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SUMMARY

PROBLEMS AND PROGRESS OP INSTRUMENTATIOR
1N CHEMICAL INDUSTRIES IN LVEVELOPING COUNTRIES l/

by

S.D, Bhasin
I.C.I, (India) Private Limited
Calcutta, India

Sophistication in Chemical Industries in India and other developing

countries is a more recent phenomenon.  The growth of Petro Chemicals,
Fertilizers,

latest +o

Fibres and Plastics and the trend towards apolication of

chnology has made development of instrumentation at a much faster
pace a necessit,,

The paper reviews the arowth of instrumentation in ICI(I) and its

associated companies, surveys development of brogre¢sive manufacture of

instrumants in sndia, nproclems of standards and quality control and

facilitiee for training o *-chnicians.

The problems nf availability from
and parts conforming to the desired qu

indigenous sourcer of components
ality standards are highlichted,

i/ The views and opinions expressed in this

paper are those of the author
and do not necessarily reflect the

views of the secretariat of UNIDO,
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Anstrwments were discarded o repinced by mavug! contrel., 1t s also true

Relying essentially en the oxperiense of the ICI Compenies ia Indis
on attempt hes been made in this papex te prejest a hread plcture of the
pregress snd preblems ef iastrunentatien {n the ahemical indwstry in Indis.

Although some basic cheaical masufacturing wits wore set wp {n Indis
immediately atter World Wer I1, resl development of this industry has taken
place during the last 19 yoars. The petrocheajeal industry 15 still in 1its
infeney with only ene wediwm sige Gracker and down-stregm wnits in operstion.
While sophistication has, as was to be expected, given rise to demands for
establishment of higher skills in operating and maintenance personnel, far
greatexr has been the impeot ef impert restrictiens impoeed by the Government
during the lest decade. The imstrument menufasturer as well os the maintenance
engineer has hed to work with hs back to the wall te cope with the probleme,
The price petd by the marmfacturer of instrunents and of chemicals has been
heavy but very large strides have been mads in this short period towards
sttaining self-sufviciency,

1.  Mlatary of Develooment

In the earlv stages of development sf the chemical industey in the country,
plants were impartod as packsge units of whioh instrwments fermed an integral
compement. While this circumvented eny restriction on imports, the maintenance
and Teplacement of these instrusents became o serious problem. Soretimes

thut ot this stage in the derign empliawis s placed on greater usce of manugl
labour owviouely to srovide incieaned omp ] cvmant
By virtae of their procmes and the sttitudes of the operating personmel

. the saxlier plents in indis soldom waployed (nutruments as an ald to of ficlent

and economic operstion. Today, with the higher srossures and truperatures at
whioh plante hove to operate aid the dangerows fluids that have to ba handled,
precise nessursment snd zontroj by instruments 1s fnescapable ind has been 80
acospted by the designer and the oparatars. There is, nc doubdt, a serieus
wWmenpleyment problew and, sitheugh autometion is vielently opposed and
sonputerisation has not beon as wide as would be expected, nftrwwntation in




chemical industry is accepted amd has pregressed well.

Teday prcoess design groupe have heen established in all majer orgenisstiens
and they are supported by instruments dedign enginsers. In the last decade in
the ICI Gwoup of Cempanies in India ths handling especity of instrwmerts
desicroz.. hat tredlod.

In Greph I 1c irdicatod th? grawth of domand ¢f all instruments snd progess
control instowacnts frca 1988 o 1974, Aiso given for ccaparison is the greuth
of lrvostmant 1u the instrummts marufacturing industry during the su peried,

Graph 1
Geaph II gives the growth ol process centrel instruments as a persentage
of tetal irstruments end chesa cloarly tho mozo rapld develcpasat of the
roquircaents of the chemical indwstuy,
Graph 11
Graph IXI is anether presentation of the snmual rate of grevth of presess
gontrol instrwwints when compercd with demand for sll imstrwmcats and the
investnant in the imetrunonis msnufacturing industzy,
G.aph IIY
Graph IV is a representation of the investment in instruaents agaimet
the tetal invest: ent in chemical piant i one Group of Cempandes fn In2i:

in the last decads or so.

