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PART I 
SUMMARY 

1. The project to decide i•rleaentation priorities in respect of 

establishment of saall and aedium-scale projects for production of wires 

and cables and other ~ccessories for telephone industry in Ghana, was 

undertaken by Mr. N.K. Madambath, (Hr. M.N. Kumar) from 18.8.90 to 

13.9.90. 

2. Government of Ghana. has already a draftplan, for developaent of power 

generation and distribution on hand. About 30~ increase in the near 

future is targetted. 

3. Ghana, manufacture wires (House wiring}, Low tension cables, and high 

tension over head wires. The major plant aanufacturing these products, 

remains underutilised. It c?n improve utilisation by export of the 

above items, to .1eighbouring states, and diversification into 

manufacture of enaaelled copper wires. 

4. No incentive for the use of aluminiua is found as the raw aaterial 

prices of copper and aluminium are not much different. Both have to be 

paid in US$ only. 

5. Diversification and better utilisation of existing factories in Ghana 

can be achieved if the manufacture of enamelled copper wire is 

undertaken by them. However they have not shown interest in the subject 

as they intend to concentrate on wire drawing and cable making. 

6. Enamelled copper wires are being imported since long. The local market 

for this product is good. Value added in this product is quite high. 

Future requirement is on the inc~ease. Ghana does not have tne facility 

for making this product. 



- 2 -

7. Installation of a unit in Ghana, for the manufacture of enamelled copper 

wire, is reco .. ended. A prefeasibility report has been prepared 

accordingly. 

Salient Features (in eaillinn) 

Total Investaent 227 .11 

Total Sales 453.60 

Net lncoae !30.11 

Foreign Exchange Earning 206.00 

Internal Rate of Return 82.25% 

Ratio of Raw Material Price 

to finished Product Price 1:2.97 

8. Local enterpreneurs have shown interest in the above project. 

9. Technology for the manufacture of enamelled copper wire is not available 

in Ghana and needs to be imported. s:· i I led workers required for the 

project can be trained from local labour force. 

10. Acknowlecigaent: 

The expert wishes to acknowledge with thanks the co-operation received 

from 

Dr. J.H.I. Sait, Chief Technical Adviser, UNIDO 

Mr. S. Asare, Head, Projects Department, National Inv. Bank, Accra 

Messrs. Antti Ahonen, Carlsen and Tauchman. UNIDO Consultants 

Officers of National Investment Bank, Accra and Kumasi for their 

valuable suggestions and assistance. 

\\_ '· ''·- '\\__,'--'"'--'-'"~ 
-N.K. MADAMBATH 
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IffTRODUCTION 

1. As per the special service agreement - expert on Mission INDEX 

No. E620972, PPRD/APPINO 1513/901KS, a memorandum of understanC:ing Wc:S 

signed among UNIDO and Hadaabath Nanda Kumar Nayar for a •ission in 

Ghana, as per enclosed job description - Annexure 1. 

(Heaorandu• of understanding needs revision). 

2. Reported to UNIDO Vienna on 20- 8-90 for briefirx::'. 

3. Left Vienna on 22.8.90 and reported at UNDP Ghana on 23.8.90 was briefed 

thoroughly by Dr. J.M.!. Sait (Chief Technicai Adviser) UNIDO Ghana and 

Mr. S. Asare, Head of Projects Department, NIB Ghana. 

4. The ouration of the mission was intially lfrom 18-8-90 to 1-9-90 

including days of travel, was subsequently revised to 13-9-90 to 

complete the work and also to participate in the technical session of 

the seminar conducted by NIB for two days. 

S. The objectives of the mission is enclosed in Annexure 2. 

CURRENT STATUS OF WIRE INDUSTRY IK GHANA 

1. Ghana is currently producing electrical wires from copper. The wires 

are usej for house-wiring and low tension cables for distribution 

purposes and high tension overhead wires. High Tension power ~ables are 

being iaported as part of the aid programme for electrification. 

Alu~inium wtre is not being produced as the price of alu~inium is 

practically the same as that of copper and both payable in us uollars; 

presently there is no incentive to change over from Copper to Aluminium. 

The ~n!y produ~er of ~'.~ctrical wires fA5LE METAL 1GHANA· LTD .. a jo:n~ 

venture between a private enterpreneur and the National Investment Bank, 

had plans, a decad~ ago to go into a program of manufacturing aluminium 
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rods by continuous casting as feed stock for their wire drawing 

facility. This was not followed up owing to price indifference between 

copper and aluminiu•. 

This unit is under-utilised and is running only on one shift basis per 

day. If it starts exploring export aarket for hoae-wiring, insulated 

and low tension power cables, and telephone cables, the utilisation of 

the unit can be substantial!y iaproved. Since NIB is one of the 

proaoters it can take the lead in exploring the foreign aarket through 

government to government level contact. A study at various African 

centres shall be helpful in exploring aeans ~f utilising_the plant 

capacity to the maximum. 

2. No other kind of wire is being produced in Ghana. 

STATUS OF POWER GENERATION, DISTRIBUTIOft 
AND UTILISATION 

3. According to Dr. CHARLES Y. WEREK-BROBBY, Energy policy Advisor to the 

Ministry of Fuel and Power, 

(a) A draft plan for the developaent of power generation _and 

distribution for the next 30 years is already made. However, it 

will take about 3 months to finalise the same after which he shall 

be able to give the details. He has asked to get in touch with hi• 

after 3 months. (UNDP/NIB, Accra may collect this information at 

the appropriate tiae). 

(bl Power generation is expected to increase by 300 MW in the next 

couple of years, making the total production to 1400 MW. 

Distribution network will also increase as the government is 

;<:J A number of items which could be made in Ghana is t.::ing impcrtej 

and that NIB and UNIDO, is going in the right direction, by 
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bringing in experts in the various fields to enable Ghana to 

manufacture goods locally, and that the visit of an expert in the 

electrical winding wire field is well timed_ 

4_ The expert also visited the Kpong Hydro-electric station and had 

discussion with the Plant Hanager where it was pointed out that 

it is proposed 

(a) tc increase power generation capacity by 30% in the next couple of 

years; 

(b) to establish a power grid connecting Ivory Coast, Togo and Burkina 

Faso; 

s_ The requirement of power generation and distribution accessories will be 

on the increase in the coming years_ 

WINDING WIRES - A GOOD POSSIBILITY 

6. POWER - A co1111odi ty that cannot be stored, needs facility for 

consumption along with generation. Power is consumed through static or 

rotating machinery. In both the cases, winding wires are used. Thus a 

good scope is seen now and in the years ahead for a unit for the manu­

facture of winding wires. 

7. There are about 800 to 1,000 rewinders in Ghana out cf which number 

about 400 are in and around Accra and Tema. They undertake rewinding of 

refrigeration compressor motors, fans, electric motors, car dynamos and 

starters, small transformers and cmall static machines. They buy the 

wires from merchants who import the same frcm Europe. The local price 

of the wire is based on the foreign exchange rate of cedi vis-a-vis the 

USDollar: According to the various motor winders and retailers/ 

to 300kgs. per month. The prices range from ¢3,800 to ¢5,300 per kg. 
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8. Tei study the market conditions, out of the nine region: in Ghana visited 

Kumasi of the Ashanti Region. At Kumasi, many units are engaged in 

timber logging. Different types of motors are being used in these 

units. Visited two major units and it is understood that they are 

rewinding the •otors locally and that they are importing the enamelled 

wires from Europe. It was however said that the local utilisation of 

timber in furniture ect., production has not kept up with 

expectations and that they were in financial problems. Situation is 

improving and that they shall be going ahead with diversification and 

expansion in the near future. Also visited Asante Goldmines Limited and 

discussed with Local Purchase Manager the requirements of various gauges 

of enamel copper wire used by them for rewinding the motors locally. 

9. The overall consumption bas2\.i on the above information is estimated to 

be about lSHTS. to lOOMTS. per month. In view of this it appears 

that a monthly consumption of about 25 to 40 metric tonnes per month is 

a realistic estimate. The consumption will increase with the increase 

in power generation and distribution and also with the local 

availability of the wire. Sale of electrical machines, motor cars, 

refrigerators, airconditioners etc. which is already showing an upward 

trend will increase the work load on rewinders. In view of this it is 

felt that a winding wire unit suitable for making the product for the 

above requirement is ideal for Ghana. 

LOCAL SPONSORS 

10. Met some of the top industrialists/traders in Ghana who are capable anc 

Bury showed keen interest in the proposal. The KABEL METAL (GHANAJ LT~. 
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expressed that they would not be interested in diversifying production 

as they would like to concentrate on strengthening their existing 

business. A feasibility report was prepared based on COHFAR - UNIDO 

system, and a joint meeting with the party and UNIDO Chief Techni~al 

Adviser, Dr. Sait was arranged. Party has asked for time to study the 

proposal. UNIDO/NIB can follow up the proposal. 

THE PROJECT PROFILE 

11. Messrs. KABEL METAL (GHANA} LTD. have surplus capacity for wire drawing 

but are not interested in enamelling operations. The entrepreneurs who 

were interested in the Project were interested in an exclusive and 

comprehensive unit and were not keen on tying up with a single supplier. 

In view of this situation a prefeasibility study was conducted for a 

wholesome Project to manufactu1e 15MT P.H of enamelled copper wire and 

the resultant Project Profile and the schedules prepared using UNIDO­

COHFAR are enclosed as Annexure 2. 

12. The salient facts emerging out of the study are summarised below. 

Total investment cost 

Total sale value 

Total direct costs 

Opg. Margin 

Interest charges 

Other fixed costs 

Net Profit 

Return on Investment 

Return on sales 

Tentative I.R.F. 

Breakeven Point 

Payback period. 

¢227.11 million 

¢453. 60 mi 11 ion 

¢215.011 million 

¢165.686 million 

¢ 35.573 million 

¢ 72.903 million 

¢130.113 million 

69.721. 

28.6847. 

82.251. 

30.51. 

2 years 
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PRODUCT STANDARDS 

13_ Ghana Standard Board is yet to make the standard specifications for 

copper wires. aluminium wire and winding wires_ A set of standards 

according to Indian Scandard Specifications (!SS) are attached in 

Annexure 3_ 

CONCLUSION AND FINDINGS 

14_ (a) There is no unit in Ghana for the aanufacture of enamel copper 

wires; 

{b) From the restricted market survey consumption is estimated at 15 to 

lOOmts_ l,)er month. 

(c) The value added in the enamalled copper wire is quite substantial 

and ~he unit for the manufacture of this product is vic.ble; 

(d) The unit will 3ave foreign exchange and also shall be able to 

export the product. 

(e) In view of the above, it is observed that a winding wire unit for 

the manufacture of enamel copper wire would be a desirable industry 

for Ghana. 

15. The capacity of the unit is restricted to lSmts_ per month to be on the 

safer side. Further this capacity can be increased to three times by 

minor increuse in the machinery. 

16. Messrs. KABEL METAL (GHANA) LIHiiED has the wire drawing machinery 

available with them, and underutilised. These machines can be used for 

the manufacture of enamel copper wire by the addition of enamelling 

machines. Alternatively they could supply wires to a new unit for 

er.am-:: 111 rig. 
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RECOIMENDATIONS 

1. NIB, being a shareholder of the Kabel Metal (Ghana} Ltd., should first 

consult the Board of Directors of the company to ensure their stand on 

the diversification of the product line into enamelled winding ~ires. 

2. Thereafter, a detailed feasibility study should be conducted to develop 

the present study into an imple•entation programme to suit the 

requirement of the ultimate sponsor, i.e. for expansion with an 

enamelling unit for Kablemetal or for a composite unit for other 

interested parties. This ! :udy should incorporate detailed market 

information relevant to consumption of wire in Ghana as well as the 

other ECOWAS countries. 
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PART II 

PROJECT PROFILE 
MANUFACTURE OF EIWllLL£D WIRES 

The economy of Ghana, which received a severe setback fro• 1975 to 1983, 

has revived since then. Dur~ng this period, aost of the industries 

produced far below their capacity and soae even closed down. The gross 

doaestic product which declined to 2.9% in 1983. recorded an 8.6% growth 

in 1984, 5.1% in 1985 and 5.3% in 1986. (Ref. Handbook of Coaaerce and 

Industry prepared by Ministry ?f Trade and Tourisa). Consequent to the 

revival of econoay, indust~ialisation and power consuaption are e1pected 

to increase. Power being a vital coamodity, any industrial product 

connected with power also play an important role. 

2. There are about 800 to 1,000 rewinders in Ghana, rewinding 

Ca) Electric aotors; 
(b) Transformers - small; 
(c) Refrigeration compressors; 
Cd) Other static electrical appliances. 

The annual consuaption ranges from 160 to 480HT on a rough and ready 
basis. 

Today, Ghana iaports enamelled copper wire froa Europe. Since the 

Government of Ghana propose to increase the generation and distribution 

by approxlmately 30%, the consuaption of ena•elled copper wires will 

also increase in the coming years. Also there will be increase in the 

distribution transformers and other generation and distribution 

equipment. It is also informed that a foundry is being rejuvenated 

through UNIDO at Tema. If this foundry can be used for the manufacture 

of castings for electrical motors at a later date, motors can also be 

manufactured as the vital raw material that is enamelled copper wire 

might have come into stream by then. 
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3. Having established the need for an enamelled copper wire industry in 

particular and winding wire industry in general, this pre-feasibility 

repcirt is prepared. This will be a PIONEER INDUSTRY in Ghana, and it 

will be in the core sector - i.e. associated with distribution and 

consuaption of power. Since the value added is high, a rati~ of raw 

aaterial to finished product price is approxiaately 1:2.97, this unit 

will save substantial foreign e1change for Ghana, and will not face 

significant coapetition froa iaported enamelled copper wire. In the 

event of this unit coaing up, oth~r industries, such as electric ~otors, 

transforaers (small), miniature aotors, autoaobile accessories etc. can 

be established at a fut :e date as copper wire forms a basic raw 

aaterial. 

GlllEBAL DESCRIPTION OF THE PROJECT 

4. The Project is primarily designed to produce lSMT per aonth of enamelled 

copper wire suitable for rewinding electric aotors, coapressor aotors. 

small transforaers and other electrical appliances. The unit will have 

capability to produce over-coat wire, subject to the presence of demand. 

The product range will cover SWG 15 to SWG 24 wires corresponding to 

Indian Standard Specification ISS 4800 Parts I and II coated with 

various types of enamels such as: 
Polyvynye Acetyl 
Hodif ied Polyester 
Hermetic grade PVA 
Hermatic polyesterimide, described in 

detail in the attached standard specification (ISS 4800). Part I to 

Part IX. 

By adding certain machines, the unit can also be used for the manuf ac-

ture of 
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(a) ena•elled fine and superfine copper wires, 
(b} paper covered round wires, 
(c) cotton covered round wires, 
(d) ena•elled paper covered round wires, 
{e) enamelled fiberglass covered round wires, 
(f) tinned copper wire and fuses, 
(g) paper covered rectangular conrluctors 

With ainor aodification in the aachines, the unit can be used for the 

•anufacture of alu•iniua enaaelled wires, also. 

PRODUCT USES 

5. Product can be used in 

(a) electric aotors 
(b) refrigeration/airconditioner compressor aotors 
(c) electric fan aotors 
(d) saall transformers 
(e) car dynamos and starters 
Cf) electrical instruaents 
(g) telephone equip•ents 

6. A quick study revealed that the present demand for winding wires of all 

specifications ranges from 15mts to 45mts per aonth, which will increase 
. 

progressively. But it is necessary to carry out a detailed market st~dy 

at the appropriate time. 

