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NATIONAL PRODUCTIVITY COUNCIL

The National Productivity Council is an autonomous organisation regis-
tered as a Society. Representatives of Government, employers, workers
and various other interests participate in its working. Established in 1958,
the Council conducts its activities in collaboration with institutions and orga-
nisations interested in the Productivity drive. 46 local Productivity Councils
have been established practically all over the country and work as the spzar-
head of the productivity mevement.

The purpose of NPC i1s to stimulate productivity consciousness in  the
country and to provide services with a view to maximising the utilisation of
available resources of men, machines, materials and power; to wage war
against waste; to help secure for the people of the country a batter and higher
standard of living. To this end, NPC collects and disseminates information
about techniques and procedures of productivity. In collaboration with
Local Productivity Councils and various institutions and organisations it
organises and conducts training programmes for various levels of manage-
ment in the subjects of productivity. It has also organised an Advisory
Service for industries to facilitate the introduction of productivity techniques.

NPC publications include pamphlets, leaflets and Reports of Productivity
Teams. NPC utilises audio-visual media of films, radio and exhibitions for
propagating the concept and techniques of productivity., Through these
media NPC seeks to carry the message of productivity and to create the
appropriate climate for increasing national productivity. This Journal is an
effort in the same direction.

The Journal bears a nominal price of Rs 3.00 per issue and is available at
all NPC offices. Annual subscription (Rs 12.00 to be sent by cheque in
favour of National Productivity Council, New Delhi) is inclusive of postage.
Subscription for three years, however, can be paid at the concessional rate
of Rs 32.00.

Opintons expressed in signed articles are those of the authors and do not
necessarily reflect the views of NPC.

Unless otherwise stated, all material in the Journal may be freely quoted
or reprinted, but acknowledgement is requested, together with a copy of the
publication containing the quotation or reprint.



N THE 3RD JANUARY. this year, the 'E’ blast furnace at the Jamshedpur

steel works was blown out for relining and enlarging. It was a big jo
jnvolving 2,100 tonnes of re{ractories, 1,700 metres of piping, 7.600 metres
of electric cables and 1,100 tonnes of steelwork and castings.

When the original schedule was hatved from 180 days to 90, meany
thought it to be impossible. But a team of Tata Sreel engineers, technicians
and workers took up the challenge and completed the operation in 84 days,
& days ahead of the drastically revised schedule.

The 'E’ blast furnace, with an original capacity of 315 tons a day, was
bought second-hand from the U.S.A. 45 years ago. lts rated capacity has
now been stepped up to 660 tonnes of pig iron a day without sinter burden,
or to 715 tonnes with sinter and sized iron ors.

The record-breaking achievement is another demonstration of efficient
team-work, technical know-how and sustained efforts to attain greater pro-
ductivity with the minimum outlay that characterize a city like Jamshedpur,
whete industry is not merely a source of livelihood but a way of life.

JAMSHEDPUR

THE STEEL CITY

GIVE FREELY TO THE NATIONAL DEFENCE FUND
Tata Iron and Stael Campany Limited Wi W,
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The United Kingdom,
the United States of America,
Canada, Germany, Belgium,
West Indies, Nigeria,
Sierra Leone, Cyprus
and Sudan, amongst others,
have purchased from January
to December 1962,
3,706,700 pairs of footwear

FROM INDIA



In every modern industrial enterprise, there
s 2 man who specialises in buying. He is a
man of experience and is constantly posted
with information on the performance of the
products he buys. He demands an uncom-
promising standard of quality—whether in

machinery, raw materials, accessories or other
equipment.

Dunlop products are surz to interest such a
discriminating buyer.

the man

whose
businiess

is buying

Tyres and Tubes for automobiles,
aircraft, earthmoving and cons«’
truction equipment, tractors,
animal drawn wvehicles, trolleys,
barrows; Accessories, repair and
retread materials; Cycle Rims;
Conveyor, Vee and Transmission
Belts ; Braided Hoses; Industrial
Adhesives; Dunlopilld cushloning.

DUNLOP
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“

......... All your issues contain such valuable material........."”
Tarlok Singh Planning Commission

Prof. GC Hallen

......... During my sickness your Special Issue was my only companion o

Mrs. Mukul Banerjee AICC
British Railways Board London

' President Frank, M Knox Company Inc. New York

......... the NPC PRODUCTIVITY Journal is highly thought of in our Institute.........”
Israel Institute of Productivity

......... These special issues are undoubtedly very good and we have high appreciation
of them......... P

Asian Productivity Organisation

......... absolutely first class.........”
Major General 8 Shahid Hamid, Pakistan Industrial Development Corporation

......... we appreciate the broad range of ideas, coming as they do from various sources
and sections of the world. This really gives one an insight into the basic inter-

national viewpoints on the subject.........”
Harry-Goldberg AFL-CIO Washington
......... your excellent current issue of the magazine.........”
GEC Trounce UK High Commission
......... very impressed with the materials contained in this issue.........”

Prof. Richard A Johnson University of Washington

......... thought-provoking issue on Labour and Productivity......an excellent and almost
exhaustive coverage of that subject like those of your previous issues...... »
S Ranganadha Hyderabad

......... every volume is a life-time treasure to those who are eager to build up an ever-

growing India......... ”
RM Agarwala  Bhilai

«se-ron.] find your journals very interesting and useful and I enjoy receiving them...... "
MK Rustomji TELCOQO
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A question is often asked as to why
the economy of the United States is the
most preductive in the world. Many
answers have been given : their attitude
of mutual helpfuiness, the way they
organise work in teams, their superior
technology, their aggressive salesman-
ship etc. The real answer lies in their
social economy being based on the
fundamental proposition that each man
is worth his wages and that it is the
business of men in authority whether in
the public or in the private sector to
tap the whole man by giving him a
chance to work to the fuiness of his
being and personality. (Editor)

%/A?

Manpower Policies of the United States
John Fitzgerald Kennedy

This plece has now a pathetic interest, as a special request was under way*

to print it as a signed article in the name of the Great President,
be printed as the First Article in this issue of the Journal,

It was o
Now a truncated

portion of the Original Draft is printed here in token of the grief that now
fills the mind of man, for john Fitzgerald Kennedy fought and died for the

Rights of all men.

E IN AMERICA HAVE COME FAR TOWARD

the achievement of a free economy that
realizes the full potential of each individual
member of its work force. It is in nosensea
matter of chance or fortune that we have
come this far. The ideal of full employment,
in the large sense that each individual shall
become all that he is capable of becoming
and shall contribute fully to the well-being of
the Nation even as he fully shares in that
well-being is at the heart of our democratic
belief, If we have never achieved that ideal,
neither have we ever for long been content
to fali short of it. We have measured ourselves
by the persistence  of our effort to meet the
standard of the full development and use of
our human resources. As we still fall short of
that standard, we are still not satisfied.

Unemployment is our Number One Eco-
pomic Problem. It wastes the lives of men

and women, depriving both them and the
Nation. OQur continued underuse of human
and physical capacity 1is costing us some
$30 to 40 billion of additional goods and
services annually. This means a cOnsiderably
lower standard of living than we would other-
wise enjoy. More seriously—ominously—it
means we are doing less than our best in staff-
ing ourselves in the struggle for freedom at
home and abroad that mow commands our
energies and resources on an unprecedented
scale, and in ever more demanding forms.

*In fact, the following draft had been kept ready for
printing and was with President Kennedy fcr his
approval : “The Editor loves to record it as a matter
of the highest privilege to have obtained the con-
currence of the President of the United States to
print, under his signature, his historic announcement
on Manpower Policies of the United States, trans-
mitted to the Congress along with the Report of the
US Department of Labour.™



The Prime Minister inaugurating the Institution of
Work Study at Vigyan Bhavan, New Delhi, on 3lst
August 1963

“It is important that we get out of the old rut,

the out-dated methods to which some of us stick

like a leach.  Even now, despite the industrial

advance made, our approach is basically conditioned

by the agricultural background of the country, a

background that depends on seasons, the moon and
stars rather than the stopwatch.”

Sri HVR lengar,
Chairman NPC (bottom
left) addressing the con-
cluding Session of the
Work Study Seminar
s« concerted efforts
were not made to
reduce the cost of pro-
duction and increase
exports substantially, the
country would never be Mr JGH Phillips, Per-
able to pay back its sonnel Director of the
mounting debt of foreign 1CL (lndia) reading his
loans..."” paper on Incentives

g . g



The Prime Minister coming to inaugurate the Institution of Work Study

L

Gen BD Kapur delivering his presidential address at the inaugural function of the Institution
of Work Study. Sri HVR lengar Chairman NPC (on the right)




Beyond ABC

DURlNG THE LAST FEW YEARS, INVENTORY CONTROL SPECIALISTS—BOTH INDIAN

and foreign—have done valuable service by throwing Red Light into the
deep dark corridors of Indian Industry—both private and public—where lie
frozen large chunks of capital in the form of massive quantities of slow-moving
materials, semi-processed and even finished goods. On either side of the work-
bench, Indian Industry-—like a typical Indian household—is littered with goods,
which take time to reach their destined points of consumption. The amounts
involved in the aggregate are colossal, considering the economy as a whole. Some of
these calculations figure in the contributions published in this Special Issue on
INvENTORY CONTROL.

It is, however, not the Arithmetic of Inventory Control, but the broad
fundamental that the larger the industrial money (capital) locked up in
inventories, the less is available for investment in men and machines. Our indebted-
ness to Inventory Control specialists is not due to their Eureka of 4BC—which is
ingrained in every merchant's consciousness—but to the Discovery of this Large
Sink, {from which much needed capital could be retrieved.

A Reserve Bank Survey of 1,001 joint stock companies showed a total inventory
of a little over Rs 8,000 million. Mr AR Palit—whose contribution appears
in this issue of the Journal—estimates the capital locked up in inventories at
Rs 10,000 million. Very obviously, both these calculations do not cover the large
sector of small industry, whose Capital Problem is really acute, for Inventory
consumes a large part of their working capital at a time, when the market is calling
out for expansion. And here we geta sidelight on how Inventory Control would
lead to expansion of employment opportunities.

The Problem of Small Industry is well exemplified by the case study of Gautam
Electric Motors published in this issue of the Journal. Out of a capital of Rs 3/4
of a million, the firm had to lock up 90 percent in inventories, with nothing left
for expansion. Application of Inventory Control—preceded necessarily by Work
Study, Market Study, Production Planning and Control (which is significant
of how afl Productivity Techniqueshang fogether) released—not only precious space
(which is another very important point) but nearly half a million rupees, sufficient
to finance the firm's expansion programme from 300 to 1,000 motors per month,
not to mention what was from the firm’s point a considerable saving in carrying
costs, bank charges, ledger writing, etc.

This is a very typical case. The summation of small savings of small industry
would make a very sizeable figure, but the greater significance of the Study lies in
the possible release of capital, for even if there are 10,000 such firms, it would mean
an additional capital of Rs 5,000 million for expansion. While the figure is just
illustrative of the order of magnitudes involved, it is not unrealistic, being based on

a real case study conducted by the Delhi Productivity Council in the Okhla Indus-
trial Estate.

513



574 BEYOND ABC

More significant and on a far larger scale is the Case Study of a very importan
public sector enterprise with an inventory of Rs 78 million against an optimum
inventory, at the outside, of Rs 40 million including safety stocks and provision
for an enhanced production schedule. This is a real case, documented extraordi-
narily from the records of a large public enterprise, which has played quite an
important part in the development of the economy. Taking all public enterprises
including railways, defence establishments, also large private undertakings—and
taking a thousand as an illustrative figure—we would have thorough application of
Inventory Control Techniques—a release of Capital to the extent of Rs 40,000
million, plus probably another Rs 10,000 million—for the optimum inventory
range for the public enterprise under study is Rs, 30 to 40 million.

The increase in productivity in the sense of cost reduction is easily calculated,
for the carrying cost of inventory in the Firm under study is 15 percent; and a
saving of Rs 40 million in inventory would mean a reduction in carrying cost of
Rs 6 million. Multiplying this by a thousand—which is our illustrative figure—we
have another substantial economy in running costs of Rs 6,000 millon.

This Arithmetic of Inventory Control

This Arithmetic of Inventory Control is not to be taken in a purely statistical
sense, though the case study under reference is real and typical of the industrial
economy. Here is a public concern, which has locked up Rs 50 million
in the form of stores and spare parts, whereas the optimum inventory in this
category works out to only Rs 20 million. At the present rate of consumption,
this inventory can only be used over aslong a period as 5 to 6 years. This pablic
sector enterprise has several years’ stocks of quite a number of items! In one case
8 years’ stock, in two cases 5 years’ stock and in three cases 2 to 3 years’ stock.
Further, this Company has been wasting several pounds in ordering goods worth a
few shillings. For all this what may be called Inventory Control business—it’s
really the absence of that—the Company maintains 260 ledgers, weighing 4.68
tons and three labourers are wholly engaged in the mighty job of carrying these
ledgers from racks to desks and back.

The time and effort needed to keep the huge accounts are really incredible in
their totality, At the recent Work Study Conference, the Prime Minister remarked
that Work Study might be instrumental in the rooting out of corruption for at the
bottom of it all, are time-consuming delays in administrative processing which
if subjected to Work Study, might shorten and quicken the whole business of
Government.

Inventory Control, looked at the same way, might really work out a revolution-
ary change in the whole clerical system, which is a mass of corrupt and inefficient
practices and a model of anti-productivity! 1t is this aspect of Inventory
Control that needs to be emphasised, for Inventory Control is really a rationai-
sation of the enormous facade of procedurs that administrators and clerks have
built up. One has only just to list the various functions involved in an Act of
Purchase, to realise the magnitude of Buying Costs : (1) Requisitioning (2) Calling
quotations (3) Processing the tenders (4) Securing financial concurrence (5) Szcui-
ing Development Wing clearance from the indigenous angle, and obtaining foreign
Exchange sanction from Government for imported stores (6) Placing the supply
order (7) Followup of material requisitions and Purchase orders (8) Receiv-
ing and inspecting the material (9) Verifying and paying suppliers’ invoices
etc., etc.
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While ostensibly this whole elaborate procedure is built up in the Public Interest,
the only purpose it serves is to maintain an army of clerks at the public expense
and to mask rank corruption and inefficiency. Inventory Control plus Work Study
can substitute for this outdated and unproductive system, a rationalised pattern
with no chinks left for graft and the only scope for accounting genius, a few items
of the A category. Probably, few are yet conscious that these innocently called
Productivity Techniques can work up in a positive sense what would amount not
only to an economic but also a social revolution, for clerical corruption on a mass
scale is what holds up social productivity.

Really inventory control when one comes to think of itin the wider perspective,
is ticd up with all the other techniques. It is very obviously linked to cost and bud-
getary control with its standard costing and the like. But in a very significant
sense inventory control is not possible without work study, that is, without a study
of the actual flow of work, for the movement of materials goes alongside the basic
organisation of work in a plant. Once work study and its basic philosophy have
been applied, inventory control falls into its proper position of ensuring safety
stocks for a smooth functioning of the organisation. Very obviously again, in-
ventory control is linked up with materials handling, plant lay-out, for inventory
not only consumes capital but it also consumes space; and we are short of both.

A Continuous Conveyor Belt

One cannot discuss inventory control without a study of the characteristics of
the market in which a plant operates for an ideal inventory (illustrated in the upper
half of the cover design™* of this Special Issue) is one in which materials flow, as it
were, on a continuous conveyor belt from one end of the market system (the mar-
kets for materials) and flow on again as it were on a conveyor belt to the markets
for finished goods. If the markets operate smoothly and evenly there need be, in
fact, no inventories except to the extent of what is required to be put on the moving
conveyor belt. Very obviously, such an ideal situation nowhere obtains, much
less in India,

While we must preach and practise the most efficient methods of Inventory
Control we have to operate on the basis of existing reality : exchange restrictions,
where an actual user is not certain either about the quantum or the time or the
price of imported materials. In an economy where anything sells—as our Chair-
man has pointed out in a beautiful article printed in this issue of the Journal—the
producer with a large or significant import content in his product is likely to preed-
ity stock up imported materials and components, for his labour would otherwise

* ['he picture printed on the cover page of this Special Issue on INVENTORY CoNTROL has been
specially designed by the NPC Artist, PR VoHRA. The vpper half illustrates theoretically an ideal
inventory position in which, as detailed in the text of the leading article printed above, materials
flow on from the raw material markets, as it were on a conveyor belt and are taken off to the
markets as finished goods at the other end of the conveyor belt. In the original larger design,
this part of the picture had two telephone operators at either end, one transacting business with
the markets in raw mzterials and the other with the markets in finished goods. A telephone
message from one end brings goods on to the conveyor belt in a matter of minutes and a
telephone message from the other end takes off the processed goods as rapidly. The Whole
System is kept clean as it were of inventories’ . In the lower half of the cover design, we find the
typical Indian situation in which the whole factory is littered up with goods at all points, no-
body knowing what they are there for and what their destination is. The balance printed in white
on the blackboard (left-hand bottom corner) shows a miliion tons of stocks of raw materials
with 50 tons in process and goods sold amounting {0 10 tons: a stow-moving, heavy-laden
business reeking in inefficiency.



be unemployed ang his machineg idle, with himselfr unable tg T®ap the profits of
an inﬂationary Market,
Even in the internaj cconomy we ei

And yet there are 8ood reagong why stocks are piled up, for the losses op
fccount of possibl.e_stockouts far Outweigh the gains of Inventgry Contro], g,

BasicaHy, this analysis of Inventory Contro] shows that in thjs Producn'vity
Business, we are really batth‘ng with deep-seated €conomjc gnd social evilg, The
fact of the matter is that there is no real substityte either for character or for

experience, And certainly no amount of EQ formulae an help yg jn combating

the mass of anti-productivity elements that OPerate in the Indian €conomy,
The whole problem is beyong ABC
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If Present trends Continue, the soviet economy 5 century hence-_
and Perhaps tha us economy too?—rnay be Operateqd by a giant Computor,
But, for the Present, Moscow'g economic decisions at all Jeyelg are made

by men,,
—from Harry Schwargz* Studies of the Soyjep Ecanomy_.
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Inventory Theory

TM Whitin*

Analysis of the causes and e¢fects of procuring and storing stocks of goods or money,
including analyses of the procedures for determining stock levels and the requests of different
types of actions affecting these levels and their behaviour over time, both from the standpoint
of the individual firm and tbe national economy: this is inventory theory with which the

author deals in the article printed below.

IN PAST DECADES there have been occasional

periods of intensive interest in inventory
theory, sometimes in the aftermath of
forced inventory ligquidation. For the most
part, the literature consisted of a few articles
in business jourpals that had little impact
on current business behaviour of the time
and no impact on economic theory. In the
past decade, we have witnessed an upsurge
of interest which has far surpassed any of its
predecessors with respect to the quantity and
quality of the work accomplished as well as
its overall effect on business behaviour and
economic theory. Statisticians and econo-
mists have become interested in industrial
problems concomitantly with increased at-
tention in business to the techniques of advan-
ced management inciuding operations research
and management science. The development
of these latter areas has included much
detailed attention focused on inventory
theory. The earliest attempts at developing
inventory theory were primarily concerned
with the problem of determining economical
batch sizes in purchasing or production. FE
Raymond’s book is illustrative of these at-
tempts. During World War II, a useful
probabilistic model for controlling stocks
was developed. Shortly thereafter a proba-
bilistic version of economic lot size analysis
was developed by the author whose book
published in 1953 was the first book in English

sProfessor of Economics
Middletown Connecticut USA
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Wesleyan  University

which dealt with probabilistic inventory sys-
tems in any detail. Several economists and
mathematicians have provided rigorous mathe-
matical analyses of inventory systems, the
most noteworthy contribution being an article
by KJ Arrow, TE Harris and J MARSCHAK
followed by the rather abstract mathematical
papers by A Dvorerzky, J KIEFEr, and J
WoLrowiTz. The past few years have given
rise to more than ten books on inventory
theory as well as chapters dealing with in-
ventories in almost all of the many books
on operations research. At the same time,
business firms have been stressing the impor-
tance of stock control far more than ever
before, as evidenced by the many new corpo-
rate vice-presidents in charge of inventory
control., Business applications of several of
the formal mathematical approaches to in-
ventory analyses have been carried out.

From the standpoint of the national
gconomy also, inventory theory has received a
considerable amount of attention. One
important development was L Metzler's
1941 formulation of a business cycle theory
relying primarily on inventory behaviour
as the causal factor. A business cycle study
of much empirical and theoretical interest
was published by M Abramovitz in 1950
pointing out that changes in inventory invest-
ment constituted a major component of the
changes in national income in the five business
cycles between the two world wars.
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illustrative examples

There have been a wide variety of mathe-
matical analyses of inventory problems. Here
a few different types will be presented for the
purpose of illustration., The mathematical
analysis underlying each example will be
avoided in order to make the material acces-
sible to non-mathematically oriented readers.

newshoy problem

The first example is the “newsboy pro-
blem’. Suppose a newsboy is faced with the
problem of determining how many papers to
stock when kis daily sales vary in a probabilis-
tic manner. He buys papers at a unit cost,
C, and sells them at a unit price P. He can
get reimbursed an amount R for each paper
not sold. How many papers should he stock
to maximize his daily profit? This problem
may be simply formulated in terms of the
familiar marginal analysis, Let p(x) re-
present the probability that customers will
demand x or more papers. If the xt2 paper
is sold the newsboy makes a marginal profit
of P—C on this paper. Ifitis not sold, the
newsboy incurs a marginal loss of C—R.
Weighting the marginal profit and the margi-
nal loss by the probabilities of incurring
them, namely p(x) and I--p(x) respectively,
one can readily ascertain that the xth paper
should be stocked if

(1) p(x) [P—C] > [1-p(x)] [C—R]

Simple computations show that condition
{1} will be satisfied if p(x) > %_}; . That is,
the newsboy should continue to add papers
to his stock as long as the probability of
selling the marginal paper exceeds a known
critical ratio. It can readily be seen that the
newsboy should stock more papers the, higher
the profit margin (P—C) and the lower the
loss on papers not sold (C—R). One of the
principal lessons is that he should not, in
general, stock the number of papers that cor-
responds to average sales. The existence of
random demand changes the basic nature of
the problem.

INVENTORY THEORY

economic lot size problem

As mentioned above, the earliest inventory
problems subjected to mathematical analysis
were those involved in determining economical
purchase quantities. There arc some costs
which decrease as the quantity ordered in-
creases, for example the cost of procurement
and costs of receiving, At the same time, other
inventory costs increase roughly proportion-
ately with the size of order, for example, the
costs of holding inventory. The problem is,
when faced with a known demand quantity.
to purchase a lot which fulfils demand and
minimizes the sum of the ordering costs and
inventory carrying charges. [If Y represents
the number of units demanded per year
(assumed to be demanded at a constant rate),
S the costs which vary proportionately with
the number of orders placed, and I the cost
per unit of stock per year stored, it can be
shown that minimum costs will be incurred
for lots of size Q, where

Q :\/LZ‘I’S

This equation indicates that tte optimal
lot size varies proportionately with the
square root of expected sales and the square
root of procurement expenses and varies in-
versely with the square root of unit inventory
carrying costs. 'The problem of determining
economical lot sizes in manufacturing has
been subjected to a similar analysis with §
being defined as the cost per setup. The
identical formula results. Despite its many
restrictive assumptions, economical lot size
formulas are perhaps the most widely applied
mathematical technique of inventory analysis.

probabilistic lot size model

Consider the problem of determining
economical lot sizes when demand is not
known with certainty but varies about a
given mean in accordance with a prodability
distribution. A major change introduced
in the analysis is that it is possible to incur
unintended stockouts or shortages due to the
random variations in demand. It is possible
to minimize an expected cost expression which
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includes procurement costs, inventory carry-
ing charges and stockout costs. The details
of this analysis will not be presented here.
The results consist of specifying a re-order
point quantity (at which point, orders will be
initiated) as well as a lot size to be ordered.
The optimal re-order point quantity varies
directly with the demand level, demand vari-
ance, and shortage penalty, and varies inversely
with the unit inventory carrying charges and
setup costs. Tyvpically, the economic lot
size 1s increased in the probabilistic case since
the fewer the number of orders placed, the
smaller the expected number of stockouts s,
Hence the introduction of stockout costs
makes it worthwhile to buy in larger quanti-
ties. The mathematical analysis underlying
the probabilistic lot size model is presented
at widelv different levels of generality and
sophistication in the literature. In addition
the literature contains solutions both for
certain and probabilistic demands to the
problem of minimizing combined procure-
ment costs, inventory carrying costs and short-
age costs where there are vartations in aver-
1ge demand over time (HADLEY and WHITIN).

linear programming

Another technique used for analyzing
inventory control problems is that of linear
programming. A situation arising frequently
in business is that sales behave roughly in
accordance with a known seasonal pattern.
If the fluctuations in sales are met by corres-
ponding fluctuations in production, overtime
costs will be incurred. Alternatively, if
production is kept relatively constant, the
fluctuations in sales may be absorbed by
inventory adjustments. Linear programming
analysis of the problem makes it possible to
determine the production schedule that makes
it possible to meet sales at the minimum com-
bined overtime costs and inventory carrying
charges. The approach can be easily
extended to handle other situations where
marginal costs increase as the level of output
increases, However, the linear programming
approach has not vet been extended to allow
for random variations in demand or to in-
clude lot size considerations.
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linear decision rules

The lincardecision rules approach, deve-
loped at the Carnegie Institute of Technology
(Holt et. al)) includes more different types
of cost factors than the linear programming
approach, Specifically, the approach minimi-
zes a quadratic cost function including regular
payroll costs, costs of overtime and idle time,
costs of changing the level of workforce, and
costs involved in having either too large or
too small an inventory level. The quadratic
approximation to costs plays a vital role in
two ways. First, the derivatives of this
function are linear, making it feasible to
solve the equations resulting from setting
the derivatives of this function with respect
to workforce and production levels equal to
zero.  Secondly, when the cost function is
quadratic, it is possible to consider only
average sales, rather than the probability
distribution of sales, for it has been demons-
trated that the results are identical. The
linear decision rules resulting from the solu-
tion of the derivative equations are simple
linear expressions that can be easily handled
by hand computation to indicate for the
current time period what changes in the level
of production and workforce are desirable.
The derivative equations need only be solved
again when cost conditions change.

waiting-line theory

A final approach to the inventory problem
that has received a considerable amount of
attention in recent years is that of “queuing”
or waiting-line theory (MoRrsg). The level
of inventory serves as the queue, which is
depleted by customer demands and increas-
ed by production or procurement. Mathe-
matical expressions {or “equations of detaiied
balance™) for the rate of change of the pro-
babilities that the queue is at each of its
possible levels or “‘states” are developed.
Under long-run, steady state conditions these
state probabilities remain unchanged, ie.,
the probability that there are exactly x items
at a random instant of time remains constant.
This implies that each of the equations of
detailed balance can be set equal to zero,
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making it possible to solve for the (steady)
state probabilities. These state probabilities,
combined with the associated costs of each
state make simple evaluations of the costs
of various inventory policies possible. The
assumption required concerning the nature of
demands and/or deliveries is typically quite
restrictive so that the approach cannot be
applied to a wide range of problems.

relevance of inventory theory to the economic
theory of the firm

Classical versions of the economic theory
of the firm do not take inventories into account
explicitly in any way. Since inventories are of
considerable importance in the actualoperation
of almost all firms, the theory appears to have
serious deficiencies on this score. Only in
the case of stationary certain demand and
stationary cost conditions can inventories be
included in the classical theory. It has been
shown that inventory carrying charges and
set up costs can be included in the traditional
long-run envelope curve where the “short-
run” average cost curves are curves based
on a fixed time between orders, i.e., a fixed
lot size (WAGNER and WHITIN). Some non-
stationary inventory situations can be handied
by price-discrimination techniques. How-
ever, there remain important fundamental
differences between inventory theory and
classical economic theory. For example,
consider the costs included in the linear
decision rule, referred to above. Of the several
types of cost discussed, only regular payroll
costs are taken into consideration by the
classical approach, for under stationary de-
mand conditions there would be no overtime,
no idle time, no changes in the workforce,
and no changes in average inventory level.
The very existence of this inventory approach
is based on non-stationarity. No long-run
equilibrium is ever achieved. A more realistic
theory of the firm must allow for some of
these non-stationary aspects.

Another aspect of inventory theory that
has relevance for the theory of the firm is the
existence of economies of scale in most in-
ventory models. Lot size analysis indicates
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that inventory costs vary less than proportion-
ately with sales and the analysis of re-order
point stocks also gives rise to economies of
scale due to the law of large numbers, ie.,
stocks held as protection against random
variations in demand vary less than propor-
tionately with demand. Thus at least one
cause for decreasing average costs is provided.
The arguments for increasing average costs,
which are an essential ingredient of classical
economic theory (both theory of the firm and
of the economy) have not beer convincing,
typically being rather vague statements con-
cerning diseconomies of large-scale manage-
ment or control. Inventory analysis has much
to contribute to problems of returns to scale,
including problems of vertical and horizontal
integration. Few attempts have thus far been
made to complete such analyses.

One of the few attempts to mcorporate
inventory aspects into the theory of the firm
was K Boulding’s reconstruction of economic
theory on the basis of balance sheet consi-
derations. In this analysis “preferred asset
ratios” played a vital role, but the author
spent little time explaining the basic deter-
minants of these ratios.

relevance of inventory theory to aggregate
econonics

At the level of aggregate economic analysis
inventery theory is of interest from several
standpoints. The relevance to business cycle
theory was mentioned above. In addition,
inventories can readily be related to Keyne-
sian economics through the three Keynesian
motives for helding cash (or goods), the
transactions motive, the precautionary motive
and the speculative motive. From the stand-
point of the transactions motive, it is necessary
and desirable to hold some inventories of
goods for the purpose of filling sales. In
addition, lot size analysis provides an appro-
ach to the problem of what levels should be
held for this purpose in order to miiimize
the sum of transfer costs (setup costs) and
inventory carrying charges. The determina-
tion of re-order point quantities involves the
precautionary motive. Safety or *‘cushion”
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stocks are held to avoid stockouts due to
random sales variations. Finally, inventories
can be held because of the speculative motive
such as stocks held because of changes in
expected demand or supply conditions. Agg-
regate levels of stocks held for any of these
motives are of significance to models of the
economy.

Stocks of money have also been subjected
to probabilistic inventory analysis. Here,
brokerage fees play the role of setup costs,
The precautionary motive for holding stocks
of cash was discussed by Edgeworth in 1888
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in connection with determining bank reserve
ratios. Thus it is seen that some aspects of
monetary theory can be approached from an
inventory theoretical standpoint.

In a general sense, aggregate cconomics
depends upon the behaviour of the detailed
components of the aggregates. These, in turn
depend quite heavily on inventory considera-
tions as well as those discussed in the classi-
cal economic literature. Thus a Dbetter
understanding of inventory theory is needed
for a more complete theory of aggregate
economics.
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WHERE GOES PRODUCTIVITY
«What is the sense of working on improved efficiencies when most of the savings will

go in taxes anyway 1..."” —lindalink



Inventory Control in Industry
Indarjit Singh* & Chaddat

Inventory is as old as man, its range and importance depending upon his
requirements. The primitive man’s inventory consisted of a few tools As
man progressed and his needs multiplied, the range of inventory also became

farger and more diversified.

N PAST CENTURIES, an individual's wealth
was usually assessed by the size of his
flocks, herds, granaries, warehouses ete. In
other words, wealth and surplus stocks were
well-nigh synonymous terms. Accordingly,
inventories greatly in excess of the amount
needed to carry on the processes of production
and distribution were welcome as a sign of
prosperity.  Since the advent of modern
industrialism, however, wealth has become
more and more identified with moncv. An
Increased emphasis on liquidity has led busi-
nessmen to hold cash and securities in pre-
ference to inventories. There has been a
strong tendency toward holding the means to
purchase goods rather than the goods them-
selves. Large inventories ure now viewed
with alarm, whereas in former times no one
would have doubted that such surpluses were
beneficial.

transition to scientific inventory control

Several factors account for the transition
to scientific inventory control. First, the
increasing size of business establishments has
played an important role. Modern large-
scale enterprises often operate with smaller
profit margins which might well be elimina-
ted by poor inventory control methods. Fur-
ther, size in itself makes possibilities of sub-
stantial savings through improvement in
inventory control particularly important,
Second, there has been an enormous increase

*General Manager, Bhillai Steel Plant, _
+Member, Committee on Plan Projects, Planning

Commission.
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in the amount of business training, This
training has made recent generations of busi-
nessmen more aware of possibilities for impro-
vement. A third factor that has aided the
transition to modern inventory methods is
the increased emphasis that has been placed
on the importance of industrial engineers in
business. The entrance of many trained en-
gineers into business has brought with it the
“scientific approach™, including *“‘scientific”
methods of production control. Cest Accoun-
ting also has helped entrepreneurs to evaluate
the performance of various departments of
their establishments, thus indicating specific
areas where better control was needed.

need for inventories and their control

The importance of inventory lies in the
urgency of requirements. If men and machi-
nes inafactory could wait and so ceuld custo-
mers, materials would not lie in wai: for them
and no inventories would be carried. But
since it is costly to keep men and machines
waiting and the requirements of medern life
are so urgent that they cannot wait for
materials to be obtained after the require-
ments have arisen, it has bzcome necessary
to keep materials stocks on hand.

It is, therefore, necessary to maintain in-
ventories, At the same time, it is also neces-
sary to control them. The reason is that
inventories tie up a lot of money and also cost
a good deal to carry them. In a tvpical
manufacturing operation, the cost of materials
represents from 40 to 60 percent of the total
cost. Materials, therefore, make a heavy
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demand on working capital. The following Organisation, Calcutta) shows that inventories
table prepared from the Twelfth Census of account for 80 percent or more of the working

Indian Manufactures 1957 {Central Statistical

capital.

Investment in inventories Percentage of

Name of industry Total working (materials, finished (4) ro (3)
capital goods and work-in-process)
in lakhs in lakhs percent
Rs Rs

1 Sugar RO16 7675 96

2 Starch 213 197 92

3 Paints & Varnishes 356 KRX 91

4 Cement 1801 1679 93

5 Cotton Textiles 19668 18563 94

6 Chemicals 3826 3117 81

7 Tron & Steel 3974 3131 79

B Bicycles 452 403 B9

In India, capital, particularly foreign capi- investment. If, for the same volume of busi-

tal, is scarce and we need to make special
efforts to conserve it by all means, including
scientific inventory control,

Inventory is money, but it is not at all
like money in the bank, After a vear, Rs 100
in the bank may be worth Rs 103, After
a year on the shelf, Rs 100 worth of inventory
is worth less and it has cost Rs 10 or perhaps
more in expenses to carry it.

There is another reason for paying special
attention to inventory control. The objective
of every business is to earn profit, more
profit. By more profit is meant a higher rate
of profit or a higher rate of return on capital

ness and profits, capital investment is reduced,
the rate of return on capital rises. Now,
capital investment is either of the fixed type
as in buildings, plant, machinery etc or of
the fluctuating type as in inventorics, cash
and other balances. Fixed capital investment
is fixed anyway and very little can be done to
reduce it. On the other hand, inventory in-
vestment is most responsive to control,  Sci-
entific inventory control can reduce invento-
ries considerably. The following table shows
reductions in inventories accepted by mana-
gements of some public sector industrial and
other undertakings studied by the Industrial
& Mining Team of the Committee on Plan
Projects. L

Class of Inventory Average stock
before study
(in time supply)

1 Finished goods 3.28 months’

2 Spare parts 14.50 "
3 Finished goods 2.23 i
4 Spare parts 30.00 a

Average stock agreed Reduction
to after study
(in time supply)
140 months’ * 57 percent
800 4
0.50 ” 80 o
7.50 " 5

n

* The need for reduction having been accepted and a process of reduction having been set in motion,
stocks were actually reduced to 2 to 3 weeks' production.
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Inventory investment is, therefore, a fruit-
ful area for control. A reduction in inventory
investment secures a double gain.

Profit
R =
Al of retamm Capital investrent

With inventory investment reduced, the
denominator in the above equation reduces,
thus raising the rate of return. Again, as
inventory investment declines, inventory carry-
ing cost (which is a revenue cost) also declines
and correspondingly profit rises, raising the
rate of return on capital.

inventory control objectives

The primary objectives of inventory

control are:

() To minimiseidle time caused by short-
ages of raw materials and spare parts and
{0 maximise customer service

(i) To keep down capital investment and
the cost of carrying inventory. The two
objectives are in conflict and real inventory
control lies in balancing one against the other
with a view to arriving at an optimum overall
result. When there are few items in an inven-
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tory, management personnel pessessing reason-
ably good judgement can do an acceptable
contro! job. But when inventory is large with
many items of different values and characteris-
tics, it 1is necessary to develop routine
methods of control which give recognition
to the many variables involved. This is done
by developing formulas of general applica-
tion or constructing models.

The “saw-tooth” model (Figure 1) demons-
trates how aninventory of a single item would
fluctuate under ideal conditions. When stock
level reaches the order point, P, we order
quantity € which arrives exactly when stock
reaches zero balance. Our maximum stock,
therefore, is @, our minimum stock is zero

and our average is sz-

Unfortunately, however,
actual life are not so simple. Rzquirements
do not follow a uniform rate. Again, lead-
time varies. The variations in demand and
lead time cause both shortages and surpluses.
A more true-to-life model is shown in

conditions in

Figure 2. (next Page)
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FIGURE 2.

Here ( is the same, but because of fluctua-
ting demand and/or lead time, we are out of
stock twice and overstocked twice. In other
words, the probability of stockouts is 507
when no safety stock cushion is provided.
This brings us to the conclusion that one of
the characteristics of inventory is that it
should be divided into two parts. One part
is “working” stock which is generated by the
quantities that are ordered. The other part
is safety stock which reduces the probability
of stockout. The central problem of inventory
control is to find optimum values for both
the quantity to order and the quantity to be
maintained as a cushion.

pravision of safety stock

The safety stock of an item depends upon
its leadtime, usage value, its importance in
the process which may be measured in terms
of stockout cost and similar factors.

Safety stock has to be related to leadtime.
Consider an item of which the safety stock is
kept at one month’s consumption. Whether
this level of safety stock is excessive or inade-
quate, depends largely upon the leadtime of
the item. If the leadtime is one week, a stock-
out on the item would arise only if five weeks’
stock is consumed in less than one week,
or, in other words, if the demand rises to 5007,
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or more. That is extremely improbable
and we may conclude that safety stock at one
month’s consumption is excessive. On the
other hand, if the leadtime is 20 months, a
stockout would arise if 21 months’ stock is
consumed in less than 20 months, in other
words, if the demand rises by 59 or more.
That is very likely and apparently safety
stock at one month’s consumption is in-
adequate.

In respect of high usage value items (‘A’
items in A-B-C Analysis of inventory by
value) safety stock levels are held to the
minimum with a view to keeping down in-
ventory investment. For these items, the
inventory investment required to eliminate
(a) stockouts and (b) the need for expediting
would be relatively large; therefore, it is
usual to rely on a frequent review of inven-
tory levels of these items, closely watch pro-
gress of replenishment orders and devote
prompt attention to expediting, where neces-
sary. It is worthwhile to spend money for
detailed control and expediting of these
items to keep from running out of stock
while still reducing the need for large safety
inventories. In respect of *C’ items, however,
the inconvenicnce and expense of expediting
receipt or of holding up production in the
event of a stockout makes it well worthwhile
to hold large safety stocks which, in value,
do not amount to much.

No safety stock at all may be carried on
certain supply items of a non-critical sort
which are readily obtainable from local
sources and for which there are several sub-
stitutes. On the other hand, on repair
parts which are not replaceable and which,
in this country, have usually to be imported,
a small reserve stock may be kept on
hand at all times in order to deal promptly
with emergency breakdowns. The level
of safety stock of an item depends upon
whether its shortages can be promptly met
and, if they cannot be met, what is the stock-
out cost. A stockout results in both direct
and indirect costs which are extremely difficult
to evalvate, but, at the same time, it is
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necessary to have some idea of theirmagnitude
in setting safety stock levels. For example, in
respect of finished goods a stockout on which
may involve nothing more than the loss of
an order, it might be economical to have a
low safety stock involving a small percentage
of stockouts, but, in respect of imported
spare parts, a stockout on which may lead not
only to customer service failure but also to
idle time losses and dead investment, it may
be necessary to provide a sufficiently large
safety stock with a view to meet all contin-
gencies.

Because of inadequate transport facilities,
scarcity conditions, uncertain deliveries, long
leadtimes and dependence upon imports
coupled with foreign exchange restrictions,
provision of safety stock is both an important
and complicated problem in India. Where,
asin the USA and other developed countries
materials and parts are available on tap,
safety stock is not much of a problem. But
it is a serious problem in India where industry
has to contend with a host of uncertainties.
A simple formula for provisioning safety
stock of regular use items (excepting spare
parts) is K /D, D being the average demand
during the procurement period. X may be
anything from one to three, depending upon
the importance of the item. If the item is of
critical importance for which no substitutes
are available, safety stock may be provided
at 3x 4/D, while lower safety stock may be
provided for items with lesser degrees of
importance.

how much to order

The quantity to order can be calculated
by using an “economic Iot size” or “economic
purchase quantity” fgrmula, One of the
simplest and most commonly used formulas
is in the following terms:—

_~2AS
0Q= I where
0@ = Optimum lot size or purchase
quantity, _
A = Annual usage In rupees,
5 = Cost of placing an order (for pur-

chased goods) or sctup cost (for
manufactured goods),
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and
I= Percentage of total inventory value
spent annually to maintain inven-

tory.

The value of § can be determined for pur-
chased goods as the cost per item of requisi-
tioning, purchasing, receiving and the like;
for manufactured goods, it would simply be
the unit setup cost. The value of J, which is
expressed as a percentage, is derived by adding
up the various costs associated with owning
an inventory for a year and dividing the same
by the average value of the inventory for the
vear. Inventory carrying cost includes such
constituents as interest on investment, deterio-
ration, obsolescence, handling and storage
charges, insurance etc.

Stockout cost does not enter into this
formula because in working it out it has been
assumed that no stockout has to be allowed.
More sophisticated formulas take into account
stockout cost and other factors like quantity
discount. Ordinarily, however, the formula
given above is found to have adequate practi-
cal value,

the use of the formula

Two kinds of criticism is generally voiced
against this and other mathematical formulas.
Firstly, it is suggested that since a formula is
only as reliable as the factors entering into it,
it is hardly worthwhile using a formula when
the correct values of its factors are not known
and cannot easily be computed. For example
if the values of S and J in the above formula
are not precisely known, the formula is of
little value. It must be remembered, however,
that a formula can be an effective decision-
making tool even in circumstances in which
the values assigned to its factors represent no
more than approximations. A formula
reveals the proper relationship among the
various factors and is, to that extent, of
v 2AS

I
for example, reveals that when annual usage
(A) increases four times, the optimum order
quantity (Q) is merely doubled but not
quadrupled. In the absence of the formula,
one may be tempted to increase the order

considerable value. The formula Q=
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quantity in the same ratio in which the usage
rises. Moreover, the mathematical approach
is more precise and consistent and, therefore,
more rational than judgment based on experi-
ence and informed hunch. It compels the
management to take into account and com-
pute, however approximately, all the essential
factors in their proper relationship and thus
prevents it from developing a permanent
affection for some specific quantity such as
“200 pieces” or “a three-month supply”.
At the same time, it has to be emphasized
that a formula is no substitute for judgment
which must be exercised in special circum-
stances. If, for example, the formula indicates
an order quantily too large for the available
shell space or lasting for a period too long for
the shelf life of the item, the quantity should
be suitably reduced,

The second type of criticism relates to
the difficulty of using the formula. It is
argued that stores personnel do not possess
the skill to use the formula, and, even if they
do, they simply do not have the time to make
calculations for all of the items in stock.
To that, the answer is that the use of the for-
mula is much simpler and easier than might
appear at first sight. Since buying cost and
carrying charges vary only with the number of
orders and with the value of purchases and not
with the nature of the item to be purchased,
it is not necessary to calculate the econemic
order quantity for each and every individual
item. For every day use, it is possible to
incorporate economic order quantity data
for different levels of annual usage into tables
which need not be changed so long as the
values of § and I remain the same. Again,
it is not necessary to calculate the economic
order quantity for each value of annual
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usage., For the optimum order quantity,
buying cost and carrying cost are equal,

each being/SA|

2
Assuming A =Rs 3600
8 =Rs 10
I =209%,
each cost /3 A TEI]
¥ 2
= Rs 60
so that total
cost ~Rs 120 and
optimum order 2% 3600 <10
quantity == \/—
.20
=Rs 600

Raising the order gquantity to Rs 720 or
reducing it fo Rs 500 enhances the total carry-
ing and buying cost to only Rs 122. The
total cost does not, therefore, vary greatly in
the region of the economic order quantity.
In other words, there is a wide range within
which we canafford to be relatively indifferent
to cost. The determination of the indiffer-
ence range is beyond the scope of this article.
What needs to be emphasised, however, is
that there is a considerable latitude—plus or
minus several hundred/thousand rupees—
on either side of the optimum quantity figure
because of the flat-bottom curves produced
by the formula. Because of this property of
the total cost curve, the value of Q determined
for a particular 4 can be used for several
values of the annual usage in the neighbour-
hood of A.

An illustrative Table incorporating econo-
mic order quantity and cost data for only
seven values of annual usage is given below:

Annual usage  Economic order quantity Each cost Average working
Rs Rs inventory

40,000 Rs 2,000 or I8 days’ supply 200 9 days' Supply
10,000 » 1,000 or 5 weeks' = 100 2} weeks'
8,100 44 900 or 6 weeks' % 90 3 o “
4,900 . 700 or 7k weeks’ o 70 33 . "
1,600 . 400 or 3 months’ i 40 13 months® ,,
900 . 300 or 4 months’ W 30 2 " i
100 o5 100 or one years’ ' 10 } years’
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The following conclusions flow from a
study of the table:

(1} In respect of low unit value items
with relatively low usage rate, the cost of
possession is small and for optimum results,
buying cost has to be brought down to the
level of that cost so that purchases have to
be made infrequently. On the other hand,
in respect of items with high usage value,
between buying cost and inventory cost, it is
the latter that is really signtficant and to bring
it down to the level of the former, inventories
have to be carried at a low level, and conse-
quently purchases have to be made frequently
in small lots.

(2) In regard to costly items, involving
substantial annual consumption, the only
way to keep to economic order quantities 1§
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to enter into long-term or at least annual
agreements or rate contracts with standing
arrangements for frequent but short term
supplies. If this is not done, and consequent-
ly for every purchase, quotations are invited
to determine the most suitable supplier and
the best price, purchases will have to be made
in lot sizes much larger than optimum and,
therefore, highly uneconomical.

(3) Barring low unit value items whose
annual consumption is insignificant, there is
little prospect of an industrial unit in India
buying in quantities lower than the economic
order sizes. For this reason and also for the
reason that total buying cost is generally
fixed so that reduction in tota! overall cost
reduces itself to reduction in inventory carry-
ing cost only, the ideal should be to achieve
as high a rate of turnover as practicable,

I [ Y]
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Inventory Management : A Systems Approach
Richard A Johnson*

A significant portion of every country’s assets is tied up in inventories of raw materials,

goods in process, and finished products,

ventories and release capital for more important uwses, e.., machines and facilities,

The obvious conclusion, therefore, is to reduce in-

It is

true that the productivity of a nation can be improved by this approach, provided the function
of inventories still is performed effectively. The balance occurs at that point where the ad-
ditional cost of the inventory equals the incremental saving realized in the production and

marketing process,

HE PURPOSE OF THIS ARTICLE {8 to emphasize

a different approach to the management of
inventories, i.e., to view inventories in terms
of the total system of producing and market-
ing. Obviously, the objective of the systems
approach is to reduce the size of inventories
without destroying their effectiveness.

why do we have inventories?

There are four reasons why business firms
carry inventories: (1) to gain economies in
purchasing by buving quantities beyond
current requirements; (2) to maintain service
stocks while replacement stocks are in transit;
(3) to level out production cycles by producing
to inventory:;and (4) to carry a reserve in order
to prevent stockouts or lost sales.

Economic Lot Purchasing

There is a fixed cost in ordering, therefore,
it may be more efficient to order beyond the
immediate needs of the company and divide
the fixed ordering costs among a larger
number of units. In addition, the manu-
facturer gains from producing and shipping
in larger quantities, and a portion of this
gain can be allocated to the purchaser through

* Associate Professor of Policy and Production,
University of Washington, College of Business Admi-
pistration, Seattle, USA.

quantity discounts, The advantage in order~
ing in quantity is dependent on the kind of
product (made to order or standard), the
value of the product, and the complexity of
ordering or storing.

A large manufacturer in the United States
found it was costing the company more
to purchase many items than the items cost.
The solution was to increase the size of the
quantity purchased in certain instances, and to
purchase low-priced items through a simpli-
fied purchasing procedure.

Inventory in Transit

When a product is manufactured for the
first time, it may take several weeks after
production before the retail dealer can have
the product available for sale. Most of this
delay is due to the time lag between shipment
and delivery. Further, the customer tends
to reorder early to compensate for the delay
in receiving orders, which results in a flow of
goods in transit between the producer and
customer. The amount of this *pipe line”
inventory is the value of the goods in transit
multiplied by the delivery time. When this
total is divided by 360, the vearly average of
“in-transit” inventory can be determined.
Days in Transit

) = Yearly In-

§ Value of Shipments x
transit Inventory
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The size of “pipe line” inventories is
critical, particularly when products are perish-
able or vulnerable to changing demand. For
example, fresh fish or vegetables must move
to the market in hours to prevent a complete
loss from inventory depreciation; bathing
suits and summer hats decrease in value if
delayed in transit until the selling season has
passed.

Stabilizing Production

Finished goods inventory may be affected
by the frequency with which specific produc-
tion runs are scheduled. A steel company
may, for example, produce a large quantity
of a particular size or kind of channel stock,
and inventory the over-run to supply the
market until the next production run for this
specific product is scheduled.

Moreover, orders, and the shipment of
orders, are subject to substantial fluctuations
in demand. How should these variations be
absorbed? One method of adjusting to
changes in business volume is to lay off or
hire workers as they are needed. However,
such a policy is unsatisfactory to labour unions;
and, further, it requires the training of new
workers when business expands. Also, there
is the inconvenience of laying off workers,
and the loss of worker morale when business
declines.

Manufacturers in the United States pro-
duce an inventory of air conditioning units
each year prior to the selling season. The
inventory increases until warehouses are
bulging, and special discounts are granted
to wholesalers and retailers to encourage
them to buy during the off season. By
March, much of the manufacturers’ capital
is tied up in inventory; however, the air con-
ditioners begin moving to the market and
inventories decline.

To Prevent Stockouts or Lost Sales

A company may suffer a substantial loss
for being out of stock. In a manufacturing
operation, the cost of stockouts in final assem-
bly could mean losses of hundreds of dollars

A SYSTEMS APPROACH

each day—it might be necessary to work
around the regular sequence of operations, to
do certain operations a second time, to rob
parts from one assembly to finish a second
assembly, or in extreme cases to shut down the
entire operation.

The producer will shift some responsibility
for carrying finished goods invzntory to the
customer, who will stock the inventory as a
protection against an interruption of the
scheduled flow of deliveries, or to gain greater
flexibility in planning his own operations.
The amount of safety stock the customer will
inventory depends on: (1) his ability to gsti-
mate usage; (2) the length of lead time. or
the time lapse between placing an order and
actually receiving it; and (3) the conse-
quences of stockouts or lost sales.

In seiling finished goods, the failure to
have the product available for the customer
may result in the loss of the sele, the loss
of the customer, or at least the additional
administrative expense of back-crdering and
special handling. One large international firm
has a warehouse in every major city where its
competition has a warchouse. The manager
of the marketing department points out that
business in each region depends on main-
taining finished-goods inventory close to the
customer.

the cost of inventories

There are two inventory cost factors: (1) the
cost of ordering the inventory, and (2) the cost
of carrying the inventory.

The Cost of Ordering

The cost of getting, or the procurement of
the inventory, includes the cost of requisi-
tioning, purchasing, receiving, inspection.
storing, and the cost of all other associated
paper work. The ordering cost for a manu-
facturing operation would include the total
labour and overhead charges involved in setting
up the machines or equipment for production.
It would include the cost of writing and issu-
ing the production order, the production con-
trol costs, and any other costs pertaining to
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the order and not dependent upon the quan-
tity produced in the order.

The Cost of Carrying

The cost of having or carrying the in-
ventory consists of all costs which result from
having the item in stock. These costs may
include the costs of interest, taxes, insurance,
obsolescence, deterioration and warehousing.