Graph IV

2.  Prxesxess of Masomfactura ef Inntnments
The Instrwments Msnufacturers and Deslers Association in Indis hes

projected the demand for instruments in the caming years, hatad on on
ssseccment of {natrwments requirements ss 2 percentage of physicsl plant
cost for major groups of industries.




Instamentation Cost a8 ¥ of
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Maxyy Metallurdical Indusiries
Steel and Machine Tools Jtoa
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Petrochamicals

Heavy Chemicals
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Flastics

Synthetic Fibies
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Power Plantu « Themal and Hydve I e
Papex 2¢13
Rubk~r JLa
Sugas 4¢L0)
Sther Induatries
Cement and Toxtiles 1.9 t0o 2
Electronics Jtod
Food and Dairy Beveragee 1.3
Gtass Jtod

A smali beginning in the manufacture of simple, indicative and recordinmn
instruments was made in 1955, The total value ot instrum~nts mcrufactured in
thet year was about P: 500,000 (865,000). Considerable progress has since
been rad? in the manufacture of pneumatic and electronic process instrunents -
more in pneumatic than in electropic - and the output in 1939 rose to - 0
afllirn (5400,000)e A high rate 'growth is expected to continue and one
important nmanufacturer expects an incirase of 18% per anrmm over the next
4 yoars, Miniaturissticn has begun and manufacture of still more compact
instruments is planned to be taken up soan,

In Graph V aze uresented the estimates of demand, msnufacturirg capecity
and the shortfall of instruments in the period 1960 to 1974,

Graph ¥
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Currently in India there are 30 to 40 medium to largs size instruments

manufacturing units and about 630 small units.

There are 5 large units, 4 in

the private sector and 1 in the public sector (owned by the Gevernment)

mgnufacturing process control instruments.

control valves.
denand,

Only 2 or 3 units are manufacturing
The manu“acturing capacity falls considerably short of the

The manufacture of process control instruments has sterted only recently

and more attention .eeds to be paid to quality control to turn out equipsent

conforming to international standards.

Today the user of instruments 1s

required to undertake much more detailed inspection at various stages of

manufacture than should be necessary (in ths ICI Group of Companies the progress
and inspection overheads sre 3 to 6X of the material cost).

3.  Ihe Prosent and the Problems
(1) Tho range of instruments now available and those that are still not
wznufactured are given in the table below s-

Available in Indias

Not Available in India

Process Type of
Vaxiablo Instrugent
Temperaturs a) Indicators
& Recorders
b) Transmitters
s) Controllers
Pressure s) Indicators

& Recorders

b) Transmitters

¢) Controllers

Filled system. Galvan—

ometric & Potontiouatric

types fgr range 200 C
to 1600°C.

Filled system-

Pheumatic & Electric
type with switches
for Gi/OFF control.

Non-ferrous & S.S.
sensing element for
range - 760-Q Hg.Vas.
to 630 Kg/cm

Pneumatic

Pressure switches for
limited applications.

Radiatica and Cptical
Pyromote typs end
Themistcr typo.

Electro-pneumatic type.

Elestric 3-mode
Controllevs and I'LP
Themostats.

Special allcy sunsing
elements lil-e Monel,
Inccnel ets, and alsc

for range above 620 Yg/cu“*

Strain gauge and other
electrical trancduc-oa.
Gauges and trenadul-rs

in FLP enclosures.
Pressure switches for
absolute, diff. prieacure,
etc. with various
materisls for the seriing
elements. Also flaaeproof
switohes.




Progess

Vacuum

Flow

Anslyeie

Deneity ez
welight

Type of

Avalilsble in Indis

Not Availsble in Indis

Indicating
Gauges

a) ludicators
& Recorders

») Trensmitters

8) Indicators
& Recoxders

b) Trenemitters

¢) Controllers

8) pH Indicaters
& Redax
Indicatoxe

b) Conductivity
Indicatore

¢) Gas Analysis

d) Chemical
Composition
Measurement

s) Indicators
& Recorxdors

Diaphregm & Bellows
type.

Glass tube Rotametere
suvi Hg firlied diff,
pressury recordors.

Pneumatic ciff

pressurs itype in
CeSe and S.5. bodies.