7. As the enamelling technology has already stabilised to a great extent 

the product quality will be as good as the imported ones and will be 

readily accepted by the market. No marketing problems are envisaged. 

COHPETITION 

8. The product will initially have to compete with i•ported product. 

However since the quality would be as good as the imported product, and 

price cheaper and easy local technical service facility available, the 

competition will not be harsh. 
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FUTURE TREND 

9. That the consuaption of enaaelled copper wire will be on the increase in 

Ghana is substantiated by a market study conducted by the UNIDO Project 

team DP/GHA/87/026. According to this study consuaption of imported 

electrical apparatus had increased fro• 537.S tons in 1984 to 1,035.9 

tons in 1986 and would stabilise at this level. Nevertheless local 

demand is expected to expand by about 201 in the urban areas and in 

substantial aaounts in the rural areas with the reaching of power in the 

villages. 

EIPORT POSSIBILITIES 

10. From the discussions with the traders in Ghana it is understood that 

there is good scope for exporting this wire to neighbouring states. 

This needs to be confirmed by a detailed market study. The product, 

will be packed in wooden cases. The packages will weigh approximately 

10 to 18kgs. in single lengths. 

PRICING 

11. The empirical market study indicated the following ranges: 

SWG {Range 
from to) 

16 to 22 

23 to 26 

Rate per Kilcgram in cedis 
Party Party Party 

A B C 

4200 3100 3200 

5200 3700 3800 

At 1:1 market mix 

Average 

2,800 

3,387 

3,094 

The above prices are net of sales tax and central excise duty. (Total 

20~) 

For the purpose of the stuay approximately soi of this price is adopted 

at ez,s20 per kg. As such the product is cheaper by 201. in the local 

market. 
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TICHNOLOGY 

12. Enaaelled copper wire is a specialised industry. Every aanufacturer 

tries to keep the technical k~ow how to hiaself. The wire-drawing 

technology has improved fro• slow speed aachines to high speed machines, 

single die to aulti dies, siaple wire drawing to wire drawing, annealing 

and coiling, and enamelling in tandea. Siailarly the ovens have 

improved fro• radiation heating to convection heating. With high speed 

aachines frequent changes in gauge, wi 11 geraerate more scrap and 

frequent setting of the machine for various gauges will be difficult if 

not prohibitive when considered in tne context of low level of basic 

engineering skills available in the country. It is therefore 

recommended that semi automatic wire drawing system be used. Since the 

quantity of production is only 15mts per month and the gauges covered 

are from 14swg. to 23swg., it is felt that a radiation type of oven is 

the aost suitable; accordingly. this technology is reco .. ended. 

CAPACITY UTILISATiON 

13. With the combination suggested above full capacity utilisation can be 

expected from the first year of production. 

PRODUCTION PROCE$ 

14. 8 millimeter diameter continuous cast copper rods are drawn on Rod Break 

Down machinery to a size of 3.64 mms. and further drawn on a multi die 

wire drawing machine to respective sizes. Tungsten carbide dies are 

used up to a size of 1.6•• diaaeter, subsequently dia•ond dies are used 

for drawing. The drawn wire is annealed and ena~elled in an 

electrically heated oven. Metering of the wire enamel is done ~ith th~ 

help of adjustable or fixed dies. The enamelled wire produced shall be 

inspected for mechanical, thermal, and electrical properties. The 
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quality is controlle<! stage wise by on the line inspection, and batch 

inspection. A detailed repcrt on the •anufacturing process, dies and 

tools required should be incorporated in a full feasibility study. once 

the wire is tested, the some is packed on corrugated boxes and then in 

wooden boxes, (in case of exports) and dispatched to destination. 

RAW MATERIALS 

15. The aain raw aaterisls required ar~ EC grade continuous ~ast copper rods 

of 8•• diaaeter. C\lpper rods aa;- be i•ported fro• Zaabia and ena•el 

either fro• Europe or India. 

DIPLOYMERT GEllERATIOR 

16. The project would eaploy a total strength of 30 persons. 

LOCATION 

17. The projer.t can be located at Tema or Accra, as it is near to the port 

and capital of Ghana. This will help in the faster clearing of the 

import application papers, imported aaterial etc. 

LAND 

18. Total land requi~ed for the Project is one acre. 

BUILDING 

19. Approxi•ate floor space requireaent for the unit is 700 s.". for the 

works and 100 S.M. for office and stores. 
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PLAlfT. MAalillERY AND EQUIPllDJ 

20. Following is a suaaarised list of Plant and Equipment needed. 

(a) Wire Drawing Bull Block Machine 

(b) Wire Drawing Multi Die Machine 

(c) Welding Hachine 

(d) Vertical Enamelling Hachine 

{e) Rewinding Hachine 

(f) Testing Hachinery for all tests as per ISS 4800 
Part I to Part V 

{g) Tungsten carbide and Diaaond Dies 

\h) Steel Re. ~s 

{i) Tools 

(j) Haterial t;.andling Equipaents 

(k) Weighing Scales 

(1) Electrical Stepdown Transformer 

<•> Electrical High Tension and Low Tension Panel Board. 

21. The coapany shall be aanaged by a Works Manager under the overall 

supervision of the Board o~:· Directors. 

The following estiaates of manpower reqwireaent is aade: 

Works Manager 1 
Shift Supervisors 4 
Electrician/ ) 
Meehan i cs ) 2 
Technicians ) 
Q.C. Technicians 2 
Workers 19 
Off ice staff 3 
W.:stct1illen/Secur i ty 4 
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INYESlftiNl lllCDITIVES 

22. A detailed feasibility ctudy will give exact details of incentives 

available for new industries. However. it is understood that the 

Governaent of Ghana, eabarked on an Economic Recovery Progra .. e, offers 

good incentives for settin:; up of new units in the form of exemptions in 

custoas duty in case of plant and •achinery, investaent allowance 

approxiaately 7i1, depreciation, or capital allowance of 40% in the year 

of investaent etc. 

INVESTIDJIT 

23. Project Investment is estiaated as under: 

( in tH i I Ii on ) 

Land and Buildings 54.000 

Plant & Machinery 77.280 

Training and Technology 24.000 

Preoperative Expenses 8.473 

Interest during Construction 18.140 

Working Capital 45.220 

Total Invest•ent 227 .113 

------------------
PROJECT FINANCING 

24. The expected financing scheae would be as follows: 

(in ¢Million) 
Local Foreign Total 

Currency Currency 

Equity 62.68 62.68 

Loans 22.69 123.61) 146.29 

Total 85.37 123.60 208.97 

Debt Equity ratio = 2. 3: 1 
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OPERATING RESULTS 

25. The following are indicative figures regarding the operating income and 

expenses at 100% capacity operation: 

(In ¢Hill ion) 

sales 453.60 

Haterials 194.16 

Labour 7.54 

Product!on overheads 42.28 

Spares and Maintenance 20.00 

Ad•inistration 4.80 

Selling and Distribut!on 

Total Expenses 268.78 

Depreciation 19.134 

Interest charges 35.573 

Total Costs 323.487 

Profits 130 .113 

Profits as a percentage of sales 28.684 

Profits as a percentage of Investaent 59.420 

Profits as a percentage of equity 207.583 

Breakeven Point 30.5% 

Pay Back 2 years 

Tentative I.R.R. 82.25~ 
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26. The above estiaates have been prepared using the UNIOO COHPUTER MODEL 

FOR FEASIBILITY ANALYSIS AND REPORTING (COHFAR). A set of relevant 

sctedules produced by COHFAR is attached for detailed inforaation. 

NATIOIW. BEHFITS INCLUDING FOREIGll 
ElawtGE SAVINGS 

27. The project is based on iaported raw aaterial, and high local value 

added. Hence this project shall be able to produce an iaport 

substitutive product and sav~ valuable foreign exchange. 

28. It is estiaated that the unit will fetch at least about ¢100 million per 

month in foreign sales. 

Estimated European •arket price based on LHE rate of £1600 PHT, 

@ £3840 PHT works out to «2.236 million PHT. As against this estimated 

expenses in foreign exchange fer raw aaterial, «188.04 •illion per 

annua, and depreciation imported assets/aachinery «8.24 aillion; 

totalling, ¢196.44 aillion. This leaves a Net Savings of ¢206.00 

million per year. (Approxiaately US$0.62 •illion per year). A 

conservative estimate could be US$0.50 million per year@ 0.8 

probability level. 
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ANNEX 1 

UNITED NATIONS INDUSTRIAi. DEVELOPMENT ORGANIZATION 

Post title 

Duration 

Date required 

Duty station 

Purpose of project 

DUTIES 

-----~----· 

V.87-91818 
I I I I I I I I I 

PROJECT IN THE REPUBLIC OF GHANA 

Feasibility Analysis Unit for Pre-investment Studies 
at the National Investment Bank (NIB) 

JOB DESCRIPTION 

DP/GHA/87/026/11-61 

Industrial Engineer ( Telephone cables, alauminium wires, cables, 
and other telephone equipment) 

O.S man-months 

1 March 1990 

Accra, Ghana 

Enable the Governaent. the National Investment Bank 
(NIB) and other sponsors to decide on the iapleaent­
ation Of industrial projects through the establish­
aent of a Feasibi!lty Analysis Unit at NIB; this unit 
will enable NIB and its potential clients to 
o Identify new industrial investaent projectsi 
o Assess their industrial investment potentiali 
o Prepare and evaluate techno-econoaic feasibility 

studiesi 
o Appraise the aodernisation, diversification or 

expansion of existing industrial ventures. 

Build u~ an investaent portfolio consisting of 
industrial project proposals of an innovative or 
pioneering nature. 

Strengthen the capacity of NIB to provide training 
and consulting services to iaprove industrial project 
evaluation and preparation of pre-feasibility and 
feasibility studies. 

Under the supervision of the Chief Technical 
Adviser and in cooperation with other 
members of the Project teaa the expert 
shall conduct a technical study of the 
following Project proposals and prepare a 
pre-feasibility study to enable the 
Government of Ghana to decide on further 

Ar•Phcations and communications regarding this Job Descrip;ion should be sent to: 

Project Personnel Recruitment Branch, Department of Industrial Operations 

UN1~9,r,V,ienna l~tern~ti?na,I Ctnt~e. P70. ~~,x ~Oo. ,A;,14091 :yi1~n~. A~~,tria 

.... I . . 
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iapleaentation priorities in respect of 
establishaent of saall/aediua scale projects 
for the production of wires, cables and 
other accessories !or the telephone industry 

In particular the expert shall : 

(1) Assess and advise on the suitability of 
the available raw & auxiliary aaterials, 
utilities, 118Jl;>ouer and other inputs. 

(5) Advise on the .1dditional or st1ppleae­
ntary sources for such inputs 

(6) Prepare a t~chnical report outlining 
-Equipment, Physical facilities, raw 
aateria1s and other inputs required, 
aanpower needs, training, technology, 
environaent and waste aanagement for 
producing equipment and accessories 
relevant to the telephone industry in 
particular and aluainiua wire aaking 
industry in general. 

-An evaluation of available techono­
logies bringing out their aerits and 
deaerits and suggestions for adoption in 
Ghana • 
-Production/p~ocess f lov hichli&htinc 
bottlenecks and problea areas with 
indicative solutions. 

-Any other inf oraation of particular 
iaportance or relevance in relation to 
the projects under development or the 
sources and quality of equipment, or 
other inputs or environment. 

(7) Provide such other inputs to the project 
activities including training as aay lie 
within the sphere of his coapetence. 

The expert will also be expected to subait a 
report on the findings of his aission. 
suggestions and coaaents. 

QUALIFICATIONS Hust hold an advance level university degree 
in the appropriate area of specialisation 
and must possess extensive experience of 
relevance 

LANGUAGE English 

Annex I 
Page 2 



BACKGROUND 
INFORHATION 

Annex I 
Page 3 

The Governaent of Ghana places special 
emphasis on the development of industries 
which have a capacity for increasing 

doaestic resource use.Although significant progress has been 
made since 1984 the country reaains heavily dependent on the 
flow of foreign capital. The reforas undertaken during the 
past three years should ensure that positive growth is 
aaintained in the •aJor econoaic sectors during tne next two 
years. This growth •ust be accoapanied by fundamental 
structural changes within these sectors in order to generate 
self-sustaining developaent capacity. 

A key role will have to be played by the development 
financing institutions of Ghana, particularly by the National 
Investaent Bank (NIB). As the foreign exchange constraints 
tightened, opportunities for expanding aanufacturing 
investaent were reduced. The Government has in recent years 
relied on foreign finance as a source of industrial 
investaent and credit worth US$ 53.5 million has been 
obtained in 1986 to perait an expansion of industrial imports 
and tr facilitate industrial sector rehabilitation. 

The share of the private sector joint venture firms will have 
to increase in 1989/90. The Government's recent emphasis on 
privatisation is also likely to further increase the role of 
joint ventures in Ghanaian aanufacturing. NIB will have to 
revitalise its business, which was so far ~onfined to small 
scale production, and will, therefore, in the short and 
aedium run, continue to depend on its capacity to channel 
domestic finance and foreign exchange allocations to well 
defined, profitable and bankable industrial projects. As a 
step towards this goal.the Feasibility Analysis Unit for 
pre-investaent studies is assigned to the NIB. 
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lncrMst 1n ll)nt"'i UP1t<ll •••••• 28. 704 0.000 

llet 110rk1119 C¥1Ul. loc:AI ...... )5.l86 35.386 
lilt .,,hnt CAPiUl, forti~ •.• , • 38.538 3Q,!l8 

NDte: Ide • 11n1- din of cover19t 1 c:-t~ • cotfflc1ent of tufM¥61' ; 

l'A-lt~ I % 

w 
0 

tf/Hl87/02f. ••· 28.1.90 

'ii I> II :I 
Oil :I 
~ ~ 

>< 
00 

N 



~::::~~~~~-=- _:_::_ 

--_:.-~~~~~- - ---~..:::.:~=.::::-~--· 
- ·-----·-- ~.

::·.-·~-.·· 
-.:; ;• . . ·::~. . :·,--:-.~~::-

... : COMFAR~:,,c_ 
· . .i:I l.llHD_Q_. 

;-: :·~-=-~-~::-:::=-;~~~~-:~\~~-~~-

-: ·-----:-...:: --=-=·-· 
. . . - ··-·-·-_..:..;7:. - . :. .. -- . 

........ - .................................... .; ....................................................... ~ •• ~ •••••••••• .;._. ................... ~.;._~.-.i:".; •• :. •••••••••• .;.:. .............. · • .;,;,;-: ... i.~.; ............ CM'M 2. I --fMTll»W. IHYESTIElf'i IN«, ACQA, M -~j' -

Cashflow Tables. constr~ctionin 

Yw ... , , • , , • , 19'0 

lotll Gsh 1nf lt111 

Fin.111C1il rtS<.VCts • 

S.les, net of t•• . 
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Totd •ntts .. 
~UhlllJ CO>h, 
Cost of hNnCt • 
h>awmit 
CorPOutt tu 
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Cl.9Ulited c•sn bil~e 

l•.fl\"W, loc•l .•• 
Mflt'll. lt'Cil •••• 
5<JrplU'> I def ICll i , 

lnflOll, fort19l'I ••• 
wtfl'111. forel~· .. 
S\;rp iu; i defi;:: It J , 

19il 

454.m 
.. -... - .. --· --- -. 

