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The Sixlh ArJL In<luHLr id) Developmenl Conferen•:e he hl
1 

in 

DrlmdtSt:uH in October 1984, Hlressed on lhe imporlance of 

sell.i.ng up (dcilitles in lhe ArdL region (01· manufaclure of 

products used in ~leclricily g~neraljon, lrdnsrnission and 

distribution. Subsequenlly, the Are:1b Industrial Development 

and Mining OrganizaLion (AIDMO), prepared a Sectoral Report 

on the status of electricity ~eneralion, growth prospects in 

the region and requirement of equiprnent/facilitie~ thereof. 

The study covered 21 Arab countries for the period 1986-2010 

AD. 

Based on the findings of the Sectoral study, the AIDHO, in 

consultation with the United Nations Industrial Development 

Organization (UNIDO), Rhortlisted 8 products for which .t 

wanted to get project profiles prepared. One of the 

designated products is F.leclrlcal Motor. The objective of 

the project profile id to provlde sufficient informatjon so 

thal proapective prornotere <tnd spo11sors find themselves in 

n posit.ion lo eva)u-tle the project. 

The Scope of Work for· t.hi.li Prujecl Profi Je include!5 1.hP. 

fol l1.Jwin9 : 

o DeHcriplion, Hpeci-tl characleriHtjcH, features and 

uHeH o! lhe producl. 

o Iderit.i!i::.-tion of major enc)-uHer induatrit!B 

1.1 AHHeHHmenL of pn!Hf'!nl prrnJ1wl. i.on cap-telly 

u AHHeHtsmenl of HUppl y ctnd demaru) {or lh~ vroducl i.n 

I.he deH.i~JndLed n!<Jiun 
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o Identificalion of demdnd-supply gap and evaluation of 

Lhe possibilily of entering the market 

o Descript.ion of ba1:1ic manufacturing process 

o Process Clow chart 

o Rrief specificdLjons of pl<t11l and llldchjnery, and 

Lheir indicdlive priceH 

0 Es ti ma led requirement.a of raw mat.erials, t.heir 
sources and prices 

o Eatimated requirements of utilities such as power, 

water, compressed air, f.uel oil, etc. 

u Est.imated requirement of manpower 

o Eatimated requirement o( space, and plant layout 

o Planl location 

o Project cost estimate 

o Project financial analysis and evaluation 

o Project implementdlion schedule 

This study is confined to lhe following 13 countries -

Alg~ria 

Egypl 

Jordan 

Libya 

Saudi Are1bia 

Syria 

U.A.E. 

Iraq 

Kuwait 

Morocco 

S1.1<ldn 

Tunisia 
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A separate market Hurvey, according lo the AIDMO, was nol 

required to be cdrried out prior to preparing this project 

profile, since lhe information and projections conlained in 

the Sectoral study conducted by them was indicated to be 

ddequdte for the purpose. Therefore, the Section on 'Harke~ 

Analysis' is based entirely on the Sectoral study carried 

out by the AIDHO. 

The conlenls of this Report have been organised in a manner 

as to present the reader with a logical sequence of analysis 

anci findings. 

Salient features of lhe project have been summarised in the 

following Section. The Section presented thereafter 

describes the product with a view lo familiarise the reader 

with its features, characteristics and uses. The Section on 

'Market Analysis' provides demand projections. Plant 

capacities and recommended locations for establishing the 

proposed manu!aclur ing facilities are discussed i.. the next 

Section. 

Manufacturing process is dealt with in a separate Section, 

titled 'Manufacturing Process'. This Js followed by a 

Section on 'Plant and Equipment'. Estimates of raw materials 

and other inputs, 

space and layout 

are followed by 

requirement of ulilitiea, and estimates of 

are presented in •eparate Sections. These 

a Section on estimated requiremePt of 

rndnpower and the recommended organisation structure. 

Findnc.ial Analysis and eva 1 ualitm and project implementcttion 

pldn of the proposed project iR presented in the last two 

Ht~cLion::s reHpectively. 
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IL Ls recommendt:d lhat one manufdclurin9 planl with a 

Cdpdcily o( 1,400 tonnes per annum (TPA> be set up lo 

manufacture eleelrical molora within Lhe designated region. 

Thia plant vill manufacture about 2,000 noa. o( molora o! 

varying capacity. Gradually, the product-mix ~an be modified 

or expanded lo meel lhe increasing demand. Thia should be 

sufficient to cater to the demand lor the product right up 

to 2010 AD 

Further, it is su9gested lhat the plant be set up in Saudi 
Arabia. It will cater to the requirement of entire Arab 

region. 

IL is observed Lhal with the increase in demand (or power, 

new power generating stations would be sel up, and that by 

ilself will justify establishing the proposed plant. 

Summary of basic parameters and significant fealuree of the 

Project is presented in Exhibit-I. 
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SL 
No. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

e. 

UNITED NATIONS INDUSTRIAL .DEVELOPMENT ORGAllIZATIOll 
AIU> 

ARAB I•DUSTRIAL DEVELOPMENT AND MINING ORGANIDTJOll 

PROJECT PROFH.H ON F.LRCTRICAt. MOTORS 

SUMMARY OF FINDINGS 

Parliculars 

Local.ion 

Pldnt Capacily CTPA) 

Area Requirement. 
(Square Metres) 

Manpower Requirement 
CNumbera) 

Implementalion Period 
(Months) 

Project Cosl (Million $) 

Break-Even Poinl (\) 

IRR ( % ) 

Plant. 

Saudi Arabia 

1,400 

15,000 

313 

27 

13.61 

49.40 

18.20 
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PRODUCT ANALYSIS 

Electric motors convert electrical energy, supplied from 

or DC source, to mechanical energy to a rotating shaft. 

electric motors have certain basic features which 

common. Motors have a stationary member i.e. the stator 

a rotating member i.e. the rotor. They are separated by 

AC, 

All 

are 

and 

an 

air gap. Both stator and rotor have a magnetic core, usually 

laminated. The core carries copper or aluminium windings in 

slots or poles. The windings are usually insulated except in 

the case of squirrel cage motors. The windings carry current 

which flows due to direct conduction or electro magnetic 

induction. The currents produce magnetic fields which 

intersect with each other and thus produce turning effect 

(Torque) on the rotor shaft. 

Electric motors are generally classified based on the type 

of electromagnetic fields generated in the stator and rotor 

windings. Most of the motors fall under the following 

categories 

o Squirrel cage induction motors 

o Slip ring induction motors 

o Synchronous motors 

o DC motors 

In all polyphase AC motors the magnetic field in the stator 

is developed by alternating currents having a supply 

frequency <f.). It rotates at synchronous speed N. = f./p 

revolution/sec. relative to the stator, where p is the 

number of pole ~airs of the winding. 
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In asynchronous or induction type motors {squirrel cage or 

slip ring motors) voltages are induced in the rotor windings 

at a frequency of fr = (N. - N> x p where. N is the speed of 

lhe rotor. These voltages produce currents which develop an 

electromagnetic field rotating at speed (N. - N) relative to 

the rotor i.e. at speed (N. - N) + N = N. relative to the 

stator. Thus, regardless of the speed of the rotor, the 

electromagnetic fields of the stator and rotor remain 

stationary relative to each other. 

In a synchronous motor the rotor rotates at exactly the 

synchronous speed and therefore no voltage is induced in th~ 

rotor windings. 

The rotor fi~ld is usually developed by a DC, fed to the 

rotor windings through slip rings. Thus the field is 

stationary relative to the rotor. Rotor and stator again are 

stationary to each other. 

ln a DC motor, field windings on the stator are suppl.ied 

with DC and therefore the stator field is stationary. The 

armature winding on the rotor is supplied with DC via brush 

bracings on commutator. The action of commutator converts DC 

to AC within the armature and eimultaneous!y maintains the 

rotor field stationary and in quadratur~ to the stator 

field. 

The corque, speed and shaft power developed at a motor shaft 

can be calculated from the following formulae : 

8.85 B.l.I.r 
pound-feet Torque T ...: Jo' r = 

10" 
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where, 

T Torque in pound-feet 

F Force in pounds 

r The arm of the force in feet 

I Current 

l Length of wire 

B Field strength 

Shaft Power = P = T. N 5250 

where, Power is in hp, Torque is in ft. pound and N is in rpm. 

Similarly input electric power can be calculated from the 

shaft power and is given by : 

746 <Shaft Power) 
Input Power = 

Efficiency 

where, Input power is in watts. 

Voltage and current is related to the electrical power for a 

three phase AC motor, as follows : 

Input Power = 1.732 x Voltage x Current x p.f. 

For calculating power of a single phase AC motor 1.732 is 

omitted from the above equation. For DC motors the input 

power is calculated as follows: 

Input Power = Volt~~e x Current 

A complete 

eiectrical 

motor specification cov~rs several 

and mechanical components in addition to 

power and torque. These itP.ma are given below : 

other 

speed, 
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------------------------------------------------------------Always Specified Specified when Applicable ------------------------------------------------------------
Type of enclosure 

Altitude 

Ambient temperature 

Temperature rise 

Insulation class 

Starting method 

Mounting 

Inertia at motor shaft 

Locked rotor current limits 

Vibration/balance tolerance 

Efficiency 

Terminal boxes 

Noise level 

Shaft extension 

Direction of rotation 

Bearings 

Vertical motor shaft type 

Screens and filters 

Vertical motor rotation and 
thrust 

Space heaters 

Bearing thermal detection 

Vibration detection 

Stator thermal detection 

Surge protection 

Current transformer 

Coupling to driven equipment 

Base 

Grounding provisions 

Drains 

Testing to be performed 

------------------------------------------------------------
Motors Required in Power Plants 

The design of power station auxiliary drives has always 

received special attention from the point of view of 

reliability, safety and design parameters. Both coal and oil 

fired boilers require substantial auxiliary power which in 

turn needs close control to achieve efficient combustion. 

The backbone of each of these auxiliaries is squirrel cage 

motors upto Group IVE Hizes. 