Gauge giasses & diff,
Pressure type gauges
for limited
spplication,

(Pnewmatic) diff.
prossure type,

Float switches for
general applicstions.

Laboratory £ indus-
trial type with
1imited electrode
holdaers,

Laboratory & indus-
trial iype for
generxal usc.

Weighing mashine
upto lm'm ”0

Mcleod Gauges, ifonization
gauges etc,

Ory type differential
recoxders.

Mggnetic flow tranemitters,
DeP. cells #ith various
body materiais %o withstand
corrosion,

Gauge glasses & indicators
for high pressure and ‘emp.
with matorials to withstand
corrosion. Ultrasonic and
neuclonic gauges.

Float operated type D.P.
Cells with body materiale
to withstand different
corrosive conditions.

Float svitches for critical

duty, Buocyancy type
contiollors.

Industrisl type with
various electrode
holders.

Industrial type for a
variety of duty
conditions.

Infre-red type themal
conductivity type and otherxs.

Spectro-photatieters,
Chromatographs .

Accurate weigh scales for
low range. Donsity
Indicators & kecorders.



Process 7ypo of Available in India Not Availsble in India
Yariable  Iasixument
Control Valves Alr operated valves Alr & Electiic operated valves
for general duty. for critical duties covering
Solenoid vaives. a rang® of applications to

suit Presgure, Tamp.
Corrosion, etc. PLP Solenoids.

(i1) The situation 15 aggravated »y the virtusl non-existence of standard
laboratories for evaluating, testing and callbrating process control instruments,
Most large users have had to develop theii own facilitics at considerable cost
for caxrying cut these tasks.

(111) There is a big shortage of treined instrumcenis engineers. Today
there are only 3 or 4 Institutes in Indila qlving courscs in instrumentatioen.
The instruments design overhead is ccnsiderable and is now of *he order of 1%
of the physical plant cost.

(iv) Due to the limitations of instruments aveilability and shortage of
tecihn:icians the chemical plant designers tend to restrict the degree of
complexity in instzumentation to that absolutely esscntial. This inevitably
increases the demand on efficiency and performance of thn process oparator.
Greaier number of visual and audible alaxws are providad to compensate the
human element znd the control instruments arc designcd "fail rafo.”

(v) The yawning gap between production and demand has resulted in long
and uncertain delivery periods for instruments and apar#s., Alszo the
instruments manufacturers, restricted to production, hevo not onlaxged their
activities into other flelds, e.g. contract designing, servicing etc. The
effect of these on the design and mainte.iance is -~

(a) The designer is obliged to aim fox a "minirum adequate”
concept rather than one of "ontimum design,”

(b) Tried and trusted equipment which will have easier
spares availability is preferred.

(¢) The spare parts inventory increases. A typical
figure of spares for instruments in a factory is
17X of the installed instruments cost.
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(d) A larger maintenance foroe ia required. A typleal
figure is one man pexr 320,000 worth of instruments.
(e) Bxtensive training of craftsmen.
(f) Larger invostment on repailr sheps S.e. » greater
vazristy o7 testing and calibrating equipment.
4  Dutme Tnods

It 1s expected that in the cominy years -

(1) Mere snd more total design wlll be handled by the engimesre
in Indla.

(11) Methods simed at incressing the desigm handling cepacity
and efficiency will bs employed.

(141) The inetruser:ts ongimer wili play an Increasingly
important role in the design of more complex iiigh threugh-put
continuous strean plants and would vxrogress towards the rele
of systems design engineer.

(iv) Casputers wil) astasblish their usefuiness in the industry,
Although the rate of growth may not follow the trends im the
developed countries more and mors computers will be installed
for selective use.

(v) The rungs of activities of the instrunents menufacturers will
expand und se will the approsch to desigh and maintsnance.

(vi) Centractual design ané comprehensive servicing facilities
sre likely to develop which will bring about a correspending
change in the sppreach to manning, training and spare perts
inventory control.

(vil) National stendards w!]l be evolved for instrments which will
help in rationalising mamufacture. The Indian Standards
Inatitute has 2lresdy taken up formulation of standands few
fnstruments.