(). 7)) 

4Sj, ~uu 

j4S. 41' 

~~.ff 
21i8. 78i) 
:is.m 
1u ... ~ 
o. uou 
0,0iJ~ 

IOS. 'Jl4 
nm 

)40. 41 ! 
~.OI 
~44.~l~ 
llj.;i~ 

:"5~. 93-: 
-1~.(·~· 

1992 1'93 l'94 1995 i9% 1'97 19911 1999 

4~).60U 453.600 4SJ.600 4~3.600 453.600 4SJ. 600 •SJ.600 453.600 

-·--·······-·-· ------······-·· ......................................... -- ......................... ----·····-·---· . . .. . . . ~ -. -.. . . . .. .. .................... 
0.000 0.000 0.000 0.000 o.ooo 0.000 o. 000 0.000 

4;..,,c.uu 1'.j,c)uu 45j, ouu 4~J.C.UU 4S3,,uil 4~•J, c.UU 4~~·. c,uU 4~.l.~uu 

Jl~.j4S 31L.7tj 30&.m ju4.444 l00.80'i ~'17. 17~ m.54u ~e9. 'i~t 

·-------------- ·----·---·--·-- --------------- -···---------·· ............................................................ ----·-·--- .. ···- .......................... 
ii. (i(J(J O.OO(J 

268. 780 268. 780 
)L. 93'1 28.)04 
14.629 14.6 .. "'9 

'•· cvu (I. 000 
~. (l0(• O.OilO 

lJd.~i 141.~7 

~:t.0~4 367.nt 

~'i'. -~(1~1 ;14Q,~(•\I 

87. CJl(l 87.3t-5 
~~2.~9~ m.a~ 
llJ.4(l0 113.4(•~ 

:~7.4)8 ~i•.m 
· 114. (1)7 ·110.~4~ 

O.OO(J 
US.780 
24.669 
14.629 
o.ooo 
o.ooo 

l45.522 
513.432 

340,;:oo 
86.821 

2sJ.m 
113.400 
211.25& 
-167.~ 

~.(J(J(I 

268. 780 
21.o:is 
LU~ 
o.ooo 
o.o~o . 

IO,J56 
~62. sos 

:i4o.;:ou 
U,276 
~Sj, 9~4 

113. 460 
:1~. li.8 

-1(•4. 769 

o.ooo 
268.780 
17.400 
t•.629 
. Q,000 
-MOO 

':.JMr7'F .-. 
SIS. 379 

m.200 
l!.732 
254.~68 
it3.400 
215.07& 

-101 ;678 

uoo 
269. 780 
lj, 7U. 
14.629 
o. 00(1 
0.000 

156.425 
971. 804 

i41i. ~O(J 
(15, 1&7 

:"'55. lilj 
113. 401i 
~ll.1~& 

-98. saa 

o.ouo 
WI. 780 

10.131 
IUi'I 
o.ooo 
0.000 

J60,G£6 
1131.964 

j4u. iOu 
&Ut'I 

i55.557 
lll.4~0 
~U&.S~& 

·95. 498 

o.ooo 
268. 780 
t.m 

14.629 
o.ooo 
0.006 

16U94 
1295.559 

j4u.m 
8Uff 

i5t..10' 
m.•oo 
~u~.&O& 

-92.408 

(l A-<AE... -1 C> . 
2000 '2001 

~~J.600 •53.600 
. .................. 

0. coo o. 000 
:·. ,(.u(1 ~~:i.iuu 

' \~· .• 7 ~; iU, 7iJIJ 
.......................... 

"· 000 o. oou 
:;i •• 780 2£.S. ·reo 

1.317 ·o.ooo 
14.f.29 o.ooe 
o.ooo o.ooo 
6.006 6.000 

1~7.874 IAU~O 

Hi..l.432 16411. ?..~ 

"lo, iOO j40.~(J(J 

(13,009 80. 740 
<Si. l 31 ~9.m 
11 J,400 113.400 
:·~· ~. 71& 1&&. 040 
e;,31s ·7U40 

1st.. I It- !Ml 1a..11zy UM.820 164.8.20 184.820 184.820 ;;~.;;; ;;~.;=: ::~.::: :::!.=:~ 1~4.&~ 184.829 .g .. ,g""' 184.820 
lil~.~j6 jl4y, lilt 

l,,J ,.., 

________ rn. Jlil.:)11> ~·•~ ~-·~ __ ·.9H•''~ IU~oYlll jl4iJ,jll6 W~,7;,(. 1611i,~~ 17~.~76 
• • • • •• • • -••• •••••••• ••••• •• • • • • ..... •••• ........ •'"' .. ., •••-••., ... ., ............. ~ ....... .----~·•"''"'_..,:,.."' ...... -;.-._:..._~-:~-"' •• ••• ........ • "'••~-:··· · ....... - ~..:.:~~-~~.:~---"":'-:"" ........... •"' ....... ••••-•• ..... ,..,....,,. ..... ~"!!••-••••••••:..•T-·,..,,..,,..., • • • •" • • •• • ••••••• ,.,.,..,...,.,.,. •••• .. ••••••••••• 

-s.::. f!.:4 1:i1. s 
lflliiA/871026 ••• 28,..,0 

"O > 
Ill ::i 

(JO ::i 
~ ~ 

)C -0 N 



. . .. 
I 
I ,, 

i : : :i: 
• I .. 
J 
I 
I .. . . 
. :. 
I • 

1111

1

1 

l 
!iii 

·1··. 

" 
,fil!i 

'i:;!; ·1·11! 
ii1.I: 

r:;: !it I 
i1ili '1ri "1 

j;:;:'. 'rr:. ':I ii!ii: ··I, 

i I ; ~ i .. 1· :, I 

'·1il! "I•• 

t i:l'i .;hi ;; 1 '. ~ . I i ; 
I .. .... ,, 

:·1 .. i . :]i ,l.df 
t;:1: : : ~. qq:: ,. 

;1:1, 
1i·! (' 11iii 
11:1, nit; 
:;i:: 
11'1· 
!:; . 

I" . " ., I 
' l'i' I ' .1i11: 

:: 
I 

~~I/ 
:. 

•i: 
ii·:! 

.. 
i:.1: .. iii ;:;·:· '!: 'i' 1:1:1. "i1' i : ~ i 
r: . 

=· I;. ::; 
:. 1•: .. 
= t 
] 

1:§ ,· ~l 

·~i -·-: •• 
= 

,, . 
. '.1 • .'fl.i .. 

~i ,"'f' . ' ,. c:: . ·-. : c . 0 . . .. 
~ 

~ 
'6 
0 ..• .,. 
I. 
a. 

Co 

~ ~ .... .,., ... 
• 

". .. 
' ..,, 

'I·' " • .., 
l 
0 ... 

16.-

" "' • u 

., 
II 11 I 

-- '....• •:> ·:.· ..;::; ·.:· .,,. 
'!;' 

'Q•;.> 
.,::,.~ 

""' <• 

°'i:;-

.:. 
·:> -
.;. 

·::.. .· . 

0:. 
a> .... .. .. 

':. 

. .. .. 
j .,. 

.;: .7. 

.,, . ... 
·; 

>• ;:,;: 

tf: 
"' !:'.j! 1.,, 

.;!1 
I ~ : ' 
.:1 

1:1! 
"i: 

:l:li 
.. 111 
':jd 

-~~ ~i :~~ . . . 
·J~·=-oat·.:..otD 

•7 .. 

,[:;;. ";:: 

·····' ~:;i;""g=·"" 
:§:·i& •. ~ ~ ~·~ 
~:~~:l~C.·l'fa , . ., •' 

.;-... ·=· -=- .::. ·=- ..0 :-... ,.,. .. =-·=- ·=- .::,. 
=... , .... -::. ·=; -::. ... 

;:~ J ·=- =· ·=-

:i; :?.; :$ ·~ :st .:.;,. ::. 
·~ 

,._ ..,,. -~ .... 
=- .,..~ "' .... -::. .,; 

:I'.; 

.. 

~ 
... ... ., 

...;,, .. 
t»•O:• -·-. . .. 

.-- •"-4 ......... 
'7j •Y.• 

.... '. 
1):. :· 

~ ~ . .... 
~ .-. .-. ...... 

33 -

:110:.~.::t·=tO 

~=:i!!:~~.:;l; 
•::O ."Y.o:""f -;) .-

-r •:C. i.·· - ·'.""J ,...._ 

.... , ···-

" . .. :i; ·=· .i l ;:=~ .... ·=-,... ... .... .,, ;2i .,.: .-. •Yo ... 
.'T. 

.,., = •):- ..... . .. - . 
"' ~·· ~ -.. 

:~ ~ 

" Clo .•. """'. 

!~ . 
' 

1~ 
i 
:i 

Annex 2 
Page 11 



-l 

Cashflow D1scount1n9: 

il E'aillY Nhl ~!US NE:t ll'lC~"f f!C.: 
llrt ;;r c'>fllt ••lu;: ............. . 
l11Ur11il R.lt C>f Rtwrri llF.f'.E!> .. 

o; ~~ liorth ver,_.l Het c;.:;:, return: 
Ntt ~Metit Yilut ............. . 

:. .. :' ... ..; ~:. 

?!Ii.]·: :. 

~! ;,3; it 
~r.tc::-.;.. ~ .. ti~= r.i:: ... :: .. := .. :.~.. •. .• -.;~ 

c! hte:rr1o1l Rik of F.et.urr. or. lot•! 1M<:~t~"'•l: 
~~ ~; c:..c.·.! -.•!~ ............. . 
!::ti'~ r~! ~ .• ti! of ~t:tuni ~ :r .. :.. 

~ct a..:.r :.:. : ~~~ ! , s:·~u.:: ~ .... ~ 1 c~c: .<-:. 

~o.ou ::. 

<0.80 ! 

~ •• uu .. 

1!:',.~.~:.;· ~. ,,,,,. ~;rt ITT 

';·.1 ·J:_:J!-~j~COPIFAR,c 
·~·~~ .:·I I.Ill I ~11;1 

---····--················-·· CM'AR 2.1 ·NAllifli. ;;i-;i:5111Nl !Wt'., ACCRA, 1iW1A ••••• 

-·······-··············------············---··············-·················· 

rA C'-.E..· A a_ . 

lifliiiHle710U ••• ;>e.8.~ 

l.JJ 

" 

Ill :l .,, I> 
00 :l 

ti> ti> 
>C 

NIN 



[lf/(,tjA/~7/~26 ••• t~.~.'111 

------
.::.:.__=~.----:;_-:._~-

•,.;~ -;f::::~~@ ~-. ~- 11 COMFAR 
. - . . :: t '-'" t D n 

· • ········-··········································~··~········~····--················································ ··-··· CCllFHR 2.1 ·NAT!CIW. IN'l't$TilitJ iAfl;,_ IK,:tllli, itANil ••••· 

Net. Income- St..al-crnent iii· !Dl81111lim : 

1·eir ••• , , • , , , , , ••• 

T:..~~~ 'iale», inc!. ul.-; tar . , 
~~j:: ·i·1at·l~ c-:o;ts. H":I. :ii: 

- 19'1 

m,M\O 
~IS.Oii 

19'2' 

45J.~6 
m.rn 

:.~~==-~~ ~~--;-~~:::F:.~~~~~-=-=~-:- .. ~~~~~~~-::--.~~-- ---":"~:-::=-~- -

1m - 0 
:=-=:-~:01m ~-=-, . '.JH!' ~ .. >,-.'. - '199! I~' - 1m 

·~·J.~H- . 'c 453ii~6 • m.m .m.m 4~3.'600 m.600 
m.on · m.011 :1r.. Oii m.~11 ti~ .. (IJ I ~I~·. l•I ! 

--------------- ....................... ·-···-········· ................................................................................... ------·······--
\'~ .. i~!·?~ 1:.r91n •• 

~' '· c! total ult~ 

Pr:-r:-1~· ~4t!! -.:C'!t~. tr:eL Oto~:"! .. ... ~u:•"\ 

~rattNldl 1&!~111 •••• 
;i, ~ ~· ~-~•;i! n!e; 

(;:-:;~ :• f:'"lan.:t 

'lr-~:;; r~~•it . 
All~es i1 ••• , ... 

ho:te ;r~fit 
Ti; •••• 

Ne~ Fr~~Jt • 

[1 J't'l~J"S ?lid, • • , • , • . 
- l.\»d:••n:-r+e<:l pr.~f:t .••.. 

.:.:~.•-•ia~~ !l'ldlrtr it..rt-!1 pr_.~-:~. 

_ &rt'>> profit, ). Qf t-0t<11! sale; • 
Ni!t P"~fit. Y. ~f fohl sol~; 
i(t, li!t ProfJt, Ji vf ec111t1 ••••• 
R('f. lie' ;:orofit•inbrest. '.I: =f ir.-;es'.. 

T.12.'5-59 
s;:.s99 

~.9iJ3 

165.650 
;uz~ 

~.,~ 
-~~-"'.'---~;~~-

jj[jfa 
-e.oea 
1~'-m 

o.oon 

130.113 

8.800 
DUl'.'t 
IJl).113 

~Je. ~~,. 

si.~'l'i 

n.<Jo:i 

165·686 
~t.!:7' 

- :'11,;~ 

---=-~~--==-~~~=-~ 
- c:--_-oin;7n 

=· .. ;000 
i~.?4; 

0.000 

_133.747 

0.1100 
m.,C7 
263.860 

. ·28.684 .. ::=_=:.-=-·29.496 
~.i84 -• ~ ·:· ff.4pt 

291;383'" - ::~=.:.'=2t3;38l 
69.7~ - ~~.~ti.no 

n~.585 z~.599 
5;,m ~.5~ 

n.m 1l;nJ. 

I~.~:::_;,'-=-~~~ ]gi;6% c,·,. • 
JL Si:·· 'c· - .-c.·.-c= JE;; 577 ... 

---- -- -· -·--- ---- ·-- --
'.'8. :JUF 0

-·- '-"--:::.: '-2Ui9 .· 

~JS.5&~ 
52.~tt 

7Mil3 

l~.ll'-6 
'.16. 527 

21. o::is 

~)~.~91 

5i.5~1 

-~.m 

m.1~ 
~e. J8f. 

17. •o·o 

2J&. ~~~ 
52.!M 

~4.m 

-rn.rn · 
~~' ~;~ 

ll.m. 