Th~ emphasis is thereforP on squirrel cage motor (single or 

l.wn speedR) and its desi9n, to meet the Rpecific duties. 

c;1•n1·rdlly, most onerouy n~quirement.~ come from high inertia 
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drives resulting in difficult starting conditions with 

supply capacity li.nited compared to the motor rating. 

Starting currents of about ~.5 times the full load current 

and at 80\ voltage a9dtnst ft1ll torque are also sperifiPd. 

Close matching of the motor to the drivP ~nd elertr1cal 

supply systems is necessary. The special torque n:·qui rement 

of coal mills have resulted in the interposition of 

hydraulic couplings without speed control facility. Squirrel 

cage motors can be designed for direct drive also, with 

proper protection, partiularly stall protection. 

Squirrel Cage Induction Motor 

The design parameters of squirrel ca9e induction motor arc 

discussed below. 

Torque RequirementH 

ThP. best way to evaluate torque ~equirements 

superimpose the speed-vs-torque curve of the 

equipment on the speed-vs-torque curve of the motor. 

is to 

driven 

These 

curves are provided by the respective manufacturers. NEMA 

has established minimum torque requirements for three basic 

motor designs i.e. Design B, for normal centrifugal loads; 

U•~si,Jn C, for loads n~quiriny high starting torque; and 

DPsign D, for high-slip h11Jh-inertia loads such as flywheel 

drives on machine toolH. 

It is important th<.tt th1· !-!pP.f:'d-vs-torque values are for 

those vcdt,HJe which .ire appliP.d t.o the motor t.erminalH 

riurin~ <iCf'PIPrat ion. A motor that is bP.ing startP.d .tcroRa 

the Jin•~, typw.dly dr.tws <i50". of its full load current, 

which r~·d11r·1·H I h,_. volt .iq•· rtppl iNi itt t.he motor terminals to 
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about 90% of the line voltage. Also, the line voltage will 

drop if ether motors are being started at the same time. For 

these r~asons, the motor curve must reflect the torque 

produced hy the motor during the voltage dip. The most 

import ant t on1ue points .1 rt-.' : 

o I.socked rotor torque poinl This is the torque 

generated by the motor when power is appl ~ed t ,1 the 

terminals and the rotor is still at rest. To 

accelerate properly during start up, the motor must 

generate more torque than the load requires. 

Otherwise, both the motor and load will remain at 

rest, and eventually the overload protectio~ will 

trip the motor off, from the line. If the moto~ trips 

too late, it may be damaged. 

o Minimum accelerating torque point : The dan~t-r of 

stalling is greatest when the difference between 

motor torque and load torque is at a minimum. To 

assure that the load is accelerated quickly er.ough, 

the specified motor should develop at least 30% more 

torque than the load requires at this point. 

o Maximum torque point : The coupling between the motor 

shaft dnd the load shaft must be able to transmit 

more than t.hf~ motor's max 1.mum t orquP.. 

o Operating point :The operating point 1s the 

intersection of the load and motor curves. The torque 

requirements of th<· I oad at this point Hhould never· 

exceed thP. rated ful I load torque. Otherwise, 

constant ovf·rlrM<ls w111 increaHP thf' operating 

temperature .:tnd Hhort 1·n th'~ motor's I ife. 
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As long as the motor generates more torque than the load 

requir~s. it will accelerate the load. When the mot~r output 

matches the load, the motor attem~ts lo operte the load 

cont1nuo'.Jsly at that speed. Thus, the motor must be selected 

so• that the or;erat !ng P'Hnt is at or below the rated full

lo<td torque, and at or ahnve che rated full load spe~d. 

Voltage and Power Supply 

There are certain limitations on the power and voltage mix. 

High power and low voltage requires large conductors (i.e. 

thick copper wires) to accommodate the high current (current 

is proportional to power/voltage>. Such conductors arr. 

difficult or etlmost impossible to wind. On the other hand, 

low po~er and high voltage results in low current and small 

conductors. The wire in this c3se may be so thin that iL 

cannot mechanically support itself. NEMA recognised this 

problem and has recommended certain horse power ranges for 

various voltages. Exhibit-2 lists these ranges. 

Electric motors that use three phase power are deisnged on 

the assumption that the applied line voltages will b~ 

balanced; i.e., that ther~ will be same voltaye between the 

Phaht:H ,, and R as betw~en PhaHP.S H .ind C and Phases C and A. 

If the phase voltages ar··· 1Jnbitlanced, the currents flowing 

throufjh t·h<> three windings wi 1 l dhm he unbalanr:ed. A 1"~ 

imbalance in voltage can l~ad to an 8% jmbalanc~ in current. 

The reRult iH that, ROmP. partH of the stator wi 11 be heated 

more than oth~rs, producing hot spots that could damage the 

motor or cause it to trip. Further, unbalanced current wi!J 

try to turn the motor 8hrlft in the wrong direction, reducing 

ttw nPt toniue output. 
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NEMA standards allow 1\ imbalance in the phase voltages. 

Manufacturers take this into account by designing motors to 

give satisfactory performance without shortening life 

expectancy as long as the imbalance remains within 1%. If 

line conditions are such that th~ 1\ limit cannot be met, 

the motor must be oversized to accommodate the extra 

heating. 

Motor-starting Restrictions 

The preferred method for motor starting is "across the 

line", which means that full voltage is applied to the 

terminals all at once. This provides the maximum torque for 

acceleration, and brings the motor and load up to th desired 

speed in the shortest possible time. Unfortunately, across

the-1 ine starting draws a high current (typically 6.5 times 

the full-load current), which may have a detrimental effect 

on other loads supplied by the same power source. As the 

size of the motor increases, this problem becomes more 

severe. 

The most frequently used approach is to reduce the startin3 

voltage. This can be accomplished by a circuit that inr,ludes 

resistors and/or reactors in series with the motor winding; 

an autotransform~r having adjustable-voltage taps; or a 

solid-state start~r that adjusts the applied voltages to 

maintain a constant. curn:•nt. 

Another approach to reduce starting curr~nt is to use a 

"wye-delta" stator winding, in which both ends of each phase 

winding terminat~ 1n th~ conduit box. T~e starter connects 

the motor winding "in wye" on st<Jrt.ing. Thia reduces the 

ph.ifie voltage by th'! square root of 3, thus reducing tt1e 
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starting current. Once the motor is up to speed, the starter 

reconnects the windings "in delta" for proper operation. 

Smaller motors can be wound with two separate windings, one 

of which l S' energized on startup. In this case, the 

st.::irter' s timing circui.t must be adjusted so that the 

starting winding lS not alone on the line for more than 

three seconds; otherwise, the overload can damage the motor. 

As shown in Exhibit-3, all reduced-voltage starting methods 

also reduce the torque developed by the motor during 

acceleration. Because of the limitations on duration of each 

type of starting, the acceleration requirements should be 

checked before specifying how the motor is to be started. 

The formula for determining acceleration time is 

Time = (lnertia)(Change in Speed)/(30B><Accelerating 

Torque) where, time is in seconds, inertia i.s the 

total inertia of motor and load in lbf ft~, chang~ in 

speed is in rpm, and accelerating torque is in ft-lbf. 

In practice, it is important to make sure that the motor 

torquP. be at least 30% till the motor is nearly at fulJ 

Hpeed. Otherwise, the acceleration time limit will expire, 

and the starter timer will take the motor off the line. 

Motor EncloHure 

The environment 1n which the motor iR installed has a large 

effect on the life f•xpectancy of the unit. While most motors 

dre built to last for at least 20 years, their life 

~XpPctancy will be Rev~r~ly Hhortened if thPy are not 

l'roperly protected from dust, moisturf>' dnd other 
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contaminants. The main difference among various enlosures is 

in the degree of protection provided to the windings. 

The open drip-proof (OOP) enclosures should be the first 

chqice considering the fact thdt it is least expensive. It 

is the basic unit offering a minimum protection from th~ 

environment. An open motor uses outside air blown over the 

windings for cooling. A drip-proof enclosure is designed so 

that particles approaching the motor within 15° of vertical 

cannot enter the motor body or strike an inclined surface 

and roll into the interior. 

If the motor is installed indoors, or at least under a roof, 

and the atmosphere is free of contaminants, the ODP motor 

will give long, troublefree operation of about 15-20 years. 

The majority of motors have ODP enclosures. 

If the environment is too wet for an ODP motor a WPI 

<Weather Protected Type-I> enclosure is used. 

In the WPI design, the insulation on the motor windings iH 

more moisture-resistant. The insulation may be coated, or 

made of a nonhygroscopic material. For large, high-voltag~ 

motors, form wound sealed insulation is also available. The 

WPI enclosure includes a screen over the air inlets and 

exhaust vents, to keep out pests and improve aafety of 

operation. The rotor aHsPmhly has a moist~re-reeistant 

coating between the b1~aring ft tH for greater corrosion 

resistance. 

The weather-protected Type r Pnrlosure ia recommended for 

1 ndoor ins ta 11 at ions, h;tv 1 nrJ sma 1 I amounts of moisture 1 n 

1.tH~ atmoRphere, or outdoor inst I lat.iona that have a roof or 

s 1m1 I ii r covering ow· r th'· moto1·. 
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For outdoor instaliations and atmospheres containing dirt 

and dust, totally enclosed fan cooled (TEFC> or weather 

protected Type II (WPll) enclosures are advisable. WPII 

motors are only .1vailable fo~ sizes larger than NEMA 440, 

which is about 500 hp. TEFC is the choice for smaller 

motors. 

The WPII is an open motor enclosure (using outside air for 

cooling) having moisture-resistant insulation (typically 

sealed> and screens. Additional features are given below : 

o Blow through passageway : This allows high pressur~ 

air to move through the enclosure without coming in 

contact with the rotor, stator and windings. 

o Low velocity chamber : Airspeed is held below 600 

ft/min, which allows solid particles to settle out 

before contacting the vital internals. 

o Baffles The baffles help airstream to take three 

0 

90-degree turns, which in turn settle out the 

remaining Holid particles. 

Space heaters ThesP prevent moisture 

condensing 1nside when the motor is shut down. 

from 

A 500 hp WPI I motor costs about 65~. more compared to ODP. 

