady clien-
tele. In the process, a'firm may aléo\pave to produce in
actual practice the products which gre not quite profitable
along with those whiéh are most profitable. Our optimum
plans, however, take the total profit (on the total value
added) as the sole criterion, | o A

Constraints on preduction due to demand for each product

39 Instead of entering into a general discussion of the
causes of unutilised capacity such as lack eof demand, short-
age of raw materials, etc., it is preferred here to take up
a p§rticular‘set of results and discuss the 1ike1y factors
behind it, While deoing this, the experience of earlier
studies has been taken into account. Certain points mentioned
Bubsequently (for instance, possibility of a change in the
‘tgchn9logy) are beyond the scope of the assumptions made ear-
;::Zdlg the 1in;aihpiogra?ming model. These points have been

ecause o eir releva
1n o lapecise,or th nce to the problem.analysed here
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have not been included in the linear programming Qodel
used here,

The measures (Qased on the assumption of‘iﬁfinite '
demand potential) showing-thaf a firm i; using only one per
cent or fouteen per cent éf its'capacity may sound stun-
ning, These measures show that ther:fimperfeetions in mar-
kets and that the prices and the markets are_not properly
dovetailed., B |

The different measures of capacity utilisation show,
in the first instance, that there is not a single measure
of capacity utilisation, but a v;riety of measures are
possible and they are relevant in their proéer context,

More measures.of c;pacity utilisatien could be>obtained
under-a variety of_assumptions and censtraints. .The'exer-
cisés attempted here may be treated as a. starting peint iﬁ
actual empirical -analysis at the level of a firm fof measures
of ecapacity utilization.

Perhaps mére impqrtant aré the results regarding the

v \ .
pattefn of utilization of machine éapacities. As we sawh ~

in the earlier sections-about half of the machiﬁe capacities

are idlg in a plan which assumes infinite market potential

.

hoSales potential for each product was not readily
available with either of the two firms studied.. In the
absence of this information ‘an alternative would have been
to put some multiple of the present output as 'demand con-
straints'. This, however, did not seem to be quite signi-
ficant. Moreover, details regarding the utilisation of
machine capacities, as the actual production programme is
carried out, were separately available. Study of this
latter aspect viz. the pattern of utilisation of the capital
equipment under a variety of conditions is an. important
purpose of this work., .
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for the products in the case of Firm A. An actual produc-

tion programme is quité likely to be diversified for many

reasons as discussed'béfore. Table 5.10 given earlier,.(Firm 'B')
however, shows that idle capacit%eé exist on a number of o
machine groups in the actual plap also. Tﬁué, out of the

total number of 60 machine gfoups'given in this table, 45

machine gfoups, are not used even upto 50 per cent of their
capacity;ul This is not ail. Machines are not run at the

ha Factors affecting

averaée»speediat which they could be.
these results and the important related issues are-broadly‘
diécﬁssed as follows:~

(a) At the outset, it may be noted that even during
the prime shif;,.some of the machine§ spend their‘time'idle.‘
This is not‘soleIY.dﬁe to bad planning on the part of a firm.
The parts for most electrical machinery are so varied in
their machinery rgquirements that it is virtually impossible
for most firms to plan in such a way that all the machines
are fairly completely booked. | L

(b) The capital equipment in a factpry is installed
after taking into account the market for a particular set

of products and by choosing a particular technology. 4n

entrepreneur intending to invest in electric motor indﬁstry,

7

41 This, however, is a general observation. Without
a weighted average of machine capacities (as calculated in
the case of Firm A), any comparison of actual plan and the
optimum plan on this aspect is not Possible.

42
See, the efficiency factors given in Table 5.4 in
the case of Firm 'B!. )
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for instan;e, fixes the r;nge’of productio;l' taking into
account the market-conditiOns prevailing at the time and
which according to him, or his market research bﬁreau, ar:
likely to prevail for a period of years. The necessary
types of machinery‘and their respective'number of units
are choseﬁ. The factory is set up. If the project plaﬁ—
ning is efficient, there is a certain balance among faci-
iities.

In a d&namic situatiﬁn, however, many alterations and
changes are possible. The relative prices and costs ma&
change.,. Relative demand for the products in a given sét
may change. Firms have to make the necessary changes iﬁ
the product—ﬁi; in tune with theif objective such as, maxi-
mising profit.

Thése chaqées in the prodhct-mix obviously affect the
utiiization of machine capacities. 1In a dynamic situa£ion,
therefore, the achievement of continuous balance in the
capital equipment such that each machine group is almoét
" fully used may prove unecoqomical, if not technicalli im-

3

possible.

~

~ (c) Measures of utilisation of machine capacities such

hgThis implies that excepting a few machines, which are
required for some special operations and are required for
only a small amount of time, it is seen that a majority of
others will be fairly completely booked given the necessary
demand for the set of products chosen,
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as given in Table 5.8 earlier, depend among othér things
on the objecfive function and the relative prices. Both
these factors (especially the relative prices) a;é crucial
in determinihg an optimum production plan undef a given set
of conditions. Because changing price (or‘cost) structure
will change both the value added as well as the profit for
an individual product. By changing the relétive brices of
the products on the pféduction séhedule of the firms, it is
possible to obtain differént measures o£>utilisation of
machineleapacities (or measures of idle machine capacities).
It has to be noted here that the capital equipmgnt of
a firm is purchased to be utilised over;a long périod‘of
time., During %his period, a firm may expérience wide rang-
ing fluctuations ip the pfices.of its products and costs of
the inputs. A measure of.idle machine capacities. which is
dependent on relative price structure may not bg considered
enough. |
(d) A measure of unused machine cépacities could be
obtained which is independént of the relétive'pricé‘structure
of "the products. Programme No. 4 mentionéd in Taﬁle 5.8 was
tried from this point of view. As stated earlier, the objec-
tive of the firm in this programmé is assumed to be to plan
thg quantities of the ten products on its production schedule-

in such a way that the total idle machine time is minimized.hh

bk .
.Some scheme of priority or weightage is necessary while
selecting the machines for fuller utilisation in this pro-

Continued/
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The measure of idle machine time in this programﬁe was

found to be 35.33 per cent as giveﬁ in‘Table 5.8 above;

This is the lowest 1imit or the 'lower bound' for the mea-
sure of idle machine capacities.‘ Further, tﬁis measure is
independent of any price structure (related to products)
prevailing in the economy. In other wofds, under the given
condifion as assumed for fhié programme,hS tﬁe firm concerned
cannot.utilise 35.33 per cent of its capital stock whatever
the price structure may be. '

Summing up, itvmay be stated that the measuresof idle
machine capacities reflect’ the different patterns of utili~
sation of the given capital stock. These patterns as we
saw are determined by the product-mix adopted by the fifm.
The-pfoduct-mix is determined in the ﬁain, by the relative
price structure prevailing in the economy and the objective
‘that the firm tries to maximise. In the'case of firm A
which was analysed for this study it was found tﬁat 35 per
cent of the capital stock cannot be utilised whatever pro-
portions of the 10 products the firm chooses to produce.

(e) Different explanations for thiSVEminimum idle machine

time' as indicated above are poséible. The factor stated at

gramme. The purchase price of different machines was used for
this purpose. Thus, the objective function in this programme
is to minimise the cost of idle machine ‘time (cost of machine
time is assumed to .be proportionate to the purchase price of
machinery). Prices do enter in this optimisation programme

in the form of the cost of machine time. However, these are
quite stable and do not experience any fluctuation as in the
case of relative prices of the products,

uSSee.Sections 5.5 and 5.6.
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the oﬁtset,.viz. the diversified maqhinery requirements of
many products of the electrical machinery industries is'_
quite important. Uniess there is some arrangemeﬁt like
tcommon serv&cing facilities'46 firms have to purchase a
particular ﬁéchine such aé the shaping machineh7 in the case
of Firm A for instance, even though it is §carceiy used.
Absence of such a‘machine may put.the whole productioﬁ plan
lbut of gear. Such a machine, or a gréup of them, show; iargé
amount of idle capacity in any production plan.

(f) Yet another possibilitf is the change in the
technology and product-mix itself., A firm which was using
certéin parts cast in its own foundry may start purchaging
‘them from outside, being cheaper. There is, tﬁus, a substi-
tution of the material uéed for the'part of the machine om
which it was fabficated. The redundant capital asset till
it is on the books of‘the firm goes as hundred per cent un-
utiliéed, though no change‘in,the'quaptities of the existing
product‘mix would use it completely.

(g) The eqﬁipment purchase policies of industrial firms
in India are-sometimes affected by the iﬁport control policies
of the goygrnment. Thé uncertainties regarding the import

policy have prompted the management-to buy certain machines:

46

o Where different firms get a particular operation (ser-
che) done from a single entrepreneur, or a servicing centre,
instead of installing the machine in their own production
shop. :

47 ' '
See, Table 5.1l. Shaping machine is used only for the
9th product out of total ten in the list.
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whenever import of the same is allowed, without‘any imme-
diate need felt for it.l‘8 ' )

(h) In an interview with the production manager of a
firm, it“was stated that the firis purchase théir'capital_
assets with a sufficiently long perspective (about 5§to 6
years ahead); This leads to the existence of a much highgr
number'oqhachines as compared to the requifements of the
current prodﬁction programme. Exigencies due to erratic
demandg9 pattern sometimes compel the fﬁrms to have a number
of machines of a 'stand-by' ﬁature. .

(i) Measures of unutilised machine capacities have an

important bearing on the capital butput ratios.or capital

~
-

50- .
coefficients as these are sometimes referred to. These
coefficients are often based on published dafa, either from

the balance sheets of fhe firms or othdr statistics of an

s

L8 See, Appendix C at the end. As shown in that note,
quite a large number of machine groups (81 out of the total
of 148) were not used as far as the current production plan
of the firm was concerned. ‘

49 As soon as the Indian rupee was devalued in 1966, the
firm producing switchgears, studied for this work, got an order
for a thousand units of petrol pumps. This was due to the fact
that imported items of petrol pumps became costlier. The
ozder, if accepted, was to be met fmom the same production
shop. . ’

50 Here, the difference between the two terms relateg to
the level of aggregation of the capital stock used to calcu-
late these ratios. In the term 'capital-output ratio', the
total requirement of the capital stock for a particular out-
put is calculated., The term 'capital coefficients' is used
in the context of 'input-output tables and other disaggre~
gative models', Capital requirement of a particular output
in this term is implied at a disaggregated level. Capital
stock is usually classified in terms of an indus try classi-
fication such as machine tools, electrical machinery, ' trans-
porty, eqyipment, diesel engines, and so on. {

\
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aggregative nature. It is obvious that‘in the case of
firms which~have a large idle machine stock, fer one reason
or the other, as'dis;ussed above; the measures oflcapitaiA
output raties or capital coefficien;s are quite likely to
get inflated. Thus, we get a higher estimate of the capital
requirement for a particular industria{ sector than is
tecﬁnically warranted.

(i) As Table 5.11 given earlier shows, it is possible
to carry oﬁt a larger preduction programme (upto 200 to 300
per cent of the prgsent output) with injiftment on a few
machine groﬁps only., This facf is quite important to be
noted when decisions for expansion of the output of a.parti-
cular industrial'sector are taken.'

5.8 Summary

In this chapter, an attempt ﬁas made té analyse in de-
tail, the prbblem of unutilised capital resources of indus-
trial plants. Two firms, one in the electrical fan industry
and the other 1ﬁ\the sﬁitchgear industry (two subgroups of
electrical machinery industry) were studied for this purbose.
This attempt revealed certain important éspgcts of the
problem. It also helped in conceptualisﬁtion of indﬁstrial
capacity and that of excess capacity.

Two broad types of measures of excess capacity have
been defined. One is in terms of the difference between the

actual output rate of a product-mix and capacity 6utput rate

(or ip terms of such other indicators as profit, eor value

. A. '
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added etc. as noted in the Section 5.4) of the same mix,
The other is the differehqe‘between'the capital stock be-

3

ing utilised for an eutput'(either actual or optimum) and
the total capital steck, The latter ié.more relevant while
assessing some of . the structural factors operating at the
level of a firm, as mentioned in the foregoing paragraphs,

In the case 6f one of-fhe;firm studied for this work
it was found'tpat about 35 per cemt of its machine capacities
cgnﬁot be utilised even when the firm tries to miﬁiTise;the
total (cost of) idle machine time with the best choice of
the reiative qﬁantities of the ten.products on its list.
Analysis of the capital structure (machines) of the other
vfirm studied for thi§ work sho&g'that.thé firm c;n increase
its output upto 200 to 300 per cent with investment on

, certain machine groups only. Some of the reasons for these

results hawe been stated in the earlier pages,

'
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Four sub-groups of the electrical ﬁachinery industry
in India viz. Motors, Transformers, Swifchgears and Fans,
havé been studied. éeftain important aspects of these
four industries,Aparticularly those which have a ﬁearlng
on the problem of unutilised ‘capacity (sqch as .the supply -
of raw materials) have'been_lpoked int;. This‘part of the.
study is mostly Baéed.on published statiétlcs, reporté -
and interviews.‘ | | ‘

| An attempt has been made to analyée the capital struec-~ -
ture (plant and machinery) and the nature and extent of
ﬁnutiliged capacity at th; level of a firm, din thes; in-
dustries. This;part is based on case studies of two firms
belonglng‘téléQitchgear an& Fan industries respectively.
Published statistics regardiﬁg industries and varioué
surveys on the problem of unutilised capacity show that a
substantial amount (roughly between 15 and 57 per cent)
of the capacity of.these industries remained.idle during4
the years l96l to 1967. Studies maaé for' the earller period
viz, l9505 also in&icate the existence of unutilised capa=-
city in a number of industries includingAthe.four consi~
dered here,
and

6.2 Motors, transformers,lsw1tchgears 4nd fang are important
capital goods while fan is a durable consumer good. .Each
of these four industries could be fruitfully subJected to

a separate study. Considerations like the availability of

data, interlinkage on the demand side, common basic tech-
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nical proéesses an& others, however, lead to grouping

them together for this work. An important objective of
this study as indica;ed above is to analyse the unutiliséd
resources of industrial firms. This seemed te transcend
many particulérs éf theée indﬁstfies and together made

tﬁem a workable group.

6.3 Electric fan industry was the first among the four
(dealt with here) to be established in India, with the
first_factory ée% up in 1920 at Calcutté. Motor and trans-
former industries were established during the secondAworld
war. The manufacture:of switchgears started around late
19503. 'Motors, transformers and switchgears are manu-
factured in various ratings, designs and types. Motors,
for instance, vary-from those belonging te fractiomal
horse power category (upte 1/1000th h.p.) to those with a
few thousand horse po%er ratings. Those>in the higher
ratings and sizes are broadly referfed to as heavy electri-
cals while those in the lower ratings and smaller sizes,
and light articles like fans are called light electricals.
6.& Demand for motors, transformers and-syitchgears closely
‘follows the power generating capacity in the country. Demand
for fans follows mainly the electfification programmes and
building censtruction activity in the country apart from

other factors.

The economically utilisable hydreelectric power poten-

tial of the Indian Union is estimated to be 41,155 million
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| kW. According to the Energy Survey Commission's report
(1965), the schemes for generating eiectricity’that were
in op;ration, undef éonstruetion and whose investigaéion
had been completed covered a total potential. of about
11. 6 ﬁillion kW, A large untapped potential of hy&ro-
electricity exists for exploitation in the future. India
has limited resources of good coal and so far is yet known,
only meagre resources of oil. |

that
6.5 Published statistics show |the electrical machinery
industry (inclusive of all the,subgrpups) stood seventh
by ifs sh;re in the total value added by’the_manufacturing
industries. Officia; surveys such as the 'Annual Survey
of Industriesr divide the units in theiele;trical m#chinery
indﬁstry into-large, medium and small scale units accord-
ing to the size of the capital invested. Units having
fixed capital of Rs..g lakhs and below are defined as
small scale units. Those with fixed capital between Rs.5 lakhs
and 25 lakhs as medium and those above Rs. 25 lakhs as large~
scale units. The large scale sector, on the basis of its
share of the tétal fizxed capital invested, number of pérsens
employed and the total value added by ¥l# manufacture,
is predominant in'fhis industry.
6.6 According to the 'Industrial Policy Resolution' of the
\Goverﬁment of India, tﬁé manufactufé of‘heévy electéical,

machinery of different types is reserved for the public

sector units. Exceptions are, however, being made to this
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policy recently and some of the private units are_being
licensed to manufacture heavy electrical machinery.

6.7 The Heavy Electricals (India) Ltd. and the Bharat
Heavy.aueetricals, Ltd, are the tﬁo“nublic,sedtor units
eperatingbin the‘Electrieal Machinery Industry. - Branches
of the Bharat Heavy Eleetrlcals, Ltd; are spread in the
diflerent parte.of the country. lhe preduction of the
public sector units viz. that of the heavy electrical
machinery is of a complex nature and involves neny mate- .
rials and technical processes. The skills involved are'
being built up through the trainlng centres offering neces-
sary training facilities situated aronnd’the manufacturing
plants of theee‘units. The design end manufaéturing know=
how is being acqnired through collaboration agreements as
well as through.independent deyelopment programmes.v

6.8 Foreign private investment in the electrical machinery_
industries amounted to Rs. 14'7 crores in December 1961;
This amount is exclusive of the foreign investment in the
public sector units. Direct investments formed a larger
share of the total than the portfolio inrestments. Foreign
\eempanies meinly operate through their branehes or subsi;
diaries in India. They also operate through collaboration
agreemenés Qith Indian firms., The public seétor units as
well as many private units in the four industries considered
here have collaboration agreements with the leading pro-

ducers of electrical machinery abroad.
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6.9 Importslof a certain range of output of moteors,

. transformers, switchgears and alpost a complete range

of fans have been ba;ned. Imports of fans especially

that of parts and accessoriés are, howevef, allowed againtf
exports of fans upto a certain.percéntage of the f,o0.b.
value of eprrts. Tariff protection has been granted to

a sizeable range ofﬁproduction in thege four indﬁstries.
Reports of the Tariff Comﬁission aé well as the déclara—
tions regardiné‘the Inmport Trade Control policy by the
Government of India éhow thét protection either in the

form of impoft'duties or import festrictions granted te
these industries followed soon after the capaéity‘for
respective proﬁuct groups was available in the ceuntry.
6.10 An important feature regarding these four secters

to be noted is the fast changing compésitién of the product-
mix, 'This is not so wuch due to technological developments,
Technoiogy in all the four sectors is in faet of the mnature
of a 'transplant! from the>advanced countries to this
count;y. The ch;nging product-mix is due mainly to the
wider rangé of 6utput in each sector thaf is being produced
at present than was the case in the immediate past. Thus,
in the case of switehgears we almost started with 'ali
imports' and 'mo indigenous production' situation. In the
case.ofitrans}ormers and motors the pr&duction was limited
te a very limited range of smaller sizes, while“in the

case of fans it included ondy a few types. Production of
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all these industries at present.covers a much wider range.
This proéesé of diveisification is going to continue per-
haps at a'f;ster raée than before as the capacity that bhas
been created for almost'a complefe‘range of output require&
in this Eountry is put.to use. '

. Statistics regarding expofts and imports of moters,
transformers, switchgears and fans for the four selected
years during 1950-51 to 1965-66 héévbeen given in Ch;pter
II. In the case of metors, transformers and‘switcﬁgears,
exports on a very minor scale started around i960-6l. Id‘
the case of fans, exports started a little earlier, ;ro@nd
1955*56; 'Exeept.iﬁ-the case of fans; howe?ef)'there was ﬁo
significant iﬁcréase in the quantum of e xports till 1965-66,
for the rest of the product group. |
6.11 -In spite of the increase in productive capacity be-
ing available in the country, iﬁports in the case of all the
‘four product groups sﬁow a sizeable increasé. In the_c;se
éf motors, transformers and switchéears this is'péssibly
due to the fact that indigenous manufacturing capacity‘is
not yet capable of meeting the diversified demand for these
three preduct groups created by the ﬁowér developmenﬁ-and
electrification programmes and by the pfocess of industria-
lisation. In the éase of fan industfy it is claimed that
productivt%y capacity for almostrcomplete raﬂge of fans.is.
available in the country. Increase in the impdrts of this
product is, therefore, difficult to explain. o
6.12 Raw materials form an important item in the total

>
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cost of production of the electrical products studied
here. Materials'consuméd 5y the electricai machinery
industries range frem iron and steel, nonférrous metals
like copper and aluminiuﬁ, ceramics, rubber to modern
plastics, glectricai sheet steel, copper stfipg and coppef
wires, various insﬁ;ating materials; ball and roller bear-
ings, are some éf the important items of raw materials
.required. | |
6.13A There is a continugd shortage of flat steel products
like cold rolled grain oriented steel, electricél éheet
steel etc. It is_of vital impertance that the existing
steel plahts ?roduée fiat Qteel products to their full in-
sfalled capaeit& aﬁd in a quality which meeté with the
requirements ofbthé industry. This is eof special imporf—
ance in the cont§it'of-the delay in the Bokéro Steel Plant
project. There:are many instances where matching the‘pfo-
duction pattern of the existing steel plants to the ;hanging
demand pattern of the c;nsuming indusfries will save 5
substantial amount of foreign exchange to the country.