=' )~. ~.(t 
~Un 

f~.4t~ 

174.120 
:-~. :· ;~ 

l•.1.1:'1 
----- ---=_~ -~-~~~~ ~-:;_;~~=---*"~~ -~!_!~Y·~~-~~-~~-=--~--~~-~~ ·~-~~~~·!• ••=~~ •••·~-·~~=.i. ~~. • •• ........... .. 1n.:m·"'-.700="m:tii7·-==- ·m.tsr=-·:.·• -=1~:1~0"·- ·1io.;~4 1;,: .. ~~~ 

e •• :?-:~:o:~flL':": ~;vvv :=· {l,liQO- - - .c MOG. UM 
1'7.m - - Hi.ui7 · · m.~si 15£.. 720 · 1~0.J~4 :c.:.,;.:.; 

........ J:~-~~f:,·;~~~·~~~~=;~~~:~:~ ... !:~~ : .. ~ .. ; .... ~:~~! --~-- ..... !:~~! .......... ~~~~~ 
137.-312 

9.0f9 
m.m· 
401.242 

_ :::C~cl•l .• IJff'=': •· - - - . - -

c:t.090 
1 cl. m 
S.2.25~ 

144,~I 

e.ooo 
144,li51 
tSt.. '1IO 

-·1~.no 

0.000 
15L 720 
1143,&JO 

160.354 

v.ooo 
1•.r .. :·~~ 

icu:i;;,1<-• 

39.m =.:::._~r.uw-~:=.c::;_ m"o --_: c~34.~ -. ··c:· 35.351 
:i~.m~ --"' =·-'Ji;ll89 - · - Ji.890 - - :l4.s5o · J~.Js1 

-2~:~::-~~~~~~I:fr:o:~-~~~~~~==~~~:~~~::::-~=:·-.-:Cc~:m 

16).m 

o. 0~(1 
1 ~· •• ~ ~ ~ 

J lt.7. ·.~7:• 

~.m 
Ji. 1~: 

Ul,,29 
D.m 

~~~~_Jf==:--0.:·:~~:". ::::'-· 
1m··-:-~-~-' 2880 

45j,600 m.m 
~I~-. Ct! I ::1 ~.(•II 

--- --..-- ---~ --
l:f.'-.58~ 
52.!.1' 

64.469 

174.Uo~ 
)~.'.•% 

e.4n 

2j8, S&'.• 
si.m 

!.16. 7fl 

· 1ai.e4e 
.~. (1~(1 

U17 
- - - -· . . . ........... ___________________ -

---~. . . .. 
It·~. 6i::i 

6.860 
167.m 

6.0Dtl·.· 

i~7.m 

0.006 
It.~ .~i j 

1m.~~& 

~.~ 

"· 954 m .. m.:.·_ 
7J, 269 

d~.S)(• 
0.000 

171. 53(1 
O.llOil 

1'9.530 

0.000 
17~. ~.)(1 

1515.127 

39.579 
31. 579 

2M.424 -- -- ---
7&.521 

., 

..., 
V> 

-- ----------------------... _ ..... ----~---•'I'·•···~··········~--~~·-----....... -- ............... -- -- -- --~-·~:;; __ .;;. ... .:....:.:. :.~.;-_;.;.~~.;:;;-=-___ -..;;;~:;-,;;;;.;.~;.. ...... ~~ ......... .. -_-.;";,,; ............................. .; .-••••• ;. ..... ;-.-..... :.:. .. ~--~~~~~.:-~~~;,: - . 

W/IJiA/S7/026 • -• '5. a.10 
"IJ I ;i. II ~ 

!)O ~ 

~ .; 
ii( 

1..JIN 



- -l 

T:.~~~i ::~~-::.:~1-~~~~~-'. -....:.:=.:._~--· 

--- ------------- .................................... ··- ................ •- ................... _ ......................................... ------- .. ..;~ ... -:.;.:..;2-~ ............. : .. · ............. -· -..................... ~-.;~-~~---····~:-.................. • • .... • .... (,·~Ai< ~, : 

N·at Income St.at.er .. ~nt. in CEblS •illiM 

t·.e•r • • • • 

f(lt~: ~ie;. 1nd. >ale; !a' , 
ltii: 9irlOt•li: -:..:·r.ti1 H•:i. Sil~;. ta,;, 

'ti:'ld:•.H:- ·~fii'• •• 

"> l of t .. ~tal ;.:.les 

~--·•ariot·!-? -:)s~:. 1n.:!. -~;.r~:Li'E''' 

(~ra!l·'.ll>al lli>l9Hl, 

;.; :;; ;;f t...'t•I ;;al~:; 

~.<:·>t ,.f I 1rli'1Ct 

irlls.s. •rofit •• 
All~e>,,, 

Ta•at-le Prt'fit • 
1'•1 ••• 

Net P•t>fi~ 

111 .. id!!nds paid • 
LN1 ;trit-Jt~j ~r-·i It , • 
ke>.••liited tr<ln~r1l:oJ!~.~ ;o.:.f1• 

Gr;;;;; ~r\'fit. \of t<'t•l ~'>i~> , 
- Net .profit, A. 1Jof t-0tai s~les , 

R(I, lil!t profit, X of ~ity •• 
rQ\i. Net pr1Jofi t • 1ntere;t, i. of in.-est, 

2~~1 Z<•~Z ~00~ 

45:0.~1\(1 4!\).~~1) 4~).~0 

21S.Qll 4!15.011 .m.011 
....................... .. .......................... .. ......................... 

t ... 'd. ~ .. ~~ t~. so; ij.j, 5di 
52.'5~ ~:. ~(r~ '52.5~ 

~..:..w• ~~.I~~ ~~. l~q 

...... -.. -..... -.... -.... ... -..................... ---... ... -- ... --- --------
tici. 42(1 l~t4~0 1~2.m 

-: <IP.216 40.216 40.216 

-~.llOl• -9.006 -0.{10& 

----------·---- --------------· ---------------
cl8M2Q 182.<ltfl H!l.42& 

UM O.tlOO o.oo~ 
182.420 182.420 182.42Q 

O.O(ltl tl.00~ O.Otltl 
... _____________ ------------- --------------

- . . 

m.m JM.-42& ltl.42tl 

~.MO (1.(1~(1 ~.MO 

JB2.4t0 tei.420 ltlt.~.IU 

1m.~o l~N.%l l~f~. ~, 

4o.w. 40.216 ~o.m 
-40.216 40.216 40.216 

291.034 . · 191.034 191.~~ 
76. 102 76.m 76.762 

20~4 

451.m 
215.0ll 

.. ... ------------
l.JO.~; 

52. ~"9 

~.16~ 

1e2.•20 
40.216 

-11.000_ 

_ .:J8M2$: 
~ 9,m;--

.182.•20 
uoo 

':'"~---~~-----~ . 

·m.•~ 

~.~o. 
1&2.426 

»••.~' 

~0.216 
40.216 

- '=21t.e34' 
76. 762 

im 

45~.MO 

m.611 

_:j~.~.;. 

52.'599 

'5€. l~q 

1~2.420 

40.illl: o: 

-&. 0(10 

l8Ml0 
o.~oo --

1~.•2& 
o.m 

l!Ji.420 

O.M~ 
ltlt.420 

?427.?27 

40. 216 
40.216 

?91.034· 
76. 762 

: .:.:.--::-=-;..:·~=- -- .. :- ~ 

~-,~~~~:~ic:::~:-

-~;;;r 
•· " · -.<.I ·.~:- UIH (lu 

·IMT1Ctlli lllVE~TMEHT Mtt:', m. fiMI ·· ·· · 

PAV.E.· .-1.4 .~-

l,,.l 

"' 

..... ----. ----... -----..... -... -- . ---... -............ -...................................................... ··------·- ...... ----- ............................................ · ............................................ - ...... ------- -.. -............................ -..... -- ----·---. --~- .. ------. ~.. . -..................... --............. -.. -.................... ------------
IA-16Wil8U026 ---:te.6.9~ 

'"O ~ ... 
Ill :I 

l)Q :I 
11) 11) 

)( -~ hJ 



~ 

0 

~ 

LJ 

~ 

-.:...===..:::::~--- -:-~--===-~- --:::~~:._i_=-j_:. ___ _ 
__._:::._=-=.~:.:: 

... c ...... o ........... :: ................... • ........ CcE .. ~:;.:~~C::.;~_,:c.~.: .. ~i~;~ .. c ........ :.~~i~.-'::c ... ~~l~· ·MTl~~~J~~f!'~~: 
':2'-=,~--='~=-_::,_ ,-_ ~~,=-· -~c=:: --::,-:_:_-- ·"' ---_------- - - - --- _c,._ ?~-= -~7_~:"._:_~~_,::~,:::i '7-~-,.c,- ;_-:_:' c :~==---~~ .. ~'~ ~:_;-~~~ & 

Projected Balance Sheets. constrL4ctiorllri cHislilllion ___ ----------- ------- - PA<Aa!_AS -------. 
::--:--:: _;:~.~'=:::.;-;_~--===_:- = -,_-== _- -~- ~: _ _ ~~~~:- -- -- ,_, ------~ --------:----- --:-- -: _-,:=--=~_;;;;.-,.;:~,-=-0 _-_-..-,-._; --> . ~ -;;_-:=,-_:: . _ --'-~c '=S::-:_ 1 ' 

Ye.r • • • • • • • • • • • • • • 1990 

lo~l mets 

Fueo assets. net of d!!i>re-:10! 1;.-. 
Coristruc:t1on 111 !)r~~s 
Currer-.~ iS;;tt! 

{..sh .. -tiilk ~. i ..... 'I • 

i:a~h sti~pJIAS. Tiri.lrice a•ai h~I~ 
Lt1>> c;irried fortlilrd 
Los:. 

Iota! liil>Hl. ti!!> 

- £11111ty tiPltiL-•• • -. , 
Resiorws;· r-iliined profit 
.PI.oht _:._-L=:ir_=-.:.:_. _._._-. =-­

ltwfv.3~11.ii'-tir• ~t 
Current hib1h\1e:; ••• 
8irlic ~rdraft-. finaro! r~ired. 

Jot.al debt ~- , • • • • . 

£qi.utv. ! of ltilnllliM • 

.m.113 

l1.(tt)l1 

181.693 
~~. :: . 
M~~ 
U.%0 
\t,(1(:~ 

~. ~' :.1D 

~27. liJ 

h2.~'D 

v. Viii• 
l),(r(•il 

H~.~ 

la.~~o 

18.W 

1~.m 

n.555 

__ ..:==-==---===-:=_..:...-..:-~::-:--==---:..__-=--:::=--~=---=-- -

·_:;_-:.;...:~=-c:-=:...:.;-.:~---:---=:~.:---;~~~--~:~~--::__ 

-·=-- =-~-~===-_:-· 

---~ ---:.:..::....=.:_-===-=--:_--==:::::..;:"_ - - - - ---- -

--__ ~-- ---~---~:;~~-:~;_ -~~~~~-~-~~~~~i;~ 
:--:~3 ~::-:~~~==-· - --~~~~-~;ii-~~~:~~=:~: 

-- - -- _...: -:--==.:::...-===-::.:__ ~ :...::=...::::.-=..:::::::...:.:- ---

__ ·:-:::=--=--~==--=--=--~~-~--::-- ---=::=-:::-:----=---~~~~-=-------=--

-~==--:-:-~~~---~~F~~::~~~~~~~:-

-~~--==:....:....--: ~--====::-=_-:.- ;-:.~===..:...:.:=::.:..... ---
_-:=-:.=::-==-=-=~--

----=--:.:::~..=-:: . ....:.::._ 

--:...:7"..:::::.-=::..:.-..:::=::.:.::.. .. ::..:._ 

:-- =-~-=-: ~ =.:=;_~~-0~=-~\-__ -: -
- -- ~:=-==---==:.=..-.=-:..=.:....=:__--=.-_.:::_ ---

--=.-:=7-=:::::=:.-=-~-7-~~-:-::.-.~----

.::~:.:.~2-=~--~- ~]¥~~ ~-::·-=:~_ =f:=__: 

____ ::::..:::..:;:::=..-_.;· --======-~~----..::::-~ ---=---

---=-~ ·:: :.=---=--=:.::=::--...::::::_:: ·. _:- -
:~:- ---:.:-::==~---:--.:-: -

\~~-~~:-~~-· 
--~-- ,. 

;• 

-:.~=o:.--"'~· 

"' -.J 

bPirilVQ716~t. --- 111.A;.it 

----------- - ·- 4' 
.:=:-:::-:::==-:::-:-==.-:_-_ ··.:.::...:-=..= 

- ----- --- - -
ma ZUllllPAMC'D~ .,, > . . - 61 ;:) 

00 ::l 
Ill Ill 

>< .... 
VI N 



10 

,._ 

.. 

I -
I 

:. ~ 

,. 
5-3 

5!' 

.............................................................................. >Vl'l1"' ... 1 ..... 01. IHYhlllENI Wtt.,.r..\hlo, ,~_,,, ..... 

Pro.J acted Ba 1 an~•. SM••t•. .Pr('d!.!c:_~_j ~n.1n..U~l5 a1U111L.=.~-=o·.=-.:..-~· . PA:~\~ . ..{ ~ ... 
·- --------:.-· -- -- -·.:..:.·_-_--;:- ---· ":"-"--::::-:~==-=--~-~----·":"···--

, .. , ..... . •I I ,!_-_l-:_f l'HI "~_)}!!0.~~"0.·c }"!~ ~='"-= .E:ff!4"""-"_,=.c:dt"'5 .. •• m~ un_ lttt •ft,_ - =~~.J.~00 --:,:~!J 
lot•I nset~ .• . ... -. .. m.m. -m.106 - .,.,,·-!6l.~59··~~•n;H6;=:".'=,.2>.4~ 9os.m 1111.1t4 · - mMo 1t11.6" 1m.s.o mo.Ht 

·-·---··--·-- - ................ :.._ ................. ~~-;. ............... _:_,;..,:;;-;:;;;-;;-~-=-=-:. .. ;,,.;-;-;=;-~~=-;.- .. ----·····--;. ........ __ .,.,;,;,;·:. .. ;.;. ... : ........ .:~ ........ .: .......... ••••••• .................. -.~---···· ••••• ••••••• ;-.-; 

F11MI •~si:s • .net of !li:lo•e-:1u1on 
C~1~VUCtl('r1 lr· ~r..;9~tCj! 
Wrttt1l i!.~et11 ••••••.•• 
(<111~~- t·Gl'lt • , •••••..• 

~iV1 s.ur~n.f'i, f1rw.t.:i' hiLliblt 
Lein ca.rr1t1 forwrd ..•• 
l.~iS , •• , , • , , , • , , 

TQtil hi!'dities , 

t~1ty Ci?ltd , , 
ftutr,n, rtturiej Prc-f1t • 
=·:"f. ~ 
~Jn~ i'"': •i;:...,. l'::t ,jC:.! , 

C...v;tnt h-~ihtus , ••• 
?a"'lk o..-e:ro· 1ft, hr.s~ .. :t rtqtJ1rtd. 

l~.!5~ 
~-6~u 

74.450 
~- ?01 

oi.111 

8:~~~ -

-A.•i~. 
--~.ow 

14.456 
' °'201 

cl24 01 -""·==-J~E.=- ··~7$6-JJi 
·: 'i~o~~·--·· 7c~T:"~~i~oo~=',::'F.~ o'. ooo' 

l4,45ci · - · .. o:-:Z~.l56.·,'. • ·. 1•,454 
uo1· .. _,_. 0 =·0;10F··· ····o~toi 

_ _ ____ :iiiUll ~:=..."i:':~~_mf:, _'J6Mllti 

-··-1:nt··: ·_:_:..· 0:m_:~~:-::1:m'~c,~
7

-~~.JJU 
21,;.~'4 

~~~~~:.:-~·£-.:-~- _.---:~-~::- -:_-:~-~~~-~;_:;;~:_ --=.:::~:t-=-=-~~~__:j~--

,_m. ~Q1 :; --: ::-~·~i36~:c/ff'-~-'i961',co~F~~==mmfil~-::,.'::;;-;m[j6B. · 

1s.m 
o: 000 

7•.•54 
o. io1 

~15.m 
o.ooo _ o.~o~ 

. .:6!.6~J - ''· -·- ._~4.1;;, 
· ~.ooo - · • M~·! 

l•.·~· 7•.·~ 
Q, tui - o. ;;1 

~ii.it~• llJI.~• 
o;ooo .-.:.-.. •· : c.ooo 

' o_,(10n.c,. __ 7· -•-. o.~~(1 

, 'm,559: -· :'='~ 1111;m .;-fnu-14· 
................ 

