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PROSPECTS OF OPEN-END SPINNING IN INDIA

1. Introduction

Adoption of major technological changes in the
industries of developing nations poses a number of co~io-
economic problewms apart from those created by the technology
itself. Shortage of capital resources, lack of indigeneous
equipment, probleas of maintenance, fear of i ¢ resulting un-
employment, are all inhibiting factors that retard the intro-
duction of sophisticated technology. To give a few examples
from the textile industry itself, though the advantages of
introducing automatic looms in terms of cost reduction have
been well known for a long time, their introduction in India
has been extremely slow. The number of automatic looms is
only about 18% of the total and the rate of increase during
the pest 15 years is less than 1% g year. Similarly, the
advanteges of high production carding have been well known
for nearly a decade and yet there are very few high production
cards in India. Only a small percentage of cards have been
converted to semi-high production carding. Therefore, one
should be extremely careful in forecasting phe rate of intro-

duction of such a revoluticmary development es open-end

spinning.




On the other hand, there are always some units
which are technologically advenced and financially strong
and would like to experiment with new developments and study
their working on the basis of first-hand informetion. As
leaders of industry in their country, having and using the
latest equipment i3 not only a metter of economics, but a
question of status for them. In considering the future pro-
spects of open-end spinning in India, these factors should be

borne in mind.

Apart from these inhibitive factors that slow
down the process cf chenge, the effect of changing technology
on the economics of an industry is an area of considerablo
importance. In a country where labour is abundant and can
easily be trained and where weges are low in comparison with
affluent societies, the economic compulsions of cost are some- %
wvhat different from countries with labour shortage and high |
vages., In such/:ituation, investment in sophisticated tech-

nology is not always economical.,

2. Litergture Syrvey

The economics of open-end spinning have been

studied by a number of research workers. In most of the

2
studiel%’“’3 the rotor speed has been assumed to be constant

at 30,000 rpm.

|
, A



Catling4 has reported that 50,000 rpm. would be

the optimum speed for all counts from the point of view of
overall cost. He hes found that the curve relating speed
and cost is flat in the region of optimum speeds, and conse-
quently the incentive to developments leading to much higher

speed is not great,

Saith and Lord” have studied the effect of drum
speed end drum diameter on costs. They have concluded that
in the future, labour cost will prodbably increase and machine
cost will fall, Both trends will reduce the optimum speeds
at which the machines should be run; 1t is likely therefore
that in the future, machines will be rum at speeds less than

those technologically possible.

The studies reported so far compare only the cost
of production; the fact that the capital investment, for the
same volume of production, would ﬁe mich higher in the case
of open-end spinning and consequently the return on capital
vould be lower has not been taken into account. Further,the
studies generally assume certain specific values for costs
and do not bring out the relationship between optimum speed,
capital cost, life, power cost, etc,




3« Economics

For the purpose of evaluating the economics of
open-end spinning, the following factors have been consi-
dered,

1. The capital investment for a given

production,

2. Optimm speed for ainimum cost.

3¢ Optimum speed for maximum returnm,

4. A comparison of the cost of prcdu-
ction with ring spinning,

e A comparison of return on invest-
ment with rinz spinuing.

In making such an evaluation, there ars s numsbder
of handicaps because of the non-availability of some basic
technological information. For example, will the rav saterisl
cost be higher or lower tham ring spinning for equivalent
fabrics? Or, vhat is the increase in the cost of open-end
spinning machines as the rotor speed increases? How lo.g tees
it take to sffect a piecing on open-end spinning msachimeo? Are
the end breaks likely to increase with increase in spee!® whet
is the order of maintenance and replacement costs? 1: \ne
absence of answers to such questions, one is forced t¢ mele
certain assumptions and the accuracy of one's conclusions will

largely depend on the validity of the assumptions.
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T™he capital required 1o (Table '’ 130 Ve nos
@sre in the ocase of open-end epinning. end nel aney aiile
in Indie cran afford investpeat of that order. tmless the
price of open-end spinning mmchimes comes dovm im the aeer
future, the initial iavestsent alone may act o0 & ®jor in-