6.14 India has to depend on imports to a large extent for
the supply of non-ferrous metalg except aluminium. In
respect of imports of these metals from the countfies
abrqad, it is necessary that India has direct contracts

with the exporting countries like U.S.A;, Chile, North

Rhodesia, Congo, Japan and others. At‘pregent, the import
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pfices of these metals are determined at the 'London Metal

Exchange!.

6.15 Another import;nt problem in respect'of the supply
of oer%ain raw materials is posed by’fhe lack of stand-
ardization in the orders placed by the manufacturers of
electricél machinery. An instaﬁoe is porcelain bushings
ordered by the tranéfermer ménufaeturers. - This leads tq‘a
long delivery periéd a; every order has to Be treated as a
spéciai ordgr.

6.16 A substantial amount of progress has been made in
,reSpect'of substitution of copper by aluminium in the case
of *ires and cableg. In_many other applications such as,
new insulatien materiais, the substitution pessibilities
are yet to be fully‘explored.- A |

6.17 Published statistics regarding the cdnsumptioﬁAof
raw materials by the electrical machinery industries does
not give a complete piecture of the imdustries liﬁked with‘
it this way. | -

6.18 An impbrtant charaqteristic éf the féur industfies‘
studied here, which is really common to all medern indus-
tries, is the fact that efficient productien is achieved
through a network of supply relationships of another kind.
Firms in a particular iﬁdustry have to depend on a large
ﬁumbér of other firms in different industries for steady
supplies of componenfs manufactured according t; strict
specifications, Firms supplying cemponents are not always

of an ancillary nature but may be large industrial units.
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If this facility i; lacking a firm gas to go into the pro-
dUction of each part itself, or depend om an inefficient
-pért producer, leadiﬁg to either higher costs.or to low
quality output as the case may be. This fact has not re~-
ceived its due atfention in beth the'development and tariff
policies.,

Insistance by fhe Government regarding domestic coﬁ—
tent regulatiens and coencomitant import control regula-
tions lead$ manufacturing concernas to dupllcate too broad
a spectrum of manufacturing capabilities, resulting in the
overequipment of machinery. Instead the.trade and develop-
ment policies conld be redirected towards a narrewer, more
efficient ranéé of manufacturing activities. Thié re=-
oriénfation will require detailed studies of pr;cess wise
inputs of ékills, machinery and'materials and availability
of thesé in the country.

6.19  There is a large degree of overlap of processes,
skills énd capital equipmqnt among the four imdustries
studiéd here. Important machinery required in the électri—
cal industries could be divided into four elasses - (a)
fabricating equipment which consists of machine tools and
metal forming machines such as hydraulic and mechanical
presses, etc.,, (b) cleaning, electroplating aﬁd matérials
heating equipment, (c) Assembling machines such as rivet-
ting machines, welding machines, etc. and (d) materials

handling equipment such as cranes, hoists, industrial
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truckS, etc. The most important among these by the numbers
as well as value are those in the class (a) viz., machine
tools and presses,

6.20 No fublished statistiés regarding the inventories

of capital equipment according to different types are
#vaiiable, not.to speak of the inputs of machine time for
different products in this industry. The table given in
the Appendix D showing the inputs of méchine time in the
switchgear industry may be viewed as a beginning in this
direction. Similar table for fans has been given in

‘Chapter V. .
6.21 For a disaggregative analysis of-the unutilised'reE
sourceé'(planf-and machiner&) of firms, two ﬁnits belonging
to thé switchgear and fan industries respectivel& were
studied. Linear pregramming techhiqué has been used as a
tooi of an;lysis‘for this purpose. The exercises are based
on engineering and technical data such as, inputs of ﬁachine
time and machine capacities, as well as ecénomic data.
Linear programming technique hélped fo look into the pro-
Blgm of unufilised_capacity by direct anélysis of firms
rather than dependingvon published statistics regarding.

the actual outbut and capacity'output‘etc. Measures of
capacity could be'obtained under a variety of assumed con~-

ditions. These exercises throw light en certain importaﬁt

aspects of the measures of capacity as well as the nature

of capital structure of the industrial firms.
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6.22 There is not a sinéle poéfficient or a percentagé
which ﬁe can point out as the\measure of unutilised capa~
city in the cése of a:multipreduct, multiequipment manﬁ-
facturing élant. A variety of measures are possible and
they are relevant in their proper context, =
Given ‘the pro&uct-mix for a firm, two types of measures
of excess capacity are pessible which themselves may vary
with thé changing assumptions. One is the difference between
the actual output rate of the mix and a capacity output
rate -of the éame mix.l The other is thé difference between
the qépiéal stock being'utilised for the output,and.the-
total capital steck, Boéth measures are equally important.
The latter measure is especialiy useful to find out
a realistic,estimate of the capital output ratie, Unuti-
lised capital steck inflates the estimates of capital re-
quirement for a particular output than is technically
warranted..
6.23 Unused machine capacities do not appear becauée of the
insufficient demand alone, These may occur. because of fhe
changes in the relative pricés or cosfs which usually induce
an entrepreneur te alter the relétive quantities of the
different products produced. The composition of the output
(relative quantities of products made) is also determined
_ by the objective pursued by the firm.

In the case of one of the firms studied for this work

it was found that about 35 per cent of its capital stoeck -

cannot be utilised whatever the relative quantities of the

lThis comparison may be based on the total value added by
the manufacture in the two situations, or, on the basis of other
indicators e® seen in Chapter V,
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given products (en its list) the firm produces so as to
maximise the utilisatibn ofﬂits machine capacities. Though
some of the reasons fesponsible for this phenomenon have
béen discussed in Chapter v, comprehénsive analysis in this
respect is a subject of further research study. It may only
be stated here that t he reasons for t hese unutilised

machine capacities have to be éought intoe the factors other
than the lack of demandj or the shortage of raw materials
which are usually mentioned as the causes'eof unutilised |
resources,

6.24 Theoretical planning models often proceed on the
assumption that capital is-scarce end labour abundant in
‘the developing’economie;. This is too simplifieg én appfoach
for many ingustrieé in thesé economies. Many subgroupg of
electrical machinery industry in.India, for insfance, fequife
highly skilled and experiénced pefsonnel; Labour ef this
kind has been one of the scarce;t factors of production and
abundant unskilled labour is of liftlé use to it. It re~
quires substamtial amount of additional IMWK&VWEIVE invest-
ment to train the labour inte the requiréd degree of skill.

In the absence of such labour readily avaiiable, the

alternative is to‘recruit semi-skilled labour which results
in machinegbeing run much below par as we saw in a table

in the earlier Chapter V, giving the 'efficiency factors'

of different machines.

It }is sometimes assumed that skills, like plant and



230

machinery, are a direct result of investment (in say educa-

A\

tion). Planners only have to devote more resources to it.
However, formal education although essential, may. not be
sufficient to insure the creation of skills that afe~mosf

needed by an industrial enterprise.
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APPENDIX A - A DETAILED LIST OF TECHNICAL PROCESSES IN THE.
ELECTRICAL MACHINERY INDUSTRY

The list of technical processes given in'fhe subsequent
ﬁages was used as a basis while coding and prodessing the
technical data in the case of Firm 'B' mgpufactﬁriﬁg switch-
gears and controlgears. A three digifed code number was
followed for each technical process while proéeSsing the
data on the cemputer. Each‘process has been considered
separately. The list has been givén here as it shows the
range of technical processes invelved. It includes the’

manufacturing processes for almost all the products in the

electrical machinery complex.

PROCESSES [ BROAD GROUPS] . CODING SYSTEM.
A. CASTING PROCESSES ’ ' 1 X X
B. HEAT TREATING 2 X X
C. WELDING AND ALLIED PROCESSES 3 X X
D. HOT WORKING PROCESSES 4 X X

E. POWDER METALLURGY (INCLUDING NON-
METALLIC POWDERS)

W
b
L d

F.  MACHINING PROCESSES S 6 X X

G,  COLD-WORKING PROCESSES (EXCLUDING
MACHINING) : 7 X X

H,  CLEANING, PLATING AND ORGANIC
FINISHING OF METALS : 8. x X

I. ASSEMBLY, INSPECTION, TESTING AND
OTHER OPERATIONS 9 X X
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CASTING PROCESSES

(i) Teﬁpering

(ii) Stress Relieving
(iii) Normalising

(iv) Spheroidizing

(v) Annealing

Al

Operation Code Nuﬁber
I. NON-METALLIC MOULD CASTING 1 10X
(i) Sand Mould Casting 1 1 1
(i) Plaster-of-Paris Castings 1 1 2

(iii). Lost Wax Casting
II. METAL MOULD CASTING 1 2 X
(i) Permanent Mould Casting 1 2 1
-(i1) Semipermanent Mould Casting 1 2 2
(iii) Die Casting ' 1 2 3
(iv) ' Cold Chamber Pressure Casting 1 2 4
(v) Centrifugal Casting 1 2 5
B. HEAT TREATING 2 X X
Operation 'Code Number
I. SOFTENING PROCESSES 2 1 X

2 1 2
2 1 3
2 1 4
R - 1 5

Cont inued/
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Operation‘ . Code Number

II. HAﬁDENING PROCESSES 2 2 X

(i)  Quench Hardening 2 2 1

(ii) Martempefiﬁg 2 2 2

(iii) Austempering (Isothermal

: ‘ Treatments) 2 2 3

III. CASE HARDENING PROCESSES 2 3 X

(1) ﬁitriding 2 3 1

(ii) Cyaniding . 2 3 2

(111) .Carbonitriding 2 3 3
(iv) Gas Carburizing 2 "3 L :

(v)|  Padk Carburising 2 3 5

(vi) .Liquid Carburizing 2 3 6

(vii)  Induction Hardening 2. 3 7

(viii) Flame Hardening, 2 3 8

€. WELDING AND ALLIED PROCESSES 3 X X

Operations' Code Number

I. PRESSURE PROCESSES (Resistance Welding) 3 1 X

(1) Seam Welding j 1 1

(1)  Spot Welding 3- 1 2

(iii) Upset Butt Welding 3 1 3

(iv)  Flash Butt Welding 3 1 4

(v) Projection Welding 3 1 .5

Continued/
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Operations

~ Code Number

II.

IIT.

v.

VI,

VII,

\

OTHER PRESSURE PROCESSES

(1)  Forge Welding

. (ii) = Pressure Thermit Welding

NON- PRESSURE PROCESSES (ARC WELDING).

(1) Shielded, Atomic Hydrogen

(ii) shielded, Mdtal Arc

(iii) ' Shielded Carbon Arc
(iv) Unshielded, Metal Arc -

(v) Unshielded Carbon Arc

NON- PRESSURE PROCESSES. (GAS WELDING)
(1) Air-Acetylene

. (i1) Oxy-Acetylene

(iii) Oxy-Other Fuel

OTHER NON-PRESSURE PROCESSES

(i) Thermit Welding

BRAZING PROCESSES (ELECTRIC BRAZINé)
(1) Arc : 7
(ii)  Induction

(4id) Resisténce

OTHER BRAZING PROCESSES

(1) Gas Brazing

(i1) Furnace Brazing

LWL L L L LLLLLLLLLLWLL LWL W W

O S T R CR SR VR € B R R X

NN N oMW E O EOE LWL LWL oW
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Operations Code Number

(iii) Dip Brazing Metal Bath 3 7 3

(iv) Dip Brazing, Chemical Bath 3. 7 4
VIII. SOLDERING PROCESSES 3 8 X
(1)  Soldering 3 8 1

D. © HOT-WORKING PROCESSES o 4 x X
Operations ' o . Code Number

I. EXTRUSION'PROCESSES (HOT WORKING) 4 1 X
(1) Extrusion - 4 1 1

II. FORGING v 2. x
(1) Drop Forging y 2 1

tii) Machine or upset Forging 'y 2 2
(1ii) Smith Foréing. y 2 3

(iv) Press Forging 4 2 4

III, OTHER HOT WORKING PROCESSES L 5 X
(i) - Rolling 4 5 1

Continued/
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E. POWDER METALLURGY (INCLUDING
NON-METALLIC POWDERS) 5 X X
Operation Code Number
I. BRIQUETTING OPERATION 5 1 X
(i) Preforming 5 1 1
II. MOULDING OPERATIONS 5 2 X
(1) Injection Moulding 5 2 1
(ii) Hot-Compression Moulding 5 2 2
(1ii) Trensfer Moulding | 5 2 3
(iv) Extrusion 5 2 A
(v) Blow Moulding 5 2 .5
(vi) Slush Mouiding 5 2 6
(vii) Cold Moulding 5 '12 7
(viii) Leminating 5 2 8
III. OTHER OPERATIONS 5. X
(1) Sintering ' 5 5 1

Continued/
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Operations

dee Number

1.

3.
b
5.
6.
7.
8.
.

10.

.11,

12,
13,
14,
15.
16.
17.
18,
19.
20;
21,

22,

Boring
Broaching
Chamfering
Confouring.
Countérboring
CouptersinkingA
Cutting
Drilling
Die Sinking
Engraving
facing

Gear Cutting

Grinding (Surface)
Grinding (Cylindrical)
Greoving

Honing

Jig Boring

Lapping

Milling

Flanishing

Notching

Reaming

TCTRNEE VRN VYN SR TP
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.Code Number

Opératioﬁs
23. Sawing 6 6 1?
24, shaping 6 6 5
25, Slitting 6 6 7
26. Spot Facing 6 6 9
27. Tapering . - 6 7 3
28, Tapping. 6 7 4
29, Threading 6 7 5
30. Trepaning 6 7 6
31. Turning 6 7 8
32, Twisting 6 7 9
33. Combinations of Different Operations
(Autematic Machime) X 6 9 0
-
G. COLD - WORKING PROCESSES (EXCLUDING'. ‘
MACHINING) ' | 7 X X
Operationé Code'NumBer '
1. Bending and Cut off 7 1 3
2, Bending and Embossing 7 1 4
3. Bending 7 1 5
4. Brazing / 7 1 7
5. Blanking 7 1 6
6. Bufnishing 7 1 8

Continued/
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Operations

Code Number

7-.

9.

10.

11.
12,
13.
1k,

15.

16..

17.
18.
19.
20,
21,
22,
23.
24,
25.

26.

27,

28,

Coining
Cold Reolling
Crimping

Cut Off (including Cuttiqg Sheets,
Strips, etc,) '

Crimp and Bend
Dinking '
brawing

Embossing

Enlarging ’ ' v

Embossing and Blanking

Embessing and Piercing

Embossing and Piercing and Blanking .

Embossing, Notching and Cutting Off
Extfusion (Cold;ag Working) }
Fixing

Flanging

Flaring

Flaring and Embossing

Forming

Forming and Embéssing

Forming and Piercing

Forging -

~3
N
W
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Operations

Code Number

29.
30.
31.
32,
33,
34,
35.
36.
37.
38,
39.
¥o.

41.-

42,
43
Lh,
L5,
46.
u7.
L8,
k9.
50.
51.
52,
53.
54,
55.
56.

He;ding
Hubbing
Knurling
Lancing
ﬁarking

Piercing

Piercing and Blanking

Pierciﬁé, Flaring and Blanking
Piercingl.Flaring, Blanking and Bending
Pierce and Cut‘Off |

‘Punching

Riveting
Roll Forming

Seaming
Shaving
Shearing
Shell Drawing
Spinning
Stamping
Straightening
Stitching
Swaging'
Swedging

Thread Rolling

Trimming
Upsetting
Wire Drawing

Combination of different operations
on presses (not specified)

[
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H, CLEANING, PLATING AND ORGANIC FINISHING OF METAL

3 ' 8 X X

Operations Code Number

Lo

I. CLEANING PROCESSES

B

(1) | Cleaning

=

(ii) Sand blasting

=

(iii) sShot Blasting

(iv) Tumbling

=

(v) Relling

-

(vi) Burnishing
(vii) Cleaning and Shot Blasting R
(viii)Deburring ‘
(ix) Separating 0il, .Swarf, etc.

II. PRETREATMENT PROCESSES

(1) Dégreasing'

-
R T Y R . - DLV, T S TR VR

(ii) Pickling

: . . ¢
(iii) Complete Pretreatment Processing

N

III.ELECTROPLATING (BARREL)
(1) Ssilver Platiﬁg
(i1) Nickel Plating
(4ii) Zinc Plating

(iv) Tin plating

LWLV W W W
o N F N O~ MO

(v) cCadmium Plating

©© o & @ o @ e e 0 0 0 © ™ © ® © © 0 "o 0
N
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Operations

Code Number

Iv. ELECTROPLATING (VAT) 8. 4 X
(1) Silver Plating 8 4 1
(i1) Nickel Plating 8 4 2
(iii)Zinc Platingv 8 4 3
(iv)'Chromium Plating 8 4 4
V.  OTHER METAL-COATINGS 8 5 X
(1) Calorizing 8 5 1
(ii) Galvanizing 8 5 2
VI ORGANICVFINISHES 8 6 X
(1) ‘Aspgaltic Painting 8 6 1
(11) oi1 Painting and Enameling' 8 6 2
(iii)Finishing by Lacquers “ 8 6 5
(iv) Polishing ' 8 6 4
I. ASSEMBLY, INSPECTION, TESTING AND
OTHER PROCESSES 9 X X
-' Operations Code Numbér‘
I.  ASSEMBLY OPERATIONS 9 1 X
(1)  Winding 9 1. 1
(ii) screwing 9 1 2
(i1i) Pasting _ 9 1 3
(iv) oOther Assembly Operations 9 “ 1 9

Continued/
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Operations Code Number
II. INSPECTION 9 2 X
(1) Inspection (at Various Stages) 9 2 1
III. TESTING | 9 3 X
(1) Hydrgulic Testing 9 3
(ii) " Pneumatic Testihg' 9 3 2
(iii) Radiographic Testing 9 3 -3
(iv)‘ M#gnetic and Nonmagnetic .
Particle Testing 9 3 4
(v) Electromagnetic Testing’ 9 3 5
(vi) sSupersonic Testing 9 3 6
(vii) Chemical Testing 9 3 7
(viii)Electrical Testing 9 3 9
(ix) Other Tests and Retests 9 3 0
IV. OTHER PROCESSES 9 5 X
. (i) Impregnation 9 5 1

(i1) Material Heating
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APPENDIX B, PRICES OF MACHINES IN A SWITCHGEAR MANUFACTURING

PLANT
Description Original Book Value :
‘ Value A as on 1-4-1966
, . ) " Rs. . Rs,
1 , 2 "3
I. MACﬁINE‘TOOLS
Lathes
1. Hérbert-xirloskaf Caps£an Lathe 39,966 24,230
2. Alfred-Herbert Capstan Lathe 34,534 16,852
3. 'Traub' Automatic Lathe 23,594 7,135
4. 'Traub' Automatic Lathe 15,918 5,454
5. 'Bolley' High Speed Turret Lathe 22,635 11,009
6. 'Traub' Automatic Lathe £ 16,037 6,915
‘ - - , 8,013 6,494
7. 'Traub' Automatic Lathe 12,545 5, 644
8. ﬁerberé_Lathe ‘ ) ' 1,10, 461 78,125
9. BMF High Speed Lathe ' ‘ 54,402 41,983
10. Indigenous Master Lathe 2,601 2,002
Drilling Machines |
11, Praga Drilling Machine i;555 v78h
12, Praga 4 Spindle Dri;ling Machine 5,769 3,733
13. Praga 4 Spindle Drilling Machine 13,061 9,153
14, Ppillar Prilling Machine - ?,059 1,777
15. Praga. Drilling Méchine 1,648 877
16. Praga Drilling Machine 2,050 1,392

A The manufacturing facilities weré set up in 1959,

Continued/
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1 2 3

17. Praga Drilling Machine 2,002 1,193
18. 'Steinel' Single ‘Spindle

Drilling.Machine"’ 1,570 834
19, Herbert Single Spindle i

Drilllng Machine 2,167 1,075
20, Herbert Spindle Drilllng

Machine 5,186 2,857
21, Herbert 4 Spindle Drilling ’

Machine 38,571 22,362
22, Praga Drilling Machine . 2,079 -l,0h8
23, Praga Drilling Machine 1,957 1,097
2, Herbert Four Spindle .