Wh~n the atm0Hph1-!n~ c·onLtins ilcidH, salts or other chemicals 

that could damagt• th,. w1ndings, a totally encloRP.d motor 

should be l'lpecif i•~d. In s1wh a motor, there is no free 

i nt~rchange of ,) i r bPtWf!f'n t hP I nH ide and out.side Of U·,r; 

··n, .. 1 f>HU re. 
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The most commonly used totally enclosed motor is built with 

an external fan mounted directly on the shaft to blow air 

over the ribbed yokes on the motor body. Thus, a TEFC motor 

must have a greater thermal mass - a larger stator and 

rotor, on a ldrger 
1

frame - to help dissipate heat. 

As motor size increases, heat dissipation requirements also 

increase until the ribbed-yoke motor body is unable to 

adequately cool itself. This situation calls for auxiliary 

cooling. One option is an air-to-air heat exchanger, mounted 

either above or around the stator. Host modern designs have 

the heat exchanger above the stator because this provides 

better cooling. Hot internal air, circulated around the 

exchanger tubes is cooled by colder outside air blown 

through the tubes. The tubes are usually made of al~minium, 

unless a different material is specified. 

Because of the external fan, a TEFC motor will be noisier 

than an open motor - typically 3-6 dBA more. So, a totally 

enclosed water-to-air-cooled <TEWAC) design, which is 

available for motors of 500 hp and above is preferable. In 

this particular design the exchanger is mounted above the 

stat0r, dnd air is blown over the water tubes by a fan. 

mountP.d 1nt.1•rndlly on th,.. rotor. 

If th1~ motor lR to be i nsta 11 ed in an atmospherP. where 

explosive gas, dust or fibre lH present, the standard TEFC 

design lS mod 1 f i f:"d ~o th.at no spark or flame can escapP. 

should an 1•xpl os ion O<::«Ur inside the enclosure, This also 

l 1mitH the surface t.Pmpr•raturP. of the motor to about 80\ of 

ttll' i<Jnit ion tcmper-atur,. of <JcHiP.R and dust!'I in the air. In 

U11· "100 hp range, Htwh ;fn ~xp I <.>H 1 nn-proof motor costs d lmost 

t""''''' th.in·• comp.r1r.1bl'~ ODP motor. 
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coils and 

connections are covered with dielectric insulation. The type 

ol insulation used depends on the service conditions, and on 

the voltage and size of the motor. 

Host motors are designed for temperture conditions 

compatible with Class B insultions, i.e. a maximum internal 

operating temperature of 130° C. This means an allowed 

temperature rise of 90° C above ambient for an area that has 

a 40° C maximum temperature. Class F insulation, suitable 

for continuous operation to 155° C, is recommended for hot 

climates and high altitudes. If operated in a Class B 

environmer.t, such insulation makes it pos~ible to get more 

power from a motor, or to extend its useful life at normal 

power. Class H insulation, good to 180° C, is used for the 

same reasons as Class F is. 

These types of insulation can be applied to random or form 

wound coils. Random wound coils are built up of many strands 

of thin, round wire; each wire is coated with insulation. 

Due to the large number of turns, the voltage between 

adjacent wires is very low, and only a thin layer of 

insulation is need~d. necause this approach ia the least 

expensive, it is recomm~nded for ~mailer motors opP.rating at 

lower voltages, and is suit.abl1<~ for voltages up to 600 V and 

power ratin'JS up to 600 hp. 

'fhe higher vol t."HJ~s us~!d in I <u-gr- motors demand greater 

integrity from tht~ imrnl.:ttion. Therefore, it is nP.cess•1ry to 

supply form wound roils, though 1t is morP. e..-pensive duP. to 

1nrn•atted hand l.tb"ur. f-'orm wour1<l r:oi ls .trc! made up of 
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thick, flat wires shaped to fit the st.at.or slots. Each coil 

is wrapped with sufficient. insulating tape to form a 

dielectric barrier compdtible with the system voltage. The 

wrapped coils are inserted int.o slots in the st.at.or, and 

connected. 

Most motor manufacturers offer vacuum pressure impregnated 

(VPI) coils, which should be considered for motors to be 

installed in hazardous atmospheres. This Class F <155° C) 

system utilises form wound coils with mica tape as the 

insulator. The wrapped coils are inserted into stator slots 

and connected. Then the complete stator is immersed in epoxy 

resin and subjected to multiple vacuum and pressure cycles. 

This fills all the voids in the tape, and between the coils 

and slots. When the epoxy cures, the result is a very rigid 

and mechanically strong system that can withstand severe 

electrical and mechanical surges without harm. Because of 

the epoxy, the system also resists corrosion. 

Temperature rise and service factor 

Motors heat up as they run. To operate reliably for a long 

period of time, say 20 years, the maximum inside temperature 

must be kPpt below t.hl! limits of the insulation. This will 

normally hP. th•: c•·~~P. so long as the motor operates at its 

rated poWf!r. flowf~v,.r·, r.hanges 1n the load requirements can 

cause the mot.oz· to t.emporari ly exc~ed its rated power. The 

motor will del1vc:r u.,. r1•quin'!d torque, but its operating 

temperatun~ will 1nr~n·.1i-w. 

The maximum oper.1t in'J t.t·r.1p1·r·.1t urt• f<>r ClaHs B inaulation ist 

130° C ( 266° Fl. Subt r.wt 1 WI ·• m.u 1mum ambient t~mperdt.urf' 

11( 40° C ( 104" Fl l1·.1v,.s ·• 'l0° C ( 162° t"I I imit on 
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temperature rise. In practice, the motor temperature is not 

measured directly, but is calculat~d from the change in 

resistance of the winding. Since parts of the motor can be? 

10° C hotter than this average value, 80° C(l76° F) is the 

practical limit' for temperature rise in Class 8 motors. 

This 80° C limit applies to normal Class 8 motors, which 

have~ service factor (SF> of 1.0. Motors having SFs of 1.15 

are desigraed for a 90° C temperature rise (as measured by 

resistance), and can produce 15\ more power. Typically, such 

motors will be operated at increased power only for short 

periods of time, and at rated power the rest of the time. 

Exhibit-4 shows how operating a motor above or below its 

power and temperature rating affects its insulation life 

expectancy. 

According to NEMA standards, motors rated 1500 hp and larger 

should be supplied with stator temperature sensors, either 

resistance temperature detectors or thermocouples. These 

devices are installed in the stator slots, between the coil 

sides, so that they measure the hottest part of the stator. 

Wherea~ ~he resistance method yields an average temperature, 

sensors indicate the hottest temperature. Therefore a 

greater temperature-rise reading is expected when the motor 

is equipped with sensors. For 1500 hp motors, having Claes B 

insulation and an SF of 1.0, a 90° C temperature rise by 

sensor iH standard. Beyond that, 85° C is standard. 

Bearings and Vibration 

~or horizont~l dirPctly connect~d motors Cupto 500 hp> the 

most frequently Mupplied bearings are standard deep-grooved 

hall bearingH. B~lt ~nd ~h~in drives exert greater radial 
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forces than direct drives. For these drives, ball and roller 

type antifriction bearings are used. Ball and roller type 

antifriction bearings are available in sizes upto 75 mm and 

is generally used in motors of 500 hp and spePds upto 3600 

rpm. If the application cal 1 s for more power ''r greater 

speed, sleeve bearings are generally used. These sleeve 

bearings are tin-based babbited liners, bonded to brass or 

C.I. shells. 

Since the rotor is not a homogenous mass, it will cause the 

motor to vibrate. Maximum vibration levels allowed by NF.HA 

are shown in Exhibit-5. 

Efficiency 

Electric motors are by far the most efficient drives 

available. They convert approximately 85-97\ of their input 

power into shaft power <mechanical power) as compared to 40-

50% for hydraulic motors and 30\ or less for steam or 

gasoline engines. 

The motor's efficiency is improved by cutting the energy 

losses due to electrical resistance and mechanical friction. 

Ways of improving mechanical efficiency include 

o Using more copper in the stator windings and thinner 

laminations of a better grade of steel. 

o Changing the rotor material to copper or increasing 

its copper content. 

o Using lower friction bearings, more efficient fans, 

and larger motor frames to reduce the operating 

temperature. 
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All of these improvPm~nts cost money but if the additional 

investment can be recovered quickly these are worthwhile. 

Noise 

In general, at a particular place of work noise of more than 

90 dBA is not allowed. If the motor is the only piece of 

equipment it's noise must not be greater than 90 dBA, 

measured 1 metre away from the motor. If other equipments 

are operated nearby, th~ motor may have to be quieter. For a 

standard design of 500 hp, 3600 rpm, 460 V motor noise 

level, measured 1 metre away are given below 

------------------------------------------------------------Enclosure NEMA Maximum Stand~rd Design Low-noise Design 
(in dBA) (in dBA) (in dBA) ________________________ * ___________________________________ _ 

0 D P 

W P-11 

T E F C 

99 

94 

103 

90 

85 

91 

92 

76 

81 

------------------------------------------------------------
Protective Devices 

Reliable as eletric motors are, they can be damaged when 

subjected to overloads and surges, and when 

insulation burn out. Fortunately, protective 

will take the motor off the line before it is 

bearings or 

devices that 

damaged are 

widP-ly availahle. The kind of protection needed, depends on 

how often a load or power problem is expected to occur, and 

how importar1t the motor is. If prohlemH are likely and the 

motor is cri ti ca 1, it may be necessary to monitor the motor· 

daily. Often, company policies dictate that monitoring and 

protective devices be installed. 
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Because they are vulnerable to overheating, the stdl.or 

windings are the first items to be considered f 01· 

protection. Resistanc~ temperature detectors <RTDs) and 

thermocouples are used to monitor stator temperature. If 

there is no need for monitoring, a more economical approach 

is to install bimetaiiic ~~itches on the end-turns of the 

w~ndings. If the windings get too hot, as fr~m a continuous 

overload, the switches ~ill open and the relay will take thP. 

motor off the line. 