&?.uo · .. 
0.(100 

rn.11i 
1)1.661 

il.1.l'l 
6.000 

\:u,ur_•·-t~::c~'ii':6$Q:~;°k€~.Kt~~~"'~o;6Z.~, _ 
IJO. Ill 
faj, ;41 

-P_N~· 
0.000 ---=·-=--

?tH~~ ... _ . .ill.2.11. ... m.m 
- 137JS? _., 'f4j;Ql7~ 144,f.SI 

.,J~~;~: ~~ ~~:t~~B:-'.~~i~;~~ · 
, ,, .. ~'~i0~0-. ~~:~~ ~ --~~~~ 1~~~:b~('.~ 

6i;fiO 
(~!.~10 

1~-.n~ 
~t.~H 

u' 7J.J 
(1,W1 

62.UO •· 
&•J.m 
l~•i,J"A 
4l.m. 

. 6. iii 
0.(•QO 

,,,~Q 

100), ~,. 
16).Xri 
~~.~~..: 

o.m 
0. ~(·v 

4j,4') 4~ •• ~J 
o.ooo · e.ooo 

74, 4!14 14.4:. 
o.m · o.i~I 

1~·15,5~ 1•~.m 
0, ODO . UDO 
O.OOQ,.:·=,~:~ -;:~.~o_o 

1•13.~' ,--': ii'ie:s~o 

62. 680 
! l~i. ,,j 
1'1.6'.IJ 

~ ~. l~'' 

u. ?.t.l 
u. uov 

62.uo 
IJl!. ~IL 
m.~i~ 

·u.uuu 
.o.m .. ~~-

:3tin1, 
o:oeo 

l!,4:.6 
·o.~1 

IUM~t 
· O:OH 

~f4·~~t 

·'·ml'lfQ' 
• ••••• '!. '·! ~ ~ ·' ~· 

-'2:uo 
l~J~. Jii 
112.m 
·u. O'' 
o. '" 
o.6'" 

:ial ~~: • . . . . . • l)Z,jj4 _!.!].}.§~ _ .l~,J~ ___ _JM~-- _ ..lMlL ~UH H.W1 2~.iil 1~.,)~l . o.;:,;. -. .. P~ 
t~ll). "c' li•t·ili\i•, 1,.i1s·' :1·~~ioF· ~:~ ·-1i~~r;,-~:::-:-:----r.;=~:-::s--~-~;:t1it:o; ';:.,1 - ~.ti6 u1; •.• j• ::dl1 .';''i;~,; 
........... ; ... -................ ~. ~~~·}-~~-·~;:~~-:-·~~·~"!~·:·;·:=~·--~;;_:_~~.m7~~~:t:-?:~~~7:;.~~~:~0~.. - ~ .. -.:_~ ~~ ·. ~~~-~-::-~ ~!'.;--~-~~~ -~i-::.;~~--~:~~-.;;.~;.:~~~~9 .. :!t.,.:. •• ·~;. ~ ._ •••••• ~ ...... ~ .. ;_~ ~~!:·-·~~··~r;;·~·;;~ ;~~; .. : :!~[-B1 
.... -~-', ..... ,~ .... : :: ... ~ .. ~-:::;-~:';:~~:.~~~~:::~-:::~-.: .. :-~:~;~-=~~~~~~L: -=·· ..................... -~---~:~~~~;~~ ... :; ... :~~~-::,~·x-:Y:=-~::~:::~~·?;:';-. ~tc~~ '·I .,,.,l li""L -.• ~H:~~i!'~·': A"~'· ~=:~:~ 

_ _ _.. -~:.---~~,:;·:~~~=~~:< .~t.·:=~ .. -===.--~~~:_:··~· .. ~j~~~~?~~:-~ ·_ - -::= .:·~-===~~>?:~-:;~~:.: -~---~~-- .. _.· _:. __ ·.:; ·;st:·.~ -~ ·-: :; _ · .. ; :· _(.; ~-1t--/ _ .~; .. d:_-: ·:·_. ,,_,,, 
Pro3ect-ed BiAiane:a··sh-e-ets, "ProC:lu~ion r.·-crm 11ll1on - -- ... · .... - °' 
•w .......... . '.=. -~- ~:·c.·; :· -;~~; ;---:.--.,=~~l'-.:. .. ~:~c:-~. :'.~·~r.t<--. ~·---m5-· ---~::'~~¥:.E\> ·'- -· ='. .· - ·• =, ':,-'.-=--:.. ·- ~ .:_::~- "';,,¥.i-!· 

'.:.•.al H'U~t 1m.:ilio · 2!1bo'G' ~:· ~)ot2;6 ~=-s~.:0.,~iir~"~",='"'· 
...... ~~.;:·~~·--~· ::·~·~---~~-·'!~.--~;~.;:_i:.-~--...... -..-:= • - ·--· 

r;,tJ mt:1. -.t of de•1tdition· - 35-.&si . -=·-~~M( .__ =-·- -~=54;65r·===-=1f.45i--=-=--·.:~=~=-= 
c.,...slructi'" in ~109ress •. • • .. :uoo - .,.-=:_,.!~O:[' •:=.']~6JL::-'O.C':-°?'=.:--Ji§IO:=:;::::;:.~¥i='"~'F:-
Currer.t imti • . . . . . . • . H.4~ ·7(,W) ·74,1~-----·-"IDsr-··-·--·· ... 
cis11. w.i. ....... ; , .-.' = 0.101 -~41W- ,-'-:'·=. 6i~r:-~,~~~..,.:filij _ _::;:~':-~;:~~:}:'Y· 
:.1~ ,,,,,i,;. ~1·.ir.:t •·•ili~lt. l~H.u'~ 2017:M2 110~.,11 __ ..... ·nfl:1l1-- . - . 
Lm writ-l famro ; • ,-, ._ • · o.m ~JJ:D_OO-.:· ·. O.OOF.;;_.'"_...:~~JIE:O::-:'{~:.:;:-=-:ff:·.' : .. ~· 
Lm • . . . • . . . . . . • • - 0.000 ··o;m ~.OuO -·--·· o:llf-- -...... -- -

--~~~=1~---~_:_~~~~~-~~--sJ:~-~~~~~-=--.- -:.~---,~~~~~~~i<f~?~~1~'- .~ 

·_:_:;:::::--::-;.~:..:..-=<~;_·:·: .:__ --. 

·r~ity_i::Viur. ~ •• --; ;-.~:;-?i:-:,=-.:=..=.32T"r.=- :=---:::-~:.rntiw ;au ----~·· _-:_- .--~·-.--:;--:.--::;~~=-~=:-=--·---::::...~~-;-::=:; 
Rtltrvts, rthi~ P~ofil ~--:;':~~-~-=fi9jjU ,_-- ___ 1179:%/- --mf.lJ7 2244.161 ·c:·;-,, ,.,._ . ... -._~,.__.,_~:.=~-=co 

nofit~=; .. ~-~-i~--~-::-i~~ .. _-~:r-:;!-=--~~~ ---~-~mnaa @H ·-· __ .. -~:'."_ -~~ .. ·-:;;~:::-.;·-:.:-:: ·-:=·~::=:.-~=-~~~?.-~;~~~-;: =-
Lorloi ..-d ... fa.;. tt" det.t • :-. -;- -- - · :uoo · · -- .a;ooo·· · · :a-:ur ·T.llr'· -··· - --- · ·- - · · · -· - -.... 
c~rr""t li.t·ilitits •••• ; ; , · :'~:-::·:.::-.o;ni· : :c;;"J;'?:J:!-;:;:_~7"'-'0i733'.=::.........Z&~...;:..:.:-~"="-'....-:'£<"=' .: :.= .. 
Pilrlk o•tr·1•irt: hni~• ·•~ile:d:· '"'=-· ... ·uoo - - - ·T.Oor··-c·: 7 -~ t-ooo"··-==-1;1iar··-=-=-:=--.-... ~..,·--=· .•. -, 

==-= 
. Total ~~\ .••.••• o. 7)) 

.. ::=--~·--~=: 
- :.-:.;.:::-·: 

. ~-i-;;.&:~:q~~-S~~>~~:~-:~·:L"i 

·:~~:~~~4-~~-~~~~}~ ~==~:~-:-: .;~~-:~ 

-- ·---~~~~~--::¥~~.{k~=~::~-·-.~f:_~:::: -~;= 

~~--:_~;: 

···oo ::i 

E~1h. ·"' lut ilili•t jj'~5 

-~~:7jj=)\~j'.:c:·.7~1~¥~:;,.=u;7j3 =:=~·~:~'~'~ . -,· 
··=t11f:'.~~-0:1-''f~1~~~~---=~~:;';-;.".::~::~,;:-:_-.t=~ ~=·.·-='···~-=,-· 

'~~~-:.1~ 
-:;=~:-NATIONAL "fN\/ES1'M~NT' 8"48'< : 

O"IN 



- 39 -

INDIAN STANDARD SPECIFICATION 

4800 PART I TO IX, CATALOGUED TESTVISE ANNEX 3 

Table: A 

DIAMETERS - TOLERANCES -AREA - WEIGHT & RESISTANCE OF COPPER CONDUCTORS 

OF ENAMELLED ROUND WINDING WIRES (SWG SIZES) 

(BASIS IS 4800 : PART I & II) 

SWG mm Conductor Conductor Diameter Nominal Conductor Conductor Resistance at 20'C 
tolerance Conductor Weight for 1 metre in ohms 

min max area for1000m 
length 

mm mm mm mm'! kg nominal maximum minimum 

11 2.946 ±0.029 2.917 2.975 6.81640 60.598 0.002529 
12 2.642 ±0.026 2.616 2.668 5.48221 48.737 0.003145 
13 2.337 +0.023 2.314 2.360 4.28951 38.134 0.004019 

14 2.032 +0.020 2.012 2.052 3.24293 28.830 0.005317 
15 1.829 ±0.018 1.811 1.847 2.62735 23.357 0.006562 
16 1.626 ±0.016 1.610 1.642 2.07650 18.460 0008303 

17 1.422 

I 
±0.014 1.408 1.436 1.58814 14.119 0.01086 

18 1.219 +0.012 1.207 1.231 1.16707 10.375 0.01478 
19 1.016 ±0.010 1.006 1.026 0.81073 7.207 0.02127 

20 0.914 ±0.009 0.905 0.923 0.65612 5.833 0.0263 0.0270 0.0255 
21 0.813 ±0.008 0.805 0.821 0.51912 4.615 0.0332 0.0342 0.0323 
22 0.711 +0.007 0.704 0.71R 0.397C4 3.530 0.0434 0.0447 0.0422 

23 0.610 ±0.006 0.604 0.616 0.29225 2.598 0.0590 0.0607 0.0574 
24 0.559 ±0.006 0.553 0.565 0.24542 2.182 0.0703 . 0.0724 0.0682 
25 0.508 ±0.005 0.503 0.513 0.20268 1.802 0.0851 0.0875 0.0827 

26 0.457 ±0.005 0.452 0.462 0.16403 1.458 0.1051 0.1084 0.1020 
27 0.417 ±0.005 0.412 0.422 0.13657 1.214 0.1262 0.1305 0.1222 
28 0.376 ±0.005 0.371 0.381 0.11104 0.987 0.1553 0.1609 0.1499 

29 0.345 ±0.004 0.341 0.349 0.09348 0.831 ' 0.1844 0.1904 0.1787 
30 0.315 ±0.004 0.311 0.319 0.07793 0.693 I 0.2212 0.2289 0.2139 
31 0.295 ±0.004 0.291 0.299 0.06835 0.608 0.2523 0.2615 0.2435 

32 0.274 ±0.004 0.270 0.278 0.05896 0.524 0.2924 0.3037 0.2816 
33 0.254 ±0.004 0.250 0.258 0.05067 0.450 0.3403 0.3543 0.3270 
34 0.234 ±0.003 0.231 0.237 0.04301 0.382 0.4009 0.4150 0.3875 

35 0.213 ±0.003 0.210 0.216 0.03563 0.317 0.4839 0.5022 0.4665 
36 0.193 ±0.003 0.190 0.196 0.02926 0.260 0.5893 0.6134 0.5666 
37 0.173 +0.003 0.170 0.176 0.02351 0.209 0.7335 0. 7662 0.7026 

38 0.152 +0.003 0.149 0.155 0.01815 0.161 0.950 0 9974 0.9)59 
39 0.132 +0.003 0.129 0.135 0.01368 0.122 1.260 1 331 I 

1 HL 
40 0.122 +0.003 0.119 0.125 0 01169 ' 0.104 1.4 75 1 564 I i 33~ 

41 0.112 ±0.003 0.109 0. 115 0.00985 0.088 1.750 1.864 1 .646 
42 0.102 ±0.003 0.099 0.105 0.00817 0.073 2.110 2.259 1 974 
43 0.091 ±0.003 0.088 0.094 0.00650 0.058 2.651 2.850 2.452 

44 0.081 ±0.003 0.078 0.084 0.00515 0.046 3.346 3.614 3.078 
45 0.071 ±0.003 0 068 0.074 0 00396 0.035 4.355 4 725 3.935 
46 0.061 0 00292 0.026 5.900 6.431 5.369 

47 0.051 
' ' 

0 00204 0.018 8.440 9.284 7.596 
48 0.041 

' ' " '' 0 00132 0.012 13.06 '14'.63 11 .62 

' ' 
1111 ' ' I I I I 

' " " ' ' 
I I 11 I 

' ' ' 
' ' ' ' ' ' " '' Ill I 

"' ' ' ' 
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Table· A1 . 