Drilling Machine 91, 497 59,358
25, Investa Drilling Machine 15,528 ‘9,325
26, -Bluthardt Single Spindle o

Drilling Machine - 27,082 15, 888
27. Praga Drilling Machine 3,157 2,029
28, Praga Drilling Machine 3,973 2,971
29, Praga Drilling Machine 1,957 1,220
30. Praga 4 Spindle Drilling Machine 1,556 661

}.31. Praga Drilling Machine 8,418 5,811

32, Praga Drilling Machine 1,648 876
33. Praga 4 Spindle Drllllng _

Machine 19,287 13,334
34. Dr;l}ing Machine 11,001 7,031
35. Praga Spindle Drilling Machine 17,791 12,126

Continued/
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1 2 3

36, Praga Drilling Machine _ 15,656 - l10,582
37. Herbert Drilling Machine ', 29,822 22,554
38. Herbert Drilling Machine 34;8u2 26,218
39. BMF Radial Drilling Machine 74;757 55,748
40; Kerry Super 8 Sﬁeed Drilling

Machine 1,747 1,415
41, 2 Nos. Khertone Super :

Drilling Machine . 3,777 3,059
42, 3 Nos. Kerry Super Drilling : ,

Machine. ‘ 7,047 5,832
43; Kerry Super Drilling Machine 1;794 1,534
Grinding'Machineé .
Ly, Reliance Drill Grinding Jig No.3 325 .239
k5. Morrisflex Flexible Grinder 1,710 848
’46. Wolf H.D. Portable Grinder | 452 '238
k7. Wolf GOk 4" Blec. Grinder ‘452 238
48, Morrisflewalexible Shaft Grinder1;710 '79h
49, Scholls Aprasive cﬁt-off Grinder 5,409 2,682
50, NEI Bench Grinder . - 469 4 232
51l. Rumanian Double Ended Grinder 3,317 i,51h
52, Reichle Vertical Spindle

Surface Grinder A 1g,1oh 4,047
53. Prolifix Belt Grinding Machine 1;979 935
54. DiskuslSurface Grinder 45,290' 21, 385
55. Svend Hydraulic Surface Grinder 12,495 | 5,690

Continued/
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1 3
56 NEI .Bench Grinder \ -469 : 232
57: NEI Bench Grinder . 469 ;232
58. Toeol Grinding Machine 25,113 16,033
59. Excello Style Surface . ' L
Grinding Machine 27,833 17,987
60. Single Spindle Grinding : . .
Machine 31,495 24,596
61; NEI Double ﬁench Grinder .761 .519
62, 21 Nos., Bicycle Grinders 29;221 21,271
63. Victor Belt Grinder 750 581
64, Horizontal Spindle Surface
Grinder 15?967 12,365
65. Bicycle Grinder (in Transit) 11, 385 11,385
Tappggg_yachines .
66. Ultromati Tapping Machine 6,570 3,773
67. 'Remit!' Tépping ﬁachine 984 ) 614
68. ‘'Remit! Tapping Machine * 955 626
69, }Remit; Tapping'Machine .. 955 626
70. frecisé~Tapping Machine 2,071 ' 1,510‘
71. 'Remit'vTapping.MaChine. 1,465 l,i86
Milliqg;Maéhines | |
72.Lud and Loewe Milling Machine 61,950 40, 649
| 73. Lud and/ Loewe Milling Machine 37,937 23,794
74. 'XLO' Ram Turret Milling -
Machine - 29,838 26,85h
75.

Continued/
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Other Machine Tools
'75. Mo?ris 1/2 Ton Elevating Truck 546 352
76, ‘'Gelieth Bar Bending Machin; - 552 234
77._'Rems' Pipe Cutting Off Machine 2,667 1,726
78. 'HMV' Threading Machine 13, 280 5,638
79. 'Hirt' Rod Pointing Machine 2, 1437 1,576
80. 'Traub' Swarf Separator 4,108 2,183
81, ;ﬁagnef' Threading Machine - 8,285 2,370
82. 'Pehaka' Band Saw 15, 986 7,765
83. Punching Machine ' 1,411 9h7
84. 'Traub' Screw Slitting Machine 1,221 635
85. Circular Screw 1,192 601
86; Unitcut Abrasive Wheel 2, 200 1,4io
87. Flexible .Shaft Machine : 3,038 1,931
88, Worm Reduction Gear Unit 670 463
89. Kilburn Printing Machine | 1,881 1,582
90. Shaping Machine 4 . 1,818 1,399
91. Morrisflex Machine 1,873 1,364
92, Unicut Abrasive Cut Off Machine 2,826 2,070
93. Thermal Relay Winding Machine 15,007 11,548
94, Petit Dratting Machine ‘ "808 622
95, 120 Laﬁ;master Lapping Machine 1, 465 1;186-
96. Garlick Band Saw | 3,222 2,755

Continued/.
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II. PRESSES

Power Presses
97. 'Weingarten' Power Press 2,90,787 1,84,606
98. ;Weingarten; Povwer Press 2,15,213 1,34,176
99. tPaul-Miller' Power Press 1;80,185 1,;3,797
100. Ameteep Powéé Press 1,15,439 ‘ - 84,239
101. Ametéep 40 Ton Power Press 4#,09#A 26,940
102, "Ameteep ?ower Press. 59,424 40,026
103. Ameteep Power Press 49,796 32,750
104. 2 Nos. Ameteep Press 42,862 34, 390
105, Pneumatic Power Press ‘h,219 3,469
106, Russian Power Press 14,034 S,lhé
Hydraulic Presses '
107. 'Muller' Hydraulic Drawing Press .

. ; . -1,07, 805 55,848
108. 'Result' Hydraulic Press 28,514 16,731
109. ;Muller; Hydraulic Press 13,557 16,731
1l10. ﬁracker_Hydraulic Single . .

Column Press. 29,166 - 19,831
111, Mills Hydreulic Press 41,171 30,826
112, Hydraulic Pedestél Press 28;485 21,346
113, 25' Ton Hydraulic Press _ 5,. 298 4,126
114, Hydraulic Press 29,094 23,655
Other Presses ‘
115. Arbor Press 180 125
116. 'Drabert' Guillotine Shearing

Machine : 46,766 24,862

Continued/
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117. .'John and ﬁlund' Bakelite
Press 79,236 43,569
118, Refix 'Pipe Bending Machine 2,550 1,885
119. Cradle for Weinga¢rten Press  1,370. ";,110'
126 Indian Make Footlever Press 836 \ .609
121. Doam 50 Ton Press 2,393 1,745
122; 4 Nes. Sfrip Bending Machine 5,383 h,iuj
123, 2 Nos. German Make Hand Sheer 764 T 661
124, Arbor»Press 4ok 364
125. Guillotine Power Sheer 30,393 24,619
126. 2 Nog. Deem 5 Tons Punftfching ‘
. Press . 4,193~ 3,057
111, MOULDING MACHINES
127. Fabricﬁtion of Moulding Machine 33; 206
128, Moulding Machine. 2,031 1,33£
Iv, MACHINES FOR CLEANING, PRETREATMENT
AND OTHER PROCESSES
129, Tumbling Barrel 1,848 1,196
© 130, LK Electric Drying Oven 940 847
131, Dust Collector | 2,963- 2,533
132, Mild Sfeel Hot Rinsing Tank | 656 yak
133. Phosphetising Tank ! 1,607 1,118
134. Cold Rinsing Tank ‘ 683 433
135. Selvent Degreéser 15,593 8, 287

Continued/
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136. M, S.,Tumbling Barrel 1,950 1,408
137. Mild Steel Cold Rinsing Tank 1,201 906
138. 3 HP MMM'Polishihg Motor 7,937 5,436
'.139. Table with Dust Extractor 289 © 190

140. Guyson Shotblast Cabinet 5,580 4,431
141, Dust Exhausf Unit 4,409 3,571
142; Degreasing Tank for Paint

Shop 18,148 16,878
143. 1 No. Pickling Tank 1,893 1,760
144, Pretreatment Plant 13,094 9,540
145, Mild Steel Pickling Tank’ 631 439
146. Mild Steel Pickling Tank 630 " 439
147, Blower for Pretreatment Plant I3,843 3,112

V. ELECTROPLATING EQUIPMENT

148. 3 Nos, Selenium Metal Electro-

prlating Rectifiers k,726 4,253 .°
149, Heat;rs and Tﬁerﬁostate for

Tanks . 8,010 5,378
150, 2 Nos. Sludge Collectlng

S.S.” Tanks ’ 1,855 1, 605
151. M.S. Cold Heating Tanks 3,537 2,901
152, 2 Nos, Heating Tanks | 3,537 2,901
153, Sulphuric Acid Tank 8;589 6,989
154, Hot Cathodic Tank 1,900 1,767
155. 7 Neos, Cold Rinsing Tanks 2,924 2,720

‘Continued/
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156, 1 No. Silver Strike Stand 7135 684
157, Silver Plating Tank - 1,228 1,142
158, Hot Water Rinsing Tank - 975 . 907
159. Neutralising Tank ' o 418 389
160. Silver Stripping Tank . 557 518
161, silver Tank . . 943 877
162, 9 Nos. Cold Water Rinsing Tank 7,683 75145
163. 1 Anodic Cleaning Tank 1,898 - 1,766
164. 1 Neutralising Tank \ 854 794
165. 8 Nos. Cold Water Rinsing Tank 6,829 6,351
166. 1 No. Hot C;tﬁodicADégreasiné

Tank _ 2,780 2,585
167, 5 Nos. Zine Plating Tanks 10,680 9,932
168. 1 No. Acid Dip Tank 1,112 1,034
169. 4 Nos. Nickel Barrel Tanks = 11,009 10, 238
170. 2 Nos. M.S, Hot Water Tanks 5,383 5,006
171, 1 No. NickelyStripping_Tank 1,415 1,316

VI, MACHINES FOR WELDiNG AND ALLIED PROCESSES

172, R;eketafc are welding.traﬁs-

former : 2,276 1,214
173. Spot Welding Machine 28,151 20,706

- VII.  PAINTING EQUIPMENT

174;'Hohn and Kolb Spray Painting

Gun . .:834 584

Centinued/
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175. 6 Nos., Spray Painting Guns 4, 800 3,340
176. Paint Storage Tank . 312 225
177. Spray Painting Cabin 2,652 1,748
~ 178. . spray Painting Booth 3,324 2,159
179, 'Kilburn' Paint Steving Oven ZA,OQO 15,079
.180. é Nos. Péinfshop Cages 1,265 982
181; Spray. booth with exhaust ' ,
system for Petrol Pump '~ 1,656 1,416
182, Sspray Painting Cabin 4;#37 3;568
VIII. ASSEMBLING AND OTHER MACHINES
183, 'Steinel' Reveting Machine 4,919 2,995
184. 'Douglass' Coil Winding Machine12,920 6, 660
185;-Wind1ng Machlne for Thermal
Relay 7,006 3,723
186. Kleertone Coil Winding Machine ,525 472
X, TESTING EGUIPMENT .
187. Impulse Testing Set 943 657
188. Load and Junction Testipg Set 2,640 1,773
189. Test Stand for Petrol Pump 636 411
190. TUA Serge Insulating Testing |
Set 3,126 1,451
191. Electronic Coil Tester . 695 L8k
192. Temporary Rise Test Bench 2,875 -2;151
193. Testing Apparatus for Coils 2,054 906
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194. Zenith Insulating Testing Unit 1,456 739
195. Single Register Impulse Counter 326 212
 196. Megger Earth Tester 1,040 - 517

197. 'Koceur' Electroplating Tester 5,085 2,701
198. Erichsen cﬁp Testing Machine 7,060 3, 279
199,. Calibratioen Bench for Thermal » .

Relays 2,961 2,073
200, Calibration Bench for Thermal oo ;

Relays 1,073 601
201. Test Panel for Petrol Pump :

Motor 557 451
202, HP"250 Hardness Tester 6,174 3,906
203. Cam Operated Switch Testing :

Bench ) - 226 . 203
204. Meter Test Stand 1,988 1,784
205. Chamber for Salt Spray Test 2,918 2,183
'206. 2 Nos, High Voltage Breakdown

Tester 1,485 1,143
207. 2 Nos. Cone Diamond Hardness

Tester 602 488
208. Sprihg Testing Machine 5,266 4,268
209. LK Thermostatistically Con-

trelled Oven 800 648
210. 'Garlic' Pressure Test Pump » 768 689
211, 1 No. Casellas Air Meter 1,030 924

X. OTHERS

212, 20 Nos. T?ansport Trolleys 7,446 4,998

Continued/
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1 2 3
213, Portable Temperature Indicators 662 412
214, 2 Pneﬁmatic Serew Drivers,. 918 498
215. Rollers Fitted with 2 Ball )
bearings 4, 800 . 3,106
216. ;Morris' i/2 ton elevating
truck - ' » 547 367
217. 2 Nos. Centfifugal Dryers 7,373' 6, 304
218, M,S.Ventilation Riser T 242 153
219. 'Moulison' Vertical Siren . 959 509
220, Mandrills - 1,132 742
221, Pygmy Hand Pallet Truck | 1,544 - 1,335
.222. Relljance Drill Grinding E o
Jig Ne, 3 : 325 239
223. Switchboard Assembly Trolley 2,433 1,748
224, Trolley for Scrap material ;539 L4o3
225, 2 Nos, Paint Shop Convevor Cagé :562 Loeé
226, P.V.C. Plant - 0549 | 913 684
227, 3 Nos, 'Jyoti' Coolant Pumps 794 481
228, Kirloskar 5 HP Elec, Motor 665 352
229;_'Buffa10f Factory Ventilation -
Fan . o . 17,128 9,608
230. 'Buffalo' Exhaust Fan ‘ 5,480 3,084
231. Exhaust fan . 1,971 1,109
232, Exhaust Fan for Paint Shop 1;741 976
233, 'Buffalo'Exhaust Fan 30 | 2,210 1, 250
234.-7 Nos, Qentilation Ducts 12,531 9,135

Continued/
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1 2 3
235, GSC Ring Mounted Prépeller Fan 463 259
236, BVC 24" Dia. Diaphram Mount-
ing -Fan 704 417
237. Blectric Hoist 4,076 2,456
238, IAT Overhead Monorail Convemor 1,910 i{201
239; 'Wolf'! Pneumatic Impact Wrench 1,338 866
210. "Titan' Elec. Hoist, 1500 Kg. 2,711 1,367
241. 'GEPA' 0il Centrifuge 2,060 1,333
242, 'Obel' High Frequency Heaber 3,597 1,815
243. 'Obel! Hiéh Frequency Heater 3,597 1,816
244, Rubber Lined Tank 896 624
245, 'Kilburn' Drying Oven 4,342 2,455
246. GEC Exhaust Fan 648 4ol
247. GEC Exhaust Fan 648 Lok,
248. Electric Hoist 7,408 5,400
249, Chain Pulley Block 1,000 656
250, Chain Pulley Block 974 639
251, Jib Crane 287 198
252, 3 Nos. Exhaust Fans 1,987 .1,h48
253. Kirloskar Moter 1,671 781
254, Wolf Portable Electric Drill Loy 304
255, Wolf Portable Electrié Drill 546 " 358
256. Morris 1/2 Ton Geared Pulley .. ) .
Block . 485 346

Contimued/
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1 2 3
257, Morris 1/2 Ton Cap. Elevat-
ing Truck 556 b4
258. Malik Electronié Coil Connector 835 608
259. 3 Nos. Elevating Trucks 1,651 1,328
260, Aerial Flow Fan 2,140 1, 647
261, Bajaj Kaycee Heat Sealer . 585 500
262, 2 Nos. Morris 1/2 ton elevat-
ing trueck - 1,101 919

263. Morris 1 ton balanced spurgear

_ pulley block 759 576
264, Morris Spur Geﬁr‘Pulley Block 558 425_
265. 1 No, High Frequency Sets 4,679 3,411
266, 1 No, Vibrating Machine 889, 684
267. 2 Nos. Dieselectric Heaters 3,826 3, 100
268, 1 No. Hoist Operated Basket 663 545
269. Trolley for 1/2 ton Jib Crane 869 713
270. Trolley for Inspection Dept. 1,088 895
271. Switchboard Assembly Trolley 2,949 2,424
272, Monorail with 3 ton elec. hoist 1,956 1,505
273, Buffalo Fan 1,074 870

274.2 Nos. K type Fans 1,384 1,111
275. Walkie Steaker 23,451 17,912
276. Crown Lift Truck 14,514 11,168
27%. 3 No§. Elevating Truck 1,668‘ 1,392
278. 1 No, Platform Truck 4,788 3, 879

Continued/
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1 2

279. 1 No. Obel High Frequency

Heater : 3,493 2,830
280, Battery Charger - Westinghouse 2,700 2,187
281, Battery Charger 1,950 1,579
282. 2 Nos, Dielectric Heaters 5,119 4,146
283. Magnoteol drilling device 1,512 1,225
284. 2 Nos. Garlick Electric Hoists 16,060 13,009
285. 2 Nos. 'Pigmy' Pallet Trucks 3,077 2,862
286. 2 Nos. 'Bieco' 20 HP Induc-

tion Motors : 4,500 4,050
287. Hyster Reach Truck ' 34,611 28,035
288. Jumbo Platform Truck 12,485 10,112
289. Suspension Stand for Pneumatic

nut runner ' 742 666
290. 2 Nos, Russian make elec, ,

Hoists o 6,255 5,348
291. 3 Nos, Pigmy model 1000 hand , :

pallet truck . 4,631 4,156
292, 3 Nos. Reversible -Heavy Duty C

Wrench : 4,557 3,896

Wolf Portable Drill 506 433

293.
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ADDITIONS DURING 1965-66

Description Date of Original Book
L. Purchase Value Value as
N on
} 31-3-1966
1 2 3 L
(1) Lathes o A
1. P 0803 MK Harihar Lathe July 1965 9,311 8,380
2. C-29 'Herbert' Senior S : ' :
Monoslide Capstan Lathe Aug. 1965 59,727 54,054
3. G-28 Herbert. Capstan \
Lathe Oct. 1965 34,445 32,723
ZZ) Drilling Machines ‘ ‘
4., P 6850 ‘Dumore' Automatic ' o
. Drill-M-tap Machine Dec. 1965 7,881 7,487
5 .f 0829 !'Dumore'! Automatic - ‘
Drill-M-tap Machine Dec. 1965 7,881 7,487
6. 65-056 to 059 WolfPortable -
Drilling Machine Feb..1966 1,051 A
7. D 95 Herbert 4 Spindle
Drilling Machine Nov. 1965 30,431 28,909
8. D-97. Herbert 4 Spindle , _ \
Drilling Machine Nov. 1965 30,431 28,909
9. D-101 Herbert 'M' Multi-
ple Spindle Drilling
Machine Nov. 1965 18,762 ° 17,824
10. D~-100 Herbert 'M* Multi-
-ple Spindle Drilling ;
Machine . Nov. 1965 18,761 17,823
11. 'Herbert' 4 Spindle . o :
Drilling.Machine Feb. 1966 - 29,273 27,809

Continued/
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1 2 3 4

(3) Grindinngachines
12, Grinding Fixture Jan., 1966 1,935 1,810
13, J and S Grindihg Machine( : . : .