Bearing temperature monitoring should also be considered for 

large motors having sleeve bearings, in case the oil level 

drops too low to lubricate effectively. Thermocouples can be 

used for this purpose. Dial-type thermometers, that give 

direct r~adings at the bearings are also avail3ble, but the 

operator must keep an eye on them. Automatic protection is 

provided by bearing relays that switch the motor off when a 

preset temperature is reached. 

In most ODP, WPI and WPII enclosures, filters can be 

installed to capture large solid particles in the incoming 

air. Such filters are inexpensive and can be removed for 

cleaning. If they are used, it is advisable to monitor their 

performance to make sure they do not plug up. This can be 

done with a manometer or differential pressure switch so a~ 

lo measure the pressure on both sideR cf the filter. Stator 

temperature detectors are .i 1 so usefu I in spotting f i It.er· 

pr~blems. As the filter begins to plug, the stator 

temperature begins to rise, indicating that the filter 

should be cleaned. 

Protection against excessive vibration can be provided by a 

seismic type vibration monitor inHtalled on the outside of 
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the motor housing. lf vibration starts to increase, the 

motor needs maintenance. For ~!~PVe bearing motors, shaft_ 

vibration can be monitored using proxim~~y probes. These 

generate a small magnetic field around the rotating motor 

shaft. As the center of mass of the shaft moves, the 

magnetic field changes in strength and shape. The probes 

measure this effect, and transfer the data to a proximeter 

that indicates the amplitude and frequency of vibration. 

Vibration monitoring provides early warning of mechanical 

failure. If maintenance is started when a pattern of 

increasing amplitude is first detected, the motor will be 

off the line for a much shorter time than if maintenance is 

delayed. 

Any such probes Cor provisions fnr mounting them> should be 

included in the specification and installed by the motor 

manufacturer. Trying to add probes later on will be more 

complicated and expensive, because the motor shaft under a 

proximity vibration probe must be polished. 

Testing Requirements 

Electric motors are engineered products that need to be 

tested before they are shipped. Motor manufacturers perform 

standard commerial tests (using methods laid out by the 

IEEE> on ev~ry motor : no load running test; insulation 

dielectric test; measurement of winding resistance, 

inspetion of bearings, and vibration check. 
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JOB NO. DCJI.-105 F.XHIBJT 

UNJTEO NATIONS JNOUSTRJAJ, OF.VEI.OPMP.NT ORGANIZATION 
AND 

ARAB JNOUSTRIAJ, OEVEl.OPMF.NT ANll MINING ORGANIZATION 

PRO.IF.CT PROFII.P. ON t-:Ll-~CTRICAI, MOTORS 

RECOMMENDED POWER RANGF.S FOR VARIOUS VOLTAG~ Cl.ASS 

2 

Recommended Power Range (hp) 

230 or 460 

460 or 575 

2300 

4000 

6600 

13200 

UpLo 100 

100 - oOO 

200 - 4000 

100 - 700(1 

1000 - 12000 

3500 - 25000 
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P.XHlBIT : 3 

UNITED NATIONS INDOSTRIAJ. DF.VEJ.OPMF.NT ORGANIZATION 
AND 

ARAR INDUSTRIAL OEVEJ.OPHENT AND MINING ORGANIZATiON 

PRO.IF.CT PROFIJ,F. ON F.1 ... :CTRTCAJ, ~RS 

RELATION BF.TWEEN REDOCF.D VOJ,TAt";E ANO TORQUE OUTPUT OF MOTORS 

------------------------------------------------------------------
Type of Sl«fftin9 

Relat.ive 
Sldrting 
Current..* 

( % ? 

Re] aUve 
Stdctin9 

Torque 
(\) 

Relative 
Srnouthnees of 
Accelertion 

Allowable 
Acee lt:~ r.i
tion Time 
(Seconds) 

----------------·--------------------------------------------------
AcroR& the line 100 100 Smool.hP.st N.A. 
reduced voltage 

Resistor/Reactor 65 65 2nd Smoo\.hest. 5 - 15 
(at 65\ voltage> 

Aulotransf.ormer 42 42 3rd Smoothest. 30 
(dl 65\ voltage> 

Wye-dt!lLa Windin'J 33 33 4t.h SinooLhe~L 45 - 60 

Two-part Winding 50 50 r,east Smooth 2 - 3 

------------------------------------------------------------------
* Comp.ired with ful 1-volt..iye acr·oHs-1.h~-lint! Hldrl:in9, 

typ1cii1ly draws 6.5 times th~ fu)\-loetd current. 
whic:h 
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F:XHIRIT 4 

ONJTED RATIONS INDUSTRIAL DEVELOPMENT ORC.ANJZATION 
AND 

ARAB INDOSTRIAJ, DEVEWPMENT AND MINING ORGANIZATION 

PROJRCT PROF I l,B ON F.l.ECTR I CAI~ MOTORS 

RELATIVE J,JFE EXPECTANCY OF MOTOR INSOJ.ATTON 

Jnsulalion ClastJ/ Temp.rise r<elat.ive Temp.rise Rel alive 
allowed temp.rise oc life oc l if,.. 

-------------------~----------------------------------------

Mot.or a dee.i9ned for 11ervice (actor :;: 1.0 

Class 8/80° c 80 1.0 105-115 0.1-0.16 

Class F/105° c 105 1.0 140-150 0.1-0.16 

ClasR F/105° c 80 6.0 105-115 0.5-J .00 

Motors designed for e~rvjcp factor =- 1.15 

Cld1:1is B/80° c 65-70 2.0-3.0 90 0. !) 

ClaHH F/.105° c 85-95 2.0-l.O 115 0.5 

CJa1:1i; JUl0~1° c 65-70 12.0-16.0 90 l.O 

Nolf' : Avt-"rage ) if~ t!i 20-25 yt•ctrR 
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RXHlBIT : 5 

UNITED NATIOllS INDUSTRIAL OF.VEJ.OPMRNT ORGANIZATION 
AND 

ARAR INDUSTRIAL OEVRLOPMENT AND MINING ORGANJ~ATJON 

PROJECT PROFU.F. ON F.l.F.CTRICAJ, MOTORS 

MAXIMUM VIBRATION LEVEL AJ.LOWF.O FOR MOTORS 

Speed (rpm) 

3,000 - 4,000 

1,500 - 2,999 

1,000 - 1,499 

Uplr.> 999 

Maxi~um vibraLion 
amplitude (inch) 

o. 001 

0.002 

0.0025 

0.003 
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Eleclr ical molora are an eBHf"nl ial pctrl or power genentl. ion 

aysl6m. In a typical utilily power Hldtion motors drP 

required lo operat..e prime rnover11 Jjke puaapa, valvea, JO dnd 

FD fans, blowers, compresHor ~ and dUX i I tdry ffl!Uipmenl l i k~· 

craneH, hoi11t.11, cunveyore, et.c. Therefore an 1ncre;u1e .1n 

power 9enerc1l ion capac i.ly wi 11 t:dUMC an iru:rec1se in dem.tncl 

of electric molora. 

According lo a aecloral atudy carriPd oul by AIDMO, the 

average annual increase in power gent~rdlincJ Cdp;tcity (or the 

13 counlries covered, ranges Crom 6700 MW in lhe early 90'e 

to nearly 9,300 MW by 2010 AO. Correspondingly, demand (or 

various electrical equipment~ inc) uding mot.orH j 11 estimated 

to increa11e eubatanlially to match LhP. ddditional power 

generalion. 

Projected additional power generalion capacity for the 

period 1991-2010 le given in F.xbibit-6. F.xhibit-7 shows the 

demand !or electric motor during the aame period. Both these 

hdve been exlracted Crom AIDMO reporl on sectoral sludy. The 

demand estimate has been arrived at by the following 

consumption norm, provided in the reporl 

o 40 molors per power unit having less than 75 MW 

<:apacily 

0 100 mot.ors per power unit hc.ving JetHI Lhdn 250 MW 
capdcit.y 

0 200 motors per power unjl having Jess than 350 MW 

capacily 

0 500 motor a per power unil having Jests lhan 600 MW 
capacity 
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F.xh i bit--8 ahowH Lhe ctdd i Lionct I potlfer general i n9 e.t(M•· i Ly fur 

four 5-year periods for Lhe 13 counlriets under Lh~ Mcope o( 

at.udy. BaHed on the~e anrl the conMumplion norm. picnl ioned 

earlier. annual requirement. of elect.ric mol.ora in theHe 

countriea baa been ahown in Exhibit..-9. 

All l.heae project.ions dre based on l.he ddditional 9eneralin9 

capacities projected by AIDHO. AM d conHervalive eslimdLe. 

il ~a aaaumed lhal only 70% of lhe additional generating 

capacil.y proposed in the AtDHO report may actually be 

i..pleaent.ed. Accordingly, the annual demand for motors have 

been taken as only 70\ of the projections made by AIOMO. 

The scaled down demand ia ahown in Exhibit-9. 

Prom the consumption norm furnished in the AIDMO report, il 

appears that only -.otore {or power house and boiler area 

have been considered. However, the motors proposed to b<! 

manufactured in the plant. may also be sold t.o industrial and 

water sector after meeting the requirement. fro~ power 

sector. Capacity of theae motors varieB from as low dB 0.006 

KW to aA high as 4000 KW. Since the AIDHO report have not 

considered (ract.ional and small molor11:1 the product range of 

the proposed plant shall be from 2 KW onwards. Capacitywisn 

break-up of annual motor requiresaent is shown in Exhibit-JO. 

This break-up has been arrived al by considering the acludl 

number o! motors and lheir capacity as "inHLdlled in typical 

power plaPC.s of di(ferenl capacit.ieH. 