Interest is an important item in determin-
ing the cost of carrving the inventory. One
method for determining the rate of interest
is to use the prevailing interest rate charged
if the money were borrowed. Another way
is to determine what the money might yield
as an alternative investment. For example,
if an enterprise is earning a 20 percent return
on its capital investment, the money tied up
in inventory would be charged, the same rate
of interest. This second method of interest
computation seems to be more reasonable,
for any investment the company could make
in new plant or equipment would be expected
to return at least as much as the current yield
on capital. Seldom would a company be
inclined to borrow money if the investment
would return only the cost of the money.

Taxes include all fees levied against the
company because of the stocks of goods on
hand. Insurance cost is the money paid or
set aside to cover the company against loss
due to unforeseeable acts, e.g., fire, theft,
storms, etc. The obsolescence charge is the
cost of having inventories which are reduced
in value because of new developments in the
field. In some industries this is not an impot-
tant factor, but in others, where innovations
are regular, the risk of obsolescence is great.

Deterioration is the loss from a reduction
in inventory value due to the length of time
the product is stored, or the conditions under
which it is stored, e.g., parts may rust or
foods may spoil, Storage and handling costs
include heat, light, stock handling, building
maintenance and repair, the cost of operating
and maintaining handling equipment, and any
other cost associated with the storage of in-
ventory.
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how can inventories be reduced ?

Inventories may be reduced by: (1) making
better forecasts of demand; (2) reducing the
number of varieties produced; and (3) centra-
lizing the inventory.

Berter Forecasting

Precise forecasts will help to distribute in-
ventories where they can be utilized most
effectively. If we define probability as the
ratio of chances favouring an event to thetotal
number of possibilities for and against it, we
must conclude that forecasting and/or inven-
tory calculations are based on the theory of
probability. The simplicity with which the
theory of probability can be defined statisti-
cally does not apply in actuality when attempt-
ing to introduce this approach to forecasting
inventory needs.

The real test of forecasting is the accuracy
of the forecastincomparison to what happens,
and the ability to isolate distinct variables
so that major errors may be recognized and
corrected.  As variables are added the pro-
blem of measurement becomes more com-
plex and the accuracy of the forecast more
doubtful,

Fewer Varieties

Every time another product variety is ad-
ded the factors which applied to the other
products also are applicable to the new situa-
tion and inventories increase. However, the
customer continues to demand more variety.
This conflict may be alleviated, in part, by the
standardization of materials or parts, and by
designing products with common parts or
modular components which can be assembled
to produce different varieties. The point
of assembly can be located close to the cus-
tomer and varieties produced to the customer
order.

Centralize Inventories

When inventories are decentralized, addi-
[tional inventory must be stored to offset the
unreliability of forecasting the need of a
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particular region. In fact, inventories must
increase in a geometric fashion to provide for
all contingencies. Table 1, which is a proba-
bility table prepared by the Bell Telephone
Company, illustrates this point.

TaBLE 1

Service policy effect on order point inventory table
shows order point for each service policy

Order Point

Demand
during Order Service Policy in Per cent
Lead
Time 50 20 95 99 99.9699
1 1 3 3 4 9
10 10 15 16 19 29
100 100 113 117 124 153
1,100 1,100 1,037 1,050 1,025 1,158
10,000 10,060 10,112 10,152 10,232 10,500

If the demand during the lead time is 1,
and the product is ordered when the stocks
have declined to 1 unit, 50 percent of the time
there will be a stockout. When a company
wants to provide stock in every situation,
(99.9999% of the time) the re-order point
would occur when-the stocks are reduced to
9 units. However, the rate of increase of the
order point is not as great when the demand
during lead time is larger. Therefore, as
service is improved by increasing the number
of decentralized storage units, the inventories
necessary to provide this service go up drama-
tically and the cost, naturally, goes up in rela-
tion to this increase in service.

creating an effective inventory system

An inventory system should be engineered
to achieve the basic purpose of the inventory
function. The amount of inventory stored
must be a compromise between the gains
realized from purchasing in economic quanti-
ties, maintaining product availability, and
balancing production, against the cost of car-
rying the inventory.

There are three fundamental steps to follow
in developing a company-wide system of
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inventory management:

1 Review the data pertaining to the
distribution system and formulate
company policy on such matters as
the amount of customer service to
provide; the amount cf product pro-
liferation, the degree of product
stability, and the extent of vertical
integration the company plans to
gxercise.

2 Study the new tools and equipment
applicable to the situation.

3  Design the mechanics of the system
in terms of need, economy, flexibility,
accuracy, simplicity, ard speed.

Speed is the crucial factor. If a system is
designed to provide a faster disbursement of
inventories from producer to customer, the
“in-transit” and “safety stock” inventories
can be reduced. Further, the inventories
can be centralized without reducing the level
of service.

We have the tools and techniques to
streamline the inventory system—data process-
ing equipment for processing information,
better devices for handling inventories, and
faster modes of transportation for moving the
inventories to the customer. The challenge
of improvinginventory effectiveness by design-
ing a better total system is worthy of our
consideration.

Summary and Conclusion

The primary objective of inventories is to
support production and sales; however, thers
are inventories in the delivery pipe line and
inventories of stock purchased in advance of
need. The most effective system of inven-
tories is to provide the optimum inventory
service to the customer with the lowest stocks
of inventory and, therefore, at the lowest
cost.

The thesis of this article is to reduce inven-
tories by speeding up the service cycle, which
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can reduce safety stocks, re-order points, and
the time in transit. Also, a reduction in flow
time keeps the manufacturer in closer touch
with demand at the market place.

The service cycle can be reduced through
a system with adequate components for re-
cognizing re-order requirements, processing
orders, filling and handling orders, and deli-
very of shipments. We can design streamlined
systems. For example, the airplane can
speed deliveries, and computers and electro-
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nic data transmission can improve the effi-
ciency of processing information.

These new tools free managers to organize
new kinds of systems, without the need of
many of the traditional distribution require-
ments, e.g., regional warehousing. In addi-
tion, the new tools spotlight the need for an
integrated systems approach to cut across
traditional functional lines in planning and
organizing a system which is best for the
company as a whole.
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PRODUCTIVEITY IN THE AIR

There are proposals to reduce international air fares by 25 to 40 percent to bring
alr travel within the range of the Upper Middle Class I.. At a recent Press Conference,

the Chairman of BOAC, Sir Mathew Slattery

said : “There has got to be a fairly

drastic fare reduction, something that will wake people up to say ‘I can afford to go

that way"." In his opinion,

the object of fare reduction should be to get more

people to travel ata price which will increase the airlines’ revenue and not decrease
it. Emphasising the need for making airline operations economical, the BOAC

Chairman said :

of transport is being subsidised by one method or another.

““We cannot go on indefinitely in a curious world in which this form

We are not here as public

benefactors to provide people with a cheap method of flying round the worid but to
provide these services at a reasonable cost which makes the whole thing economic "
Thisis a really Productivity Approach: one is glad to find that for once at least, the
consumer is considered a co-sharer in the Gains of Productivity...Really, international
air travel needs a shake up, because as the BOAC Chalrman remarked, the load
factor in the First Classis as low as 30 percent of capacity ! This is not Productivity.

PRODUCTIVITY OF AIR INDIA INTERNATIONAL

Productlvity is often equated with full utilization of resources, particularly equip-

ment. 50 measured, the Productivity of Air India

International, as judged by its

comparative utilisation of the Boeing aircraft, is the highest in the world, as would be
ciear from the following news : “Air India’s average utilisation of its fleet of Rolls-
Royce Canway-powered Boeing 707 inter-continental jets, since the delivery of the
first aircraft in February 1940, is the highest among Conway-Boeing operators. The
figure (8.86 hrs.) is the highest among 26 international airlines which operate Boeing
jet airlines.”. . Further, Air India has now improved on its own performance. Since
the start of the summer schedule this year, Air India has consistently achieved over
10 hours utilisation per aircraft per day. Subsequently, the figure has risen to nearly
[} hours a day which is one of the highest for the industry .. .Considering Air India’s
far-flung route system and the fact that the Aircraft are away from the base for long
periods, the high rate of utilisation reflects efficient operation and the high standard

of maintenance of its planes.



Integrated Approach to Materials Management

AR Palit*

NPC Report onlnventory Control** states that materials management in the broad sense,
including inventory-management, had rightly gained increasing prominence since the end of
World War 1I and it had become one of the major management functions in industry and com-

merce, Its scope covered the whole gamut of functions concerning materials, such as planning
and programming, purchasing and procurement, handling and transportation, storing and in-
ventory control, and a large number of allied functions.

INVENTORY CONTROL is not an isolated
function, but a part of materials-manage-
ment. It should therefore be viewed in terms
of over all objectives which make an integra-
ted approach and co-ordination of various
related operations virtually imperative.

The main function of inventory control
is to ensure a continuous flow of materials for
production, and of finished goods for sale.
Various methods of inventory control are
directed towards ensuring this continuity
with the minimum investment, taking care
that as faras practicablethereare no shortages.
The most popular, and the one that is gaining
popularity in India, is the method known
as “Selective Inventory Control”, which is
based on an analysis of high-value (“A™
medium-value (“B”) and low-value (“C”)
stores in terms of values of annual consump-
tion.

In the last few years a large number of
courses have been held throughout India
by various associations and professional
bodies. including the NPC. Various journals
have emphasised the importance of inventory
control and some have dealt with the techni-
ques of inventory control, including formulae

_“}“;'(:Tit;)r, The Eastern Purchasing Journal, New Delhi

+*Nutional Productivity Council Report No. 12 on
Stores & Inventory Control in USA, Japan &
W Germany.

for working out economical order quantities
(EOQ). There is increasing consciousness
in India about inventory control, but the
magnitude of the problem is of a national
scale, and the benefits to be derived nationally
from efficient inventory control are hardly
realised by the majority of top executives in
Government or private industry.

savings through inventory control

At least Rs 1.000 crores are blocked in
inventory in India in industrial and non-
industrial undertakings of the Government
of India and State Governments. including
Defence and Railways, in municipal and other
public bodies, and in private sector under-
takings. A 209 saving in inventory, which is
a realistic target for India if control-techni-
ques are applied systematically, would release
about Rs 200 crores of working capital.
It would save annually about Rs 40 crores in
inventory-carrying-charges, or a total of .
Rs 200 crores in the Third Plan.

The application of analytical techmiques |
alone will not achieve the goal. There must
be greater efficiency over the whols field of
materials management. Inefficiency in omne
area of operation may vitiate the most scien-
tific system of inventory control. Saisfactory
contro! depends as much on correct sales-
forecasts as on product-design and standar-
disation, and on a properly co-crdinated
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purchase policy as on lead-time for procure-
ment and transportation, etc. Let us analyse
the effect of some of the related functions on
inventory control and on the total cost of
materials.

sales forecasts and sales programming

Over-optimistic forecasts of sales will
result in unnecessarily over-production and

excessive inventory. Too much product
diversification will also cause a rise in
inventory.

product-design

The designer greatly influences inventory.
If he specifies a precision casting with a limit-
ed source of supply in India, not only will
too high a price be paid but higher safety-
stocks will have to be kept on account of
irregular supplies and chances of heavy
rejections.

If the designer uses 16 sizes of a particular
type of fastening, working stocks and safety
stocks of 16 items will have to be kept. If
the 16 sizes are simplified in 4, with the same
total annual consumption of 4 items as of 16,
then the inventory can be reduced substan-
tially, because ecconomical order quantities
for working stocks vary as the square root of
the annual consumption in rupees. A re-
duction of 75,50 and 25 percent in the variety
of sizes would enable one to reduce the work-
ing stocks by about 50, 30 and 12.5%
respectively. Safety-stocks can be similarly
reduced.

Suppose a chemist who is responsible for
the formulae and quality-control of a che-
mical product specifies imported corn oil as
an ingredient although indigenous ground-
nut oil might do just as well. Not only will
it mean foreign exchange spent on the imports
but alse higher safety-stocks on account of
longer lead-time for imports,

production programme

Inventory control and production-plan-
ning are closely connected. The more efficient
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the planning for production, the more efficient
will be the inventory control.

purchasing

Purchasing and inventory control are also
closely connected. So in many industrial
organisations they are under unified control.
Selective inventory control and tables of
economical order quantities will indicate the
quantities to be purchased at a time. How-
ever, bulk procurement may often help
obtain handsome discounts or abnormally
low prices, although it might increase the
inventory. On the other hand a 5% dis-
count on bulk purchases may be more than
off-set by the higher inventory-carrying-
charges. A balanced view of purchasing
and inventory is therefore essential,

legal safeguards

Purchasing and inventory control should
work together to ensure a flow of material
of the right quality and the right quantity at
the right time. Sometimes, this can be upset
by the lack of legal safeguards in purchase
orders or contracts. For example, suppose
the purchaser in a company makes a firm
commitment for the supply of 1000 kgs of a
particular item per month without any escape
clause or variation clause. Now suppose that
a revision in the production-programme
makes it necessary to reduce the quantity to
500 kgs per month, then the company will be
compelled to accept supplies at 1000 kg per
month, thus causing a large increase in in-
ventory.

lead-time

Efficient inventory control requires Eco-
nomical Order Quantities for working stocks
and judicious safety-stocks. The provision
of safety-stocks depends largely on the lead-
time, Any improvement in the lead-time
can therefore decrease the safety-stocks and
the over-all inventory. This can be achieved
by reducing the time spent on office routine,
by field expediting and follow-up of purchases
and by reducing transportation-time.
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Sometimes it i3 necessary to change the
source of supply to reduce the imventory,
although it may mean paying more. Suppose
a firm in Northern India has one source of
supply in Kanpur and one in Calcutta.
Suppose the time for transportation from
Kanpur to be one day (by road) as against
4/6 weeks from Calcutta by goods train. It
will pay the firm to buy from Kanpur at even
5 percent higher price ‘than that prevailing in
Calcutta, if it means substantially reducing
the safety-stocks and ipventory-carrying-
charges to offset the extra prlces paid in the
Kanpur market.

financing policy

Whereas in some organisations the io-
ventory policy is dictated by Production
Managers who want to err on the side of
safety, in others an opposite policy is laid
down and inventories are pared drastically
by overly strict controllers of finance and
accounts. Both opposites are harmful. In
one case there is over-stocking: in the other,
there are dangers of stock-outs involving loss
or partial loss of production for days or
weeks.

Furthermore, too rigid a control of inven-
tory without periodic review, and without
co-ordination with the purchasing policy
could result in low inventories, but with
purchases from the retail market being on a
hand-to-mouth basis. The ultimate result may
be higher cost of purchases far exceeding
the saving on inventory-carrying-charges.

modern technigues

The foregoing shows that efficient inven-
tory control is not possible by the mechanical
appiication of any formula. Mathematical
formulae should be intelligently applied and
there should be periodic reviews partlcular]y
of high-value 4 items, Apart from thc integ-
ration and co-ordination of the major func-

AR PALIT

tions of materials-management, the applica-
tion of modern techniques is essential to
hold inventories at the optimum level for
maximum productivity and reduction of
over-all materials-costs. Some of these tools
are rationalised codification, standardisation
and simplification of stores, predesign value-
analysis; pre-production and pre-purchase
value-analysis; abc analysis; materials- plan-
ning and programming; application of opera-
tional research, particularly linear pro-
gramming to inventory-problems; data-pro-
cessing; source-development and market-
research for materials; follow-up and technical
expediting of purchase-orders and preventive
inspection; improved sub-contracting proce-
dure; reduction of transportaticn and hand-
ling time; elimination of obsoletz and surplus
itemns in stores; efficient stores-control; simpli-
fication of routine: and so on. These will
all help in lesser or greater degree in reducing
inventories and inventory-carrying-costs while
maintaining maximum possible efficiency.

management decisions

Sound management decisions cannot be
replaced by analytical methods or sophisti-
cated tools and techniques. In the ultimate
analysis, success depends on the correct
judgment of the management, taking into
account prevailing economic and political
factors; temporary, seasonal and long-term
considerations; and so on. But modern
analvtical techniques would substitute a
scientific or rational approach for guess-
work and rule-of-thumb methods.

It is necessary to stress once again that the
approach to problems of inventory-control
and materials-management shou!d be an
integrated one. The efficiency of all measures
taken, and of methods and systems adopted,
should be judged in terms of improvement
in the quality of the end-products and a
reduction of aver-all costs.
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" FACT has a host
of products to offer

...in the service of agriculture

Factamfos, (Ammonium Phosphate 16:20)
Ammonium sulphate, Super phosphate and
NPK fertiliser mixtures

...in the service of industry

Anhydrous ammonia, Sulphuric acid,
Sulphur dioxide and Ammonium chloride

In 1960, the company completed the first stage
of its expansion programme involving a capital
outlay of Rs. 3 crores. And quickly, in its
wake, followed the Rs. 2 crores—second stage
which has, also, been completed—the highlight
of which is the installation of a ‘Texaco' oil
gasification plant using naphtha as feedstock.
Now the much more ambitious third stage
involving an outlay of around Rs. 12 crores
is on!

FAC I THE FERTILISERS AND CHEMICALS, TRAVANCORE LIMITED

s Regd. Office: Eloor, Udyogamandal P.O., Karala State.
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Punjab Government
QUALITY MARKED GOODS
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For details please contact :

Superintendent, Quality Marking Centre for Hosiery Goods, Ludhiana; for Scientific
Instruments, Ambala Cantt.; for Sports Goods, Jullundur; for Utensils, Jagadhri; for Light
Engineering Products, Malerkotla, Ludhiana, Phagwara, Sonepat and Faridabad; for Machine
Tools, Ludhiana and Batala; for Furnishing Fabrics, Panipat; for Dyeing and Calico Printing,
Ludhiana; for Leather "Goods, Malerkotla; for Textile Goods, Amritsar, Malerkotla and Kulu ;
and for Agricultura!l Implements, Batala,
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DYNAGRAFT
HEAVY DUTY
MEGHANICALLY
OPERATED
VIBRATORY
FEEDER

The mechanically operated feeder, illustrated here, is utilised for norma! operating 10ads
of 125 tons of coal per hour.

For details please write to:
DYNACRAFT MACHINE CO. PVT. LTD.
JUHU LANE, ANDHER!, BOMBAY-58

Sole selling agents for Southern & Western India:

GARLICK & CO. PVT. LTD.,
HAINES ROAD. JACOB CIRCLE. BOMBAY-I1,

Sole concessionaires for Central, Northern and Eostern Indla:

GREAVES COTTON & CO. LTD.,
16. HARE STREET, CALCUTTA-L.
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A Story of the Stores

Alec Miller*

£oRGE had worked in this Stores for
twenty-three vears. He had seen it
grow up, improved methods, new equipment
and he was proud of his establishment. Spick-
and-span. everything in its place and a place
for everything. His memory was s0 good
that there was not a nut, bolt, rivet or picce
of material, but he knew its exact bin, tray.
or place. He even knew exactly where the
surplus stocks were piled, due to good market
price or the closing down of another factory
caused extra stocking, but the policy was worth
it, because they bought at a cheap rate. Over
the years, the minimum and maximum orders
had been established and his bins were located
accordingly. Although it was a large unit,
taking up valuable ground. George knew his
stores as an intimate part of his life and every-
thing worked smoothly.

George fell ill, he had to go away for a
few months, and the perfect stores was not
so perfect, for George took away with him
his infallible memory.

There came the dav when the bin card
showed ample stocks, but none in the bin,
although the particular commodity was
clearly marked as located in Rack 3, Shelf
2 and Bin 6, but it was empty. A check show-
ed a few othar bins also in the same predica-
ment. A further check also showed that
these were the articlesthat had been overstock-
ed at one period as they could not be accom-
modated in their own bins. A search had to
be made and they were finally found still in
their bags in a corner, as well as many other
articles neatly stacked and carefully entered,
but only in George's mind. Had he been
present, there would have been no trouble,
but from this investigation, dangerous but

* Chairman, Indian Councii of The Institute of
Production Engineers; Works Manager, Voltas,
Bombay.

long accepted facts came to view. A place
for everything was far too expensive.

Visualise a bin made to hold three months
stock of bolts or any other commodity. When
the order arrived, the bin was full. Weekly
use absorbed the bolts until it was 80 percent
empty and this was the situation of many of
the thousands of bins and special locations.
In addition to this, due to excellent ordering
routine, new stocks arrived before the bins
were empty—very good!—but as the bins
were refilled, those commaodities at the bottom
were never used, they may have been there
for vears. And so our ideal Stores was
now proved to be an expensive luxury. for the
racks and bins legitimately housed lots of well
binned air and yet the continual cry wus for
more space and more storage.

An investigation committee was formed
and the results were as follows:

The bin card system, records, the ordering
levels, price check and audit were efficient,
but time and space were wasted in many
ways, €.g. the material arrived from an out-
side supplier, it was handled, counted or
weighed, recorded and moved to the Inspec-
tion Department, There was a sample or
full inspection, again recorded and moved to
the Stores. Counted or weighsd, receipted,
moved to the special bin or rack and re-
moved from transport to the bin or rack. The
Audit, at intervals, re-counted or re-weighed
and checked the full stocksavailable, Deliveries
were counted before issues and it was
noted that over 50 percent of all bins and
stacking space were actuallyempty. A system
was, therefore, worked out and one that
would never require an excellent memory as
one of the vital parts of the system.

movement adds cost to the article but not value

Random stocking was introduced and the
following straightforward system did not
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require any memorising, for any person
could go straight to the required location.
although the location varied from time to
time. Standard containers, pallets and stack-
ing skips were introduced and the suppliers
were persuaded to supply the commodities
in standard boxes and cartons. Here is the
system:

The standard boxes held a specified
number of articles, thus, if the specified
number is 130 and there are 10 boxes, we have
1,000 articles, but only the top box has to be
checked for stock taking, as by this method,
only the top box will be used for issues.

If the articles/components are supplied
specially for the factory’s requirement, boxes
of a certain size can be stipulated. When
articles are received, they are checked and
placed in the appropriate box/carton/pallet
or retained in their own specified box/carton,
with a Twin Card attached. This card has all
relevant information concerning the article.
but not its location.

The Storeman takes the articles to the
first empty position on the shelves (no bins),
the shelves have a code position (say shelf-
line 4, third shelf—position D= 43D). He
marks this position on both halves of the
twincard, staples or ties one half to the
containers and returns the other half to the
Bin Card Clerk. This half of the twin card,
now marked with its location, is placed behind
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the relevant bin card and behind any previous
location cards.

On demand for material/articles, the Bin
Card Clerk marks demand note with location
number from the location card.

The Storeman goes direct to the location
and removes the required amount. If the
full available quantity is issued, the location
card is returned to the Bin Card Clerk who
also removes the half from the Bin Card
Box-——he had noted on this card previous
tssues.  Subsequent location card will show
the same commody in other location, but
by compieting on location card first there is a
constant turn over.  Audit will count only the
box or carton and also the opened box or
carton, thus a more rapid audit.

The merits are obvicus—

Quick location of stores by anyone
No reliance on fallible memory
Old stocks used up first
Immediate knowledge of stocks
Quick and accurate stock taking
Conservation of storage space
There is no excessive paper work

The only differentialities of storing are
that there will be a plate/sheet area and bar
area and the shelves will be varied for weight
only (i.e. hand cartons in the top shelves, for
the full height of the stores will be used).

It ts so simple and space saving, why not
adopt it?

=AW b —

/—— BINNO IM MT

S

/ A PLACE FOR EVERYTHING



A Case Study in Inventory Control

This is a case study of one of our biggest public sector enterprises which has had
a good history behind it. It is one of our most successful enterprises with an excellent
production record. Nevertheless, as this Study reveals, it had an ipventory of nearly
Rs § crores on the 31st January 1963, of which over Rs 5 crores were in the form of stores
and spare parts, whereas the optimum inventory in this category works out 1o only
Rs 2 crores : that is to say, the present inventory in stores and spare parts exceeds the
optimum inventory by about Rs 3 crores! At the present rate of consumption, this
inventory can only be utilised over as long a period as 5 to 6 years! Further. this public
sector enterprise has several years® stocks of quite a number of items: in one case & years’
stock, in two cases 5 years' stock, in three cases 2 to 3 years’ stock.

In a country so short of capital as ours and with investment calling out in several
lines of essential development, inventory control very obviously furnishes a technique by
which large chunks of capital can be released from existing investments. The author of
this remarkable piece, who chooses to remain anonymous, is to be congratulated on the
painstaking labour he has done, on the meticulously detailed analysis of practically every
Tine of inventory, which has any possibility in it. Besides quite a good deal of theoretical
material, which has been reproduced to the extent space permits, this Study also shows
how we have been wasting several £ in ordering goods worth a few shillings! This Case
Study indicates what an infinite range of economies there are in the whole of the industrial
process for almost immediate exploitation.

If the main suggestions contained hercin are accepted, nearly Rs 1 million would
be saved within a period of six months. In about 2/3 years, inventory would come down
by about Rs 10°million. In another 2/3 vears, by which time optimum inventory would
hiave been reached, a saving of about Rs 30 million would have been effected through
reduced stocks of stores and spares alone. It should also be pessible to reduce inventory
in finished goods by about Rs 10 million. The total optimum inventory then would be
about Rs 30 to 40 million against the existing inventory of Rs 78 millien, It would also
mean a recurring saving of about Rs 4 million annually on carrying cost. Since adequate
safety stocks have been provided to take care of extended deliveries, this public sector
enterprise will be able to achieve and maintain its production schedules, despite a gradual
fall in the inventory barometer.

THIS PROJECT STUDY REVEALS THAT THERE IS POSITIVE AND CONSIDERABLE SCOPE 10 reduce the

capital tied up in Inventory for Stores and Spares, raw materials and finished products.
The ‘ABC’ analysis in respect of Stores and Spares, where the maximum capital, i.e., about
Rs 5 crores is tied up, reveals that more than 80 percent items are in ‘C’ category involving
only 7 percent cost of the total annual usage. Annual ordering method for ‘C’ items will
considerably reduce paperwork. The time thus saved can be more usefully utilised to have
a close control on ‘A’ items, numbering only 8 percent entailing 82 percent of the total
annual cost, i.e., more than Rs 10 million.

In our Company, materials account for nearly 60 percent of the total cost of production.
Scientific inventory control has therefore special significance and importance in the context
of cost reduction. Now inventory depends on (a) Actual usage of material (b} Lead time
(¢) Otdering quantity/maximum level. There is little that a Materials Manager can do to
reduce usage of material, as it depends on the capacity and design of machines, and efficiency
of technicians. Overstocking, however, leads to higher consumption of materials, partly
unconscious, and partly even conscious. Further, it is important to study the time taken to
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acquire the material and make it available in the stores for issuance to the plant from the date
the stock touches re-indenting level.

There is besides the time and effort needed to keep the huge accounts. About 5,000
Material Requisitions are issued in a year. It is a colossal task to write these draft indents.
About 260 big size ledgers are in service, each weighing 18 kg; the total weight of 260 ledgers
in use works out to approximately 4.68 tonnes. Three labourers are on our permanent pay-
rolls for transporting of ledgers from racks to the posting tables,

Apart from the details, which are significant, we now need to determine the EOQ
(Economic Order Quantity) according to the established formula:

EOQ e ﬂj
: 1
Where A = Annual usage in units.
S = Set up or buying cost per order.
I =

Annual carrying cost of one unit.

= Inventory carrying cost percentage xcost of one unit.

For orderin

g quantity to be economical. buying cost should be equal to inventory carry-
ing cost.

Although ‘S’ in the above formula refers to buying cost per order, since it determines
EOQ per item, ‘S’ should be taken as buying or procurement cost per item order. Buying
cost covers the cost of the following elements: (1) Requisitioning (2) Calling Quotations (3)
Processing the tenders (4} Securing financial concurrence where necessary (5) Securing Deve-
lopment Wing ciearance from the indigenous angle, and obtaining Foreign Exchange sanction
from the Government for the imported stores (6) Placing the Supply Order (7) Follow up of

Material Requisitions and Purchase orders (8) Receiving and inspecting the material (9) Verify-
ing and paying suppliers’ invoices ete, etc.

Buying cost per item order can be determined by dividing the total annual buying cost

(including salaries of staff concerned plus stationery, etc.) with the total number of items
ordered over a period of one year.

Annual Purchase Deptt. Budget (excluding Sales Deptt.) ... Rs 1,50,000 Approx.
Other concerned Deptts. ... Rs 1,50,000 Estimated

(Stores indenting & provisioning section-stores,
receipt & inspection, Accounts Deptt. dealing
with financial concurrence and payment

against supply orders, ete, etc.) Rs 3,00,000 Total
Total number of orders placed during 1962 for
stores and spares ' About 5,000

Estimated number of items ordered : ' C e 15,000
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Purchase Department in addition to spares and stores also deals in purchases of raw
materials—(coal for power-house and coke oven and gypsum) and service contracts. Since
we are receiving most of our coal requirements (about 4%.000 tons monthly in truck loads
from about 30 collieries) and treating each consignment as a purchase, our buving cost per
purchase will work out to about Rs 10 per purchase item.

If buying cost is calculated for stores and spares alone excluding raw materials, etc.,
it would work cut to Rs 15 to 20 per item order.

Inventory Carrying Cost comprises the following elements: (1) Interest on inventory
investment or opportunity cost of capital (2) Storage cost (3) Obsolescence (4) Physical
deterioration or its prevention (5) Handling and distribution (6) Transportation (7) Taxes
(8} Insurance,

Since we carry lot of spare parts, and slow and non-moving items, it appears reasonable
to assume our holding or possessing cost at 15 per cent annually of the value of stock.

Since FOQ does not depend on the nature of the article. it is not necessary 1o determing
the same for each item. Assuming cost per order at Rs 10, and carrying cos: at 15 per cent
per annum, EOQs have been determined for different usage figures in rupces, and tabulated
below:

Annual Optinmnt Optimum  Ordering Carrying Total cost Optimtim Average
usage arder Qty.  No. of orders cost cost {App.) . lor size Dventory
(Rs) (Rsy (Rs) (Rs) (Rs) {Days) {Days)
50 Lakhs 25,820 194 1,940 1,933 3,872 2 1
o ., 20,000 150 1,500 1,500 3.000 2 1
20 ., 16,330 122 1.220 1,229 2,446 1 1.5
10 .. 11,540 90 900 833 1,733 4 2
5 8,160 60 600 625 1.:225 6 3
1 Lakh 3,640 28 280 268.80 548.0 12 6
50,000 2,580 20 200 187.5 387.5 18 9
25,000 1,820 14 140 137.50 277.50 26 13
20,000 1,620 12 120 125.0 2450 kie 15
10,000 1,160 9 90 83.33 173.33 40 20
5,000 820 6 60 62.50 122.50 60 30
2,000 520 4 40 37.50 77.50 20 45
1,000 360 3 30 25.0 55.0 12 60
500 260 2 20 18.75 38.75 180 %0
250 180 I 10 18.75 28.75 360 180
100 120 1 10 7.5 17.50 360 180

Optimum Order quantity and optimum number of orders can now be determined with
$=Rs 10, 15 and 20, respectively and carrying cost at 15per cent per annum with the help
of the results obtained with $—Rs 10 and tabulated above.

() EOQ with S=Rs 15 =AX ./i_;
=Ax /15
=122xA

A represents EOQOQ with S= Rs 10
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() EOQ with §=Rs 20 =A><\/::3 = AX /2
=144 A
(¢) Optimum No. of order
; B
with S=Rs. 15—-—172-2

B represents optimum number of orders with S=Rs 10

{d) Optimum number of orders with S=Rs 20 == IE’W

The results for different annual usages have been tabulated below:

S=Rs 10 S=Rs I5 S=Rs 20
Annual usages s
(Rs) Oprirmun Optiman Optimum Optimum Optimum  Optimum
order Qty. No. of order (ty. No. of order Qty.  No. of
(Rs) orders (Rs) orders {Rs) orders
5 lakhs 8,160 60 9,935 50 11,538 44
1 lakh 3,640 28 4,440 23 5,147 20
50,000 2,500 20 3,050 17 3,535 14
25,000 1,820 14 2,220 2 2,573 10
20,000 1,620 12 1,976 10 2,290 9
10,000 1,160 9 1,315 g 1,640 6
5,000 820 6 1,000 5 1,159 5
2,004 520 4 634 3 735 3
1,000 160 3 439 2 509 2
500 260 2 315 l 400 i
250 180 1 220 ; 255 1
100 126 1 146 1 170 1
50 82 1 100 1 116 i

One of the problems in inventory control is to decide the degree of control which is
required over inventory items. In every company. a big percentage of the investment in
inventory is concentrated on relatively few high value items. Large savings in inventory
investments are possible if attention is paid to inventory items in proportion to their value.
Inventory control must, therefore, be preceded by value—analysis. The most effective
method of value analysis is termed as “A-B-C Analysis”. ABCis said to connote “ALWAYS
BET1ER CONTROL".

For the ABC study, I have selected the actual usages in stores and spares over a period of
12 months during 1961/62. During the year 1961/62 the total number of items issued from
the Stores were 13,970 costing nearly Rs 16 million. The break up of the total amount is as
under in different categories.

Category Cost Rarige Total number of items Total cost
el Rs Rs
1—3500 11,236 10,48,058
‘B’ 501—2000 1,673 16,79,875
‘A’ 2001—1 lakh 1,061 1,28,93,195
& above

TotAaL 13,970 1,56,21,128
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On the basis of the above analysis the percentages of total items and cost have been
calculated and tabulated below:

Category  Percentage of total items  Curulative percent Percemiage of total cost Cumulative per-

of total items cent of total cost
‘A’ 8 8 83 83
‘B’ 12 20 11 93
‘' 80 100 7 100

It will be seen from the above analysis that there are 80 percent ‘C’ items involving only
about 7 percent cost, and about 8 percent items ‘A’ entailing 83 percent cost.

If usages and lead times could be predicted exactly, it would be possible to limit maximum

inventory of an item to the order quantity. In this case a new consignment would arrive
first as the last unit of the existing stock was used.

Maximum inventory = Order Quantity
Average inventory = 1/2 Order Quantity
Minimum inventory = Zero

In practice, suppliers fail to keep delivery promises, and usage forecasts are inaccurate.
Extra inventory is, therefore, needed to protect against unreliable forecasts. This extra
inventory is called safety stocks. Qur formula would then be:

Maximum inventory = Order Quantity +Safety Stock
Average inventory = 1/2 xOrder Quantity + Safety Stock
Minimum inventory = Safety Stock

Safety Stock is determined from the formula
Safety Stock=K /D

Where K is a constant varying with the probability risk assumed.
D=Average demand during lead time.
UxT
=5
Where U=Annual usage in pieces.
T=Lead Time in days.
D=Number of days in the year.
Re-indenting Point =
D x K /D
=UT /UT
=p T K o

Safety stocks depend on (@) Lead Time. (5) Order quantity in terms of months’ supply.
(c) Whether the item is: (i) Critical (i) Urgent (iii) Ordinary (iv) Indigenous (») Imported
{vi) Plant spares (vii) Any other direct material. (d) Whether the itern can be manufactured in
our workshop in emergency. (e) Whether the item is in short supply. { /) Whether there is
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likely to be any transport difficulty which may affect supplies. (¢) Whether Safety stocks should
be provided for the items whose absence will not affect production.

The above considerations will assist us to determine a realistic value of K, the safety
factor.

The theory being now clear, we can subject our inventory to close analysis. Our total
annual usage excluding raw materials and packing materials was about Rs 16 million during
1961-62, broken down. as follows, on a pattern somewhat more elaborate than ABC (A,
A, A, and s0 on)

Category Value Range Toial No. of items Total Value
(Rs) (Rs)
0w 1—500 11,236 10,48,58
‘B’ 501—2000 1,673 16,79,875
‘A 2,001 -5000 596 18,23,037
‘A 5,001 —10,000 231 1544817
‘A 10,001—20,000 116 16,00,337
Ay’ 20,001 —1 Lakh 100 40,68,073
‘A Above 1 Lakh 18 ) 38,56,931
ToTAL 13,970 1,56,21,128

Order quantities, etc., based on EOQ analysis are tabulated below for the above items
in different value ranges:

Category Value Ranges  Order Qty. recommended Order Qty. Average Curnulative
(Rs) based on EOQ analysis in (in value) current average current
Months® supply (Rs) inventory inventory
(Rs)

‘C’ I— 500 12 months’ usage 10,48,058 5,24,029 5,24,029
‘B’ 501— 2,000 6 months’ ,, 8,39,933 4,19,969 92,43,998
‘Ag’ 2,001— 5,000 3 months’ ,, 4,55,760 2,27,880 11,71,878
‘AL 5,001—10,000 2 months® ,, 2,57,470 1,28,735 13,00,613
Ay 10,001—20,000 ! month's ,, 1,35,362 66,681 13,67,294
‘A, 20,0011 Lakh ! month’s* ., 12.81,500 6,40,756 20,08,044

Ay & above 1 Lakh 1/2 month's** ,,
*Upto 50,000 value range
**Above . »

Our total average current inventory based on 1961-62 issue statistics applying EOQ
policy works out to about Rs 2 million. The actual average current/running inventory will
be about double, as consumption has been going up and the EOQ approach cannot be applied
in full measure in respect of plant spares, etc.... During the year 1962, the total value of receipts
was about Rs 24 million. With the existing system of ordering (OQ=minimum 12 months’
supply), the average current inventory would be about Rs 10 million against Rs 4 million esti-
mated. So with EOQ policy our current inventory would shrink by about Rs 6 million.
Allowing Rs 5 million towards safety stocks and Rs 4 million as average current inventory and
Rs 11 million towards value of slow moving insurance items, our total optimum inventory
would not exceed Rs 20 million, as against Rs 51 million as at the beginning of 1963. Even
then it would take 5 to 6 years to clear stocks in excess of the optimum inventory, as in most
items our present stocks are “Too High”.
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On 31st January 1963 our Stores stood at nearly Rs 78 million, as shown below:

{Rs in million)

(f) Raw Materials 7.1
(ii) Packing Materials 0.8
(ifi) Stores & Spare Parts 514
(iv} Finished Goods 16.6
{v) Semi-Finished Goods 1.8
(vi) By-Products 0.1
77.8
1. Total Issues in 61762 13,970 itercs
2. Total value of Issues in 61-62 (excluding Raw & Packing materials
and covering only stores and spares) 15.6
3. Total value of Issues in 62/63 16.4
4, Total items carried in Stores 46491
5.  Total receipts in stores & spares above during "62 23.7
6. Total value of orders in 1962 25.0
SI. Descriprion of stores Stocks held on 315t Total Annual issues  Srocks held in Remarks (Re-
No, wunder Broad Classifica- Jan. '63 during 62-63 terms of years’ garding stocks
tion usage (average) held)
Rs Rs
1.  General stores 78,01,295 34,61,354 3 years' Too High
2. Electrical stores 20,25,078 7,32,639 3 years’ Too High
3. Lubricant« 3,17,198 16,06,367 2.1/2 month« Optimum
4, Timber 39,907 83,807 6 months Normal
5. Chemical stores 43,07,965 27,67,148 1.1/2 years Too High
6. Medical stores 1,43,347 2,84.018 6 months Normal
7. Spare parts 3,53,14,935 73,25,506 3 years' Tao High
8, Instrumentation stores 9,61,828 1,24,218 8 years’ Too High
9. Miscellaneous values 1,23,987 27,564 5 years’ Too High
10.  Locomotive stores 33,268 13,530 2.1/2 years Hgh

Besides what the above Table reveals, it may be added that as total issues in a year
are about 14,000 items, and we carry about 47,000 items in stores, we carry about 30,000 Slow
and Nonmoving items.

This really requires special study. Our High Value usage items are (1) Gypsum (2} Coal
for Coke Oven (3) Coal for Power House (4) Packing Material.

Of gypsum, our total annual usage is nearly 7 lakh tons, valued at nearly Rs 35 million.
According to EOQ formula, its average inventory should not be more than a day’s usage.
At present, we carry about 95,250 tonnes of Gypsum in stock, that is, nearly 47 days” usage,
valued at about Rs 5 million. However, we cannot reduce the stocks without endangering
production mainly for two reasons: (1) Local production in this item is inadequate ar present
to meet our needs; (2) Our source of supply is in Rajasthan which is at a far distance of about
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1100 miles, It, therefore, presents a transportation problem, particularly as the supplies have
to be transhipped at Agra from Metre to Broad Gauge.

Had we not imported one lakh tons of Gypsum from West Pakistan, we perhaps would
have no stock today in this vital item! EOQ policy cannot, therefore, be applied in respect

of this item unless we launch on import on a regular basis or indigenous/additional capacity is
established.

Similarly, with regard to coal for coke oven, in which our stock position becomes alar-
ming time and again. We are, therefore, already experimenting with other coals to
establish if possible, alternative sources, There are, however, cases of abundance, as for
example, we carry heavy stocks of Jharia coal enough for more than 6 months’ usage. The
source of supply is near at hand and we are getting all out supplies by road transport, Since
availability of this itemis ensured, accordingto  EOQ analysis, we need maintain average 15
days’ stock. This will bring down our inventory by 39,701 tonnes from 48.701 to 9.000
tonnes (one month’s usage). In terms of money our inventory would come down by more
than a million rupees. To illustrate the application of inventory control techniques, an
example has been worked out below in respect of coal for power-house. We are using Grade
II coal for Steam;Power generation in our Power House, obtained from local Jharia collieries
by road transport, Since this type of coal is available in plenty, and sources of supply are
one and many, and there is no transport problem too, it should be possible for us to
maintain optimum stock in this item.

Average Daily Consumption of coal for

Power House=1,200 tonnes Approx.

Estimated Annual Consumption=4,38,000 tonnes, valued at Rs 11 miilion.
Price per tonne=Rs 26 Approx.

Economic Order Quantity (EOQ)—= ,\/2/\_5
1

-n /2%4,38.000x T0 X 20

T26x3
= 1,500 tonnes.
Average Inventory = 750 tonnes
Safety Stock - K D
Where for [y - Lead Time usage.
Lead Time = 15 days Approx.
K = 4.5 {for No stock out).

Safety Stock = 45 x./1,200x13

= 4.5 x /1,80,000

= 45 x 424

- 1,908 tonnes
Total Inventory -= 7504-1,908

== 2.658 tonnes Approx.
= 3 days’ usage.



614 A CASE STUDY IN INVENTORY CONTROL

Since it is a vital item, we may maintain average inventory equivalent to maximum 15
days’ usage. We carry, at present, 39,706 tonnes in stock adequate for 33 days’ usage. In
keeping with the above analysis there is a clear case to reduce our stocks to 15days’ usage ie.
15 % 1,200=18,000 tonnes. It would bring down our inventory by over Rs half a million.

Finished Products

On 31st January 1963, the total money tied up in our Company on finished goods and
by-products was more than nearly Rs 17 million. EOQ policy can be applied with full advan-
tage in case of finished goods too. Here our daily production and sales will be treated as our
daily supplies and usage respectively.

Total inventory at the end of a particular day=Production that day—Sales (Despatches
on the day)+ Total Stock balance at the end of previous day.

Apply EOQ formula, say, for one of our principal products
Assuming Daily Production=950 tonnes/day
Price per Tonne=Rs 285
Carrying cost say=8%
Order cost say=Rs 10 per order
B0Q="2>
Here A —Annual usage in units
=Annual Sales in units

Assuming (which is a fact) Annual Sales=Total Annual production
A = 950x365 Tonnes
S = Rslb
i = Annual cartying cost per unit
8
= Rs285x 100
2 %950 %365 x10x 100
BOQ="""2gsx¢
=551 Tonnes
; 551
Optimurmn  Inventory = =275.5 Tonnes

= About 7 hours’ production

In accordance with EOQ analysis, our average inventory should not exceed a day’s pro-
duction, although it is too tight a schedule to achieve. Itis obvious that we should plan our
sales in such a way that our average inventory in finished goods does not exceed a week’s pro-
duction; but even a week’s production stock would tie about Rs 3 million in one commodity

alone.

While the situation is serious—as Rs 17 million are locked up in finished goods-—it is
equally remediable through proper planning. We are getting regular planned orders for phas-
ed deliveries throughout the year from UP, Bengal and Madhya Pradesh. If other States also
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do likewise, as they easily can in respect of these commodities whose demand can be
scheduled, our inventories can be very substantially reduced. There is really no reason for
maintaining any inventories of finished goods, for the aggregate demand exceeds the aggre-
gate supply, the present indigenous production of Chemical Fertilizers being far below the

country’s requirements. The shortfall in production in the Third Plan is expected to be of the
order of 30,00,000 tons.

. While these big matters would require planning at the top management level, there are
quite a number of small items, wherein sizeable savings can be made. Accordingly, a
number of representative case studies have been worked out below:

(i) Material : Santobrite Powder (Imported)

Order Quantity 15 tonnes
Value Rs 54,000
Average Inventory Rs 27,000
Consumption Tonnes

1560 6

1961 5

1962 2

1963 Nil

According to EOQ policy, order quantity should be maximum 6 Tonnes, valued at
Rs 21,600, for supply in 12 equal monthly instalments.

Optimum Inventory: , Rs 900 maximumm
(if)y Material: Mercury
Order Quantity 800 Ibs
Value Rs 24,200
Average Inventory = Rs 12,100
Consumption Lbs
1960 380
1961 446
1962 358
1963 233

In conformity with EOQ analysis, Order quantity should be maximum 446 1b valued at
Rs 13,400 for supply in 12 equal monthly instalments.

Optimum Inventory—Rs 558
(ii{) Material
Order Quantity 12 Tonnes

Value Rs One Lakh
Average Inventory=Rs 50,000
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Consumption
Tons
1960 I3
1961 8
1962 17
1963 4

In accordance with EOQ policy, order should be placed with staggered delivery for
supply in 12 equal monthly instalments. Optimum Inventory=Rs 4,167.

(iv) Material: Cylinder Lines

Order Quantity 10 Nos
Value Rs 90,000
Average Inventory == Rs 45,000
Consumption
Number

1960 2

1961 3

1962 2

1963 2

According to EOQ policy, Order guantity should be maximum 6 Nos., valued at
Rs 54,000 for supply in three equal instalments.

Optimum inventory = Rs 9,000
(v Material Catalyst (Imported)

Qrder Quantity 26 Tonnes

Cost Rs 1,40,000

Average Inventory = Rs 70000
Consumption

Tonnes

1960 Nil

1961 6.5

1962 14.0

1963 Nil

Optimum Order Quantity: 14 Tonnes, valued at Rs 75,400 for supply in 12 monthly
equal instalments.

75,400

Optimum average inventory=Rs 24 =Rs 3,143,
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Conclusions

Had we placed orders in the above cases in conformity with EOQ policy, our totalinven-
tory would have stood at Rs 17,768 instead of Rs 2,04,100 as shown below:

Case No. Average Inventory Cptimum Invenrory

Rs Rs

i 27,000 500

2 12,100 558

3 50,000 4,157

4 45,000 9,000

8 70,000 3,143
2,04,100 17,768

In cases, where it is not possible to place orders with staggered deliveries, it is worth
placing repeat orders each for optimum order quantities.

As against the above cases of excess orders, there are also cases the other way round
of uneconomically small orders.

Material: Anti-Slipping Clips with 1" long M. S. fixing screws and the nuts suitable for
use on fluorescent tubes of 40 watts.

Order Quantity 24 Nos
Cost Rs 4.50
Past Consumpiion

1962 - 144 Nos

1963 - 144

EQQ = V2x144 10> 100 <24

Gx15
= 20x4 /8 = 226 Nos.

Although it will be most economical to order 225 Nos in one lot, since our total annual
requirement is 144 Nos., we may order annually 144 Nos. The economics of the present
ordering system in small Jots of 24 as against an annual consumption of 144 have been
worked out in a significant table, printed below:

No. of order  Order Qty. Order size Average inven-  Inventory carry- ordering cost Total cost
(Nos.} {(Rs) tory (Rs) ing cost (Rs) (Rs) (Rs)
1 144 54 27 4.05 10.00 14.50
6 24 9 4.5 675 60.00 €0.67

In this context, case number (i) ha_s been re-worked statistically to show the significance
in respect of costs through the application of inventory control techniques.

No. of Order  Order size Average Inventory  Inventory carrying  Ordering cost Total Cost
1 21,600 10,800 1,620 10 1,630
2 10,800 5,400 810 20 830
3 7,200 3,600 540 30 570
4 5,400 2,700 405 40 445
6 3,600 1,800 270 60 330

1i 1,300 900 9S00 120 255
13 1,662 831 124.65 130 254.65
14 1,543 771.08 115.72 140 255.72
18 1,200 600 90 180 270
20 900 450 67.50 240 307.50
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The table shows how the inventory carrying cost varies inversely with the number of
orders and the cost of buying. The total cost is at minimum when ordering cost is appro-
ximately equal to inventory carrying cost. This is at 11-13 orders; say, 12,

Inventory Control has still further applications, for example, in reduction of paper work
through clubbing together items of allied stores, keeping in view of course tke basic EOQ
analysis. The Stores are already placing consolidated indents for some of the items like Oils
and Lubricants, Paints and Conveyor belts ctc. The same treatment is to be extended to other
items like Bearings, Vee-Belts, Industrial Instruments, Electrodes etc, ete.  The present system
however, is uneconomical, as for example, in Bearings. There are about 8 suppliers for this
item. Since indents are placed piecemeal, ‘Invitation to Tender’ are issued to the same firms
time and again at short intervals. During 1962, it is revealing, as many as 143 Materials
Indents were issued for the bearings alone, when M/S. National Bearing Company, Jaipur,
are the only manufacturer at present in India for this item. They are under D.G.8.&D.’s
Rate Contract for the last many years. It is one of the conditions of the contract, concluded
by D.G.S.&D. that the total floor value of any supply order should be Rs 500. Since indents
were placed piecemeal, on many occasions it was not possible to take advantage of the rate
contract, as the total value of the order was within Rs 500.

All our existing instruments are imported from UK, USA, West Germany and ltaly.
The Instrument Spares are of a proprietary nature and we are importing them dirzct from the
Sole Manufacturers or through their Agents in India. Since there are about sixty manufac-
turers. maximum sixty indents for instruments could issue in a vear against 500 indents issued
in 1962. It would also be easier to watch deliveries against 60 Purchase Orders instead of 500,
and place consolidated purchase orders for instrument spares. It is further interesiing to note
that since the value of some of our present orders for instrument spares is insignificant, some
of the manufacturers have represented that it is uneconomical for them to process such orders.
The following significant extracts from letters received from very reputable firms are worth
reading:

“An analysis of last year’s small spare parts orders revealed that the charges involved in
handling these were completely disproportionate to the cost of the items supplied...... Whilst
happy to receive these orders, we are loth to recover this loss by increasing our prices. The
other alternative is to make a minimum charge of £ 2.10 s. od, on any spares order. We
ask, therefore, for your cooperation in grouping several small orders into one order, together
totalling not less than this minimum charge...We know you will appreciate the necessity
of our taking this step and hope that the time thus saved in paper work will ultimately result
in an even better and faster service to you.” “...... Although the total (order) amounts to only
$ 1.70, since we have a $ 5.00 minimum charge per order, it will be necessary for you to for-
ward us a cheque in the amount of $ 5.25 if the material is to be shipped by regular mail or
§ 5.50 if the material is to be shipped by air mail. The weight involved will be only a few
pounds...Delivery of this material can be made from stock...Shipment will be wade upon
receipt of your cheque.”

Lt adad

What’s Most Productive
. Perhaps most important of all is the educated heart.... »
: : ~Lilian M Giibreth



Inventory Control at Hindustan Lever

VN Patankar*

HAT are inventories and why should they
be controlled?

Inventories are stocks which can be
further classified as

(a) raw materials (like oils, chemicals,
cotton, steel, etc)

(b) process stocks

(c) packing material, spare parts, ancil-
lary goods, enginecering stores etc
{wrappers, bottles, bobbins etc) and

(d) finished goods.

Inventories cost money; they not only
tie up a sizeable part of the working capital,
but also cost a good deal to carry them. The
annual cost of carrving inventories has been
estimated to vary between 15 and 25 per-
cent of the total value of inventories, which
includes interest on capital and cost of hand-
ling, storage, deterioration, obsoclescence and
insurance.

The objective of inventory control is to
release the working capital for more productive
use. Generally speaking, inventory, either
of finished goods or of raw materials or of
ancillary materials, should be adequate to
achieve maximum production and maximum
sales but at the same time should not be so
excessive as to restrict the ability to earn a
high rate of return. Here is the inventory
paradox : Not too much, not too litile and
at lowest cost for highest profit.

* Officer-in-Charge Operational Statistics
Hindustan Lever Bombay.