Bivitive factor,

’.2. galiama Soeed for Misimua Ceal

The ecomomics of open-end spianing would depend
o8 the rotor speed. AB increase ia rotor spesd wevld reduce
the capital cost for umit production im proportioa te the
inorease in apeed. On the other hand, power coats for ueild
production vould increease in proportion to the speed. Optimwe
speed therefore would Be that speed for which the sus of these

two comte is o sinimue,

T™he expression for arriving at She optisus speed 1o
giver ia Appendix 1°, Pros the expressioan, it is clear thet
the optisuns speed is that speed at vhich the net ennval ocapital
charges sre aqual to the power cost for the year. The optime
speeds are not affected by the counts spum since they ere only

governed by the ennual capital charges snd the pover cost,

e

) ™e author is indedted to Shri T.V.Ratnes,
Asst.Director, SITRA, for the formulee in
‘PP““ Tend 2.
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Figure 1 gives the total cost for 100 kge. of 20s yarn for

a machine life of fifteen years and three-shift working.

It is found that the optimum speed for minimum cost is ebout
38,800 rpm.

However, if the machine life increases, because of
a net reduction in the annual capital charges, the optimum

speeds are found to be lower. This is indicated in Table 2,

Jable 2
Optimum Speed for Different Years of Life

| Capital  Present | Net ! ponual | [Annual “loptisume

" Lite . invest- worth | capital  capite’ capital rotor
- . ment of - invest- charges chgrges speed :
(years) ufter salvage wment per pover (a) x 30,000

tex con- value (£) year \ycost * (rpm)

cessions (&) (&) (a)

(2) |

10 59.3 1.4 47.9 T.5 1.400 42,000
15 57.8 T.1 50.7 6.7 1.294 38,800
20 57 .4 4.4 53.0 6.2 1.251 37,500
25 57.4 2.7 54.7 6.0 1.231 36,900

®* pAbout £ 4 per drum per year.

However, it is found that though the optimum speed
decreases as the mmchine 1ife increases, it is not very sensi-

tive, particularly for a lite beyond 15 years.
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The extent to vhich the speed of the machine would
affect the capital and power costs as vell as Capital invest-
ment is more important than considering optimum speed alone.
This is indiceted in Table 3,

Iable 2

Cost of Production per Year (For a Productios
Equivalent to 10,000 drums operating at 30,000 rpa)

As differences fros corresponiing i
figures for 30,000 rpas.

Rotor speed

(rpm)
. B 1::2::2nt 03:2:1:‘
(in thousand ¢)

3 , 000 197 =342
ot is) 9 -3.5
40,000 296 3.4
45,000 395 «2.3
50, 000 474 0,2
60,000 592 6.5
75,000 711 20,7

1,00,000 829 46,2

Negative sign means that the operating costs
are lover than that for 30,000 rpm.
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It coan be seon thgtl over 4 range of apesl ’rag
30,000 8o SO, 000 rpa, there 18 1ittie change la operating

conts,

Yo% Qplasen dxesd f(of Meximum Retyurn

The speed at whivh the ~ost is minimus need not
necessariiy yield the highast return on investment. This
18 bdecause apends higher than '@ yptimue for which the
cost is sintmus nave the gdvantage >’ lovar capital invest-
@ent for unit production. I8 is quite posaidle that "a19
lover capital imvestaent sgy more them offset the in. rease
in the cost ~f produrtion amd commsequensly, the ret.rn om
investment v~ .id 'e nigher. This would dejend on the rate
of return prevailing la any givea aill. The optimus s eed
for sazimums retumrn would obviously be higher then the opti~
Su8 speed for ainimum costy, for amy s,eed lower than the
latter would meas not only that costs are higher but gl so the
oepital i greater and consequently, the return wuld he

lowver,

T™he expression for arriving at the cptimum speed
fres Whe point of viev of returm 1s given in Appendir 2, A
oouparison of cost as vell as returs on cepital for differeamt
levels of speeds is shown in Pigure 2 for g fifteen year life
end for three different levels of return for ring spinning.