The overall annual demand (or moCorR for lhe period 1996-

2000 works out to about 4100 noa. AL preHtmt. imporldnl pdrl. 

o{ the demand is met through impurta. Thus, on d 

cone~rvative basis, il is recommended tbdl mdnufacluriny 

{acililies are 1tel up Lo manufacture only <tbouL 50\ of Lht: 

eHtimdt~d demand. ThuH one manufdcturan9 plttnl. will lif" Hel. 

up Lo produc~e dbout 200G moLorH dlUIUd 11 y. 
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JOB NO. DCIL-105 1-~XHIDIT 6 

UllITBD RATIONS INDUSTRIAL DP.VEI.OPMENT ORGARJZATION 
AND 

ARAR liIDUSTRIAL DEVELOPMENT AND MJNJRG ORGANIZATION 

PRO.JP.CT PROFil.E ON F.l.F.CTR ICAL MOTORS 

PROJECTED ADDITIONAL ANNOAJ.. INCRPASE JN 
POWF.R GENERATING CAPACITY 

------------------------------------------------------------
Period 

____ ;,;N;.-=:O~·-O=f~___,0::..::.n:o...::i:.-=:t=a ·---- . 
30 MW 150 MW 300 MW 600 MW 

------------------------------------------------------------
1991-1995 

1996-2000 

2001-2005 

2006-2010 

s 

5 

6 

1 

3 

5 

5 

6 

8 5 

10 7 

3 10 

3 11 

------------------------------------------------------------
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EXHIBIT 7 

UNITED RATIONS INDUSTRIAL DEVBIDPMF.NT ORGAlllZATIOM 
AND 

ARAB JNOOSTRIAL DEVELOPMENT AND MINING ORGANl~ATIOM 

PROJF.CT PROFIJ,F. ON ELltCTRICAI, Men'ORS 

ANNUAL REQOIRF.MENT OF ELECTRIC MOTORS 

Period 

1991-1995 

1996-2000 

2001-2005 

2006-2010 

NOH 

4,600 

6,200 

6,340 

6,740 
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mnu.D NATIONS lNDUS1'lUAL DBV!LOPM!NT ORGANIZATION 
AND 

ARAB INDUSTRIAL DEVELOPMENT AND MIMING ORGANIZATION 

PROJECT PROFILE ON ELECTRICAL MOTORS 

COUNTRYWIS! ADDITIONS TO THERMAL POWP.R GENERATING CAPACITY 

EXHIBIT 1 8 

---------------------------------------------------------------------------------------------
PP.RIOD : 1991 - 1995 : 1996 - 2000 : , 2001 - 2005 : 2006 - 2010 

:-·1·0- ·1..,0 loo 600--:30·110-100600:-·.101S0Too-600-·: · 10--r50·-3-00600 
c~~ :~ ~ ~ ~:~ ~ ~ ~=~ ~ ~ ~:~ ~ ~ ~ 

---------------------------------------------------------------------------------------------
AleJerld 

Bahrcun 

F.gypt 

Ir..q 

Jul"'ddn 

KU"-id i.l 

Ljbyt.t 

f'k>l"OCOll 

Saudi Ar.Wicl 

Suddn 

Syria 

'I\u\.L8la 

U.A.E 

7 

4 

!l 

2 

12 3 

8 

7 

7 

15 

5 

9 

10 

4 

3 7 

4 

7 

6 

J.l 3 

8 

) 

7 

22 

10 

12 

12 

3 

5 

8 

3 5 

4 

7 

8 

6 

8 4 

12 
14 

4 

5 

11 

5 

.l 

5 

2 

A 4 

8 

7 

4 

J2 

1.4 

4 

5 

ll 

6 

----------------------------------------------------------------------------------------------'IOl'AL 21 12 42 23 20 21 50 32 17 21 15 51 11 11 19 52 
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F.XHIBTT : 9 

ONITBD NATIONS IllOOSTRIAI. DBVEJ.oPMENT OllGMiIDTION 
AMO 

ARAB lllDDSTRIAL DEVEl.<>PMENT ARD MJllIRG ORGANIZATION 

PROJECT PROFILE ON ELECTRICAL MOTORS 

COONTRYWJSF. ANNUAL REQUIRF.MENT OF El.ECTRJC MOTORS 

(Figures in Nos.) 
------------------------------------------------------------

P E R I 0 D 
COUNTRY 1991-1995 1996-2000 2001-2005 2006-2010 

------------------------------------------------------------
Alger la 224 224 22, 224 

Bahrain 40 115 73 17 

Egypt 630 840 840 840 

Iraq 700 840 980 980 

Jordan 56 56 56 56 

Kuwait 196 294 280 280 

Li byes 196 196 196 196 

Morocco 70 98 98 112 

Sdudi A rah ia 260 .i50 350 J50 

Sudan 12 34 34 14 

Sy rid 420 616 770 770 

Tunittja 110 104 129 129 

U.A.F. 140 2AO 350 420 

------------------------------------------------------------
TOTAi. 5074 4047 4380 4388 

------------------------------------------------------------
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.JOR NO. DC rr.-1 05 P.XRIBIT 

UNITED NATIONS INDUSTRIAL OEVF.LOPMF.NT ORGANIZATJON 
ANO 

ARAB JNDUSTRTAJ, DF.VEJ.OPMF.NT ANO MINJNG ORGANIZATION 

PRO.JP.CT PROFH.F. ON F.l.ECTR lCAJ. MOTORS 

CAPACITY WISF. BRF.AK-UP OF MOTOR RF.UDTREMENT 

10 

( Fi9urie in Nos.) 

------------------------------------------------------------
CAPACITY 

(KW) 1991-1995 
P E R I 0 D 

1996-2000 2001-2005 2006-2010 
------------------------------------------------------------
2.01-4.00 689 906 983 983 

4.01-5.00 618 514 880 882 

5.01-7.00 265 349 378 380 

7.01-10.00 389 511 553 556 

10.01-30.00 406 535 578 580 

30.01-100.00 248 326 355 352 

100.00-1000.00 407 534 579 580 

1000 and dbove 52 72 74 75 

------------------------------------------------------------
TOTAJ. 3074 4047 4380 4388 

------------------------------------------------------------
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IL WdS recommend~d Ln the previous BP.clion lhal d Hingle 

pJanl bt'! aset up Lo cater lo the demand for motor11 in the 

desi9naLP.d re9Lon. 

While selecting 11uilable Jocat.ion (or 

the aanufacturin9 pldnt, following factors 

considered : 

establishing 

have been 

o size of the domestic market. in each o! the 13 

countriP-B within thP. designated region 

o local availability of aajor raw material 

o proximity to the source of raw material, and th~ 

availability of road, rail or sea linkages 

o local availability of bought-out auxiliary equipment 

o availabil ily of qualified technical personnel and 

skilled workmen 

o availability of essential infraalructural facilities 

such as power, water, ldbour, etc. 

0 relationships and af!iJiationa amon9 different 

nations within the region 

o investment environment in different countries 

Baaed on l.het1e factors, it is suggested that thn 

naanufactur ing unit. be aet up in Situdi Arabia. It llNIY be 

observed from F.xhibil-9 th<tt mor~ t.httn 60\ oC the demand ia 

dccounted for by 5 r.ounb·iea i..e. Syria, Iraq, P.9ypt, Saudi 
Ardbia and Kuwait. 
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The pldnl dt Saudi Arabia will c.tter to itR domestic demand 

aas ._ell dH demand from lhe neighbouring count.riea of Iraq 

and Egypt. Bulk uf the balance requirement will come from 

Syrja, Kuwait and lhe UAE whjch ctre also Huit.ably connected 

Lo Saudi Arabirl. 
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The proposed plant will be manufacturing different types of 

motors described in the preceeding chapter. Motor sizes 
ran')e from 100 to 315 mm and 355 mm for the low voltage 
motors ( ltpto ')5 0 V) and from 355 to 1000 mm for the high 

voltage motors (upto 13.8 KV). The numbers owe their origin 

to the Reynold's series of equal percentage steps. 

The moder~ motors arc designed, to have a longer core of 

small diameter and have a low centre height for a given 

output. This ~csign not only reduces the cost of 

construction but also helps in replacing the existing motors 

with newly manufactured motors. The basic idea is that it is 

always possible to raise a motor centre height by adding an 

adopter plate under the new motor. 

Electric motors must be constructed in a cost-effective way. 

Its different components arc manufactured in parallel with 

each other to save manufacturing time. The motor is designed 

on modular construction concept. Thus the manufacture of 

frames, cores, coolers and bearings can proceed together and 

in batches and thr finished components can he ass~mbled to 

form a c:omplf"t.f~ motor. Coolen; ilre usually top mounted on 

the motor, rathPr than b~ing inbuilt into the motor frame. 

Stator cnre units are wound ~e~arate]y from thr frame for 

ease of access and to occupy as litt]I"! space aR possible in 

the insulating ?"f'!'iJn tank, particularly where vacuum 

Th~ motor componPnt.H .irP nf varierl deRign. Each component 

n£•<!dH Hpl'cific manufacturing pror.eRsC?s. M~nufacturin9 

11r<i<'f·RHe8 for diff£~rcnt c·ompon1·ntH art· discua.twd below. 
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rrame of a motor provides protection to its current carrying 

parts and those pdrts which are in motion, from undesirablr. 

enntact with the extecnal objects. It also provides 

rnech.:tnism for fixing the stator core as well as support to 

the bearings for rotor shafts. For smaller sizes of motors 

its frames are generally made from grey iron castings and 

the frames for bigger size motors are generally of welded 

steel construction. 

After the frames are cast ot- fabricated these are machined 

to take up end shields. The end shi~lds are also either madr. 

from grey cast 

machined to fit 

iron or from steel. These 

into the ends of the motor 

are suitably 

frame. All 

components are machined ensuring concentricity and correct 

alignment. 

STATOR CORES 

The usual AC motor is connected to a 3 phase supply on its 

stationary part, the stator. The stator therefore carries a 

rotating magnetic field and must be constructed of flux 

carrying material; suitably laminated in planes to carry thP. 

flux but to minimise eddy <·urr,..nt losseg. The laminations 

are made from low loss high permeabjlity cold rolled 

electric grade ster.l. Small motors use a steel of 0.65 mm 

thickness and lo~ses of 6 watt/kg, medium size high voltagr. 

motors use 0.5 mm thickness and 4 watt/kg and large high 

voltage motors 0.15 mm thick~esR and 3.3 watts/kg. 