The problem of keeping the working capi-
tal at the optimum level is two-fold. The first
is to forecast the exact requirements of the
different components of the working capital
at various points of time and the second is to
take steps which will reduce the working
capital requirements to the optimum level.

The first aspect, namely, that of forecast-
ing the working capital requirements, is of
importance for a business like ours, where
there are large seasonal fluctuations in the
availability and prices of the main raw mater-
tals and in the sales of finished products.
For example, the new groundnut crop comes
to the market by early November and on
account of limitations of several factors like
holding capacity, warchousing and credit
facilities, the tendency on the part of the
farmers is to dump the produce in the market
quickly, This obviously results in low prices
at the beginning and high prices towards
the end of the season. It, therefore, becomes
necessary for us to build up our future raw
material requirements in such a way as to
keep down the stock losses to the barest
minimum,

The forecasting of the finished stocks is
also necessary, particularly if the sales are
subject to seasonal variation. For example,
demand for soap increases during summer,
while that for edible fats or textiles increases
during festivals and marriages. Such a
situation will obviously result in increased
stocks of finished goods. If sales can be
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reasonably forecast, it is possible to work
back and decide the inventory level of finished
goods required for efficient distribution of
various packing materials and also of raw
materials at least of the type which is not
subject to speculation. Even in such cases,
the sales are bound to vary, but normally
such variation 1s not of high magnitude and
by studying past sales data one can arrive at
reasonable “confidence limits™ for the sales.

Seasonal variations in  sales further
complicate the problem of forecasting. If sales
are subject to seasonal fluctuations, it is
possible to prepare ‘seasonal indices’ for differ-
ent months or weeks, depending upon the
seasonal character., In many cases, however,
on top of seasonal changes in demand, other
factors are super-imposed, making the degree
of seasonal variations vary from year to year.
In such cases, it 1s also necessary to determine
the ‘indicators’ which affect the sales. Though
one can list bundreds of such indicators—
like population, national income, urbanisa-
tion. prices of competitive products and also
of agricultural commodities etc—it is not at
all an easv job to decide which ones are impor-
tunt for the product under study.

Statistical techniques of ‘curve fitting’ or
what the economists call ‘model building’
are useful in deciding the effect of various
indicators on sales. In such a technique,
sales are expressed as a function (usually
linear or exponential} of the important indi-
cators. Sales forecasting has not vet reached
the stage where it can be called a science; it is
still, to a large extent, an art. However, it
posesa challenging problem to all the research
workers 1n this field.

Survey techniques are also useful in fore-
casting sales. For example, through family
budget data like National Sample Survey or
through consumer panels (like Atwood’s in
England for example) one can get valu-
able information on consumer buying. Our
Market Research Department conducts what
we call Lagan Surveys to pre-determine
the demand for edible fats during marriage
season.

INVENTORY CONTROL AT HINDUSTAN LEVER

On our raw material side too, we conduct
surveys at different periods of time to (a) know
the size of the crop; (b) follow the movement
of the crop through various channels; and
(c) watch the important factors which tend
to influence the prices.

Now for the measures that can be taken
to reduce the working capital. The first
thing we do is to make our managers more
working-capital-conscious throagh discussions
at Marketing Conferences and courses at the
training centre and supplving such figures to
them whereby they would be able to view the
profits earned by them in relation to the
working capital over which they have direct
control.

In case of certain imported articles, parti-
cularly chemicals, inventory control has little
meaning because due to limited and uncertain
supplies one has to carry large: stocks if the
licences can be obtained. In the case of cer-
tain indigenous supplies also the position can
be equally difficult resulting in larger covers.

Even if we exclude such itzms, there is
still scope for reduction in inventory both of
ancillary materials and of finished goods.

In the case of ancillary materials, like
engincering goods, spare parts, packing
materials, etc the inventory level will depend
upon how often the orders are placed. If the
orders are placed very frequently, this will
naturally result in lower inventory level (and
thereby lower holding or carrying cost}), but
at the same time this will increase re-stocking
(or ordering) cost because more orders will
be placed. On the other hand, fawer orders
will result in lowering the ordering cost but in
increasing the holding cost. The balance is
achieved by “economic ordering quantity”
technique where these two costs are balanced
against each other. The square root formula
gives the solution as:

N = the No. of orders =:\/ %Ch
where A = annual requirements in

rupecs



VN PATANKAR

R = ordering cost in rupees per
order
C = Tholding cost per vear in

terms of rupees per rupee of
inventory carried

This, of course, is the simplest of the
models. To meet more complex situations, sta-
tistician shave derived more complex models.
This simple formula will, however, be useful
in cases where there is a steady demand for
the material (either ancillary or raw) under
consideration.

A slightly different approach is needed
in the case of finished goods. While raw
materials and ancillary goods are situated in
the factory at one place, stocks of finished
products are spread over a number of distri-
buting points at the risk of being unevenly
distributed. The problem in this case is not
only of overall optimum stock level but also
that of evenly distributing the goods in rela-
tion to estimited offtakes. Inventory level at
the distribution point has to take into account
two factors: one, the variations in actual sales
as compared to forecasts and second, the
despatch time, that is, the time taken between
the distribution point intimating its require-
ments to the supply points and the actual
receipt of the goods.

Let us, for example, take a case where
the weekly reguirement at a distribution point
(say a depot) constitutes an economic load of
despatch from the supply point. Then the
optimum stocks that are to be carried at the
beginning of every week, consist of two
components:

(i) the requirements of that week; and

(ii) the safety allowance to cover the
fluctuations in sales.

The first component is straightforward and
is the forecast of sales for that week. The
second component requires some explanation,
If the actual sales are known in advance and
with certainty, the level of stock need only
be sufficient to cover the expected demand of
the interval between the placing of orders
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{in this case one week). When the actual sales
are not known with certainty, the level of
stock must be increased by a safety allowance.
The safety allowance is to be arrived at in
such a manner that it takes into account the
fluctuations in sales during the total despatch
time between placing the order and its receipt.
For example, if total despatch time is four
weeks, goods ordered in the first week will
only be received during the fifth week. Hence
the safety allowance should take care of varia-
tions in sales in these five weeks. We have
established the following formula for the
safety allowance in terms of weeks cover:

vV /15t

where V7 is a measure of variation in sales
(that is, amount of discrepancy hetween the
actual and forecast sales) and ¢ is the despatch
time,

It will be seen from the above formula
that reduction in inventory level can result
more by decreasing ¥ than by decreasing t.
The reduction in ¥ will take place only if
sales can be forecast with accuracy.

Inventory level can be substantially
reduced by reducing the despatch time. For
example, in 1950 our normal method of
despatch of finished goods was by rail straight
to the dealer and, as far as possible, in full
wagon loads. This meant that we tied up a
great deal of our own capital; the goods
spent an average of 21 days in the wagon and
in addition manufactured goods piled up at
the factories on account of irregular wagon
supplies. We also had to tie up a good deal
of our dealers’ capital. The man in a small
town who had to take a full wagon load of
Vanaspati might well find himself with four
or five months’ requirements on his hands
at once; and we had to pay the price for ty-
ing up of our dealers’ capital i terms of
bigger discounts or in letting them make
larger profits on their stocks whenever there
was a price increase.

Now, we have become much more flexible.
We have established a number of depots,
thereby bringing the supply points nearer
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to the dealers. We have also resorted to road
transport wherever possible. Our average
transit time has now been reduced from the
21 days of 1950 to 8 to 10 days. No doubt,
this has resulted in reducing the working
capital, not only ours but of the dealers’ as
well. This increased frequency of orders of
smaller value has resulted in greater return
on their working capital also. In addition to
reduction in working capital, our goods
are much more evenly distributed over the
various areas than before.

Again, this is only a part of the story.
When we refer to the despatch time, we not
only mean the transit time but the order pro-
cessing time as well. Transit time refers
only to the time that is taken for the goods to
reach their destination, once they leave the
supply point. Processing time refers to the
period that covers the interval between the
time the dealer informs us of his requirements
and the time the goods leave the supply point.
This may involve a good deal of administra-
tive handling. In our case, for example, a
dealer used to submit his weekly stock state-
ments to the branch office, which after study-
ing the requirements of all the dealers and
available stocks at the depots may originate
an order on the depots. This process might
easily take a week or so.

In spite of the reduction in transit time,
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it would take a week before the order is even
made out. This will naturally increase the
despatch time. We succeeded in reducing
this processing time by giving latitude to the
dealer to order direct from the supply point.
To keep control over the dealer’s stocks, we
have fixed re-order levels, He has to place an
order as soon as he reaches this level subject
to the condition that he does not exceed the
maximum level. This has resulted in reduc-
ing the processing time (and, therefore, the
working capital) and a lot of administrative
work; besides, it has made for more even
distribution of goods.

Economists, when they tzlk of money,
refer to the velocity of circulation. It is high
time that those who are in the industry in our
country start paying attention to the velocity
of circulation of capital. In fact, they cannot
afford not to do so. The more effective the
inventory control, the greater is the velocity
of circulation of capital; the greater the
velocity, the more intensively we would be
putting capital to work; and the more inten-
sive the use, the higher the return on a unit
of capital employed. In bref, inventory
control acts as a potent anti-coagulant by
preventing capital from getting ‘frozen’ in the
form of excessive raw marerials, ancillary
goods, stocks in the warehouse, pipe-line and
dealers’ shelves and releasing it for more
productive uses.

po e - .4

A Productivity Approach

s| understand, you give free milk to all school
children. 1've brought him for trat. I'm not
very particular about education,”

—By Courtesy, Yojana



Inventory Control in a Multiplant Organisation

YS Joshi*

Inventory Control is one of the most complex and far-reaching problems of Management
today. The problem is more acute in India than in Western countries because of difficulties
encountered in a developing economy, such as shortage of foreign exchange. non-availability
of indigenous materials and machinery, paucity of capital, etc. Any redoction in inventory
will release capital that could be re-employed for expansion and/or new projects. The article
describes some of the inventory control measures adopted by the ACC.

ARECENT Reserve Bank Survey of 1001 joint

stock companies revealed that capital
amounting to Rs 800 and odd crores is
locked up in inventories as against an an-
nual sales turnover of about Rs 2,200 crores,
giving an inventory sales turnover ratio
of 1 : 275, The corresponding figure for
Western countries is 1 : 6 to 8, which means
we haveto go along way to achieve Western
standards. It is agreed that due to the pecu-
liar problems encountered in a rapidly deve-
loping economy, it may not be possible for
us to attain such high turnover ratios. How-
ever, the figures indicate the tremendous scope
for capital release by control of inventories,
Even a modest target of 109 reduction in
inventories would release enough capital
for starting a number of new undertakings or
for expansion of existing industries.

For a proper understanding of the inven-
toty control measures taken by the ACC,
it will be necessary to have a broad idea of the
organisation, its activities and the earlier posi-
tion of the inventory.

organisation and activities

The ACC organisation is mainly engaged
in manufacture of portland and other varieties
of cement and it has sixteen cement factories
under control. It also operates a firebrick
factory, two collieries and two manufacturing

*Chief, Inventory Control Section, Associated Cement
Company, Bombay

workshops for making maintenance spares
and cement-making machinery, Production
other than cement (at present) forms only a
part of its total operations. Factories, situa-
ted all over India, are centrally controlled
from the head office in Bombay. Though the
main end-production of the organisation is
cement, (which is produced by a common
process) in its various factories, the pro-
blem of inventory control is vast, due to the
following factors:

(a) The organisation was formed by
merging a number of companies
and hence inherited a wide variety
of machinery differing in make,
type and size.

(&) Difficulties in replacing old machi-
nery necessitated running of old
units requiring vast stocks of
replacement parts.

(¢) Ascementis a strategic material,
no risk could be taken in stocks of
spares which might lead toloss in
production; hence a large number
of non-moving items are kept in
stock for a possible emergency.

earlier inventory

In this article, the discussion will be
limited to stocks of General Stores and
Machinery Spares items only, leaving out
stocks of raw materials, in-process and finish-
ed products. General stores consist of items
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such as cables, wire ropes, hardware, electri-
cal goods, paints, lubricants, iron & steel, etc.
These items are grouped suitably to facilitate
identification, ordering and stock control.
Many of the items are common and are used
by most of the factories. As regards Machi-
nery Spares, the picture is entirely different
because each factory has to stock items to
suit its machinery. As mentioned earlier,
the diversity of equipment due to historical
and other factors is enormous. In major
cement making machinery alone, existing
diversity is apparent from the following
figures:

Units Types
Crushers 72 26
Raw & Cement
Mill 90 18
Kilns 40 24

Obviously, there are not many items which are
common amengst factories.  Also, machinery
spares items were not grouped machinery-
wise and identification/location was difficult.

An average size cement factory carries
about 20,000 items and the organisation, as a
whole, has about 160,000 itcms. The value of
the stock is of the order of Rs 7 to 8 crores.

Bulk of the factories’ requirements were
procured centrally by the Head Office through
its Purchase Division. For locally available
items factories were encouraged to purchase
from nearby markets, Factories forward
their requirements to the Head Office by way
of indents which were scrutinised by the
Operations Division for quantity and were
passed on to the Purchase Division for pro-
curemnent. At the beginning of the year,
factories forecast their annual requirements
for a large number of items for placing bulk
indents, Purchase by annual requirements
facilitated buying in bulk and reduced clerical
effort to a certain extent. At the end of the
year, factories also prepared inventory state-
ments detailing item-wise stock and consump-
tion and surpluses in quantity and value.
These statements were used at the Head Office
for control as well as for inter-factory trans-
fer when required.

INVENTORY CONTROL IN A MULTIPLANT OQRGANISATION

In those days, Control was largely exer-
cised at the factories themselves and to a
lesser extent at the Operations Departments.
Inspite of this, there was a tendency for pro-
gressive increase in stocks. Some of the
major factors which contribured were:

(@) Location of factories at isolated
places resultedin long delivery periods
and uncertain railway bookings, and
hence in higher stocks.

(b) Uncertainty regarding foreign ex-
change led the factories to cover their
requirements for longer periods.

{¢) To ensure continuity of production,
factories did not want to take risks
in stocks of vital spares.

initial measures

Due to the above factors, inventory value
went up so high that in 1958, Management
was compelled to take drastic action in the
following manner:

{@) Factories were asked to make an ad
hoc 209 downward revision of stock
levels in every item and to declare
surpluses.

() Surplus stocks declared by factories
were recorded at Head Office and were
intimated to all factories.

{c) Requirementsofall factories were met
from surplus stocks, whenever possi-
ble. Only items not available from
surplus stocks were passed on to Pur-
chase Division for procurement.

{(d) Every indent was scrutinised care-
fully at Head Office and drastic cuts
were made in non-essential items.

These measures had a salutary effect and
brought down the number and the quantity
of items indented. Factories declared sur-
pluses, but no substantial inter-factory trans-
fers could be made as the descriptions were
inadequate and it was not easily possible
to locate/identify the items for inter-factory
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transfer. Also, there was sudden curtailment
in foreign exchange and this created almost a
vacuum with regard to indigenous availability.
Moreover, the machinery at the Head Office
was inadequate to cope up with the enor-
mous workload of screening several indents
involving hundreds of items.

long term measures

It was, therefore, decided to strengthen the
existing machinery and a separate Inventory
Control Section was set up with the specific
task oflooking into all aspects of the problem
and to take control measures. Steps taken
by this Section are described in the following
paragraphs:

(a} Group Ceilings

At the outset, an inter-factory groupwise
comparison was made withregard to stocks,
consumption, number of items, etc and
it was found that there was wide dis-
parity in groupwise value of stocks among
factories of the same size. Based on an
exhaustive analysis of all the factors, ad-
hoe eeilings (in value) were fixed for each
stores group for each factory. Typical
group-ceilings for different factories for
two groups were as follows:

Factory  Daily Capacity Ceilings
tonnes/day Belting Chains
Rs Rs
A 840 20,000 5,000
B 600 50,000 10,000
C 750 30,000 10,000
D 750 30,000 13,000
E 1,200 50,000 15,000
It will, therefore, be clear from the above

ceilings that they vary by as much as 150%;
for the identical production of factories.
These ceiling limits were set after viewing
peculiar factors pertaining to the factories,
such as layout, service conditions, nature
of raw materials, etc. This is more significant
in case of factory “B” where beltings ceiling
is much higher than for factories A, C and D,
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although production capacity is lower. Fac-
tories were asked to declare surpluses in
items shown by them, so as to limit their hold-
ings In each stores group upto the ceiling
fixed. Surpluses so declared amounted to
Rs 1 crore and were taken to a Central Sur-
plus Pool (CSP) where item-wise records were
kept. These surpluses were used for inter-
factory transfer. TFresh indents were scruti-
nised and only such of those that could not
be met from the CSP were passed on to
the Purchase Division for procurement. The
surpluses were brought down from over Rs
12 million to Rs 6 million by this measure.
The work of finding additional surplus and
their disposal is continuing.

{b) Classification

One interesting feature tried out was clas-
sifying and coding items as per

(i) importance of the item to production
whether production-holding, nonpro-
duction holding, essential etc.

(i) Rate of consumption—
fast moving, slow moving, non mov-
ing, etc.

(iif)y Source of supply—

Local, Bombay, other Indian Market,
imported, etc.

The object of coding was to fix stock
level (maxima, minima, order levels) for each
such category, Policy decisions with regard
to stock level limits for each such category
were taken by Head Office in consultation
with Purchase Division and factories were
asked to revise their stock levels accordingly.
These codes provided a good guide for
the factories in fixing stock levels. Surpluses
declared by factories were taken into
the CSP. Some examples of this codification
are given below:

(¢) Production holding, fast moving,
indigenous: Grinding bodies, man-
ganese steel castings, firebricks, yarn
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cheese, jute bags, kiln chains, electro-
des, Iubricants, earth moving machi-
nery spares.

(i) Non-production holding, fast moving
indigenous: bolts and nuts, belt
fasteners, beltings, etc; structural
steel, rubber goods etc.

Production holding, slow moving,
imported:  girth gears, gearbox
spares, a few earth moving machinery
spares.

(iv) Non-production holding, slow mov-
ing motor vehicle spare parts.

(») Production holding, fast moving of
doubtful scurce—ball bearings, car-
bon brushes.

(iil)

ABC analysis & statistical methods

Statistical principles and methods were
employed in fixing stock levels as well as for
analysing stocks. ABC Analysis has helped
in locating high value high consumption
items for purposes of control. It was found
that 20% of the items were responsible for
80% of the inventory value.

emergency stock pool

In machinery spares, a large number of
items were of non-moving category. Though
they were non-moving, it was essential to keep
stocks to safeguard production. However,
it was found that it was not necessary for each
factory to keep such items entirely for itself
and the possibility of keeping one set for 3 or
4 nearby factories was visualized. Therefore,
an analysis was made and all such items which
could serve for more than one factory were
separated out and taken into an Emergency
Stock Pool. Stocks and consumption in
these items were intimated to the Head Office
where a complete record is now maintained.
This has helped considerably in reducing fresh
purchases for such items. Gear trains, crank-
shaft assemblies, liverings, girth gears, etc
come under these categories.

Ceniral Storage

A large numer of General Stores items of
small value but of high consumption rate

INVENTORY CONTROL INJA MULTIPLANT ORGANISATION

were procured in bulk and stored zone-wise.
Individual indents from factories were met
from this stock, thereby reducing frequent
purchases of such items. Rubber goods, elec-
trodes, wire ropes, etc come under these
categories.

Local Purchase

Factories were encouraged to increase the
quantum of local purchase to reduce the
workload and delays in procurement. This
policy enabled factories to keep low stocks in
such items. Certain factories which were
located near good markets were able to take
advantage of this proposal. Baskets, medical
stores, motor vehicle spares, etc come under
such purchases.

Training of Staff

In order to bring in better control over
stores at factory level, an experienced engineer
was put in charge of stores at cach factory.
These engineers were made responsible for
fixing stock levels, keeping groupwise stocks
within prescribed limits, indenting, etc. In
order to train engineers in-charge of stores and
store-keepers in the various matters connected
with stores, a training course was conducted
at the Head Office. All aspects of inventory
control such as receiving, binning, fixing of
stock levels, classifications, coding, inventory
preparation, etc were dealt within this course.
As a result of this, factory staff got more aware
of the importance of inventories and this has
resulted in a considerable amount of reduc-
tion in work. A comprehensive stores manual
was prepared detailing all procedures with
regard to stores work.

Results Achieved

The above steps definitely breught in sub-
stantial results by way of reducticn in number
of items, inventory value, standardization,
uniformity of procedure, etc. However,
some of the savings were nullified because of
Import Policy of the Government and difficult
availability of machinery of indigenous manu-
facture, which necessitated going in for new
types of equipment which again led to increas-
ed stocks, particularly machinery spares.
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Also obsolescence factor has become acute
since every replacement machinery is different
from the replaced one throwing out old spares
as obsolete. A number of new problems
have cropped up mainly on account of pro-
gressive curtailment of imported items. Some
of the problems are:

(@) Looking for substitutes—heat resist-
ing castings, lapping powders, cut-
ting tools, specialised rubber goods
etc.

(b) Design changes in machinery to suit
indigenous suppliers—conveyor belts,
manufacture of chains, etc.

(¢) Location of suppliers who could en-
sure minimum quality—special rubber
goods, fuel pumps, radiators, etc.

{(d) Uncertain deliveries which are often
indefinite—steel castings quoted at
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2/3 years delivery.

(¢) Necessity to pay higher prices for
quick deliveries: Added to this, supply
of fresh machinery is scant compelling
us to continue with old machinery
units beyond their useful life, Old
machinery needs much more spares.
Even when new machinery is obtain-
ed, it is different from the one used
so far and prospects of standardisa-
tion become very limited.

A long term solution appears to be that
ACC should rely on its own workshop more
and more and manufacture as many items as
possible in their Workshops. Action is being
initiated to expand existing production faci-
lities as well as to start zonal Workshops
which will cater to the needs of the organi-
sation,

(P I 1 TP 1]

HMT PRODUCTIVITY

Productivity should speak for itself; and so it does for HMT:

(a) a net profit of Rs 21.5 million on a share capital of Rs 5.6 million, yielding in
1962-63 a return of 33 percent compared to 24 percent last year

(b} a dividend of 10 percent for the third successive year

{c) out of a chain of five machine tools factories at present in commission or under
construction, four are being built entirely with Indian talent without any foreign

collaboration

(d) what probably is more remarkable is that each alternate factory is financed from

internal resources

(e) after the fifth factory, all future factories will be financed from internal resources

at the rate of one factory per year

(fy HMT selling prices throughout have beesn

10 to 20 percent below the price in

India of comparable European machines (paying a duty of only 10 to 15 percent) and

40 percent below American prices

(g) HMT workers’ earnings and benefits have been more than doubled in seven years.

PRODUCTIVITY IN THE PUBLIC SECTOR

“"We have vastly increased the number of officers and staff in the company but the company's
business has nat increosed correspondingly. As far as | am able to see, the main reason for
this unsatisfactory position is jealousy among some officers, each one trying to biame
others and build up his own group...Sooner or later, those who are obsessed by their
own ideas of self-importance will be weeded out because it is those poisonous ele-
ments which hamper the growth of the company. As long as such elements do not
improve their ways, a healthy atmosphere among the officers and staff cannot be

built up.

It will be my endeavour hereafter either to mend them or end them once for all...... 1

want each worker of the company to search his own heart and see for himself the

amount of harm that he has done.”"

From the speech of the Chairman of a public sector company



Inventory Control in Gautam Electric Motors

The Delhi Productivity Council made a study of the inventory practices of the Gautam
Electric Motors, established in early 1958 at the Okhla Industrial Estate. A summary of the
Report issued from Productivity House (as the new home of DPC is rightly called) is printed
below. The more significant points of the Report are, however, worth mentioning here :
The Gautam Electric Motors had 909 of their capital locked up in inventories which
amounted to nearly Rs 7lakhs. The Productivity Adviser of the DPC made a study of the
Gautam inventories and found that including safety stocks the firm needed a raw material
inventory of less than Rs 2 lakhs. The Inventory Control Survey revealed that nearly 5% of
this locked up capital amounting to over Rs 4 lakhs could be easily released for expansion.
The implications of Inventory Control Survey were quite widespread, for itled to a complete
simplification of the whole Production Programme of the firm and correspondicgly a
complete reorientation of its Sales Programme.  The statement of the Member Secretary
in his Preface to the Report that the Inventory Control can unearth the invisible areas of in-
effective management is justified by the facts revealed by the Pilot Project. Probably a
quotation from the Chief Commissioner’s Foreward would also be relevant here @ “(reat
Britain had to borrow £ 1000 million from USA to help industrial recovery immediately
after the Second World War, while it was later discovered that a sum equivalent to this was

lying stagnant in material stocks, waiting to be applied to more productive use.......

HIS REPORT RELATES TO the studies con-
ducted in the Area of Inventory Control
in pursuance of implementing the recommen-
dations of the Pilot Project Committee of the
Delhi Productivity Council in a meeting held
on 15th November 1962, at the Delhi Poly-
technic to carry out Pilot Project studies at
Messrs Gautam Electric Motors, New Delhi.
This Firm was cstablished on 14th January
1958, at 42 Okhla Industrial Estate. It
manufactures Electric Motors of various
types covering Horse Powers ranging from
0.5 to 20. The Company has Agents and
Distributors throughout the country in im-
portant towns. The Management experienced
the receipt of orders for manufacture of
electric motors in odd quantities at different
times during the year which led to unsyste-
matic operation and ineffective control over
inventories. Despite the fact that about
Rs 6,75,000 which constitutes 90 percent
of the total paid up capital is invested in
mventories, frequent out of stock positions
of various items were experienced which in-
variably held up production schedules causing
loss of production and delays in deliveries of
nmotors.

.

An analysis of the sales pattern based
on the experience of the past years indicated
that totally enclosed frame sizes, viz., 112
and 132 accounted for a major part of the
total sales, and this led to a complete re-
orientation of the whole pattern of produc-
tion.

A programme of Inventory Control was
worked out to suit the envisaged future sales
pattern considering the following parameters:
(i) Ordering cost (1i) Inventory carrying cost
to include bank interest, storage charges etc
(i) Rate of depletion to meet the manu-
facturing schedule (iv) Delivery period
{v) Factors affecting minimum stock position
based on certain accepted probabilities of
risk of out of stock situations.

The programme of inventory control
covered the following aspects: (a) Deter-
mination of economic order quantities. (b)
Establishment of re-order points, {(c) Fixing
of minimum stock levels. (d) Requisitioning
of stores, recording stock figures in the stores,
maintenance of stock ledgers in the Accounts
Department and standardising the ordering
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INVENTORY CONTROL IN GAUTAM ELECTRIC MOTORS

procedure. (e} Design of contro! ratios for

ensuring effective managerial control in
respect of the inventory control system.
The Programme set out the detailed

mechanics of the inventory control system
covering the frame sizes 112 and 132 which
constitute 90 percent of the total number of
motors to be produced. In respect of the
frame sizes viz. 160 and 180, it has been
decided by the management that orders of these
types will be accepted on a forward delivery
basis for which the ordering of the material
will have to be done as and when the necessity
arises adopting the basic procedure outlined
in this regard.

The following 15 a summary of the main
findings and recommendations of the Report.

(a) There are 924 items at present accoun-
ting for the total raw material inven-
tory which when evaluated in money
value works out to about Rs 6,75,000.

The inventory turnover ratio being
the ratio of total inventory issued to
the effective average inventory value
over the refercnce period from st
January 1962 to 31st October 1962
varies from zero to seventeen and
averages out to about one.

The average raw materials inventory
value to meet the envisaged sales
programme works out to about
Rs 1,735,000 and results in a release
of «capital amounting to about

t\é

(b)

(©)
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Rs 4,37,000, after allowing for about
Rs 63,000 in respect of maintenance
stores as at present. Based on a figure
of 10 percent per annum to cover bank
interest and other expenses, a poten-
tial saving in expenditure of Rs 43,700
per annum is envisaged. The capital
of Rs 4,37,000 released from the raw
materials inventory could be more
productively employed for the Com-
pany's expansion programme in hand
to produce 1000 motors per month.

Stock ledgers should be maintained
by the Accounts Department in addi-
tion to the Bin Cards that are pre-
sently maintained at the stores.

The material requisition siip which is
presently prepared in duplicate should
be made out in quadruplicate with the
last copy (book copy), left unper-
forated to remain in the book itself,
The first copy should be sent to the
stores and the second and third copies
routed to the Accounts Department
and Costing Section respectively,
through the Stores.

It is recommended that inventory
turnover ratios and inventory per-
formance indices in respect of each
item as detailed in the report should
be worked out and submitted to
the Director-in-Charge twice a year
for effecting the necessary managerial
controls, over inventories. L T ]

(d})

(¢}
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THE FPRODUCTIVITY ASCENT

il think the new man should start from the bottom."”
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MEENAKSHI GROUP OF MILLS

MADURAI (South India)

Manufacturers of :

Single Yarn in counts i6s to 100s, carded and
combed, in hanks and in cones for Weaving and
Hosiery Factories and Grey Gada, Grey and
Bleached Mulls, Long-Cloth, Dyed Cloth etc.

The Sree Meenakshi Mills, Ltd., Madurai

The Sree Meenakshi Mills, Ltd., Paravai
Thiakesar Alai, Manaparai

Alagappa Textiles (Cochin) Ltd., Alagappanagar
Thiagarajar Mills, Kappalur

Rukmini Mills Ltd., Silaiman

Sree Sivakami Mills Ltd., Thenur

Saroja Mills Ltd., Coimbatore

9, The Coimbatore Kamala Mills Ltd., Coimbatore
0. Sri Sarada Mills Ltd., Podanur

Il. Sree Rajendra Mills Ltd., Salem

2. Loyal Textile Mills Ltd., Kovilpatti

13. Virudhunagar Textile Mills Ltd., Sulakarai

14.  Parvathi Mills Ltd.,, Quilon

5. Vijayamohini Mills Ltd., Trivandrum

6. Kerala Lakshmi Mills Ltd., Trichur
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IS THE BRAND THE NATION NOW
DEMANDS FOR
DEOXIDISED WELDABLE GRADE COPPER

FOR

® DRYING RANGES
® SIZING CYLINDERS
® CHEMICAL PLANTS

® DISTILLERIES

Kamani Metals & Alloys Ltd.,

Agra Road, Kurla, BOMBAY-70
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Gram : HICABLES

THE lifeline of a telephone network is provided
by underground telephone cables. These are
manufactured by HINDUSTAN CABLES LTD.

We also manufacture other communication cables
Consult us for your requirements

HINDUSTAN CABLES LTD.

{A Govt. of India Undertaking, under the Ministry of Commerce & Industry)

P.0. HINDUSTAN CABLES, Dist : BURDWAN (West Bengal),
RUPNARAINPUR Railway Station.
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Where tefractories is the problam
ISHWAR INDUSTRIES
i3 the answer
% Fire Bricks of all Grades & Shapes * Castable Refractories & Cements
#* Acid Resisting Bricks & Cements * Insulating Bricks & Cements
* Stone-ware Pipes & Fittings % Fire Clays of Various Grades

can now reach you swiftly from our factories at
Ishwar Nagar, New Delhi and Niwar, District
Jabalpur

Be ‘Quality.sure’ Use Ishwar Refractories

THE ISHWAR INDUSTRIES LTD.

ISHWAR NAGAR, NEW DELHI.
Phones : 7624], 76242, 76243
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C)&i”w the Lest complimenfs
Jrom

THE

HYDERABAD ALLWYN METAL WORKS

LIMITED
P. O. SANATNAGAR, HYDERABAD-I8

qnanusactura ré c} :

Allwyn Steel Furniture
All-Metal Bus-Bodies & Fabricated Kits
Refrigerators
Washing Machines
Metal Cutting Band Saw Machines and
Fabricators of Steel Structurals and
Chemical Plants

Show Rooms at :

MADRAS, HYDERABAD, BOMBAY, DELHI,

CALCUTTA, KANPUR
AND

Disteibutors in other important cities
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Recent Literature on Inventory Control*

Richard Werling

ALBERT BATTERSBY, A Guide to Stock Control, Sir Isaac Pitman &
Sons Ltd., London, 1962, 130 pages, 18s.

JOSEPH BUCHAN and ERNEST KOENIGSBERG, Scientific Inventory
Management Prentice-Hall, Inc., Englewood Cliffs, NJ, 1963, 523 pages,
$ 12.00.

G HADLEY and T™ WHITIN, Analysis of Inventory Systems, Prentice-
Hall, Inc., Englewood Cliffs, NJ, 1963, 452 pages, $ 11.95,

THESE THREE books comprise a menu of inventory analysis and control that offers some-

thing for every taste. A Guide ro Stock Control is a delightful introduction to the subject,
intended for the mathematically unsophisticated reader. Scientific Inventory Management
is the first book in the field that can be of direct assistance in explaining sophisticated concepts
to managerial personnel who have actual responsibility for inventory planning and contrel.
It gives 13 case studies detailing actual investigation and design of systems that are now opera-
ting, together with a theoretical presentation. Analysis of Inventory Systems is a more rigor-
ous treatment of inventory theory, with some consideration of applications.

Battersby

In his Preface, BATTERSBY states that A Guide to Stock Control is *...addressed to
the non-specialist manager—the General Practitioner of business—rather than to my scientific
colleagues™. His aim is to give a ““...general picture of the state-of-the-art at this moment”
in a non-mathematical format. His book, a highly readable introduction to the field, treats

such topics as EQQ), sales forecasting, and the basic concepts of inventory models. A short
annotated bibliography is included.

This book will be of only passing interest to the operations-research worker, but can be
recommended as a painless introduction to inventory control concepts for non-specialists.

Buchan and Koenigsherg

Scientific Inventory Management fills a void in the inventory control literature by devot-
ing half the book to 13 actual case histories of inventory control analysis, design, and 1nstalla-
tion. This is the first book known to the reviewer that shows, through documented (though
disguised) cases, that inventory control work has been successfully implemented after the

*Published by the courtesy of the Operations Research Society of America
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SCIENTIFIC INVENTORY MANAGEMENT 35

completion of the analysis. These cases should make it easier in the future to obtain a sympa-
thetic hearing for inventory control studies.

This reviewer believes that Scientific Inventory Management fills a unigue place in the lite-
rature at the present time and for this reason is likely to be the most popular of the three.

The Introductory Chapter of 41 pages comprises a review of the basic inventory theory
necessary to appreciate details of the case histories. This Chapter is clearly written but requires
some understanding of basic statistical concepts for fuli appreciation,

The next 13 chapters cover the 13 inventory-management case studies, beginning with
one that features fairly constant demand (department store staple items) for which a manual
system using simple reorder point and EOQ is adequate. The succeeding cases introduce
multiple reorder points, quantity restrictions, seasonal variations in sales, exponential smooth-
ing, and the three most common statistical distributions. Several of the more advanced cases
feature the use of computers for routine application of inventory formulas.

The case histories progress from elementary to complex. The selection covers appli-
cations in department stores, supermarket chain warehouses, and the paper, paint, automobile
aircraft, and machine tool manufacturing industries. Of special interest are three cases cover-
ing computer applications in procurement and production control and one case involving
the emergency reduction of inventory to release cash for working capital.

_ The 13 case histories are an important feature of the book., Unfortunately, these
chapters, written mainly by other members of the author’s firm, tend to become repetitious,

even trite, at times. More severe editing, or even outright elimination of two or three cases,
would have been desirable. However, this criticism, applicable to many collections, does not
decrease the utility of the material in general.

One comment in passing: Many of the applications did not produce cost savings in
themselves. The authors frequentiy fall back on “intangible savings” as results of their own
cases. This phrase is undoubtedly used with justification in many cases, but the reviewer had
the impression that once or twice in this book the term was used in near desperation.

The second half of the book comprises the theory section. It begins with simple static
inventory models and (quoting Roger Crane’s Foreword) progresses to “explicit treatment of
statistical demand distributions, reorder points, buffer stocks, and service levels, followed by
a comparison of the Wilson replenishment, and optional replenishment policies, and an evalu-
ation of the multiple reorder policy”.

The last four chapters discuss queueing theory, multistage inventories, and linear and
non-linear programming as related to inventory applications. The mathematical treatment is
quite adequate but does not include many rigorous proofs. The liberal references, however,
make up for the lack of detailed mathematical derivations.

This book i‘s highly recommended for inventory control specialists, industrial engineers,
and those operations analysts working on applications in this area. It would also be a good
textbook for a senior or graduate-level course in business and engineering schools.



636 ANALYSIS OF INVENTORY SYSTEMS

Hadley and Whitin

In their Preface, the authors of Analysis of Inventory Systems state that “...its purpose
is to introduce the reader to the techniques of constructing and analyzing mathematical models
of inventory systems”. Their book is oriented toward the reader interested in the mathemati-
cal problems of inventory systems, with like attention given to practical aspects.

Chapters 1 and 2 cover the nature of inventory systems and deterministic otsize models
and their extensions. This includes a treatment of lost sales, incremental discounts, and
similar topics. Chapter 3 is a review of probability theory and stochastic processes. [t
devotes 66 pages to basic probability, expected values, probabilistic description of demand,
joint distributions, convolutions, Markov processes, and properties of the Poisson and normal
distributions. More detailed treatment of related material (lagrange multipliers, the method
of steepest ascent, and two lists giving properties of the Poisson and normal distributions)
are given in four appendices. Chapter 4 discusses lotsize-reorder-point models with stochastic
demands. Chapters 5 and 6 cover periodic review models with stochastic demards and simple
period models. Chapters 7 and 8 describe dynamic programming in dynamic inventory
models, and uses of dynamic programming in the analysis of steady-state models. Chapter 9
devotes 28 pages to a discussion of problems of practical application.

The book has been used as a textbook for inventory control courses and the authors
suggest its suitability for part of a production-control or operations-research course. This
reviewer would question its use at an undergraduate level. The definitely more rigorous mathe-
matical treatment—the book's best feature—would make it preferable for graduate course in
inventory control, but its treatment of inventory in the business sense is inferior to that of
BucHaN and KoeNigseERG. The text contains a very large number of original problems
but does not include solutions.

—r—

WHY OUR PRODUCTIVITY IS LOW !

There is nons that does his work, not one;
...... there Is one of us sobbing,
And another, a lord of all things
Praying
To his own greatself,............
And another, 2 statesman there
Betraying
His party - secret ... to the press;
Not let any man think for the public good,
But babble, merely for battle.
—Lord Tennyson

L
PRODUCTIVITY !

Late Sri Kannamwar, who was the Chief Minister of Maharashtra, once [nadvertently stated in
public that one of the deputations which had waited on him for the continuation of prohibition
and to oppose any relaxation, he had discovered later, consisted of bootleggers.

—From The Economic Weekly
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PRODUCTIVITY ABROAD

HVR lIengar

The Editor of the ProbuCTIVITY Journal has asked me to write an article giving some
impressions of a visit I recently paid to Western Europe.* This request would huve been
easy to comply with if I had undertaken the journey solely or principally in my capacity

as Chairman of the National Productivity Council.

In that case, there would have been

an organic purpose and continuity in my engagements and discusstons. In actual fact,
however, the primary purpose of my visit was to deal with certain business matters, and
it was only incidentally that I decided to use such spare moments as I could get from other
pressing engagements, to look into matters of productivity. Therefore, my impressions are
very disjointed and they have not the benefit of supporting notes and memoranda. How-
ever, for what they are worth, 1 note some of them down.

HE MAJOR PART OF MY STAY IN WESTERN

Europe was spent in the United King-
dom. A point that was not clear to me—in
retrospect, 1 am a little surprised that it was
not clear to me—was: why is it necessary for a
country like the UK, which has been in the
forefront of the industrial revolution, and has
for generations been one of the great industrial
countries in the world, to have a Productivity
Council? In fact, the UK Productivity Council
is having a Productivity Year in 1963 specially
to bring the consciousness of productivity to
different sectors of the British economy. I
met Lord Netherthorpe, the Chairman of the
British Productivity Council, and had a long
talk with Admiral Norris, the Executive

Director. In answer to my question, Admiral
Norris said that while several companies,
particularly the bigger ones, are as advanced
as in any country in the worid, gquite a few
require a good deal of toning up. They have
not moved with the times, their techniques are
old-fashioned; and their costs tend to be high
in relation to international costs. While,
undoubtedly, the UK had been in the forefront
of the industrial revolution, and had, till
recently, continued to remain in the forefront,
the position now is that others have caught up
and some of these are advancing pretty
rapidly by the application of the latest techni-
ques. Behind all the discussions that took
place regarding the entry of the UK into the

*Much earlier, in 1956, Mr, Iengar had been to Austria, where he was invited to study the Productivity
Movement in that country : “What happened was that [ paid a visit to Europe in the summer of 1956, in my
capacity as Secretary for the Ministry of Commerce & Industry. At that time, I had not even heard of the

Productivity Movement,

Apparently, some one...heard that I had gone abroad and suggested that while
I was in Europe I might make a study of the Productivity Movement in Austria,

Austria had been*through

a rough time, both during the war and also after the war, as a result of occupation by both the Soviet and
the other Allied Powers. Her industry was in a bad way and, generally, her economy was in the doldrums.
One of the things that was done in order to get the economy moving was to make use of productivity tech-
niques, and considerable progress in this field was made in Austria. They sent me a message while I was
somewhere in Europe to the effect that if I cared to visit Vienna they would be happy to make arrangements
for me to visit_the Productivity Councll of Austria...I thought this was an opportunity I should not miss
and therefore T made a detour and visited Austria for the sole purpose of studying the Productivity

Movement in that country.  As a result of what I saw, [ recornmended to Government, when I came back,
that we should start a similar movement in India...”
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European Common Market, lay the feeling
that UK industry, taken as a whole, must be
exposed to the full competition of Western
Continental Europe if it is to pull itself up so
as to be in a position to compete in cost as
well as in quality with the best firms in the
world. This was really the basic motivation
behind the activities of the British Productivity
Council.

Travelling from India and listening to
talks in the UK about the need for gearing up
their technology to meet competition from
advanced countries, one could not help feel-
ing how vastly different our own position is.
We are living in a highly closed economy. Our
imports have had to be seriously restricted
because of the difficulty of finding the foreign
exchange to pay for them. The consequence
of this is that our local production is very
largely insulated from the effects of competi-
tion with products from overseas which are
both cheaper in cost and better in quality.
Because of all this, and the rising demands of
a population that is increasing fast, almost any
thing will sell in India. This is not good for
the country. OQur economy is in danger of
becoming a high cost economy and our
exports, which are vital for our existence, are
becoming increasingly difficult. If the UK
Productivity Council considers that it has a
vital task before it, the National Productivity
Council in India has an even more important
task. The UK industry is getting adjusted
to the chilling winds of competition, and mere
self-protection will make it adopt the latest
technology. So far as Indian industry is
concerned, a more conscious effort will be
necessary.

No one could visit the UK with any idea
of studying productivity without calling on
Russell Currie. He is called the “Father of
Work Study” or the “‘Pope of Work Study”.
As President of the European Federation of
Work Study Institutions, he has established
a remarkable position for himself. Apart
from this, it is extraordinary how he has
transmitted his own enthusiasm to his students
and how these students have been working
with almost missionary enthusiasm in various

PRODUCTIVITY ABROAD

organisations in the UK. 1 visited for in-
stance, the Hospital Work Study Centre in
London. This is run by one of Russell
Currie’s students® and one could not fail to be
impressed by the intelligence and sense of
purpose shown by him in what may, on the
face of it, appear to be rather a humdrum
task. Im fact, the task 1s not so humdrum
as it may appear. [ gatherad that the UK
Government have decided to spend approxi-
mately £ 800 million over the next few years on
the modernisation and construction of hospitals,
and it is, of course, a matter of great impor-
tance that the construction is functionally
sound and conducive to the grzatest economy
of effort, 1 was under the impression that
this was a relatively easy matter and that if for
instance, one got together the principal sur-
geon, the principal physician, the senior patho-
logist and the matron of a hospital, they could,
between them, work out a good plan, Appa-
rently that does not automatically happen
because everyone has his own idea as to how to
organise his department and there are all

kinds of points of view and possible overlaps

and conflicts. Quite obviously an expendi-
ture of such a large sum of money in a manner
most conducive to smoothness and cconomy
of function is a worthwhiie task.

1 also visited the Work Study Centre
run by the British Railways. The Director?
in this Centre is also one of Russell Currie’s
men and the quality of the work here is
very high. In order that the Railway system
should really take interest in Work Study
methods, the British Railways organised a
short seminar for top executives, Among
the people who attended the Seminar, was Dr.
Beeching® himself, the Chairman of the
British Railway Board.

1. He was invited to write for us; and his article
appears on page 658 of this Issue. —Editor

2. Mr. Philip J Butcher, Director o7 Work Study,
British Railways Board, 222 Marylebone Road,
London, NW1. The Board is publishing a maga-
zine called ‘Project’. They have promised to write
for our Special Issug on Training. ——Editor

3, Dr. Beeching has written an article printed on
page 650 of this Journal. —Editor
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There are a number of other institutions
where similar work 1s being done, but I had
no time to visit them. In particular, I did
not have time to visit the Headquarters of
the British Trade Union Movement in UK.
in order to find out their attitude. 1 was
informed by Russell Currie that a5 a general
rule, Trade Unions have adopted a very helpful
attitude towards Work Study. There have
been some difficuities, of course. For instance,
1 was told that the Electrical Workers” Union
was being very difficult. On the dav that I
went to call on Russell Currie, he told me with
tremendous enthusiasm that he had great
news. The news was this—The Flectrical
Workers’ Union had asked for a Course to be
organised forsome of their executives on Work
Study. This was done and on the day in ques-
tion, which was the final day of the Course,
the participants stated that they now saw the
advantages of Work Study and would support
it, provided they were given an assurance that
it did not result in laying off or retrenchment
of workers. Russell Currie thought this was
an achievement in respect of a Union which
had been hostile to the conception of Work
Study.

From the UK, I proceeded to Spain. The
normal motives of travellers to Spain are to
escape the rigours of the northern climate and
to enjoy both the sunshine and the hospitality
of a country which for vears has been known
to have been relatively cheap so far as the cost
of living is concerned in relation to its
European neighbours. This motivation does
not apply to Indians, both because of our own
climate and our foreign exchange situation,
and very few Indians, in fact, travel to Spain.
We also seem to suffer from some kind of
political disinclination to travel to Spain on
the ground that jt is a military dictatorship.
This is not a conscious feeling but it seems to
underliec a good deal of our approach to
international problems. The fact of the
matter, of course, is that just as it is our
business to run our country in the way we like,
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it is the business of other countries to run their
Governments in the way they like, and if there
happens to be a dictatorship in Spain, that is
Just a fact of the international political situa-
tion which we have to accept, but there is no
reason why we should not study all the facts
of the situation and pick out from them such
bits and pieces as are in our interest. If
therc are facts about productivity in Spain,
for instance, which could be worthwhile for
us to know, there is no reason why we should
not examine those facts.

There are two points that T wanted to study
in Spain. One was the productivity of Spanish
labour in relation to Indian labour. The
reason why I thought of studying the produc-
tivity of Spanish labour was that Spain is,
by European standards, a backward country
and much closer to India in industrial condi-
tions than other parts of Western Europe.
Also, wages in Spain are closer to Indian
wages than in other countries of Western
Europe. In one of the industries which I
studied where the type of equipment and the
nature and quality of the product mix were
similar, I was surprised to find that while the
average wage paid to the Spanish.workman
was actually less than in India, the producti-
vity of the Spanish worker was substantially
higher. But apart from the facts regarding
productivity of labour in this particular in-
dustry, I was interested in the general question
of the attitude of Government to industry
in Spain and its effect on the speed of indus-
trial development. The situation in this
respect some 3 or 4 years ago was very similar
to that in India. There was the same degree
of control by Government and a great
bureaucracy had grown up. The evils follow-
ing upon a system of controls had developed
even more acutely than in India; and this led
to a great deal of frustration and slowing-
down of development. The Spaniards have
broken out of this entanglement by abandon-
ing the bulk of their controls. That, however,
is a separate subject which requires a thesis
for itself.

LA D



Productivity in Yugoslavia and the Soviet Union

This is a reprint (minus

throws a  significant licht on the

Yugoslavia and the Soviet Union.

actual working of the
It is reprinted here on account of the lively detail

its political obiter dicta except to the extent they
bear directly or indirectly on productivity) of Richard West's
YUGOSLAVIA'S FREE MARKET in a recent issue of the

interesting article on
New Statesman. It
economies  of

with which the issues hearing on the productivity of these two economies have been

presented as a living reality,

YUGOSLAV cigarette company was recently
taken to court for stating in its advertise-
ments that a rival firm’s cigarettes give you
lung cancer. This attempt to knock a com-
petitor went further than could be telerated by
the country’s system of workers’ self manage-
ment and market economy. But it shows
how much the Yugoslav system differs from
Russia’s. It is this system that Mr. Krush-
chev sawin his two-week tour of Yugoslavia....
On this visit he called it a ‘progressive form’.
He has promised to send a study team of
Soviet party workers, trade union and econo-
mic council officials.........

The first law on workers’ management was
introduced in 1950, when the Yugoslavs had
begun to react against the autocratic system of
state bureaucracy...... Although the means of
production remained public property, their
management was transferred from the central
state to the workers. Nowadays all members
of the collective elect a workers® council, which
in turn elects a board of management. This
advises, criticises and can sack the direc-
tor of the firm and his executives. The work-
ers decide on such basic questions as wages,
investment and marketing policy. Their
incomes depend on the success or failure of
the enterprise. The local government autho-
rities and the banks no doubt influence the
enterprises. But they have no power to
coerce them.

The system of workers’ management
operates in a free market economy such as

John Bright himself would have approved.
Although the government can regulate the
prices of necessities like bread, ceal and
electricity, everywhere else it is the customer
who decides how much he should pay,
This ‘free-play of economic laws—the
communists do not like the phrase ‘market
economy —knocks out uneconomic enter-
prises. The workers who caanot sell at a
profit will take home as little 25 half the pay-
packet of those who can. Chronically
unsuccessful enterprises will go bankrupt or
have to merge. Federal restrictions are
slight. The law lays down maximum safary
scales to inhibit the greed of very successful
firms, Moreover the authorities can exert
pressure on enterprises to fall :n with wider
economic plans......

Several times Krushchev asked about con-
flicts between the workers’ council and the dir-
ector : Each worker wants to receive more.
He says give me more pay. The director says
‘] need money for investment otherwise our
production will be unprofitable’. To the Yugo-
slavs this was an outdated question. ‘The
trouble in much of Yugoslavia', an economist
said, ‘is not between the workers’ council
and the director, but between the workers’
council and the local politicians in the com-
mune and the district. And it is normally the
local politicians who are against sensible
investment. For instance there is a chrome
factory at Valjevo whose workers wanted
to invest in a new mine in Slovenia.
But the commune said the money should be
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invested locally, in a far less profitable mine.’
Far from showing unwillingness to invest,
many workers’ councils invest too much in
the hope of getting bigger returns on capital,
There have been many cases where workers
accepicd wages below the minimum legal
rate in order to plough back more money into
the enterprise.

The Russian visitors often asked: How
many Communist Party workers do you
have in this enterprise? They seemed sur-
prised to learn that there were seldom more
than two and that these men did party work
on an honorary basis. The Russians rely
on paid party agitators in every factory to
supply inspiration and direction. The Yugo-
slavs rely on the profit motive. The Russians’
different idea of the workers’ role became
clear during an argument between Krushchev
and the woman director of Zagreb Workers
University—a kind of communist WEA.
The Russian did not approve of giving grown
men time off from work to study general
subjects fike mathematics, science, languages,
Marxism and music appreciation. ‘We criti-
cised Stalin,” said Krushchev, ‘because he
destroyed Lenin's principles of the school
system and went back to the classical gymna-
sium. There they prepared girls for marriage
and boys for taking a stroll. They twirled
moustaches but still hadn't learned any-
thing...we want people with a deep knowledge
of technology.” Such skill and discipline, he
made it clear, were the qualities he demanded
from workers. He could not or would not
grasp the Yugoslav attempt to educate wor-
kers for self-management. The Yugoslavs
were more impressed by his criticism of the
scale of their industry. In the past there have
been too many competing factories producing
the same thing, However in the last two
years many smaller firms have merged. For
instance the big complex of Croatian chemi-
cal firms have changed from a trade associa-
tion into a single combine that competes in
size with many in Western Europe.

The weakness of the Yugoslav economy
lies in its infra structure and the backwardness
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of such industries as tourism. Execrable
roads and railways are a serious drag on
development. The government has found
no way to run them according to principles
of decentralisation and self-management.
Only efficient state enterprise seems capable
of resolving the problem. But the failure of
communications cannot be blamed on the
peculiar Yugoslav system, It is still more
grave in the Soviet Union.