It can be seen that the optimum speed for minimum cost is
about 39,000 rpm, Por a return of 10% at optimum speed for
sinimum cost, the optimum speed for maximum return is 73,300

rpe.

3.4, Comparison of the Cost of Production

Im compsring the cost of production between open-
end spinning and ring spinning, only those items of cost
wvhich are affected have been taken into account. In estimat-
ing ring spinning costs, conditions existing in high produ-
ativity mills in India have been taken into consideration.

A rotor speed of 30,000 rpm. has been assumed, The cost

per drum of open-end spinning has been taken to be about £120
and the cost per ring spindle about £15, In the case of an
existing will, the fly frames and the winding machines would
be rendered surplus; the resale value of these machines has
been deducted from the capital cost of open-end spinning. For
a nev mill, the cost of new fly frames and vinding machines
has been added to the cost of ring frames. The machine 1life
has been assumed to be 15 years for three-shift working and
sllovances have been provided for tax concessions for depre-
ciation as permitted in India. The cost differences for the

two systems are compared in Table 4., The cost figures have

been given in terms of a ring spinning spindle in order to
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facilitate comparison between counts also.

Iable 4

Cost of Producing Yarn Equivalent to that from one
Ring Spinning Spindle - Bxisting Mill
(€ per spindle per year)

10s 20s 30s l 40s
0.E. R.S. O.E. R.S. O0.E.| R.S.| O.F.

¥ '{ l

Clpital cost 2.1 008 208 0.8 2.9 OQB | 302 ! 0.8

Count

R.S.

Labour cost 2.6 12,0 1.8 6.0 1.2 4.4 1.1 3.4

Power cost 1.3 1.0 1.7 1.1 1.8 100 1.9 009
Excess vaste - 04 = 0.3 - 0.2 - Oe1
Total 6.0 14,2 6,3 8,2 5.9 6.4 6.2 5.2

.- — . - n N

0.E. : Open-end spinning R.3. : Ring spinning

Open-end spinning is very economical in 10s count,
the cost being lower by about £ 8 per spindle per year. The
difference between the two is consideradbly nerrowed in 20s
count to about £ 2 per spindle and almost disappears in 30s
being only £ 0.5 per year. In 40s ocount, the costs are hiyg ur
by about £ 1 per spindle per annum.

The significant advantage ir 10s count iz open-end

spinning is minly due to the large reduction in labour cost
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when compared to ring spinning. The number of workers ‘er
a 25,000 spindle mill for three-shift working is r»duced wny
996, while in the case of 40s count this reduction is nmiy
of the order of 254 workers. Apart frox the reductjon is
the number of workers in the case of 10s count, the spindie
speeds are also very much iower at 9000 rpm, when compared
to 40s while in the case of open-end spinning, same rotor
Speeds have been assumed for all counts. On the sther hard,
there is a progressive increase in cap:tal and pewer ~harges
for open-end spinning as the count becomes finer and W ie
factor more than offsets the reduced savings in labour cost

in 40s count. This is illustrated in Pigure 3,

Instead of 30,000 rpm. rotor speed, i{f the optimme
speed for minimum cost of 38800 rpu. is taken, then the rest
difference between ring spinning and open-end spinning remeise
practically the seme (Table 5). The additional investaent i
lower by 30 to 37%,

Igble $
Comparative Costs for Optimus Speed(Minimus Coot )
of 38,800 rpm,
(per spindle per yeer)
[ ] ! .
‘ Count 10s | 208 30e We
Additional :