I n8ulation bf>tWt!~n t hf• I dminat ions for amal I motors may bP. 

iiccomplished by Ht1•.1m hl11wing thr~ ntcP} eurfaceR whereaR th<" 
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larger laminalions will empluy a phenolic or Hy11Lhel1c resin 

insu.lation or one or both stJes of Lhe ldlRination. 

Exhibjt-ll shows a single Hldlor lamination for an open slul 

high voltage motor· <trul d ~inyle Ht!9menl for c1 high vulld9e 

molor of slow epeecl. For niolorH rP.tjutrtng ldr9e b.1rk up (:or~ 

JaDHnation. djam~ler r1f d C'J.rcle ""ii I ~ !ornted fnnn d 

nnmber of el.eel Meg~nts. Six a~9menl~ per circle ia normal 

for Lhe ~t~ndard rale of mot.ors. 

The sldtor core laminations are normally produced by a 

punching proceBH. AH each alol is produced by Lhe same Looi 

they will all be idenlical, but lhe aclion of the punch dnd 

die causes a burr Lo be formed on the underside of the 

steel. Wilh pre-insulated sleel it is imporlanl to control 

lhe size of Lhis burr such that it will nol short lo the 

next laminaliun dnd thus forming a short circuited lurn 

inside the core. 

The lar')er mot.urH employ t.he cooling system where the air 

passes through radial ductts formed between packelH of 

lamination. Thewe duels are formed by welding either angles 

or f la le to a thick punchP-d lamirldlion to give air spacee 

between 8 mni dnd 12 mm. The ducts will be epaced about 60 mm 

from each 0U1t>r. So d pr1c.:k of l m core length wil 1 compri.se 

some 14 duct 11pacer plttl.ell and 172, 5 mm thick main core 

plates. 

The complete itP.l of stator l.smJnation11 and duct Bpacer 

plateH dre dHH~mbl~d to form d core unit. Th6 laniinationH 

may be assembled directly int.o Lhe tspacer frame or more 

probably a core pack iH r.r,.r1l.ed round a stacking devic~. 

f,ining baras located in the Hlol.1t r1re UHed to ensure careful 

d I 1 grunenl of d i<tmeter Jnd it.I oLH. When the- ts lack i H comp} ele 
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it is pressed between heavy section end plates and 

laminations weld"d together on the back of core. 

Depending on manufacturing method a moderate degree of 

dressing, using a file may be employed to remove any high 

spots on the laminations which would otherwise damage the 

winding insulation. Dressing must however be kept to an 

absolute minimum or short circuits will result between 

laminations which will show as localised hot spots when the 

stator is excited. The stators are checked for any damage by 

carrying out a ring flux test on the stator core before 

winding. If hot spots are formed, this may 

complete core rebuilt or etching of the area 

lamination insulation has been destroyed. 

ROTOR SHAFT AND COUPLINGS 

require a 

where th~ 

The rotor shaft is that part of the electric motor which 

trdnsmits the output torque to the driven equipment. The 

shaft must be capable of transm1tting maximum torsional 

stresses and should have sufficient stiffness to minimis~ 

deflection under conditions of unbalanced magnetic pulls. 

The rotor shaft consists of d cylindrical steel shaft with 

either 4 or 6 arms. Th~ arms ar~ rectangular section made 

from mild steel Jnd dre welded to the shaft using deep 

fillet continuous w~lds down each side. The shaft is 

mdchined from hla<'.k rril )Pd carbon manganese steel having 

,.;, dmn content nf 1 f'HH t h.=tn 0. 25\ to ensure case of sound 

w1·l<:hng. After the armH .ire welded the shaft is stress 

rr•l lPVed. SubsP.quf'nt ly ;ti I wrold~ .HP tested using a magnetic 

p.1 rt 1 '· J ,. tP.rhn 1 'J'lf~. 
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The outer faces of the arms are machined to give an 

interconnection feed with the bore of the rotor lamination. 

The shaft is also machined for locdting the bearings. Its 

ends are machined for fitting the coupling. The couplings 

are fitted to the shaft by a heavy shrink fit by using a 

shaft key and a slide interference fit. 

Machining of the shaft 1s a precision job with close 

tolerances and usually CNC machines are employed for the 

purpose. 

The purpose of coupling is to connect the two shaft ends 

together mechanically so that the motor and the driven 

m~mber run smoothly. Couplings therefore are designed to 

have a limited amount of misalignment. Thus the coupling 

halves, mounted on the shaft should be aligned axially, 

angularly and radially. 

ROTOR ASSEMBLY 

The reliability of the induction motor owes much to the 

construction of its cage rotors. Cage rotors for small 

motors upto 355 mm centre height are made from cast 

aluminium rotor bars and short circuiting rings. In case of 

large motors rotor bars and short circuiting rings are made 

from copper or copper alloy~. The bars are extruded to suit 

the shape of the slot in the rotor corP. laminations. 

The rotor core is built ~gd1nst a compression plate, located 

dgainst machined far.~s at one 1>nd of the shaft arms. After 

build up of the- pr<>heat1•<l lam1n.tt.ions dnother compression 

plate is fitt.ed to c·omplete t.hr aRHP.mbly. KeP.ping the core 

under prcssurP .1 kt~y IH fitted tCJ fix the second plate 

rigidly. To complete th,. C<tCJP windinCJs, individual rotor 

btrH arP lnRerteci into t.hf• ,..iotH .tnd drf.' eut to ffl7.P. to 9ivP. 
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the required overhang at each end of the core. The copper or 

copper alloy end rings are brazed to the b.~!"s ny the one 

shot process. This process i'" s?1~r1or to individual brazing 

of each bar and produces consistent and uniform results. The 

brazing quality is confirmed by a pulse-eco technique. 

After the fitting is complete the core pack is machined to 

give the required air gap. The previously statically 

balanced internal fans are fitted to the rotor. External 

fans are also fitted but temporarily. The complete assemb!y 

is then dynamically balanced. 

WINDING AND INSULATION TECHNIQUES 

Windings most commonly used in motors can be divided into 

three basic groups : 

o Armature Windings 

o Field Windings 

o Other Windings 

~rmature Winding 

Armature windings are embedded into the slots either in 

single layer or double layers. In the former type each of 

the two coil sides making up a coil, are assembled in two 

slots <approximately 1 pole pitch apart) such that they fill 

almost all the available space for the current carrying 

conductors. In the double layer type each of the two coils 

making up a coil is assembled in two slots (approximately 1 

pole pitch apart> such that one coil side fills the bottom 

of one slot while the other coil side fills the top half of 

the associated slot. These two basic techniques of laying 

down coils ar~ Rhown in Exhibit-12. Slot separators 

enclosures an· normally made from f'.'tther thick slot l inP.r 



{~ - 7 

DEVELOPMENT 
CONSULTANTS 

material or strip of laminate. Exhibit-13 shows three types 

of coils namely mush coil, diamond coil and concentric coil 

~1enerally used in armature windings. 

Hush Winding 

Most mush windings consist of a number of simple coils, 

wound at random with enamel covered round wire. Size and 

number of turns depend on the voltage, speed and rating of 

the relevant machine. Mush windings can be either single or 

double layer. Stator slots can be either open, semi-closed 

or offset. Mush coils are normally wound into slots lined 

with flexible insulation. 

Diamond Shaped Coil WindingR 

Mnc,t AC and DC machine armatures with medium and high power 

ratings, use two layer windings made up of either single or 

multi-turn diamond shaped coils wound with rectangular 

copper. 

Concentric Windings 

Concentric windings are normally of the single layer type 

made up with hair pin shaped coils inserted into semi-closed 

slots in the armature core. After coil insertion, ends are 

formed to shape and individual conductors joined together to 

produce the characteristic concentric shape. Individual hair 

pins are formed from the specified number of insulated 

rectangular conductors. Main ground insulation is applied as 

a~ropriate for the machine linP. voltage. Concentric 

windings can also be manufactured with fully formed and 

insulated coils, wound into open armature slotR. 
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Low voltage field windings for both AC and DC machines are 

wound either on formers or directly onto individual pole 

bodies. Where small section conductors are required either 

round or· rectangular insulated copp~r ts used and wher<' 

cross sectional area is relatively large, bare copper is 

usec. Bare copper is either wound on the flat or on edge. On 

low voltage DC machines several different coil~ are often 

fitted on the main poles. Main ground insulation can be 

applied either to the pcle body or to each individucl coils. 

Field coils for rotating components must be designed to 

withstand the maximum centrifugal force. 

AC Rotor Windings 

On AC rotors, in additior. to cage windings, several other 

basic designs are used. Low voltage mush coils are adopted 

for small and medium sized wound motors and for rotor feed 

AC commutator motors. Fully formed diamond coil and bar 

windings are used for medium and large wound rotors and for 

pole face windings on salient pole synchronous induction 

motors. 

AC Stator Wi~din9R 

Mush windings are used toe small and medium sized stators. 

At higher ratingR mult1turn dii.smond shaped coils are 

.:tdopted. On the larger Rtators, Ringle turn coil;, .~nd bar 

windings are used. Slot. build up for low voltage mult1turn 

•:oils and for low voltage sing)(· turn coil are ~hown in 

f'.:xhibit-14. Typir.al Rlnt builci ups fqr high voltage stator 

co1 I rtrt• shown 1n Exhibit-15. 
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The windings of each p~ase of a rotating machine consists of 

coils, connected in series and placed in slots. The build up 

of the stator slots have been explained earlier. In 

accord.lnce with th<tt i:-:lot hui Id up, insulation of the stato1· 

winding can be sub-dividPd in the following parts 

o Insulation between parallel conductors of a turn 

o Insulation between turns of a coil 

o Insulation relative to frame (major insulation) 

o Interlayer insulation 

Insulation 

vibrations 

of a motor is continuously 

and impact mechanical loads 

subjected to 

in operation. 

Therefore the insulation must possess high mechanical 

strength and proper thickness. The temperature conditions 

under which the insulation works are of grea~ significance. 