P-0783 April 1965 21,547 19,010
‘14, G-61 NEI Bench Grinder Sept. 1965 515 1
15. G=58 'Osmond' Abrasive . : ‘

Cut-off Grinder Sept. 1965 6,475 5,698
16. G-59 Surface Grinder

Model 1011 Oct. 1965 54,470 51,202

(4) Other Machine Toels
17. Wire Stitcking and Cutting

Mechanism Mar. 1966 823 823
18, T-124 Pitch’Controlled

Tapping and Threading

Machine Dec., 1965 9,153 -~ 8,695
19. T-120 WMW Automatic Tapp-

ing Machine Dec, 1965 6,110 "5,804

.20, T-121 WMW Automatic Tapp-

-ing Machine Dec., 1965 6,111 5,805
21. T-122 WMW Automatic Tapp-

ing Machine Dec, 1965 6,111 5,805
22, T-l23 WMW Automatic Tapping. ~ .

Machine Dec, 1965 6,111 5,805
23, 'BSA' No. 1 Automatic Tapp-

ing and Threading Machine March 1966 9,992 ¢ 9,992
24, 'BLISS' No. 319 Trimming, _

Bending Machine March 1966 26,288 26,288
25, '"WMW! Automatic Tapping

Machine . Dec. 1965 12,597 11,967
26, Edel Turret Punching Machine

1l No. Attachments for Auto-

matic Feeding of Power

Press In transit 37,361 37,361

Continued/
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May 1965

1 2 3 4
(5) Pretreatment processing Machines
27. Pretreatment Tanks Nov. 1965 14,522 13,796
(6) Presses
28. P—i65 tAmeeteep' 20 Tons, , o
Power Press Nov.1965 6,424 6,103
29. ' P-164 'Ameeteep' 20 Tons, _ ‘ :
Power Press o Nov. 1965 < v,181 6,822
30. P~166 WMW Hydraulic Bake- dug. and - ' ' ~
. lite Moulding Press - Sept. 1965 . 20,448 18,403
31. ky-725 Godrej'Eccentric- -
Power Presses March 1966 38,282 38,282
32. WMW Bakelite Moulding . . '
Press ~ B-167 Dec. 1965. 28,757 27,319
33. B 168 WMW Bakelite Mould-
ing Press T ' Dec. 1965 28,758 27,320
3%. B 169 WMW Bakelite Mould- . .
ing Press Dec. 1965. 28,767 27,329
35. uKargas Hammer! repeating : ' _
. Power Press Nov. 1965 1,13,891 1,08,198
36. HP-127 WMW Hydraulic Bench :
Press ' Dec.1965 5,393 5,123
37. Aut. Bakelite Moulding . .
Press. ~ 3 Nos. In transit 43,320 43,320
(7) Electroplating Equipment '
38. S.S. Sulphuric Acid Tank  Mar. 1966 8,847 8,847
39. S.S. Tanks | Oct. 1965 5,263 5,000
" 40. S.S. Sulphuric Acid Tank "5,922 5,330

Continued/
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1 2 3 4
41, S.S. Sulphuric Acid Tank March 1966 3,856 3,856
42, s.s. Tank for Sulphuric Acid Oct., 1965 6;878 6,534
43, Chilling Plant f;r Elec- 4
troplating Shop ' Oct. 1965 20,799 19,759
L4i, Various Equipments for . I
Electroplating Shop _ Sept. 1965 1,53,143 1,37,829
(8) Painting Equipmeﬁt
45. s.S. Cage for Paint Shop .June 1965 551 _
46. M.S. Tank for Paint Shop "July 1965 = 8,929 | 8;036
(9) Machines for Welding and |
Allie@ Processes
47. Gas Brazing'Apparatus Oct111965 301 1
48. Malik Type AMAR Spot Welding ‘ .
Machine . June 1965 3,491 3,142
49, P 0786 Pear Model Spot ‘ N
Wélder June 1965 22,868 20,618
(10) Moulding Machines
50. WMW Hydraulic Moulding Press Sept. 1965 19,787 1{,868
(11) Assembling and other Machines
51. Timer Coil Winding Mechanism Feb. 1966 995 945
52, P.0797 Douglas Multi-~Winder June 1965 15,089 13,580
(12) Testing Equipment
53. Meter Testing Stand . June 1965 ‘ " 370 1
54, Vibrator Machine for RRC o } :
Fuse Shop Feb, 1966 969 921
55. C;T. Testing bench March 1966 2,354 2;354

1

Cont inued/



263

Bicycle Generator Set 1 No.

2 3

56. M.V. Contact Testing Bench  Sept. 1965 L;546 4,091
57. Test Bench for Combination

Starter Mar. 1966 1,810 1,810
58. Fuse Testing Bench Sept. 1965 7,283 6,773
59. I 317 High Voltagé Testing

Set A Dec. 1965 1, 800 © 1,710
60. I 320 High Voltage Testing

Set S Jen. 1966 1,800 1,710
61, ‘Philips' Universal Measur- K :

ing Instrument March 1966 282 . 807

(13) Others
62. 1/2 Ton Radial Jib Crane Nov. 1965 1,143 1,086
63. Paintshop Conveyor Cage July 1965 757 681
64. 2 Nos. Overhead Cranes for ' ' :

~ Casting Stores July 1965 20,526 18,473

65. 'Therelek' Hot Air Drying » : .

Oven . . July ;965 7,576 6,818
66. EP-789 'Therelek' Hot Air ‘ :

Drying Oven - July 1965 7,576 6,818
67. EP-788 'Therelek' Electric ' |

Oven - - ‘ May 1965 . 7,752 6,977
68, NP-604 'Buckaya"aneumaiic )

Reversible Impact Wrench June 1965 1,678 1,510
69. P 192 Jyoti Centrifugal : ‘

Pumping Set Dec, 1965 1,226 1,165
70. ~In transit 1,67,783 1,67,783
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TOOLS ATTACHED TO VARIQUS

PLANT AND MACHINERY DURING 1963-66

Description Date -of ~Original Book
of the machines Purchase Value of value
the tools &s on
B attached 1-4-1966.
1 2 3 T
1. 'WEINGARTEN' Power Press July 1965 8,923 8,031
63 tons . .
2, 'AMEETEEP' Power Press 40 tons Nov,1965 1,047 5,753
. . Dec,1965 5,008
3. 'AMEETEEP' Power Press ‘Dec. 1965 1,888 5,028
40 tomns " . Jan. 1966 2,062
Nov, 1965 1,342
4. 'PAUL MULLER' Power ‘June 1965 ' 2,116 5, 647
Press 45 tons Sept.1965 2,260
. ~ Aug, 1965 1,899
5. 'AMEETEEP' Power Press: May 1965 1,100 5,092
20 tons ‘ June 1965 1,960
: Oct. 1965 2,461 .
6. 'AMEETEEP' Power Press Sept.1965 1,938 5,832
20 temns . Aug. 1965 1,878
Nov, 1965 2,524
7. 'AMEETEEP' Power Press Mar, 1966 4,776 8,524
20 tems . Jan, 1966 3,945 .
8. 'AMEETEEP' Power Press Jan. 1966 6,955 6, 607
20 tons S -
9. 'AMEETEEP' Power Press March 1966 5,720 6,931
20 toms . Dec. 1965 1,274
10. 'OSMOND' Cut-off Grinder Sept, 1965 3,182 3,987
' . ' Jan. 1966 1,262
11. 'LUD AND LOEWE' Milling June 1965 2,633 2, 370
Machine .
12, 'MILLS' Hydraulic Press July 1965 1,735 1,579
30 tomns S .
13, J and L Bakelite Moulding
: Press 60 tonmns Oct.1965 7,874 7,481

Cont inued/
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1 2 3 I
14. WMW Bakelite Moulding Dec. 1965 7,478 7,104
Press 63 tons : ’
w ' N
15. WM# Bakelite Mould ing ' pec. 1965 4,004 3,804
Press 100 tons ) ‘ :
16. Bakelite Moulding Press Mar. 1966
- 100 tons 5,034 5,034
17. Bakelite Moulding Press ) - R : ‘
100 tons Mar. 1966 4,297 " 4,297
18, WMW Bakelite Moulding Press : _ I
63 tons Oct, 1965 4,875 4,631
19. 'AMEETEEP' Power Press ' '
- 20 toms . Oct., 1965 883 839
20, 'HERBERT' 2 Spindle o
Drilling.Machine July 1965 900 810
21, Bracket Hydraulic Press _ ‘
10 tons ' July 1965 1,608 1, 447
22, 'PRAGA' 1/2" 4 spindle ’ .
Drilling Machine ' Nov. 1965 970 921
23, 'MULLER' Hydraulic Press ' '
100 tens : Dec, 1965 1,996 1,896
24, 'AMEETEEP' Power Press
40 tens . Marchl965 4,191 4,191
25, 'AMEETEEP! Power Press '
40 tons . March 1966 3,891 3,891
26, 'WEINGARTEN' Power Press - ‘
100 Tons. - . March 1966 6,172 6,172
27. 'AMEETEEP'! Power Press
20 tons . March 1966 5,876 5,876
28, Pneumatic Power Press Dec. 1965 7,282 6,918
29, CP 30008 Pneumatie Screw .
Drivers (6 Nos.) Jan.1966 4,318 4,167
30. Pneumatic Operated Screw .
Drivers (2 Nos.) Jan.1966 3,406 3, 287
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APPENDIX C. A NOTE ON THE CONSTRUCTION OF THE TABLE SHOWING
THE STANDARD TIME OF DIFFERENT MACHINES REQUIRED

IN THE FABRICATION OF SWITCHGEARS (LIGHTER EQUIP-
MENT) - THE SIMPLEX TABLEAU, FIRM 'B!

Introductien

This note deals with the construction of the table
(Simpiex Tableau) used for the linear programming analysis of
Firm gt in the Switchgear Industry. It .shows the standard
time ;f-diffefent machines required for each of the hundred
and thirty products produced by the firm; aﬂd the time of
diffgrent machines available per week.

Considerable spadework was necessary befere actual'linear
programming exeécises could be attempted as all the time data
were available for basic parts or coﬁponents. Requiremeﬁts
of machine hours for final products had to be coppiled with
the help of 'component records' and inqumatibn obtained from
'job orders"and other files méintained in different depart-
ments of the firm (plant). |

in the case of many industries belonging tq the'metal
werking complext the researcher wgo attempfs disaggregative
analysis of the kind uﬁdertaken in this study, is likely to
face a similar problgm regarding data. As the basic tecﬁnical
Progesses in many industries of mefal working complex are

_simil#r, the' procedure out;ined in the subsequent pages may

Prove a useful reference.

The note begins with a survey in Section I of the data
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collected frem different'reco}ds in the manufactw ing plant.
Sections II and III deal with the compilation of productwise
requirements ;fiparts ;nd subassemblies and preductwise re-
quirements of machine~hours, respectively. The‘formulatioé

of linear programming problem is described in Section IV,

I .

THE DATA

Component Records

This is a -file which records the requirementé of parts
and subassemblies in an assembly. The assembly itself méy
be‘a final product which is sold eor an’intermgdi;te preduct
which forms a pa}t of the final product. A typical page in

this file gives the follewing information.

Assembly .
SS 90035’l contains - © Qty-Units
SS 40004 1
SS 40005 1 \
SS 90023 X
SS 90042 1
SS 00174 ' 1

It means that a unit of SS 90035, an assembly, requires one

unit each of SS 90023 and SS 90042, both being sub-assemblies

1This and the subsequent five digited figures starting
with two alphabets are the code numbers of assemblies and
parts, The code number sfor an assembly starts with gt

as its first digit.



268

and one unit each of SS 40004, SS 40005 and SP 00174, all
being ba;ic parts, This informatien will also be availabie
for SS 90023 and ss 906#2;»for the subassemblies which go
into these two assemblies, and so.on. | '

The data from component records are transferredjto cards
punched for all assemblies and‘éubassemblieé (including end
proeducts) as shown'inhthe card d;sign (see card QodejNo.OOl,

“page 270 ). ‘
Digits l\tow 3 - represent card number
Digits 4 to 12 - represent assembly/subassembly., Digits 4
‘ and 5_represent series whicﬁ is. also re-
~presented by digits 6 and 7 in terms of
" alphabets. The 8th digit (in the field
4-12) will aiways be 9'forvan assembly
(as distinguished from loose parts).

Each assembly requirgs subassemplies and lobse'parts.
Digits 3441 - represent the quéntity of tge subassembly
- or a loose part requifed for the assembly.
Digits 43-51 - fepresent the code number for the sub-

. assembly orApart.

For each assembly there will be as many cards in the
001 card file, as the numbervof different subassemblies and
parts required for the particular assembly mentioned in the
compohent record.

Resource Requirements

This part of the data gives thé machine time for all

manufactured parts. Technical coefficients or‘elements in
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\

the Simplex tableau are based on these data. This informa-

tion was punched on cards in the foliowing way (see card

code No. 002, page 270 ).

Digits 1 - 3 =

Digits 4 - 12

Digit 13 -

Digits 14 - 17

Digits 18 - 19

Digits 20 - 22 -

Columns 33-37 -

- Columns 38-44 -

represent card number.

represent component (i.e. an assembly or
a part) code number.

represents the category, i,e. whether
the item isimanufactured, imperted, pur-
chased or oBsoléte. '

represent the départment'céde;

represent the serial nuwmber of op§rafién
perfofmed on the component, |
represegt.the‘typé of operation (see,
Appepdix—A) performed. ’

represent the code number of fhe machine.

give the machine milli hours required for

hundred units of the components.

Machine time is in terms of standard milli hours for a

batch of hundred units. In the case of some par%s and

.assemblies, standard time was not avaiiablé for some opera-

tions and resort had to be taken to 'estimate of time' men-

tioned in the cost cards;



' CARD DESIGN

Columns =

123 45 67 891011 12 ... 34 35 36 37 38 39 4o 41 ... 43 44 45 46 47 48 49 50 51 ... 80

CARD V Units of a subassembly or * Code Number for thé

CCODE ) _ - that of a part required for subassembly or part

NO. 19 S Sxx x x X One Unit of assembly. . 1 9 8§ s X 'x X X x
col ‘

123 4 5 6 7 89 10 11 12 13 -1 - 17 18 - 19 - 20 - 22,..33 - 37 38 - 44 45 - 51 ...80

- - D - — A D o T U R G D WD L D S A P S D D > > - D D - - - - o " - - - - -

CARD Code Number for Cate- Depart- ‘Opération‘ Operation Machine VStandard

CODE Part or Sub- gory ment ) No. - code No, Code No. Machine

NO.. assembly oo Code e Millihours
T _ . D ‘ ' ) for hundred

602 S 8 19xx x x x : : . _ i units

olz
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- II

COMPILATION OF PRODUCTWISE REQUIREMENTS OF PARTS AND ASSEMBLIES

Processing the Compenent Records

The'component record, i.,e, the 001 card file was pro-
cgsse& on the compﬁter so as to get the requifements of
manufactured, purchased and importéd compoﬁentslfor each
of the end products. Following-éxample of a hypothetical
endAproduct 1t should‘give.a_rough ideg of the problem2
involved. Tﬁe’diagram given below is a bar chart fer
prodﬁct 'X'; It shows at a glance parfs and sﬁbassemblies‘

that go to ferm the end product 'X',

< -

| BAR CHART FOR THE END PRODUCT 'X!

- -

X
|
B (1) : c (1) , (1)
| | R
n(1)  m(1)
IR, ]

n(1) p(1) n(1) a(1)
Here, X, B, C, D and E are assemblies; h, m, n, p and q

are loose components, The numbers in the brackets show

i

2
For the computer formulation of the problem, see
"IBM 1620, SORT-MERGE PROGRAMME',
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the units required of each item for omne unit of 'X',

tX' is a final product which is assemblied‘&ué of
two s&bégsemblies B a;d C, and the loose components p and
q. Assembly q is further composed of two subassemblies
D and E.

The prob;em.essentially consists in searching the
major‘assembly X Qith tﬁe help ef cemponent records 50wn
through the subassemblies B, C, D and E upto the basic
parts. The similaf parts are £hen merged together and to-

tals are taken for each. The requireﬁents-of the product

X will be written as follows:-

Product Subassembly/  Quantity
. + Component
x x 1
B .
c 1
D 1
E 1
h‘ 2
m 1
n 1
P 2
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When all the hundred and thirty final products are
considered, the requirements can be written  in a matrix
form as shown below (see, p. 274) . | ‘

The requirements of the preduct X (let'us consider
it as one of the 130 products in the matrix 'A'), contains
X itself along with other subassemblies and parts. This
is.bgcause of 'the fact that matrix 'A' has been conceived
as a step in arriving at the productwise requirements of
machine time. Assembling of fwo subassemblies B and C
along with loose'components P and q into thé:final assembly
'X' may itself requiré some labour and machine time in the
assembly department. In the 002 file, this time will be
entered against"X' which has to'Bg_accounted for, when we
calculate thg tofal machine ﬁime requirements of X. Inclu-
sion of the item X in the requirements of 'X' therefore,
becomes necessary. i

The'eleménts of matrix 'A' or the &uantity figures in .
the table denote the units of'sﬁbassemblies and basic parts
required for a unit of the final product represented in a column.

Apart from serving as a step in obtaining the preductwise
machine time requirements, matrix 'A' may prove useful by it-
self in many aspects of the producii;n planning and—control.

ITI

PRODUCT-MACHINE HOURS TABLE

- Operations on the 002 cards file -

As a step in obtaining the 'Productwise machine time
‘Tequirements'! we have to note cerfain points regafding the

002 card file as it was used for the purpose.
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Matrix. 'A!

Products

P 1

a 2

r 3

t LN ]

8 .

4500 -
k501

s L

u .

b .

a *

5 L]

8 .

e .

m .

b .

1 .

i .

e L]

8 5000 N

, Any column, say ith, in the 'A' Matrix comprises of,
upto 4500th element; the parts required for a unit of the
ith final product. Elements from 4501 to 5000 represent the
subassemblies required for the same. Symbolically apn; (r,
ith element of 'A' matrix) represents the requirements of rth
part/subassembly for one unit of ith product. Wherever r ¢
4500, it represents rth part, whereas if, r > 4500 it -
represents rth subassembly. .
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The object is to obtain the machine time required for
diffefént products. Only manufactured componegts requiring
machine time were, tﬁ;refore, considéred,’while all the
purchased:and imported components as well as assemblies
fequiring only labour time were left out of considerétion

as far as this stage of\the'problem is concernedﬂ

Machine Groups

Next imbortant ehange that had fo be made in th%
arrangement of 002 file was regarding the machine numbers.
In the machinery list as maintained by the firm, each
machine is identified by a-separate number. Two machines

having the same make; similar typé, same eﬁgiheering and/or

feed capacity.éréyseparately ideﬁtified; Machines are
grouped according to departments and within a departmént,
each maghine is separately identified by a code number.-
Keeping this system would have increased the si;e of tﬁe
linear programming problem. /
For our present purpose, machines'within a ddpartiment
were grouped according to type and enéineering capacit&.
ﬁake of the machine was ignored. In a pafticular department
say Machine Shop Castings, all the single spindle drilliﬁg
machines 3/4 inch were given the same three digited code
number, while single spindle drilling machines 1 1/4 inch
in the same department were given anoether code number.
Machines, though of similar type and the same en;ineering

capacity, if they. are situated in different departments,
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are put in different groups.‘.This was doﬁe, keeping in

view the fact that in the procéss-of organising proauction,
machines of the samelfype and éapacity, if they are situafed'
in different departments, are not always fransferable for
one another and form restrictions‘of different type. If

single spindle drilling machines(l/Z'inch)in one depart-~

ment become bottleneck, similar machines in other depart-
ment cannot always be counted ﬁpon; as thé inventeries
(castings etc.) are hot quickly transferable from one place
fo another. In the linear-progra;ming problgm,;groupwise

time of machines available in a particular period (a week)

will form the 'constraints' on the maximising function, -

The total}number of new machine groups, came to a
bhundred and fortyeight. However, wﬁen master éardS‘for new
Machine Groups were souéht to merge with tﬁe data cards,
only sixty greups out of the total ef hundredvand forty-
eight were actually merged,.indicating that a large number
of machines were mnot being used at the time of this investi-
gation.