DIAMETERS-TOLERANCES-AREA-WEIGHT & RESISTANCE OF COPPER 
CONDUCTORS OF ENAMELLED ROUND WINDING WIRES (METRIC SIZES) 

(BASIS IS 4800: PART I & II) 

. I 

Conductor Conductor Conductor Diameter Nominal Conductor Conductor Resistance at 20•c 
diameter tolerance Conductor Weight for 1 metre in ohms 

min max area for 1000m 

mm mm mm mm mm2 kg nominal maximum minirrom 

0.040 0.003 0.037 0.043 0.00126 0.011 13.72 15.37 1221 
0.050 0.003 0.047 0.053 0.00196 0.019 8.781 9.559 7.903 

0.060 0.003 0.057 0.063 0.00283 0.025 6.098 f>.647 5.549 
0.063 0.003 0.060 0.066 0.00312 0.028 5.531 6.029 5.033 

0.071 0.003 0.068 0.074 0.00396 0.035 4.355 4.725 3.985 
0.080 0.003 0.077 0.083 0.00503 0.044 3.430 3.704 3.156 

0.090 0.003 0.087 0.093 0.00636 0.057 2.710 2.913 2.507 
0.100 0.003 0.097 0.103 0.00785 0.070 2.195 2.349 2.041 

0.112 0.003 0.109 0.115 0.00985 0.088 1.750 1.864 1.646 
0.118 0.003 0.115 0.121 0.01093 0.097 1.577 1.674 1.487 

0.125 0.003 0.122 0.128 0.01227 0.109 1.405 1.488 1.328 
0.132 0.003 0.129 0.135 0.01368 0.121 1.260 1.331 1.194 

0.140 0.003 0.137 0.143 0.01539 0.136 1.120 1.180 1.064 
0.160 0.003 0.157 0.163 0.02011 0.179 0.8575 0.8983 0.8192 

0.170 0.003 0.167 0.173 0.02270 0.202 0.7596 0.7940 0.7272 
0.180 0.003 0.177 0.183 0.02545 0.226 0.6775 0.7068 0.6499 

I 
0.190 0.003 0.187 0.193 0.02835 0.252 0.6081 0.6332 0.58.!3 
0.195 O.OC3 0.192 0.198 0.02986 0.265 0.5773 0.6007 0.5552 

0.200 0.003 0.197 0.203 ~.03142 0.279 0.5488 0.5706 0.5282 
0.212 0.003 0.209 0.215 0.03530 0.314 0.4884 0.5069 0.4708 

0.224 0.003 0.221 0.227 0.03941 0.350 0.4375 0.4534 0.4224 
0.236 0.003 0.233 0.239 0.04374 0.388 0.3941 0.4079 0.3810 

0.243 0.004 0.239 0.247 0.04638 0.412 0.3718 0.3877 0.3567 
0.250 0.004 0.246 0.254 0.04909 0.436 0.3512 0.3659 0.3374 

0.265 0.004 0.261 0.269 0.05515 0.490 0.3126 0.3251 0.3008 
0.273 0.004 0.269 0.277 0.05853 0.520 0.2945 0.3060 0.2837 

0.280 O.C04 0.276 0.284 0.06157 0.547 0.2800 

I 
0.2907 0.2698 

0.300 0.004 0.296 0.304 0.07069 0.628 0.2439 0.2527 0.2355 

0.315 0.004 0.311 0.319 0.07793 0.693 0.2212 0.2289 0.21:19 
0.345 0.004 0.349 0.349 0.09348 0.831 0.1844 0.1904 0.1787 

0.355 0.004 0.351 0.359 0.09898 0.880 0.1742 0.1797 0.1689 
0.375 0.004 0.371 0.379 0.11045 0.982 0.1561 0.1609 0.1515 

0.400 0.005 0.395 0.405 0.12566 1.117 0.1372 0.1419 01327 
0.412 0.005 0.407 0.417 0.13332 1.185 0.1293 0.1337 0.1252 

0.450 0.005 0.445 0.455 0.15904 1.414 0.1084 0.1118 0.1051 
0.500' 0.005 0'.495 0.505 0.19635 1.746 0.08781 0.09037 0.08534 

0.560 ' o'.554 0.566 2.190 0.06794 0.006 0.24630 0.07000 0.07215 
" o:.594 0.606 0.0~927 0.600 0.006 0.28271 ?.514 

' 
0.06098 0.06f76 

" ' ' 
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DIAMETERS-TOLERANCES-AREA-WEIGHT & RESISTANCE OF COPPER 
CONDUCTORS OF ENAMELLED ROUND WINDING WIRES (METRIC SIZES) 

(BASIS IS 4800: PART I & II) 

Annex ) 
Page ) 

Table: A2. 

Conduct.Jr Conductor Conduc1or Diameter Nominal Conductor Conductor Resistance at 20°C 
for 1 metre in ohms diameter tolerance Conductor Weight 

mm 

0.630 
0.710 

0.750 
0.800 

0.813 
0.850 

0.900 
0.914 

0.950 
0.965 

1.000 
1.030 

1.060 
1.120 

1.180 
1.219 

1.250 
1.320 

1.400 
1.500 

1.600 
1.626 

1.700 
1.800 

1.900 
2.000 

2.120 
2.240 

2.360 
2.500 

2.650 
2.800 

3000 
3 150 

3245 
3.350 

3 550 
:u~Go 

mm 

0.006 
0.()07 

0.008 
0.008 

0.008 
0.009 

0.009 
0.009 

0.010 
0.010 

0.010 
0.010 

0.Dl 1 
0.Dl 1 

0.012 
O.D12 

0.013 
O.Q13 

0.014 
O.D15 

0.016 
0.016 

O.D17 
(l 018 

0.019 
0.020 

0.021 
0.022 

0.024 
0.025 

0.027 
0.028 

0 030 
0 03? 

0.034 
0.034 

0.03G 
'0'038 

min max area for 1000m 

mm 

0.624 
0.703 

0.742 
0.792 

0.805 
0.841 

0.891 
0.905 

0.940 
0.955 

0.990 
1.020 

1.049 
1-109 

1.168 
1.207 

1.237 
1.307 

1.386 
1-485 

1.584 
1.610 

1.683 
1.782 

1.881 
1.980 

2.099 
2.218 

2.336 
2.475 

2.623 
2.772 

2 970 
:urn 
3.211 
3.316 

3.514 

: ' '' ' ,J,51~. ·-

mm 

0.636 
0.717 

0.758 
0.808 

0.821 
0.859 

0.909 
0.923 

0.960 
0.975 

1.010 
1.040 

1.071 
1.131 

1.192 
1.231 

1.263 
1.333 

1.414 
1.515 

1.616 
1.642 

1.717 
1.818 

1.919 
2.020 

2.141 
2.262 

2.384 
2.525 

2.677 
2.828 

3030 
3 18? 

3.279 
3384 

3586 
3 698 

' ' .. -- - -· . -

0.31172 
039592 

0.44179 
0.50265 

0.51912 
0.56745 

0.63617 
0.65612 

0.70882 
0-7318 

0.78540 
0.83323 

0.88247 
0.98520 

1.09359 
1 16707 

1.22718 
1.36848 

1.53938 
1.76715 

2.01062 
2.07650 

2.26980 
2.54469 

2.83529 
3.14159 

3.52990 
3 94081 

4 37435 
4.90873 

5 51546 
6.15752 

7 06858 
l 79:311 

8 27026 
8.81413 

kg 

2.771 
3.520 

3.928 
4.469 

4.615 
5.045 

5.656 
5.833 

6.301 
6.502 

6.982 
7.407 

7.845 
8.759 

9.722 
10.375 

10.910 
12.166 

13.685 
15.710 

17.874 
18-460 

20.179 
22.622 

25.206 
27.929 

31.381 
35.034 

38.888 
43.639 

49.032 
54.740 

62.840 
6'.1 281 

73.523 
78.358 

nominal 

0.05531 
0.04355 

0.03903 
0.03430 

0.03321 
0.03038 

0.02710 
0.02628 

0.02432 
0.02357 

0.02195 
0.02069 

0.01954 
0.01750 

0.01577 
0.01477 

0.01405 
0.01260 

0.01120 
0.009757 

0.008575 
0.008303 

0.007596 
0.006775 

0.006081 
0.005488 

0.004884 
0.004375 

0.003941 
0.003512 

0.003126 
0.002800 

0.002439 
0.002212 

0.002085 
0.001956 

9.89798 87.993 0.001742 
, J9~~~o~ _ 93 531_, _,_ ,__o_.0_01,6~~, 

maximum 

0.05687 
0.04481 

0.04022 
0.03530 

0.03417 
0.03131 

0.02789 
0.02704 

0.02506 
0.02428 

0.02259 

minimtlm 

0.05381 
0.04234 

0.03788 
0.03334 

0.03229 
0.02950 

0.02634 
0.02555 

0.02362 
0.02290 

0.02134 
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DIAMETERS AND INCREASE IN DIAMETERS OF 
ENAMELLED ROUND WINDING WIRES SWG SIZES 

(BASIS IS 4800: PART I & 11) 

Fine Covering Medium Covering 

Conductor 
SWG mm tolerance minimum maximum 

.. 
maximum mm1mum 

increase overalldia increase overalldia mm mm mm mm mm 

11 2.946 2.917-2-975 0.055 3.055 0.081 3.087 
12 2.642 2.616-2.668 0.053 2.746 0.078 2.776 
13 2.337 2.314- 2.360 0.051 2 436 0.076 2.465 

14 2.032 2.012- 2.052 0.049 2.124 0.073 2.152 
15 1.829 1.811-1.847 0.048 1.917 0.071 1.945 
16 1.626 1.610-1.642 0.046 1.709 0.068 1.737 

17 1.422 1.408-1.436 0.044 1.501 0.066 1.528 
18 1.219 1.207-1.231 0.042 1.294 0.063 1 320 
19 1.016 1.006-1.026 0.039 1.084 0.059 1.109 

20 0.914 0.905-0.923 0.038 0.979 0.057 1.009 
21 0.813 0.805-0.821 0.036 0.874 0.054 0.898 
22 0.711 0.704-0.718 0.034 0.768 0.051 0.791 

23 0.610 0.604-0.616 0.032 0.664 0.049 0.686 
24 0.559 0.553-0.565 0.030 0.610 0.046 0.631 
25 0.508 0.503-0.513 0.029 0.556 0.044 0.577 

26 0.457 0.452-0.462 0.027 0.502 0.041 0.523 
27 0.417 0.412-0.422 0.025 0.459 0 038 0.479 
28 0.376 0.371 -0.381 0.024 0.417 0.037 0.437 

29 0.345 0.341 -0.349 0.024 0.385 0.036 0.404 
30 0.315 0.311 -0.319 0.022 0.352 0.034 0.371 
31 0.295 0.291-0.299 0.021 0.331 0.033 0.350 

32 0.274 0.270-0 278 0.021 0.309 0.032 0.328 
33 0.254 0.250-0.258 0.020 0.288 0.031 0.305 
34 0.234 0.231 --0.237 0.019 0.266 0.030 0.282 

35 0.213 0.210-0.216 0.018 0."144 0.028 0.260 
36 0.193 0.190- 0.196 0.017 0.223 0.027 0.237 
37 0.173 0.170 0.176 0.017 0.201 0.026 0 214 

38 0 152 0 149 0.155 0.016 0 17Cj 0 025 0 190 
39 0 132 0 129 0 135 0 014 C. i 55 0 023 0 1G7 
40 0.122 0 119 0 125 0.013 0 146 (J 022 0 156 

41 0.112 0.109 .. 0. 115 0.012 0.134 0.020 0.143 
42 0.102 0.099--0.101) 0.011 0 123 0.019 0.131 
43 0.091 0.088-0.094 0.010 0.111 0.017 0.118 

44 0.081 0.078-0.084 0.009 0.099 0.016 0 106 
45 0.071 0.068--0.074 0.008 0.088 0.015 0 095 
46' 0.061 0.007 0.076 0.013 0.083 

' 

47' 0.051 0.005 0.063 0.010 0.069 
48 ' ' ' ' ' 0.041 0.004 0.051 0.008 0 055 
' '' ' " ' ' ' ' ' ' ' ' ' ' ' ' " ' . --

----'-'--' -''-'-' ..c...' ---'"----------------- --- ---

Annex 3 

Page 4 

Table B 

Thick Covering 

minimum maximum 
increase overall dia 

mm mm 

0.112 3.121 
0.108 2.811 
0 105 2.499 

0 101 2.184 
0 099 1.976 
0096 1.767 

0 093 1.557 
0 089 1.350 
0 084 1.139 

0.081 1.031 
0.078 0.924 
0 074 0.816 

0 071 0.710 
c 071 0.655 
0 065 0.599 

0.062 0.545 
0 05& 0.500 
0 057 0.458 

0 056 0.425 
0 053 0.391 
0.052 0.369 

0 051 0 347 
0.048 0.324 
0 046 0 300 

0.043 0.277 
0 040 0.253 
0 039 0 229 

0 O~F. r) ;r ·,, 
1.· 0~3 \i ,,.,. 

0 032 \) h~ 

0 029 0 155 
0 028 0 143 
0.026 0 129 

0 024 0 117 

' 

' ' 

" ' ' ' ' ' ' ' " 

I 
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DIAMETERS AND INCREASE IN DIAMETERS OF 
ENAMELLED ROUND WINDING WIRES (METRIC SIZES) 

(BASIS IS 4800: PART I & II) 

Fine Covering Medium Covering 
Conductor Conductor 
diameter tolerance 

mininun ma.xinun minimum maxinun 
increase overall dia increase overan dia 

mm mm mm mm mm mm 

0.040 0037-0.043 0.004 0.050 0.008 0.054 
0.050 0.047-0.053 0.005 0.062 0.010 0.068 

0.060 0.057 - 0.063 0.007 0.076 O.o13 0.083 
0.063 0.060 - 0.066 0.007 0.078 0.013 0.085 

0.071 0.068-0.074 0.008 0.088 oms 0.095 
0.060 0.077 - 0.083 0.009 0.098 0.016 0.105 

0.090 0.087 - 0.093 0.010 0.110 O.Q17 0.117 
0.100 0.097 -0.103 0.011 0.121 0.019 0.129 

0.112 0.109-0.i15 0.012 0.134 0.020 0.143 
0.118 0.115-0.121 0.013 0.141 0.021 0-151 

0.125 0.122-0.128 0.013 0.149 0.022 0.159 
0.132 0.129-0-135 0.015 0.157 0.024 0.168 

0.140 0.137-0.143 0.015 0.166 0.024 0.176 
0.160 0.157-0.163 0.016 0.187 0.025 0.199 

0.170 0.167-0.173 0.017 0.198 0.027 0.211 
0.180 0.177 - 0.183 0.017 0.209 0.027 0.222 

0.190 0.187-0.193 0.018 0.220 0.028 0.234 
0.195 0.192- 0.198 0.018 0.225 0.028 0.239 

0.200 0.197 - 0.203 0.018 0.230 0.028 0.245 
0.212 0.209-0.215 0.019 0.244 0.030 0.258 

0.224 0.221 - 0.227 0.019 0.256 0.030 0.272 
0.236 0.233 - 0.239 0.020 0.269 0.031 0.283 

0.243 0.239- 0.247 0.020 0.276 0.031 0.293 
0.250 0.246 - 0.254 0.020 0.284 0.031 0.301 

0.265 0.261 - 0.269 0.021 0.300 0.032 0.317 
0.273 0.269 - 0.277 0.021 0.309 0.032 0.326 

0.280 0276-0.284 0.021 0.315 0032 0.334 
0.300 0 296-0 304 002~ 0.337 0034 0.355 

0.315 0.311-0.319 0.022 0.352 0.034 0.371 
0.345 0.341 ·- 0.349 0.024 0.385 0.036 0.404 

0.355 0.351 - 0.359 0024 0.395 0.036 0.414 
0.375 0 371 - 0.379 0.025 0.416 0.038 0.436 

0 400 0 395- 0.405 0025 0 442 0.038 0462 
0 412 0 407- 0.417 0 0?.6 0 455 0 040 0 476 

0450 0 445 -0 455 0027 0.495 0.041 0.516 
0.500 0 4%- 0.505 0029 0.548 0.044 0.569 

o s6o 055~ -0 ~ 0030 0.611 
:,1 

0 046 0.632 
0 600 ' 0 ~)~~ - 11 6P6 ' 0 (l3? 0 653 ,0 04!) 0.676 

' ' ' ' " ' 

Annex 3 

Page 5 

Table: 81 

Thick Covering 

mininun maximum 
increase overaB <ia 

mm nm 

0.024 0.116 

0.026 0.128 
0.028 0.141 

0.029 0.155 
0.031 0.163 

0.032 0.171 
0.034 0.180 

0.034 0.189 
0.037 0.213 

0.040 0.226 
0.040 0.237 

0.043 0-248 
0.043 0.255 

0.043 0.261 
0.046 0.275 

0.046 0.290 
0.048 0.302 

0.048 0.310 
0.048 0.320 

0.()51 0.335 
0.051 0.344 

0.051 0.353 
0.053 0.374 

0.053 0.391 
0.056 0.424 

0.056 0.435 
0.058 0.459 

0058 0.483 
0060 0.497 

0062 0.538 
0.065 0.591 

0.067 0.656 
0.071 ' '0.69\J " 
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Tllble • 82 . 