The economic advantages of the Yugoslav

“system rest partly on the increased interest

of the worker. If Krushchev had the
opportunity—as we following journalists did
—to talk at length with workers in the enter-
prises he visited, he would surely have been
struck by their knowledge and concern for
the job. A technical assistant on the experi-
mental pig farm in Slovenia talked of the
economies of feed-stuff manufacture. Men
at the new OKI petro-chemical works near
Zagreb explained why they had 1oft other
jobs to getin on a challenging form of produc-
tion. Perhaps even more important than the
interest of the workers is the free play of the
market economy, as opposed to allocations
by the guesswork of ministries in Belgrade.
Since there is not only a frec market but a
buyers market, every entcrprise has to
employ the most careful forward planning,
cost accounting, buying and advertising.
These things explain the enormous recent
increases in Yugoslav production and produc-
tivity.

‘Profitability’, said a Yugoslav commu-
nist friend, ‘is the criterion these days. And
that's a good deal more sensible than judging
people by the amount they jabber of commu-
nist loyalty.”....the operation of the eco-
nomy and of low-level government has be-
come far more democratic. The party itself
has become so pragmatic that it openly
admits, in a preface to the new constitution,
to have based the document partly on the
experience of foreign social democratic par-
ties in various parts of West Europe. . . . There
was British or American plant in almost
every enterprise he (Kruschev) visited....

L
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My Experience of Work Study

Lord Mountbatten*

This is not a signed article in the traditional sense. It is really a reproduction,
more or less, of the opening address delivered by Lord Mountbatten at the recent
European Work Study Congress, which has, in this field of extraordinary possibilities,
made quite a bit of history. It is significant that due to a Common Factor—Russell
™M Currie—an All India Institute of Work Study was simultaneously being established
in India; and it was Mc Currie who brought Lord Mountbatten’s letter to our Prime

Minister for introduction of Work Study in the Indian Army.

Lord Mounthatten's

interest in Work Study is well known and probably it may not be an exaggeration fo
say that much of his outstanding success might be due to the Work Study Techniques
adopted by him, as is evidenced by the many stories of how efficiently Lord Mount-
batten scheduled the Transfer of Power to Indian hands in August 1947,

IHAVE for the past 6 years or more been
concerned with the increasing use of
Work Study technigues in the Armed Forces.
Some people have found the theme and con-
tent of Work Study somewhat revolutionary.
I do not feel the same, though [ am a compara-
tive late comer in Work Study, and therefore
I tend to think of it, as a matter of course, as
something which applies primarily to those
areas in which the greatest expenditurc is
made and hence where the greatest economies
may be achieved.

It is not an unfamiliar idea to me that
Work Study should concern itself with
examining proposals for capital expenditure
and hence applying critical examination to the
activities of the very highest levels of manage-
ment.

Dramatic results have been achieved in all
the three armed services. In the fields of
ship design and aircraft and weapon main-
tenance, for example, there is mwch that I
could say, if the rules of security would
allow me.

In a less sensitive area, a study was
recently carried out on the organisation of a
Port Auxiliary Service of small craft at a
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Naval Base. The operating and maintenance
standards were increased and by streamlining
the procedures and rcorganising the methods
of control, a gain was achieved of approxi-
mately £160,000 per vear.

Another investigation has been compieted
on the building required for instructional
accommodation in a training establishment.
The study showed thata reorganisation of the
use made of existing buildings would meet all
requirements and this resulted in a substan-
tial gain of £200,000.

Work Study has been applied with great
success to the Army's use of motor transport
for administrative purposes. By rationalising
the requirements and the introduction of bet-
ter methods of planning, again of approxi-
mately £150,000 a year has been achieved.

* This is the popular name by which we are all
familtar here in India with the personality of Lord
Mountbatten, Mr Currie, through whose good
offices this copy was obtained, suggested calling
Lord Mountbatten by his full ritles: Chief of
Defence Staff, Lord Admiral of the Fleet, Lord
Mountbatten of Burma etc., etc. The Edilor
however prefers to call him by the simple name
by which he is so affectionately known to the
commen people of this country in which he ac-
complished a major historical feat.
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In the Royal Air Force, a Work Study has
just been completed of the technical organi-
sation for undertaking the major 2-vear
overhauls of Britannia Aircraft. By impro-
ved planning and control of the work involv-
ed, the Team have been able to speed up the
processes of these overhauls, and this alone
has resulted in an estimated saving of about
£80.000 a year, The overall annual saving
in the Royal Air Force {as a whole) due to
Work Study amounts to as much as £2
million (nearly Rs 27 crores).

There are now few spheres of activity in
the Armed Forces that have not been the
subject of Work Study. Following the lead
given by the Armed Forces of the UK the
use of Work Study has spread to many of
the fighting Services of Commonwealth and
other countries,

I am proud to say that my suggestion to
the Indian Ministry of Defence to take up
Work Study was accepted. 1 was much
encouraged, on my recent visit to India, to see
the wholehearted way in which the potential
value of Work Study has now been grasped
by the Services out there. In particular, the
Institute of Work Study, set up in Mussoorie
by the Indian Ministry of Defence is doing
really first class pioneer work.

The picture isthe same wherever one looks.
The need for better ways of getting the job
done is apparent. And Work Study can do
a lot to provide the answers. But it is essen-
tial that support for the efforts of Work
Study as they grapple with their problems
should be given from thé highest levels. This
is a most important factor. In this country,
periodic presentations are given to the Chiefs
of Staff, when the Work Study activities and
future plans of the three Services are reviewed
and discussed. By this means, support
can be given from the very top and some of
the “built in” resistance to change can be
overcome.

As confidence in the techniques has been
built up, the efforts of our Work Study teams
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have been directed to problems of ever in-
creasing importance. We are now accustom-
ed to achieving significant gains in operational
efficiency as a direct result of Work Study,
and a consequent improvement in the “teeth
to tail” ratios. Translated into industrial
terms, this corresponds to an increase in our
economic rate of growth by making better use
of all our resources. This must be our over-
all common purpose.

I and my colleagues in the various de-
fence services specifically charged with Work
Study have received a good deal of help from
Work Study experts like Mr Russell M Cur-
rie, but the fact will, [ believe, be readily
appreciated that we cannot offer production
incentives in the armed forces. The influen-
ces which cause a man to work well, and to
want to work better, are mot quite the same
as in manufacturing industry.  Old fashioned
Time Study, and the somewhat crabbed atritude
towards the human frame known as Motion
Study, are out of date.

The concept of Work Study we all now
share is that the world needs not only to
consider savings, but also gains. With a
world population increasing annually by
the population of Great Britain, nobody
needs doubt that we have plenty of consumers.
Work Study helps to turn them into more
effective producers. This is worth remember-
ing—keeping the peace, in the positive sense,
means clothing the naked and feeding the
hungry. And that is today the biggest pro-
duction job mankind has ever had to tackle.

It is particularly gratifving to see that a
prominent place is being given to “Work
Study and the Whole Man”. In the Armed
Forces, the man is the greatest single factor
in all our calculations and estimates. As I
see it, the human relations aspect of Work
Study lies near the source of its strength. It
should never be forgotten that the changes
that Work Study seeks to bring about, how-
ever, beneficial the overall result may be,
usually mean that somebody somewhere has
got to change his habits,

— == —



Productivity on British Railways
R Beeching

This article specially written for the NPC Productivity Journal by the Chairman of the
British Railways Board is significant for a variety of reasons. The writer is the author of
the famous Beeching Plan for Rationalisation and Modernisation of the British Railways.
As will be seen from the article the British Railways Board has cmployed Work Study
techniques to achieve higher levels of (ficiency and (0 effect much needed savings to bring
the British Railways on to a plane of competitive cfficiency. Incidcntally, the Chairman
of NPC met the author during the course of his recent visit to the United Kingdom : and
he referred appreciatively to the Work Study Cenlre of the British Railways Boardin an
article on ‘Produoctivity Abroad’ printed in this issue of the Jourmal..... The aathor has

referred rather touchingly in the last paragraph of this article “To India, very oldin its

L]

history...”” ;

and the lesson he would like us to lcarn is “The necessity to obtain and

develop staff of kigh calibre, who will penctrate the crust of established practice...””

AILWAYS IN GREAT BRITAIN PRESENT

classical example of the kind of change
now facing so many of the great nineteenth
century industries, which are being forced by
the increasing pressures of competition and by
radically different economic and social condi-
tions toadapt themselves tothealtered demand
of the present day or go out of business.
The Report—The Reshaping of British Rail-
ways—sets out the facts underlying the deficits
of British Railways during the last decade.
Tremendous and uneconomic growth of rail-
way routes during the last century, with
much wasteful duplication through expan-
sionist competition. left the railways in Britain
heavily over-developed in relation to traffics
which they can hope to carry with profil.
This over-development arose because the
railways lost sight of the fact that their main
advantage lay in the ability to move goods in
bulk, regularly and cheaply. and went into
the business of country wide collection and
delivery over a close network of lightly used
branch lines. They were partially successful
in those days because it was so easy to do
the job better than the horse and cart; even
so, many of the lines constructed never paid
and remained in existence only because the
railway companies owning them made enough
profit on their other lines to offset the losses
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on the unprofitable ones. Consequently,
the excess route milcage, already in existence
before the turn of the century, did not become
apparent until after the 1914-18 European
war, The war gave a strong impetus to mo-
tor vehicle construction, which led in turn
to the very rapid growth of post-war road
transport, both passenger and freight. These
competed increasingly effectively with the
railway system, bound as it was by nine-
teenth century Acts of Parliament designed to
prevent the abuse of what had been a virtual
moenopely. This development not only in-
creased the losses on the branch lines but
began to tuke a lot of the more profitable
traffic from the main lines.

After the recent World War, competition
intensified even more and found the railways
at aserious disadvantage. Their equipment and
rolling stock badly needed replacement, but
labour was in short supply, so were material
such as steel and timber, and priority for
their use was given to other industries, As
a result, services deteriorated still further,
and road and air competition began to take
more and more goods traffic away. By the
time of the 1955 Modernisation Plan, which
was largely a plan for replacement and im-
provement of equipment for the existing
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pattern of operation, the deficit was already
large and no amount of new equipment could
alone correct the situation.

The present article deals in broad outline
with the steps we have taken in more recent
years, and touches on the application of
various techniques and methods of improving
Productivity which have been emploved.

Apart from the basic task of fitting the
size and shape of the undertaking to the
current pattern and trend of demand, the main
problem in ail departments of railway activity
is to produce more ‘sales value’ per man
emploved, and to utilize to the maximum
all the staff, vehicles, equipment, and other
assets available. Final success can be achiev-
ed only by providing more and better trans-
port than our competitors, at a lower cost.
We see it as a major Productivity problem
calling for the most effective modern techni-
ques of investigation, analysis, and evalua-
tion.

I do not propose to deal in this article
with the equally important aspect of marketing
and selling transport—a field neglected by the
railways 1n the past. We are now going
to apply as great an effort to this as to the
others. To improve productivity you have
ro produce more of a saleable product at
lower cost, and sell it _

The first analysis of the situation has
isolated the basic reasons for low producti-
vity and the ways in which it can be raised
to a far higher level.

The principle cause of low productivity
in railway operations has been the practice
of using the wagon, and often a lightly loaded
wagon, as the unit of movement for a high
proportion of the total freight carried, and
then marshalling and remarshalling wagons
into trains several times during a normal
transit.  The pattern of railway operation.
based on the movement of separate wagons,
is as outdated as it is uneconomie. Full
train movement is efficient and economic,
but assembly of trainload quantities of freight
by collecting small quantities by rail move-
ment over lightly used branches is not.

Investigations have shown that 50% of
our freight stations, and a similar proportion
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of our passenger stations—to a total of two
and half thousand—contributed only 2% of
our revenue. By closing them we shall
achieve a reduction of some £34 -£41m. per
annum in our expenditure, after allowing
for the small consequent loss in revenue.

On the positive side, by clearing the main
lines of the very unprofitable local trains, we
shall also help to improve the services which
are potentially profitable.

Examination of the use made of our wagon
fleet shows that only one loaded wagon
journey is made every 12 to 14 days. From
this, and the difficulty of introducin gindividual
wagon control for a fleet of 700,000 wagons,
stemmed an intensified effort to move freight
by through train working, and to increase
the efficiency with which the trains themselves
are operated.

The concentration upon through train
load working is easiest in the case of the bulk
traffics such as coal and other minerals, and
a considerable proportion of this traffic
already moves in through trains. Even in
this field, however, there is great scope for
further improvement, and further changes
are planned.

In the case of coal, of which we carry
some 150 million tons, about three-quarters
of the national output, roughly 409 moves
in through trains. Most of it goes to power
stations and large industrial consumers. The
very substantial remainder, which goes to
smaller industrial consumers and to the
domestic consumer, still moves in wagon
loads.

In this case, as in nearly all others, more
efficient railway operation depends upon joint
effort with railway users, With their coliabo-
ration, we are planning to increase, very
greatly, the proportion of coal that can be
moved in trainload quantities, and also to
improve the efficiency with which the trains
themselves are employed. To increase the
amount of coal that can be moved in through
trains, we plan to establish coal concentration
depots throughout the country, to which the
coal can be moved in trains and from which
it will be distributed by road. The larger
depots will be fully mechanised, and the first
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few of these have already been established.

To improve the efficiency with which trains
are employed we shall work larger, faster
trains of bigger special purpose wagons;
wherever suitable terminal facilities can be
provided to justify their use by giving them a
quick turnround. For some big flows to new
power stations and big steel works, we are
already planning the ideal use of railways.
Continuously coupled trains of 34-ton hopper
bottom wagons will operate between the pils
and the consumer, without stopping, turn-
round being achieved by running slowly
round loops at the terminals. They will be
loaded from eclevated hoppers at the pits,
and be discharged through their bottom
doors at the consumer’s terminal. These are
known as “Merry-go-round trains”.

For longer distance traffic of mixed kinds
we have examined the various me.hods of
combining road and rail movement t give the
advantage of both and to minimise handling
costs. We are now developing the ‘liner’
train concept. Liner trains will consist of
rakes of flat wagons which can take the
largest containers which it is possible 1o
move on road vehicles, or a number of smaller
ones, and will operate a scheduled service
between the large towns and ports. A key
feature of this project is the provision of
facilities for low cost transfer of containers
between road and rail vehicles, and a decision
as to how this can best be done has been
reached and prototype equipment has been
ordered.

While tackling these problems, we have
also been changing as quickly as we can from
steam traction Lo diesel and electric traction,
and have been providing new maintenance
depots capable of giving the high availability
which is so necessary with expensive new
forms of traction. In a similar way we have
been locking at the problems of improving
track and reducing relaying and maintenance
costs. We have also been examining the
whole range of operating and administrative
tasks needed to keep a railway in being.
In short we have been studying, as objectively
as we are able, every facet of railway working.

PRODUCTIVITY ON BRITISH RAILWAYS

Underlying our whole approach is a
determination to probe deeply cnd see clearly.
What is being done is not aczepted as what
ought to be done. Some of the fixed points
in railway thinking are being swept away,
an example being the sanctity of time tables
based on those developed half a century
and more ago.

When we come to examine particular
activities, the first question t> answer 15—
what do we wish to achieve 7—and the second
is—is it necessary to what wz contemplate
doing in order to achieve our real purpose?
Many instances can be quoted in the railway
context of the solving of problems by the
climination of preconceptions. The long
drawn out meeting of operating staff faced
with getting an additional train across an
already overloaded junction was quickly
solved when it was found that the load could
be carried on existing trains and that the extra
one was Rot necessary.

Having established a real purpose, the
next step is to consider the alternative ways of
achieving it. In the past. the less obvious
alternatives have often been disregarded,
because of preoccupation with established
methods.  With the development of modern
science and engineering, the alternative solu-
tions to many problems which were once
considered impracticable or uneconomic, may
now be possible and right. It is, therefore,
necessary to give much more careful attention
to evaluating the merits of a large number of
alternative solutions to any particular pro-
blems,

One of the more difficult internal obstacles
to be overcome in any large organisation is the
strength or bias of departmental interests.
Committees representing all interested parties
are slow and often ineffective, so we prefer
to use the Joint Project Team. This is not
simply a matter of bringing together threc or
four people knowledgeable about the pro-
blem. They must also have had some experi-
ence and training in the disciplined and ob-
jective analysis of practical proslems, which
often start by being very ill defined. The
first job of a team is, therefore, to examine and
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criticise their remit and, if necessary, to go
back to the originating authority and show
reasons why they consider this should be modi-
fied. Once the correct remit has been estab-
lished the team use any of the technigues of
investigation, analysis, and evaluation which
they consider necessary, and bring in the
assistance of specialists in costing, workstudy,
market research, operational research, design,
or any other form of assistance, so that the
best solution can be produced as quickly as
possible.

When applied to existing practices, work
study has enabled us to achieve savings of 10
to 129 through minor improvements in
methods, through the establishment of targets
by work measurement, and through the intro-
duction of incentive schemes. The Work
Study Department of some 2,000 staff have
been fully employed in carrying out this
work and we have now over 60,000 staff
working on jobs which have been studied.
The savings average over £ 100 per man
covered, after taking into account the cost of
making incentive payments and of maintain-
ing schemes. These economies have resulted
in a smaller though more effective and
better paid staff,

The results which we have already achiev-
ed make us confident that more substantial
gains can be obtained by the use of work
study as an aid to problem solving. We
are now developing its use in the planning
and design fields. There it may not be
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possible to show ‘savings” because there may
be no basis for comparisons. This early
critical consideration does, however, have
the advantage of preventing mistakes rather
than correcting them, and removes the impli-
cation of criticism which correction carries
with it. As we make this kind of approach,
the need for managers and their staff to apply
their knowledge and experience directly to
the problems facing them is emphasised, and
their importance as a source of knowiedge
on which the evaluations and proposals
for the future are based becomes more
apparent.

Though it will be some time before the
full results of recent re-organisation and
planning become apparent, we are satisfied
that we can create a more concentrated and
more efficient railway system, which will
provide what our customers require and
which will cease to be a burden on the public
purse.

India, very old in its history, is a new
and rapidly developing country in the indus-
trial field. Tt has the advantage of having
seen the mistakes of the 19th century indus-
trial revolution in Europe and America. The
lesson to be learnt from what British Railways
are now doing is the necessity to obtain and
develop staff of high calibre, who will penetrate
the crust of established practice and outdated
conceptions so that they can examine true
purpose and possible means with open mind-
ed clarity.
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Human Factor in Work Study

NS Mankiker*

Whenever we discuss the human factor in the application of work-study we more often
than not confine our attention primarily to the frailties of human nature, We argue that since
in work-study the main object is to improve existing ways of doing things by effecting change
we must expect considerable resistance at all levels in an organisation and that the main obsta-
cles which stand in the way of effectively applying work-study in any organisation are
resistance to change ; resentment of criticism ; insecurity ; and complacency. This of course

is an over simplification of the problem.

N APPRAISAL OF WORK STUDY—its practice
and its future—was the subject of a
recent conference held in Bradford by the
Institute of Work Study. The proceedings
made very interesting reading. A paper
presented by a member of top management
complained that work study savings were all
too often more ‘apparent’ than real and he
went on to question the present convention
of applying work-study to labour utilization
and enquired why other factors of produc-
tion should not be studied. Discussion also
centred round a comment made that the
popular press sold ‘brand image’ of work-
study best exemplified by the character in the
film I am Alright, Jack! It was agreed that
this was something which each one of them
could counteract only by work well done
and industrial relations soundly established.
View was expressed that work-study practi-
tioners needed, more than anything, to widen
their horizons as well as to improve their
existing techniques in depth. It is also inter-
esting that in a much more recent conference—
European Work Study Congress 1963—held
in May this year, nearly half the time at the
Congress was devoted to discussion of the
theme: “Work Study and the Whole Man”.
That even to-day, after the bitter experience
of the 1920s in the application of time and
motion study techniques, need is felt for
discussing the human factor in work-study

*Chief Adviser of Factories, Government of India

at every conference be it here or in the older
industrial countries, seems to point to the fact
that there is much to be learnt.

In the early stages of the campaign con-
ducted in the UK for popularizing work study,
the Industrial Welfare Society had brought
out a very thought-provoking booklet ‘The
Human Implications of Work Study’. The
author makes a strong case for considering
man as a whole and states with a degree of
sarcasm that

“It was Taylor who first conceived the
idea that the time taken by a person to do
something could be measured impersonally
as something apart from the persons con-
cerned. Gilbreth went a stage further; if, he
asked, the time taken by a person to make
the movements involved doing a certain job
could be considered apart from the person
making the movements, then why should not
the movements themselves be considered
impersonally also? Bedaux made a logical
synthesis of these two allied ideas, and
endeavoured to combine time and effort
involved in movement into a unit measure-
ment of power.

“The net result of this theoretic atomisa-
tion of a man is that for the purpose of
production he becomes no more than a
series of movements occupying a peried
of time. Unfortunately for theory, the
man is still necessary to perform the move-
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ments, and the time involved is only time
as part of his life, a life which was ticking

~over before the job started and goes on
ticking over after it is done.

“There is a distinct possibility that during
that part of his life in which he is making
the movements in time which constitute
his job, his mind may decide for him that
he does not like what he is doing; that he
hates the surroundings in which he is doing
it; that he is dissatisfied with the induce-
ments offered to him to go on doing it.

“If Work Study is to do successfully what
it is supposed to do, it must take cogni-
sance of these and other highly personal
considerations.”

Work Study from the labour point of view
has been very aptly defined by J Crawford,
an outstanding figure in the British Trade
Union movement, who was one time Chair-
man of the British Productivity Council, in
a paper he presented at the Duke of Edin-
burgh Study Conference on ‘Human Problems
of Industrial Communities’, held in Oxford
in 1956. Talking of Work study and human
satisfaction, he states:

“In the 1920s there arose a great vogue
for an industrial technique called Bedauxism
(Time and Motion Study}. It was in certain
ways effective and for production engineers
an exciting tool for securing higher out-
put. But the tool broke in their hands. It
produced human problems more quickly
and acutely than it solved production ones.

“Now lessons have been learnt. The
best of Bedaux, made acceptable by eleva-
tion of human rights and dignity, yields
a modern technique called ‘Work Study’.
Managements of today do not use Bedaux
and expect the welfare or personnel depart-
ment to heal the wounds, From the start
they use *‘work study’ in which the appraisal
and adjustment of human problems is as
much an integral part asis the use of the
stop watch.
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“Bedaux was an employers’ tool—the
focal point of attack was the worker and
his job. Modern ‘work study’, applied by
reputable people, plays no favourite: the
technique must bring under review the
function of management itself.”

In giving a background of the problem I
have quoted extensively from British experi-
ence since we have drawn much of our inspira-
tion from that country in the development of
work study here.

There has been in recent years a very rapid
growth in the demand for trained work study
men and one of the ways in which this demand
is being met is by a multiplication of training
courses; the time and effort at these courses
spent by the technical personnel, which indus-
tries can ill-afford to spare, have to be justified
by an elaboration of the wayv in which the
subject is handled and possibly this has
resulted in an equally rapidly growing ren-
dency to regard work study purely and simply
as a professional technique for studying work.
Thus the work study men are becoming far

too professional, far too technical, and insuffi-
ciently human.

During the course of the last few years
over 1000 persons would have been trained
as work study engineers and technicians,
but comparatively work study has made little
headway on the shop floor, and often this is
attributed either to lack of interest on the part
of the management or reluctance on the part
of the workers, It is therefore necessary to
remind ourselves of the basic concepts of
work study and to make a re-appraisal from
time to time as to how work study is applied
in practice and what are the factors which
militate against its effective application.

Good human relations and effective Work
Study go hand in hand: care in establishing
satisfactory relationships is essential to the
development of a creative attitude to innova-
tion through Work Study; also effectively
implemented work studies lead to improvement
of human relations between managers and work-
people because conditions and morale are
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both improved. Thus good human relations
are a pre-requisite to, as well as a result
of effective Work Study. The required good
relationships can arise from a businesslike,
honest and consistent relationship between
manager, supervisor and worker in which
the former seek to ensure that some fundamental
rights of the work-people are provided. These
in brief are a proper work-place which is safe
and designed for the worker; a proper flow
of work of a kind for which the worker is
trained; and work arriving at a speed which is
within worker’s capabilities—neither too much
nor too little (shortage of work is just as bad
as too much)—and finally the worker needs
to feel that he has a worthwhile leader who
is securing improvement of the workers’ lot.

As regards working conditions, if savings
and other benefits resulting from the applica-
tion of work study have to be maintained on a
continuing basis, much more attention should
be paid to a careful evaluation of the work-
place to eliminate the adverse factors, as far
as possible. Bad working postures, abnormal
thermal environmental conditions, heavy dust
concentration, unnecessary lifting, bad light-
ing and high noise level should not be accept-
ed as unavoidable features of the work under
consideration. This is done today to a sur-
prisingly high degree by the work study men
and the management.

Work is something which we do because
we must and there are several kinds of compel-
ling influences, economic necessity being
the most common. This is more pronounced
in a country faced with the serious problem
of unemployment. This has, unfortunately,
detracted from a careful examination of the
various factors, concerning the human aspects,
which could help to make effort put in, more
rewarding. It is these factors, which when
ignored act as disincentives.

By and large, how do we attempt to solve
the problem ? Instead of a positive and direct
approach, palliatives are suggested in the form
of compensatory rest allowances, by moti-
vation and by selection and training of the
man te fit the environment and the equip-

HUMAN FACTOR IN WORK STUDY

ment. The person affected would seem justi-
fied in asking that if sophisticated technigues
have to be used in calculating work-loads and
in measuring work, why not use the same
degree of sophistication in improving working
conditions to make work less irksome. Hence,
perhaps, was the comment made at the
Bradford Conference that work study men
needed, more than anything, to widen their
horizons as well as to improve their existing
techniques in depth. Any rzal attention to
the problem reveals a similarity between the
things which Work Study seeks to achieve
and the factors through which good human
relationships are developed.

In conclusion, T would again like to
emphasise the worker’s need for a leader,
on the shop. The leader must be at shop
floor level and not tucked away in a remote
office, so that a personal relationship can be
established between the worker and the one
who is seen to have some authority in the
organisation. Too frequently, such leader-
ship is not available so that the worker’s
psychological need for aleader must be suppli-
ed by a Union official or similar person who
normally has an unpredictable effect on the
organisation. Effective Work Study must aid
development of such shop floor leadership and
not, as sometimes happens, tend to weaken or
by-pass it.

Experience in those projects which have
secured the greatest improvement indicate
that there is usually no troublz in obtaining
co-operation provided the project objectives
have been made the subject of hard thought
and positive action. This is because work
study requires co-operative effort at many
levels of an organisation. So preparatory to
an investigation care must be taken to find
what is the law of the situaticn so that the
things {not persons) causing difficulty are
identified and realistic objectives which are
meaningful and worthwhile at all the levels
affected are developed. When this is done,
good results are usually obtained because it is
in the group interests to do so. Too fre-
quently, Work Study is ineffective because it
has been allowed to become a witch hunt and
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insufficient care has been taken on the deve-
lopment of objectives or targets for the work
have not been quantified.

The problems of Work Study tend to be
over-emphasised because Work Study investi-
gations are unnecessarily extensive. Normal-
ly, the restrictions to production are located
at a few separate points and not widely distri-
buted. Provided care is taken to find those
points which are holding up production and
acting as bottleneck, the output of a plant
as a whole can frequently be increased with
comparatively fittle effort except at the parti-
cular spots which are restricting production.
Normally, comparatively few people are
affected by change and the majority find that
conditions which previously hindered their
best efforts have been removed. We have
cases where rises of over 509 in shop pro-
duction have occurred without the work-
people being aware of the fact! This seemed
to be because the removal of a few bottle-
necks had led to less delay of production and
less accumulation of work on the shop floor.
Consequently tidiness is developed and it
leads to more satisfying work and less frus-
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trated workers. Possibly the lack of realisa-
tion that output had increased, arises from a
tendency of workers to feel they are busy if
there is a great deal of unfinished work
around them. This of course gradually dis-
appears with the removal of bottlenecks.

For good relationships Work Study man
must be scen to take action at the points of
difficulty. If he is seen on the shop floor
helping management develop ways of handling
difficulties then he gets co-operation. On
the other hand, Work Study men too fre-
quently are remote and try to organise Work
Study from an office so that their efforts are
less effective. But more often they lose
personal contact and misunderstandings are
sure to arise, Poor relationships and ineffec-
tual Work Study go hand in hand.

It may appear that I have tried to present
the subject assigned to me from one extreme
end of the spectrum. If I have highlighted
certain deficiencies it is more with a view to
stimulating discussion and encouraging a
more critical appraisal of our approach and
concepts so that we may profit by experience.

WV

IN MY WORK. T HAVE
TO HANE EXCELLENT
HINDSIGHT.




Work Study and Design in Hospitals

PJ Torrie*

Work Study has been introduced extensively to the Hospital field only within the last
three years and the achieved contribution to the planning of new hospitals is still guite limited.
This short article is therefore a review of the progress and problems encountered in ap-
plying the normal techniques of Work Study to Design Work in a new field of considerable
complexity rather than an elaborate exposition of new techniques.

IN THIS COUNTRY (UK} since 1948 we have
been engaged on a venture which we call
the National Health Service, of which the
Hospital Scrvice is one major part. 4 very
comprehensive standard of treatment is freely
available to virtually everyone in this country
through this Service and indeed most of us
can expect at some time or other to occupy
a bed in one of 3,000 hospitals, where we shall
be cared for by highly qualified teams of
medical nursing, administrative and other
staff from amongst 500,000 people who work
in this ficld. The ultimate aim of this Service
is not to produce profits; (indeed the Hospi-
tal Service alone costs the country more than
£ 500 million) but rather to provide for sick
people an adeguate standard of care and
treatment from the available resources.

*The author is the Leader of Work Study Project, Hos-
pital Administrative Staff College, King Edward’s
Hospital Fund, London. The article published here
is one of the best papers read at the 1963 Session of
the European Work Study Congress. [t is published
here because it concerns a ficld where we badly
require Work Study.  Of course even at the European
Work Study Congress the paper attracted consider-
able attention, partly becauvse it is outside the field
of industry where Work Study so far has yielded
substartial resclts, but mainly because it is one of
the few pieces of serious and earnest work done
in the whole sphere of Work Study, The author
desires to make it ¢lear that the views expressed are
generally his own and not necessarily those held by
Hospital authcritics. He desires to express his grate-
fulness to the Authorities for permission to quote
examples and to many Work Study staff who may

recognise, in this article, their own ideas and even
their own terminology.

In 1948 the ownership of the Hospitals was
transferred to the Nation. The Hospitals
themselves are organised int> 21 Regions,
each Regional Board acting as the agents of
the appropriate Ministers responsible for
health affairs in England and Wales, in
Scotland and in Northern lreland. The
Regional Boards are responsible for planning
and controlling the use of the Hospital
resources in their area. The Regions are
divided into Groups (containing up to 15
or more hospitals each) and in addition there
are a number of Teaching Hospitals in Eng-
land and Wales reporting directly to the
Minister of Health.

A Hospital comprises many departments
in which staff of widely differirg professional
backgrounds are employed. Patients are
cared for in the Wards, Theatres, Casualty
and Outpatient Departments by Medical
and Nursing Staff. These Departments are
closely linked with the Auxiliary Medical
Departments such as Pathology, Radiology
or Physiotherapy, all staffed by highly quali-
fied people. There are also th: Administra-
tive and Supply Services and many other
staff are employed, for instance in laundry,
cleaning or portering work. Understandably
there is much tradition in Hospital thought
and actions and a great deal oi individuality
in the outlook of the differing professions.
Consequently there are many points of view
to be considered before a Hospital becomes
a smooth working entity in which no one
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Department’s contribution is out of balance
with the whole concept.

Staff costs comprise over 60 percent of the
running costs of a Hospital and there is a
keen realisation of the need in planning to
effect economies not only in Capital Expendi-
ture but also in running costs. Hospital
Staff are well aware of the need for a reason-
able degree of standardisation, for utilising
to the full, expensive facilities and equipment,
and for simplifying traditional and costly
procedures. In these and other respects they
seek the assistance of Work Study but they
rightly remind Work Study Staff that the
Hospitals exist to provide a very personal
service to sick people and this will always be
a major facter in decisions. The aim of
Work Study in this field must therefore be
to help planning staffs to achieve cfficiency
and economy in the services and the supply
systems of the Hospital and to provide for
the Medical, Nursing and other Technical
staff effective facilities to enable them to
work freely in accordance with their profes-
sional standards and without detriment to
the individual care of patients.

More than 160 Work Study staff are
now available for work in hospitals. It would
be interesting to describe the results which
they are achieving in applications to existing
work (over 500 studies have been carried out
in 40 or 50 distinct typss of activity) but in
this article I must confine my remarks to the
initial efforts to use Work Study staff to
assist in planning the Hospitals of the future.

work study contribution to planning and
design of new hospitals

{a) The Hospital Building Programme:
For many years the Hospitals have
been sorcly in need of capital for
new buildings and modernisation, but
at last, in January 1962, a ten year
plan for Hospital building was pub-
lished. Within thc next 15-years
projects to the valuc of £ 770 million
will bz commenced and over 100
completely new hospitals will be

(b}
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built, a further 130 will be drasti-
cally overhauled and large sums will
be spent on development and modemn-
nisation in other Hospitals. Very
few new hospitals have been built in
this country since the war and until
very recently there has been little
expericnce of techniques and proce-
dures for capital development. There
is, however, a reaiisation that the new
hospitals will be with us for very many
years to come and an enthusiasm and
determination to see that all that is
best and newest in concept is built
into these hospitals whilst opportunity
is afforded.

Planning Procedure: Hospital plan-
ning is a particularly complex
activity in which more factors
must be considered than in probably
any other field and in which
there is also a greater lack of relia-
ble planning data. The whole pro-
cedure for building a Hospital may
take at present six to eight years to
complete and in the past has some-
times taken even longer. The main
stages in a project may be sum-
marised as follows:

(i) The Determination of Require-
ments: The assessment of the Ser-
vice to be provided by the Hospi-
tal and the preparation of an
outline brief relating to the site,
the range of clinical and suppor-
ting services required, the broad
operational policies to be adop-
ted, the type of supply service
to be used, movements and
communications, broad interde-
partmental relationships, staffing
considerations and the phasing of
the stages in the building of the
Hospital. Work Study has been
used at this stage but still only to
a very limited extent and there
is considerable scope for further
use at this stage, once the clini-
cal requirements are determined.
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(i)

(ii)

(iv

(v

)

S

WORK STUDY IN HOSPITALS

This should help to ensure com-
pleteness of initial thought and
thus aveid expensive alterations
at a later stage.

The Preparation of a Detailed
Brief: The development of the
scheme in more detail to provide
a working brief for architectural
and engineering staff. This in-
volves decisions on the policies to
be used in Departments, the
preparationof schedulesof accom-
modation, diagramatic layouts,
staff requirements for depart-
ments and a provisional cost
estimate. Work Study contri-
butes more extensively at this
stage, particularly in the provi-
sion of data and in evaluating
functions and working methods
to ensure a really complete brief
for the Architect.

The Development of the Design:
The production of sketch draw-
ings in detail, including the de-
tailed layout and design of
rooms and eqguipment within
departments and the production
of the final cost limit. This is
the stage where everyone recog-
nises that Work Study can help
in detailed layout and in speci-
fying work methods. Unfor-
tunately the Work Study contri-
bution is often too late at this
stage to be fully effective.

The Execution of the Building
Work: To date there has been
no use of Work Study in this
technical stage in Hospital Build-
ing by Hospital Work Study
staff.

The Plan for Commissioning the
Hospital: Work Study has a
contribution to make to assist in
the detailed organisation for
bringing the new Hospital into

use both as regards staffing and
equipment and the introduction
of new methods of working. It
also helps to provide a smooth
changeover from the existing
Hospital to the new one.
(vi) The Appraisal of the Design in
Use: Where this hzs been carried
out as a deliberate policy, Work
Study is almost invariably invol-
ved. Furthermore, as regards
Work Study applications to exis-
ting work, the terms of reference
frequently include specific instruc-
tions for the collection of plan-
ning data for future use.

The Work of the Planning Team:
The success of the project depends
directly on the team worx of Medical,
Nursing, Administrative, Architec-
tural and Engineering staff working,
as all design staff do, under restric-
tion of time, cost, rapidly evolving
techniques, and the insistant but often
conflicting demands of the different
departments and specialists.

©

With the rapid development of the building
programme it would be impossible to conceive
that in all cases the results would be the fully
effective economic and convenient working
entities which they were intended to be.
Work Study investigations show clearly that
in the past there has sometimes been a wide
difference between the original intentions of
the planners and the results of their work.
There are many reasons for this—reasons
which continually cause planning teams to
seek answers to questions which are so fami-
liar to Work Study Officers—What are we
Seeking to achieve? What mecans are we
going to use? How many do we need? How
often will it occur? How long will it take?
Where should it be? How ought it to work?
How will it actually work? How should we
doit? How many people do we need 7—and of
course, Why is it necessary and what else could
be done? Perhaps it would not be unfair
comment to say that the last two questions
are less in evidence than we might expect,
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The main aspects in the work of the Plan-
ning Team which lead to these questions and
“in which Work Study assistance has been
sought to date, are outlined below. It must
be emphasized that Work Study is a service
to the team and that attempts to claim succes-
ses for it in isolation from the team effort are
foolish and wrong.

use of work study by planning teams

{a) Attaining Completeness and  Reli-
ability of Data

Work Study is used in many ways to
ensure completeness of data and to enable
the team to visualise the way in which staff
will work. The following are some of the
typical situations to which it contributes.

Frequently basic information which is
required is not readily available. It is difficult
to say the least of it for an Architect to deter-
mine the numbers of lifts required in the
absence of reliable data on traffic flow—he
may well underprovide or overprovide and
either alternative will be costly.

When information is available it may be
so slender that it is either unusable or dan-
gerously misleading. A statement that 150
patients will use a Department in a given
period is of little relevance to the Design of
the Department—to be meaningful the data
must be elaborated and related closely to the
working methods to be used. Indications will
be needed on the numbers and types of treat-
ment, and how this is carried out, the sequen-
ces in which the treatments will occur, the
pattern of arrival of patients and the duration
of the treatments.

Work Study has a particular value when
pew functions not yet in general use in
Hospitals are to be incorporated inthe new
Design. In other cases planning decisions
have to be taken which in turn wiil alter the
previous working methods, layout and staffing
requirements and the cffect of these changes
must be determined. For instance a decision
to use disposable items in Wards or Depart-
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ments may radically affect the Working
Methods of the staff and will involve new
problems of storage and disposal. An appa-
rently simple change in the type of flooring
to be installed, taken on grounds of durability
and reduction in cost, may involve different
cleaning methods, different equipment, a big
difference in work load and consequently
changes in staffing requirements. Work Study
advice is required in connection with the
choice and introduction of new equipment—
mechanisation of routine tests in a Patho-
logy Department may be clinically an accep-
table proposition, but is the work load
sufficient to justify the purchase of the equip-
ment and how much senior technical time
will be required to operate and supervise the
equipment ?

(b) Determining the Relationship between
the Component Parts of the Hospital

Problems in Design are seldom isolated
ones but tend to overlap and the inter-
dependence of Departments in Hospitals
accentuates this feature. In putting forward
their requirements Departmental Heads, who
see their own problems clearly, tend to see
these in isolation from the problems of other
Departments. The relationship and layout
of Departments affects very directly the traffic
flows and communications within a Hospital
and this is an aspect which is difficult for
planning teams to determine. The Work
Study approach is of particular value here,
since it considers problems in relation to all
the surrounding circumstances; it considers
all the alternative methods of meeting the
requirements, it can evaluate the flows of
patients, staff, visitors and supplies, and can
provide the Planning Team with the means
for determining the best compromise for all
the Departments involved.

() Providing a Common Language

In team work in which many Profes-
sions participate, the technical languages
used and difficulties experienced in visualising
situations can become a barrier to a clear
understanding and discussion of ideas and
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intentions; and therefore a common lan-
guage is required. Work Study with its techni-
ques for recording and displaying informa-
tion, such as string diagrams, travel charts,
multiple activity charts, can provide an easily
understood basis for clear and systematic
discussions of layouts and_working methods.

Ward Design provides an example of this.
The shape of a ward and the location of the
auxiliary rooms in relation to bed areas can
materially affect the work of Nurses and the
distances which they have to walk. If design
is not closely related to Nursing work, rooms
may be inconveniently located and used in
practice for purposes for which they were not
designed. To cnable Architects to assess the
effect of changes in relation to the Nur-
sing work a standard “Model” of basic
Nursing tasks common to most Wards has
been prepared by the Work Study Group of
the Scottish Home and Health Department.
The journeys involved in carrying out this
standard pattern are plotted on String Dia-
grams for each layout to be assessed. The
diagram illustrates clearly to Architects how
closely the particular layout under discussion
approaches the ideal by showing up features
such as unnecessarily long journcys between
rooms which are frequently used in succession,
congested areas and under-used and ineffec-
tively sited rooms. The planning teams and
Architects concerned are now thoroughly
accustomed to the String Diagram technique
and use it as a convenient and normal basis
for discussion.

(d) Stimulating a Constructively Criti-
cal Approach in the initial Stages of
Planning

Experience in Industry and elsewherc has
shown that the challenging approach of Work
Study has a considerable contribution to make
in achieving clarity and completeness of thought,
in examining critically cxisting concepts and
in stimulating fresh initial thought at the
earliest stage in Design. In this way extensive
changes and delays can be avoided at later
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stages in projects and a better design achieved
in a shorter time.

Unfortunately critical examination is the
most difficult and, at first sight the most time-
consuming and least well-defined of Work
Study Techniques. In Hospital Planning it
is at present used by Work Study staff to
challenge statements of requirements and the
efficiency of proposed metheds, but often
at a relatively late stage when :t raises funda-
mental questions which if pursued further
would cause complete disruption of the
procedure.

When used it has stimulated an equally
critical approach in members of the planning
team. As confidence and knowledge of Work
Study is gained in this field it should be used
more extensively at the earlier stages, but as
in Industry this will require that some mem-
bers of the planning team acguire a much
closer understanding of Work Study than
exists at present.

(e} The Employment of Work Study Staff

In practice Work Study staff are used in
planning in two main ways:

(i) At National Level: Work Study
Tcams are contributing exten-
sively to research activities from
which documents giving useful
guidance to those engaged in
planning are distributed on a
National basis.

At Regional and Hespital Level:
Most Regions and Teaching
Hospitals have Work Study staff
available and there s an increas-
ing use of such staff at the main
stages in the development of
individual hospital projects, both
to deal with problems arising in
the project and also to relate
the data produced at National
level more closely to the local
circumstances.

(ii)
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These contributions at National and Regional
level are discussed next.

work study contribution to research for
planning at national level

(a) The Preparation of Research Studies

Research studies to produce planning data
relating to the requircments and working
methods of the Hospital departments have
been carried out by the Ministry of Health,
the Scottish Home and Health Department
and independent bodics such as The Nuffield
Provincial Hospitals Trust and King Edward’s
Hospital Fund for London. These studies are
circulated to planning teams to provide basic
information which can be related to local
circumstances and also to encourage a measutre
of uniformity in design, and in many of such
studies an eftective Work Study contribution
has been made, mainly by Work Study staffs
ggnployed by the central authoritics concern-

An illustration is a Hospital Planning
Note, dealing with “The Provision and
Design of Casualty and Accident Depart-
ments”, based on studies by the Hospital
Development unit and Work Study Group
of the Scottish Home and Health Depart-
ment. The Research Team comprised a
Doctor, a Nurse, an Architect, a Work Study
Officer and an Administrator, who had all
received training in Work Study which was used
by them as a common language, as a means
of bringing systematic thought to bear on
the problem and as a basis for the develop-
ment of data. The Work Study approach
was used to examine the problem from four
aspects; to determine the nature and composi-
tion of the casualty load; to determine the
work involved in dealing with the range of
casualties; to determine how many staff must
be accommodated and finally what facilities
were needed. The study involved detailed
recording and critical examination of the
work carried out by doctors, nurses, radio-
graphers, etc., (including work measurement)
on a wide range of existing Casualty Depart-
ments and a comprchensive statistical ana-
lysis of the resulting data and of Casualty
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Records, The information is presented in a
form which enables planning teams to com-
pare it very readily with local data and thus
make the necessary adjustments. Guidance
is also given on deficiencies observed in
existing departments, on organisational
aspects, on the layout of component facilities,
on traffic routes and communications with
other departments. In this way the Planning
Team, particularly the Architect, wil be
helped in the task of designing the building
round an efficient working procedure.

(b} An Example of the Use of Research
Data

An example of the usefulness of this type
of study concerns a new hospital on which
initial planning commenced some years ago
when Work Study assistance was not avail-
able. When the preliminary design and
cost estimate were produced it was realised
that a substantial reduction in the proposed
capital expenditure must be made and a
rapid reappraisal of the scheme was institu-
ted. This was carried out by the planning
staff, the Heads of Departments and by a
Work Study Team. The outcome of the com-
binced effort has been a reduction of the overall
size of the scheme by 76,000 sq. ft. and a
reduction in the estimate by about £ 375,000»
The Work-Study contribution has resulted in
alterations in the siting of certain depart-
ments, the reduction of unduly large areas
and a better utilisation of space resulting in
an optimum degree of compactness in design
without upsetting basic relations and
efficient working. Research studies of
the kind already discussed were used to
establish quickly a new and improved
lay-out for the Casualty Department as a
result of which a reduction of 10 feet has been
made in the depth of the whole block in
which the department is to be situated. In
addition the proposed ward layouts have
been changed and improved as a result of a
more precise definition of the nursing require-
ments provided through the type of Work
Study data already mentioned. The Architect
has stated that during this short period of
reappraisal a considerable advance has been



664

made in the precision of the planning and in
the definition of functions, without changing
the basic concepts of the scheme and the
economies which have been achieved have
not upset any of the principles on which the
design was based, nor impaired user efficiency.
The example indicates not only the value of
data provided by Work Study in research
for planning but the fact that had this data
been available locally at an earlier stage in
the project, the need for such an extensive
reappraisal might never have arisen.

applying work study to individual projects at
regional and hospital level

{@) Work Study in Planning at Regional
Level

The majority of Work Study staff are
employed in Regions and Teaching Hospitals,
The method of using Work Study staff varies
from Region to Region. In the Wessex
Region the use of Work Study in planning is
perhaps more extensively developed than else-
where. Here the majority of the Work Study
effort is directed towards providing a service
to the Central Planning Group. This is done
by having a central Work Study Team at
Regional Headquarters, and other teams
located in the areas in the Region where sub-
stantial building will take place. The teams
carry out investigations on behalf of the
Central Planning Group as the need arises.
The investigations mainly concern the rela-
tionship of departments, working methods to
be adopted and detailed layouts of depart-
ments when required.

The Chief Work Study Officer attends the
Central Planning Group meetings when
matters to which Work Study can contribute
are under discussion. In this way he is able
to receive instructions directly from the
Central Planning Group, he can provide
Work Study advice to their deliberations and
can report back when the assignments which
have been passed to the Work Study teams
are completed. Thus Work Study is closely
and economically integrated into the Regional
planning effort and its contribution can be
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brought in at the most effective point. It is
now standard practice, for instance, for Work
Study information to be included on each
Room Schedule and special columns are
incorporated in these schedules, in which the
work to be carried out in the Room, parti-
cular aspects of the methods to be used which
will contribute to the knowledge of the Archi-
tect, and even recommend sizes and dimen-
sions entered.

Once the clinical requirement is deter-
mined, Work Study can contribute freely at
all stages of the project. A typical application
arose recently in the case of an Operating
Theatre where Work Study staff, in close con-
junction with medical, nursing, architectural
and engineering staff, have togzther pro-
duced a new and advanced design involving
changes in working methods and use of equip-
ment. The value of Work Study techniques
in this situation lay in the ability of the
Work Study staff to assess space requirements,
evaluate working methods and the movement
of patients and staff in the projected situation,

(b)Y Examples from Teaching Hospitals

Another example comes from a large
Teaching Hospital in the centre of London,
the Westminster Hospital. A new building
is in course of construction adjacent to this
hospital, where space is extremely limited and
valuable. The problem concerned the
Engineer’s Stores, which were to be located
in the new building. An estimate of the space
required, based on the area occupied by the
existing stores, had been submitted, but the
available space in the new building was in-
sufficient to accommodate these and other
requirements and Work Study was therefore
given the problem.

The Study involved a Critical Examina-
tion, in cooperation with the Group Engineer,
of the need for the range of items stored,
of the stock figures and the frequercy of order-
ing. Italso involved a detailed assessment of
the amount of space required for each item
and careful planning of the methods of stor-
age and the [ayout for the department. Asa
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result of this study, proposals were put to
the planning team, with the full agreement of
the Group Engincer, which indicated that
there could be a reduction in the stock held
and alterations in the method of stock control
and handling which would effect a reduction
of 22 percent in the original estimate of space
required, thus solving the problem. The
detailed layout evolved during the Work Study
investigation was accepted by the Architect
and has been incorporated without further
alteration in the plans for the new building.

It has been mentioned that it is often
dificult for planning teams, in the
absence of detailed informations to judge
the effectiveness of existing working arrange-
ments and there is the considerable danger
that uneconomic methods may therefore
be translated to the new building and in
this way perpetuated. An example concerns
the re-planning of the Conservation Depart-
ment in the Royal Dental Hospital in St.
George’s Hospital Teaching Group. The
Department was due to be re-built and require-
ments for accommodation had already been
included in the estimate for the new building,
based on a considerably enlarged version of
the existing Department, where, due to
rising work Ioads and severely restricted space,
conditions had become so cramped that only
half the working space recommended by the
Dental profession was available round each
chair. The Hospital had requested a Work
Study investigation on the existing depart-
ment in order to alleviate conditions and if
possible to enable a review to be made of the
requirements for the new department so that
financial economy could be effected.

The Study involved detailed assessment by
means of activity sampling of the actual and
optimum work loads of the dental chairs
and this revealed that due mainly to the
system of allocating chairs to students the
chairs were not fully utilised. Recommenda-
tions involving a reorganisation of the system
of allocation were accepted and as a result
some chairs were removed from the depart-
ment, space was made available and the re-
quired work load was easily achieved from
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the reduced number of chairs. This informa-
tion contributed very greatly to the reduction
in the estimate for structural alterations
for the new building from £172,000 to £95,000.
Because of the need for fewer chairs than
had been anticipated the estimate for equip-
ment for this department in the new building
was also reduced from £87,000 to £39,000.

problems and limitations

There are obviously limitations to the use
of Work Study in planning and also problems
raised by its introduction.

(a) Limited Work Study Resources

Because Work Study has developed very re-
cently and at the same time as the onset of the
building programme Work Study staff are
still limited both in numbers and experience.
Regions can employ up to 12 Work Study
Officers but few employ as many as this. In
most Regions only 2 or 3 Work Study staff
are directly employed on planning and it
may be two or three years before at least an
adequate Work Study service can be provided
for planning in all Regions.

Much of the Work-Study contribution to
planning must still be based on the interpreta-
tion of existing activities and such detailed
advice can only be given safely when the Work
Study Officer has actually studied the activity
in question in existing situations. If he has not
had this experience then in many respects he
15 in as weak a position as any other member
of the planning team.

(b) The Time Factor

Hospitals take a long time to plan and
build and all concerned are striving very
hard to reduce the length of the project. The
apparently interminable Work Study investi-
gations do seem to planners to be in some
ways a luxury which will still more prolong
the project and which they may not be able
to afford to indulge in. Furthermore when
Work Study is used at a late stage it raises
major issues relating to the initial brief
which it is too late to revise and this causes
frustration to all concerned.
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The situation will improve as more data
and experience becomes available and when
it is realised that Work Study staff are not
Jjust pedestrian collectors of facts but have a
more basic constructively critical approach to
offer at earlier stages.

(c) Composition of the Planning Team

The question of whether the Work Study
QOfficer should be a full time member of the
team or whether he should be available as
required is frequently raised.The team is
already loaded with professional views and
there is again a fear that additional jargon
will tend to delay and disrupt deliberations.
This demonstrates a lack of understanding
of the Work Study Officers task—if hc
understands his job and makes his presenta-
tion and points clearly without introducing
unnecessarily technical language, he can act
as an effective connecting link between the
various team member's contributions and
can shorten and simplify there work,
Whether the Work Study Officer is a fulltime
member or not some one in the team
must have a sufficiently deep knowledge of
Work Study to know when and how it can
contribute. In a few instances senior Work
Study staff have already left Work Study
to take up full-time administrative positions
in planning because their experience and
training has fitted them so admirably for
the task.