Savings in cost E

per year (£) 8.1 1.7 0.9 1,0




In cese a nev mill is being considered, the ceet
for ring spinning would increase because of the edditiecasi
cost of nev fly frames and cone winding machines whiie ke
labour cost in fly fremes and cone winding machines ve-.d
be reduced slightly. The cost for open-end spimning weid
be practically ihe same, The comparative figures fer ¢ sew

mill are given in Tedble 6,

Table 6

Cost of Producing Yern Equivalent to thet fres Ome
Ring Spinning Spindle - Bev Mil!}
(€ per spindle per year)

e y y s e
Count 108 20s ‘ e oy

0.Be R.Se O0.E.| R.S. 0.8, M0, 2.0, &8
Ceapital cost 262 15 2.9 1.V 2.9 it LI e
Lebour cost 2.6 0.9 1.8 5.5 V1,2 .0 b, ¢ L
Power cost (o3 160 17 1.9 1.0 (I L T
Excess waste - O =~ 0.2 - 9.4 , .
Total cost 6u1 13,8 6.4 7.9 9.9 8. 6.8 v

O.B. 1 Open-end spinning Ri. + Mag Wi

While the conclusions arrived ot in She 2w o o
existing mill seem to apply in this case ales, he saruge

epen-end sgpinning are somevhat lower,
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Iable 9

Conditions Under Which Open-end Spinning
Would Yield & Return of 10%

20s count

308 count

408 count

i) Rotor speed of
45,000 rpm.

or

i1) 25% lower
capital cost
& rotor speed
of 30,000 rpm.

or

1i1) 25% lower
power cost &
rotor speed of

40,000 rpm.
or

iv) 40% increase

in wvages

i) 25% lowver
capital cost
& rotor speed
of 45,000 rpm.

or

25% lower
power cost &
rotor speed of
60,000 rpm.

ii)

or

40% increase
in wvages &
rotor speed
of 48,000 rpm.

111)

1)

11)

A0% increase
in wages

and

35% lower
capital cost
& rotor speed
of 45,000 rpm.

or

354 lower power
cost & rotor
speed of

70,000 rpm,

From the above table, it is obvious that if the

machine cost could be lowered or if the power cost could be

reduced, the machine could become economical for counts upto

30s.

It is also evident that from the point of view of the

economics of the Indien Textile Industry, it seems to be more



important to reduce machine and power costs than to aim

for very high speeds. Weges in India are expected to go up
by about 40% in the next seven years. If this happens, then
open-end spinning would become economical upto 20s, If at
the same time, machine speed couvld be increased to 48,000

rpm, then its economic use could be extended upto 30s,

There are at present about 1.5 million spindles
in the country between the count range 10s - 20s, This is
probadbly spread over 350 mills. Most of these mills will
not be in a position to make the necessery investment. The
chamaes are perhaps a third of them will buy one or wore
open-end spinning mechines depending on their financial re=
sources and technical competence. Therefore, 1 expect that
during the next 5 years, assuming that the open-end spinning
machines will be manufactured within the country, about a
meximum of 250 machines are likely to be installed in about
100 mills,

Another factor that has not been considered in
vorking out the economics of open-end spinning is the come
pensation that would have to be paid to the workers who might
be rendered surplus as a result of its introduction. Apart

from the difficulty of retrenching workers in India, the

compensation that has to be paid is a fairly heavy burden




vhich depends on a number of factors snd is difficult teo
estimete beforehand. This would also be an inhiditing factor
for mills who wish to instell open-end spinning mschines om

a lgrge scale,

The last but certainly not the least important
factor that should be considered is whether open-end spimmn-
ing mechines are likely to be made in India in the near future,
The Indian Government does not permit the free import of
machines. VWhile ¢ few machines may be permitted for purposes
of demonstration or evaeluation, lsrge-scala imports are mot
likely %o be allowed. Therefore, a pre-requisite for the
lsrge-scale introduction of open-end spinning machines would
be manufacture within the country eithar independently or

under collaboration with a foreign manufacturer.
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Appendix 1

Expression for Optimum Speeds

expression for optimum speed has been derived

on the follovwing assumptions.

1)

1)

ii1)

iv)

v)

vi)

The price per drus is comstsnt irres-
pective of the rotor speeds.

Production rete increases directly in
proportion to rotor speeds.