DIAMETERS AND INCREASE IN DIAMETERS OF 
ENAMELLED ROUND WINDING WIRES (METRIC SIZES) 

(BASIS IS 4800 : PART I & II) 

Fine Covering Medium Covering Thick Covering 
Conductor Conductor 
diameter tolerance 

maximum I mininun maximum minimum maximum minim.Jm 
increase overan dia increase overall dia increase 

ove:: dia I mm mm nm nm mm mm mm 

0.630 0.624 - 0.636 0.032 0.684 0.049 0706 0.071 0.730 
0.710 0.703-0 717 0.034 0.767 0.051 0.790 0.074 0.815 

0.750 0.742-0.758 0.035 0.809 0.052 0.832 0.075 0.858 
0.800 0. 792 - 0.808 0.036 0.861 0.054 0.885 0.078 0.911 

I 0.813 0.805 - 0.821 0.037 0.874 0.055 0.899 0.079 0.924 
0.850 0.841 - 0.859 0.037 0.913 0.055 0.937 0.079 0.964 
0.900 0.891 - 0.909 0.038 0.965 0.057 0.990 0.081 1.017 
0.914 0.905-0923 0.039 0.979 0.058 1 003 0.082 1.030 

0.950 0.940-0960 0.039 1.017 0.058 1 041 0.082 1.070 
0.965 0.955 - 0.975 0.039 1.032 0.059 1.057 0.084 1.084 

1.000 0.990 - 1.010 0.039 1.068 0.059 1.093 0.084 1.123 
1.030 1.020 - 1.040 0.040 1.099 0.060 1.124 0.085 1.151 

1.060 1.049 - 1.071 0.040 1.130 0.060 1.155 0.085 1.184 
1.120 1.109-1.131 0.041 1.192 0.061 1.217 0.087 1.246 

1.180 1.168-1.192 0.042 1.254 0.062 1.279 0.088 1.308 
1.219 1.207 - 1.231 0.042 1.293 0.063 1.319 0.089 1.340 

1.250 1.237 - 1 .263 0.042 1.325 0.063 1.351 0.089 1.381 
1.320 1.307 - 1 333 0.043 1.397 0.064 1 423 0.091 1.453 

1.400 1.256 -1.414 0.044 1.479 0.066 1.506 0.093 1.535 
1.500 1.485-1.515 0.045 1.581 0.067 1.608 0.094 1.638 

1.600 1.584 -1.616 0.046 1.683 0.068 1.711 0.096 1.741 
1.626 1.610- 1.642 0.047 1.770 0.069 1.738 0.097 1.768 

1.700 1.683-1.717 0.047 1.785 0.069 1.813 0.097 1.844 
1.800 1.782- 1.818 0.048 1.888 0.071 1 916 0.099 1.947 

1.900 1.881-1.919 0.049 1.990 0.072 2.018 0.100 2.049 
2.000 1.980-2020 0.049 2.092 0.072 2.120 0.101 2.152 . 
2.120 2.099-2.141 0.050 2.214 0.074 2243 0 103 2.275 I 
2.240 2.218-2262 0.051 2.336 0 075 2 366 0 104 2.39c 

2.360 2.336- 2 384 0.051 2.459 0 076 2488 a.ms 2 52~ 
2.500 2.475- 2.525 0.052 2.601 0.077 2.631 0.107 2.665 I 
2.650 2.623-2677 0.053 2.754 0.078 2 784 0 108 2.819 
2.800 2. 772 - 2.828 0.054 2.907 0.080 2.938 0.100 2.972 

3.000 2.970 - 3.030 0.055 3110 0.081 3142 0.112 3.176 
3.150 3.118- 3 182 0.056 3.263 008? 3 294 0.113 3.33C 

3.245 3.211 - 3.279 0.057 3.359 0.083 3.392 0.115 3.428 
3.350 3~316- 3.384 0.057 3.466 0.083 ~.498 0.115 3.534 

3.550 ' 3,514- 3.586 ' 0.058 3.670 ' '0.085' ' 3.702 "0.117 '' '3.738 
'' '31660' I I I I 31622 - 3.698 "' ' '' 0.059" ' 3.781 ' " "0.086' ' ' 3.814' " '"0.'118 '' '3.851 "' 

"' I I I I 
' ' '" ' 

I Ill 
' " " ' ' ' " ' "' I " I I" "' 
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ELONGATION AND SPRINGINESS 
FOR 

ENAMELLED ROUND WINDING WIRES 
(COPPER WIRESJ 

Annex 3 
Page 7 

Table: C CR 11 

Springback Test 

Method 

Springback Requirements (degrees) 

According to 15:4800 

to Mandrel Tension Parts IV. V. VI. VII. IX. XI Part X 

SWG mm Break Diameter Fine Medium Thick Fine Medium 

% mm Covering Covering Covering Covering Covering 

11 2.946 34 
12 2.642 34 
13 2.337 33 
14 2.032 33 

.__-----~----+-----1-----._---+-----J----+--~---t----·~ 
15 1.829 32 
16 1.626 32 50 15 28 30 32 30 32 
17 1.422 32 32 34 36 34 36 

18 1.219 31 36 38 I 40 38 40 
1 9 1.0 1 6 3 0 5 0 1 5 4 2 4 5 ! 4 - 4 5 4 7 
20 0.914 29 45 48 51 48 51 

21 0.813 28 I 41 43 46 43 46 
22 0.711 28 ~7.5 12 44 47 50 47 50 
23 0.610 27 46 50 53 SL' 53 

2 4 0 .5 5 9 2 6 4 1 4 4 4 8 . 4 ~ 4 8 
25 0.508 25 25 8 43 47 51 47 51 
26 0.457 25 44 48 53 48 53 

27 0.417 24 45 50 55 50 55 
2 8 0 .3 7 6 2 3 4 7 I 5 2 5 7 5 2 5 8 
2 9 o .3 4 5 2 3 1 9 4 4 8 5 3 5 9 5 3 I 5 9 
3 0 0 .31 5 2 3 5 0 5 5 6 2 5 5 6 2 

31 0.295 22 46 52 60 52 I 60 
32 0.274 22 47 53 61 53 61 
33 0.254 22 

12
·
5 

'- 49 56 65 56 65 
34 0.234 21 50 58 67 58 67 

35 0.213 21 53 61 71 61 71 

~~ ~:~~~ ;~ 10 ,1 1 ~~ :~ _] ~~ :~ ;~ 
38 0.152 19 I 59 67 78 67 78 --------------1-------·----·---t--:- ----- -------+ -- .... -
39 0 .132 18 ! 60 , 68 : 80 68 . RC 

I 40 0.122 17 / 1 0.5 62 70 84 7() 1 tJ I .. ~ 
41 0.112 17 I 64 73 88 73 j 88 

~.~~~ - : ~ - -- 5-J-:-5---tf---:-~-------~-~---+---:--~---+---~-;--·----:r -42 
43 
44 

45 
46 
47 

48 

0.081 14 ___ --- 1 70 80 100 80 96 

~:~~~ ~~ 3 --- --0~~-~ :,~ ~~ ~~ 1~; 
0.051 -~~--- -- -- -- - -1---- 7,2 : 87 87 110 
0.041 9 ' ' 

I 1111 I I I I I I I I I 11 I I I 

II II I 11111 I I II I I I I I 111 I I I I I I I 11 I I I I I I I I II I Ill I I I I I 

·~I·- II II I I 11 11 II 11111 I 11111 
11 11 I 11111 

I I I 111

1 

I I I 1111 
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PEEL TEST 
FOR 

ENAMELLED ROUND COPPER WINDING WIRES 
TO 

15:4800 

Nominal wire si:e Load 
Peel Value 

Up to Up to Minimum Revolution ( n) for en11melled copper wires 
- - ..... 

Over including From including N -
mm SWG Part IV Part V Part VI Part IX P1111 X 

1.000 1.400 19 18 25 Enamelled wires Enamelled wires with Enamelled wires Enamelled wires Enamelled w1re5 with 

with high temperature index 155 with self v•ith temperature self bonding properties 

mechanical fluxing properties index 180 
- -

1400 1.800 17 16 40 properties (e.g. Polyester wires) le.g. Polyuretha- (e.g. Polysterimi- (e.g. Phenoxy uvnr 

(e.g. PVF wiresl ne wiresl de wires) coated PVF or 

PolyurethanP. wires) 

1 800 2.240 15 14 60 

Type 1 Type 2<D Type lJ) •vPe ero 

2.24\J ::> 800 13 12 100 175 150 130 150 110 115 I 150 
n=--- n=--- n=--- nzi--- n=---

n = dfmml I ". d Imm) d (mml d (mml d (mml d Imm) d lmml 

2.800 3.550 11 10 160 

-

~ 
• ~r- - - • 

Type A Heatbonding wires with high mech. properties (e.g. phenoxy overcoat + PVF base coatl 
Type B Heat bonding wires with self fluxing properties (e.g. Phenoxy overcoat + Polyurethane Base coat) 

I 

-

Part XI 

Enamelled wires 

with temperature 

index 220 

(e.g. Polyimide 

wires I 

90 
n::i--

d fmml 

"'" "" 

"O ' > 
;) 
;) 

Ill 

O! ' " >C -
1, ~ 



Nominal Diameter mm Load 

mm SWG 
Copper Aluminium 

From Up to From Up to Wires Wires 
g !NJ g· !N) 

0.032 I 49 25 10 .25) 

0 .033 0 .050 48 41 IO .40) 

0.051 0.080 47 45 71 (0.70) 

0 .08, 0. 125 44 40 120 n.251 

1 .126 0.200 39 36 224 !2.201 146 (1.431 

0.201 0.315135 30 224 (2.20) 146 (1.431 
I 
I 

0.316 0.500 / 29 26 459 (4.501 298 !2 .92 I 

0.501 0.800 25 22 918 19.001 597 (5.85) 

0.801 1 .000 21 20 1836 Ii 8 .01 1193111.7) 

1 .00 1 1 .250 1 9 18 1836 (18.0) 11.'~ (11 .71 

, .251 2.000 17 1 5 3672 136 .o, 2387 123 .4 I 

2.001 3.000 14 1 1 7140 (70.01 4641 (45.501 

Tnhlc·E IA11 

CUT THROUGH TEST 
FOR 

ENAMELLED ROUND WINDING WIRES 

Speci· Time for 
Temperature ° C !2 min. withstand) Requirement according t'l I S:4800 

men Insertion 
Until 

Part IV Part V Part VI 

Loading Loading 1 2 3 

Wires with Wires with Wires with 

high Tempera. self fluxing 
p 

* 
1 

mechanical tu re properties 

Properties Index 155 (e.g. Poly-

(e.g. PVF (e.g. urethane 

Wires I Polyester Wirasl 

Wires) 

p 1 

* 
170 240 170 

2 

3 

·-··--

Part VI I Part IX 

4 5 

Wires with Wires with 

good Tempera-

dielectric tu re 

properties Index 180 

under (e.g. Poly-

humid esterimidf! 

conditions j Wires I 

!e.g. Oleu· 

resinous 

Wires) 

140 265 

Part X 

6 

Wires with 

Self 

Bonding 

properties 

(e.g. Phan. 

oxy over 

coated 

Polyurath· 

ane or 

PVF Wires) 

170 

Part XI 

' 
Wires with 

Tempera. 

tu re 

Index 220 I 

~ 

""' !e.p. 

Polyimide 

Wires I 

350 

.,, , ,,. 
°" :I 00 ::l 
Ill Ill 

~ 

..c ..., 
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l-'age IU Table:FIR1l 
ABRASION RESISTANCE TEST 

FOR 

ENAMELLED ROUND WINDING WIRES 

Nominal 
Abrasion Load 

Diameter Copper wires Aluminium wires Abrasion requirement I 
strokes 

Fine Medium Thick Fine Medium acco1ding to 
mm SWG covering covering covering covering covering IS:4SOO 

g N g N g N g N g N 

I 
0.250 33 & 32 163 1.6 204 2.0 265 2.6 102 1.0 133 1.3 Part IV 
0.280 31 173 1.7 224 2.2 286 2.8 112 1.1 143 1.4 
0.315 30 & 29 194 1.9 245 2.4 306 3.0 122 1.2 163 1.6 Wires with 

0.355 28 214 2.1 275 2.7 337 3.3 143 1.4 183 U3 
high mechanical 

0.400 27 235 2.3 296 2.9 367 3.6 153 1.5 194 1.9 
properties 1~-9-
PVF Wires) 

av. :50 
min.: 20 

0.450 26 265 2.6 326 3.2 398 3.91 173 1.7 214 2.1 
0.500 25 275 2.7 347 3.4 428 4.2 I 184 1.8 224 2.2 
0.560 24 306 3.0 377 3.7 469 4.6 I 

I 
204 2.0 245 2.4 Part V 

0.630 23 326 3.2 408 4.0 500 4.9 I 214 2.1 265 2.6 Win~s with 
0.710 22 357 3.5 449 4.4 551 541 235 2.3 296 2.9 Temp:?rature 

Index 155 (e.g. 
Polyester Wires) 

0 750 377 3.7 479 4.7 581 s 1 I 245 2.4 306 3.0 av. :40 

0.800 21 388 3.8 500 4.9 612 6.0 255 2.5 326 3.2 rnin. : i 6 

0.850 408 4.0 520 5.1 632 6.2 265 2.6 337 :?.3 
0.900 20 428 4.2 541 5.3 663 ~.5 275 2.7 347 3.4 
0.950 449 4.4 561 5.5 683 6.7 296 2.9 JS7 3.6 Part VI 

1.000 19 459 4.5 581 5.7 714 7.0 296 2.9 377 3.7 Wires with self-
fluxing properties 

-- le .g. Polyurethane 
Wires) 

1.060 479 4.7 602 5.9 734 7.2 306 ~.O 388 3.8 av.: 30 
1.120 500 4.9 622 6.1 765 7.5 326 3.2 I 40~ 4.0 I 1.180 18 520 5.1 643 6.3 785 7.7 337 J.3 418 4 1 min.: 12 

1.250 541 5.3 673 6.6 816 8.0 :l47 3.4 439 4.3 ! 
1.320 561 5.5 694 68 847 8.3 367 3.6 449 4.4 I 

Fart IX I 

+-- Wires with 
Temperaturl'! Index 

1.400 17 581 5.7 724 7.1 877 8.6 377 3.7 469 4.6 I 18C le.g. 
1.500 612 6.0 755 7.4 918 9.0 398 3.9 490 .d.8 Polyesterimide 
1.600 16 632 6.2 785 7.7 959 9.4 408 4.0 510 5.0 Wires) 
1.700 663 6.5 816 8.0 1000 9.8 428 4.2 530 5.2 av.: 40 
1.800 15 694 6.8 847 8.3 1030 10.1 449 4.4 !\51 5.4 min.: 16 

-- _ j _ -- -- -~-------·· --
! I 

Part XI 
! I 694 6 3 i 3J7 8 3 1030 11;1 .!J ~-i •l 4 I S5i s 4 \'\'ir;:::; ..,.,i;h 

i 

14 694 6.8 847 8.3 1030 10.1 44!} 4.4 551 54 Temperatu•e 

694 6.8 847 8.3 1030 10.1 449 4.~ 5!) 1 5.4 Index 220 (e.g. I 
11 694 6.8 847 8.3 1030 10.1 449 4.4 551 54 Polyimi"e Wi•ej 

694 6.8 847 8.3 1030 10.1 449 4.4 561 5.5 av. : 20 
12 694 6.8 847 8.3 1030 '10.1 449 4.4 561 55 min.: 8 
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Page t trable . G 