{(d) The lack of Standard Information

Communication of information is always
difficuit in the Hospital World and Work
Study staff tend to operate in isolation. It is
hoped that there will be a greater Work Study
contribution to the research studies for gen-
eral use which have been mentioned earlier.
Equally there should be much greater con-
centration on the exchange of Work Study
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information between Regional staffs. The
Ministry of Health already prepare useful
abstracts of Work Study Application*, but
this is only a beginning. Standard data is not
available to any extent as vet and the tech-
niques of synthesis and PMTS are scarcely
used. The need for standard information
to reduce the length of present investigations
and to avoid wastec in Work Study activity
is now clearly required.

Conclusion

In thisarticle [ have tried to show that
Hospital Planning is a particularly complex
activity in which Work Study has made an
initial but limited contribution. With the
rapidly changing attitudes and methods in
patient care and treatment, the increasing
variety of equipment and facilities required,
the need to avoid unnccessary capital ex-
penditure and control the running costs of
the new hospital there is a vast field for the
establishment of fact, the critical examination
of needs and requirements and the evalua-
tion of existing or new working methods.

Only part of the potential Work Study
contribution has yet been recognised. In
some sections of Industry, Work Study,
particularly the Method Study approach,
forms part of the training of members of
Design Teams and it is used by them at the
earliest stages in their work. It will take
some time to determine whether this will
eventually be feasible in Hospital Planning
and in the meantime much spade work in
co-ordinating and improving their own
efforts lies with the Work Study staff,

*Ministry of Health—Abstracts of Efficiency Studies
in the Hospital Service—H. M. Stationery Office,
London.

“It is far better to spend money on teachers’ salaries than on bricks and

mortar.”’
Chancellors on November 10, 1963.

Prime Minister MNehru addressing State Education Ministers and Vice-
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Work Study in Indian Railways

SC Vadera*

Almost every commodity and industry in India depends on the Railways to provide efficient
and cheap transport, Efficiency of the Railway has, therefore, a tremendous impact on  our
country’s economy. Not only is a large share of the funds provided under the development
plans ear-marked for Railways, but they also account for a sizeable portion of the foreign ex-
change expenditure. The efficient use of Capital and Materials in particular and also Labour
is, therefore, of paramount importance. Planned, systematic and continuous effort is required
to achieve ever-increasing standards of efficiency. For this, Work Study is mow the recognised
management tool, We must, however, be clear as to what constitutes Work Study, Merely
to spend long hours, accurately to record, painstakingly to question, and develop a better method
for, say, a non-repetitive job, and to show a saving less than the cost of the study is certainly

not Work Study. Likewise to sit down and start applying laboriously, Work Study proce-
dures to effect improvements which are obvious would be as foolish as trying to crack a nut

with a steam hammer,

HE HISTORY OF THE APPLICATION of
techniques of analysis and systematic
development of processes and work-proce-
dures in Indian Railway Workshops, dates
back to the late twenties and early thirties.
A number of British Production Engineers
were at that time appointed to the major
repair shops of the Railways. Each develop-
ed his own system and by and large the
systerns developed were good and showed
results. With the departure of these experts,
however, the various systems atrophied and
by the end of the Second World War, there
was only one exception in the Mogalpura
Workshops of the NWR (now in Pakistan),
where incentives had been introduced based
on systematic time-study and work-analysis.
With the partition of the country, therefore,
the Railways were left only with the relics
of the older systems.

At the time of setting up Chittaranjan
Loco Works, the Railway Board decided that
attempts should be made to achicve standards
of productivity approaching those of the
Western countries in this workshop. The

*Deputy Director, Mechanical

] Engineering
(Production) Railway Board

collaboration agreement therefors, specially
provided for the setting up of a comprehen-
sive Production Control Organisation, which
would enable this to be achieved. Following
the results achieved at Chittaranjan Loco
Works, the system of scientific analysis of
work has been extended to other Railway
workshops also. When the decision in this
regard was taken, it was further decided that,
as at Chittaranjan, incentives based on scienti-
fic analysis and determination of work-
content, be also introducd. Incidentally
before implementation general acceptance
of the Railways unions was obtained by the
Board.

Railway Workshops undertake a large
variety of jobs requiring many difficult
processes. The range of work covered in-
cludes manufacture of spares, for repair
and new manufacture of rolling swock, Bridge
Girders and Track material, Signal & Tele-
com., and Electrical equipment and manu-
facture and repair of jigs, fixtures and
tools, etc. The diversity of work tackled
is such that there are over 100 different types
of locomotives, 700 to 800 types of carriages
and wagons, in service. The different compo-
nents required for these items of rolling stock

668



SC VADERA

alone are well over a few lakhs. In like man-
ner, the variety of equipment tackled in the
Signal & Telecom., Civil Engineering and
Electrical Engineering Workshops is also
staggering. The nature of work catered is
both repetitive and non-repetitive or occa-
sional. In the case of repetitive work, work
may be organised for continuous processing
in case the demand and production capacities
can be balanced, or for periodical manufac-
ture in case the production capacity is greater
than the demand. Apart from the wide range
of work a particular feature, specially of
repair work, is the great fluctuation in the
quantum of work required to be done on
equipment of the same type. The total num-
ber of staff cmployed in the workshops being
covered by the scheme is over 1,20,000 em-
ployed in over 40 different workshops spread
throughout the length and breadth of the
country.

Railway workshops have grown up and
developed in a piccemneal manner and the
facilitics available in them vary widely. The
task of covering this variety of work and
mass of men was formidable. At the time
when this work was commenced, NPC had
not yet come into its own in this country and
was just being set up. There were virtually
no trained personnel available, nor were
there any training facilities, We were, how-
ever, fortunate to have imaginative engi-
- neers. Therefore, inspite of these handicaps,
remarkable progress has been made.

organisation

The first step was naturally to set up in
cach workshop a ““Production”™ organisation
for undertaking studies, developing, instal-
ling, and maintaining the improved systems
and techniques. Since workshops varied in
strength from 500 to over 10,000 men,
and as the work and processes undertaken
in them also varied, this in itself was a for-
midable task. However, on the basis of
experience at Chittaranjan, it was possible
to work out the strength of staff required for
the different shops, once the scope of
work and processes in each shop had been
analysed. Sample organisation charts for the
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different types and strengths of workshops
were worked out.

The grades of staff provided are those
normally obtaining in supervisory cadres of
the Railways, The ‘Rate-fixers and Plan-
ners’ as they are called, on the Railways, are
drawn from amongst the supervisors and
workmen, In practice, this has been found
to be most beneficiai, as the constant traffic
of transfers between the shop-floor posts
and the Production Office has resulted in a
much wider dissemination and understanding
of the principles of work study than would
otherwise have been possible. Other side
effects have been that firstly, all ‘mystery’
has been removed from work study and fur-
ther an avenue for advancement for the
brilliant young technician or tradesman has
been opened up.

The Production Department has no direct
responsibility for out-turn., The head of the
department, particularly if he is an officer,
however, generally controls the Jig & Tool
Office, Tool Room and may also be res-
ponsible for Inspection. The basic responsi-
bilities of the Production Department are,
therefore, laying down Methods, specifying
Times, and ensuring Quality. The specific
task of Rate-fixing and Planning is to deter-
mine the one best way of doing the job with
the given facilities and to specify its work-
content in terms of standard man-hours.

training

Simultaneously with the sctting up of these
organizations, and while staff to fill the posts
were being sclected (a process requiring the
red tape of examination and interview),
capable senior supervisors were deputed to
Chittaranjan for four months’ training in
Time and Motion study, so that, on their
return they could commence training of the
selected staff. The four-month course at
Chittaranjan included both class-room work
and practical application in shops. The
greatest stress was laid during this training
on analytical Time-study, as it is this parti-
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cular aspect which requires the greatest
amount of training and practice.

On return from Chittaranjan, training of
the selected staff was commenced and here
again, the major stress was on Time-study.
Because of the fact that staff for Work-study
are drawn from the shop-floor and seek fur-
ther promotion in their respective frade-
avenues, there is a steady stream of new-
comers into the Production Department.
Training of staff particularly in the major
workshops is, therefore, a continuing process,
Furthermore, in almost all shops, suitable
introductory and orientation courses are
run for all apprentices, In one workshop,
I have also come across courses on Work-study
being run in spare time, so ptuch is the interest
which has been generated.

application

Whilst training of staff was continuing,
plans for commencement of studies and
preliminary work were drawn up. Realising
the fact that the major cause for low output
was the lack of such an organised wing in
the management set-up, steps in the direction
of overhauling of procedures and processes
received priority. A letter issued from the
Boardin this connection is particularly in-
teresting and is reproduced substantially at the
end of this article. This letter outlines the
preparatory work which had 1o be done and
it will be seen that conducting studies and
building up allowed times was only one of the
points. Naturally, an allowed time based on
studies taken on a machine, whose perfor-
mance is sub-normal, is futile. Further,
though the number of components and indi-
vidual jobs done in the shops were many,
the processes by which they were undertaken
were relatively few,

Thus, in a Machine shop having over
450 machine tools and undertaking work on
over 20,000 components, the different types
and classes of machines were only 63. De-
tailed studies of these 63 machines gave far-
reaching results, An important effect of this
overhaul of processes available in the work-
shops was felt at the time when studies on
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individual items were commenced inasmuch
as it was possible to lay down the method
for doing the work without much ado as is
indicated later,

Process-standardization, as this phase of
the work may be called, included the follow-
ing:

(a) Standardization of maintenance
procedures to ensure tha- equipment
functioned properly.

{b) Determination of process capabilities
as regards physical features and

accuracies attainable.

{c) Determination of optimum speeds,
feeds, pressures, temperatures, ete.,
at which the processes could be
carriecd out efficiently and safely.

A considerable amount of equipment
and staff are engaged in indirect processes
particularly in the more modern workshops.
Such processes are material-handling, provi-
sion of compressed air, hydraulic power, and
operation of yards, cleaning & house-keeping,
and maintenance. Some of these processes
have a direct immediate bearing on the direct
processes carried out in the shop. The study
and standardization of these procasses is,
therefore, also important,

Study of processes does not by any means
ever achieve finality, as, to remain competitive,
constant endeavour at improvement must
continue. Better results may be achieved by
studies leading to-—(a) adoption of better
tools, and new equipment; (b} reduction of
scrap through better process control or
changes in technique; and {c) by devcloping
new processes,

Studies on individual components and
jobs were next undertaken. Here, repetitive
jobs were given preference over non-repeti-
tive work and in repetitive work, such
jobs as are continuous, got a higher priority
in study. Furthermore, as repair work was an
entirely new field and as data for manufac-
turing was available from Cktittaranjan, it
was easier to study manufacturing opera-
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tions and studies of manufacture therefore,
commenced before repair work was taken up.
The basic steps followed in the study of all
jobs, whether manufacture or repairs, were
however the same. These steps on the Rail-
ways are termed (a) Preliminary planning
(b) Processing or Routing and (c) Rate-fixing
or Time & Motion-study.

pre-planning

Pre-planning is the initial scrutiny of a job.
Its main aim is to assess the problem: the
objectives are considered, work planned and
facts developed, which direct the subsequent
course of investigations. The first step is to
determine what the job consists of, and then
a check is made to see whether it can be umder-
taken with the machinery and equipment at
hand. In case it is not possible to do the
work in its existing state, acceptable altera-
tions in design and alternate processes may
make it possible. Alterations may also be indi-
cated by economic considerations. In syste-
matic pre-planning, the steps taken are :

(a) Classify the demand into repetitive
or non-repetitive. If repetitive, it may
be set up for continuous manufacture
by itself or in conjunction with other
similar items.

(b) Analyse the product into its indivi-
dual component parts. Determine
the raw materials required and what
shall be purchased and what proces-
sed, after checking the existing load
and availability of suitable machi-
nery and equipment.

(c) Determine what changes in design of
the product may either make the
manufacture possible or make it
more economical.

processing

On completion of this scrutiny, the part-
lists together with drawings and indications
of changes in design proposed, arc passed on
for Processing or Routing. During Processing,
the individual operations necessary for the
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Manufacture or Repair of each component
and their assembly into complete products
are detailed. Most components require a
number of different operations performed
either by hand or on machines which may
take place in the same or in different depart-
ments. A number of different ways of doing
the same jobs may present themselves. These
differences may be as regards operations, jigs
and fixtures, and special tools necessary,
or even the sequence of operations. On
completion of processing therefore, the scope
and extent or further analysis required to
determine the most economical set of opera-
tions and their sequence with the facilities at
hand becomes apparent.

rate-fixing

Rate-fixing begins after the sequence of
operations along with any alternate sugges-
tions, has been detailed. This work consists of
laying down the method and establishing the
time required for ecach operation, and is the
particular feature which entails the use of
techniques of work-study.

As has been indicated, process standard-
ization determines the frame-work within
which the mcthod may be developed. In
detailing the method, the factors to be consi-
dered are—(a) lay-out of the work-place;
and (b} the sequence of motions necessary
to perform the operation. The best sequence
of motions required to perform a job is
governed intimately by the lay-out. Generally,
certain factors of the lay-out are fixed and
cannot be altered while it may be possible
to alter other features almost at will, Thus,
the location of the Start and Stop buttons,
Tool Post, Turret Controls, etc on a combi-
nation Turret lathe, are fixed, but the points
where the material may be kept before and
after machining may be varied more or less
at will. Similarly, in foundry-work, the loca-
tion of the cupola and the moulding machines
may be fixed, but it is possible to alter the
point where metal would be poured to suit
particular circumstances. In operation analy-
sis, therefore, these two factors—layout and
movement—are considered together,
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Operations may involve work of the
following types:

{(a) Activities involving movement in the
workshop; and

(b) Activities which are performed at
the work-place itself.

These may furthermore be performed by:

{(a) Single worker working and controlling
the activity entirely by himself: or

(b) Two or more workers or agencies
working in conjunction with each
other.

When detailing the method, the rate-
fixer must therefore, visualise the exact man-
ner in which the work is to be done and lay
down the movements and work-place lay out
that should be used for it. It has been found
that wherever processes have been standardi-
zed and standard work place lay-outs develop-
ed, this can be done quite easily.

In some cases, it may not be possible to
determine the best method without analysis,
particularly for complicated operations in-
volving a multiplicity of movements and
controlling agencies. In all cases of analysis of
operations, it is first necessary to break them
down into their basic or elementary motions.
It is only thereafter that the particular tech-
nique of analysis and record to suit the nature
of activity to be studied can be applied. The
elements required to perform any work may
be classified into three categories, viz., (a)
Preparatory, (b) Main, and (c) Subsidiary.
Preparatory elements are those which are
performzd in setting up a machine or organi-
zing a work-place for a particular operation
and are undertaken once for the batch. The
main elemments are those which are performed
on cach piece of the batch and progress it
towards its ultimate condition; and subsidiary
elements are those which are necessary to en-
able the main elements to be carried out. Thus,
setting up the various tools on a machine,
obtaining the correct material, drawing,
instructions, etc., are preparatory to the
actual work. Once the work is started,
certain elements such as loading and
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unloading the machine etc., are subsidiary
elements, while the main elements consist
of the actual work on the material and
development of the desired shape. A graphic
representation of eclements for milling
classified in the manner indicated, is given
in Table 1 (next page).

Quite often, considerable :ffort and
energy is spent in reducing the main
process-time by employing faster speeds
and feeds or in the case of operations like
welding higher currents and larger electrodes.
While any time that can be saved on such
operations is welcome, they generally require
considerable expenditure in changing and
improving the equipment and re-training of
staff in its use. Comparable economies and
improvements in productivity may also be
achieved through improving the overall
efficiency of the opcration by reducing pre-
paratory and subsidiary work. In milling for
example, out of all the clements represented,
only onc can be classified under the heading
“Main process’”, while the remaining elements
are of Preparatory or Subsidiary nature.

In method-study, the degrez to which
motions may be broken down or combined
together depends on the degree of analysis
required. The principles underlying the ana-
lysis are, however, the same in cvery case
and itis only the degree of detail or minuteness
with which the analysis is corducted that
varies with the different refinements of tech-
niques. The process of rcfinement may be
compared to the employment of a high-
powered microscope as against the use of a
magnifying glass. The exact technique to be
employed would naturally have to suit the
particular activity being studied. As far as
railway work is concerned, the techniques
generally used are:

(a) Flow process charts.

(b) Operator movement chart, for study
of work involving movement in a

work area.

{c) Two handed process chart for move-
ment at the work-place.
(d)

Multiple activity chart for analysing
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work involving more than one worker/ Once the organization of the work-place

agency working in conjunction with and the sequence of motions required for the

each other. given work have been determined, these are
TaniE 1

Classification of elements for Milling

. T T T
Si. No. Description Prep aim  Sih
1 Obtain instruction X
2 Obtain tools X
3 Prepare the machine for setting X
4 *Set up the tools X
5 Set up the machine X
6 *Switch on the machine pd
7 *Adjust to marking or template x
8 *Adjust the speed and feed x
9 M O (a) Switch on and engage feed X
I P
L E (b) Start Machine ) X
L R
I A ({c) Mil e
N T
G 1 (d) Stop machine X
0]
N (¢} Return table by power drive or handwheel X
10 Swing fixture or job ®
11 Reposition or invert job %
12 Remove job X
13 Measure X x
14 Examine first piece (in special cases)
15 *Clean fixture or table X X
16 *Remove tools X
17 Remove the set up P
18 Clean tools and machine %
19 Return tools x
20 Deliver the work X

*May also occur as subsidiary clement

Preparatory time (sum of clements)= T Prep.
Main working time (sum of elements):- T main.
Subsidiary time (sum of elements)-- T Sub.

Total time for the job (T Prep plus T Main pius T Sub.)
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recorded, as the time which is allowed for the
given task is specific for the given method.
It is not essential to prepare method cards
for every operation, and, in order to reduce
the work, it is possible to make out typical
method cards for a range of operations for
even varying components. Thus, a method
card for turning and boring of piston rings
would suffice for all such rings regardless of
their part numbers and the locomotives on
which they would be employed. 1n the same
manner, standard method cards may be
made out for other items of work, such as
structures, stripping, and erection of loco-
motives etc.

The work of development and setting up
of the method of work is closely tied in Work
Measurement and the two cannot be separa-
ted, as unless the timings for the different
methods are known, it is not possible to say
which is the better one.

The systemof Work Measurement adopted
on the Indian Railways is Analytical Time-
study, conducted manually with the help of
stop watches. Two courses are cpen for the
determination of times taken: the first is the
actual time-study of the job; and the second
consists of building up of allowed times from
time-study data already avatlable from car-
lier studies. Both these mcthods are used and
the degree of reliance placcd on one or the
other depends upon the nature of the job
and availability of standard time-study data.
In the case of the work of a repetitive nature,
a library of timings from actual time-studies
may be built up for use whencver orders for
the particular item are rcceived, while in the
case of non-repctitive work or work of a
fluctuating nature, great reliance has to be
placed on standard data. So as to get as
complete a coverage by incentives as possible,
it was impertant that all time-studies be
conducted so that they could be used for
building elemental time standards.

The advantages of building allowed times
from Standard Data are, that—

(a) Variations which are likely in allowed
tirnes built directly from time-studies,
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because of differences in assessment of
rating, judgment of break-points of
elements, or watch-reading, are not
present in times computed from
standard data. These variaticns which
may be termed as human aberrations,
are more or less completely eliminated
in the course of building up of stan-
dard allowed time-charts, and hence
the allowed times fixed from them are
more consistent,

{b) It is relatively easy to check times
which have been computed from
standard allowed time charts against
the method used, than if the times
have been worked out from direct
studies.

(c) Different methods and processes can
be compared in the production office
itself, before releasing the work to
the shop, and the most economical
method chosen.

{(d) Fluctuating work, like repairs to
rolling stocks and other equipment,
can only be covered by the applica-
tion of standard data.

The fundamentals of analytical time-
study are too well known to bear repetition.
However, the particular emphasis given by
the Railways may, perhaps, be of interest.

breakdown into elements

As has been indicated previously, opera-
tions are broken down into elements in order
to analyse them, i.c., to scparate the waste
and delay from necessary work, and to pro-
vide details of operations for comparison
with like elements of similar operations. In
time-study constant and variable elements are
differentiated. Constant elements are constant
in their time-values whenever they occur
even in different operations, while the latter
may vary even with the same cycle on the
basis of difficulty, weight, dimensicns and
other controlling factors. The correct dis-
tinction between different classes of elements
and separation of elements is important, as,
otherwise, similar elements in one study
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would not be comparable with similar ele-
ments in another. Combination of elements
should be avoided, as studies in which ele-
ments have been combined, cannot be used
for building up allowed time charts, even
though it might be possible to set individual
rates. Here, the degree of analysis possible
also suffers.

The importance given to breaking down
operations into basic elements and deter-
mining their controlling factors is the main
refinement in conducting time-studies with a
view to ultimately building up standard time
data. In fact, as the ideas of different time-
study men as to the break-points for the
same element, may differ, elements times
determined in different studies may not be
comparable. To ensure uniformity, it is
necessary to specity the work-content of each
element and its break-points.

rating
Time-study staff have to be properly
trained in regard to assessment of rating, and
the accuracy of times set and the allowed
time charts depends upon the accuracy with
which the pace of workmen being studied
has been judged. The 60 to 80 scale is in
general use on the Railways, though somec
workshops employ the 75-100 scale.

O.T.xR
80

it will be seen that if rating has been correctly
assessed, the normalized time for an element
or an operation will not vary and will be
constant under the given conditions. The
importance of accurate rating will be clear
from this, as, unless the rate-fixers can rate
accurately and consistently, the performance
of the workers under observation, the values
of normalized time obtained would not be
constant and this would, therefore, lead to
variations in the time-standards developed
by different rate-fixers or even the same
rate-fixer at different times. This incidentally
forms the basis of one of the checks on the
efficiency of Rate-fixers.

As normalized time=N.T.=

In order to ensure that over a period of
time, the rating of a number of rate-fixers
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remains within limits, the judgment of each
time-study-man is checked periodically. These
checks are:

{a) checking the consistency of norma-
lized times for the same element in
different cycles of a study;

(b) conducting time-studies of operations
which have been previously studied
and standardized;

(c) judging the pace of walking or dealing
cards;

(d) rating motion pictures run off at
controlled speeds; and

(e) rating operations along with a senior
& more experienced time-study engi-
neer.

All studies must be summarised. The
effective clements are entered in sequence
and the various normalized times obtained
for them in the different cycles observed,
entered against them. Element times which
are more than 15% out in relation to
the mean, are discarded (as such errors can
be caused by momentary distraction of the
time-study man), and the element times
averaged. In case more than 10%, of the read-
ings have thus to be discarded, the study is
scrapped and redone. The summarized study
can be used both for setting the rate for the
particular operations, as also for developing
standard allowed time-charts. In the former
case with the total average mnormalized
effective operations time, the following are
compounded:

General handling 12 percent
Gauging (if necessary) .. 5

Fatigue ee, 1235 4
upto 25 ,,
Bonus 3%,

limit

Time-study for building up standard
allowed time charts is carried out in the
normal manner, with the subtle differences,

which relate mainly to the importance of
breaking down operations into basic elements.
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These studies by themselves should be such that
allowed times can be fixed from them, This
ensurcs that the speed with which allowed
times couid have been built, had reliance been
placed only on time-studies, is not sacrificed
even at the beginning, In order to obtain as
speedy a coverage in building up allowed
times as possible, it is necessary to organize
time-study work properly and to ensure that
the full range of activity to be covered is
studied. The standards which are necessary to
cover the activity must be determined, the
range of each standard established and time-
study organized so as to get the fastest
coverage for the full range of all the standards.
The tendency to repeat studies of common
items must be avoided. Thepoints to be con-
sidered when planning time-study work
are, therefore:

(a) Prepare a programme for covering
different sections with incentives.
This usually has to be purely executive
decision based on factors like ease of
study, availability of load, amendable
labour, etc.

Determine what standards will have
to be built up to obtain a full coverage
and whether the standards would be
applicable in other sections.

(b)

Determine the base on which the
unit times would be fixed (e,
time per piecce, or time per metre,
or square metre, or time per kilo-
gram, or litre, etc.)

©

Determine the probable wvariables
which would affect the unit times and
the range of the variables.

(d)

Once these facts are at hand, depending
‘on the inflow of work, time-study can be
organized so that the maximum coverage is
obtained with the minimum of study.

In order to develop standard allowed time
charts, the average element times are entered

|

WORK STUDY IN INDIAN RAILWAYS

on comparison sheets. When sufficient read-
mngs for the element have been recorded, and
if the element times for the same variable
factor are in close agreement (a variation of
about 10%, being acceptable), the element
times can be further averaged and plotted
on a graph for increasing values of the variable
factor. A smooth line is drawn through the
points and this further helps to eliminate the
human errors. It is often the practice to make
judicious combinations of elements at this
stage, where an element is invariably followed
by another at some stage in the cycle and
where the controlling factors are the same.

Once the element graphs have been plot-
ted, all that remains to be done is to prepare
tabular charts of the elements required for
the operation and compound the allowances
for general handling (gauging if necessary),
fatigue and bonus. The standard is then
ready for use in computing allowed times.
The work can be further eased by issuing
computation forms specially designed for
different operations.

analysis of repair work

As has been indicated earlier, repair
work presented certain special problems and
as has been stated, this work too was tackled
in exactly the same way as manufacture. Of
all the repair work, the work on rolling stock
repairs was perhaps the most formidable.
How this was tackled for steam locomotives
is described to illustrate the work done.

On the face of it, no two locomotives of
even the same type required the same quantum
of work. Information available from shops
which had organisations for inspection of
incoming locomotives was most discouraging.
Locomotives were being receivec with vary-
ing breakages and deficiencies, the difficulty
in opening bolts and nuts to strip the loco-
motives varied. Corrosion and wear on
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different parts showed no uniformity from
Loco to Loco, and in a number of cases,
defects would only be detected after the
locomotives had been in shops for a number
of days. Numerous types of locos were tackled
in each shop and this only made the confu-

sion worse confounded. As the workshops
had been specially laid down for Loco re-
pairs and as the work of loco repair was
highly specialiscd, there were doubts as to
whether it would be possible to effect any
concrete results.

TABLE 2

Detailed Analysis of all posible Repair Operations

Piston Valve Assembly
Class of Loco—{WG, WP)

Oper. Details of Operations Allowed time
No.
7 (OLD SPINDLE) Hrs Mts
I  Check, Re-centre Spindle & Straighten o1 — 10
2 Machine Taper welded end & Clean other end. 01 — 40
3  Grind Spindle (NEW SPINDLE) 03 — 30
4 M/c Taper end 00 — 50
5  Mark off Cotter way. 00 — 20
6 Slot Drill Cotter/way. 01 — 40
7  Grind Spindle 03 — 00
8  Bed V/Spindle with X/HD fit cotter & Un-couple
{new or old, 08 — 10
9  Face P/Valve HD{WG) 00 — 50/Pair
10 (a) Fit & Assemble P/HD with old keys. o0 — 20
(b) Make new key. 00 40
1t (a} Turn HDS to size & from grooves. (New HD) 07 - 00
(b) Re-Straighten, turn HDS to size & dress grooves
chamfer & Face (Old HDS). 05 — 40
12 Un-Couple HDS & mark off snug holes. 0w — 30
13 Prepare & Drill snug Holes (In 2 HDS) 00 — 50
14  Tap Snug holes & fit set screw (" HDS) 01 — 40
15 Mjc drum to size & part off P/Vrings. (10 ring) 05 — 30
16  Grind Rings to size. (8 rings) 01 — 00
17 =~ Cut gap, make Radius, fit & set (*“HDS) 04 — 00
18  Fit & Assemble HDS on Spindle. ) 20 — 00
19  Un-Couple face collar according) » Alteration 0t — 10

to size & Assemble

Note: For repairing V/Spindle cross HD. separate gang is working.
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TABLE 3

Railway
Inspection-Cum-Computation Sheet
Piston Valve Assembly

Type of Loco: Engine No.--— WH, No, —
WG, WP Sertal No. Date _—
Description Nature of repair Allowed Time Remarks
Hr. Min.
F/V SPINDLE Spindle welded (Old) 2 — 350 1,2
Spindle {New) 1 — 10 4,5
P/V HDS Old 5 — 40 11 b.
New 7 — 00 11 a.
P/V RINGS Constant 5 — 30 15
Make new Key 10 b.
(if reqd.) 0 — 40 8, 10a, 12,
FITTING Constant 17 — 0 14,17, 18,19
Face HDS for
(WG only) 0 — 50
TOTAL

PRODUCTION ENGINEER/APF

It is a remarkable testimony to work-study
that by the use of systematic analysis and
questioning procedures, not only was it
possible to sort out the confusion but also
to standardize work procedures and stream-
line the operation on the shop-floor, so that
today locomotives are repaired by men work-
ing under incentive schemes with the work-
content determined scientifically, The first
step was to break down the locomotive into
its major sub-assemblies, namely, Boiler,
Frame, Tender, Wheels, Break-gear, Motion
parts, Boiler Mountings, and then for each
major sub-assembly to further detail the
sub-assembilies till the actual units which were
handled for repairs were reached. As the
work being done was repair and not new
manufacture, it was not always necessary to
reach the stage of detailing all individual
components. Suitable system of code-num-
bering was adopted to be able to identify
the same parts thus broken down for all
locomotives.

Senior Inspector
Senior Rate-fixer

The next step was to detail for each of the
items all possible repair operations. This
list of all possible repair operations was cir-
culated and thereafter, finalised at a meeting
of Production Engineers of all the Railway
workshops, Even so the problem was no-
where near solution. The number of operations
enumerated was over 10,000 and considering
that on Indian Railways, there are over 100
different types of locomotives repaired in
different shops with varving facilities, one
can imagine the magnitude of the work in-
volved and the number of time-study engi-
neers who would have been required to con-
duct the studies. The next step, therefore,
was to group these operations as thosc
which are normally undertaken and those
which are required to be done enly occasion-
ally. This gave an opportunity to scrutinize
repair procedures and not only te effect
improvements in repairs, but also to lay
down quality standards. Incoming Inspection
was also overhauled and stress was laid on
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procedures which would enable defects
requiring unusual repairs to be highlighted.
Once these steps had been taken, it became
possible to construct tables from which the
Inspector at the incoming pit could tick off
the repairs required and this would straight-
way give the time required for repairs. This
is illustrated in Tables 2 & 3, which res-
pectively show the all possible operations;
their combination into what might be called
the repair process sheet, and the Inspec-
tion-cum-Computation sheet.

Furthermore, by a process of similariza-
tion, it was possible to determine the time
required for any type of locomotive bearing
in mind that the methods of repairs had been
standardized and only the physical dimen-
sions or process times varied. Thus, in re-
boring cylinders by the use of portable boring
bar, no matter what the type of locomotive,
the set up and dismantling times for boring
would be the same. The only difference would
be in the diameter and length and depth of
the cylinder bored. So long as there is no
change in the method, it would be a simple
matter to determine the times for boring
any given cylinder. A number of components
used on different types of locos for certain
specific functions are standardized, or may
be, different sizes of the same design, and
this again helped in reducing study times. A
natural bye-product of these studies was to
further this trend of standardization.

Some of the other changes which have
been noticed are that, whereas previously
there was a tendency to tailor-make compo-
nents to suit each other, in spite of instructions
to bring parts to standard sizes; now not
only is this being insisted upon by the staff
themselves, but they demand gauges to enable
them to work better. Some of the workshops
are more over experimenting with  unit
exchange system of repairs, for some of the
components, and this may perhaps go a long
way towards standardizing and improving
outputs.

As the Rate-fixers and Planners gain
more knowledge and confidence in them-
selves, the demand for more training in the
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application of improved techniques is heard.
Some work has recently been done through
work-sampling, and the application of pre-
determined time-standards is now being
considered. In the case of work-sampling
techniques, the application has been limited
to determine utilization of equipment, parti-
cularly cranes. The latter technique is likely
to have excellent field in the assembly of
cleetrical, signalling and tele-communication
equipment, and would also help in evolution
of standards for manual operations.

It is extremely difficult to separate out
and pin-point the effect of Work Study as
distinct from other management techniques,
which have been applied, such as, intensive
training of staff and introduction of the
system of payment by results, While nume-
rous examples of phenomenal increase in
productivity in specific sections could be
given, we may here gauge the overall
effect.

In the Mechanical Workshops upto now,
nearly 61,000 men out of about 90,000 who
would be eventually covered by incentives,
have been brought on to the system of pay-
ment by resuits, Compared with 1958, there
has been a drop in staff-strength of over
8,000 men. Another 7,500 men have been
diverted to other lines of manufacture, like
wagons and steam-cranes, and recently
to Defence manufacture, This diminution
and diversion of staff has taken place
in the face of unprecedented increase
in traffic over the last five years, resulting in
corresponding increase in conventional work-
load on the shops. On a conservative esti-
mate, this increase in work-load may be
put at about twenty-five percent. A signi-
ficant feature is that during this period
the demands for machinery and plant
have tapered down from nearly Rs 350
million per annum in 1957-38, to Rs 18 million
in 1962-63. In addition to this, equipment
worth over Rs 35 million which had been pro-
grammed prior to 1958, has been cancelled.

It will be seen that results of far-reaching
magnitude have already been achieved, and
it will further be appreciated that the tech-
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niques of Work Study applied by the Rail- placed in these simple forms of analysis and
ways on a wide scale, are relatively simple examination. It may even be that it is because
and unsophisticated. However, the results the techniques used were simple and direct
achieved have more than justified the faith that these results have been achieved.

ANNEXURE 1
Copy of Rly. Board's letter No. 58/814/M (Prod), dated 19th May, 1959

Government of India
MINISTRY OF RAILWAYS
(Railway Board)
No. 58/814/19/M (Prod). Dated New Delhi, the 19th May, *59.

To

All General Managers,

The Chief Mechanical Engineer,

Integral Coach Factory,

Perambur,

Subject ;. Introduction of the system of payment by results in major Raitway workshops.

Reference is invited to Board’s letter dated the 19th October, 1949, wherein the railways were informed
that in order to increase production in railway workhops, the objective to be aimed at was the introduction of
piece work/bonus system as an incentive. Accordingly, instructions were issued from time to time. The
subject has been recently reviewed in detail and the Board have now decided that incentive schemes should be
introduc~d in the rtailway workshops at anearly date. A Production Directorate has also bezn set up in
order to guide and assist the railways in expediting implementation of the orders to introduce incentives in
railway workshops.

2. Ir; order to ensure successful introdction of the above scheme, the following steps should be taken im-
mediately, :—

(1) Development of a Proper Production Control Organization

A reference in this connection is invited to Board’s letter No. 58/509/M(W), dated 24-1-1558, wherein
charts indicating the yardsticks for various categories of staff required for development of the above organisa-
tion were forwarded. You have been further advised, vide this office letter No. 57/814/14/M (W), dated 10-1-
1955, that the build-up of staff strength should be brought about, through surrender of existing vacancies. In
addition, it should be possible to adjust existing posts by re-distributoin of work and dircet the incumbents of
such posts to the Production Control Organisation, A number of supervisors have also been trained specially
in rate-fixing work at Chittaranjan Locomotive Works, There should, therefore, now be no difficvlty in deve-
loping a full-fledged production organisation and steps should be taken to ensure that it functions properly.

(2) Pattern of Rate fixing
The workshops at present are mainly engaged in the following two activities :

(1} Manufacture of duplicates and construction of coaching stock,
(i) Repairs to roiling stock, viz., locomotives, carriages and wagons.

Chittaranjan pattern should be adepted for building up basic data and set-ups for all new manufacture,
and allowed times for each operation should be computed on that patiern.

No basic data is at present, available for computing times for repair operations. The following shops have,
therefore, been selected for building up the basic data :
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Broad-gauge Metre-gauge
Locomotives ... ... Parel, Kharagpur, Dohad, Ajmer, Jodhpur, Hubli, Gorakh-
Jamalpur, Charbagh. pur, Golden Rock.
Carriages ... Matunga, Parel, Kharagpur, Ajmer, Jodhpur, Hubli Gorakh-
Alambagh. pur, Golden Rock.
Wagons .. Jhansi, Jagadhri, Kharagpur.  Ajmer, Jodhpur, Hubli, Gorakh-
pur.

Steps should be taken to divide the repair work into well-detined sections, and the repair operations
should be broken into basic elements to the extent possible so that a complete operation schedule for repair
of the different types of rolling stock is available. The allowed time thereafter should be built up in the same
manner as adopted for manufacturing operations by taking time-studies threc times for each operation and
normalising them later, Obviously, different time-studies will be required to betaken in case of various
classes of rolling stock both for broad-gauge and metre-gauge.

In order to facilitate adoption of the data computed in the selected workshops, mentioned above, it is
desirable that studies should also be undertaken in all other workshops sxmultaneouly. The finalized data,
as they become available, will be communicated to all workshops for adeption,

(3) Assessment of work-load

Taking into account the requirements to be met, a decision may be taken as to the range of type of com-
ponents which will be required to be manufactured in the various workshops, Thereafter, it is essential to pre-
pare a list of components and/or assemblies, which are required to be processed through each shop. Such lists
should be prepared separately for each of the manufacturing shops, viz, Foundries, Smithy and Machine shops.
The list, inter alia, should indicate annual consumption, type of machine required for each operation and the
average time taken to perform the operation at pesent, space being left for the computed allowed time built up
from the basic data.

Similarly, depending upon the requirements of locomotives, carriages, and wagons 10 be repaired under
different schedules, and annual programme of repairs should be prepared.

It is understood that the same compenents are manufactured in different workshops of the railways.
Steps should be taken to investigate the extent to which their manufacture could be rationalised.

Ir will be appreciated that due to improved productivity, specially under incentive working, additional capa-
eity will be generated. This capacity will have to be fully utilized. It is, therefore, necessary to make a correct
assessment of the load that will be offering in future to satisfy that the additional capacity will be fully utilized.
Any shortfallin the load should be made up by adopting new lines of production as discussed in the last Gene-
ral Managers meeting held in Delhi on the 5th and 6th instant so that the introduction of incentive system of
payment is not delayed for want of load.

(4) Raw Material Schedules

In order to ensure that the required raw materials are available at the time of manufacture, it is essential
to draw up their requirements well in advance. This will enable the Stores Department to make recoupments
of the required raw material in time and ensure regular supplies. Steps should also be taken to ensure that,
as laid down requisitions for the manufacture of components are not issued unless it is certified that raw-mate-
rials of proper specification and size required for their manufacture are available in the stores and have been
reserved. It would be appreciated that production schedules cannot be maintained unless there are regular and
timely supplies of raw materials.

(5) Preparation of a list of machine tools and their calibration

Before a machine tool can be profitably used, it is essential to know its capabilities such as its feed,
speed, its horsepower, the depth of cut it can take, etc. Further, the detailed knowledge of the shops is neces-
sary in deciding on the best method of manufacture. From this point of view, it 1s not only necessary to
prepare a list of different types of machine-tools available in workshops but also to calibrate each machine
and to record its capabilities to be readily available at the time of planning.

(6) Preparation of a list of existing jigs and fixtures

A list of existing jigs and fixtures should be prepared and it should be ensured that these are fully utitized.
New manufacture shouid be undertaken only where it is financially justified.
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{7) Tools and Drawing Stores Service

For satisfactory working of any system of payment by results, it is imperative that the necessary drawipgs
and correct tools are made available in time. Any bad tool and drawing stores service will result in the book-
ing of idle time. The requirements of tools to meet the increased production consequent on the introduction
of the system of payment by results should be worked out well in advance, and it should be ensured that correc-
tions and modifications to drawings are promptly carried out. Considerable expenditure on tools can be saved
by stocking them in a standardised form.

(8) Preparation of Master Planning Cards

For all components and assemblies the manufacture of which is proposed to be undertaken in the work-
shops, master planning cards indicating therein drawings and part-numbers, size, quantity and specifications
of raw-material required for the manufacture of one urit, the shops and sections through which the material
will be processed, the type of machine tools employed, the jigs and fixtures used and the sequence of opera-
tion to be carricd out, should be prepared. This is an important record of a production organization and will
also help in deciding as to whether future deviations from a standard operation allowed, are financially justi-
fied.

(9) Computation of Process Timings

Simultaneously, with the preparation of master planning cards, and the basic data mentioned above,
work in connection with the computation of process timings should be started. The compartation should be
entered in the master planning card. It will be necessary to avoid any big gap in the introduction of the system
of payment by results between different sections of theé works,

(10) Documentation

Relevant forms and other documents for the introduction of the system may be devised in consultation
with the Accounts branches concerned. The design of the above forms may be based on these introduced at
Chittaranjan with any modifications or alterations found necessary to suit local conditions in the repair work-
shops. The Railway Board should be approached for any deviation from the forms adopted at Chittaranjan.

(11) Introduction of Quota Cards

Before any system of payment by results can be introduced, the allowed timings computed from basic
data should be checked to see that they compare favourably with those actually required to carry out the job.
This is necessary not only to find out if there have been any mistakes in computation or otherwise, which
can be correcied without causing any suspicion of changing rates later but also to gain the confidence of the
staff that the timings computed are related to practical performance and not on any theoretical considera-
tions. It is of utmost importance to avoid any impression on the part of the staff after intrcduction of
incentive schemes that allowed timings are being altered wholesale and without any sufficient cause,

(12) Output from Manufacturing Shops

On the basis of consumption of the shop manufactured components and assembly and computed timings,
it is essential to establish an organisation to find out the amount of load received and discharged rom every
section every month.

(13) Inspection Organisation

With the introduction of the system of payment by results, it will be necessary to establish an inspection
organisation 1o ensure that only that work which has been manufactured to laid down standards and passes
inspection, is paid for, It may be necessary, in some cases, to introduce stage inspection. The strength of the
inspection organisation, where that organisation already exists, should be examined to see that undue hold-
ups will not oceur because of this factor. Investigations should be made with a view to ensure that proper
gaug;_es with suitable tolerances have been manufactured. The shop inspection should be kept indedendent of
the foreman.

(14) Maintenance of Machines

In order to keep idle time due to machine break-down to the minimum, it is necessary to examine that
the organisation for their attention is adequate and that a system of periodical oiling and other prevertive main-
tenance measures have been introduced. A break-down not exceeding 2.5 to 3 percent of the tota]l machine
tools in the shop should be aimed at.
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Work Study at the Dunlops® (India)

Through Work Study, the Dunlops (India) at their factory at Sahaganj have been
able to bring about an increase in productivity of as much as 719/ over 1950; and it is

claimed that this has resuited in corresponding increases in the wage level.

The case

study printed below has, therefore, an added significance in the context of the pro-

blem of Sharing the Gains of Productivity.

VER the years the output of the Dunlops
factory at Sahaganj has increased both
in volume and variety, such expansions having
been made possible by both capital investment
and increases in productivity. The Table
printed below indicates the steady improve-
ment in productivity achieved over the past
12 years, taking 1950 performance as 100.

Year Productivity
1950 100
1951 123
1952 125
1953 132
1954 132
1955 136
1956 143
1957 155
1958 155
1959 160
1960 161
1961 169
1962 171

* The Dunlop Organisation in India has two
factories, one at Sahaganj, near Calcutta, and the
other at Ambattur, near Madras. The Sahaganj
factory was established in 1936, From a small begin-
ning it has grown into what is now the largest rubber
manufacturing unit in Asia. The Ambattur factory,
which was opened in 1959, is expanding rapidly. The
factory at Sahaganj produces tyres and tubes for cars,
trucks, buses, aircrafts, tractors and cycles, together
with Dunlopilio foam products, Braided Hose,
Transmission and Conveyor Belts, Fan and Indus-
trial Vee Belts, and Cycle Rims. The Ambattur
factory at present produces only cycle, truck and
passenger bus tyres, but plans are in hand for expand-
ing both its range and volume of manufacture. A
Works Director, operating from the Company’s
headquarters at Calcutta, is responsible for the two
factories. There is a Factory Manager in-charge of

Increased productivity has resulted in
corresponding incrcases in the wage levelt
the average wage of a production operative
today is about Rs 290 per month. In the
unceasing drive for increased productivity,
Work Study has played a significant role,

This department has been functioning
since the inception of the factory. It employs
19 men, including 10 time study and method
study engineers, and is headed by a manager
who is responsible to the Factory Manager.
This relationship enables the department to
give independent advice on factory problems
lying within the scope of its activities.

The main objective of the Work Study
Department is to assist in improving the
general operating efficiency of the factory,
with particular emphasis on plant and labour
efficiency and utilisation.

To achieve this objective the work of the
department may be analysed under the follow-
ing headings:

Improvement of plant efficiency
Improvement of labour efficiency
Payment of factory personnel
Provision of labour costs
Management control

each factory who is assisted by departmrental heads
who control the Production, Technical, Engineering,
Works Accounting, Personnel, Planning and Work
Study functions,

4Extract from a communication received from The
Dunfop Rubber Company Calcutta...*......The average
wage of a production operative has more than
doubled in the last 12 years.”
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To achieve these aims the department is
divided into three sections:

o Method Study
@ Time Study
@ Cost & Statistics
whose functions are as follows:

& Method Study Section

The work of this section is to make sur-
veys of existing methods of operation and to
suggest improvements, within the limitations
of plant and process requirements, which will
lead to improved operator and plant utilisa-
tion and consequent cost reduction.

nl addition to originating schemes for
the better utilisation of existing plant, it is the
function of this section to examine lay-outs
for additional items of plant required for
expansions or for new or improved processes.

o Time Study Section

The function of this section is to assess
the labour requirements for specific operations
and to determine the most efficient outputs
which can be obtained within the limitations
of process and instailed plant.

The most important practical function is
to maintain and improve the expected rates
of output by the introduction of suitable
incentive schemes.

o Cost and Statistics Section

From the time study data obtained the
following cost information and statistical
data is produced:

(a) Standard labour costs for all products
made.

(b)Y Estimated labour costs for projected
products which may involve process

or equipment modifications.

(¢) A weekly efficiency report giving
details of departmental performance,
labour utilisation, plant breakdowns,

etc.
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(d) Graphs and charts of departmental
performance, conversion costs, mate-
rials usage, etc.

(c)

Targets for production performance
- and costs.

(f)

Analysis and reports on variations in
departmental performance and costs.

The prime function of this section is to
set targets for production operations and to
assess departmental operating performance
in relation to these targets.

Application of Technigues
1. method study

In carrying out investigations for better
utilisation of labour, plant and materials, the
conventional techniques of flow charts, flow
and string diagrams and activity charts are
emploved. Considerable stress is laid on the cri-
tical examination of technigues whereby every
implication of a proposed change in process
or equipment is thoroughly scrutinised. When
necessary, improved methods or suggested
layouts are discussed by panels comprising
representatives of Production, Technical,
Engineering and Work Study. This close co-
ordination between departments results in
smooth working and the rapid implemen-
tation of proposed schemes.

2. work measurement

Time Study is the basic technique used for
assessing the labour requirements for specific
units of plant or for particular operations and
for the determination of the outputs to be
expected at piecework performance.

In taking studies a composite watch board
holding three stop watches, which are linked
to give accuracy of readings, is used.
“Rating” assessments are made where possible
and all Work Measurement personnel are
given standard tests at regular intervals to
ensure that the assessmentfs remain consis-
tent,
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In the course of the Department’s activities
a large body of observations have been
collected and used for the preparation of
“synthetic” time standards which can be
applied to routine operations.

3. job evaluation

A job evaluation scheme based on the
points system has been in use for the past 15
years and has been successfully operated.

The factors considered in determining the
relative value of jobs are skill, effort, responsi-
bility and working conditions. These factors
have an average weighting of 37, 18, 30
and 15% respectively. A complete wage
structure has been established on this basis
with a proportionate relationship between the
points value of a job and the hourly rate of

pay.
4. incentives

The techniques of Work Measurement
are used, in conjunction with the Job Evalua-
tion Scheme, to establish incentive schemes for
all types of production, service and stores
operations. At present over 85% of the
“production” labour force are covered by
incentive schemes of various types. These
are described below:

(a) Straight or Proportional [Incentive:
This type of incentive gives an hourly or shift
payment which is directly proportional to
output or operator effort. It is the most
widely used scheme for direct production
operations involving either individuals or
limited gangs. This type of incentive is
preferred for well established operations,
particularly those involving expensive plant,
since the direct incentive effect tends to ensure
high efficiency of both plant and labour.

Payments are usually made in terms of
price per piece or unit of production, a system
which is simple, easily understood by opera-
tors and which does not involve complex
calculations.

(b) Hourly Rate plus Bonus: This type of
incentive consists of a flat hourly rate plus a

WORK STUDY AT THE DUNLOPS

variable payment which is proportionate to
output or the flow of work through a parti-
cular section. Such incentives are applied
to indirect operators such as servicing, where
fluctuations in output often are outside the
control of the individual operator. The
incentive effect of such a scheme isnot 5o great
but variations in earnings are minimised.

(c) Stepped Piecework Rates: These rates
give a flatter curve of earnings against output
than a straight rate but the operater is sub-
sidised at the lower levels of output. Such
incentives are used at an early stage in a
factory’s development to bring operators
up to a satisfactory level of output before the
introduction of “straight’ rates.

(d) Standard Hourly Rates: In scme cases
where incentive cannot be applied due to
wide variations in work loads or working
conditions, standard hourly payments are
given which are higher than basic daywork
rates. While such payments are not true
incentives, efficiency is maintained by exerci-
sing controls on the methods used and the
labour force employed for the jobs involved.

At both the Sahaganj and Ambattur
factories the Work Study Department has a
staff or advisory relationship with line manage-
ment in that it can be called in to make inves-
tigations and recommendations at manage-
ment’s request. The department is in a good
position to suggest profitable fields for inves-
tigation and does do so but independent
action is not taken without prior authorisa-
tion from line management.

In the course of the routine work involved
in the maintenance and extension of incentive
schemes a considerable amount of contact
and negotiation with both management and
operators’ representatives is required.

Routine studies, required for new or modi-
fied products or processes, are made at the
request of shop managers. Proposec changes
to incentive schemes are agreed mutually
with line management before negotiations
with operatives’ representatives commence,
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Any subsequent negotiations are carried out
by both line management and Work Study
personnel, acting in liaison. In all cases, rates
of payment are secttled to the mutual satis-
faction of both management and operators’
representatives without reference to external
arbitration or adjudication,

Work Study Techniques

The following advantages are generally
attributable to the application of Work
Study technigues within the Dunlep Factories,

{a) A high rate of operator output and
efficiency.

(b) A high level of plant efficiency and
utilisation, requirements for new plant
being kept to a minimum level.

(c} A low level of product cost, in terms
of labour and overheads, due to the
high outputs achieved.

(d) A constant level of production output
facilitating production planning, raw
materials delivery and finished goods
despatch.

(e) Reduction of raw material and pro-
duct scrap as a result of a controlled
production flow.

() A target level of performance for
both individual shops and the factory
is set and results can be compared
with targets.

(g) High and balanced levels of operator
earning, based on individual effort,
resulting in good relations between
employees and supervisors,

(h) Savings of both factory and stores
floor space due to better utilisation
of the existing facilities.

A few cases where the various techniques
of Work Study have been used with some
success are briefly described below.

(a) It was decided to increase the pro-
gramme of one department at Sahaganj by
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25%. Information available with regard
to machine capacities and outputs indicated
that this was possible with only minor addi-
tions to plant.

A complete survey of the existing plant
and operator outputs was made, after which
the existing labour force was reorganised for
increased production. Negotiations with a
labour force of approximately 220 men were
initiated. As a result of these reorganisations
the increased programme was achieved within
a period of five weeks.

Although some additional labour was
engaged, the 259% increase in programme
was met with an average of 109 increase in
operator productivity and a 259 increase in
plant efficiency, taking into account the whole
department. These improvements were the
result of combined action taken by both
Production and Work Study Departments.

(b) The limiting factor governing the
output in another department was the capa-
city of the moulding plant. Continued
efforts have been made over the past few
years to obtain greater plant and operator
efficiency on the units involved. This action
involves the combined efforts of Technical,
Production and Work Study Departments in
reducing curing cycles and organising and
negotiating with the operative labour to
obtain increased outputs.

This combined action led to an increase
of 15% in the output of moulded products
with a corresponding 129 increase in pro-
ductivity,

(c) Considerable thought was given to
the means by which the output of one of the
specialised sections could be increasad.

Ftudies indicated that the most important
limiting factor with regard to output was
the capacity of the moulding equipment in
use. This equipment is of two types: hori-
zontal autoclave and a number of curing-
presses,
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Detailed studies made by Work Study and
Production Departments indicated that the
loading arrangements for the autoclave did
not permit the loading of the maximum
possible charge of units. Man/machine and
operator activity charts, made after study of
the battery of presses, indicated that these
units could also be used to greater advantage.