Depending upon the design parameters like low densities in 

the active materials, optimum cooling facilities build up in 

the system and the expected life, motors' insulation class 

is determined. The motor having class B insulation can have 

a maximum temperature rise of 105° C. 

A typical material for the constru~tion of major slot 

insulator iR rontinuous mica <tape insulation). Mica tape 1s 

not very flexible whPn ~onled but it is quite flexible at 

working temperature. It consists of one layer of mica flex, 

glued onto both sides of ~ high quality thin paper. Bitumin 

oil laquer serves as a gluing material. Usually tapes 12-35 

mm wide and O.OA-0.17 mm •.hirk ~re used. Bars of coils are 

wrapped compactly with thP mica tape to the required 

thic-knPSR of insul.tt ir1n. This th1«kn(~SS is itr.hievP.d in a few 

.tpplic~tions (usu~lly 2 or l>. 
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After partial wrapping of insulation <not to the required 

thickness) section undergo drying and impregnation by an 

asphalt compound. After this, additional wrapping of 

insulation is done which is again dried and impregnated. The 

initial drying is at first done at atmospheric pressure and 

lhen under vacuum. The purpose of drying is to remove the 

moisture and r.esidues of the solvings of the gluing material 

from the capillaries of paper and similarly of air from 

paper and mica. However, even at a very high vacuum, 

complete removal of moisture from the capillaries cannot be 

achieved. A part of it is left on the walls. After drying, 

impregnation by a compound at a temperature of the order of 

150° C and 7-8 atmospheric pressure is done. In view of the 

fact that the compound can penetrate a limited depth, a few 

cycles of drying and impregnation are done for high voltage 

machine. In general, the first cycle of drying and 

impregnation is done after placing the turn insulation Cor 

after assembly of bars in single turn windings). The 

duration of this cycle is from 11-13 hours. After this the 

sections on the bars are pressed in special presses. The 

above cycles of drying and impregnation each df 24-27 hours 

duration are carried out two times for 3-10.5 KV machines 

and three times for machines of higher voltage. As a result 

<Jf this the impregnation penetrates deeply into layers of 

the mica tapes and helps in the production of a morolithic 

insulation. 

As an alternative to the inRulation comprising mica tape and 

Bitumin oil the r~cent tr~nd is to use insulation comprising 

mica paper and thermo reactivP. resin. The advantages of this 

thermo reactive insulation over Bitumin (mica inaultor> is 

that its co-efficient of linear expansion is negligible. 
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Therefore thermal deformation of insulation does not tak~ 

place which in the former case causes its cracking. 

After binding (with mica paper) the section, it is placed in 

vacuum thermo camera where air and moist· : . · are removed and 

impregnation is done by a thermo reactive resin which fills 

the pores in the insulation. 

After this the section is placed in a press situated in th~ 

oven. The resin turns into a solid substance without 

liberation of any by-products whatsoever and the section 

9ets correct dimensions corresponding to the dimension of 

~he slots as a result of pressing. 

TESTING OF INSULATION 

During production of a set of coils on other insulated 

components, non-destructive electrical tests are used to 

conform insulation ~ntegrity. After coils a~e wound into the 

machine, similar tests are used to conforr. t.hat no damage 

has occurred during the assembly operation. 

Coils are first tested as individual ur : ts, then after 

insertion in the core and finally after r •nnecting up to 

form the complete winding. It is a sound p ~ .1ctice to use the 

test level in a decreasing order of sever · y. For example 

for an 11 KV motor, the level is 23 K' for one minute. 

Individual coils for such a motor are t<". "'ed at 30\ above 

this value prior to coil insertion. Befort· ·:onnecting up, an 

enhancement of 20\ is commonly used. In 1ddition to the 

standard high voltage AC accpetance te~ ., manufacturers 

normally carry out several other ele<·· · teal checks to 

conform the quality of inirnlated compont: .1. Some of thr• 

important checks ~re shown in Exhibit-16. 
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Sllkll l 1notoris employ a cleep groove ball bearing al Lolh drive 

and non-cJriv~ shdrt endK. AH lhe motor size .tncredHf!!i d 

roller bearing mcty Le u1>ed al t.ht:> drive end lo cctler for lhe 

rddidl thruRl of Lhe drive belt, the ball bedri119 being used 

al t.he non-drive end to Jocat.e the shaft. axially. ~ore 

ide~lly ~nd on large motors, two roller bearings are used 

and an addilional ball bearing provided at. lhe drive end 

which is free lo move in a radial direction. Thia bearing 

solely locdle!:I the rotor axially and can wit.hHt.and moderate 

amount of axidl thrust, Much as that produced by a fan in an 

dXially cooled machine. 

The use of roller bearings is standardised and well 

documented Ln referred books provided by bearing 

manufacturers. IL is normal to choose bearings which will 

give a life of 50,000 to 100,000 hours running or even 

200,000 hours rm t.he larger molorH. Exhibit-17 shows a 

typical ldy<mt of roller bei-trings iil tt1,. drive end dnd al 

the non-drive end. 

Generdlly inrtP.r r.rtce of the roller bearing ias (ilteJ Lightly 

on th~ Rhiifl. jrmrn;.d whi 1 .. Utf? oul~r rdf:e h.u~ it Hrnuy fit in 

Lh~ bP.,.riny h11uR1JHJ. For 9~t.l_jn9 a Li~Jhl fit lhe bearin9R 

dlf~ toilher hf'iiLt"d in oi I or by inrJuct.ion tu~.tl.1n9. Aft .. r the 

ht"dr1n9e tire f1tlf"d anrJ r:oolP.d lht- inner r.-tce grips the 
Hh.:tfl. l.ightly. 

s I et!ve He<t r i '"J" 

Th•~n~ iH d definite l 1m1t Lo t.h.- re- 11,,.r bearing rot.::.L1onal 

Hf•t•1·d aH b•~i-tr in9 cJ iam,..l.t-r 1 ru~rettHPH. Por t.h ia rf.MHon ;tnd for 
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extended life, the larger motors of high speed employ sleeve 

bearings. Sleeve bearings are made of a tin or lead-based 

white metal. 

As sleeve bearings are used in motors using axial 

ventilation, it is normal to provide a locating bearing at 

Lhe drive end to take the axial fan thrusts. Such an 

arrangement is shown in Exhibit-18. 

Sleeve bearings may have plain or spherical seats between 

their shells in the bearing housing. 

Lubrication 

Roller bearings are grease-lubricated except for a limited 

use of oil lubrication where high speeds are required. A 

grease thrower is fitted to the shaft which will pump used 

grease to a reservoir. It is possible to empty reservoir 

either when the machine is running or stationary. 

Sleeve bearings are oil lubricated. Depedning on th~ 

peripheral speed of the journal and to a small extent on the 

journal bearing on the shell, cooling of bearings is 

accomplished in the following way 

0 Natural 

housing 

cooling with heat radiated 

surface. This is possible up to 

mts/sec. periphF>raJ speed. 

from bearing 

about 13.5 

u Between 13-15 mts/Rcc. water cooling by means of a 

tube cooler and bf~.1ring pump is standard. 

" l\bove 15 mts/se<:. flood oiJ 18 provided. 

Bearing lnHU)dlion 

When thf• rif•Hl~Jn of the flux r.--.rrying component of the motor 
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havP. some interruption which arP not symetrical, then flux 

patterns and e.m.f. will appear across the shaft ends. This 

P.m.f. causes current to flow through thr motor frame via 

thP hParinys, unless the circuit is broken permanently at 

some point. This is ..ic-hirved by providing insulation to thr. 

hf'..";u-1ny !:;hells, either where the shells sit in the housing 

or between d steel addition to the shell and shell itself. 

With insulted bearing shells, it is preferable to use 

insulated bearing seals if they are the floating type which 

may contact the shaft. 

Temperature proofs have insulation provided by the motor 

manufacturers and are tested at the manufacturer's works. 

COOLING 

The purpose of the cooling process is to stabilise the 

operating temperatures of the motor windings within th~ 

limits set by the thermal classification of the machine 

insulation under the specified ambient conditions or within 

more stringent limit, set by the motor users. The most 

commonly used cooling systems are given below : 

'' Surface Cooling 

o P i pt· Ven t i 1 a t ion 

._, WJtr•r Cooling 

o Sr l f Cool i ng 

o Forcl•<l V<!nt i. lation 

In the Rurfa1 e rooling system heat generated within the 

machine f lowR through the activP. iron packet to the external 

surface. An ~xhaust fan mounted on th~ machine shaft blo~e 

t hi: atmoKpheric .1ir ov1:>r th1! machine surface, disRipating 

th,.rc•by, the heat into thP. atmoHphere. 
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In the pipe ventilated cooling system external and i ntern.J l 

fans and an air to air heat exchanger are used. 

Jn the water coolecl system, motor is provided with 

water column. Intern~! cycle 0( the air is similar 

pipe ventilated cooling system. However, therr 

external fan to blow th~ atmospheric air throuyh the 

Internal rool ·water is circulated through the pipe. 

built- in 

to the 

is no 

pipes. 

In the self cooled machine, fans are mounted on the machine 

shaft to draw the atmospheric air through the inlet into the 

machine. This air is then suitably circulated through the 

active parts of the machine and then exhauated back into the 

atmosphere through exit passages. 

In force ventilated machines a separate fan is connected to 

the machine with the help of ducts to the machine frame. 

force ventilation can be of two types i.e. open cycle system 

and closed cycling system. 

Main equipment required for the above cooling systems can be 

summarised below : 

o Fans having either radial on angle blades 

o Air to air heat exchanger 

o A1r tn water heat exchang~r 

o Duc:t 1 n<J~, pipes <.tnd other accessor ieR 

Fans are normally procurPd from u~tside sources. 

Air heat ~xchangr~n; arP r·onst ructed wit.h large, eaRy to 

··l~·ar aluminium .::tl loy I !JbPs f LHt"t dt each end on to hP.aders 

of m1lri stcP.l plat.eH. Tubt.'H .;r·1· lrn:.tted to beRt advantagP. 