Thus, for this study the data file of 002 cards gives
the méchine‘millihours according to these sixty Machine

Groups required for a batch of hundred units of respective

3 Only those groups,machines from which are being
utilised,have been given in the table in the Appendix-D.
This has been dome in order not to make the size of the
table in the Appendix-D unweildy., -



277
‘0

components, Let us call this as Matrix 'B' which can be

written as follows.

Matrix 'B! -

(. - - \

Parts and Assemblies

Machine = =-=—=c=--- m————————— c———— e —————— -
groups l, 2, 3, ®® 0000 j ....'........’..‘. 5000 \
l L]
2 .
3 .
. i otooog.--o-o',oo. aij
6

An element"aij', in this table shows the time of ith

. machine group required for a batch of hundred units of the

Jjth part,

Multiplication of the Two Matrices

‘ We have two sets 6f information viz., the pfoductwise
reqﬁirements of pérts and subassemblies or 'A' matrix, and
machine time requirements of all.the manufaétﬁred parts and
sﬁbassemblies according to machine groups or tﬁé 'B* matrix,
Using these two sets of iﬁformation, the next task &as to

obtain productwise machine hours required. This involved

the multiplication of the two matrices : Matrix 'B' and
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Matrix 'A'. Mathematically, this can be stated as:

B(m,c) x A(cyp) = F(m’P)'
or,
B(60,5000) X 4(50000,130) = F(60,130)

where,

products

k]
n

c = components.(i.e. parts and subassemblies)

machine groups

resultant final matrix

b
[}

T - P! Matrix

The final matrix F(60;136) (see, Appendix D, next)
which will be the basis for the limear programming problem

has sixty rows and hundred and thirty eolumns.

v Products

p 1, 2 3 eeee J eees 130

=

Groups
¢ B I = S 2 W} N [

o

o & 2 ¢ o o o o o

[ =9
[
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(ij)th element of the Matrix"F'.represents the millihours

of a machine from ith machine group required fer a batch

of hundred units of the jth product. o

—

LINEAR PROGRAMMING PROBLEM : -

The Basic Matrix

The\table giving the proeductwise requirements of dif-
ferent machine midlihours or fhe 'F!' Matrix forms the basic
matrix in the linear programming ér;blem forIFirm B (seeh
p. 188 , Chapter V, for the mathematical fermulation of the
problem). Columns in this table indicate the technology‘
vectors2 for different products, whilg rows indicétg the

restrictioné due'to machine capacity.

Objective Functioh

The objective function is.to maximise the total ﬁrofit.
Coefficients prefixing the variables in the objective func?
tion repreéent the profit margin;ii.e. fﬁe difference between
unit sales price and unit ex~-factory cést.of a particular
product, |

Right Hand Side(s)

The linear programming problem has got two right hand

sides‘(which hence forth will be referfed to as R.H.S, 1 and

4

A column in this table is a summary description of the
production technique adopted by the firm in respect of that
product, It shows the machines with which the product was
manufactured and the time of each machine required,
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R.,H.S. 2). It may be recalled here that the aijs,of the
'elements'in the 'F' matrix are the standard time (milli-
hours)'of differéné machinesreéuired,for hundréd‘unitsiin

the cése of each product as mentioned earlier. In_o;der to
_ﬁake the results of the linear programming pr?blem more
realistic, it was ﬁecessary te convert the coefficients based
on standard time into those based on actual time. This was
done by using what is called thé tefficiency factor'!., This

is available for each machine and—it relates to the’effid
ciency of the labour who ;pergtes the machine. IXn the case
of single spindle automat in the departmeﬁt 'Machine Shop

» Smai; Parts' (dee Appendix-D, next) for inst;.nce, the effi-
ciency fact;r is sixty. This means: when the'standard time .
required to machine a component on this lathe‘is,sixtf milli-
Jhours, the'actual timé required will be hundred millihours.. *
This is due to the level of efficiency of the operator.
Converting coefficients baséd on standafd time’ into actual
time implied inflating the ajj values in a particular row

as pep the efficiency factor,

Here, the difficulty should be evident., Sixty rows in
the 'F!' matrix dindicate groubs of machines, Therg would have
been’n; problem, had the efficiency factors of different
machines included in a group been the same. But this is
rareiy a case, In order to évoid the averaging ;f the.effi-

ciency factors of different machines included in a particﬁlar

group, it was decided to change the right-hand~side element
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.
values of the set of sixty restrictions instead of changing
the matrix elements: in the respective rqws.
Take for instance a machiﬁ; in the first Machine group.

Inequality in respect of this machine could be written as:

where, bl,l is the availab%e time of a machine in the first
group.

If'the efficiency factor for this machine is, say,
sixty, while qdnﬁerting the aichoefficients in this row,
based on standard time into those based on ectual time, we

have : .

100/60(ay1x;)+100/60(as2x5)+ oo, + 100/6o(a'1,130x130) £ 4
,i. e. - - - . -

.100/60(a11x1+a12x2 + eoe + &l, 130x130) é h‘l,l
which may be ﬁritten as

Instead of inflating the a; values.each time, corres-

ij
ponding right hand side elements i.e. the available time of
each machine was deflated according. to the efficiency factor.
The total deflated ,time of all the machines in a group was
entered as the available time of the machine groué on the

right hand side in the case of each of the sixty machine groups.

A week is the production period and the machine capacities
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are calculated as per this period. On a 'two shifts'
basis, ninetyfour_ﬁefking hours of each mé@hineviﬁ tﬁe manu-
‘facturing plant.are‘availablé'per week (forty-seven hours/
week),'_Out of this, fifteen per cent have to be deducted
on account of machine breakdown, écrap‘fantor etc;, and.79.9
hours or 79900 millihours (one hour =’thousandvmillihours)
are fiﬁally gvailable per ﬁachine per week. If there are‘
ten machines in a particular machine group the total time
(without consideration of the efficiency factor) will be
simply 79900 x 10 = 799000.

‘The available machine hours as per eacﬁ machiﬁe group
over a week, calculated in this way, form the R.H.S. 1.
Optimising'with reference to R,H.S, 1 implies.that our
structural coefficients (élemeﬁts in the 'F' matrix) are
based on standard time of the machine. o

When the structurél coefficigﬁts basé@_on the aétuél
time are reqﬁired, however, a further operation as indicatea
in the algebraic formulation above is pérformed. That the
efficiency factor of a pértiéular machine>is sixty, simply
means that k¢ dnly sixty per cent of 79909 millihouré per
week, per machine will agtﬁﬁlly be available. For different
groups, the actual available time was éalcu;ated by making‘
use of the efficiency factors., This provided R.H.S, 2.
Optimising with respect to R,H.S, 2 implies in other words,

that the structural coefficients are obtained on the basis

of actual time instead of standard time.
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Instead of having two separéte matrices, one based
on the standard timé‘and anether based on the actual time
as bases for optimisation, twe right hand sides R.H.S. 1
and R.H.S. 2_were used which by implication mean haVing
two §9parate basic matrices, and achieve the samqlpurpose.

Production pattern which,ma;imises the total profit
wés obtained with respect te ﬁaehines‘pestriétions enly.
In effect two variants of the linear programming probleﬁs'.
were solved. . _ |

(a) Toe maximise total profit with respect to restrie-
tiens dué fo groupwise available maching_time; given'that
the structural matrix is based on 'standard tiﬁef.

(b) To maximise totgl profit-with respect io restric-,
.tions dué to groupwise available ﬁachine.time; given that
the structural matrix is based on "'actual time'.

Matrix 'F' along with the tw; sets of riéht hand

PR, ’

side elements has been given in Appendix-D next. .



APPENDIX D. “THE TABLE SHOWING THE STANDARD TIME OF-

 DIFFERENT MACHINES REQUIRED IN THE

FABRICATION OF SWITCHGEARS - FIRM B.



‘ Products

S. No. Description of Ma,chine Group 1 2 3 4 5 6 ” 8 9

i T Millihours for a Batch of Hundred—Units

SWITCHGEAR LABORATORY

[e—

Single Spindle Drilling Machine 12" - - - - - - - - -
MACHINE SHOP SMALL PARTS

2 High Speed Drilling Machines 1/8" - - 2 - - - - - -
3 Bench Grinders 8" ’ - - - - - - - - -
4 Centre Lathe - : - - - - - - - .
S Capstan Lathes, 2D. | - - - - - - - - -
6 Turret Lathe, No. 8 Preoptive | - - - - - - - - -
7 High Speed Turret Lathe o - = - - - - - - -
8 Single Spindle Automats A 15 , 1200 1200 1200 1200 1200 1200 1272 2172> 2172
9 Screw Slitting Machine ' D - - - - - - -
10 Screwing Machine - N - - - - - - -

MACHINE SHOP CASTINGS

11 Band Saw ' - - - - - - - - -
12 Circular Saw 8"~ - - - - - - - - -
13 Automatic’(fut-off Grinders : B - - - - - - “ -
14— Single Spindle Drilling Machines 3/4” - - - - - - - - -

<8z



S. No.

Description of Machine Group

4

Products

3 L

5 6 7 8

10

Millihours

27

28
29

Single Spindle Drilling Machine 1/4”
4 Spindle Drilling Machines 1/2"

4 Spindle Drilling Machine 34" *
2 Spindle Drilling Machines 1/8”
Radial Drilling Machine HMT .
Surface Grinders D-700-30

Surface Grinders 18”

Surface Grinder 600 R. K ’
Automatic Belt Grinding Machinp
Milling Machines

Strip Bending Machine

Shot Bla’s!:ing Plaat

SHEET METAL SHOP

Spot Welding Machine 25 KVA
PRESS SHOP

Surface Grinder 24" x 8"

Tapping Machines

for a Batch of Hundred Units

98¢




S. No.

Description of Machine Group

"Products

3

L

5 6

7

8

10

30
31
32
33
34
35
36
37

39

41
42
43

45

Hydraul‘fc Press 30 Ton

Hydraulic Press 100 Ton

Fly Press )

Power Presses, Light Duty.

Power Press 40 Ton

Power Presses 63 Ton

Power Presses 100 Ton

Guillotine Shearing Machine 6 MM
Spot Welding Machine 15 KVA
Tumabling Barrel

BAKELITE MOULDING SHOP
High Speed Drilling Machine 1/8"
Bakelite Preform Press _
Bakelite Preform Presses, 60 & 63 Ton
Bakelite Moulding Presses 100 Ton
ELECTROPLATING SHOP

Nickel ( Barrel ) Plating

.Zinc ( Barrel ) Plating

3000 3000 3000

Millihours for a Batch of Hundred Units

3720 3720 3720 3720

L8z y




S. No.

Description of Machine Group

’ Products

3. L3

49
50
51
52
53
54
55
56

57
58

59
60

ASSEMBLY MOTOR STARTERS
Hydraulic Press 1 Ton

Hydraulic Presses, 5 & 7.5 Tons .
Air Presses 4"

Rivetting Machine

Spot Welding Machines

Electric Drying Oven

Thermal Relay Winding Machines
Vacuum Impregnation Plant
ASSEMBLY SWITCHBOARDS
Single Spindle Drilling Machines 3/4”
Single Spindle Drilling Machine 1-1/4"
PAINT SHOP

Spray Painting Machines

Testing Eq'uipmen'tv ,

5 6 7 8 10
[ Millihours for a Batch of Hundred Units
46 Silver ( Vat) Plating - - - - - - -
47, Nickel ( Vat) Plating - - - - - - -
48 Zinc ( Vat ) Plating - - - - - - -




S. No.

Description of Machine Group-

f

- ~Products

11

12

13 14

15 16 17

18 19

20

Millihours for

a Batch of Hundred—l—lnits

1

- N - V. T U VL I

—
o

11
12

14

SWITCHGEAR LABORATORY
Single Spindle Drilling Machine 172" ‘
MACHINE SHOP SMALL PARTS
High Speed Drilling Machines 1/8"
Bench Grinders 8"

Centre Lathe

Capstan Lathes, 2D.

.Turret Lathe, No. 8 Preoptive

High Speed Turret Lathe

Single Spindle Automats A 15

Screw Slitting Machine

Screwing Machine

MACHINE SHOP CASTINGS
Band Saw

Circular Saw 8"

Automatic Cut-off Grinders

Single Spindle Drilling Machines 3/4"”

2725 2900

1700

2200

682




L . Products

S.No.  Description of Machine Group 1 12 13 14 1% 16 17 18 10 20
[ Millihours for a Batch of Hundred Units
15 Single Spindle Drilling Machine 1/4" - - - - - - - - - -
16 4 Spindle Drilling Machines 1/2" - - - - - - 750 3660 _ -
17 4 Spindle Drilling Machine 3/4” - - - - - - - 2810 4830 5370
»18 2 Spindle Drilling Machines 1/8” - '.- R - - - 2580 6395 6280 6430
19 Radial Drilling Machine HMT m e e e e oo
20 Surface Grindé;rs,D-700—SO - - - - . - - - - . 4959
21 Surface Grinders 18” - - - - - - - 5734 5734 -
22 Surface Grinder 600 R. K. - - - - - - 2000 - - -
23 Automatic Belt Grinding Machine - - - - - - - - - -
24 Milling Machines - - - - = - - 6200 10100 7100
25 Strip Bending Machine - - - - - - - - - -
26 Shot Blasting Plant - - S = 4400 8800 17000
SHEET METAL SHOP
" 27 Spot Welding Machine 25 KVA - - - - - - - - - -
PRESS SHOP. . B
28 Surface Grinder 24" x 8" ¢ - - - _\ - - - - - -
29 Tapping Machines |

062




Products
S.No.  Description of Machine Group : 11 12° 13 14 15 16 17 18 19 20
I ‘ Millikours for a Batch of Hundred Units -
30 Hydraulic Press 30 Ton ' - - - - - - - - - -
31 Hydraulic Press 100 Ton ' ' - - - - - - - I -
32 - Fly Press - - - - - - - - - -
33 Power Presses, Light Duty. 3450 340 340 340 - - vi .12; 14 14
34 Power.Press 40 Ton V . - - - - - - - - - -
35 Power Presses 63 Ton ' 150 160 160 160 - 7620 7620 - - . - -
36 Power Presses 100 Ton A - - - - - - - - - -
37 Guillotine Shearing Machine 6 MM 38 38 38 38 - - 1 1 1 1
38 Spot Welding Machine 15 KVA - - O - - - - - - .
39 ‘Tumbling Barrel - - - - - - - - a2
BAKELITE MOULDING SHOP _
40 High Speed Drilling Machine 1/8” - C - - - - & - - / - -
41 Bakelite Preform Press - - - - - - - - - - -
42 Bakelite Preform Presses, 60 & 63 Ton . - - - - - - -, - - -
43 Bakelite Moulding Presses 100 Ton . } - - - - - - - - - -
ELECTROPLATING SHOP S ' *

44 Nickel ( Barrel ) Plating - : - - - - - - 3 12 . 12 12
45 Zinc ( Barrel ) Plating | - - - - - - 184 624 624 1156

162




Products
S. No. Description <;f Machine G}'oup 11 12 13 14 15 16 17 18 19 20
: [ . Millihours for a Batch of Hundred Units
46 Silver (Vat) Plating | - - - - - - - - - -
47 Nickel ( Vat) Plating - - - - - - - - o
48 Zinc ( Vat ) Plating ’ - ‘- - - - ‘- - - - -
ASSEMBLY MOTOR STARTERS . »
49 Hydraulic Press 1 Ton . e - - - - - - - -
50 Hydraulic Presses, 5 & 7.5 Tons | - - - - - - - - 7 - -
51 Air Presses 4” o - i T - - - - a - - - -
52 Rivetting Machine : ' - - - - - - - - - -
53 Spot Welding Machines , - - - - - - - - - -
54 Electric Drying Oven B . - - - - . - - - -
55 Thermal Relay Winding Machines - - - - - - - - - - -
56 Vacuum Impregnation Plént _ - - - - - - -."( - - -
_ ASSEMBLY SWITCHBOARDS e e -
57 Single Spindle Drilling Machines 3/4” - = - - e e e - - -
58 Single Spindle Drilling Machine 1-1/4” - e - P
PAINT SHOP . ' 1 - |
59 Spray Painting Machines ‘ - - - = - = 467 2334 2134 2134
60 Testing Equipment : : | - - - - - - - -

262



S. No.

Description of Machine Group
I

‘Products

21

22

23 24 .

25 26 -

27

28

30

a Batch of Hundred Units

(oY

O 0 N & U e W N

10

SWITCHGEAR LABORATORY
Single Spindle Drilling Machine 12"
MACHINE SHOP SMALL PARTS
High Speed Drilling Machines 1/8"

Bench Grinders 8"

Centre Lathe

Capstan Lathes, 2D. -

Turrep Lathe, No. 8 Prcoptivé
High Spee'd Turret Lathe |
Single Spindle Automats A 15
Screw Slitting Machine
Screwing Machine
MACHINE SHOP CASTINGS.
Band Saw

Circular Saw 8"

Aut‘omatic Cut-off Grinders

Single Spfndié Drilling Machines 3/4”

Millihours for

1725 1700

- - 2200

1950

2980

1700

2200

1950

2980 -

€é6e




Products

S. No. Description of Machine Group 21 22 23 24 25 26 27 28 29 30
I : Millihours. for a Batch of Hundred Units
15 Single Spindle Drilling Ma(;hine 14" - - - 3500 - - - - - -
16 4 Spindle Drilling Machines 1/2" - - - 750 3660 - - - - -
17 4 Spindle Drilling Machine 3/4" 4050 5020 5920 - 5960 5370 5020 5370 5020 -
18 2 Spindle Drilling Machines 1/8” 7835 9765 10K65 1375 9605 6430 9765 6430‘ 9765 héso
19 Radial Drilling Machine HMT - - - - - - - - - -
20 Surface Grinders D-700-SO 5000 4959 5125 - 2500 A4959 4959 4959 k959 -
21 Surface Grinders 18" - - - - 5734 - - - - -
22 Surface Grinder 600 R. K. - - - 2000 - - - - - 31;17
23 Automatic Belt Grinding Machine - - - - - - - - - -
24 Milling Machines 6800 9900 12700 - 6200 7100 9900 7100 9900 -
25 Strip Bending Machine - - - - - - - - - -
26 Shot Blasting Plant 12800 15000 10400 9600 1080Q 17000 1300Q 1'7600 15006 -
SHEET METAL SHOP - |
27 Spot Welding Machine 25 KVA - - - - - - - - - -
PRESS SHOP-
28 Surface Grinder 24" x 8" - = - - - - - - - -
29 Tapping Machines - - - - - - - - - -

762




S. No.

Description of Machine Group
{

Products

21

22

23

24

25

26 27 28 29

30

30.
31
32
33
34
35

37

38
39

40
41

43

44
43

Hydraulic Press 30 Ton

Hydraulic Press 100 Ton

Fly Press

Power Presses, Light Duty.