S. Develemment of Technical SlMls

Oaly two decades back electricians and watch maksrs were the only
instzuments nechanics. There were no institutions or any other fore of
training facilitlies for instruments technelogy. Repairs and calibrities
were carrie®d out with the aild of menufacturers hond-looks and by trial




and errcr methods. Lack of theoretical and practical background rendered
maintensnce peraonnel incepadle of snalysing instruments problems en aperating
plants.

It was surn recoynized thet the tuccesq of sophisticated and increasingly
coxplwx plant: depsided very much on che repabilities of instruments
maintensiice pex onnel. farge monufsoty 1ng o:ganisstions took up, in earnest,
training procrawnes ami swt up training schools to fater for their own
rogquiraaonts.,

In ali tiw iCI Zouxpanies & Indis tr=ining courses are now run for
high~school 2ducated hoys in tha sge gioup 17 to 20. The training programe
«xtende oves 3 yesrw and wovms cligsroom, leborstory and in-plant training.
Hefresher coursve for njant instewnents cvechnicians are speciclly designed to
give theoreticai backjrcuns -i.h ewphasls oo developmant and application
of new instru.ents. opecizl courses of 12 ~ i® months duration are organised
ta cater for tho requicuments of spacific planis having « high degree of
sophiuticated hgtruneniation.

A tuaber of institutions Jor trsining craftumei, moit uwf them sponsored
by tha Governaent, have aluo come up. Some of the treining finstitutes
established 1y rthe Goverowent buve received assistance from international
organisaticns both by way of aquipment anc instxuctors,

Speclial Sraduvete lezvei courses {dading to a diploms are now being run
by 3 or 4 technicai institutss in the country,

There rverthiless contires ¢c be s shwrtaye of instrument enginesrs
and technicient in the countey and good treined men are at & preaium, Their
turnes cr 14 Mah awud areater tian thet of any other categery of craftsmen.

6.  lopart svbetituidop

The saverae ba'ames of trade i1a India makes import restriotions necessary.
Substitution 13 thur Toxces upor the manufacturers by Governasnt regulatiems,
The manufacturing snd usintenance angineer has to exerclse considexable
ingcaultly to keap the niantn xupning.

Sephisticatud satarizis of construstion are virtuaily non-existent
and the critiocal toierance lawveis for scme of the components difficult to
achievr, Nevertheloss much progress has beer made in impoxt subatitution
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snd while a few years ago a large modern fertiliser plant would have imperted
slmost 311 instruments, an indigenous content of 40X s now possible. It e
alse possible to oquir lese sophisticeted and smsller plants with {nstruments

entirely manufactured ir india.

Howewar, as aentioned eurlier in the text,

A very close lisison with the manufacturex ii necarsery axt frequent inspections

are Wwavoidable.

The manufacturer af fnetn ats ne3 he owr oredlems. '+ caniot rossiily
undeztake sanufacture/fabricstion »: 211 compgnenis himsel ' and, thereior,
spends considerable tims and wonev ir wocoatracting sad iading smgl)l facricators

to meke individusl compenents.
supensive machinery tu make some - mponients himsels.

ho t» ofven forced to instal specia) end

The maintenance engineei hau to facs similax probless in procurement of
parts to ensure that his instruments remain in wseful service. Impert substitution
cells are set uo in all ICI mnufacturing units in Indic to coordinate procurement

ani fabzication of sophisticated parts.

Take i3 an expensive cperation.

A 1ist of some important components of instruments that uie and are stil])
not svailable in Indi: 3s given below 1~

Mechenical

Electrieal
Ascosseries

Avallable in Ingla.

Fittings for copper tubes,
M.3. plpes (lew ressurs)
isclatien valves (iew

pressure), contml panels
oopper tubss (single cuns

Relays, Annunciators,

.Hooters, fittings, slexe

indicating lights, a few
werkahop testing squli ment
“m‘\ﬂmo

Resistors, Capacitors,
Petontieseters (’ imited
sccuracies), Electrenic
valves, transistors of
l1iadted range, mechantcsl
pares of the jenersl
hardware type.

Hal avedlable in lpdia
High Fressure ripes, fittings,
vuiveo for corrosive conditions,
special composition valves,
mlticire [acumatic trb-~e,
special gsrkots, special thrrmo-
pockets,

FLP Hootrw:, spucial type of
relays, FLP slarm indicating
workshop test equiment,
Thexmo~couplies, iesistance
Themma aters, Speciasl & 'itches.