As a result of these findings, recom-
mendations were made to the Technical and
Engineering Departments for a reduction
and standardisation of curing cycle times and
for modifications to the autoclave loading
trolley. The implementation of these sugges-
tions led to an increase of 149/ in both
output and departmental productivity.

(d) Eleven men were engaged in pumping
and supplying solvent naphtha to the pro-
duction departments and operating the naph-
tha recovery plant. The pumps  were
manually operated; the job was slow and
inefficient. A survey was carricd out and
recommendations made for the installation
of electrical pumps, minor modifications to
plant and reorganisation of the system of
working.

The electrical pumps were installed and
the scheme is working smoothly. 8 men have
been transferred to production operations,
3 due to the replacement of hand pumps by
electrical pumps and 5 due to improved
methods of working.
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(&) As a result of a survey made by a
combined working party of Stores, Engineer-
ing and Work Study personnel, a scheme was
proposed for improved handling and storage
of raw materials. This scheme is now under
implementation. Saving of labour has already
been effected and further saving will result.
More efficient utilisation of storage space will
avoid the necessity of increasing godown areas
for expansion projects.

Each of the above examples illustrates
how increases in output and productivity have
been achieved by making better use of exis-
ting resources of plant and labour. In no
case, however, have operators been made
redundant as a result of improved efficiency.
It is the Company’s policy to achieve increased
productivity either by expanding the output
of existing products or by introducing labour
saving schemes at a time when labour is
required for new projects, so that labour
is transferred on a phased basis.

Conclusion

Work Study is recognised as an important
function in the Dunlop organisation. It is
applied continuously as a technique for cost
reduction and the maintenance and improve-
ment of factory operating efficiency. The
achievements in which the department has
played a part are the real measure of its success
In the attainment of these targets.
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Dr. Snodgron : “Be practical. We are not interested in the Atom, butin its productivity.”
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Productivity and Wages'

A Fonseca?

IN THE MEASUREMENT OF PRODUCTIVITY, out-

put and input are both measured in
physical volume terms, since the main purpose
of productivity analysis is to obtain some idea
of the efficiency with which resources are
being utilised. Further, the outputs, the
inputs, and the productivity ratios are general-
ly expressed in the form of ‘index numbers’
since the chief interest in productivity studies
is to observe and measure their proportionate
movements over time.

The most commonly used productivity
measure is ‘output per man-hour’. This is a
partial productivity measure, since jt is the
ratio of output to only one class of input, viz.,
labour, although labour is the most important
input. However, partial productivity ratios
are useful in showing economies achieved
over time in the use of particular inputs.
In any case, we are here mainly concerned
with partial productivity; in particular, labour
productivity.

Measures of labour productivity relate
output to part or all of the associated man-
hours worked. The man-hours worked are
usually a simple total, or sometimes each
type of industry or occupation is weighted
by average hourly earnings in the base period,
These measures are popularly called indices
of ‘labour productivity’. They really do not
measure the efficiency of labour in the sense
of the effort or skill of this factor alonc.

1 The author had originally developed this thesis
in a paper published in the Madras Labour Gazette.
At the special request of the Editor of the NPC
ProbucTivity Journal, the author has been good
enough to bring the statistics up-to-date.

1 Director Indian Social Institute New Delhi

And therefore the relation between wages
and labour productivity is not so close and
intimate as one might be led to suppose from
the manner in which the term is employed.

meaning of productivity ratios

The ratios of the physical voleme of out-
put to any particular input or class of inputs
as forinstance, labour, capital or raw materials
and fuel, are useful in so far as they show
changes over time in the requirements of
the particular input. We may for example
suppose that the index of cutpur per man-
hour has increased from 100 to 200. This
really means that there has been a decline
in man-hours per unit of output from 100 to
50, because unit labour requirements have
been cut by half. IHowever, such a measure
of partial productivity does not indicate a
change in the efficiency of the particular in-
put nor of the general productive process.

Further, economies measured in terms of
one input through partial productivity indices
may really result from increased efficiency
in general or from the fact that more use is
made of one input in comparison with an-
other. When new automatic machinery is
installad, the number of those workers who
are counted as production workers may de-
crease, but the number of maintenance workers
may increase and similarly at the same time
the value of the capital equipment in constant
prices would increase. Briefly, production
workers have begen substituted by maintenance
workers and capital,

Hence, in order to measure productivity
correctly or changes in general efficiency, the
ratio of the output to all the associated
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inputs must be taken. This total productivity
ratio will reveal the saving achieved in the
use of the inputs taken as a whole, and thus
the degree of advance in the efficiency of the
productive process.

Roughly, one may say that ipcrea_ses in
total productivity will reflect primarily

1. technological progress resulting from im-
provements in plant andequipment, and better
organisation of the process of production

2. economies of scale, i.e. the reduction of
overheads. As production grows, there is
greater possibility of specialisation and there-
fore expenses reduced per unit of output

3. fuller utilization of capacity

Although the above criteria are applicable
chiefly to the advanced industrial countries

they can also be made use of in a deve-.

loping country like ours, Technological
advance covers a vast field, such as new in-
ventions and new methods of production.
This implies large research expenditure and a
corresponding increase in the number of
scientists and engineers in relation to manual
workers, In the industrially developed
countries the proportion of clerks, engineers
and technicians in the labour force has in
fact increased. Labour skills are higher
today than before and labour education is
one of the important items in technological
innovation.  Similarly, the failure to make
good use of installed capacity is one of the
chief reasons for the low level of productivity
in India.

productivity and wages

With the clarification of the concept of
labour productivity and the limitations in-
volved in its measurement we may now exa-
mine the relation between productivity and
wages. It has been stated in our Five-
Year Plans that workers should have a share
in the increase in productivity. The system
of payment by results has been strongly re-
commended. There scems to be a presump-
tion that the increase in productivity is a
measure of the increase in labour efficiency.
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One of the grounds for an increase in the
wage rate is often claimed to be higher pro-
ductivity,

As a matter of fact, the whole question of
rationalisation in Indian industry is closely
linked with the possible effects of using more
capital per worker, thus increasing the output
per worker, but at the same time reducing the
labour force. It has been suggested that
because there is so much need of rationalisa-
tion, industrialists should make an effort to
make better use of their resources, but at the
same time, by expanding industry avoid the
perils of unemployment for redundant labour,
that may arise in the process. This method is
known as ‘rationalisation without tears’,
and the unions have certainly good reasons
for insisting on such a procedure,

Economic theory and the results of
economic investigation in the advanced
industrialised countries in regard to wages
and productivity seem to underline this fact:
viz. if productivity is advanced, wage rates
and capital returns necessarily rise in relation
to the general product-price level, since this is
the means whereby the market mechanism
distributes the fruits of productivity gains to
workers and investors. In fact, for the United
States economy, it has been found from the
indices available since 1889, that prices have
risen by a smaller percentage as compared
with the percentage increases of wages and
capital incomes. Can we say the same thing
about wage increases in our country?

In India, the productivity index is obtained
by deflating the index of production by the
index of employment. This is a suitable
measure of labour productivity per man-year.
An important source for calculating the index
is the Census of Manufactures which provides
information regarding the products and by-
products of industry by quantity and value.
From the data provided by the Census, two
measures of labour productivity are possible.
We can obtain the output per worker per
vear and the output per man-hour. The
former measure indicates the variation in
goods and services made available for con-
sumption and is more appropriate for showing
the results achieved in the context of the wider
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economic picture but is affected by changes
in the duration of work. The latter is a
better indicator of the efficiency of produc-
tion. It is desirable however that improve-
ments should be reflected in the output and
this is only possible when output is calculated
per man-year.

The index of production is built on the
aggregate weighted gross output per man for
all industries in all states of India. The
productivity index is only a partial index
since it is the ratio of gross output to units
of labour input. Sometimes costs of materials
and fuel are deducted from the sales price of
the gross output and the remainder constitu-
tes what is known as ‘value added by manu-
facture’, or net output which, if deflated by
the index of employment, yields another
measure of productivity. Does this come
closer to a real measure of labour efficiency?
Hardly. because the industrial process is
much too complicated and all the factors of
production have a part to play in evolving the
final product. For this reason the index of
productivity obtained by deflating the gross
output by labour input is a better measure
of productivity, although it may only be a
partial productivity measure. In the uitimate
analysis, productivity must be measured in
physical volume terms, and the ratio of gross
output to units of labour input satisfies this
criterion far more closely.

The indexes of production and employ-
ment, based mainly on the Census of Manu-
factures, but inclusive of other sources, is
published by the Central Labour Bureau,
which is also responsible for the index series
of the Working Class Cost of Living and the
Money Farnings of industrial workers.
Unhappily all these statistical data suffer from
certain inherent Jimitations. For instance, in
computing the money earnings of workers,
the monthly wages of only those earning
Rs 200and less have been included, as requir-
ed under the Payment of Wages Act. This
law has been changed subsequently in 1938
to include monthly earnings of Rs 400
and below. But till that year, aggregate
earnings of factory workers suffer to some
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extent from the omission of monthly wages
above Rs 200. Similarly, the Census of
Manufactures includes only factories register-
ed under the Indian Factories Act, 1948,
which employ twenty or more workers on
any day and use power. Further, only
perennial, not seasonal. factories are consi-
dered. Another difficulty is that contradic-
tions in the data supplied in the returns are
often quite apparent. Allowing for all these
discrepancies in our statistics, what kind of a
relation is there between labour productivity
and wages in India?

On the basis of the available data, with all
their limitations, a number of indices have
been constructed, vide table printec on the
following page. A comparison of the index
numbers of real wages and productivity since
1939 shows a close correspondence® between
the two sets of figures and the co-efficient
of correlation between the two series is as
high as 0.80, which is significant enough.

A somewhat striking relationship arises
when the money wages and productivity index
series are statistically correlated, although in
this instance the two variables have not been
correlated directly with each other but to-
gether with the two other variables, viz. the
degree of unionization and the cost of living.
Thus while measuring the influence of the
degree of unionization (x,), the cost of living
(xy), and productivity (x,), on the level of
money wagcs (x,), [ have obtained the follow-
ing linear equation by the method of least
squares.

X, =.234x,4+.874x,4+2.166x,.

where x,==money wages, x,==degree of
unionization, x,==cost of living, and x,=
productivity. (See Table printed at next page)

Interpreting the equation, one can assert
that for every one percent increase in the

*The correspondence is close only upto 1956. The
comments below the Table (on next page) relate to
igistéstical calculations as coriginally presented upto
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TABLE*
Relation Befween Labour Productivity & Wages*
Year Money Real Degree of Cost of Productivity
Earnings Earnings Unionisation Living

(x) (x;) (x;) (x,)
1939 100 100 100 100 100
1940 105 109 100 97 104
1941 111 104 101 107 95
1942 129 89 107 145 85
1943 180 67 101 268 84
1544 202 75 107 . 269 86
1945 201 75 114 269 79
1946 209 73 186 285 75
1947 253 78 243 323 72
1948 304 84 264 360 79
1949 340 92 206 371 76
19350 334 %0 193 371 79
1951 357 92 163 387 89
19352 386 102 214 379 97
1933 385 100 214 385 106
1954 381 103 206 381 113
1955 402 113 206 402 114
1956 412 106 214 412 123
1957 431 105 188 410 123
1958 433 101 216 428 125
1959 443 100 217 445 134
1960 474 104 214 457 144

* The original table as printed in the Madras Labour Gazette was upto 1956, The table printed above
is upto 1960. The statistics for the period 1957-60 may be interpreted in the light of the following
extract of a communication received from the Author:

“It may now be asked how far does the equation hold good for the years after 1956. Some of the
indices for the years 1959 and 1960 are based on provisional figures provided by the Labour Bureau.
Using the data for the year 1957, the estimated figure for money earnings as yielded by the equa-
tion Is 442. For the year 1958 it is 468; for 1959 it is 503; and for the year 1960 it is 535. This
discrepancy between the actual and the estimated indices is unfortunate. But if instead of calcula-
ting the time series of money earnings of workers earning Rs 200 and below, we were to calculate
the money earnings of workers earning Rs 400 and below, (and these are available since the year
1958) a much closer correspondence between the estimated and the actuzl money earnings is imme-
diately observable....The actual index of money earnings for the year 1958 now comes to 470, for
the year 1959 it is 489, and for the year 1960 it stands at 323. It should be noted that in recent
years the rise in wages has been more favourable to the skilled workers. The mean dispersion of
workers earnings about the mean for industrial occupations has widened rather than narrowed. Since

the lowest levels of wages are inflexible and cannot be pressed down any further, it is obvious that

the higher levels of wages have risen,
of the average level of money earnings.”

These facts must be taken into account in any measurement

of unionization, a rise of .234 per cent would
take place in money wages. In a similar way,
for every one per cent increase in the cost of
living, money wages will rise by .874 percent,
and for every one percent increase in produc-
tivity, money wages will rise by 2.166 percent.

The equation is built on the economic
theory that money wages is a variable that is
dependent on the three significant variables,

viz, the degree of unionization, the cost of
living and productivity. It is important to
note that for every one percent increase in
productivity, money wages should rise by
2.166 percent. This has been taking place
ever since 1939 as far as one can guage from
the index series. It is also remarkable that
when productivity fell, though money wages
may have risen due to the phenomenal rise
in the cost of living, real wages fell almost in
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unison with productivity, and rose as pro-
ductivity rose.

explanation

“*How must one explain this close relation-
ship between the steep rise in money wages
for every increase of one per cent in produc-
tivity”’. Probably one answer is that when an
incentive scheme is started for people living
at a very low standard of life, there is a spurt
in productivity leading to a rapid increase in
their earnings. Secondly it may also mean
that the incentives have been fixed eon a liberal
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scale and perhaps at a low level of produc-
tivity. Thirdly, another possibility is that
skilled labour which seems to be in short
supply is being attracted to industry by high
earnings. The recent history of wages in
India shows that both Government and the
unions have been forcing up monev wages,
and that wages have been steadily rising since
1939. In most cases they have been rising
to catch up with the rise in the cost of living.
But it is probable that the increasing level
of productivity per unit of labour has also
had something to do with the increase.

———

The Grapevine

—By courtesy Indalink



Productivity Change in Indian Manufacturing
AK Ahuja*

Recent years have seen quite a significant increase in produectivity (as measured by out-
put per manhour) in some of our industries, In the developed countries econometricians have
conducted studiest to classify the forces wnderiying the increasing trend of productivity as
either(1) capital intensity (a rise in the ratio of capital to labour employed) or (2) technical change
{any change in the technique of production which enables a larger ouiput from a given com-
bination of inputs). An attempt has been made in this article to study the extent of association
of the rise in productivity with capital intensity and technical change as might be existing in

India.

Due consideration of Indian conditions which are not similar to those iz developed

countrics has been given to modify the methods to be applied for the purpose,

THE approach adopted by many authors

has been to fit a production function of

the Cob-Douglas form i.e.

P=a, cX I Nt

where P, C, L and t represent production,
capital, labour and time respectively. The para-
meters involved in the function i.e. of and )\
have usually been estimated by the method of
least squares. The existing stage in a country
has been related to a point in the function at
which the values of marginal productivity of
capital and labour are equal to the value of
interest rate on capital and wages respectively.

On account of the component (e”) the
production function is shifting with changing
time resulting from technical developments.
The estimate of parameter ) is assumed as
index of technical change.

During the past few years in particular,
investment of capital in some of our industries
has been increasing at quite a fast rate result-
ing thereby in the existence of a high degree
correlation between the two determining
independent variables viz. capital and time.
As under these circumstances, the method of
least squares may not give accurate estimates
of the parameters of and ), it needs modifica-

ie., Central Statistical Organisation. The author

tion. Further, the condition on marginal
productivity of capital and labour may
not hold good in India. Most of the authors
(basing their conclusions on the con-
ditions prevailing in the Western countries)
have developed models on the assumption
of competitive pricing in factor markets
(i.e. capital and labour) and that the
remuneration of these factors corresponds to
their margimal productivity. In India, this
doctrine, even on an approximate basis, was
neither applicable in the recent past (with
reference to some industries in particular)
nor may hold for at least some years to come.
Whereas labour in our country is cheap and
abundant, machinery (which is a sizeable
portion of capital) on the other hand is scarce
and is largely imported from developed
countries where conditions are almost just the
reverse. Conditions of import of machinery
(mainly on the basis of foreign aid, loan,
rupee payment etc) are also such that, per-
haps, very little freedom to choose between
types, makes or designs can be exercised.
The machineries manufactured in the develop-
ed countries are designed taking into consi-
deration the conditions prevailing in the
markets of those countrics, which favour
labour-saving-devices due to very high wage-

*The views expressed here are those of the author and not of the Organisation in which he is emploved

grateful to Dr VG Bhatia, Dr BS Minhas and

Sri 8K Gupta for valuable suggestions for improvement of the article.
FRobert M Solow, “Investment and Technical Progress”, Mathematical Methods in Social Sciences,

1959, BF Massel, “Determinants of Productivity change in US Manufacturing”, Yale Economic Essays,
Vol.2, No. 2 (Fall 1962) ; AD Brownlie, “Some aspects of the measurernent of aggregate productivity
with special reference to New Zealand manufacturing”, Productivity Measurement Review No. 32,
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levels existing there. The installation of these
machineries in our country, on the whole,
results in making our industries more capital-
intensive than what it would be on the
basis of values of marginal productivity of
labour and capital. Taking the above points
into censideration, the model to be used to
suit conditions in India has been suitably
developed.

Let us assume that technical change is a
linear function of two factors, one of which is
uniformly changing over time while the other
is related to the new gross additions to the
capital. Year to vear change in productivity
resulting from technical change alone may
be assumed as to be of the form

wgPrtP{LC T OUC) where p, and p, are
constants and (ac+of ¢} is the gross addi-
tions during a vear to the capital, ac being
the increase in net value of capital and of ¢
the gap created by depreciation on capital
which has also been filled by additions of
new capital. The index of technical change
as at the end of the year has been taken
as the product of the year to year increases
in productivity resulting from technical

t
% (actotQ)
o £ sa

S L1 1 o
change i.e. gfit v P

eTI. Similarly, ch would be the average
technical change which increases capital
intensity by the factor

t

welst+Py = (& c+oli0)p
r=1 :

v

Here the term

average relates to average value depending
on the country of origin of the term
(ac+ol,0) e the new additions to a
capital.

First we may fit, using notations for differ-
ent variables as indicated earlier, a regression
curve by method of least squares of the form,

C/lL—Aycl =A, eftTPE(acHAC)

based on the time series of estimated values
of C, L, aC and of,. Here, of course, t
and(a C—+of;C) are well correlated and there-
fore we may not get accurate values of p,
and p, separately but the estimated values T,
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can be got with sufficient accuracy. From
the relation (1) we can estimate for different
years the estimated values of (C/L) which we
may call as estimated values of capital
intensity resulting from technical change
and call these wvalues as (C/L),, (C/L),’,
(C/LYy,...... (C/L}).. As against these we
have got observed values of capital intensity
for different years i.e. say (C/L), (C/L)s,-.....
(C/L),. The deviations of observed capital
intensity from the estimated cne (say ‘K’ in
terms of index of ratio) may be termed as
deviation of capital intensity from the ‘average
intensity due to technical change’ resulting
from reasons other than technical change i.e.
labour strikes, changes in relative prices, etc.
Here the variable ‘K’ is independent of the
technical change. For simplicity an index
of *K’ has been worked out as a ratio
(C/L)=(C/LY. We may now fit a
regression curve of the form
P =B K)Pe I

g BD(K)B oPitHes(a C+o,0)
where P denotes productivity, § is a

parameter and 8, is a constant. Other terms
have the meaning as used earlier. Here, any

change in the value of et denotes change in
productivity due to technical change.

On the basis of regression funstions (1)
and (2) we can further estimate a series of
capital intensity and productivity, eliminating
the effects of technical change. We may
further fit a regression curve to these revised
series of the form

P=G,(C/L)Y ie. V=G, (©)Y ! 7Y..(3)
where V is the output and G, is a cons-
tant. This is a production functon using

data after eliminating the effects of techunical
change.

To illustrate the methods described above,
data relating to cement industry as available
from the Reports of Census of Menufactur-
ing Industries (1946 to 1958) and Annual
Survey of Industries (1939) have been utilised.
The book value of the fixed capital, deprecia-
tion, labour employed (man-days) and pro-
duction as given in these reports has been
modified for slight variation in the coverage
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due to non-reporting factories. The book
value of fixed capital and values of deprecia-
tion have been further modified to arrive at
values at constant prices using the model as
given in the author’s article ‘Productivity
Analysis of Jute Industry” published in this
Journal®. It has further been supposed that
there is time lag of one year between the
creation of capital and its effective use for
production purposes. An equal time lag
has also been used between the creation
of capital and the corresponding technical
change. Using the data mentioned above,
functions at (1), (2) and (3) have been esti-

mated as
C/lL= 1.15e0'0927t+0'0004 (aC+,C)

p—2553 (K) 092
0.186t—0.0283 5(5C+aA,C) . (2)

and V | 100839 [ 0.161......(3a)

where ke values of C, capital, and o C
are in terms of Rs crores, L, the labour
employed is in terms of millions of man-days

*Vol. 111 No. 5 & 6, p.980
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{(a person working for 24 hours), t is time in
years measured from 1949=1, P is producti-
vity in terms of tons of cement, produced
per ten man-days. In equation (3a), V.C,
and L are index numbers of output of cement,
capital at constant prices and man-days
employed with 1948 as base.

Statistical methods (‘t’-test, tests of good-
ness of fit etc) have been used to study the
accuracy of different parameters estimated
and the closeness of the fit. The coefficients
of multiple correlation for the regression
equation at (la), (2a) and (3a) are 0.93,0.98
and 0.95 respectively, all of which are found
to be very highly significant. The estimates of
#1, Pgs My, B and ¥ are all highly significant
though p, p, and p, have no meaning by
themselves as such, The values of student’s
‘t" vary from 4 to 7.

Index numbers of productivity, technical
change, etc have been worked out of the
data relating to cement industry as available
from the sources mentioned earlier and are
presented in table 1.

Table 1: Some Important Indices

Year Index of Effect of Effects of Index of Index of Index of Index of Index of
output changes other mandays output tot changes  changes
in factors to per man  capital in in capital

output changes day invested  capital due to

due to in at due to reasons
technical output constant technical other than

chinge prices  change technical

¢change

n 2 3) (4) 5 ()] )] (8 €)]
1949 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1950 1.39 1.11 1.25 0.91 1.53 1.33 1.10 1.21
1951 1.86 1.30 1.43 1.12 1.66 1.39 1.21 1.15
1952 2,10 1.36 1.54 1.01 2.08 1.95 1.33 1.47
1953 2.21 1.63 1.36 0.99 2.24 1.84 1.46 1.26
1954 2.57 1.84 1.40 1.00 2.59 2.02 1.60 1.26
1955 271 2.10 1.29 1.02 2.65 2.13 1.75 1.22
1956 3.4 2.10 1.50 1.41 2.22 2,93 1.93 1.52
1957 3.64 2.05 1.78 1.49 2.44 3,76 213 1.77
1958 4.21 2,20 1.51 1.65 2.55 4.04 2.34 1.73
1959 4.42 209 2.11 1.50 2.95 4.92 2.57 1.91

Average Annual increase
Total —

1949-59 1.16 1.03 1.08 1.04 1.11 117 1.10 1.07
1949-55 1.18 1.13 1.04 1.00 1.18 1.13 1.10 1.03
1956-59 1.13 1.00 1.13 1.10 1.03 1.23 .10 112
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During the period between 1949 and 1959,
output of cement increased at an averagce
rate of 16% per vear, half of which could
be attributed to techmical change and the
remaining half to other facters. Investment
of capital also increased side by side at
the rate of 17% per year, 109, to effect tech-
nical change and the remaining 7%/ for others.
Qutput per man-day (labour productivity)
increased at the rate of 11%, whereas man-
days went up by 4% per year. To
interpret these results, it will be better to
divide the total period into two sub-periods
viz. period 1—1949-1955 and period 11-—1956-
1959, because of the presence of two dis-
tinctly different tendencies. In period I,
output increased at the rate of 189, per year,
technical change being mainly effective to
bring about this increase (139 out of 18%7)
while other factors had fairly smaller role to
play. The investment of capital increased
at the rate of 13 % per year during this period,
out of which 109% was directed towards
effecting technical change and the remaining
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39 towards other directions. Quiput per
man-day also increased at the rate of 137]
during this period while man-days did not
increase at all. During period 11, production
increased at a slower rate (139 per year)
as compared to period 1, but whereas in period
1, technical change was mainly responsible
for increase in output. in period II factors
other than technical change effected the total
increase. The investment of capital during
period II, on the other hand, increased at a
faster rate of 239 per year, 109 being 10
effect technical change and the remaining for
others, It appears surprising that although
capital was invested (at the rate of 10 %) to
bring about technical change, it did not result
in any increase in output. It may be that
the changes were of a type whose effects could
only be observed at a later period. Another
change that was observed during period 1l
was of increase of mandays at the rate of
109 per year and a fall in the rate of increase
of productivity (3% as compared to 18% in
period ). ' 1}

NOW HERES SOMETHING
NEW IN ATEACHING
AACHINE

1




Book Reviews

Business Administration’

IT 1S a good sign that University Depart-

ments of Business Administraion have
begun to bring out fairly good text books
on the Principles and Techniques of Business
Administration. Professor- Mrityunjoy Baner-
jee? is to be congratulated on the publi-
cation of this book: “Though primarily
meant to be a text book in Business Ad-
ministration, it promises to be of interest
to management practitioners, administrators
and executives as well,” The first part of
the claim appears well justified. As regards
the second, this class of persons are yet deter-
mined ro learn by doing without any bother-
some reference to First Principles.

The Author makes u third claim that
though *‘written on the basis of the syllabus
of Management Courses in the Schools of
Business and Commerce in Western Count-
ries,” the book has been prepared with “special
reference to Indian conditions™. These refer-
ences are not very visible in the text. In fact,
it is full of a lot of American stuff, very well
collected and digested. There is just a passing
reference on page 159 to Mahatma Gandhi
but that is in company of Napoleon Bona-
parte, George Washington, Mazzini and the
like. In fact, it would be difficult to recall in
recent times a better Indian book containing
a more balanced and agreeable account of
American literature and practices in Business
Management., .. Every chapter begins with a
quotation and these range from Bagehot

1  Asia Publishing House, Bombay.
2 University College of Commerce, Calcutta.

to Byron....The author has Llimited his
analysis to private enterprise economies.
Communist countries have been excluded
on the ground that “many of the econo-
mic principles of business do not apply-
to this system....,” This is rather surprising,
coming as it does from a very well read
student, profoundly influenced by Ameri-
can culture: the latest trend even in the
thinking of the American business execu-
tives (not to mention American University
Professors who probably have always thought
it that way) that Soviet Communism despite
its authoritarian planning, really follows and
farrly rigidly, the business practices of classic
capitalism, very particularly in its Banking
and Cost Accounting Practices and even the
old Time and Motion Study. One, however,
cannot blame the Author, for despite Chester
Barnard, Peter Drucker and such other idea-
listic giants of the Management Revolution,
the shadow of Bentham falls across the text:
“....The social objective of greatest good to
the greatest number.”” {Page 6 of Chapter I)
Nevertheless. it is an excellent Book for
students of Business Management; and
University Professors and members of the
many Faculties now running Management
Courses in this country would find that it
contains within its 348 pages practically
everything they would need for their lectures
and instructions. The book is worth, in
modern times, the price marked on it, namely
Rs 14,

—_— 0 —

WHAT WILL REMAIN OF OUR PRODUCTIVITY?

“If we import American food, American arms and even American intelligence
to solve our problems, what will remain of our independence 7™
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—Acharya Yinoba Bhave
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in
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Pages 232 price Rs 16

N RECENT YEARS, THERE HAS BEEN quite
a flood of literature on small indus-
try, both from the public sector—the vast
network of governmental organisation deal-
ing with small irdustry—and the private
sector—the academician, the researcher and
the like. The policy-maker, the honest small
entrepreneur, the young research worker, the
earnest administrator at the level of contact
with small industry: all needed to be guided
to the really good stuff among the plethora
of material available, considering the time
at their disposal. In this context, one could
confidently say that besides the [ILO
publication on Small Industry Dr. EUCENE
STALEY's rescarch on the subject, this book
by Sri MC Shetty would be sufficient for
a good reading. The author is a very know-
ledgeable critic of our small industry policies,
as has been evident to the readers of this
Journal in which a series of his articles were
published under the nom de plume of Mayu-
raksha.

The Book, which is full of rich statistical
material on Small Industry, does not really
need a Review, for Prof. RICHARD MORSE of
the Stanford Institute has already furnished
one in the Forewood: “It is refreshing to
find in Sri MC Shetty a new author who

offers a philosophy of chang: and a spirit
of social inquiry in which pecople are central.
The breadth of Sri Shetty’s outlook has
directed his attention to India’s largest group
of industrial producers, the traditional arti-
san, in anticipation of their potential trans-
formation into more productive contribu-
tors to the nation’s wealth. He sees many
home workshops owned by forward-looking
carpenters, blacksmiths, or other artisans as
‘small-scale  industrial establishments in
the making,’ with capacity to dewvclop into
‘economically viable, technically feasible
and commercially efficient small-scale units.”
And so he proceeds to investigate thoroughly
the needs and limitations of household units
as contrasted to those of nearby small-scale
factories.” And he has put the whole analysis
in the context of Development: “From the
developmental angle, the present need is to
distinguish clearly between the typical prob-
lems confronted by industrial units which are
at different levels of efficiency, stages of
development and scales of operation, and
render each of them suitable measures of
help and ultimately enable them to reach
their respective optimum size-limits.” The
result is, as Prof. MoORSE puts it, a compara-
tive study having r.markable research con-
tent.

— 00—

A PRODUCTIVE REVOLUTION

¢*Russia did not have a revolution in order to unleash wars but to create,

to live in peace, to work."”

—Khruschey
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Khadi Gramodyog

Kyant GRAMODYOU, TENTH ANNIVERSARY NUMBER, Published by the Khadi
& Village Industries Commission, October 1963,

AMONG the many useful functions performzd by the Khadi & Villag: Industriess Com-

mission is the publication of a Journal Knapbt GramonyoG. This Special Issue—
modelled probably on the NPC prRoDUCTIVITY Journal, has not only a bzautiful cover
with a simple and impressive design, but also contains a lot of good material inside. The
Editor has been able to tap practically all the top m:n in the ficld, including some of the
closest associates of Mahatma Gandhi, such as Shankarlal Banker, to mention only one of
the many who have contributed to this Special Issue. The rang: of subjects covered is pretty
large: social and economic disparities, planning, rural cconomy, cducational progress
(including women’s education), unemployment, investment and capital accumulation,
tribal areas, agricultural research, etc. What is more remarkable is the high level intellec-
tual integrity underlying the writings published in this Journal., One wishes that the Editor
could have found place for a number of pictures to illustrate this Journal. It would have
relieved enormously the boredom of reading through such good and serious material, Beautis
ful and significant pictures of the Khadi industry are readily available. Khadi and Village
Industries Commission and its distinguished members must be having plenty of these photo-
graphs, pictures, sketches ctc. Nevertheless, this is a significant contribution to the litera-
ture on Khadi and allied preblems. Taken alongside Np¢ proDUCTIVITY Special Issue on
Small Industry, it may reasonably be treated as excellent reference material. @ 0 @

—_———

Management Perspectives

MANAGEMENT PERSPECTIVES: A QUARTERLY DIGEST, brought out by the All
India Management Association; Editor : Sri JK Abraham; annual subscription
Rs 10.

SUCH a Quarterly Digest, providing the Busy  Participation in Management, Export Costs,

Executive with selected readings from
the ever widening stream of Management
Literature, has really been badly needed for
quite sometime. The fare provided in the
very first issue (July-September 1963) has a
fairly large variety: Let’s call a meeting,
Residential Training Colleges, Public Finance,
Corporate Taxation, Depreciation, Worker

Risks and Rewards, Training Supervisors,
Line Staff Conflict, Business Organisation,
Management Problems, Small Industry: all
that any business executive would require
for enlightenment as also relaxation, and that
within a compass of only 62 pagss. The
editors have done an excellent job. The
AIMA deserves thanks for its enterprise,

—_—

“They talk so glibly about redundancy, those who never experience it.”
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Grievance Procedure in Textile Mills

SITRA

EMIND THiS MODEST EFFORT of the South
India Textile Research Association, there

is, as usual in SITRA publications, a good
deal of patient research, In this particular
case, NPC has reason to feel proud be-
cause it was a joint-sponsorer of this
study of grievance procedures in textile
mills. The objectives of the Research were
(i) to study the existing formal and informal
grievance procedures as practised by textile
mills of different sizes; and (i} to draw out,
bascd on the knowledge of the existing proce-
dures, standardized procedures for mills of
different sizes. A grievance was simply de-
fined as ‘any real or imaginary feeling of
personal injustice which an employee has
concerning his employment relationship.
Of the 185 textile mills in South India, it
was found that only 11 had any grievance
procedure worth mentioning; and they were
all large size units employing over 3,000
workers. SITRA sclected for study a sample
of 12 mills of various sizes in Coimbatore
and its environs. The research project used
both questionnaire mcthod and interview
procedure and had the fullest cooperation
both of labour and management. It was
found that the gricvances were more fre-
quent in large size mills. No systematic
or formalised procedure for solving grievan-
ces was in operation in any of the mills
studied. However, a sort of informal pro-
cedure was found to be in operation: a
procedure that has come about as a result
of traditions and conventions, The largest
number of grievances—nearly 285, —were
settled at the lowcst management level of
jobber or maistry. The supervisory lcvel

accounted for another 18%, the spinning/
weaving master 159, and the managzr nearly
20% of the gricvances settled. It is signi-
ficant that the Labour Welfare Officer
accounted for less than 49 of the settled
grievances and the works committees less
than 1%. Of the people interviewed, nearly #
were of the opinion that grievances should
be dealt with at the lowest management
level: the jobber should have the authority
to scttle, Practically everyone was of the
opinion that a stage has been reached when
grievances should be recorded in writing
at least at certain levels, log books main-
tained etc. Nearly 60%; of those inferviewed
mentioned that grievances should not be
referred to the Government Labour Officer
until the managing agent has dealt with
them. The SITRA Study has set down the
following guiding principles for a good gric-
vance procedure: (i) The procedure should
be simple and casily understandable by the
workers (i) As far as possible grievances
should be settled at the lowest level i.e., the
first line supervisor himself (iii) There should
beasmalland specified number of' steps for tak-
ing grievances to higher levels in the organi-
sation {iv) Authority and responsibility
should be given to persons at each level to
handle the grievances (v) The persons at each
level should be adequately trained in handling
grievances (vi) Representation of grievances
should be oral and informal in the earlier
stages and should be formalised and record-
ed at subsequent stages (vii} A grievance
must be redressed as expeditiously as possibie
and towards this end there should be a time
limit at each step and a time limit for appeal
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{viii) A third party should deal with it only
after the final stage, to avoid violence over
unresolved problems.

A detailed procedure has also been laid
down for different size units: a 3-step, largely
oral procedure with a time limit of 3-days
for small size mills employing less than 500
workers; a 4-step procedure half oral, half
written with the time limit of one week for
medium size mills employing 500 to 2,000
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workers; and lastly a S-step procedure for
large size mills (employing over 2,000 workers)
with 60% of the procedure written parti-
cularly towards the later stages with a time
limit at 2 weeks. These procedures have
actually been tried out in 3 textile mills (2
medium size and one small size) in Coimba-
tore as an experiment. It should be con-
sidered creditable that the system is work
ing satisfactorily in 2 out of 3 selected
mills. & @

Materials Handling in Textile Mills

HE TEXTILE AND ALLIED INDUSTRIES RE-
SEARCH ORGANISATION (Baroda) has
brought out an extremely well-documented
Book on Materials Handling in Textile
Mills. The authors have modestly called it
a preliminary survey. 1t is really fairly com-
prehensive. Part I covers the Theory of
Materials Handling: Principles, Planning,
Operating, Equipment and Costing. Part 1l
gives the Survey of Materials Handling in
twelve mills with details regarding Processing,
Consumption, Transportation ctc: Handling
of raw materials and stores, of boiler ash
and cotton waste. of products at various
stages; cost of materials handling and unit
packages in textile industry. Part III deals
with Materials Handling Devices, Conclu-
sions and Recommendations. The book
gives not only facts and figures but also
photographs, diagrams, sketches, etc. The
Industry will find the Book extremely useful.

How wastage occurs and how by simple
devices, a lot more and better quality work
can be done more cfficiently and with less
fatigue, are shown by a sample recommenda-
tion of this Survey regarding Blow Room
Laps: “The general practice is to carry one
lap at a time by a worker on the shoulder or
head. This practice creates fatigue in the
worker, spoils the quality of the lap and out-
put is less. This is the most primitive type
of practice still continuing. Actually this is
the spot where any one can easily make a
comparative study about the saving in labour,
maintaining the quality and more output
by the introduction of a lap trolley which can
carry 6 to 8 laps at a time driven by a man.
We do not consider it proper to propose a
monorail or mechanical conveyor looking
to lay-out and space availability in most of
the mills.

Q-0 —-



Iron & Steel Review
Special Issue on Rourkela

Tms JOURNAL of 332 pages is really a

reference volume; no Review can do
justice to its enormous coverage. It deals
not only with all the aspects of the Rourkela
Steel Works in the public sector, but whole
Chapters have been devoted to Indo-Ger-
man collaboration, Indo-German Trade, In-
formaticn, Research and Technology, Steel
in Germany, India and East-Asia etc. Even
with rcgard to Rourkela, there is nothing
left untouched: its economics, personnel
management, techniques employed, details
of the large numb.r of installations that
combine to make the works, its training
facilitics, its social problems, its wclfare
activitics; Rourkela as a developmental area. ..
The book as it may deservedly be cailed, is
rightly issued as a presentation volume to
Dr Hcinrich Lucbke, the President of the
Federal Republic of Germany, who visited
us during the Dark Days of last year and
spoke such touching words of appreciation
and sympathy. In a sense more significant
is the Foreword by Dr Ludwig Erhard, now
the Chanccllor of West Germany and the
famous author of the German Miracle. A
couple of sentences from Dr Erhard's are
worth quoting: “It should not be forgotten
that efforts of individual persons stand forth
behind this gigantic array of achievements.
These people were free to decide whether or

not to contribute their mite to the economic
development of their country and, without
the slightest bit of exaggeration, one can say
that they have accomplished something
excellent...... ”

The Editor really should be congratulated
on this Big Entcrprise, for he has not only
been able to bring in the Big Politicians in-
volved in Indo-G.rman collaboration—prac-
tically all of them - but also the senior civil
servants, general manag.rs, personnd offi-
cers and the chiofs of the various institutions
associated with Stecl-making, Metallurgy,
Fuel Research, Foundry, Standardisation, etc.
We have really been tak:n far b:yond, in
point of time, for there is an excell:nt article
by Dr PS Lokanathan on wHY tI'TY
MILLION TONS OF S1EEL IN 1981 (Pagc 275).
So we have a whole time porspective
because Rourkela was the first Stecl Plant
conceived in the Public S.ctor, with only
a million ton capacity and now we are
thinking in tcrms of 50 million tons and by
1970 the perspective will expand to a 100-
million tons! The credit will larg:ly go to
this fruitful seed of Indo-German collabora-
tion at Rourkela.. The Journal is extremely
well-illustrated. No Steel Man whether in
the Public or in the Private scetor can afford
to be without this refirence volume.

=@ a4

POSTAL PRODUCTIVITY

#...outsize envelopes take longer to reach their destination.”

—The Stotesman New Delhi
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PRACTICAL HANDBOOK FOR INDIAN FOUNDRYMEN: prepared for
the Government of India Production Centre, by John F Schour, Foundry
Consultant, US-AID, New Dclhi; pp. 60, illustrated, price not mentioned.

This is an extremely lucid, practical and comprehensive exposition of Foundry
practice written from the angle of the small foundry. ~ Whilz th: more erudite publications
have their value, there is a place for such practical and pithy guid:s, as thz pamphl.t under
review. The author has been good enough to furnish scientific explanations for his various
recommendations. Individual chapters show good comp:tence. Probibly, in th: Chapter
on Sand, the author may be advised to add a little on gradation of the importance of diffcrent
tests. Once the sources of sand and other materials and reconditioning processes have bzen
standardised, the tests which necd to bz conducted are only the relatively simple ones,
namely moisture and permeability. Of these, the moisture teller of the calcium carbide
(or Bomb) type is a ciicap and simple instrument, well within the budgzt of all foundri:s.
And as moisture content (due to cvaporation etc) is the only really variable factor, the
regular use of this cquipment can go a long way towards ensuring propzr sand control......The
excellent Chapter on Moulding Mcthods and materials may as well in a finish:d edition in-
clude montion of the use of pattern plates and pattern boards, and perhaps a word or two
on moulding box dusign. The usc of pattern plates or pattern boards (as against the use of
split patterns with one box rammod on the top of the oth r) has much to commend its ‘If.
Increascs in productivity which can be achicved thus are indced imprussive....On the whole,
the Bookl.t is woll-written and cxtrem . by wqll-illustrated with numerous sketches and pic-
turcs. It is to be hop:d that the Government of India (Production C:ntr.) for which Mr
Schnur has produced this Booklct will sec its way to publishing it and pricing it rcasonably.

®

Pakistan Productivity

't are glad to find that the Pakistan Industrial Technical Assistance Centr: (PITAC)
has. after an interval, resumad the publication of its Journal, PAKISTAN PrODUCTIVITY.
The Issue for August 1963 contains excellent photographs both personal as well as t2chnical;
also good reading material by a number of knowledgeable persons. W= gladly endorse what
the Editor has written about his own Journal, PARISTAN PrRoDUCTIVITY @ **... We wish to add our
own voice, however small, to the chorus of welcome the resumption of this journal has receiv-
ed...The past performance of this journal has been extraordinarily good; there are therfore
no qualms that the bouquets given the reappzarance of PakIsTAN PRODLCT!VITY are
tempered by doubts as to the quality of its service, etc. We hasten to assure that we are
dedicated, as ever, to providing a high standard of journalism and our motto of ‘service to
Pakistani industry’ acquires added lustre owing to the fact that the present Management
of PITAC fully understands and appreciates that informative media in the ficld of industry
have to be of the best, and should incorporate features essential for the dissemination of
information and knowledgs beneficial to industrial establishments, singly and collectively.
We are confident that PakisranN ProbucTiity will play a highly important part in the
conversion of our indusirialists to the concept of productivity,  We are satisfied that the future
holds a bstter promise for Pa<1sTaN PRODUCTIVITY than ever before, and with the conti-
nued patronags and support of Pakistan industries, we shall —Inshallah —take an honoured
place before long, among kindred publications throughount the world .. unless our industries
subscribe actively to the productivity concept. and all that it implies, the gains of industrial-
isation will never be shared by the people at large......... >
o00000
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E;Huctivity in Indian Mines

AB Guha*

NE OF THE WAYS TO ASCERTAIN the health

of the coal industry in a country is to

find out the OMS (output of coal per man-

shift) and to compare it with the OMS of the

corresponding period obtaining in other

countries. In the table printed below such a

¢comparison has been made between the Indian

average OMS with the average OMS of some
of the principal coal producing countries.

(In tons)
1957 1959 1960 196] 1962
USA 10.7 12.2 12.83 13.87 Not known
W, Germany — 1.7 1.61 173 2.18
UK 1.5 — 1.42 1.47 Not known
Poland*
India 420 043 044 046 0.5 approx.

*Between 1929 and 1939, productivity in Poland
rose from 1.4 to 2.2 tons per man-shift—the highest
in Europe—but after the German_ occupation in
1939 output was stepped up for immediate war
requirements and the mines are said to have suffer-
ed very severely from inadequate development
during the remainder of the war period.

(Source: Coal Mining in Poland--Report by
the Technical Mission of the National Coal
Board)

It is clear that the Indian OMS is extremely
fow in spite of the fact that Indian labour
is considerably cheaper. It is true that in
the mechanized quarries of the National
Coal Development Corporation the OMS is
now as high as 3.19, but the average OMS of
the public sector mines of the Corporation
is only 0.66 and this is far below than the
average world index. Obviously, unless it is

* Adviser, Ministry of Mines & Fuel, New Delhi
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possible to increase the OMS, there is hardly
any scope of reducing or even arresting the
present trend in the rise of coal prices. In
this context it is worth noting that in the
United States the price of bituminous coal in
1948 was § 4.99 for a ton of coal, In 1961 the
price was § 4.65, Though the wages went
up many times it has been possible for the
bituminous coal producers in the United
States to lower the price by a few ceats. This
has been possible only due to the high produc-
tivity of the American mines.

A US firm of consultants in the course of
preparingaproject reportfordes elopinga mine
in India have observed that the price of coal
in India is equal to or in excess of US coal
costs, although in the USA the cost per unit
of labour is over twenty times that of Indiz and
mining conditions here are not as favourable.

Coal is a basic and essential commodity
and in the context of the overall development
and progress of a country, it is essential that
its price should be kept down to a reasonable
level. This raises the important point as to
what measures are necessary for increasing
coal productivity in this country. Before tryving
to enumerate the steps necessary, it would be
worth-while to look into the causss which
have been responsible for the low OMS in
this country. From 0.35 in 1951 Indian
OMS crawled up to about 0.5 by 1962 and
obviously. this rate of improvement is insigni-
ficant when the demand for coal in the country
is expected to spiral up from 97 million
tonnes in 1965-66 to about 175 million tonnes
in 1970-71 and 250 million tonnes in 1975-76.



AB GUHA

1t is true that during this period, considerable
advance will be made in the use of oil, natural
gas, electric power and nuclear power, but in
spite of this, coal will continue to be the main
source of energy for industrial and domestic
purposes. The problems connected with the
prevalent low OMS were gone into some
detail by the Working Party for the Coal
Industry in 1951. The Party examined a
large number of witnesses from the National
Coal Mine Workers Federation, Indian Min-
ing Association, Indian Mining Federation,
Indian Colliery Owners Association, Lodna
Workers Union and Indian National Coal
Mine Workers Federation. The causes which
contributed to the low OMS of Indian
workers were as follows: —

(i) Indian workers, untrained and un-
skilled, had wvery little by way of
incentive to undertake hard work
which is essential for the mining
industry. The workers were mostly
on daily rates of wages without any
linking between their earnings and
production. The wages have gone
up from 56 nP in 1939 to Rs 10.90 nP
in 1951 and Rs 23.40 in 1961. But
this increase in wage has not in any
way helped in stepping up the pro-
ductivity.

(i1) The Indian workers have an extre-
mely low standard of living. Obvi-
ously, with the low income, they do
not have any opportunity to save for
emergencies and as such they have no
strong bond with the industry. They
have inadequate housing facilities or
other amenities which could persuade
them to stick to their profession.

{iii) The workers were mostly unskilled
and, therefore, of a floating nature,
During harvesting season, many of
these workers moved over to the fields
rather than continuing in their mine
work.  Substitutes were also un-
skilled, but frequently they lacked the
experience of those who migrated
to other vocations.
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(iv) The table below shows the absentee-
ism in coal mining industry:

Overall Underground
1951 1952 1953 1954 1955

India 931 9.2 116 105 114

In this context, it will be interesting to
note the effect of coal production on account
of absenteeism, as assessed by Prof AB
Ghosh of Delhi School of Economics, Delhi
University in his paper on ‘Absenteeism and
Coal Qutput 1951-1960." According to him
with a possible reduction of 4 percent in ab-
sentecism, an additional coal output of the
order indicated in the following table could

have been achieved:

In million fons

Year Coal outpur Addl. coal output
1951 34.43 1.56
1955 38.23 1.80
1959 46.91 2.16
1960 57.13 2.33

(v) The layout of Indian coal mines was
generally not in conformity with scien-
tific designs. For instance, haulage
system was mostly inadequate result-
ing in inadequate supply of coal tubs
at the coal face.

The above are some of the basic reasons
responsible for low OMS in the country. The
Indian coal industry is several decades old
and had been left to be developed mostly by
private enterprises with inadequate financial
and other resources. It is really, after
independence, that Government have come
forward with active cooperation and other
assistance—financial or otherwise-—to help
the industry grow on the right lines. The age
of pick, shovel, sledge, wedge and barrow as
the chief equipments of the miner is receding.
During the last two decades, rapid strides
have been made in all the progressive count-
ries towards mechanising their coal mines
and thereby achieving mining conditions to
make the work of miners a safer and more
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paying occupation by replacement of man-
power with machines. Machines have been
developed so extensively to do the work of
men; and me2n are trainzd in oparating the
machines so skilfully that a new age of greatly
increased production has been ushered in,
India cannot stay out of this influence and
must accept all the advantages inherent in this
Machine Age. The present system of winning
coal by what is known as “board and pillar”
system must give way to the more scientific
method such as “long wall” mining, mining
with “‘caving method™ etc developed already
so extensively in other parts of the world.

As already pointed out thers is a lack
of cohesion for each worker to exert his
utmost to produce the maximum within the
limited timz. It is necessary that the workers
must bz trained to work as a team or in
groups, Mere increase in the basic wage is
not enough. Apart from providing them
with better housing, better living conditions,
they must have proper incentive not only to
do the work hard, but also to feel that there is
an inseparablz bond bztween them and the
mine. In other words, they must feel that as
coal miners they enjoy certain minimum
security which they cannot readily find else-
where in comparable manual jobs.

With increased mechanisation, the workers
must have the requisite training to man the
machines. They must be given the necessary
training both on the surface as well as under-
ground. They should be able to acquire
sufficient insight into the work they are
expected to undertake and should be fully
trained in the use of machines and equip-
ment they are likely to handle. The training
should instil in them a sense of pride and
emphasise to them the advantages of working
as a team. For this purpose, technical train-
ing should receive the highest priority and
training schools should be adequately staffed.

With improvement of surface conditions,
it is reasonable to expect that absenteeism

PRODUCTIVITY IN INDIAN MINES

will get reduced to certain extent. However,
absenteeism in mines is something with which
one has to be reconciled, Mining is a strenu-
ous occupation and it would not be possible
to eradicate absenteeism complztely. How-
ever, there are other ways which could reduce
absenteeism, besides helping in the improve-
ment of OMS. For instance, in many mines
workers have to travel long distances from
their dwellings to their respective points of
duty. Such infructuous exercise makes
them completely tired even before they com-
mence their work. It would definitely
improve the matters if arrangements are
made for conveyance of the workers to and
from the work-site so that they work in better
and fitter conditions resulting in greater
output.

It has already been urged beforz that mines
should take to mechanisation with improved
haulage relating to hauling, pumnping, etc.
Even with regard to old mines, it is desirable
that improvements with regard to the haulage
system, and any other changes, should be
effected. In certain mines it has already
been noted that small changes in the layout
and reshuffling of the haulage system have
yielded very great dividends.

There must be better cooperation between
the labour and the management. Obvi-
ously, if the management has to expect
greater productivity it has to provide the labour
with the necessary means as also the good-
will. The workers must be made to feel that
they are not mere workers but tha: they are a
part of the mine or that the mine is a part of
their whole being, inseparable and essential to
one another. There is no reason to be pessi-
mistic about the present conditions. Indian
OMS can definitely be improved and I have
no doubt that this improvement is round the
corner. Indian mine workers can with confi-
dence look forward to better productivity,
better living conditions and improved manage-
meni-labour relationship,

—0—



Profit, Productivity and Taxation

Louis J Rago*

Though rather controversial, particularly in the context of our decision to adopt a socialist pattern
of society, this is a learned piece. In any case, it does represent i point of view which deserves to be heard,
if we are not to get involved in self-contradictory policies: policies designed to make the cconomy dynamic
and other policies inadvertently putting brakes on that dynamism. The author's point of view is pretty simple
and straightforward: excessive taxation of profits is [ikely 1o retard the process of capital formation and
conscquently, lower the rate of economic growth. To aveid semantic difficcliies, it is reasonable presume
that the author means by profits undistributed profits because distributed profits may go either into capital
formation or might well appear in the form of conspicuous consumption.