Power Press 40 Ton

Po.wer Presses 63 Ton

Power Presseé 100 Ton

Guillotine Shearing Machine 6 MM
Spot Welding Machine 15 KVA
Tumbling Barrel

BAKELITE MOULDING SHOP
High Speed Drilling Machine 1/8"
Bakelite Preform Press

Bakelite Preform Presses, 60 & 63 Ton
Bakelite Mouldihg Presses 100 Ton
ELECTROPLATING SHOP
Nickel ( Barrel ) Plating

Zinc ( Barrel ) Plating

12

1156

12

1304

Millihours for a Batch of Hundred_Units

12

1304

191,

12

664

12 12 12 12

1312 1304 '1156 1304

326

S6¢2




Products
S. No. Description of Machine Group '21 22 24 24 25 26 27 28 29 "0
! " Millihours for a Batch of Hundred Units
46 Silver ( Vat) Plating ‘ - - - - - - - - - -
47 Nickel ( Vat ) Plating : \ - - - - - - - - - -
48 Zinc ( Vat ) Plating _ - - - - - - - - - -
ASSEMBLY MOTOR STARTERS S |
49 Hydraulic Press 1 Ton : | - - - - - - - - -
50 Hydraulic Presses, 5 & 7.5 Tons _ - - - - - - - - -. -
51 Air Presses 4” - - - - - - _ - - - -
52 Rivetting Machine - - - - - - - - - -
53 Spot Welding Machines , ' - - - - - - - - - -
54 Electric Drying Oven : - - - . - - - - - -
55 Thermal Relay Winding Machines 1 - - - - - - - - - -
56 Vacuum Impregnation Plant . o 1 - - - - - - - - -
ASSEMBLY SWITCHBOARDS, |
57 Single Spindle Drilling Machines 3/4” - - - . - - - - - - -
58 Single Spindlé Drilling Machine 1-1/4 - - - - - - - - . -
PAINT SHOP | | o -
59 Spray Painting Machines 2134 ' 3134 3134 467 3201 2134 . 313% 2134 3134 533
60 Testing Equipment | B ‘ , - - - - - - - - - -

962



S. No.

Description of Machine Group
|

- Products

31

32

33 34 35 36

37

38

39

4o

Miilih_o—urs for a Batch of Hundred_ﬁmts

1

O 0 9 A W

—
o

11
12

14

SWITCHGEAR LABORATORY
Single Spindle Drilling Machine 1/2”
MACHINE SHOP SMALL PARTS
High Speed Drilling Machines 1 /8

Bench Grindersﬂ8"

Centre Lathe

Cé.pstan Lathes, 2D.

Turret Lathe, No. 8 Preoptive
High Speed Turret Lathe
Single Spindle Automats A 15

Screw Slitting Machine

Screwing Machine _
MACHINE SHOP CASTINGS
Band Saw ‘

Circular Saw 8”

Automatic Cut-off Grinders

Single Spindle Drilling Machines 3/4"

1950 1950 2750 1950

4180 4180 4030 4030

Lée
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S. No.

Description of Machine Group
| .

Products

31 32 33

34 35 36

37 58 39

ko

Millihours for a Batch of Hundred Units

15
16
17
18
19

20

21
22
23
24
25

27

28
29

Single Spindle Drilling Machine 1/4”
4 Spindle Drilling Machines 1/2"

4 Spindle Drilling Machine 3/4"

2 Spindle Drilling Machines 1/8” |
Radial Drilling Machine HMT
Surface Grinders D—700-SO ’
Surface Grinders 18"

Surface Grinder 600 R. K.‘
Automatic Belt Grinding Machine
Milling Machines

Strip Bending Machine

Shot Blasting Plant

SHEET METAL SHOP

Spot Welding Machine 25 KVA.
PRESS SHOP

Surface Grinder 24" x 8"

Tapping Machines

4050 5920 900
7835 10465 9555

5000 5126 4918

6800 12700 9900

12800 10400 67200

900 1960 980

9555 9385 9385

4918 5834 5834

9900 24200 14100

67200 62200 62200 29000 46100 75800

- 14700 14700

5090 5090 980

5180 10460 11470

6084 6084 7584

14100 14100 14100

32880

5734
¥

862




S. No..

Description of Machine Group
{

Products .

31 32 33 34 35

36 37 38 39

Lo

Millikours for a Batch of Hundred I:Jnits

3T
32’
33
34
35
36
37
38
39

40
41
42
43

45

' Hydraulic Press 30 Ton

Hydraulic Press 100 Ton

Fly Press

Power Presses, Light Duty.

Power Press 40 Ton

Power Presses 63 Ton

Power Presses 100 Ton

Guillotine Shearing Machine 6 MM
Spot Welding Machine 15 KVA
Tumbling Barrel »

BAKELITE MOULDING SHOP
High Speed Drilling Machine 1/8”
Bakelite Preform Press o
Bakelite Preform Presses,' 60 & 63 Ton
Bakelite Mouiding Presses 100 Ton
ELECTROPLATING SHOP
Nickel ( Barrel ) Plating

Zinc ( Barrel ) Plating

1 1% .« 14 14 14

12 . 12 12 12 12
1156 1304 1616 1616 249k

12 12 12 12

2494 2934 341k 3414

15

490

66¢




Products

S. No. Description of Machine Group 31 32 33 . 34 35 36 37 38 39 40
! Millihours for a Batch of Hundred Units
46 Silver (Vat) Plating - - - - - - - - - -
47 Nickel ( Vat) Plating - - - - - - - - - -
48 Zinc ( Vat ) Plating -

49
50
51

33
54
55
56

ASSEMBLY MOTOR STARTERS
Hydraulic Press 1 Ton ' o
Hydraulic Presseé, 5 & 7.5 Tons

Air Presses 4" |

Rivetting Machine

Spot Welding Machiries

Electric Drying Oven

Thermal Relay Winding Machines
Vacuum Impregnation Plant
ASSEMBLY SWITCHBOARDS -
Single Spindle Drilling Machines 3/4”
Single Spindle Drilling Machine 1-1/4”
PAINT SHOP

Spray Painting Machines

Testing Equipment

2134 3134 2666 2666 5200 5200 4201 3134 5200 1866

oot




Products

S.No6.  Description of Machine Group 41 k2 43 Wb k5 46 k7 48 49 50
' ' Millihours for a Batch of Hundred Units
SWITCHGEAR LABORATORY
I Single Spindle Drilling Machine 172" - - 1860 - - - - - - -
MACHINE SHOP SMALL PARTS -
2 High Speed Drilling Machines 1/8" - - - - - - - - - -
3 Bench Grinders 8" 600 600 600 1800 ° 300 600 3_600 300 300 6000
4 Centre Lathe - - - - - - - - - -
5 Capstan Lathes, 2D. - - - k8ooo _ - - - - -
6 Turret Lathe, No. 8 PreoptiVe - - - 5400 - - - - - -
| 7 High Speed Turret Lathe - - - - - - - - - - k950
8 Single Spindle Automats A 15 27656 22466 32838 48367 861 115kk 5716 1223 483 18597
9 Screw Slitting Machine 4500 4550 2600 11028 3786 3786 C - 4500 - -
10 Screwing Machine 2332 2332 2332 L4664 - - - 1'166 1166 -
MACHINE SHOP CASTINGS. |
11 Band Saw {;9 50 4950 514'09 - - - - 1400 - -
12 Circular Saw 8" 4 1400 ihoo 4050 . - 3800 - - 7600
13 Automatic Cut-off Grinders , - - - - - - - - - -
14 Single Spindle Drilling Machines 3/4” - - 6920 - - 1425 - - - -

T0€




Products

41 42 43 W4 45

S.\ No. Descriptio,r_l of Machine Group B . L6 47 48 o 50
Millihours for a Batch of Hundred Units
15 Single Spindle Drilling Machine 1/4”‘ ' 3670 3670 4220 47814 5720 5115 3200 3200 - 6400
16 4 Spindle .Drilling Machines 1/2" 9330 9330’ 11481 42900 2790 2-226 - - - -
17 4 Spindle Drilling Machine 3/4” 7450 7450 11220 1667 - - 14800 38040 - 29600
18 2‘Spindle Drilling Machines 1/8" 28255 28255 32640 23100 8700 8528 15860 16935 - 31600
19 Radial Drilling Machine HMT - - - 20880 - - - - - -
20 Surface Grinders D-700-SO 8917 8917 k4459 —_ - - - - - -
21 Surface Grinders 18” - - - - 2 300 2 506 2500 2500 = 5000
22 Surface Grinder 600 R. K. - - - -, - - - - - -
23 Automatic Belt G;indin‘g Machine - - - 312000 - ¥ 8400 - - -
24 Milling Machines - - - 1051300 1647 3294 3300 - - 12700
25 Strip Bending Machine - - - - - - - - - 16800
26 Shot Blasting Plant 15800 14800 47000 -~ io 300 20700 =~ 15000 = 36006
SHEET METAL SHOP |
27 Spot Welding Machine 25 KVA - - - - - - 15000 - - -
PRESS SHOP
28 Surface Grinder 24" x 8" - - - - - - - - = -
29 Tapping Maghines 6144 -

15360 12288 18432 10214 =~

1510 -

3020

r4e]9




S. No..

Products

1 k2 43

Description of Machine Group uh ks 46 47 L8 Lo 50
! . Millihours for a Batch of Hundred Units
30 Hydraulic Press 30 Ton 6360 5088 7632 - - . 2544 - - - -
31 'Hydraulic Press 100 Ton - . e . = - - - - - - -
32 Fly Press - - - - - - - - - -
33 Power Presses, Light Duty. 28101 23721 32923 37119 14 8914 6885 3041 - 14157
34 Power Press 40 Ton . - - - - - - - - -
35 Power Presses 63 Ton ' 3735 ' 2988 L4482 2160 - 1494 1800 =~ - 3600
36 Power Presses 100 Ton 7230 5784 8676 6072 - 2892 1678 525 - 3350
37 Guillotine Shearing Machine 6 MM 2628 2331 3038 7084 2 686 540 175 - 1099
38 Spot Welding Machine 15 KVA - - - - - - - - - -
39 Tumbling Barrel o - - - - - - - - - -
BAKELITE MOULDING SHOP
40 High Speed Drilling Machine 1/8" - - - - - - - - - -
4] Bakelite Preform Press | - - - - - - - - - -
42 Bakelite Preform Presses, 60 & 63 Ton - - - - - - - - - -
43. Bakelite Mou{ding Presses 100 Ton - - - - - - - - - -
- ELECTROPLATING SHOP T
- 44 VN,ickcl ( Barrel ) Plating ‘ 173 146 206 1242 8 62 212 200 = 424 ‘
45 Zinc ( Barrel ) Plating k300 3781 5653 15610 274 910 871 976 2087

137
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S. No.

Descriptibn of Machine Group
| .

Products

L1

42

43 M4 . 45 46 47 48

4o

50

46
47
48

49
50
51

53
54
55
56

57
58

59
60

Silver ( Vat) Plating

Nickel ( Vat) Plating

Zinc ( Vat ) Plating

ASSEMBLY MOTOR STARTERS
Hydrauiic Press 1 Ton

Hydraulic Presses, 5 & 7.5 Tons

Air Presses 4”

Rivetting Machine

Spot Welding Machines

Electric Drying Oven

Thermal Relay Winding Machines
Vacuum Impregnation Plant
ASSEMBLY SWITCHBOARDS
Single Spindle Drilling Machines 3/4”
Single Spindle Drilling Machine 1-1/4"
PAINT SHOP

Spray Painting Machines

Testing Equipment

1174

Ve |

2338

2734

2338

2734 3750

. = 98646
1174 284% -~ -

Millihours for a Batch of Hundred Units

- 2688

16362 -
9776

- 33920

2267 1850 2116 1734

32724
19552

Kot




S. No.

Description of Machine Group

Products -

51 52 33 54 55 56 57 58 59 . 60
! Millikours for a Batch of Hundred Units

SWITC.HGEAR LABORATORY
1 Single Spindle Drilling Machine 1,2 - - - - - - - - - -

MACHINE SHOP SMALL PARTS
2 High Speed Drilling Machines 1/8" - - - - - - 2800 2800 - - 2800
3 Bench Grinders 8" . 3000 - 3300 7800 4800 600 5400 1200 2800 1200
4 Centre Lathe - - - - - - - -" - -
5 Capstan Lathes, 2D. - - - - - - - 24000 -- 24000
6 Turret Lathe, No. 8 Preoptive - - - - - - - - - -
7 High Speed Turret Lathe ‘ 423 -  -423 53713 - - - 6800 - 6800
§ Single Spindle Automats A 15 6337 - 8940 20721 5777 1706 8863 20530 - 21910
9 Screw Slitting Machine - - 4500 =~ 1120 4500 -5620 3986 - 3086
10 Screwing Machine - - . .1166 - 6100 2332 2332 12000 - -

MACHINE SHOP CASTINGS ,
11 Band Saw. | - - - 1200 -~ - 2200 2200 - 2200 2200
12 Circular Saw 8" o 4750 - 4750 9500 - - 6100 -~ - 12000
13 Automatic Cut-off Grindersj - - - - - - - - 600 600
14 - - 4250 - 4250 - - -

Single Spindle Drilling Machines 3/4"

S0t '




Products .

S. No. Description of Machine Group 51 '52 " 53 54 55 56 57 58 59 60
! Millihours for a Batch of Hundred Units
15 Single Spindle Drilling Machine 14 3200 - 6400 64OO 2392 3670 6062 2392 2392
16 4 Spindle Drilling Machines 1/2" 18740 - - 187h0 37480 27310 - é73lo 31010 37010
17 4 Spindle Drilling Machine 3/4'; 7170 - 32490 14340 = 23220 214220 9310 31020 40330
18 2 Spindle Drilling Machines 1/8” 19315 - 35870 38630 17582 27595 L6652 44005 2460 48030
19 Radial Drilling\Machine HMT 3125 - - < 6985 - 6985 17920 - 17929 .
20 Surface Grinders D-700-SO 3125 -~ 6250 6250 3917 3585 7501 L uhs59 : L4 59
21 Surface Grinders 18" - - - - - - - - - -
22 Surface Grinder 600 R. K. - - - - .= - - - - -
23 Automatic Belt Grinding Machine .1000 - 1000 2000 22800 - 22800 414700> L4700
24 Milling Machines - - - 6100 87700 ' - 87700 121800 = 1218000
25 Strip Bending Machine - - - - = - - - I -
26 Shot Blasting Plant 15400 - 4080O 30800 31400 22700 54400 56200 . 56686
SHEET METAL SHOP ' ' |
27 Spot Welding Machine 25 KVA - - - - - - - - - -
- PRESS SHOP

28 Surface Grinder 24" x 8" - - - - - - - - -
29 Tapping Machines 1591 -~ 1591 -3182 2710 2710 2{731 , 2731

90¢€




S. No.

Products

52 53 54 55 56 57 58 59 60

Description of Machine Group 51
! Millihours for a Batch of Hundred Units
30 Hydraulic Press 30 Ton 546 - 546 1092 - - - - - -
31 Hydraulic Press 100 Ton - - - - - - - - - - .
32 Fly Press * - - - - - .- - - - -
33 Power Presses, Light Duty. 6300 - 20745 13356 3775 8640 16733 7208 5360 13200
34 Power Press 40 Ton - - - - - - - - - -
35 Power Presses 63 Ton - - - - - - - 540° - 540
36 Power Presses 100 Ton . 2806 = 2806 5612 1375 Auiso 5557 1518 2016 3534
37 Guillotine Shearing Machine 6 MM 567 = 1237 1636 1652 1232 3461 1906 662 2566
38 Spot Welding Machine 15 KVA - - e - e oo
39 Tumbling Barrel - _ - - - - - - - - - -
BAKELITE MOULDING SHOP -
40 High Speed Drilling Machine 1/8” - - - - - - - - - -
41 Bakelite Preform Press - - - - - - - - - - -
42 Bakelite Preform Presses, 60 & 63 Ton - - - - - - = - - -
43 Bakelite Moﬁlding Presses 100 Ton 284 284 556 568 206 ‘82h' 1006 223 800 999
ELECTROPLATING SHOP | | |

44 Nickel (Barrel ) Plating - - - - - - - - - -
45 Zinc ( Barrel ) Plating 1451

- 2429 3191 3410 5232 8222 4781 2754 6021

Lot




S. No.

Description of Machine Group
[

Products

51

52

53 54 55 56

57 58 59 60

Millihours for a Batch of

Hundred. Units

46
47
48

49
50

52
53
54
55
56

57
58

59
60

Silver ( Vat) Plating

Nickel ( V_at) Plating -

Zinc ( Vat ) Plating

ASSEMBLY MOTOR STARTERS
Hydraulic Pres§ 1 Ton

Hydraulic Presses, 5 & 7.5 Tons

Air Presses 4”

Rivetting Machine

Spot Welding Machines

Electric Drying Oven .
Thermal Relay Winding Machines
Vacuum Impregnation Plant
ASSEMBLY SWITCHBOARDS
Single Spindlg Drilling Machines 3/4”

‘Single Spindle Drilling Machine 1-1/4”
PAINT SHOP

Spray Painting Machines

Testing Equipment

13542

11525 xps 11525 23050 2418

28812 -
13542 27084 - -

6621 7416

Ku7h 4232 4799 273

14037 24660 7530 32190

2418 11299

11299

3660

3660

7608 5433 - 5433

80¢




Products

S. No. Description of Machine Group 61 62 63 _ 64 65 66 67 68 69 70
l Millihours for a Batch of Hundred Units
SWITCHGEAR LABORATORY
1 Single Spindle Drilling Machine 12" - - - - - - - - - -
MACHINE SHOP SMALL PARTS
i High Speed Drilling Machines 1/8" - - - - - - - - - -
3 Bench Grinders 8" 300 600 900 - - - - - - i,
4 Centre Lathe - - - - - - - - - -
5 Capstan Lathes, 2D. 24000 -~ * 24090 - - - - - - -
6 Turret Lathe, No. 8 Preoptive - - - - - - - - - -
7 High Speed Turret Lathe 6800 -~ 6800 - - - - - - -
8 Single Spindle Auto-mats‘A 15 22756 1698 25834 - 4,187 4187 4187 4187 4187 lt187
9 Screw Slitting Machine 6074 2600 8674 = - - - - - -
10 Screwing Machine - 23932 . 2332 - - - - - - -
MACHINE SHOP CASTINGS | o
11 Bapd Saw‘ A - . L4o50 4950 - - - - - - -
12 Circuiar Saw 8" 10200 - 10200 - - - - - - -
13 Automatic Cut-off Grinders - - - - - - - - - -
14. Single Spindle Drilling Machines 3/4” - 770 770 - - - - - - -

60¢




S. No.

Description of Machine Group

‘Products

61

69

_ - 62 63 . __64 65 66 67 68 70
! Millihours for a Batch of Hundred Units -

15 Single Spindle Drilling Machine 1/4” 2392 20005 22397 - - - - - - -
16 4 Spindle Drilling Machines 1/2" -30150 1200- 31350 - - - - - —_ -
17 4 Spindle Drilling Machine 3/4" - - 7749 - - - - - - -
18 2 Spindle Drilling Machines 1/8" | 5239075642 129597 ~ - - - - - -
19 Radial Drilling Machine HMT 38765 - 38765 - - - e e -
20 Surface Grinders D-700-SO - 4459 hoh2 8501 - - - - N - -
21 Surface Grinders 18" - - - - - - - - -
22 Surface Grinder 600 R. K. - - - - - - - - - - -
23 Automatic Belt Grinding Machine 156000 - 156000 - S - - - - - - -
24 Milling Machines 522600 1078800 1601400 600 1200 1200 2600 - 6200 8800
25 Strip Bending Machine - - .o 31200 - - - - - - -
26 Shot Blasting Plant | ! 19700 ’_52500 72486 - - - = - - - -

SHEET METAL SHOP )
27 Spot Welding Machine 25 KVA - - - - = - - - - -

PRESS SHOP
28 Surface Grinder 24" x 8" - - - - - - = - - -
29 Tapping Machines 5107 - 5107 - 378 378 378 378. 378 378

oT¢




S. No.

Description of Machine Group
I

Products

61

62 ' 63

64

65 66 67 68 69 70

Millibours for a Batch of Hundred_—l_Jnits

30
31
32
33

35
36
37
38
39

41
42
43

45

Hydraulic Press 30 Ton

Hydraulic Press 100 Ton

Fly Press

Power Presses, Light Duty.