Mgh cuality rosisters,
capacitors. valv™s, transfatom,
printed and integ=atod ciz~utts,
electricai, slectronic spares
of special eture for
proprietory items, mechanricsl
spares for proprietory
instruments, special

recoxder inks,




While the larger instruments maufacturer ut'gup his own standaxds of
production and zins & impicving thea 1n accerd with intexnational developments,
the larye mass of suail manufuctuters do not or cannot afford to produce to
high quality standerue. ‘he result is ¥ variety of sub-standard products which
the sophisticeted chemical aanufeCturer ¢.anot oigk instailing v . iante,
This oroblem exists in simost aj! the samufacturing industries ana the
dovelopment of evell songe 98 AERE FRVIIN Tetional wbjuctive . briugs thie
problem ir its weke. 1hareforq, some of the item: 1isted sbove as available
may Rot in fact 26 upto required sianccrds.

SUMBALY

(1) Preduction of and use in chemical piants of modern sophisticated instruments
18 makiig good progress in Ingis.

(2)  There is 4 Large unfilled Jap batween demanc and productton capacity
of instruments tncluaing urocess controi instrumerte which will take
may vaars to fir],

(3) There irn & shortage of trained instrments engineers and teohniciang but
8 numbax of institutions hgve baer sat ;- in .wcent yoars which are
turmning cut acceptabia sield vy »f sngineers and techniclang,

{(4)  There is erphasin cn wore nd more design work for chemical plante
being cerried ou. in ‘ndia but due to the limitations {n supply of
instruments ant techni-ians “he e je to cesigr for “minimum
asdequate” requiiaments,

(3) Facilities fou servicing, testin ng taltbrating iostruments sre not
svailahie fxom 'he instruments wenufact urers,

(6) Ilport restrictions maxo taport rubrtitution essentia) snd both the
nenufacturing snd maintenance MY A0 re required to spend consideraie
time and money in fabricating romponents and vpare parts,




§ wmiLLIONS OF Rs. —

1800

| SR

[

CAPITAL INVESTMENT IN
INSTRUMENT MANUFACTUR!NG
INDUSTRIES

\‘N TOTAL INSTRUMENTS OFMAND

|

L2

&‘“
MTAY

ouTAOL
NTS - DEMAND

r:-'

R T

R

GRAPH 1- INSTRUMENTS DEMAND & MANUFACTUMM INV!"NENT

R T S




F

b

e

e

b
W Vo —e

.

—

A

L]

ORAPH I - RELATIVE GROWTN OF

&

v

B J T

e

3

iDFimid¥ic SY GNVAID IN-AT N ISNI §S 350y

«?

.. ~




YEARLY DEMAND GROWTH OF
PROCESS CONTROL INSTRUMENTS
AV mg_uun_m_

YEARLY INVESTMENT QROWTH ¢of
INSTRUMENT MANUFACTURING IDUSTRY
r—YEARLY DEMANG GROWTH OF

\ TOTAL INSTRUMENTS

""‘“"“'—'r'-r——m——mf‘

QRAPH J- DEMAND GROWTH OF INSTRUMENTS




L Ons BF N ——=

=
g
»

N MI

cAsy

e
CUMULATIVE INS TRUMENTATION
il GO8T OF PLANTS
L 3
L o]

\ % R W AN -t
-~ ~n [ \
‘oo ‘v }.
6 -
A TAUMENTAT!
AS PERCENTARE OF
PLANTY cosY
4l

!*’“

e AR R R s L Il
L4
° 00 N YIAN —o e

|

> an

8

QAAPH I - INSTAUMENTATION COST Vo PLANT COBT




i A 1 e - 7 S 0 e o it oo | a. e ) et s e e oo

MILLIONS OF Ry ——=

i

/1 L PROCESS CONTROL
, INSTRUMENTS DEMAND

| J, *

; ﬁ:‘:’, - 1 ‘
7 e - PRCCESS CONTAQY
gl WSTRUMENTS PRODVC TION

e T W T e - T TR
f QAAPH T - PROOUCTION AND DEMANC OF NSTRUMENTS