Further the author’s thesis is liable to serious misunderstanding on the ground that taxation is only
one aspect of the whole spectrum of public finance: and that while through taxes Government is pumping
money out of circulation, it is simultaneously pumping in, equally well, or sometimes even more, through
deficit financing. It is quite relevant to argue that these methods of financing employed in varying degrees but
on a fairly substantial scale over the last many years have added to the profitability of industry,

It is really more scientific to view the Indian scene more or less as follows: (1) The large quantities
of money pumped by Government into the public sector ardthe public services create highly profitable markets
for the private sector. Hence, despite appuirently socialist policies of high taxation cf high ircomes, both
individual and corporate, the private sector has done remarkably weil. The frantic demand for import quotas,
for more liberal allocations of raw materials: all these show that private industry finds it extremely profitable
to operate under present circumstances and conditions, rates of taxation included. The author's reference,
therefore, to our levels of taxation being ‘a serious blow to the free enterprise system’” is likely to be mis-
understood in this country. There are two fundamentals that have to be grasped by any student of Indian
economics whether indigenous or foreign viz., that (a) any Government in power is bound to employ radical
anti-irflationary devices, considering the magnitude of investments that we have to make, both in the p.blic
and the private sectors, (b) The basic partern of our policy is bound ro be egalitarian and no amount of argu-
ment wilt affect this basic position. Every society determines its own pattern of growth and Indian society
has decided deliberately through long discussion and argument on a socialistic pattern of society. Indian
and foreign academic ans, Indian and foreign entrepreneurs, have to work within this basic social framework.
From an economic standpoint however, its principal characteristic is dynamism. It is a pro-enrerprise
spstem whether in the public or in_the private sector. From every point of view this policy is likely to
lead to the most productive allocation and utilisation of resources. Mistakes and wastages there are bound
to be but these occur equally well in a free enterprise economy.

There is one point more that needs to be emphasised that Government needs large and increasing
resources for investment. Hence taxation of profits ever if it possibly affects investment in the private sector
may well lead to a larger investment in the public sector and what we are concerned with is the total volume
of investment which we want to maximise, There would be a point if theauthor coutd prove that the taxation of
profits leads on the whole to a lower aggregate of investment than otherwise. We are surely interested in the
productivity of the private sector, and if ~a study were to be made regarding the facilities and finances Govern-
ment is making available for the development and expansion of the private sector, the author’s argument would
probably acquire a different perspective. Actually either through deliberate planning or through a fortuitous
combination of circumstances, we are having a more or less balanced expansion of the private and the public
sectors. Both these sectors have come to appreciate each other's point of view, as evidenced by the support

*Dr Rago is Professor of Management at Duquesne University, Pittsburgh, USA, also a Consulting
Fngineer; author of a comprehensive book on Production Analysis & Control, recently published by
the [nternational Text Book Company, Scranton 15, Pennsylvania.
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PROFIT, PRODUCTIVITY & TAXATION

of Mr JRD Tata for the Bokaro Steel Project in the public sector. They have now come to realise that
an expansion of the public sector will help the private sector in a number of ways.

This fong introduction has been necessary because the National Productivity Council is a national
organisation founded on the tripartite pattern representing not only Government and employers, but also
Labour. While we cannot be neutral with regard to productivity, we have necessarily got to be neutral in

any controversial issue which involves a conflict of inte

rests. 1t is therefore necessary to emphasise that while

the author’s views are entitled to the utmost respect and attention, they are strictly his own, They need to be
taken very seriously into consideration while deciding policies with regard to productivity as also other vital

economic issues facing this country,

WH!LE everybody realizes the necessity of
taxation, not everybody will agree on
the method of taxation. Politicians up for
re-election tend to choose the most popular
route regarding taxes. While the Armerican
excess profit taxation may be a popular one
(because the large portion of the population
consists of workers, not of stock-holders),
there is little justification for the tax from the
point of view of economic well-being and
economic progress. By taxing profits, the
government takes out of circulation that
segment of income which is the most produc-
tive as far as national growth and productivity
are concerned, The same issue today is re-
levant as far as the Indian economy is con-
cerned, That a levy on profits exceeding
Rs 50,000 is dangerous from the point of
view of economic progress and national
productivity, will become evident from the
following analysis.

If life is learning, and I suppose we all
learn from the errors of others, some of the
underdeveloped nations do not seem to learn
from the economic fallacies of the advanced
nations. The need for funds by governments
makes certain taxes necessary, but why profit
is singled out to be taxed is something this
writer does not seem to understand. Between
rising costs and high taxation, we are liable to
create a profitless economy. And the profit-
less enterprise (enterprises make up the eco-
nomy) is no good for anyone. When com-
panies fail to make profit, there is a shrink-
age in job opportunities, manpower is wasted
and productive capacity of the nation be-
comes underutilized, When in a nation where
almost anything is in need—provided the
purchasing power is available—the siphon-
ing away of earnings by taxes is a serious
blow to the free enterprise system. When

the motivating force to take risks becomes too
small, progress toward a higher standard of
living is bound to be slowed down. No one
should forget that profit is the key to econo-
mic growth and, simultaneously, the lubricant
of the wheels of production. Since economic
growth expressed as a change in national
productivity is a desirable goal, it is the
function of government to do everything in its
power to foster profit-making rather than to
discourage it.

Profit is the residual after the costs of
production, including distribution costs, are
met. The greater this residuum, the better
is profitability, and by the same token, the
efficiency of an enterprise. Thus, management
must aim at enhancing profits. In a competi-
tive world, however, profits are under cons-
tant pressure because the competitive forces
on the market place force price fluctuations.
If costs are rising and in many instances prices
are depressed, there is a tendency to squeeze
out profit. If the Super Profits Tax takes
another bite into the narrowing profits, the
growth of the nation and industrialization in
particular may suffer.

Particularly dangerous is the Super Profit
Tax in industries where large capital invest-
ment is necessary to enhance the output per
man-hour, such as in the chemical, textile and
steel industries. Lack of profitability would
start a vicious cycle because it would block
the flow of capital where it is most needed
since investment usually declines in low-profit
areas. Lack of replacement, addition or
improvement of capital will bring about fall-
ing productivity of the enterprise and may
sooner or later cause further deterioration
of profitability. Thus, in a low profit econo-
my, technical efficiency willtend to deteriorate
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and cause, in the aggregate, a slow-down of
economic progress and shrinkage of job
opportunities,

Although we are talking about individual
companies, it must be evident that national
productivity is a composite of individual
company and industry-wide productivities.
When profits disappear, the aim for further
efficiency is being discouraged. productivity
and with it, the national standard of living
stop rising, or rise at a slower than the desir-
able rate. The slow rate of job opportunities,
coupled with the growth of population tend
to bring about a rise in unemployed resources.
And taxing of profits is one of the key ele-
ments precipitating. and accelerating. such an
eCONOMIC Process.

Whether an  enterprise is successful or not
can be measured in profits or in costs. The
latter refers {o the use of resources per se;
the former. to the use of resources m respect
to market conditions. For the individual
enterprise, both are important. To the
economy as a whole, the efficiency with which
the resources are converted into commodi-
ties and services that people want is of basic
importance. We live in a society where our
welfare and economic progress are influenced
by, and at the same time our individual
efforts tend to influence, the status of the
economy. Thus, each enterprise contributes
to the health of the economy, but in turm,
economic health is reflected in the profitabi-
lity of business. Take away profitability,
and you might as well take away the initiative
and the willingness of entrepreneurship.

If free enterprise is to continue to provide
the people of India with the greatest and most
rapid advances in living standards, ample
profit is an integral and essential part of any
economic programme and it may not be taxed
away regardless of how great is the need for
funds to run the government. Apparently,
taxes are the only means, but who and what
should provide the tax is of the utmost
importance, Take away the incentive and
you might as well look for another econo-
mic system where productivity is lower and
freedom of action becomes non-existent;
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where the economic well being of thecitizenry
is below par,

capital formation

Profit is the basis of capital formation,
This does not imply that saving a part of
current income does not accomplish the same,
but considering the low income (per capita
income) in India, the most internally generated
capital is formed by business units from
profits. If this newly formed capital-—be-
cause most of it will find its way back into the
economy-—is chopped away, it is questionable
as to how much capital can be created per
vear from the meagre earnings of the average
Indian citizen.

The wealth of industrial nations is directly
proportionai to the capital stock the country
has been able to accumulate over the centuries.
No nation was born rich and capital had to be
accumulated just as painfully as it is done in
most of the newly formed republics. It
should be understood that income (wages)
in the industrial nations of the world is high
not so much because the worker is more
diligent or works faster, but because the tools
with which he works make it possible for
him to turn out a considerably larger number
of work pieces per hour than his Indian
counterpart. Thus, the cost of making these
goods is cheaper for the manufacturer and
he can sell it correspondingly cheaper. At
the same time, the worker earns more due to
his greater productivity.

The higher income earned by the popula-
tion and the generally lower prices of manu-
factured goods enable Americans, Germans,
Frenchmen etc. to buy more. The plant in
turn is able to sell more because of the greater
purchasing power in the pockets of the
working population. Generally speaking, his
profits are also greater due to his higher sales
volume. This profitability makes it possible
for the entrepreneur to buy better and better
machines. More and more machines are
thus used and it is an inherent characteristic
of machinery that it is able to produce even
after its acquisition price has been fully
recovered. Thus, capital stock adds more
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and more power to the nation's ability to
increase the productivity of its citizens, pro-
vide them with more and more purchasing
power and a constantly rising standard of
living.

This writer was amazed that more and
more profits are siphoned away by taxes in
India and everywhere.  Yet, capital forma-
tion derives its greatest source from profits.
Bv taxing profits, the government tends to
kill the goose which lays the golden egg. My
tirade against the irrationality of “excessive™
profit taxation is not personal, of course, but
it seems to me utterly unwise to tax the most
important single income as far as economic
growth and capital formation is concerned.
India could have learned from the experiences
of the United States where the extremely high
tax on corporate income in fact causes a rela-
tively high rate of unemployment and periodic
economic difficulties.

While governments need money, it must
be apparent that other sources than Super
Profit Taxation must be found to raise money.
The importance of profits as a means of capi-
tal formation and econcmic growth must be
recognized and governments must learn to
cope with contemporary realities. No matter
how abundant is labour and thz material
needed in production, unless capital is avail-
able in refative abundance, the best manage-
ment group will not be able to operate effizi-
ently and profitably. In this sense, capital is

LOUIS J RAGO

the most important of all economic resources.

the soviet system

Tt is significant in this contex! that the
Soviet system of industrial operations has
recently undertaken basic structura: changes:
changes which are converging toward capi-
talist techniques to a considerable extent.
It is now clear that the communist states do
not hesitate to modify their systery when it
proves defective. Apparently, the absence
of a markst-price mechanism, the profit
motive, and competition impedes effactive
utilization ¢f ecnomic resources. In face
of these happenings, it is amazing that non-
communistic economies adopt measures
which tend to take away initiative and the
incentive rather than fostering these incen-
tives.

It is profit and profitability which provide
ths economy with the main source of economic
growth through productivity. To create jobs
and incomes in India or in any other country,
it is essential to raise the output of the wo ker.
And no matter how much efforts and swzat
the Indian worker puts into his daily endea-
vours, with ashovel only in his hand, h2 caanot
possibly outperform the worker who do:s the
same work with a crans or mezhanical shovel,
Industrialization dzpzands largzly on the avail-
ability and constant inflow of new capital, Un-
less profits are enhanced, this new capital is
not going to be created,

This too is Productivity

At a recent dinner in New Delhi, Mr Chester Bowles,
US Ambassador to India, remarked : *There are 66 head

of missions to call on and to be called on ......



A Study of Co-Workers® Ratings

Chatterji and Mukerjee*

THE CONFIDENTIAL REPORT on which the future of an employee depends is frequently

based on the impression communicated by his supervisor. Such evaluation when
coming from a single individual is likely to be influenced by various factors which from the
point of assessing the individual, may not be very desirable.

So it was felt that “peer rating” or co-worker’s rating would perhaps reflect the
worker’s real competence more accurately, for two reasons.

(a) Co-workers are in closer contact with the person than his supervisor,

(b) Co-Workers’ Rating would provide several ratings the average of which is likely
to be more reliable than a single measure.

Hence an experimental study was undertaken for exploring the value of such ratings.
Three different groups of workers were involved in this study. In Group I there were 11
ratees and 8 raters, in Group II and Group III there were 4 ratees and 4 raters, and 6
ratees and 4 raters respectively. The following traits were selected on the hasis of discussions
with workers, sups=rvisors and exparts in the fizld—I. Kinowledge and Skill (in work);
2. Steadiness and application; 3. Initiative; 4. Ability in business contact; 5. Overall
assessment,

During the analysis it was found that in some cases, the data were incomplete as the
raters did not know some of the ratees well. Such incomplete ratings were rejected, As “use
of ratings rests on the assumption that the human observer is a good instrument of quantita-
tive observation....reference has been made to such well-known errors in ratings as the
error leniency, the error of central tendency, and the halo effect”, It was obvious that
some corrections have to be made for getting the correct assessment.

Value of a rating depends on how reliable it is. There are three methods available for
determining this. (a) The sams= raters rate the ratee for a second time. If the ratings made on
both the occasions are randomly given, then the obtained errors would be unrelated and that
would be reflected by a low correlation.  But if error factors were introduced intentionally
and remembered during the second occasion then it is impossible to detect it.

(b) When there are two raters, the correlation between the two ratings can be taken as
the reliability factor.

(c) With more than two raters Ebel’s method is the most desirable. It gives the
statistics known as the inter-class correlation which gives essentially an average
inter-correlation. The relability of the ratings for a single rater as well as the relia-
bility for mean ratings from & raters could be obtained by this msthod. We have
followed this method in this study. ‘

*ladian Siatistical Lastiiute
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718 A STUDY OF CO-WORKERS RATINGS

Reliability of the Rating
Trait
Knowledge Steadiness Initiative Ability in  Overall
& Skifl & Appli- Business  Assess-
cation Contact ment
Single Rating 37 33 37 29 47
Group 1
Mean of 11 Ratings 82 .80 .83 .79 L8
Single Rating 14 40 .00 19 42
Gronp II
Mean of 4 Ratings .40 73 .00 .49 74

The Table printed above shows that though single ratings are not highly reliable yet
the mean ratings are quite satisfactory, Ratings for Group II are less reliable than those
for Group L. For Group II the raters have failed to give reliable ratings in the trait Initiative.

Errors of rating and the necessary correction

According to Guilford ratings can be divided into two additive parts (a) True Ratings
(b) Error in Rating. This error again has several additive independent components such as
rater’s ‘leniency’ error, (tendency to over-value or to under-value rateesin general), halo error
(general tendency to over-value and under-value a particular ratee), rater-trail interaction
{general tendency to overvalue and under-value a certain trail).

In our case there were the ratings of different raters on different traits for each ratee. So
for analysis it was taken as a three way factorial design with replication. The ratings on
Overall Assessment were not included in this analysis,

For determining whether the interactions mentioned above were statistically significant,
Analysis of Variance was used. The results are given in the following Tables,

These Tables show that there are significant differences between the raters as well as
between the ratees, but in both the groups the raters fail to distinguish between the traits.
The interactions between the raters and the traits, between the raters and the ratees are signi-
ficant. So for both the groups the interaction between the rater and the ratee, between the
rater and the trait and the “leniency effect” (the raters tendency to overvalue or undervalue
the ratee in general) were estimated and the ratings were corrected. The method discussed
by Guilford was followed here.

The result showed that if some one was given a high rank in one of the traits he was
consistently ranked high with respect to the other traits and hence it was expected that due to
this halo effect the correlation between the over-zll rating and the corrected mean rating would
be considerably high, The obtained correlations are presented in the Table printed on
page 720,
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Analysis of Variance Group I

719

Source of Variation d f. S.S. M.S. F
Between Rater 7 25806.37 3686.62 22.86**
Between Ratee 10 17616.65 1751.67 10.86**
Between Trait 3 454,40 151.47 94
Rater x Trait 21 13236.71 630.32 3.91*
Rater x Ratee 70 4896.83 699.55 4,34%*
Trait x Ratee 30 6582.68 219.42 1.35
Error 210 33964.84 161.74
Total 351 10245.48

Analysis of Variance Group IT
Source of Variation d.f. S.5 M5 F
Between Rater 3 3079.69 1026.56 42,924
Between Ratee 3 995.82 331.94 13.88%*
Between Trait 3 7.69 2.56 B
Rater x Trait 9 1058.06 117.56 4.91%+
Rater x Ratee 9 2004.93 I11.66 4.67%*
Trait X Ratee 9 794.43 88.27 3.69%*
Error 27 645.82 2392
Total 63 7586.44

* Indicates significance at 19 level

Ebel, RL,—*“Estimation of the reliability of ratings.” Psychometrika 1951, 16, 407—424

**Indicates significance at 5% level

REFERENCES

Guilford, JP,—Psychometric Methods, 2nd edition McGraw Hiil, New York, 1954
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Table showing correlations between Over-all Rating and corrected mean ratings

720 A STUDY OF CO-WORKERS' RATINGS

Trait
Group
Knowledge &  Seadiness & Initiative AEility in
Skill Application Business Contact
1 73 .64 .92 92
I1 1.00 .80 .80 80

It can be seen from the above Table that except in one case the correlations are sufficiently
high. Because of the observed fact that the raters fajled to distinguish between the traits, it
seems that unless they are sufficiently trained to use rating forms, they cannot overcome the
halo effect while making the ratings.

validity of the obtained ratings

In order to study the validity of the co-workers ratings, the ratings of two senior officers
were obtained and therank ordercorrelations between these ratingsand those of the ‘wo groups
mentioned earlier were .95, This shows that the co-workers ratings were almost equally
valid as that given by senior offizers.

MANANA . ... Arbeitstiere

When confronted with work, the Spaniard says MANANA: “I'll do it tomorraw.” The
ltalian is an expert at ‘'dolce for niente” —the sw.et art of doing nothing ..Germans
refer to themseives as “*Arbeitstie” : work horses. ...

from the Eastern Economist
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NPC Question-Answer Service

l lYouask... We answer. .. A

AM a sTUDENT of the Institute of Incorporated Work Study Technologists. I

am employed in the steel plant as Time and Methods Study Observer...
During the course of work study in the steel plant I am getting doubts; hence the
following questions:

(I) What are the methods to be adopted to arrive at standard manpower
in an zutomatically running chemical plunt, where 80 percent of the operator’s
job is attention to the Control Board and only 20 percent to minor valve adjust-
ments to regulate temperature, flow of gas etc. Continuous time study and activity
sampling at one minute intervals (noting the operations in a column by

predetermined notations) are failing to give an accurate picture of the work
content.

(I) How can the operator’s work be rated in the above given jobs?

(LI} How to assess the work-load of supervisors. I came across in a book
that one supervisor is sufficient for 15 to 20 persons when the work is of a routine
nature. ButI find it is not so in our factory. I find no scientific method to assess
the work content of supervisors in the books of Mr Ralph Barns, Mr Currie
and others.

Could you kindly advise me in the selection of literature.

B Mallik, Rourkela, Orissa.
Prof. RF Bruckart* writes

In regard to item (I) in reference to work content of jobs related to control board opera-
tion, I would suggest the following procedure:

(i) Prepare a list of all activities that must be performed by the operator in the per-
formance of his job. This may involve the listing of all control operations, notations required
or meters to be read and the like. This information may already be known to you or may
be acquired in discussion with the supervisor, or with the worker himself. In any event, ail
items entering into his job should be iisted.

. industria] Enginéeﬁng Consu]t-é.nt, Ankara fTu;kcy) US-"AID Oﬂ;ié; T

726



NPC QUESTION-ANSWER SERVICE 727

(ii) Determine through work sampling or through technical knowledge of all the opera-
tions performed, the frequency with which each of these activities must be performed. If a
work sampling study is made it should probably cover a period of at least several weeks and
observations should be made at random. If you are not familiar with this technique you
may wish to procure on loan one of the available text-books on theWork Sampling Procedure
from NPC. In case you already know the frequency with which number each activity must
be performed this study would be unnecessary.

(iii) Determine by ordinary Time Study the required time for performing each of the
activities on your list in item I. Do the necessary rating and provide ailowances in order that
a fair standard is available.

(iv) Combine these in appropriate relationship in order to determine the total work
content. You should note that if there are many activities and they occur in such a close
sequence that the operator may be rushed in his performance then 2 queuing effect arises
and some additional analysis will be necessaryto determine the utilization of the worker’s time.

Your second question concerning the workload of supervisors is approached in a similar
fashion, but is most suitable for analysis in terms of Work Sampling. Make a work sampling
analysis of all of your supervisors over a period of several weeks or a month and determine
the portion of the day they use for paperwork and for clerical requirements, and how much
time they require for rest and relaxation as well as other activities. From this information
you should be abie to have a reasonable estimate of the degree to which your supervisors are
employing their time effectively., You will recognise, obviously, that the measurement of
supervisor’s work in the same terms that production worker’s effort is measured, isnot possible.
Therefore, the method used above is recommended.

As a student in the Institute of Incorperated Work Study Technologists you will be
interested in knowing that the Indian Chapter of this Institute has recently been formed in
Calcutta and I suggest you may please contact NPC Regional Directorate* at Calcutta,
It is possible that some arrangements might be made for you to be associated with this orga-
nisation.

I presume you are receiving copies of the PRopbucTiviTY Journal of NPC and 1
am taking the liberty of submitting your questions to the Editor for publication in our
‘Question-Answer Service.’

SK WARRIAR** writes

You might remember that in the NPC Question-Answer Service column of the last
issue of your Journal (Vol. IV, No. 3, July-September 1963) Mr Bhasin of Calico Mills had
invited comments on a statement of Mr Wilfred Brown taken from his book ‘Piecework
Abandoned’. In this connection you had mentioned that the last discoverable edition of the
book was published in 1941 and that, considering the quantum of subsequent research in
Industrial Psychology, you were invited to beat a dead horse. I wish to point out that the
horse is not dead; it is very much alive: up and kicking too. You may have proof for this in
the proceedings of the London Conference on “‘Productivity and the Engincer™ held last May
under the joint auspices of the British Institutions of Mechanical and Producticn Engineers.

* Mr DL Amin, Assistant Director, National Productivity Council Regional Dircctorate, 9 Syed Amir
Ali Avenue, Park Circus, Calcutta-17

**Industrial Engineer, Indian Aluminium Company, Alupuram, Kerala State




728 ‘ PRIZES FOR IDEAS

1 invite your attention to the Joint Conference Paper ‘Man and Industry’, published in the
‘Production Engineer’, the Journal of the Institution of *Production Engineers’, Vol. 42, No, 5,
May 1963, where the case for day work is presented by the same old Mr Wilfred Brown of
the Glacier Metal Company perhaps in a more vehement fashion and the case for piece work
by Mr AC Main of AE] (Manchester) Ltd., in an apologetic tone. Kindly circulate this
paper among those who have offered their comments for your Journal, Tt may be worthwhile
to organise a debate on time-based and result-based methods of wage payment (Please see a
fine example of debating through Journal in a recent issue of ‘Factory’ where George Meany
of AFL-CIO and the Chairman of the US Chamber of Commerce have argued on a *35
hour work-week’) pooling the experience of Indian industrial enterprises. I can mention two
such firms having different experiences with incentive schemes viz., The Jay Engineering
Works, Calcutta and the Belur Works of Indian Aluminium Co. Ltd.

————

NPC EDITORIAL BOARL*
OFFERS
PRIZES FOR IDEAS

In our Special issus on Operations Research we had announced the opening of an Idea Page
in the NPC Productivity Journal. Readers were invited to send us new jdeas {outlines of new gadgets,
devices etc) of produccive possibilities. The NPC Editorial Board has now cecided to offar prizes
of Rs. 50, 25 and a consoiation prize for new ideas approved for publication in this Journal. The
ideas must be practical in the sense of being actually operable on the s ‘op floor under indian incus-
trial conditions. We will welc me ideas that would save time, reduce fatigue, increase fuel efficiency,
to give only a few examples of what we in NPC understand by productive ideas. Thase who send us
their ideas for publication must also work out in a practical wiay their economics, showing how
much cost reduction can be brought out, if the new ideas were actuilly 1o be practised on the shop
floor. It would be desirable that the write-up of the ideas may be accompanied by suitable sketches,
diagrams, photographs etc.

*NPC has a special Editorial Board to advise the Editor of Publications regarding the Productivity Jeurnal,
which is the main organ of NPC for analysis and exposition of the idegs and techniques_of Productivity.

This Boerd consists of most of the senior officers at NPC Headquarters including the Executive Director, the
Director of Programmes, the Senfor Economist and the Information Officer.

NPC Editorial Board

Sarvasiri
NK Bhojwani
DM Butani
Duleep Singh
GK Nayar
G Narain



GY Mangrulker
President
Jamshedpur
Juctivity Council
addressing
nnual General
Meeting

Left: Rev Father Tonce
of the Xavier Labour
Research Institute inaugu-
rating the Seminar on Wage
Administration.

Sri. Ananthakrishn and of
the Madras Regional Direc-
torate of NPC at the ICI,
London

Below: Mr. John R Kennedy
of the George Fry Team at-
tached to NPC, speaking on
Human Relations, under
the auspices of the Calcutta
Productivity Council




PROF. BRUCKART speaking on PERT (Project Evaluation and Review Technique) at the training course
organised by the Calcutta Productivity Council. This photograph is printed here to wish GOOD BYE to
the Great Professor who has been with the National Productivity Council for several years and impressed
everyone of his colleagues (particularly the Editor of the PRODUCTIVITY Journal}-—not to mention his
many students all over India as a great intellectual. Prior to his assignment with NPC, Prof. Bruckart was
the Guest Professor of Industrial Engineering at the Indian Institute of Technology, Kharagpur. Hegraduated
in Industrial Engineering (M.S. degree) from Texas and has had long experience in teaching at various
universities in the United States. He has now gone to Ankara to work for the US-AID Mission in Turkey
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Good Bye
T
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The Boys Who Built The NPC
Productivity Journal

Satish Khanna (ieft bottom) who worked

for this jJournal since its inception in

August 1959, Now Publicity Officer,
Hindustan Insecticides Ltd.

*

Rattan Batra (right bottom) who was

in-charge of the production arrangements

of the Journal, has joined the Council of
Scientific & Industrial Research




Achieving Change in Industry

RF Bruckart

Some people consider life to be a fairy tale. Others who are more realistic confine
their interest in unreality to listening to others tell fuiry tales. Whatever your inclinations
in this respect may be, first let me tell you a fairy tale.”....... QOunce upon a time there was
a young man who worked for a large company. He was intelligent, able and ambitious,
and one day he thought of an idea which would cut costs and increase sales, and improve
the productivity of the shop. It was a rather complicated idea that ran counter to the
company's thinking, and it was still a little vague in his own mind, but he walked right
into the boss’s office and started to tell him about it. Of course he had to make a lot of
dramatic shapes in the air with his hands to explain what he meant, but his boss
had a very helpful attitude and interpreted the shapes correctly.  Finally the boss got the
idea, He leaped to his feet. “That’s a great idea! Wonderful! How did you do it 271
the bess shouted. The young man smiled modestly. He had known ail along that his
boss would like the idea.  So the young man went on to become president of the company
and lived happily ever after....... This fairy tale has about as little relation to reality as
most fairy tales do. Few ideas are successfully presented by making shapes in the air with
the hands or by vague explanations which strain both the teller and the listener.
Selling new ideas is as difficult as selling a new product. I[ndustrial managers are no dino-
saurs who unflinchingly resist change. But they are busy men with many problems and
what seems brilliant and inspirational to the young man aspiring to an advanced manage-
ment position sometimes sounds like only so much naise to the experienced manager's ears.

T IS OBVIOUS THAT IN A COUNTRY where
industrial development is still in an early
stage, the need for modern ideas to break
through the inefficient practices of the past
may be most urg:nt, The reason for the
existence of these inefficient methods is clear
enough. One of the universal characteristics
of the so-called underdeveloped countries is
that their economies are predominantly
agrarian. Although such economies have
existed for thousands of years in various parts
of the world, they have never been able any-
where to generate a standard of living which
has even remotely approached that created by
modern industrialisation, even in the feow hund-
red years it has been inexistence. Consequently
it is understandable why almost universally
underdeveloped countries are now rushing to
embrace industrialization, with almost a
pathetic hope that this modern “miracle’” will
over-night create living standards approach-
ing those of more industrially developed
countries. Industrialization is a magic wand,

whose touch eliminates poverty. Industria-
lization leads all who follow into a glorious
land of riches and affluence.

An old English proverb has it that *“ a dog
is made fat in two meals”. Whether a coun-
try may be made fat in two decades of
industrialization is “yet to be determined,
however,

Whatever the facts may be, the young man
in industry who is responsible for bringing
modern ideas of management into operation
plays a basic role in this programme. If he
creates brilliant ideas but thereupon is unable
successfully to bring about their implementa-
tion, he not only fails his company manags-
ment but also does his country a dis-service
by retarding the drive towards the stated goal
of an industrial economy.

It would be an over-simplification, how-
CVer, 10 assume that changes come about merely
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from the challenge of brilliant new ideas, and
Jfrom the translation of these products of the
ivory tower into new patterns of behaviour and
thought. Change results also from actions
which are based on the principles and philoso-
phies of individuals in unofficial but equally
critical positions of responsibility. Not only
the publicly visible industrial executive in-
fluences industrial behaviour but others in
less obvious positions also influence thinking,
and guide industrial management towards
pragmatic solutions of the problems it faces,

To illustrate tangibly what I mean by these
generalisations, let us take the case of an
industry critically important to your country
as well as to mine : namely the coal mining
industry. My reason for choosing this indus-
try for analysis is not to devise comparisons
of US versus India. It so happens that we
have available notable evidence of two con-
trasting points of view and an interesting re-
cord of what happens when certain actions
are taken. This record will be useful in
documenting the point 1 wish to emphasize
in regard to the generation and the effects of
change,

First : the coal mining industry of India.
We may as well start with a statistic : coal
mining started in India officially in the year
1814, during which ycar half a million tons of
coal were mined. At the moment, annual
output is approaching the goal of 60 miilion
tons a year.! Thus those of you who are sta-
tistically minded can even mentally determine
that there has been an increase in output of
11,900 percent in a period of 148 years in this
industry. Yet if you have even casually
glanced at the newspapers in the past few
months you may hazily remember having read
about shortages of coal and the effects thereof.
Without commenting on this myself, I will
quote from the published record of a recent
symposium on the subject *“*Mechanization
in Mines”. One of the participants in this
symposium observed: “There is a coal famine
all over the country........ R,

1. Directory and Yearbook, 1960-61; p. 215
2. Akashwani, Vaishaka 9, Saka, 1884, p. 5
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I have chosen the record of this symposium
for detailed consideration because it seems to
provide a clear statement of attitudes and
feelings which are typical, as far as I can
observe, of those commonly prevziling in
India about mechanization and its effects.

Before commenting further on this subject,
let me quote a second statistic : as of 1958,
there were approximately 380 thousand
workers engaged in the Indian coal mining
industry.®

We have thus generated two facts which
form the basis for a certain degree of con-
troversy : (1) coal is in extremely short
supply, according to an expert stazement ;
and (2) coal mining is an industry which em-
ploys large numbers of workers. Now, if
it is not already obvious, let me make the
implications of these facts quite clear. The
demand for increased output gives rise to the
suggestion that there should be more mecha-
nization in mining operations, in order to pro-
duce a greater output. But mechanization
is widely recognized as tending to reduce the
number of workers needed—even in an
economy which is expanding. And thereby an
important problem is created : which course
to follow—1to mechanize, or not to mechanize ?

We will now consider the opinions and at-
titudes displayed by the participants of the
symposium [ referred to, and see what they
say about this, The first expert, after obser-
ving that the answer to the question of mecha-
nization must be decided by what he term-
ed ‘*‘objective conditions obtaining in the
country”’, made this comment: “It is a
truism to say that eradication of unemploy-
ment and under-employment is one of the
biggest problems facing our people and there-
fore it is very neccessary to see that nothing is
done which reduces employment or adversely
affects potential employment.” He continu-
ed : “The necessity of developing a labour-
intensive, in preference to a capital-intensive
economy applies to the mining industry as

3. Inpra, 1961 p. 374
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well. In this country, it would be
suicidal to substitute machinery for men
unless there are some over-riding considera-
tions for the same,” ¢ ’

He then observed that safety may be one
of these over-riding considerations, noting
that mining is a hazardous occupation. I have
verified this fact from Indian governmental
publications and find that accidents in Indian
coal mines have the highest frequency in the
world, and are about five times as high as in
the USA. Also it is reported that they are
10 to 20 times as frequent in coal mines as in
other Indian industries. So his point is well
made. The second consideration the expert
mentioned is “effective reduction in produc-
tion costs”. ® This is unquestioned, of course.

A third consideration is mentioned : *re-
ducing human drudgery”. The same quali-
fications concerning unemployment which
were mentioned earlier also prevail here,
and the expert comes to an interesting con-
clusion ; “In the West, mechanitzation is also
introduced for reducing human drudgery”,
he says. “This may be done also in our
country, but care must be taken to see that it
does not accentuate our unemployment prob-
lem”. He concluded : “The unfortunate
fact remains that drudgery has to be preferred
to starvation............. *6

A sccond participant’s comments follow-
ed similar lines : “We have surplus manpower
in our country, and the question of maxi-
mum employment has to be kept in mind
consistent with economy and production™.
He observed that labour amenities have im-
proved, as have housing conditions and work-
g facilities; and wages have gone up. “But
unfortunately”, he said, *‘the pér capita out-
put of our labour has not improved and
is the lowest compared to other countries. A
slight effort by our labour friends will go a
long way in maintaining and increasing pro-
duction.”?

4, Akashwani, Vaishaka 9, Saka 1884, p. 5
5, Directory and Yearbook, 1960-61 p. 215
6. Akashwani, Vaishaka 9, Saka 1884 p. 5
7. lbidp.3
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“I agree”, he said, “that great mechaniza-
tion, better relations with labour and co-ordi-
nation in transport and production are essen-
tial to meet the country’s requirements for
coal.......... 78

The third expert also voiced a point of
view fundamentally in agreement with his
colieagues. He observed, however, that “We
cannot expect our skilled workers...... to
acquire skifls unless they are given the machines
on which to acquire them. | fecl that when
circumstances permit”, he says, “we should be
bold enough to introduce the latest types of
machinery with confidence that within a
reasonable period of time our skilled workers
will acquire the same degreeof skill inhandling
them as their counterparts in the morz advan-
ced countries”. He also commented that
mechanization must be deferred *“if large
numbers of persons are thrown out of
employment.”®

The remaining comments in the sympo-
sium then summarize the conflicting points
of view already cited. Mechanization is
needed because the entire economy depends
on coal being available. It reduces costs and
improves efficiency; and it should be intro-
duced immediately in new mines, but oaly
gradually in old mines. This ends my analysis
of the symposium.

If I may be permitted a brief comment on
this , before passing on, I should observe here
that the conflict seems to persist despite the
compromises and rationalizations which have
been suggested. The experts voice their
reactions in such frightening words as “sui-
cidal” and “‘starvation”. One concludes that
the dangers of mechanization are much clearer
in their minds than the potential advantages
of mechanization, or so it would appear to
me, at least.

Now I will say a few words about the coal
mining picture in the USA. Some years earlier
inthis century the US coalminingindustry was

8. Akashwani, Vaishaka g, Saka 1884
9. Ibid, p.5 j
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in good health. Coal was widely used by
industry, most specifically by the steel industry
and the railroads, as well as by home owners.
True enough, mines were not particularly safe,
and many miners were killed or injured. But
they accepted these dangers as part of their
life. Also it is true that wages were rather jow,
but miners had plenty of work, so they were
at least moderately happy.

Several decades later, however, two things
happened which chang.d all this. (1) Rail-
roads abandoned coal-burning engines and
replaced them with diesels; industry discard-
ed coal-burning units and replaced them with
oil-burning heaters; houscholders also found
it cheaper to replace coal furnaces and stoves
with gis and oil-burning units., Within a

few yecars after this happened, the coal
mining industry was in trouble,
The most notable and  forthright

actions in this troublesome situation were
taken by the head of the miners' union, the
United Mine Workers. John L Lewis, now
a man of 82 years of ag:, at that time was a
union bess the US industrialist regarded as
a wild-cyed radical. John L thundered at
the mine owners, and through his dynamic
actions and forc_ful rhetoric quickly beocame
a universally known public figure., He was
both hatcd and admircd.

With all his compassion for his miners,
John L Lewis clearly understood the harsh
realitics of the coal industry, The facts-of-
life were that only the big and efficient mines
could do business at a profit. John L Lewis
explained beldly the docision he made about
this problem in these words : “We decided
that it was better to have half a million men
working in industry at good wages and high
standards of living than to haie a million
worhing inpoverty and degradation. So, in
line with this businesslike policy, John L
has pushed the mechanisation of coal mines
vigorousiy and unceasingly. He has opposed
featherbodding. He has kept the coal indus-
try free of major strikes since 1952. He has
put the squeez: cnsmalluneconomical minesto
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such an extent that last year the United Mine
Workers Union was found guilty of violating
the Sherman anti-trust Act. The union, the
court said, had used its power to discriminate
against a certain small mining company. It
appears that the Union had loaned money to
a certain financier, who then used the money
to gain control of the company for the benefit
of the Union. For this the union was found
guilty of anti-trust regulations. Lewis’s feel-
ings about the small-mine-owners are point-
ed up by a statement he made during the trial:
“I cannot sorrow for those pallid underfed, iil-
nourished operators of small mines who can’t
keep up with the economic procession.”

What has been the result of all this? One
predictable result has been that the number of
coal miners at work has been reduced in the
past ten years to less than half. There are now
merely 142,000 miners left in the whole coal-
mining industry in the US. This has bzen a
unique phenome:non : the slimming down of
a major industry by its own labour union.

However, as displaced workers grew more
and more desperate for jobs, they took work
anywhere they could find it,——including
no-union mines. The result is that now about
1/3 of the coal produced is mined in non-
union mines, and pric:-cutting is underway,

Neverthless coal mining productivity has
risen from 6.4 tons a day dug by miners
in 1946 to a figure of 14 tons a day per
miner, and in some strip minzs th: dig is as
much as 22 tons a day per man. The US
miner is now the most productive and the safest
in the world,  Of the output of 406 million
tons dug last year, 33 million tons were
exported. Coal is cheap and plentiful ; and
coal industry is again highly regarded by
Wall  Street investors, and mining stock
values are rising. It is anticipated that
by 1975 output will have risen from the
current 406 million tons to 671 million
tons annually, Once again the future is
bright for the industry in the US.10

10. Time Magazine, April 6, 1952
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So these are the facts about the coal min-
ing industry in the two countries. I will not
embark on a discussion of the question of
what is “right” or “wrong” for this country
or for that, as it is not pertinent to our
analysis What does hit the eye, how-
ever, is the clear fact that no decision, whether
it involves actions taken or not taken, will
produce undiluted good. All management
decisions embarked upon for the benefit of
the many are accompanied by certain undesir-
able after cffects experienced by a few. One
man’s meat is another man's poison. The
“meat™ taken by those who are powerful,
self-assured, and confident brings with it
effects which are “poison™ for those who
are too weak to maintain their posture. De-
cisions arising from fears of the outcome
generate reactions, however, which are just
as real and permanent as those taken by the
brave, the self-assured , or the fooi-hardy.
In short, in industry we face the possibilities
of *trouble” whichever way we turn—the
imaginative industrial manager everlastingly
pilots his craft between Scylla and Charybdis.
He makes his choice. He may choose pri-
marily to minimize the effects he fears
most, whatever the outcome; or he may strive
to maximize the effects he desires most,
even with a devil-take-the-hindmost attitude.
Yet there is no absolute security., He may
be damned if he does, and equally damned if
he doesn’t.

Now at this point it may appear that I
have abandoned our youngman in the fairy
tale. I think we may usefully look at him
again. Perhaps, considering him, we can
agree in retrospect that change in industry is
not so much the end product of inspiration
and overwhelming salecsmanship as it is the
pragmatic answer to confounding problems—
problems to which no clear answer is readily
evident, or really available! We may
agree that the ability and willingness
to think about problems—even to think
interminably about them—provides no
assurance whatever of an cventual “correct”
solution. Moreover, w¢ may observe that
not only is the character of our young man
overdrawn in the fairy tale, but the executive

733

who would rise to the acceptance of proposals
for change with the same enthusiasm as they
were presented would be a most unlikely
character. We must conclude that an executive
so free with his enthusiasm would get just
about what he deserved for his impulsiveness.
Change, I think is likely to be more often
than not the result of sustained, indefatigible
bargaining and negotiation resembling more
transactions in the bazaar——the public mar-
ket place——than it does the cold, objective,
computer-determined result of an imricate
mathematical formulation. Qbjective think-
ing does not necessarily improve the quality
of the answer.

As early as 1914, Rabindranath Tagore
wrote in his Sadhana the following evalua-
tien : “Civilization must be judged and prized
not by the amount of power it has developed,
but by how much it has evolved and given
expression to....the love of humanity.”
For nearly all poets, however, creation of the
concept and its formulation into beautifully
phrased words come easicr than an ¢xplana-
tion of how the doer can accomplish in practi-
cal terms what is so eloquently recommended
by the thinker. How does one translate “the
love of humanity” into a working policy in
such prosaic matters as instigating and
guiding change in industrial operations?

In the early years of this century Henri
Fayol, the classic French writer on industrial
management, gave us a scries of principles
useful for industrial managers. His sixth
principle provides a warning just as important
to industry of this day as it was to industry of
his day. This principle states : ‘-business in-
terests must prevail over the inferests of indi-
viduals and of groups of persons.”” He sug-
gests that the individual characteristics of
1gnorance, ambition, selfishness, laziness,
weakness, and human passions are forever
at war_with the best interests of the firm.

11 “GENERAL AND INDUSTRIAL MANAGEMENT”

Henri Fayol, Pitman 1949, P. 26
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I wonder whether we might paraphrase
this idea and conclude that the national inter-
est also prevails over the interests of groups of
persons, or of a few institutions, whose ig-
norance, ambition, selfishness, laziness, weak-
ness or human passions stand in the way of
progress desired for the benefit of the many.
If we agree, then just as it is the duty of every
business manager to combat these tendencies
in his company, so it is the duty of the influ-
ential persons on the national scene to combat
them on a naticnal scale.

Now, can Fayol's principle possibly be
related to Tagore’s philosophy. Well, we
cannot be sure. For example, when John
L Lewis condemned 150 thousand miners in
the US to the surrender of the jobs which
sustained them so that the remaining 142
thousand could have a better life, did this
action demonstrate his love of humanity ?
Or did it demonstrate the opposite ?

When three experts decide that mecha-
nization must be merely nibbled at as a policy
for the coal-mining industry in India, and
that unemployment must be avoided almost
at all costs is this reflective of a love of
humanity? Or is it the opposite?

I suppose the answer depends on how you
arrange the facts of the problem. For ex-
ample, we might say : just because it requires
400 thousand workers in India to mine 60
million tons of coal, while in the US 142
thousana can mine 400 million tons,—-—would
you have us force 300 thousand miners to
sacrifice their jobs so that Indian mining
may be more productive? Is coal mnore
important than people?

Or, conversely, we could say : if coalis a
basic product for industry in general, then
should 300 thousand miners be allowed to
stand in the way of the development of the
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country’s economy, recognizing that this de-
velopment may result in the improvement of
the standards of living of all? The world is
full of many troublesome problems, and this
is only one example of the many which con-
cern change and its effects.

To lay down an index by which the effects
of our decision may be anticipated is not easy.
However, in several previous articles I have
expressed an idea which touches on this
problem. Not only is this idea prebably the
only one in this paper for which originality
can be claimed, but 1 think it may be the
most useful thought I may express, It is set
out in these simple terms:

Progress is made only when fear of the
effects of change is less than fear of existing
adversity. With an application cf this for-
mula one might even deduce whether a pro-
posed action will produce progress or not.
Do we fear unemployment in coal mines
more than shortages of coal? Qur action and
the results are then suggested. Or do we fear
a weak economy more than potential un-
employment of 1/3 of the miners in the coun-
try? The appropriate action and results
are again indicated.

The results, therefore , are the product of
our subjective reactions to the problems,——
there are no absolutes in this matter the
right or wrong is in our thinking and is the
reflection of our fears——or of our courage
——and of the actions our feelings have led
us to take.

The young man in our fairy tale and the
excitable executive obviously were playing
with forces greater than they realized. But
for us the decisions about change must surely
be a reflection of our attitudes, fhe ourcome,
in like sense is a measure of our strengths
and weaknesses.

———
A REALLY PRODUCTIVE IDEA

#Though our world is not pretty, it is neverthalass our world, which with courage and
sense we can make better than it was.”—CP Snow in the New Statesman



A Case for Pre-Production Planning
Kenneth C Jasper*

An established South Indian Company’s management was faced with a problem of con-
siderabl: magnitude. The solution of this problem would affect not only the future of the
company but also its financial position, with implication regarding Foreign Exchange. The
problem was brought on by the sudden dccision on the part of the company’s largest customer

to enter the market as a direct competitor,

The basic problem was to chart the future
course of the company. In detail, it may be
best stated as being in three parts.

A Management’s decision to enter the
pump market as a competitor to its
former customer.

B Management’s decision to expand
(double) its existing electric motor
capacity.

C The above two decisions required a
new plant, as expansion in the present
locality was not possible,

At this point the management had

1  Set up a budget of Rs 1.3 million to
invest in new facilities (including sal-
vage of the existing plant)

2 Established a production programme,
increasing motors production from
(500) five hundred (all sizes) per
month to (1000) one thousand (alt
sizes) per month

3 Started production of pumps {(all
kinds) of (2000) two thousand per
month (new venture)

4  Decided to instal machines and to
man for a single shift operation.

*Senior Management Consultant George Fry Team

attached to NPC

Through the knowledge gained by a young
engineer from this plant, while attending NPC
training courses in Work Study and Produc-
tion Engineering and Tool Design, the appro-
ach taken and the reasoning applied began to
be questioned.

Because of this questioning, and the high
stakes, management decided to artack the
problem as a whole, using the scientific appro-
ach of the modern techniques of manage-
ment, namely, pre-production planning and
production engineering to accurately deter-
mine the plant, equipment and manning needs
to meet the new production programme.

The following steps were taken in sequence

A, SALES FORECAST

“To effectively plan the facilities for
any plant or business we must know
what and how much we intend to
make and when we will need it”...
The sales forecast was made on the
basis of specific products, kinds,
models, sizes and specific quantities
broken down into monthly production
quotas or schedules.

B. PRODUCT STANDARDIZATION

“Product variety and range reduces
productive efficiency and increases
capital investment”....The product
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variety and range was examined for
opportunities of standardization and
simplification. The examination was
a detailed, part by part, study to take
full advantage of uniform methods,
common procedures and tooling. The
number of machine types and pro-
cesses could now be analysed to take
advantage of using those machines
which would give greatest producti-
vity as contrasted to using low pro-
ductivity general purpose machines.
The original plan was to use low pro-
ductivity general purpose machines.

C. PART DESIGN EXAMINATION

Each plant in the entire product line was
examined to increase its produceability for

1  Design simplification

2 Removal of unnecessary operations

3 Elimination of excessive stock

a on machined surfaces
b using bar stock of proper size
¢ casting design and quality

4  Proper tolerance control to

a eliminate unnecessarily tight tole-
rances

b achieve complete interchangea-
bility in assembly

5 Finishes control to

a eliminate unnecessarily fine fini-
shes

b improve foundry processes to
eliminate hand finishes

¢ eliminate judgment factor by
measuring the finishes specified,

D. PART DRAWINGS AND SPECIFICA-
TIONS

Based on the above, detailed part drawings
were prepared setting forth exact specifica-
tions for each part. Common parts and
similar parts were placed on tabulated draw-
ings for ready reference,

PRE-PRODUCTION PLANNING

E. PROCESS SHEETS

Detailed step by step, operation sequence
(route) sheets were prepared for each manu-
factured part. (For each purchesed part a
purchase specification sheet was prepared)
Each operation set forth in detail

1  What was to be done in operation,
tolerances, etc (plus special instruc-
tions, if any)

2  The department in which the work
was being done was specified

3 The machine on which the operation
was to be performed was specified

4 The speeds and feeds, at which the
machine was to be operated, for each
operation or sub-operation was speci-
fied

5 All teols, standard and special, were
hsted for each operation. These were
identified either by nomenclature or
by tool numbers

6 All gages and measuring devices to
be used in checking and inspection
of the part at each operation were
listed by name and tool number,
giving the nominal sizes

7  Production times, for >oth sectup,
and running time per (100) one hund-
red pieces in standard hours, were
apphied for each operation...“Both
machine and man time must be
developed separately to be useful in
shop loading and manning..."*Pro-
duction times preferably should be
measured (time study); however, good
estimated times can be accurate to
within plus or minus (10 percent) ten
percent’’.

F. TABULATION OF DATA

On a spread sheet listing machines by type
etc, each process shect was recapped, on
the basis of the forecast quantities per month,
to determine the total machine and man
hours requirements per month. A safety
factor of (25 percent) twenty five percent
was used when developing the total load.
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This was done to allow for periodic increased
load and to provide for unforeseen inter-
ferences.

G. LIMITATIONS—

OUTSIDE INFLUENCES

A study was made Lo investigate the pres-
ence and the effect of influences or factors
which may limit or prevent the realization
of the project.

In this particular case there were four
major arcas namely:

1 The Sales Policy of the company
The present system, using agents, was
questioned and it was determined that
a company controlled organisation
would best produce the results need-
ed. This would require the hiring,
training and placing company men
in the territories. This would require
two years.

2 Erection of the Plant and Purchase of
Equipment The plant was already
under construction and with slight
modification (reduction in area) would
be ready in six months. ‘Analysis of
the machine delivery picture indi-
cated that while some machines were
available ex-stock, others would take
cighteen to twenty four months for
delivery.

3 Power Availability The local power
authorities would assure only a twenty
five percent increase within the next
six {0 nine months. However, they
did assure management that a supply
sufficient for a two shift operation
would be available within eighteen

months.
NOTE: The present load was 150 horse-
power. The increase assured

meant that the maximum avail-
able horsepower in the foreseeable
future, would be 187 connected
horsepower.

4  Materials Availability Through wise
and increased wuse of indigenous
materials and the increased availabi-
lity of import material, through

737

export participation it was adjudged
that materials would not be a major
limiting factor.

H. ANALYSIS OF DATA

Analysis of the complete accumulation
of facts and data, paying particular atten-
tion to that obtained or developed in section,
F and G above resulted insetting up a phased,
programme as follows:

TARGET MONTHLY PRODUCTION

TasLE I
Phase Target Motor Units Pumps Units
Nu.  Date Three Single Divect Belt Domes-
Phase Phase Coup- Driven  tic
led
(Present)
1 October 1961 300 200 50 30 30
2 April 1962 500 500 200 100 50
3 October 1962 500 500 800 200 100
4 October 1963 500 5060 1230 500 250

J. MACHINE TOOLS

Analysis of section F above provided the
basis for machine selection and procurement.
{On this basis all presently owned machines,
motors, shafting not required were declared
surplus and disposed of (gainfully) to aid in
offsetting costs of new machine purchases.)

Presently held machines to be used or
modified for use in the new plant are

TABLE 2

Remarks

Relocate. Add 3 Jaw
Chuck W/2 piece jaws.
Revise pully drive to in-

crease speed. Replace 3
HP motors with 5 HP.

Provide direct vee belt
drive W/5 motors.

1*** This machinenot onhand

Ttem Kind Nas.

1 Crarps.tan chuci{ type 1

2 Lathes, engine, W/ 7*
Motor drive

Shapers 2%*

[P

4 Drill Press Single

Spindle yet. To be installed when
received.
Total ... 11 Estimated cost Rs. 20,000

*Three required by
October, 1962,
**Not normally required for production. Use for

stand-by or odd job work.
***For multi-spindle heads when installed,

April, 1962, six required
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. Additional new machine toels to be procured and
installed are

TasLE 3

Trem Kind Nos. Total
Cost
Rs'000

1 Capstan; 2° Bar capacity W/
copy attach etc 1 35
2 Milling Machine: verticle 3 1 435
3 Radial Drilling Machine; (4ft.) 2** 70

*4 Lathe —Hispeed; with copying
attachment, (2000 RPM) or
equal 1 30

*5  Verticle turret lathe W/side
side Head 307 Table; 3-Jaw
chuck

2% 300

PRE-PRODUCTION PLANNING

ing and maintaining his tools. It was also
noted that the plant had no tool making
facilities, Hence the recommendation was
made to set up a small tool room to make,
sharpen and otherwise maintain cutting tools,
jigs, fixtures, etc.