Power Press 40 Ton |

Power Presses 63 Ton

Power Presses 100 Ton

Guillotine Shearing Machine 6 MM
Spot Welding Machine 15 KVA
Tumbling Barrel .

BAKELITE MOULDING SHOP
High Speed Drilling Machine 1/8"
Bakelite Preform Press - |
Bakelite Preform Presses, 60 & 63 Ton |
Bakelite Moulding Presses 100 Ton
ELECTROPLATING SHOP
Nickel ( Barrel ) Plating

Zinc ( Barrel ) Plating

14174

1080

3036
3457

223

794 156Zé

- 1080

c =2 3499

k2 3499

52 275

8804 6702 16514

4

283 283 - 283 283 283 283

211 2521 2901 5212 3915 8884

1417 1667 1667 2167 1917 3167

8000 10667 10667 16001 13334 26669

34 51 68 162 107 318

L

164 16k 16k 164 164 164

TTC




Products
S. No. Description of Machine Group 61 62 63 64 65 66 67 «6 8
! Millihours for a Batch of Hundred Units
46 Silver ( Vat) Plating _ 9323 - - - - - - -
47 Nickel ( Vat) Plating .
48 Zinc ( Vat ) Plating ' ) T 19309 - 19309 - - - - -
ASSEMBLY MOTOR STARTERS: *
49 Hydraulic Press | Ton o ' - ‘_ - - - - - - -
50 Hydraulic Presses, 5 & 7.5 Tons C - - - - - - - -
51 Air Presses 4" . - - - - - - - -
52 Rivetting Machine . - - - - - - - - -
53 Spot Welding Machines \ - - - - - - - -
54 Electric Drying Oven | - - - i - - -
55 Thermal Relay Winding Machines : - - - - - - - - |
56 Yacuum Impregnatidn Plant - , ‘ | - - - - - - - .
ASSEMBLY SWITCHBOARDS
57 Single Spindle Drilling Machines 3/4” - - - - - - - -
58 Single Spindle Drilling Machine 1-1/4" - - - - - - - -
PAINT SHOP
w 59 Spray Painting Machines ] o 1417 3317 4736 - o= - - -
) Testing Equipment e - L. - . - - -

t45%



S. No.

Description of Machine Group
|

Products

71

72

73

74

75 76

77

78

80

Millih:)—urs for a Batch of HundredTJnits

1

o oo 3 [, w £ w N

—
o

11
12
13
14

SWITCHGEAR LABORATORY
Single Spindle Drilling Machine /2"
MACHINE SHOP SMALL PARTS

High Speed Drilling Maghines 1/8"
Bench Grinders 8”

.Centre Lathe

‘Capstan Lathes, 2D.

Turret Lathe, No. 8 Preoptive . -
High Speed Tﬁrret Lathe

Single Spindle Automats A 15

Screw Slitting Machine

Screwing Machine

MACHINE SHOP CASTINGS
Band Saw "
Circular Saw 8"
Automatic Cut-off Grinders

Single Spindle Drilling Machines 374"

€T¢




) Products
S. No. Description of Machine Group w1 72 73 74 75 76 7 78 "9 80
: Cod Millihours for a Batch of Hundredh—ﬁnits

15 Single Spindle Drilling Machine 1/4" » - - - - - - - - - -

] 16 4 Spindle Drilling Machines 1/2" - - - - . - - - - - -

17 4 Spindle Drilling Machine 3/4” ‘ - - - - - - - - - -

18 2 Spindle Drilling Machines 1/8" - - - - - - - . - -

19 . Radial Drilling Machine HMT TR

20 Surface Grinders D-700-SO : - - - - - - - - 7 - -
21 Surface Grinders 18~ ' . - - = - - - - -

22 Surface Grinder 600 R. K. B ] - - - - - - - - - =

23 Automatic Belt Grinding Machine - B - - - - - - -
24 Milling Machines . " ' 5400 4300 2600 5200 7800 10400 7800 7700 * 4200 1000

25 Strip Bending Machine T

26 Shot Blasting Plant R . . L. a s e
SHEET METAL SHOP R

27 Spot Welding Machine 25 KVA | e e - - - - e - e

! PRESS SHOP
28 Surface Grindér 24" x 8" ' : P - - - .- - - - .= -
29 Tapping Machines | / 378 498 378 378 378 378 378 378 378 378

LS



S. No.

Description of Machine Group
! . i

Products

71 72 73 74 75 76 77

78 79 80

Millihours for a Batch of Hundred Units

30
31
32
33

35
36
37

39

40
41
42

43

44
45

Hydraulic Press 30 Ton

Hydraulic Press 100 Ton

Fly Press

Power Presses, Light Duty.

Power Press 40 Ton

Power Presses 63 Ton

Power Presses 100 Ton

Guillotine Shearing Machine 6 MM
Spot Welding Machine 15 KVA
Tumbling Barrel

BAKELITE MOULDING SHOP
High Speed Drilling Machine 1/8" .

Bakelite Preform Press

Bakelite Prefqrm Pfesses-, 60 i& 63 Ton .

Bakelite Moulding Presses 160 Ton
ELECTROPLATING SHOP

Nickel (Bﬁrrel ) Plating
Zinc ( Barrel ) Plating

4453 3376 1823 3217 6889 5053 L4135

129 8+ 39 78 234 156 117
164 164 87 164 164 164 164

283 283 283 283 283 283 283

1917 1667 1417 1667 2667 2167 1917

Lsaah 10667 8000 10667 21335 16001 13334

283 283 283

k771 4569 2299

1917 1917 1417

13334 13334 8000

141 . 136 39
164 150 164

eTC




Products

75 76 77 78

S. No. Descﬁption of Machine Group 71 72 73 | 7 78 80
! Millihours for a Batch of Hundred Units
46 Silver (Vat) Plating - - - - - - - - - -
47 Nickel ( Vat) Plating - - - - - - - - - -
48 Zinc ( Vat ) Plating - - - - - - - - - -

49
50
51

53
34

55
56

58

59

ASSEMBLY MOTOR STARTERS
Hydraulic Press 1 Ton

Hydraulic Preéses, 5 & 7.5 Tons

Air Presses 4”

Rivetting Machine

Spot Welding Ma;:hines

Electric Drying Oven

Thermal Relay Winding Machines
Vacuum Impregnation Plant

ASSEMBLY SWITCHBOARDS
Single Spindle Drilling Machines 3/4”

Single Spindle Drilling Machine 1-1/4” -

PAINT SHOP
Spray Painting Machines
Testing Equipment ‘

9T¢




S. No.

Description of Machine Group
{

Produc's

81

82

84

85

86 8 88 8 90

Millihours

for a Batch of Hundred—l_Jnits

[

O 0 3 & b W N

—
o

11
12
13
14

SWITCHGEAR LABORATORY
Single Spindle Drilling Machine 172"

MACHINE SHOP SMALL PARTS
" High Speed Drilling Machines 1/8"

Bench Grinders 8”

Centre Lathe

Capstan Lathes, 2D.

Turret Lathe, No. 8 Preoptive
Higﬁ Speed Turret Lathe
Single Spindle Automats A 15
Screw Slitting Machine

Screwing Machine

MACHINE SHOP CASTINGS
Band Saw

Circular Saw 8"

Automatic Cut-off Grinders

Single Spindle Drilling Machines 3/4"

3459 4187 4187 -

4187 4187 4187 4187 4187

LTIE




S. No.

‘ Description of Machine Group.
A !

Froducts

.81

82 83 _8h 85 86

87

__ 88

89

90

Millihours for a Batch of Hundred' Units

27

28
29

Single Spindle Drilling Machine 1/4”
4 Spindle Drilling Mac;hines 12"
4/Spindle Drilling Machine 3/4”

2 Spindle Drilling Machines 1/8"
Radial Drilling Machine HMT
Surface Grinders D-700-SO
Surface Grinders 18"

Surface Grinder 600 R. K.
Automatic Belt Grinding Machine
Milling Machines '

Strip Bending Machine

Shot Blasting Plant

SHEET METAL SHOP

Spot Welding Machine 25 KVA
PRESS SHOP '

Surface Grinder 24" x 8"

Tapping Machines

3000 4000 7600 -

378 378 378 = 378

378

2000 1400 2800

378

1600 3700

378

378

8T¢E




Products .
S. No. Description of Machine Group 81 82 83 84 85 86 B‘i 88 89 90
! Millihours for a Batch of Hundred Units
30 Hydraulic Press 30 Ton - 283 283 283 - 283 283 283 283 283
31 Hydraulic Press 100 Ton - - - _ - - - - - -
32 Fly Pre.ss - - - - - - - - - -
33 Power Presses, Light Duty. - 4135 5053 5963 - 4295 3376 5371 k277 649
34 Power Press 40 Ton - - - - - - - - b_ -
35 Power Presses 63 Ton - - - - - = - = - =
36 Power Presses 100 Ton - - - - - - - - - -
37 Guillotine Shearing Machine 6 MM - 113 126 348 - 184 137 200 261 28k
38 Spot Welding Machine 15 KVA - - - - - - - - - -
39 Tumbling Barrel - -’ - - - - - - - -
'BAKELITE MOULDING SHOP ‘
40 High Speed Drilling Machine 1/8" - - - - - - - - - -
41 Bakelite Preform Press - . 1917 2167 2167 - 1917 1667 2167 1917 2417
42 Bakelite Preform Presses, 60 & 63 Ton - - - - - - - - - - |
43  Bakelite Mouldi}\g Preéses 100 Ton - 13334 16001 16001 - 1,3334 10667 1600113334 18668
ELECTROPLATING SHOP -
44 Nickel ( Barrel ) Plating - 117 156 192 9 12k 84 168 119 214
45 Zinc ( Barrel ) Plating 1 150 164 | 150" 1 164 164 164 178 164

6TE




Products

S. No. Description of Maclﬁne Group 81 82 83 -84 85 86 87 88 89 - 90
! Millihours for a Batch of Hundred Units
46 Silver (Vat) Plating - - - - - - - - - -
47 Nickel ( Vat) Plating - - - - - - - - - -
48 Zinc ( Vat ) Plating - - - - - - - - - -

49

50
51

53
54
55
56

57
58

59

ASSEMBLY MOTOR STARTERS

Hydraulic Press 1 Ton

ﬁydrauﬁc Presses, 5 & 7 .5 Tons
Air Presses 4”

Rivetting Machiqe

Spot Welding Machines

Electric Drying Oven,

Thermal Relay Winding Machines

Vacuum Impregnation Plant

ASSEMBLY SWITCHBOARDS

Single Spindle Drilling Machines 3/4”

Single Spindle Drilling Machine 1-1/4”
PAINT SHOP ‘
Spray Painting Machines

Testing Equipmcnt

‘oze




v : Products
S. No. - Description of Machine Group 91 92 93 94 95- 96 . 97 98 9 100
! : Millihours for a Batch of Hundred Units ’
SWITCHGEAR LABORATORY
1 Single Spindle Drilling Machine 1/2"* - - - - - - - - - -
MACHINE SHOP SMALL PARTS | . o |
2 High Speed Drilling Machines 1/8" , - - - - - - - - - -
3 Bench Grindefs 8" ' ' 4 : - - 300 - - - 900 600 600 -
4 Centre Lathe 1 - - - - - - - - - -
S Capstan Lathes, 2D. : - - - - - - - - - -
6 Turret Lathe, No. 8 Preoptive - - - - . - - - - - - -
7 High Speed Turret Lathe . - - - - - - - - - -
8 Single Spindle Automats A 15 | 4187 4187 268 - - - 1710 636 636 -~
9 Screw Slitting Machine : R - - - - - - - - -
10 Screwing Machine ' - - - - - - - - -
. MACHINE SHOP CASTINGS o . - L
11 Band Saw - ',.: 23 . - - 23 - - -
12 -Circular Saw 8" o - - - - - - - - - -
13 Automatic Cut-off Grinders - - - - - - - - - -
14 Single Spindle Drilling Machines 3/4" - - - - a . - -

T2



Products

S. No. Description' of Machine Qroup 91 92 93 94 95 96 97 98 99 100
Millihours for a Batch of Hundred Units
15 Single Spindle Drilling Machine 1/4” 1= - - - - - m70 - - -
16 4 Spindle Drilling Machines 1/2” - - - - - - - - - -
17 4 Spindle Drilling Machine 3/4” - - - - - - 7a70 - - -
18 2 Spindle Drilling Machines 1/8” - - - - - - 8400 - - -
19 Radial Drilling Machine HMT - - - - - - - - - -
20 Surface Grinders D-700-SO - - - - - - - - - -
21 Surface Grinders 18~ - - - - - - 2333 - - -
22 Surface Grinder 600 R. K. - - - - - - - - - -
23 Automatic Belt Grinding Machine - - - - - - - - - -
24 Milling Machines 1600 3200 ~ - - - - - - -
25 Strip Bending Machine - - | - - - - " - - -
26 Shot Blasting Plant - - oL L 27960 - - A
SHEET METAL SHOP ,
27 Spot Welding Machine 25 KVA - o e e o LT oo
PRESS SHOP
28 Surface Grinder 24" x 8" - - - - - - 7834 - - -
29 Tapping Machines \ - & - - - - 9796 388 388 428

i’

gzt




S. No..

Products

Description of Machine Group 91 - 92 93 94 95 96 97. 98 ~ 99 100
' ' Millihours for a Batch of Hundred Units . ’
30 Hydraulic Press 30 Ton 283 283 - - - - 2182 876
31 Hydraulic Press 100 Ton - - - - - - = - = -
32 Fly Press - - - - - - - - - -
33 Power Presses, Light Duty. 4409 7481 7823 7001 - 876 24032 882 - -
34 Power Press 40 Ton - - - - - - 416 - - -
35 Power Presses 63 Ton - - - 37 - = - ‘ 63j_ - = 56
36 Power Presses 100 Tou 179 = 229 - - - 1629 ~ - -
37 Guillotine Shearing Machine 6 MM - \2,92 152 63 8 ,6 2197 6. 6 14
38 Spot Welding Machine 15 KVA - - - - - - - - - =
39 Tumbling Barrel - - -3 - - = -3 - - =
‘BAKELITE MOULDING SHOP _
40 High Speed Drilling Machine 1/8" - - %0 - = - 30 - - -
41 Bakelite Preform Press ‘ 1917 2667 1583 =~ - 666 6584 1166 1166 - =
42 Bakelite Preform Presses, 60 & 63 Ton - - 1433 - = 5000 5133 5000 5000 =
43- Bakelite Mouldir;g Presses 100 Ton 1333‘1& - 5700 - - - i5233 2466 ‘.21166 -
ELECTROPLATING SHOP - |
44 Nickel ( Barrel ) Plating 129 258 358 108 72 34 658 35 b -
45 Zinc ( Barrel ) Plating 1507 15@ 1 12 - - k73 - - -

gee




Products

S. No. Description of Machine Group 91 92 93 9l 95 96 97 98 99 100
' Millihours for a Batch of Hundred Units
46 Silver ( Vat) Plating” - - - - - - - - - -
47 Nickel ( Vat) Plating - - - - - - - - - -
48 Zinc ( Vat ) Plating - - - - - - 6100 = - 951
ASSEMBLY' MOTOR STARTERS "
49 Hydraulic Press 1 Ton ’ - - - - - - 2728 - - -
50 Hydraulic Presses, 5 & 7.5 Tons - - 1998 860 860 - 3718 =~ - -
51 Air Presses 4" - - 1147 - - - 114y - - -
52 Rivetting Machine - - 504 - - - 504 = - -
53 Spot Welding Machines - - 3076 - - - 3076 - - -
54 Electric Drying Oven ) - - - 284 - - 569 - - -
55 Thermal Relay Winding Machines - - - 3185 1é3-;- . - 6960 = - -
56 Vacuum Impregnatio_h Plant - - - ‘182 - - 385 - s _
A ASSEMBLY SWITCHBOARDS . | | i
57 Single Spindle, Drifling Machi.nes 314" - - - - - - - - - -
58 Single Spindle Drilling Machine 1-1/4* - - - - - - - - - -
PAINT SHOP _ |
59 Spray Painting Machines - - - - - - ‘1734 2 53'- . 253 =
60 Testing Equipment - - 1019 - - 3169 - - - -

het




, Products
S. No. ‘Description of Machine Group 101 102 103 104 105 106 107 108 109 110
! . Millihours for a Batch of Hundred Units
SWITCHGEAR LABORATORY
1 Single Spindle Drilling Machine 1/2” |- - - - - - . - - -
MACHINE SHOP SMALL PARTS | |
2 High Speed Drilling Machines 1/8" . - - " - - - - - - -
3 Bench Gﬁnders 8" - ' - -~ 300 900 900 300 900 900 900 900
-4 Centre Lathe : 4' : - | - - - - 136400 v - - -
5‘ Capstan Lathes, 2D. - L - - - .- T - ‘29600 - - - -
6 Turret Lathe, No. 8 Pr'eopti“/e‘ .o - - - Ut - 548333 - - - -
7 High Speed Turret Lathe ' ' - - - - - 1830 - - - . -
8 Single Spindle Automats A 15 ' 606 606 874 1104 1104 ‘1260 2316 5295 2316 529 5
9 Screw Slitting Machine _ ' o - - - - . - - - J . -
10 Screwing Machine | . ' - - .S - - - -
MACHINE SHOP CASTINGS |
11 Band Saw - - 23 23 | 23 23 23 163 23 . 163
12 Circular Saw 8" ‘ | - - - - - - e e - -
13 Automatic Cut-off Grinders - - : - - - - - - .- | - -
14 Single Spindle Drilling Machines 3/4” || 3127 3127 3127 3127 3127 3127 9381 9381 9381 9381

sze



~

Description' of Machine Group

Products _

S. No. 0101 102 103 104 105 106 107 108 109 110
Millihours for a Batch of Hundred Units
15 Single Spindle Drilling Machine 1/4" - - - - 980 10285 jzgo - - 3290
16 4 Spindle Drilling Machines 112" - - - - 4900 - - - - -
17 4 Spindle Drilling Machine 3/4" - - - - -+ - 090 - = 7990
18 2 Spindle Drilling Machines 1/8” ' - - - - 14100 69239 10575 - - 10575
19 Radial Drilling Machine HMT - - - - - - - - - -
20 Surface Grinders D-700-SO - - - - - - - - - -
21 Surface Grinders 18" - - - - 2333 80520 2333 -~ - =~ 2333
22 Surface Grinder 600-R. K. e
23 Automatic Belt Grinding Machine - - - - - - - - - -
24 Milling Machines - - - - "= 105500 - - - -
25 Strip Bending Machine - - - . - - - o . -
j?.6i .Shot Blasting Plant - - - - - 22306 63450 49500 - © - - 49500
SHEET METAL SHOP | |
27 Spot Welding Machine25 KVA - 570 - 570 & - - - - -
_ PRESS SHOP B | B o
28 Surface Grinder 24" x 80 3917 3917 3917 3917 3917 3937 11751 11751 1a7si i1gs
29 T iéi’pping Machines ‘ . 3¢ '

Kok3 5295 5753 7363 5753 5753 13673 15985 14655 15003

9zt




Products

S.No.  Description of Machine Group 101 102 103 104 105 106 107 108 109 110

Millikours for a Batch of Hundred Units

30 Hydraulic Press 30 Ton - 1091 1561 1091 1561 1091 1091 3273 3273 3273 3273
31 Hydraulic Press 100 Ton : 1048 1048 - 1223 - - - - - -
32 Fly Press . - - - - - - . = = - -
33, Power Presses, Light Duty. 4 8096 8816 15435 1637815497 16751 32572 3504733466 35449
34 Power Press 40 Ton _ 208 803 ' 208 803 - 208 208 624 624 624 624
35 Power Presses 63 Ton 297 600 334 102% 664 334 928 928 ° 928 928
36 Power Presses 100 Ton 460 1697 689 1286 1001 714 2089 1609 1609 2089
37 QGuillotine Shearing Machine 6 MM _ 767 1948 921 1580 1016 98 5 2997 2738 2587 3156
38 Spot Welding Machine 15 KVA - 31;1;5 - hhol - - - - - - "
39 Tumbling\Barrel ) : : - - 3 3 3 3 3 3 3 3
BAKELITE MOULDING SHOP ‘
40 High Speed Drilling Machine 1/8" - - 300 300 300 300 300 300 300 300
41 Bakelité Preform Press ' 2084 2084 3667 4500 hséo 3667 8668 8668 8668 8668
42. Bakelite Prefor:,n Presses, 60 & 63 Ton 1850 1850 3283 . 3283 3283 3823 6983 6983 6983 6983
43 Bakelite Moulding Presses 100 Ton - 2867 2867 8567 12366 12366 8567 18100 18100 18100 18100

ELECTROPLATING SHOP

44 Nickel (Barrel ) Plating L ‘150 160 484 503 503. 668 895 965 893 1015
45 Zinc ( Barrel ) Plating ~ ) 226 - 284 227 285 237 806 709 803 801 711l

Lz¢




S. No.

Products.