Power consusption and hence power costs
increase as the square of the rotor
speeds,

The rwor rates remsin unchanged over
the life spen of the machine.

The labour cost per unit production in
open-end spimning vould be the same for
all speeds.

Changes in cost due to saving in space
have not been taken into account,

Bffect of increasing the speed of the open-end

mohine vould be to reduce the capital cost per unit produ-

ction in proportion to the incresse im speed. On the other

hend, the power cost per umit productiom would increase im

propertion to the speed. The optimum speed would therefore

be that speed for which the sum of these two costs is a

sinisua,



Symbols

ing speed

Capital cost of machine per drum.

Present worth of tax concessions on development
rebate, depreciation and salvage value of
5:ch1no expresseld as a ratio of the investment
Life in years,

Interest rate (ratio).

Rotor speed (rpm).

Power cost per drum per year for speed 's',
Tax rate.(retio)

Bxtent of increase in speed from 's' as a
ratio.

n
Capital recovery factor = 100 + 1%
(1 ¢+i) =1

Sum of capital cost and power cost per year,

The total cost of capital and power for the exist=-

of 's' is

= Cld + P evececvscccoccecocstnnnes (1)

and that for a speed of 'xs' is

= 9%! 4 PX ccccecvvcccccscccccennee (2)

Any difference of Txn over T' is subject to tax

deduction or tax concession depending upon whether it is g

saving or excess of cost,

Hence, the net cost after ad justing




for tax is

( g—i-d- + px) (1 =t) ¢+t (Cld 4 P) ecevcccoceees(3)

The above cost is minimum if,

X = /gI! 0000000000000-000000.0.0000000oooo(‘)
, P

The factor 'Cld* is the annual capital charges after
alloving for tax concession on development rebate and depreci-

ation and salvage value of machine,
Price of Maochine Varying with the Speed

If for every 1% increase in speed the cost increases

by a %, then the cost of machine is

C + aC (x - 1) ooo.ooooooooooo00000000000000000000(5)

The total cost is Eiﬁ + W+n

The above cost is minimum if

x-\/m - /(1-.) ﬁ%ﬁ ecececncee(6)

The expression (6) is the ssme as expression (4)

except for the f.otcr/( 1 «a)e




It follows that the effect of increase in machine
costs as speed increases would be to reduce the optimm speed,
the extent u{ reduction depending on the amount of increase in

costs,

To 1llustrate, if machine cost increases at the
rate of 0.5% for every 1% increase in speed, then a = 0,5
end the optimua speed is /0.5 times (1.0, 0,707 times)
the optiw's speedi for which the cost i3 assume’ to be inde-

pendent of speed,

]




Appendix 2

Optiomum Speed for Maximum Relurn

The nptimizm speed for meximum return shoultl be
obviovsly higaor than the optiuwuw speed for mivivim crei
for any speed lower than the l:tter would mean not only
costs are higher tut q9lso the capital ts greate: ani cone-

quently the return is lower,

Let Xq8 e the optimun speed for miniuwum cost,

Then x, = /CId (from expression 4)
P

.
§

If xs 1is the optimum speed for maximum return, thems = .,

If r 1is the rate of returr (over and above the anmual cwpltel

c

charges) for capital investment of = » then
1

C Cr

A —

Return on capital for X, x

® 00 000N 0N ON FH e ¥y

Capital and power costs cld

per year for + px1 Sec st oEsEr s

x1 11

¢ Cid
Capital and power costs per year for XX -3 X, + PER, ...

c ¢cr . c1d
= <+ Sm——
X 11 11 !1

e Hate of return is = :Efl {: gf + Q%Q + px, - %%t - pEe,

Return on capital for + pxy - id bas,

Il,

'

= Xr + Xxld + 8 xf X =-1ld - p x’ 2
—T-m




The above is maximum, if
r+1d+1d-2x14 = O
r

!81+m

Optimum speed for maximum returs is e *i LI *f . e &

The optimum speed for maxisuw® retwse 0 (' h%

times that of miniwum cost.
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