Management’s decision to accept this
proposal necessitated procuring additional
equipment as follows:

ToTtAL 7 480

*Require foreign exchange. Item 4 only partially
for copying attachment
**One required now and another by October 1962

K. OPERATING POLICY

Because of the limitations of horsepower
{electrical) to a maximum of 187 and a need
to conserve resources both domestic and
foreign (exchange) it was recommended to
management that during phase (3) and phase
(4) the plant should be manned and operated
on a two shift basis,

Management’s acceptance of this recom-
mendation had the following effect

1  The horsepower required at peak load
would be 156

2 A reduction in floor space of 40 per-
cent {16000 sq. ft.)

3 A reduction in capital outlay of
Rs 2,65,000

4  That there would be no redundancy
nor would there be need to hire new
employees other than normal re-
placement.

L. TOOL MAINTENANCE AND
MANUFACTURE

A study of the machine operators work
habits revealed that each operator spent
approximately 15 percent of his time sharpen-

TabLE 4
Kind No, Estimated Remarks
Cost
Rs
1 Tool & Cutter Grinder 1 30,000.00
2 Cutting Tool Grinder 1 3,000.00
3 Surface Grinder 6 x 18°
W/Permanent magunet
chuck 1 15,000.00
4 Drill point (grinder) 1 500000 1/8"tol”
capacity
5 Tool room lathe W/tap-
er attachment 1 15,000.00 Hi speed
2000 RPM

6 Verticle Mill No. 1 W/

Vernier Scales 1 20,000.00 For Jig
Boring

7 Cylindrical grinder uni-

versal (4” x 187) 1 25,000.00
8 Shaper 1 onhand
9 Lathe Engine W /motor

Drive 1 onhand

ToraL ... 9  1,13,000.00

RESULTS

As a result of using the moderr scientific
method to determine productive capacity,
equipment needs, operational policy and
capital requirements, the plan was being
achieved and the programme met for the costs
outlined:

1 Costs* Rs 000
a Total cost — new
production  machines

(Table 3) 480

b  Total cost modifying
presently held wusable
machines {Table 2) 20
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¢ Total cost special tooling 50 4 Savings (in *000)
Total cost tool room a The original budget 1000
equipment (Table 4) 113 Cost of proposed plant 445

Net saving in capital

e Total cost machine ins- outlay 555
tyglla?on n pe‘l"' plant 30 b Production Savings, com-

ola ‘?Plta expen- F paring the original plant
s g iture with the finally accepted

ncome plan are Rs 1,25,000 per

a  Recovery from salvage year.
and sale of equipment
on hand 250

- * Building costs not included in stud
3 Net Cost new plant . *445 pari of proposal as bur'[dlfinfg war ;arril?yr
(in thousand) completed before the study was made.

TN R,

THE TOP MAN

* | alone am productiva

"

‘“ Well, listen, there is only one [ocation for this project and that
is in the State of......... ”
—By Courtesy, Management Perspectives



. Jeeli vehicles are doing

the Nation’s work

The Jeep Universal is at its best when the going

is the toughest, That is why the Jeep Universal is
relied upon in exploration,

When perscennel and equipment have to be carried
through mud, sand, swamp cr other impassable
parts of the country, the Jeep Universal mowves about
easily with the extra traction of its 4-wheel

drive and special low gear range. On uormal roads

it shifts easily 0 conventional 2-wheel drive,

JEOP Universal — the world's biggest little vehicle

This is the sign of your Jeep Dealcr who {s specially
trained fo solve your trunsport and maintenance problema,
He ia equipped to supply you with fuctory -approved
genuine spare parts throughout the life of your Jecp,

LMY MAHINDRA AND MAHINDRA LIMITED
\f Bombay * Calcutta * Deihi * Madras

Avuthorised dealera

AUTOMOTIVE MANUFACTURERS PVT. L1D., Secunderabad + CAMA MOTORS PVT. LTD., Ahmecabad
CENTRAL AUTOMOBILES, Raipur (M.P) + GARAPATI GARAGE (195%) Vijayawnde * CHATAGE &
PATIL, Kothapur * HIRAKUD AUTOMORILES, Sambalpur (Branch: Rourkela) * INDIA GARAGL, Bargzalore +
INOIA GARAGE, Madras * JADWET TRADING CO., Port Blair {Andaman & Nicobar Islands) » JAMMU &
KASHMIR MOTGT CORP., Tammu-Tawi (Koshmir State) - LAWLY SEN & CO., Patna - METRO MUTORS,
Bombtay ¢« METRO MOTORS (KATHIAWAR) PYT,LTD., Rapkot "NARAIN AUTOMOBILES, Lucinow *
NARBHERASM & €O, PVT. LTD., Jamshedpur = PATNATK & CO.. PVT. LTD, Cuttack * PROVINCIAL
AUTOMGHILE €O, PYT. LTD., Nagpur - SANGHI BROS., (INDORE) PYT. LTD., Indore + SANGHIL
T0TDRE, New Delni (Branch: Chandigarh} « SILVER JUBILEE MOTORS PVT. LTD., Poona * T. V. SUNDRAM
AR & 5 8 PVT. LTD,, Madurai » TASHI COMMERCIAL CORPORATION, Phuntseling (Bhutan) ¢
INAING & 1 ZING, Sikkim + UNITED MOTORS OF RAJASTHAN, Jaipur + VISNUM V. CAMOTIM
TARCAR, Criade De Goa, Goa * WALFORD TRANSPORT LTD., Calcutta (Branches: Dibrugarh & Siliguri)

BUY NATIONAL DEFENCE CERTIFICATES

P5SMM-2N62
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THE MYSORE IRON & STEEL LIMITED
BHADRAVATI

SEIRRRRRY
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% Manufecturers of :

o PURE CHARCOAL PIG IRON a speciality on account of its superior quality,
% C. |. Pipes and Specials, C. 1. Spun Pipes, Chamundi Brand Portland Cement,
%%  Mild Steel Sections such as Rounds, Flats and squares, Baling Hoops, Steel
%  Castings, such as C.5. Bridge bearings and C.S. Wheels etc.,, and Manganese
74 Steel Castings of all descriptions and sizes Ferro-Silicon in 5 grades, Steel
74 Structures, Trusses, Acetic Acid (Technical Grade), Methano! and
% Tar Products etc.

[24 Enquiries Solicited

24 BRANCH OFFICES :

’% Lakshmi Building, Ist Floor, Vanguard House, 174, Gandhinagar,
% Sir P.M. Road, Fort, BOMBAY |!/12, 2nd Line Beach, MADRAS-I| BANGALORE
%

X
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Kalinga Industries Limited

33, CHITTARANJAN AVENUE
- CALCUTTA-I12

Manufacturers of Refrigerators, Fluorescent
Lighting Equipment, Tubular Structures and
Producers of Foundry Grade Pig lron

ety IR R RN, S S, G S S S O SN S S S O
PO LW SR O, S S AU S S L SOR I I S I LI

Light Engineering Works ... Jobra, Cuttack
Tubular Structures Factory ... Chowdwar, Dt. Cuttck,
Orissa
Low Shaft Furnace ... Barbil, Dt. Keonjhar,
Orissa ;
: 2
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To bring you the news of the world

NEWSPAPER
is to be printed on special paper called
NEWSPRINT

THE first and only Newsprint Mill of India has turned the
corner and is making steady progress from year to year
IN its short life the Nepamills has done its humble bit

in the service of the Nation by saving foreign exchange
and advancing the cause of the press and education

AS an industry interested in the advancement of the State of
Madhya Pradesh Nepamills is contributing its best for the
Industrial Progress of the State and the Nation

The National Newsprint & Paper Mills Ltd.

NEPANAGAR (M.P.))
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UPPER GANGES SUGAR MILLS LTD.
THE OUDH SUGAR MILLS LTD.
NEW INDIA SUGAR MILLS LTD.
THE NEW SWADESHI SUGAR MILLS LTD.
BHARAT SUGAR MILLS LTD.
GOBIND SUGAR MILLS LTD.

Manufacturers of :

PURE CRYSTAL, CANE SUGAR

Managing Agents

THE COTTON AGENTS PRIVATE LTD.

INDUSTRY HOUSE, 15), CHURCHGATE RECLAMATION
BOMBAY-1
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TRANSFQRMERS

supplies

the basic
requirements

For the generation, distribution and
utilisation of Electric power, these three
Electrical Products from Kirloskar
Electric Company form the basic
requirements. Experience has proved
the outstanding reliability of these
KEC products all over the country. ‘

MANUFACTURED BY:

KIRLOSKAR

ELECTRIC CO.LTD.,
BANGALORE -}

. Selling Agents:

. P O, Box Ne. 11, Maeran|
P. O, Bax No. 506. Bombay-1
P. O. Bex No. 208, Calcurus-16

[ P. 0. Box Na. 172, New Deli /'
—
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Heavy Electricals at Bhopal

THE ESTABLISHMENT OF THE HEAVY ELECTRICAL PLANT AT BHOPAL
by SS Khera, published by the Indian Institute of Public Administration, Indraprastha
Estate, Ring Road, New Delhi, pages 128, price Rs 5,

Tl—ns is really a little more—rather a

lot more—than a case studv. Sri
Khera has in the Preface presented it as ‘a
slice of administrative life’—a really delicious
slice at that. In the Comments, he calls it
‘the long and tame case narrative’. Actually
it is very pleasantly and very comprehensively
presented, giving a fairly incisive insight into
‘the economic and political climate which
surrounded them’: the series of decisions or
rather confabulations, proposals, projects be-
ginning with the Advisory Planning Board’s
suggestion in October 1946 to the Cabinet
approval in March 1956, a pericd of nearly
10 years. The presentation is highly objec-
tive and the canvas against which the thesis
has been presented is rather large, beginning
with the laissez faire policies of the Govern-
ment of India prior to the First World War.
and the whole thesis is neatly threaded through
the various developments in industrial policy
in the post-Independence period. It is an
interesting commentary on the development
of the socialist state as exemplified in the
functioning of the Ministry of Production.
The case study proves conclusively that but
for the persistent enterprise of the Ministry
of Production, there might have beenno Heavy
Electrical Plant at all. In this connection,
Sri Khera has been rather modest, not in the
presentation of facts but in his Comments
for he was himself a partner in the game the
success of which he has reviewed with acade-
mic thoroughness. Probably, it is the best
case study so far published by various institu-
tions and organisations in India. It is full of
extremely rich material of how a Great Demo-
cracy functions. The inter-Ministerial wrang-
ling with the Great Battle between the Sectors

fought within the framework of Government
itself is shown up with many interesting details.

Probably, the most interesting part having
bearing on the very central point of the case
study viz., the process of decision-making
within Government is the Ministry o7 Produc-
tion note indicating the causes for delay
in taking decisions with regard not only to
the Heavy Electricals but many other pro-
jects, This is really a classic piece printed on
pages 60-63. In the broader economic context,
it shows conclusively that with aggregate
demand far exceeding the aggregate supply
in practically every line, there is more than
ample room for the expansion both of the
public as also of the private sector, and that
the expansion of the public sector facilitates
the expansion of the private sector. It is an
irony of fate that this has been realised rather
late in the day, as evidenced by the support
of Sri JRD Tata to the Bokaro Steel Plant
in the public sector.

Probably, a more interesting part of the
Narrative is how at every stage not only the
various Ministries of the Government of
India, practically all the State Governments
including their Chief Ministers, the various
private parties who contended that they should
make and eat the cake, but even the citizens
of Mysore had their say. Ultimately,
the final decision was taken as Sri Khera tries
to prove on purely economic and technical
considerations and in the best interests of the
economy. The case study, however, leaves
a rather awkward feeling whether Sri Khera’s
thesis presents a valid generalisation viz.,
that a right and correct decision in the best
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economic interest of the country is always
taken. Of course, the case study shows that
unconscionably long delays do occur and
these certainly are not in the interest of the
country. In his comments, there is a sentence
which reads like this: ‘Had the decision been
taken in 1948, more than 45 crores in foreign
exchange could have been saved’. The actual
figure has since then been erased in ink to
several crores of rupees.

The case study also throws light on the
working of the committee system in India:
‘The committee device has been used increas-
ingly in recent years for another important
purpose—to speed up decision-making (Page 4
of the Preface)....... every decision was taken
only at committee meetings (Page 120 of the
text),” The casc study does throw an extre-
mely valuable light on the functioning of the
committee system in India but one cannot
say whether it serves as a speeding up mecha-
nism for decision-making. On the contrary,
the actual text of the case study shows that the
committee procedure in India has served very
well to slow down the process of develop-
ment. 1f every large project were to take the
quantum of time and energy exhausted in
the establishment of Heavy Electrical Factory
at Bhopal, we would not be able to record any
sizeable development even by the end of the

745

twentieth century, Reading between the
lines, it appears clear that unless certain
powerful forces and persons—which in this
context would include the case writer him-
self——had not done everything to telescope
the commiftee process, nothing much could
have been accomplished even in this field.

Referring to political factors, Sri Khera,
as a seasoned civil servant, has avoided saying
anything that would appear dogmatic:® ....it
does not purport to determine the relative
influence of the civil servants and the ministers
on decision-making...” Probably, the case
study has a bias in the sense that Sri Khera
has tried to prove that the civil servant is
impervious to political pressure...Sri Khera
is conscious of the working of political in-
fluences: ‘Just as in the UK, politcal consi-
derations at this level (Cabinet level) play
an important part...... ' The study studiously
avoids revealing this aspect of the game. It
rather seems to prove that an honest, know-
ledgeable and determined civil servant can
act powerfully and successfully, despite politi-
cal pressures from within and without the
Government,

This case study priced modestly at Rs 5
deserves a far wider circulation than it has
received. .

—_—

Socialism & Productivity
“The desire for scientific efficiency will both produte and be produced by

social equity.

It is this concern for the quality of life and its extension into a

serious evaluation of the use of leisure in the era of automation that distinguishes
the new socialism from a creed of pure efficiency.”

—The New Statesman



ASCI Case Collection

Published by the Asia Publishing House, Bombay, Pages 344, Price Rs, 25

THE ADMINISTRATIVE Staff College of India deserves the gratitude not only of manzgement

but also of academicians for its ‘pioneering initiative’ in the collection and publication
of 55 extremely interesting case studies. This publication has a significance from
another point of view as Principal RL Gupta has explained in his Foreword: “the
Administrative Staff College of India is modelled on the Henley Syndicate Method;
and ...Henley “has been and continues to be somewhat ‘anti-case studies’.” Itisa
healthy sign that at the persuasion of Professor AR Towl of the Harvard Business School—
to whom much of the credit for this publication rightly belongs—the ASCI was persuaded to
start* experimenting with case studies’. Principal Gupta’s judgment with regard to the success
of this experiment may be put in his own words: ““...We could say from our own experience
that case study was likely to enable managers ‘to ask discerning questions’ and improve the
quality of their decision-making.” The conversion of the ASCI to the Harvard creed is,
however, far from complete: “The ‘case method’ is the embodiment of the belief that case
studies can be and should be used as a major instrument of instruction...... It might be well
at this stage to state that we in the Administrative Staff College of India are not going over to
the ‘Case Method’. We continue to rely on the syndicate method as our basic technique of
instruction. 'What we are attempting to do is to introduce a few case studies so as to enrich
the syndicate method and to make it more fruitful...... Our concept of a case study in the
syndicate is to introduce the ‘eleventh member’ who is deaf and dumb, but who (never-
theless) performs these (vital) functions*...... ¥ Principal Gupta deserves to be comp!imented
on the attempt to integrate the Case Method into the Syndicate method.

Besides Principal Gupta's Foreword, which must not be skipped over, as usually Fore-
words are, the reader must go through, somewhat religiously, the notes of Prof. AR Towl
(including very particularly his Appendix on concepts and bibliography).

It is rather difficult to pronounce a judgment on the quality of the case studies in the
Book. Most of them appear interesting. Some of them are, of course, commonplace,
but that is what life is. In fact the intention of the case studies is to focus attention on the
commonplaces of industrial life, which eat into its vitals, precisely because the top manage-
ment is superbly ignorant of reality at the ground level,

In reading these case studies, however, the reader would be advised not to read conse-
cutively but backwards and forwards, as we read short stories. A sample of the stuff present-
ed here has been printed at Page No. 751 under the title of the CasE oF MR.
S1AL which in the Book under Review is the case study of the Kesri Cotton Mills. This appears

to be a fairly representative sample of the fare presented and then the reader can judge further
by himself.

*See page xvii of the Foreword (Italics and brackets ours)
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The Project appears to have been 2 rather ambitious one conceived against the large
background of the country’s economic development: “The focus of the case research was to
be on management decisions involved in the introduction of change, skill and success in which
are essential for economic development...... v

It will take time, after the Book has been in the market place for some time, whether the
actual case studies published in the series do fulfil the objectives of the administrators
of the ASCI and the distinguished Harvard Professor associated with the work,

The National Productivity Council is grateful for the mention of its name in the Fore-
word. We have ourselves published in this Journal a number of case studies, particularly
in our Special Issue on PERSONNEL MANAGEMENT; and the very fact that we have completely
exhausted our stock of this Special Issue and there is a demand for Reprint, shows that this
Book has a place in Productivity Literature.

Productivity of Meteorology

—~ (77
Monsoon fvends ?mca,fs @/ 4

—By courtesy, Shankar's Weekly



Cases in Indian Administration

THIS IS THE SECOND* VOLUME OF CASES
in Indian Administration prepared
under the direction of the Committee on Case
Studies of the Indian Institute of Public Admi-
nistration, New Delhi. It contains an assort-
ment of five case studies: one concerning a
major policy decision relating to the De-
control of Foodgrains in 1952; another con-
cerning a major development project: the
DVC (Damodar Valley Corporation) pro-
posal to expand the Bokaro Thermal
Plant. There is a third case study—a long-
winding one which the Author claims that
it “illumines the meandering process of
decision-making”’, beginning from the Arcien
Regime, meaning thereby the Administrative
systern at the ground level as it obtained in
the immediate pre-independence period and
as it developed thercafter. This case study
of the Basic Administrative Unit for Deve-
lopment in Mysore State covers the final 67
pages of this Book of 261 pages. In between,
we have two cases, ong dealing with the Grant
of Extension to the Inspector General of Forests
and the other dealing with the Public Hospital
case. Probably Sri 8§ KHEra, Chairman of
the Committee on Case Studies, has this in
mind when in the Preface to this Book, he
says: “A case may sometimes look somewhat
like a drab chronological narrative of events.
But even where it may lack an incisive analysis
of the process, it will not detract from the
usefulness of the case study as teaching mater-
ial, and as an operational and scientific tool
in the advancement of thcory and practice
of public administration.”

Actually these case studies, particularly
the one on Bokaro and the other on the
Public Hospital, are really outstanding from

*The First Volume dealt with The Abolition of the
Labour Appelate Tribunal.
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several points of view. The Bokaro Case shows
pretty thoroughly the part playe¢ by the
Civil Service and the various politica] factors,
the complicated institutional arrangements
(including the Planning Commission) within a
Federal Constitution etc. The case is ex-
tremely interesting from several points of view.
Even on a formal basis it tock more than
three vears for the Government to realize—
to use its own language—"“the urgency of
the expeditious installation of the Fourth
Unit at Bokaro™. Very obviously the per-
Jormance of the civil service comes out as
outstanding  throughout this long winding
process of decision-making. As early as April
1953, the ‘ICS’ Chairman of the DVC put
before the Government of India an extremely
well documented case for the expansion of
the Bokaro Thermal Plant, an expansion
which really had alrcady been examined and
approved by Government. The Chairman
of DVC appealed personally to his counterpart
in the Government of India, urginz strongly
the expansion on the ground-—s:atistically
established—of the aggregate demand for
power, being not only for the time being
but for as long as it could be envisaged, farin
excess of the aggregate supply. Past and
present statistics supported this position. Yet
it required considerable political prassure for
the decision being finally taken. It was clear
that unless and until the DVC expanded its
power facilities, the expansion of stecl capacity
both in the private and public sectors in the
Bengal-Bihar Region would be helc up. The
earlier analysis in the case study shows that
the decision-making was impeded by the
political background of the case.

A good lesson that might be learnt from
this case study is by comparing the working
of the DVC with the TVA (Tennessce Valley
Authority). The TVA has been an outstand-



CASES IN INDIAN ADMINISTRATION

ing success because of the establishment of a
Unified Command under Presidential Autho-
rity. Here we have to work within the com-
promises and adjustments of a federal system
of which the DVC is almost a classic model.

The other case study dealing with a Public
Hospital has its own interest. After 30 years
of service, a clerk found himself as the Ins-
pector of Public Hospitals. It appears from
the case study that he examined amajor public
hospital but never called either on the Medical
Superintendent or on his Deputy. He met
only the clerks and went up to the level of
Office Superintendent. Nevertheless, his
report raised a whole hornets nest which
involved an extraordinary quantum of secre-
tariat correspondence, extending from March
1954 to December 1959. The Case Study
shows how a number of clerks not only
in the office of the Chief Secretary but also the
Director General of Heaith Services and the
Public Hospital kept themselves extremely
well-employed in running this extraordinary
correspondence about the posting of a few
clerks, keeping of a few registers and beat
each other in the game of expert drafting. A
classic part of the initial enquiry in which the
Chief Secretary interested himself personally
was that one Dr John ran away (during the
communal disturbances of August 1947} with
library books worth Rs 27.25 but he left behind
his 9 days’ salary equal to Rs. 28.50. Ultima-
tely, matters could be squared up with the
Governmentgaining Rs 1.25 from Dr, John’s un-
drawn salary. The doctors of the hospital whom
this Clerk-Inspector had charged with wast-
ing donor’s blood and living frzely on public
account withoutpaying for water and electricity
were naturally angry. They had good reason
to be. For, very obviously the Inspector’s sug-
gestion about the posting of one clerk here or
another there and such other minor matters
had very little to do with the care and welfare
of the patients which was the primary role and
responsibility of the medical authorities....
This case however has a saving grace at the
end. It really shows that all is not lost and
that we are progressing and becoming pro-

—: W0l
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ductive. The same public hospital was again
inspected in the spring of 1960. The new
Inspector, a sort of enlightened Productivity
Expert, had personal discussions with the
senior officers of the hospital to find out what
they themselves thought was not well with
the administration of the hospital and what
difficulties they were experiencing in their
efforts to improve its working. The practi-
cability of his suggestions was discussed at
every stage with the Medical Superintendent
and his colleagues. Such a report served
exactly the purpose which Government origi-
nally intended that it should, namely...“to
look into the general working to improve its
efficiency...” The character of the report
is evidenced by the fact that the Inspector re-
commended the launching of an educational
drive to allay fears and apprehensions of
the illiterate masses towards donating blood;
arrangements for ensuring that food is hot
when it reaches the patients in the wards in
winter, creation of intermediary senior
positions for physicians to prevent conges-
tion; provision of a qualified statistician;
higher pay-scales for laboratory assistants,
technicians, radiographers, physiotherapists
etc. This is Real Productivity.

This has become too long for a Review.
Summing up, it may be said that the Com-
mittee on Case Studies of the IIPA has reason
to feel proud; andit can be reasonably claimed
that the main objectives of the Pilot Project
on Case Studies as laid down in their meet-
ing of March 27, 1961 have been fulfilled,
namely:

(i) To promote a deeper and wider under-
standing of the functioning of the
Indian Administration in its environ-
mental and institutional framework;
and

(i) To build up a body of systematic
knowledge about the administrative
process in India.

This publication is a good contribution
to the fulfilment of these objectives.



Productivity in TVS

AN Ramaswamy*

For over half a century TVS (TV Sundram Iyengar & Sons) have been working in the auto-
mobile and allied fields, Today TVS and its associates have a network of well-equipped
service stations and sales shows in important cities in South India. TVS associates, Southern
Roadways, operate buses and lorries and have a fleet of over 600 units serving the States of
Madras, Mysore, Kerala and Andhra Pradesh. The productivity of the TVS system can
be measured by the rather astonishing fact that people in south India set their watches
by the scheduled arrival and departure of TVS buses! TVS was therefore invited to write a
special article on its own productivity for the benefit of the readers of this JOURNAL.

N THE CONTEXT of growing disparity in the demand-supply equation due :o foreign

exchange restrictions, TVS undertook “Rebuilding & Reconditioning” of worn-out

parts. With the latest in equipment and machinery, TVS rebuild or recondition more
than 100 items of spares like Rear Axle Housing, Crankshaft, Brake Drums etc.

The bus and lorry body building of TVS is done by Sundram Industries. More
than 1,000 bus and lorry bodies are built every year to suit customer requirements on any
type of chassis. The latest invention and development of TVS is the revolutionary prefabri-
cated TVS all-metal body which has simplified body-building, like a meccano,

The urge to develop and improve has been mainly responsible for the sustained growth
of this organisation. With a view to observe, study, analyse and suggest better methods,
we started the Methods Engineering Department in May 1960, Personnel were trained by
experts in Work Study, Since the inception of the Department, our Methods Engineers
tackled various problems, analysed projects and suggested better methods of doing the job,

Our Methods Engineering Department have studied different aspects of the repair
service division, administrative section and bus lorry body building. The department person-
nel visit branches and investigate better ways to do the jobs and present proposals and
schemes to save material and man-hours.

*Chief Engineer TVS

A Social Revolution!

“__in the industrial sphere, heredity has now given place to competence and bossism
has disappeared !...”

From Sri Manubhai Shah’s inaugural eddress at the SITRA Conference or Human Relaticns
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The Case of Mr Sial

KESRI COTTON MILLS LIMITED {in which our hero Mr Sial worked for sometime) is a large-size
textile mill in Bombay with about 1,000 looms and 52,000 spindles. It manufactures
medium and fine fabrics. The Board of Directors has appointed an Executive Director to
implement its policies. Under him there is a Manager, a Spinning Master, a Weaving Master,
an Engineer and a Salesman. The Manager is mainly in-charge of accounts, correspondence,
stores, industrial relations and industrial engineering. To assist him in these functions he has
an Office Superintendent, a Personnel Officer and an Industrial Engincer who report to him.
In the absence of the Executive Director he also acts as a co-ordinator of the various depart-
ments. The Executive Director often invites his views before taking major decisions.

The Mill worked two shifts daily. The Industrial Engincering Section had been
opened only five years back., Mr Sial was one of the Investigators in the section. He had
taken a diploma in Weaving Technology, after matriculation. His work invelved collection
of such data as loom-speeds, end-breaks and snap-readings etc in the Weaving Department,
to be submitted to the Industrial Engineer. The Industrial Engineer valued Mr Sial for his
sincerity and hard work. According to him the Weaving Master, too, appreciated Mr Sial’s
work and had confidence in him.

After about three vears of service, Mr Sial succeeded in getting a Supervisor’s job in
the Weaving Department. Even though it did not mean any substantial rise in his emolu-
ments, a production job offered better prospects for the future.  This was an accepted prac-
tice in the factory and several other investigators had similarly been transferred to production
jobs in the past. The Industrial Engineer approved this policy, He knew that the interests
of these men could not be sustained for long merely on investigation jobs. In fact most of
the Investigators had joined with the hope of being promoted to production jobs in a few
years’ time. The management also encouraged these transfers as it thought some experience
of data collection would give them a scientific attitude towards production problems.

Mr. Sial was happy in his new career. He used to meet the Industrial Engineer and
relate to him his experiences sometimes. Six months after Mr. Sial joined the department,
one day he looked depressed. On enquiry he related an unhappy episode that had happened
that morning. On his usual rounds of the department, it seemed he had tried to reprimand a
careless weaver, who had been unmindful of a long missing thread in the warp. Mr. Sial
said, “The fellow at first did not seem to listento me but when I repeated mycensure, he began
to abuse me.” The situation was saved by the timely intervention of the Section Jobber.

Later the Industrial Engineer came to know that the weaver concerned was a ‘notorious
character’ and no Supervisor had dared come into clash with him before. When this was
reported to the Manager he took a serious view of it and discharged the worker after due
enguiry.

Nothing very particular about Mr. Sial came to the knowledge of the Industrial Engineer
for a long time after that. He seemed to get on well and was given his regular annual incre-
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ments. But after about two years, another serious incident was reported by Mr. Sial himself
wherein he had come into conflict with a badli worker at about 11.30 p.m. just half an hour
before closing time. Mr. Sial’s version was as follows;

A badli was minding two looms. Several warp-ends had broken on one loom while the
other loom had stopped for want of weft in the shuttle. The worker was just sitting idle.
Mr. Sial had rebuked him for his negligence and added that he would not be continued
in employment till he got a Certificate of Proficiency from the Training Section. On
this the worker had turned round and struck Mr. Sial with the pointed end of the shuttle,
without uttering a word. Later that night the worker went to the Union Office and lodged
a complaint alleging that the Supervisor, Mr. Sial had assaulted him. Mr. Sial had
no idea that the situation would take such a turn and, therefore, had taken no care to
collect evidence in his own favour. In fact, he said, he had not even intended to report
the incident to the higher authorities.

The union took the case to the Manager. The Manager was in a fix. He had received
a week earlier a similar complaint from the union agatnst another Supervisor of the Weaving
Department.

In Mr. Sial’s case the Departmental Assistant succeeded in getting a confession from the
worker that his report to the union against Mr, Sial had been false. So the worker was dis-
charged,

Sometime later the Industrial Engineer was called by the Manager and asked to take
Mr. Sial back as Investigator in his department. This change, however, was not to affect his
emoluments in any way. The Industrial Engineer expressed his apprehension that Mr. Sial
would no longer be as useful to him as he used to be. He said that the demotion might
frustrate the hopes with which Mr. Sial had joined the company. However, in deference to the
wishes of the Manager, Mr. Sial was reverted as an Investigator.

Mr. Sial now worked as an Investigator, though in the same department. Even though
he now reported to the Industrial Engineer, he continued to enjoy the confidence of the depart-
mental head who sometimes entrusted him with responsible departmental work.

After working for about eight months in this capacity, Mr. Sial once expressed to the
Industrial Engineer his wish to go back to a production job. He said he had been promised
by the Weaving Master that he would be taken back shortly. According to him, he had
been given to understand that his reversion as an Investigator was only a temporary measure
to satisfy the union.

The Industrial Engineer said he knew nothing of this and asked him to see the Weaving
Master in this connection, Later Mr. Sial informed him that the Weaving Master had express-
ed his inability to do anything in the matter saying that the matter had gone out of his hands.
There was considerable frustration in Mr. Sial’s tone as he reported this.

- “Was it a mistake to trust them? I could have stood firm and even approached the
Director as there was no charge against me”, Mr. Sial thought aloud. About a month later
he tendered his resignation informing the management that he had got a better job elsewhere
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The Industrial Engineer was much aggrieved at this turn of events. While presenting
Mr. Sial's resignation to the Manager he expressed decp concern at this development. He
was sure Mr. Sial had been sincere and hard working, He wondered whether anything could
have been done to prevent it.

The Manager, with a view to understanding the problem so as to help him in advising
the Executive Director regarding the policy of giving such promotions, cailed the Weaving
Master and the Personnel Officer, and invited their comments on the developments which
had led to the resignation of Mr, Sial.

The following discussion ensued:

THE PErSONNEL OFFICER: | think this incident should help us appreciate the essential qualifi-
cations required of a successful supervisor. An honest man working as Investigator
need not necessarily prove an eflfective supervisor, Something more is required for this,
as he has to get things done rather than do it himself,

INDUSTRIAL ENCGINEER: [ have a high opinion of Mr. Sial. He proved his technical competence
and was sincere in his work. Given some guidance on how to deal with the type of
persons he had to work with, these unhappy occurrences could have been prevented.
In any case, the line of promotion from the Investigator’s job to that of a Production
Supervisor should always be kept open; otherwise, my people would lose interest in
their work in the absence of any further prospects for them.

DePARTMENTAL HEAD: I am really sorry to lose Mr. Sial. He was very honest and painstaking
in his work, but I do not know how I could have helped him. I wonder how he always
managed to get into trouble with workers. We know they are illiterate and some of
them are ‘tough’. But a Supervisor must have guts and presence of mind to deal with
such men. 1 have so many Supervisors but [ never had to teach anybody how to super-
vise his men.
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The Future of Operations Research

BY THE time this Journal is printed, the

Operations Research Society of America
will have held its Meeting at Scattle (Washing-
ton) in the first week of November 1963.
The theme of the meeting is ‘Military vs
Civilian OR or Immediate vs Long-Range-
Future OR’. The organisers have invited
papers on the philosophical aspects of these
questions, on the practical aspects of unify-
ing OR across the Military vs Civilian gap
(e.g., transfer the knowledge of military
command and control to civilian organisation)
and on case histories showing the links that
have or could have bridged this gap.

It is interesting to analyse the dichotomy,
between Military vs Civilian OR. Of course
the organisation and working of OR groups
and the ORSA™ meetings are quite different
from those of the Military Operations Re-
scarch Symposia. Security considerations
are doubtless a strong factor in this division.

*Operations Research Society of America. Abridged
from Operations Research Balletin Volume 11, Supple-
ment 1, Spring 1963, of the ORSA 1-B-61.

A result seems to be lack of communication
between workers in these two areas. Can
analysts in one learn anything useful from
those in the other, beyond mathematical
techniques ? Or Are ‘kill probability’ criteria
in military work so far removed from ‘maximum
profit’ criteria in civilian work that the two
areas have little in common’?

The other dichotomy posed viz., as between
immediate and long-range-future of OR has
significance with regard to the equipment
and qualifications of OR workers, because
generaily OR groups confine themselves to
‘optimising the operations at hand’. If the
horizon is further widened, then the problem
acquires a different perspective besides the
entry of more variables so that it becomes
technically-—not considering its philosophical
aspects—a problem of system designed as
well as of operations analysis. Such a dicho-
tomy cuts across the militéry vscivilian appli-
cations and would perhaps help to emphasize
general methods of analysis and of obtaining
data, general approaches to CR problems,
in a word, the ‘Art’ of Operations Research.

Productivity in Different Fields

“To be a soclalist requires considerable knowledge of human affairs and great courage,
whereas to be a good administrator one only has to be steady, plodding and clever.”

—From Shankar's Weekly

754



British Labour Attitudes

This is a re-print from an excellent leading article published in The New Statesman.
1t throws a searchlight ou fundamental British Labour Attitudes, highly significant from

the productivity standpoint.

MOST BRITISH WORKERS still prefer long hours

of overtime, with consequently fatter
pay-packets, to the increased opportunities
for leisure which higher minimum wages and
a shorter working week offer them. In
nearly all industrial countries the average
number of working hours has fallen steadily
in the last decade. In Britain it has remained
fairly constant, so that workers here now put
in a longer week than anywhere else.

The results are reflected in high take-
home pay and a steady accumulation, in
working-class households, of the mechanical
impedimenta of affluence... (There is, how-
ever, the otherside ofthis ‘good life’). Workers
freed from the bondage of millennia of sub-
sistence living now find themselves harnessed
to the hire-purchase treadmill. Housewives
liberated by washing-machines and frozen
foods are forced to take outside jobs by the
pressures of competitive spending. Behind
the superficial staustics of the good life lies
a great deal of social tension.

This is something which government action
alone cannot remedy. There is a strong tradi-
tion of puritanism in the British character,
which shapes our attitude to work—investing
it with positive moral qualities quite apart
from its intrinsic value. Qur industrial
society, the oldest in the world, is based on a
middle-class ethic ingeniously blended of
moral righteousness and commercial acumen
—the Gospel according to Samuel Smiles—
and after a century and a half of ceaseless pro-
pagation it has corrupted the good sense even
of the British worker, Technical progress,
which opens up unprecedented vistas of intel-
ligent relaxation, is perverted into a self-
defeating pursuit of higher nominal wages.
Leisure is still confused with idleness—and

sin. Too many of us still uncritically accept
Dr. Johnson’s axiom: ‘A man is never so
innocently employed as when making money’.

At the root of the problem, perhaps, is
the lingering belief that leisure is essentially
an upper-class pursuit. Everyone else merely
has ‘holidays’: short respites, whose primary
purpose is therapeutic, to maintain efficiency
at work—the normal condition of human
existence. The traditional education of the
English gentleman was based on the Aristo-
telian concept of a two-tiered soclety, with
hard-working slaves and artisans supporting
a plateau on which the elite engaged in cultu-
ral activities. Upper-class education was—
and to some degree still is—a preparation for
living. The state system, by contrast, was
—and still is—a training for work. The gap
between the two is not so wide as it was, but
the tragedy is that the materialistic and philis-
tine assumptions of the state system are
being increasingly accepted at Greyfriars and
Oxbridge.

As a result, the industrial worker is still
denied the degree of civilised living which tech-
nical advances and his own efforts should bring
him. lll-equipped to enjoy leisure, he squan-
ders it in the bingo-halls, cinemas and grey-
hound-tracks. or before the mindless idol
of TV. He remains a prisoner of his indus-
trial environment...we must now face the fact
that this new economic freedom is itself in-
complete unless we can provide the public
with an educational system which encourages
them to excrcise their growing freedom of
choice intelligently. If Mr Wilson can trans-
late his siogan of ‘raising the quality of life’
into practical terms, he will be on to some-
thing much more important than a mere
election-winner.
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INDARC
ELECTRODE DRYING OVENS

ensure sound welding in all climates

Portable, msulated against heat loss and with a
thermostatically controlled temperature range from
60°C to 250°C, Indian Oxygen’s INDARC Electrode
Drying Ovens remove the absorbed moisture in elec-
trodes and thus ensure sound welding in damp
climates. Providing storage capacity for approximate-
Iy six hundred 4.88 mm (6 SWG) medium coated
electrodes, the Ovens have separate compartments
for storing electrodes intended for immediate use.

INDIAN OXYGEN LIMITED
O T D e L S
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BREAD... TATA’S SODA BICARB

i is the substance that makes your_ “fried
lood leel ¢risp, and the ¢ocked vegelable
_ taste fresh, it puts the fiz into "seraled

water, and the litfle pills you take aftes
BISCUITS .. the wedding meal. it makes the foam in‘
your fire extinguisher.

Tata Bicarb (Sodium Bicarbonate or NaHCO,)
is made under carefully ¢ontrolled condilion
by Tata Chemicals, in both ‘refined” and
‘B.P qualities, for industry and the home™

As [ndia’s Five Year Plans raise our standard
of living, Tata Chemicals make their contri-
bution through comprehensiva expansion
Yesterday's planning results in today's
progress and in tomorrow’s chemicals ~

ASK FOR ‘
TATA’S SODA BICARB

Tata Chemicals Limited
Sombay House, Bruce Strest,’
Fart, Bambaw J,

 PHARMA.. _ é
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ef Telecommunication
Equipment in India

Wy

A
ere

¢

Do you know that ninety per cent of long distance calls are
carried by ‘'carrier” channels, These are derived from

the basic bearer wires by special carrier equipments which make
It possible for several simultaneous conversations to be

carried over a single pair of wires,

The special 'Carrier’ equipment thnat provides these broad
superhighways for telephone conversations, are manufactured
in IT!, and are suppiied to Indian Posts and Telegraphs
Department for multiplexing the capacity of the long distance
lines whether they be open wire, paired cable or coaxial,

Carrier equipment manufactured by ITi include 3 Channel,
8 Channe! and 12 Channel Systems as wel! as Voice
Frequency Telegraph Systems which aliow as many as 24
telegraph circuits to work on gne speech channel.

INDIAN TELEPHONE
BANGALORE

INDUSTRIES LTD

ASP-ITI-24
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PUT AN END TO THE DANGERS OF

- SUDDEN DARKNESS

1 factories sudden darkness can cause injury
and damage to machinery. Emergency light-
ing 1s the obvious safeguard—and that's where
Keepalite comes into its own. Keepalite is an
autornatic emergency lighting system employ-
ing lead-acid storage batteries which are auto-
matically triggered into operation by the actu-

al mains failure. Modern methods of control
and “trickle’ charging mean that Keepalite
equipment has outstandingly long life and
requires minimum of maintenance. That's
why architects everywhere specify Keepalite
as sure inexpensive protection for factories,
hospitals, schools, banks and public places.

KEEPALITE

" AUTOMATIC EMERGENCY LIGHTING EQUIPMENT

—a product of Chloride and Exide Batteries (Eastern) Limited.
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FOURTEEN MILLION

NEW JOBS

Employment. A word that translates into
a meaningful future for millions of people
without jobs. [ndia’s Five Year Plans are
aimed at the concept of full employment.
The intensified drives of the Third Plan are
estimated to create 14,000,000 new job
opportunities—more jobs for more people
than ever before in the economy’s history !
To achieve the employment target calls for
asingle-minded national effort. It must be
co-ordinated, dedicated, complete... ..

75,000 jobs—and more in the offing
Blrd-Heilgers is convinced that the quicken-
Ing tempo of Industrial activity must be
accelerated if unemployment Is to be
checked and full employment brought
Wedded to this concept, the
group provides well-pald employment for
approximately 75,000 people, They are
concerned with iron ore and insurance
policies, bridges and writing paper, gunny
sacks and laboratory tests—a complex of
goods and services which involves the
group heavily in the industrial resurgence
of Indla,

Towards a self-generating
economy...

A phrase on everyone's lips.

A phrase

The Third Fiva Year Flan
Bird-Heilgers® partin it

that finds concrete expression in the
urgent activity of an economy on the mave. '
Bird-Heilgers reflacts the nation's striving.
The group delivers millions of tons of
basic materials to the new blast furnaces.
It produces jute goods, paper and board,
air compressors and springs, and engineer-
ing and water treatment equipment. A
project for cthe manufacture of coal wash-
eries was the first in Indla. Planned diversi-
ficacion finds the group engaged in shipping,
insurance, exporting and importing. lts
agency department handles everything from
heavy capital equipment to light consumer
goods. E:

--and an exciting, promising future
The Five Year Plans are 2 challenge:
existing Industries must expand, new
industries open up, per capita inceme
increase. India needs more goods and
services than ever before. Bird-Hellgers
is alive to the problems of a growing
economy. The group deploys the full
potential of a century’s resources, technical
knowledge and executive skill to increase
and broaden its activities...provide em-
ployment for many more thousands...jzin
the national drive to economic indepen-
dence.

" BIRD & CO., (PRIVATE) LTD., F. W. HEILGERS & CQ., (PRIVATE) LTD.,
Chartered Bank Buildings, Calcurta-1



almost

like a

knife through
butter

IS HOW GREAVES BITS, MANUFACTURED UNDER LICENCE
FROM MINDRILL GO THROUGH EVEN THE HARDEST
ROCKS. THE REVO! ''TIGHARY DESIGN OF MINDRILL
REAMERS AND CAREFUL MANUFACTURE OF BITS BY
GREAVES, ENSURE PENETRATION OF DIFFICULT
FORMATIONS AT HIGHER ROTATIONAL SPEEDS wIiTH
LONGER LIFE AND LOWER FOOTAGE COSTS

SEI-H W

GREAVES -
GREAVES COTTON & COMPANY LTD.

T RALLY HOUSE, 168 MARE STREET, P 0. BOX 702, CALCUTTA -1
Brancnes . BOMBAY CALCUTTA MADRAS NEW DELH! KANPUR BANGALORE

AHMEDARAD COIMBATCRE RANCHI ASANSOL GAUHATI BHUBANESWAR

A trusted namh Made in India




CRUDDAS
LIMITED

ESTABLISHED i858

RIGHABDSUN

STRUCTURAL, MECHANICAL & SANITARY

— ENGINEERS __

Manufacturers of

STEEL STRUCTURES AND BRIDGES
TRANSMISSION LINE TOWERS
INDUSTRIAL PLANT & EQUIPMENT
SUGAR MILL PLANT & MACHINERY
RUBBER MILL MACHINERY

RAILWAY POINTS & CROSSINGS
SLUICE GATES AND HYDRANTS

CASTINGS

Head Office & Works Branch Office & Works
BYCULLA TRONWORKS FIRST LINE BEACH

BOMBAY-§ MADRAS-|



A Batrery of Jyoti Deep Well
Vertical Turbine Pumps

Jroti 63kVA

Hydro-Electric Generator

\

instalfed at
Mulsi Dam, Poona ’

Hhen @ natron rsces
Yowesrale NER INDUSTRIAL FRONTZERS...

POWER is the prime requisite for industrialisation.. electric
power offers the master key to prosperity.

POWER GENERATION first...10 harness waters going to
waste...10 conver!t the mighty gush to electrical energy...through
Hydro-Electric Generators,

POWER DISTRIBUTION AND CONTROL next...to adapt
the power to varied industrial uses...through starters, switch-
boards, kiosks, motor control centres, sub-stations and allied
equipment,

POWER APPLICATION thereafter...in faciories, farms, fields
and the home...through electric motors, pumps, etc.

In respect of aff these phases of POWER —generation, distribu-
tion, control and application—JYOTI has been playing a pivotal
role in India. JYOTI equipment, from hydro-electric generators
to starters, switchboards, control centres, ete., from electric motors
to pumps, has now earned for itself the pride of place in Inda’s
engineering products market.

Quality is lYOTl LIMITED
our Creed BARCDA-Y

'
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HEAT RESISTANT AND
SCIENTRIC
GLASS WARES

BLOOD TRANSFUSION ANDE
GLUCOQSE SALINE BOTTLE [
SPECIALITY AND

CAN TAKE UP THE
FABRICATION OF ANY

TYPE OF WHITE BOTTLES

O

BOMBAY OFFICE
Co-operative Insurance Biag.
2nd Floor, Sir P. Mehta Roao,

Bombay L

Pnone : 251791
Gram : NUTRALGLAS

I moLAR LAK PPODUCTS

Chone : 8138
Gram : TEELAB

wORRS
Eombay 2oona Road:
pimp:i, Nr. Pagha.

JOURNEY'S END

88 The provision of sufficient
quantities of the required
products in the right place and
at the right time often
preduces serious problems and
to solve these necessitates a
careful but flexible organization,
an elaborate system of

transportation, storage and wvoand

BURMAH-SHELL

deliver the goods

distribution. There are

more than 3,000 Burmah-Shell
petrol dealerships and [

over 1,600 kerosine agencies,

besides nearly half a lakh

kerosine sub-dealers in India's



GRADE I LATHES

Each Lathe is tested and certified by D. G. 5. & D.

Guarantead for accuracy and trouble - free service

EP-PSG-I

Height of Centres : 170 mm & 210 mm

PEELAMEDU P.O.

Admit between Centres: 750 mm, (000 mm & (500 mm

P. S. G. INDUSTRIAL INSTITUTE

COIMBATORE-4
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cool

clean
drinking
water

anytima...for any number...
almost anywhere

P

Tﬁ 3 hﬂ r water coolers
made, sold and serviced by m

VOLTAS LIMITED ucap oFfice: Batlard Estate, HBombay-1
CALLUTTA . MADRAS . NOW DELH! . BANGALORE , COCHIN , AHMEDY BAD , LUCKNOW , KANPUR . SECUNDERARAD LR
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E.1.D.— PARRY LTD.

- (nesrporated in Englang — The lability of members 1s Iimited) . |

AND
PARRY & COMPANY LIMITED

Sugar
Carbonic Acid Gas
T H E Industrial Aicohol

E.I.D.-PARRY Wiy
GROUP

OF
COMPANIES

Fungic;des &
Insecticides

Ehginéering
Confec'tionery
Liqt'xors
Pharma::eUticals
Cera.mics

Fine Ch.emicals

9 Esse.nces
Food Colours
/ Packaged ‘».Consumer
Goods
Estd. 1788 Shipping &_ Transport

ElL.D.— PARRY GROUP
Dare House, Madras
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FOR HIGH QUALITY MALLEABLE CASTINGS
REMEMBER
R. M. ENGINEERING WORKS
(A Rohit Group Enterprise)

\
B

WE MANUFACTURE
% Pipe Fittings «* Conduit Fittings
AND MALLEABLE CASTINGS FOR YOUR
REQUIREMENT OF
# Automobile Components & High Tension
Hardware = Cycle Components » Railway
Components « Textile Mills Spare Parts
For further particulars write to:

R. M. ENGINEERING WORKS
Rohit Mills Ltd., Ahmedabad-8.
Sole Dealers :

Mehta Corporation Private Ltd.,
Rohit Mills Premises

Khokhra Mechmedabad, Ahmedabad-8.
9, Prospect Chambers,

D. Naoroji Road, Bombay-1.

P ESI AR IR PRI CRAICAI CRIGRS CAI IR I AT AD

@ SFICLITPITID ARSI SRD A PRS- TRA TFSTRS PR A (IS A D CRI N CRD
THRO TR D A SRR CRI RS - A0 PRI CRDCRITRICRSCRI ORI CAD CRD GRS B

@SRITRD

]
:
;
:
:
:
z
%
2
g
z
z
:
z

:
z
z
z
:
:
:

i
:
:
i

»

Log i Mg Sy Bl AT Bl T R TP PP PR T P

¢
¢
2
¢
?

-

t
3
z
:

G

2
z
z
Z
z
Z
z
Z
2
4
i
4

NPC PRODUCTIVITY JOURNAL

Reprints of Special Issues
Copies of the following Special Issues
have been exhausted

Incentives
Personnel Management
Work Study

It is proposed to reprint them, as
there is a growing demand for
them, due to their being treated as
Reference Volumes.

To ensure your copy, You may
please book an advance order.
There will be a special concession
for institutions and firms, giving
bulk orders. Single copy will be
sold at Rs. 5.00.

THE INDIAN INSTITUTE OF PUBLIC ADMINISTRATION

INDRAPRASTHA ESTATE, NEW DELHI-I
RECENT CASE STUDIES

Decision-making in the Government of India

by S. 5. Khera

by M. A. Muttalib

Prasad

g a W

State’ by P. R. Dubhashi

7. “The Abolition of the Labour Appellate Tribunal™ by

g B. S. Narula

“The Public Hospital Case™ by A. Avasthi
“The Basic Administrative Unit for Development in MysoreJ Rs. 7.50

i
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% 1. +The Establishment of the Heavy Electrical Plant at Bhopal’
¢

g “The Expansion of the Bokaro Thermal Plant” by Permanand:
z

z

¢

¢

Rs. 5.00

“Decontrol of Foedgrains in 1952" by Ram Saran
“Grant of Extension to the Inspector-General of Forests”

Published in one
Volume, entitled
1 “Cases in Indian
i Administration™

Rs. 10.00
(Postage Extra)

:
:
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Regd, No, 4757/59

Productivity and Progress go together

to produce . ..

wioest nance or EXHAUST FANS

EVER MANUFACTURED IN INDIA

(INCLUDING ACID FUME PROOF & HIGH TEMPEAATURE FANS)

| DIRECTLY COUPLED
- OR BELT DRIVEN

Large variety of application
in the field of Industrial ventilation
e Prompt deliveries

@ Certain sizes available ex-stock

CALCUTTA ...
EXHAUST

CALCUTTA FAN WORKS PRIVATE LTD.
Foaneers and Experts in ventiiation Engineering -
: Head Office : 30, Chowringhee Road, Calcutra- 186
eFIPLI3 4 City Soles Office: 198, Chowringhee Road, Calcutra-13

Prlnted and pubhshed by Sn DH Butag: fqr the Natlonal Productlvny Council 38 Golf Links New Ds;lhl
at the Caxton Press Rani Jhansi Road New Delhi
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The industrial consultancy services offered by
the group fall under the following headings:

IN THE PLANT—

PRODUCTION PLANNING AND CONTROL
CONSUMABLE STORES CONTROL

FUEL AND STEAM UTILISATION
MECHANICAL HANDLING

PLANT CAPACITY AND LAY-OUTS
STORES ORGANISATION
RAW MATERIALS CONTROL
TRANSPOQRTATION METHODS
PRODUCT QUALITY CONTROL OPERATIONAL RESEARCH
WORK STUDY BUDGETARY CONTROLS

VALUATION OF PLANT AND BUILDINGS

DESIGN AND :STIMATES OF EXTENSIONS

ON LABOUR—

METHOD AND WORK STUDY PRODUCTIVITY INDICES
TIMEKEEPING SYSTEMS WAGE PAYMENT SYSTEMS
JOB EVALUATION WAGE STRUCTURES
PERSONNEL RECORDS LABOUR POLICIES
HUMAN RELATIONS COMMUNICATION
REORIENTATION LECTURES FOR LABQUR AND SUPERVISION

IN OFFICES—

MANAGEMENT ORGANISATION EXECUTIVE LEVEL WORK
CLERICAL PROCEDURE MANAGEMENT CON1TROLS
WORK MEASUREMENT BUDGET FORECASTS

LAYOUT, COMMUNICATIONS AND EQUIPMENT

AND

THE SETTING UP AND TRAINING OF THE
CLIENT'S OWN TNDUSTRIAL
ENGINEERING DEPARTMENT
MARKET RESEARCH
PLANNING FOR MODERNISATION AND EXPANSION OF INDUSTRIES
TECHNOLOGICAL STUDIES IN RAW MATERIALS, PROCESS AND PLANT PERFORMANCE

IBCON PRIVATE LIMITED

P
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5, Russel Street, Head Office : ADELPHI, Brady’s Building,
CALCUTTA 16, 119, Queens Rd., BOMBAY 1. M. Gandhi Rd., KANPUR
George Oakes Building, 85-A, Ward Place,
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