101

lo2

103

104

2094

Descriptioxll of Machine Group 105 106 107 108 109 110
Millihours for a Batch of Hundred Units
46 Silver (Vat) Plating - - - - - - - - - -
47 Nickel ( Vat ) Plating - - - - - - - - - -
48 Zinc ( Vat ) Plating 3050 3050 3050 3050 3050 3050 = 9150 9150 9150
ASSEMBLY MOTOR STARTERS \ ) '
49 Hydraulic Press 1 Ton 1864 1864 1364 1364 1364 1364 4092 1092 4092 4092
50 Hydraulic Presses, 5 & 7.5 Tons 860 860 2858- 2858 2858 2858 4578 4578 4578 L4578
51 Air Presses 4” - - 11h7> 2955 1_1147. 1147y 1147 1147 1147 11hy
52 Rivetting Machine - - 504 504 s04 504 504 504 504 504
53 Spot Welding Machines - - 3076 3076 3076 3076 3744 374k 37hh 374k
54 Electric Drying Oven 284 284 284 284 284 284 853 853 853 853
55 Thérmal Relay Winding Mac‘hines 1887 1887 5072 5072 5072 5072 8848 8848 '8848_ 8848
56 Vacuum Impregnation Plant 182 182 182 - 182 182 182 548 548 i 548 548
 ASSEMBLY SWITCHBOARDS | ' ‘
57 Single Spindle, Drilling Machines 3/4” - - - - - - - - . = -
58 Single Spindle Drilling Machine 1-1/4” - - - - - - - - - =
PAINT SHOP - ‘ | A

59 Spray Painting Machines - 4oo - 1000 1534 .  696 5 2500 - - 2900
60 Testing Equipment 1075 1075 209% 3681 2094 N2kh h2uh N2E N2LL

549




S. No.

Description of Machine Group
f

Products

111

112

113

114

115

116

117

118

119

120

Millih—o—urs for a Batch of Hundred Units

fa—

o

O 0 NN N W A W

10

11

13
14

SWITCHGEAR LABORATORY
Single Spindle Drilling Machine 1/2"
MACHINE SHOP SMALL PARTS
High Speed Drilling Machines 18"

Bench Grinders 8"

Centre Lathe

Capstan Lathes, 2D.

Turret Lathe, No. 8 Preoptive
High Speed Turret Lathe ‘
Single Spindle Automats A 15
Screw Slitting Machine

Screwing Machine

MACHINE SHOP CASTINGS
Band Saw

Circular Saw 8"

Automatic Cut-off Grinders

Single Spindle Drilling Machines 3/4"

6254

46

6254

1800

46

9381

1800

46

6254

1800

46

9381

374k 3744 374k 1336

-

300

300

(%49




FProducts

S. No. Description 'of Machine Group 111 112 - 113 114 115 116 117 118 119 120
- Millihours for a Batch of Hundred Units
15 Single Spindle Drilling Machine 14" 1470 - 5470 1470 - - - - - -
16 4 Spindle Drilling Machines 1/2" - - - - - - - - - _
17 4 Spindle Drilling Machine 34" 7170 - - 11320 7170 =~ - - - - _
18 2 Spindle DrillingwMachines 1/8" 8400 - '1657 5 8400 - - ' - . . . _
19 Radial Drilling Machine HMT - - - - - - _ \ . }
20 Surface Grinders D—706~SO - - - - - - - - - -
21 Surface Grinders 18" 2333 -~ 2333 2333 - - - - - -
22 Surface Grinder 600 R. K. - - - - - - - - - .
| 23 Automatic Belt Grinding Machine - - - - - - - - - -
24 Milling Machines. - - - - - - - - - -
25 Strip Bending Machine - - - - - - - - - -
26 Shot Blasting Plant 27960 - 21480 27960 - - - - . -
SHEET METAL SHOP |
27 Spot Welding Machine 25 KVA - - - - - - B
PRESS SHOP
28 Surface Grinder 24" x 8" 7834 7834 11751. 7834 11751 - | - = | - -
29 Tapping Machines 11507 "12489 15550 11507 _16532 1435 1863 2281 374 802

o€t




Products

S. No. Description of Machine Group 111 11=2 113 114 115 116 117 _118 119 120
! Millihours for a Batch of Hundred Units
30* Hydraulic Press 30 Ton 2182 2182 3273 2182 3273 167 167 547 167 167
31° Hydraulic Press 100 Ton - - - - - - - 1198 - -
32 Fly Press - - - - - - - - - -
33" Power Presses, Light Dufy. 31127 32021 39361 31127 40195 5441 5441 7881 3059 3059
34 Power Press 40 Ton 416 416 624 K16. 624 < - - - -
35 Power Presses 63 Ton 668 ‘668 96 5. 688 95 5 = 56 505 - 56
36 Power Presses 100 Ton 185é 1378 2318 1858 | 1838 - - - 220 - -
37 Guillotine Shearing Machine 6 MM 2344 1934 3123 234k 2773 86 100 396 62 76
38 Spot Welding Machine 15 KVA - - - - - - = 5397 = -
39 Tumbling Barrel N 6 6 6 6 6. 8 8 8 8 8
BAKELITE MOULDING SHOP | |
40 High Speed Drilling Machine 1/8" 600 600 600 600 600 = - - - -
41 Bakelite Preform Press 9000 9000 11084 9000 11084 1084 1084 1084 1084 1084
42 Bakelite Preform Presses, 60 & 63 Tén 6566 6566 8416 6566 8416 950 950 950 950 950
43 Bakelite Moulding Presses 100 Ton 24732 24732 27599 24732 27599 2350 2350 2350 2350 2350
ELECTROPLATING SHOP S

44 Nickel (Barrel ) Plating 1001 1001 1156 1001 1156 116 116 131 78 78
45 Zinc ( Barrel ) Plating Y74 570 710 L7k 802 86 138 75 75

75
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S. No.

Froducts

113

Description of Machine Group 111 - 112 114 115 116, 117 118 119 120
' Millihours for a Batch of Hundred Units
46 Silver ( Vat ) Plating
47 Nickel ( Vat) Plating
48 Zinc ( Vat ) Plating 6100 6100 9150 6100 9150 911 1862 911 - 911 1862
ASSEMBLY MOTOR STARTERS ' . .
49 Hydraulic Press 1 Ton 2728 2728 4092 2728 4092 - 817 817 817 - -
50 Hydraulic Presses, 5 & 7.5 Tons 5716 5716 6576 5716 6 573 - _ 550 ..- _
51 Air Presses 4” 2295 2295 2295 2295 2295 - - - - -
52 Rivetting Machine 1008 1008 1008 1008 1008 2383 2383 2383 - -
53 Spot Welding Machines 6152 6152 6152 6152 6152 3155 3155 3155 1344 1344
54 Electric Drying Oven 569 569 853 569 853 - - - - -
55 Thermal Relay Winding Machines 10145 10145 12033 10145 12033 L4642 L4642 U642 - -
56 Vacuum Impregnation Plant 365 365 548 365 548 - - - - -
'ASSEMBLY SWITCHBOARDS B | |

57 Single Spindle Drilling Machines 3/4” ‘- - = - B - - - - -
58 Single Spindle Drilling Machine 1-1/4” - - - - - 7T ) - T -
~ PAINT SHOP |
59 Spray Painting Maching¢s 1734 - 2900 1734 - - - 750 - -
60 Testing Equipmenf 4188 4188 5263 4188 5263 - - - - -

459




Products
S.No.  Description of Machine Group 121 122 123 124 125 126 127 128 129 130
! Millihours for a Batch of Hundred Units
SWITCHGEAR LABORATORY
| Single Spindle Drilling Machine 172" - - - - - = - 3106 9 32
MACHINE SHOP SMALL PARTS
2 High Speed Drilling Machines 1/8" - - - - - - - - 1328 353,
3 Bench Grinders 8" 300 300 300 300 4800 4500 3576. 3987 5567 A4h4L5
4 Centre Lathe - - - - - - - - ' - -
5 Capstan Lathes, 2D. - - - - - - - - 3675 273
6 Turret Lathe, No. 8 Preoptivé - - - - - - - - .
7 High Speed Turret Lathe - - - - - - 146 - 536 13414 12535
8 Single Spindle Automats A 15 1336 1336 1336 1336 h56h8>38592 299‘63 60530 23014 31560
9 Screw Slitting Machine - - - - 21012 4500 8010 k793 106§0 13301
10 Screwing Machine - - - - - 2332 3393 4050 2ioos 13183
MACHINE SHOP .CASTING_S - . |
11 Band Saw ' - - - - 92 4950 5343 9018 1966 1520
12 Circular Saw 8" - - - - - 6250 6333 11465 12728 9172
13 Automatic Cut-off Grinders - - - - - - - - 25 9
14 Single Spindle Drilling Machines 3/4" - - - = 20998 2767 3129 12238 23435 22214

£ce




Products

S. No. Descriptionrof Machine Group 121 122 123 124 125 126 127 -128 129 130

Millihours for a Batch of Hundred Units

15 Single Spindle Drilling Macﬁine 1/4” | - - - - 13170 6870 8791 10231 12362 10805
16 4 Spindle Drilling Machines 1/2" - - - - 4440 12110 19400 23055 30016 30530
17 4 Spindle Drilling Machine 3/4" | - - - - 42690 44130 29223 33981 50615 45722
18 2 Spindle Drilling Machines 1/8” - - - - 36336'h8550 59400 74619 92604 62787
19 Radial Drilling Machine HMT . - - - - - - - " 467 5774 1112
20 Surface Grinders D-700-SO ] o- - - - - 8917 12555 81568- 223504‘. 9885
21 Surface Grinders18” | - = = - 33666 4833 3169 3961 8178 21508
22 Surface Grinder 600 R. K. ’ - - - - 14366 7283 6006 1209 19668 19728
23 Automatic Belt Grinding Machine | | - - - - - 8400 5310 8567 2790’} 10945
24 Milling Machines - - . - - - 24588 3390 4154 10722 105637 46778
25 Strip Bending Machine - . . - - - - - ' - - .= . 1335 388
26 ‘Shot Blasting Plant - - - - }93120 70400 66430 118545 14419A 112317

SHEET METAL SHOP

27 Spot .Welding Machine 25 KVA | - - - - - - - - - -
PRESS SHOP | - - |

28 Surface Grinder 24" x 8”. . . " - - - - 15668 19015 - = . 676 1321

29 Tapping Machines | ‘ 1220 _3714 . 802 1220 35303 19615 :12;337 32370 6687 10927 -

#eC



Products

S. No. * Description (r)f Machine Group 121 122 123 124 125 126 127 128 129 130
Millitours for a Batch of Hundred Units
30 Hydraulic Press 30 Ton 547 - 167 167 547 9452 6861 5550 12775 1621 3630
31 Hydraulic Press 100 Ton 1198 = - 1198 - A - - - - -
32 Fly Press - - - - - - . 208 -~ 665 1024k
33 Power Presses, Light Duty. sk99 2087 20.87 4519 82776 43104 33000 64742 2539 5 28836
34 Power Press 40 Ton 364 - - 364k 832 . - - 36 70
35 Power Presses 63 Ton .305 - 56 305 4324 4717 4145 8998 1680 2952
36 Power Presses 100 Ton 220 - 70 220 9500 9388 8065 16127 6609 6660
37 Guillotine Shearing Machine 6 MM | 3'{2 56 - 365 6400 4163 330 6213 65.73 38013
38 Spot Welding Machine 15 KVA 5397 - & 5397 - - - - ’
39 Tumbling Barrel ‘ 8 8 - 8 2 2 L ) _
BAKELITE MOULDING SHOP
40 High Speed Drilling Machine 1/8” 14 - - 1200 3252 . - L5 0 .
41 Bakelite Preform Press 1084 1084 1084 1084 18000 _ - - 72 986 2105
42 Bakelite Preform Presses, 60 & 63 Ton 950 950 950 950 13132 2850 = - 63 764 1679
43 Bakelite Moulding Presses 100 Ton 2350 2350 2354 2350 49464 7050 @ - 157 2497 5034
ELECTROPLATING SHOP ‘

44 Nickel ( Barrel ) Plating 93 b2 k2 54 2127 527 ;01‘ 553 931 318
45 Zinc ( Barrel ) Plating 127 75 75 127 3437 5488  sguy 10808 10181

6355
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Froducts

S.No.  Description of Machine Group 121 122 123 124 125 126 127 128 129 130
- Millihours for a Batch of Hundred Units
46 Silver ( Vat) Plating - - - - - - %30 M3 24676 6387
47 Nickel ( Vat) Plating - - - - - sty ;ilﬁﬁofh 18420 15348 13957
48 Zinc ( Vat ) Plating 911 911 1862 911 12200 12509 9415 9768 13970 10941
ASSEMBLY MOTOR STARTERS ' |
49 Hydraulic Press 1 Ton. - - - - 5456 - - =5: 235 k6o
50 Hydraulic Presses, 5 & 7.5 Tons - - - - 11432 - - - 451 755
51 Air Presses 4” - - - - 4591 - - - 174 267
52 Rivetting Machine - - - - 2016 - - - 76 117
53 Spot Welding Machines 1344 963 963 963 12304 , 889 - 6s 711 1540
54 Electric Drying Oven - - - - 1138 - - - 49 96
55. Thermal Relay Winding Machines - - - - 20291 - - - 807 1376
/56 Vacuum Impregnation Plant - - - C- 7?1 - - - 32 62
ASSEMBLY SWITCHBOARDS | |
57 Single Spindle Drilling Machines 3/4” - - s - 2338 - - - 458 576
58 Single Spindle Drilling Machine 1-1/4” - - - - - - - - - 20
PAINT SHOP |
59 Spray Painting Machines 750 - - 750 14837 8051 9130 9752 18238 14025
60 Testing Equipment . - - - 6 - - - 3%0 ° goo

- 8376

988




S. No.

Description of Machine Group
, :

Rigyt Hand Side Elements

Millihours for a-Batch of Hundred_flnits

O 00 NN N i bh W N e

—
o

11

13
14

SWITCHGEAR LABORATORY
Single Spindle Drilling Machine 172"
MACHINE SHOP SMALL PARTS

High Speed Drilling Machines 1/8"
Bench Grinders 8" |

Centre Lathe

Capstan Lathes, 2D.

Turret Lathe, No. 8 Preoptivé
High Speed Turret -Lathe
Single Spindle Automats A 15

Screw Slitting Machine

Screwing Machine

MACHINE SHOP CASTINGS
Band Saw -

Circular Saw 8”

Automatic Cut-off Grinders

Single Spindle Drilling Machines 3/4”

R.H.S. 1

795900

1, 59.:800

1,59,800

79,900

1,59,800

79,900
79,900
3;19,600

79,900

79:906

79,900
79,900

'+ 1,59,800

1,59, 800

R.H.S. 2.

79,900

1,59, 800
1,59,800

79,900
1,59, 800

79,900.
79,900

1,91,760

- 791900

79,900

793900
_79,900
1,59,800

87,890

LEE




S. No. Description of Maghine Group

Right Hand Side Elements

Millihours for a Batch of Hundred Units

27

,28.

Single Spindle Drilling Machine 1/4”
4 Spindle Drilling Machines 1/2"

4 Spindle Drilling Machine 34"

2 Spindle Drilling Machines 1/8"
Radial Drilling Machine HMT
Surface Grinders D-700-SO

Surface Grinders 187

‘Surface Grinder 600 R. K.

Automatic Belt Grinding Machine
Milling Machines :
Strip Bending Machinel .
Sf_lot Blalsting Plant |
SHEET METAL SHOP

Spot Welding Machine 25 KVA
PRESS SHOP

Surface Grinder 24" x 8"

Tapping Machines '.

R.H.S, 1

2,395700

79,900

12,78, 400
79,900
1,59, 800
1,59, 800
79,900
79,900

- 3,19,600

79,900
79,900

79900

' 79,900
5,59, 300

\

R.H.S., 2
43,945
1,31,835
43,945
703,120
43,945
71,910
71’910,
351955
35,955
3,19,600
79,900
79,900

79,900

755905

3535580

l
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S. No.

Description of Ma,chine Group

Right Hand Side Elements

30
31
32
33
34

36
37

39

40
41
42
43

45

Hydrautic Press 30 Ton

Hydraulic Press 100 Ton

Fly Press .

Power Presses, Light Duty.

Power Press 46 Ton

Power Presses 63 Ton

Power Presses 100 Ton

Guillotine Shearing Machine 6 MM
Spot Welding Machine 15 KVA
Tumbling Barrel |

BAKELITE MOULDING SHOP
High Speed Drilling Machine 1/8”
Bakelite Preform Press

Bakelite Preform Presses, 60 & 63 Ton
Bakelite Moulding Presses 100 Ton
ELECTROPLATING SHOP
Nickel ( Barrel ) Plating

Zinc ( Barrel ) Plating

Millihours for a Batch of Hundred Units

R.H.S. 1

79,900
79,900

795900
8)781906

35395600

79,000 °

1,59, 800
79,900
79;900
795900

79,900
795,900

3,99,500

4,79,400

-1, 59, 800

" 1,59,800

R.H.S. 2
47,940
47,940
51,935

, 571,285

2,07,740
51,935

1,03,870

h7?9h0.

47,940
79,900

79,900
" 47,940

2,99,625

3,595,550

1,51,810

1,51,810

6C€




S. No.

Description of Macllﬁne Group

Right Hand Side Elements

Millihours for a Batch of Hundred Units

46
47
48

49
50
51
52
53
54
55
56

57
58

59

Silver ( Vat) Plating

Nickel ( Vat ) Plating

Zinc ( Vat ) Plating

ASSEMBLY MOTOR STARTERS
Hydraulic Press I Ton

Hydraulic Presses, 5 & 7.5 Tons

Air Presses 4”

Rivetting Machine

Spot Welding Machinés

Electric Drying Oven

Thermal Relay Winding Méchines
Vacuum Impregnation Plant
ASSEMBLY SWITCHBOARDS
Single Spindle Drilling Machines 3/4”
Single Spindle Drilling Machine 1-1/4”
PAINT SHOP

Spray Painting Machines

Testing Equipment

RfH.So 1
79,900

79,900
1,59,800

79,900
1,59,809
55595300

795900
2,139,700

79,900

- 1,59,800
79,900

3,99, 500
79,900

5,99,200
3599, 500

R.H.S. 2

75,905
75,905

1,51,810

55,930

1,11,860

3,91,510
55,930

. 1,67,790

55,930

- 1,11, 860
55,930

3:75)5?0
79{900

2,99,625
2,79,650

Of{C.
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