BREAK DOWN VOLTAGE 

FOR 
ENAMELLED ROllND WINDING WIRES CD 

Nominal Diar.ieter Test Specimen preparation Break down voltage. mini-

SWG Test Specimen Total Tens ion on Wire twists mum volts at Room Temp. 
mm (2) 

Confugeration twist per 

Over Upto Copper Aluminium 125 mm Fine Medium Thick 

& including g (N) g (N) @ 

0.040 0.050 48 350 700 
0.050 G.063 47 & 46 twist pair 20 (0.2) 40 400 800 
CUIB3 0.070 500 950 

0.070 0.080 45 500 950 !400 
0.080 0.100 44 twist pair 41 (0.40) 40 600 1200 1600 
0.1 (\0 ll.110 42 

-t-
700 1300 1800 

0.110 0.125 41 & 40 700 1300 1800 
0.125 0.1€0 39 & 38 I 800 1500 2200 
0.160 0.200 37 & 36 

twist pair 87 (0.85} 56 (0.55) 33 
900 1700 2500 

0.200 0.250 35 & 34 1000 2000 3000 

L.250 0.315 33 to 30 173 (1.70) 112 (1.10} 23 
1200 2200 3300 

0.315 0.350 29 1400 2400 3700 

0..350 !l.400 28 
twist pair 347 (3.40) 225 (2.21) 16 

1400 2400 3700 
0.400 0.500 27 & 26 1600 2800 4000 

0.500 0.710 25 to 23 714 (7.00) 464 (4.55) 12 1800 3100 4400 
0.710 0.750 22 1900 3500 4700 

0.750 0.850 21 1900-· 3500 4700 
0.850 0.950 20 twist pair 1377 13.50 896 8.78 8 2000 3700 5100 
0.950 1.050 19 2100 3800 5300 

1.050 1.120 2100 3800 5300 
1.120 1.320 18 twist pair 2754 (27 .00) 1790 (17.55) 6 2200 3900 5600 
1.320 1.500 17 2300 4000 5900 

1.500 1.600 16 
twist pair 3580 (35.,) 2300 4000 5900 

1.600 1.900 14 5508 (54) 4 
2400 4300 6100 

1.900 2.150 2500 4400 6300 

2.150 2.500 13 twist pair 11016 (108) 7160 (70.2) 
., 

2500 4400 6300 .., 

Over 12 Aluminiurr: foil 1 000 rnno ::'.-DG 
2 500 I & th10.er v ... r .. m;:ed wire l 

Notes: <D Break down voltage values are for all types of wires. 
@ Break down voltage requirement at Thermal Class temperaturP ,,,~ min 75 percent 

of BDV specified at RT 
@ Thick co1mring is applicable ~o Wires with high machauical ; · ·M1.'?S (e. g. wires 

coated with Poly Vinyl Formal enamel) or.ly 
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Flexibility and Adherence 
Mandrel Winding Test Requ:rements 
For Enamelled Round Winding Wires 

To 
IS 4800 

I Mardrel Winding Test Requirements 
Nominal Wir9 Size 

Part IV Wires with high mech. properties Part VII 

e.g. PVF wires wires 

Over Upto From Up to Part V wires with Tl 155 e.g. polyester wires with good dielectric 

including including Part VI wires with self fluxing property properties under 

I 
e.g. polyurethane wires humid conditions 

Imm) !SWGl Part IX wires with Tl 180 e.g. polyesterimide wires Copper Aluminium 

I 

0.050 0.250 I 47 34 1d 1d 10d 

0.250 1.000 33 20 1d 1d 10d 

1.000 1.600 19 17 1d 

I 
16 32% (Linear stretching) ' 1.600 2.000 15 l 

I 

l 

2.000 5.000 14 32% 

l';otes 1) Definition of crack - A disc :mtinuity in the enamel film 
exposing the conductor surface 

2 · crack observation - The specimen should be examined 
for cracks under magnification 6 to 10 1;mes. 

-· 
Part X 

wires with ht!Cll 

bonding prop1ir1y 

e.g. phenoxy ovur 

coated PVF or 

Polyurethane w11es 

ld 

I 
1d I 

1d 

32% 

32% 

I able H 

Part XI 

wires with 

Tl 220 

e.g. polyimide 

wires 

20% stretch + 3d 

1d 

1d 

"O 
QI 

(JO 
111 -N 

V' 
0 

> ::s 
::s 
111 
>c 

l..J 



'"' 

... 

Heat Shock Test 
For 

Enamelled Round Winding Wires 
To 

IS 4800 

Nominal Wire size Mandrel Winding Requirements for Heat Shock 
P;irt N and Part Jl Part JZI. 

(SI.NG) 
Part X type A & B wires with Tl 155 wires' with 

(mm) 
wires with high e.g. polyester wires self-fluxing 

over upto From up to mechanical properties property e.g. 
-

including including e.g. PVF wires Copper Aluminium polyurethane 
Copper Aluminium Type 1 I Type 2 Type 11 Type 2 wires 

Heat Shock 
, 55-160 175-180 125- 130 Temperature oc 

0.050 o.160 48 38 1d" 3d" 5d 3d" 3d" 

0. 160 0.250 37 34 1d" 3d" 5d 4d" 5d 4d" 4d" 

c 250 0.500 33 26 1d 2d 6d 2d 6d 2d 2d 

0.500 1.000 25 20 1d 2d 6d 2d 6d 2d 2d 

1.000 1.600 19 17 ld 2d 7d 3d 7d 3d 3d 

1 .600 2.000 16 15 32% 10% 20% 

2.000 5.000 14 32% 10% 20% 

• The wire shall be stretched 20% in case of copper & 15% in case of aluminium before winding on mandrel. 
Notes 1. The soec1men should be examined for cracks under magnification 6 to 10 times 

2. Defination of crack - A discontinuity in the enamel film, which exposes 
the conductor surface, when viewed at magnification 6 ·10X 

Part 3ZJJ. 
wires with good dielectric 

properties under 
humid conditions 

Copper I Aluminium 

125-130 

4d 10d 

4d 10d 

4d 10d 

Sd 10d 

5d 10d 

-
P;1rt lX l wirC!s with 

TI 1130 e.g. 
J 

polyesterimide 
wires 

195.200 

3d" 

4d' 

2d 

::id 

3d 

25% 

25o/, 

• ~•lJt "· ' 

Part :xI 
wires with 
Tl 220 e.g. 
polyimide 

wires 

240-250 

3d" 

3d' 

ld 

ld 

ld 

"Cl 
DI 

(IQ 
ID 

.... 
1,..1 

.J 

Ul 

> 
;J 
:I 
ID 
)( 

1,..1 
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HEAT BONDING TEST 
Annex 3 

Page 14 
METHOD AND REQUIREMENTS 

FOR 
ENAMELLED ROUND WINDING WIRES 

TO 
IS:4800 (PART X) 

Nominal wire size 
Specimen Preparation 

Temperature Bond strength 

Mandrel 
Load on &Time Test requirement 

Imm) I (SWGI coil during during minimum 
Upto & Upto & Diameter bonding bonding 

Over including From including Imm) (N) (°CI INI 

0.050 0.071 47 45 1 0.050 0.05 

0.071 0.100 44 43 1 0.050 0.08 

0.100 0.160 42 38 1 0.150 0.12 

170 ~h 

0.160 0.200 37 36 1 0.250 0.25 

0.200 0.315 35 30 2 0.350 0.35 

0.315 0.400 29 28 3 0.500 0.70 

0.400 0.500 27 26 4 0.750 1-10 

0.500 0.630 25 23 5 1.250 1-60 

0.630 0.710 6 1.750 2.20 

0.710 0.800 22 22 7 2.000 2.80 

0.800 0.900 21 21 8 2.500 3.40 

0.900 1.000 20 20 9 3.250 4.20 

170 lh 

1.000 1.120 19 19 10 4.000 5.00 I 
I 
I 
I 

1.120 1.250 19 18 11 4.500 5.80 

I 1.250 1.400 12 5.500 6.30 

I 
f---·--·-·-- ·-· --

I 
I 

I I 

1.400 1.600 17 17 14 6.500 8.50 
'1 

1.600 1.800 16 16 16 8.000 10.50 

1.800 15 18 10.000 10.50 

I 
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UNIDIRECTIONAL SCRAPE RESISTANCE TEST 
FOR 

ENAMELLED ROUND WINDING WIRES (COPPER) 

Table. Kil) 

Annex 3 

Page 15 

TO IS:4800 (PART IV) WIRES WITH HIGH MECHANICAL PROPERTIES (e.g. PVA) 
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UNIDIFiECTIONAL SCRAPE ABRASION TEST Annex 3 

FOR Page 16 

ENAMELLED ROUND WINDING WIRES (COPPER) 
TO 

IS 4800 

Nominal Part V Part VI 

Diameter Wires with Tl 155 Wire with self fluxing property 

e.g. Pdyester wires e.g. Polyurethane wires 

Fine Medium Fine Medium 

min. av. min. av. min. av. min. 
mm SWG (N) (N) (NI (N) (N) (NI (NI 

0.250 33 & 32 2.30 2.70 3.00 4.50 1.95 2.30 3.50 
0..200 31 2.45 2.90 4.10 4.a> 2.10 2.50 3.70 
0.315 30 & 29 2.65 3.15 4.40 5.20 2.30 2.70 4.00 
0.355 28 2.85 3.40 4.75 5.60 2.50 2.90 4.30 
0.400 27 3.05 3.65 5.10 6.00 2.70 3.15 4.00 

0.450 26 3.~ 3.90 5.45 6.45 2.90 3.40 4.90 
0.500 25 3.55 4.20 5.85 6.90 3.10 3.65 5.25 
0.560 24 3.9> 4.50 6.25 7.40 3.:1> 3.90 5.00 
0.630 23 4.10 4.85 6.70 7.90 3.55 4.20 6.00 
0.710 22 4.40 5.20 7.20 8.50 3.EK> 4.50 6.45 

-
0.750 4.55 5.45 7.45 8.00 3.95 4.65 6.65 
0.800 21 4.70 5.00 7.70 9.10 4.10 4.EK> 6.90 
0.850 4.90 5.00 7.95 9.40 4.25 5.00 7.15 
0.900 10 5.10 6.05 8.20 9.70 4.40 5.20 7.40 
0.950 5.30 6.30 8.50 10.00 4.55 5.40 7.65 

1.000 19 5.50 6.55 8.EK> 10.40 4.75 5.00 7.90 
1.060 5.70 6.00 9.10 10.70 4.95 5.80 8.20 
11.20 5.95 7.05 9.40 11.10 5.15 6.00 8.50 
1.100 18 6.20 7.30 9.70 11.50 5.35 6.25 8.00 
1.250 6.45 7.00 10.00 11.90 5.55 6.50 9.10 

1.320 6.70 7.90 10.40 12.30 5.75 6.75 9.40 
1.400 17 6.95 8.20 10.00 12.70 5.95 7.00 9.70 
1.500 7.25 8.55 11.20 13.20 6.15 7.25 10.00 
1.600 16 7.55 8.90 11.60 13.70 6.35 7.~ ro.~ 
1.700 7.85 9.25 12.00 14.20 6.55 7.75 10.70 
1.800 15 8.15 9.60 12.40 14.70 6.80 8.00 11.00 

1.900 8.45 9.95 12.80 15.20 7.05 8.30 11.50 
2.000 14 8.75 10.30 13.30 15.70 7.30 8.60 11.90 
2.120 9.05 10.70 13.70 16.20 7.60 8.95 12.30 
2.240 13 9.40 11.10 14.20 16.70 7.90 9.30 12.70 
2.360 9.75 11.50 14.60 17.20 8.20 9.65 13.10 
2.500 12 10.10 11.90 15.10 17.80 8.50 10.00 13.50 

t-.iote - 1 Load selected should be~ 90% of the minimum force to failure 
2 F,,,.ce to failure is calculated as Newtone to Fail = 

Load (initial) in N X distance travelled untill failure (marking on lever) 
31N = '102 g 

av. 
INl 

4.10 
4.40 
4.75 
5.10 
5.45 

6.00 
6.20 
6.65 
7.10 
7.00 

7.85 
8.10 
8.40 
8.70 
9.00 

9.30 
9.65 

10.00 
10.30 
10.70 

11.00 
11.40 
11.80 
12.20 
12.70 
13.10 

13.60 
14.00 
14.50 
14.90 
15.40 
15.90 

Part IX 
. Wires with Tl 100 

e.g. Polyesterimide wires 

Fine Medium 

min. av. min. av. 
(Nl (N) (N) CNl 

2.45 2.85 4.00 4.70 
2.60 3.10 4.30 5.05 
2.00 3.35 4.60 5.45 
3.05 3.00 4.95 5.85 
3.25 3.85 5.30 6.25 

3.50 4.15 5.70 6.75 
3.75 4.45 6.10 7.20 
4.05 4.75 6.50 7.70 
4.35 5.10 7.00 8.25 
4.65 5.45 7.50 8.85 

4.00 5.65 7.00 9.20 
4.95 5.85 8.05 9.50 
5.15 6.05 8.30 9.00 
5.35 6.30 8.00 10.20 
5.55 6.55 8.90 10.50 

5.75 6.75 9.20 10.90 
5.95 7.05 9.50 11.20 
6.20 7.35 9.00 11.60 
6.45 7.60 10.20 12.00 
6.70 7.90 10.50 12.50 

6.95 8.20 10.90 12.90 
7.20 8.50 11.30 13.30 
7.50 8.85 11.70 13.00 
7.00 9.20 12.10 14.30 
8.10 9.65 12.60 14.00 
8.40 9.95 13.00 15.40 

8.70 10.20 13.4 15.9 
9.00 10.60 13.9 16.4 
9.30 11.00 14.3 16.9 
9.65 11.40 14.8 17.5 

10.00 11.80 15.3 18.0 
10.40 12.20 15.8 18.6 
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SOME COMMON DEFECTS AND THEIR CAUSES 
FOR ENAMELLED ROUND WINDING WIRES 

Annex 3 
Page 17 

DEFECT 

Colour variation. dullness. 
coloured patches 

CAUSE 

•Oven temperature variation. misalignment of wires 
in the oven 

• Oxidized wire. traces of annealing water and wire 
drawing lubricants present 

• Improper pickling-presence of pickling acid traces, 
pickling incomplete, anti-tarnishing treatment not done 

• Enamel coating eccentric, variation in build up 

• Enamel + thinner mixture non-homogenous, 
crystallization of enamel 

• Enamelling speed variation 

• Improper exhaust conditions 

Table L 

Roughness. black spots, 
excess enamel spots 

• Copper conductor surface rough (fins-flakes-slivers-dielines) 

Blisters 

Low elongation, 
High springiness, 
(hard wire) 

Excessive pin-holes 

Loose winding 

• Dust from atmospheric air 

• Solid deposits from oven.exhaust cleaning needed 

• Vibrations during enamelling 

• Damage due to defective sheaves 

• Wire enamel flow improper, contaminated wire enamel. 
refilteration required 

• Incorrect temperature profile 

• Too high enamel build-up in initial or any 
subsequent pass 

• Too much or incorrect thinner used 

• Insufficient preannealing temperature 

• Less number of passes 

• Low oven temperature.high enamelling speed 

•Bad copper 

• Presence of copper dust due to improper 
pickling (washing with pressure jet essential) 

• Bad copper· 

• Insufficient and varying winding tension 

• Improper traverse movement 

• Poor quality spools 
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