.Hid ::itagcy.:red to cr~at1• turhuJ,·rw<> of thP. <•xt-.Prnal aJr. 

r·irbon ciust fdt,•rH can h~ f1)J,.<J for ,~.ury withdrdwal while 

t hf· m .. 1·h i nP. 1 s 1 · ·-1P r·v I c<·. 
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Water heat exchangers use a cupronickel alloy for the tubes. 

All the ductings are fabricated from sheet metal. The sheets 

are cut to size and formed to shapes. Different components 

dre assembled and then welded. Flanges and other accessories 

are also fitted either in the plant or at the site to suit 

various requi~ements. 

TERMINAL AND TERMINAL BOXES 

available to suit Various terminal arrangements are 

different requirements of operating 

fault, system voltages and types of 

environment, system 

supply cables. The 

standard terminal box for low fault capacity system up to 

6.6 KV supply voltage is a steel fabrication with a neoprene 

gasket to ensure weather and dust proof protection. Epoxy 

moulded terminal boxes of high dielectric and high 

mechanical strength are used. For high fault capacity system 

a double walled terminal box is used. Th~ outer case 

encloses an inner fabricated steel shell with steel barriers 

effectively 

compartments,· 

steel walls. 

forming three distinct segregated 

each completely shrouded by solidly 

phase 

arched 

The inner steel shell prevents any internal arc from 

damaging the main casing and as an additional 

each terminal box is contained within glass 

plastic moulded enclosure. 

HRUSHGEAR, SLIPRINGS AND BRUSHES 

precaution, 

reinforced 

Slipring motor is used whrnever th~ supply voltage is weak. 

llnGP.r such conditions, itR Ht.art inCJ <·urrent can be limited. 

It can also b~ used for redured Hpeed operation by 

int rodu<;ing resistance into its rotor circuit. However, its 
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maintenance cost is higher because its insulted winding on 

lhe rotor gets contaminated with brush dust, rapid wear of 

the carbon brushes and in some cases of the sliprings 

themselves. 

Sliprings are constructed of copper-nickel. They are grooved 

to assist cooling and cleaning out brush dust. They may be 

shrunk on to an insulted sleeve which is mounted on the 

shaft or they can be shrunk directly on to the insulated 

shaft. Connections from the rings to the rotor windings made 

by rods serve into each of the rings and yet remain 

insulated from the rings of other phases. Connections from 

these rods to the windings is made of copper strip, 

insulated from and firmly clamped to the shaft. Where rings 

external to tDe bearings are used the connections will be 

made with cable passing through a bore in the shaft. 

Brushes are made from metal graphite. These are held in firm 

contact with the sliprings by rigidly mounted brush boxes 

and sliprings by applying pressure to the top of the brush. 

The brush box is wound to size to ensure that the brush does 

not vibrate, yet is free to move radially to al low for brush 

wear. 

PAINT SYSTEM 

All the motor parts other than having machined or insulated 

surfaces are pdinted. ThP painting system involves shot 

Llasting or chemir.al cleaning of all surfaces to be painted. 

After cleaning, th~ Hurfacea ar~ applied a coat of synthetic 

r-1·s1n red oxide primr~r to give a dry fill thickness of 25-40 

''' 1 • • r on s • 

;t.,. stf'•Pl tube hf•,Jt r~xr·hangP.rs drr~ chemically r.leaned and 

fully prnt r-!r.ted on .ti I !'iurfac:f!R by lrnrnersing in polyeHt.f•r 

! 
..J 
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varnish followed by an extended curing cycle. This primary 

coating has similar properties to that of paint primer. 

The finishing paint is generaliy of heavy duty half-gloss 

and cold cured type. The paint is usu~lly applied 1n two 

coates by spraying. The thickness of the applied coat should 

not be less than 90 microns. 

TESTING 

Test on motors conduted at the manufacturing plant falls 

under the following three broad categories : 

o Type Test 

o Formal Test 

o Routine Test 

Type tests are carried out using the first few motors build 

to a new design to establish that the specified performance 

is achieved in all respects. 

The programme of formal tests is decided between the 

purchaser and the manufacturers. This agreement generally 

follows the norms laid down in spacifications such as BS-

4999 Part 60 or its equivalent. 

Routine tests are carriP.d out to conform that the motion is 

fault free during all its stagPs of manufacturing and 

finally as it leavPs the manufacturing plant. 

A typical test programmP for the above types of tests may 

include the tests as sp~cifi~d in Exhibit-19. 
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EXHIBIT : 11 

UNITED NATIONS INDOcn'RJAI. OF.VELOPMBNT ORGANIZATION 
AND 

ARAB INDUSTRIAi. DEVRI.OPMENT AND MINING ORGANIZATION 

PRO.JP.CT PROFil.F. ON EJ.ECTRICAL MOTORS 

A TYPICAi. SJNGU: STATOR l.AMTNATTON 

CIRCULAR 5 TATOR LAMINATION 

SEGMF.NTAL STATOR LAMINATION 
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BXRIBIT : 12 

UNITED NATIONS· INDUSTRIAL D'BVRJ.oPMENT ORGANIZATION 
AND 

ARAB IRDUSTRIAL DEVRLOPMF.NT AND MINING ORGANIZATION 

PROJECT PROFILR ON Er.l~CTRICAI. MOTORS 

·rwo RASJC TF.CHNIQIJF.5 FOR mrr. J.AYJNG 

---- SLOT WEDGE 

SLOT CLOSURE 

SINGLE-LAYER WINDING 

CONOUCTOPS 

SLOT LINER 

T'NO_LAYER WINDING 

WINDINGS ---
SLOT BUILD UPS FOR LOW-VOLTA(,£ _J 

L..--_ ____ _ 
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RXRIRIT : 13 

UNITED NATIONS IRDOSTRIAL DEVELOPMRNT ORGARIZATION 
ARD 

ARAB JRDUSTRIAJ, DBVRLOPMERT AllD MillIRG ORGANiaATION 

PRO.TBCT PROFII.E ON 8LBCTRICAL MOTORS 

TYPTCAI. ron.s ustm TN ARHl\TIJRF. WTNOTNG 

F \ 
' 4 

MUSH COIL 

DIAMONOCOIL 

= 

---ENOS FORMED AM> BRAZED 
AFTER WINDING COIL IN TO 

~=>=lb:::;;:~F STATOR CO RE . 
COIL LEADS. 
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EXHIBIT : 14 

UNITF.D NATIONS INDUSTRIAi. DP.VEf.OPMENT ORGANIZATION 
AND 

ARAB INDUSTRIAL DBYBLOPMENT AND MINING ORGANIZATION 

PROJECT PROFILE ON F.LECTRJCAL MOTORS 

TYPlCAJ. SI.<lT nuTJ.n OPS FOR I.OW VOl.TJ\GF. STATOR COTr.S 

~==::;:::;==~' WEDGE 

~ UK>EILWEOGE PACKER 
>--.... 

----- RECTANGULAfl COPPER STRIP 

SEPARATOR 

SLOT LINER 

SLOT BUILD UP FOR LOW VOLTAGE 
MULTI TURN_ (_:Qlh 

r-
-~ ..•. ........ ~ 

.:_;.\I~-... ~--
'///, '/ /', --

, ___ - - --

SLOT BRIDGE 

WEDGE 

UNDER WEDGE PACKER 

SLOT LINER 

POLYESTERIMIDE ENAMELLED 
RECTANGULAR COPPER STRIP 

SEPARATOR 

GROUP BINDEP TAPE 

~hOl B~.!_l_Q..!_.IJJO~_ LO'f!_ VOL T_~GE 
C,INGl £.TURN COIL 
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EXHIBIT 15 
JOB HO. 

UNITED NATIONS INDUSTRIAL DBVBLOPMRRT ORGANllATJON 
AMD 

ARAB INDUSTRIAL DBVBLOPMBRT ARD MIRJMG OMGAMJIATION 

PRO.JP.CT PROFILE ON 8LBCTRICAL MOTORS 

TYPT\.AJ. Sf.0'1' HlJTt,n UPS FOR HTGll VOT.'rAGF: S'rJ\'l'OH COH.S 

6.TUR N COIL 6.TURN COIL 

tZa 
D 
rzj 

~ 

• 
I.CONDUCTOR I TU RN. 4.CONDUCTORS/ TURN 

2:TURN COIL 

12.CONOUCTORS/TURN 

SINGL.E.TURN COIL 01\l BAR 

26.CONOUCTORS/ TURN 

"' 
l'J 
w 

MA IN SLOT I NSU l ATl':t, 

CONDUCTOR INSULATlv'· 

TURN INSULATION 

CONOUCTO~ / TURP.. 
INSULATION 

C.ONDUCTOR 

no 
o~ 
Zm 
(./'),.... co ,.....,, 
>~ zm 
-iZ 
(./') -i 
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!XHiBIT 16 

UllTID llATIOllS llDUSTltlAL DDP.LOfNDT OIGAlllZATIOll 
AllD 

ARAI IllDUS'l'IUAL DEVELOPM!llT AllD MllIIG oaGAlllZATIOR 

PROJECT PROFILE ON !L!CTIICAL tl)'l'ORS 

LIST OF IMPORTANT CHECICS FOR COILS/VlllDIMGS 

Test 

Machine Type 
--------·-~~~· 

A C Stator A C Rotor 
------------- ------~~ 

I.ow 
Voltage 

High Wound 
Voltage Rotor 

Salient 
P•,,le 
Rotor 

--------------------------------
COILS AND BARS 

i11terstrand 

inlerlurn 

loss-tangent 

corona shield 
resistance 

high voltage 

lnsulation 
resistance 

WOUND STATOR/ROTOR 

j nterst rand 

i11tertur11 

loss tangent 

dielectric lost: 
analyst?r 

h.i&h voJtaae 

• * 
• .t 

• 
• 

• 
• 

• 

• • 

·--- -----
D C Machines 

Armature Field 

• 

• 

• 
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EXHIBIT : 16 

------------------------------------------------~---------------------~-

Test 

Machine Type 
------------------------------------------------------

A C Stator A C Rotor D C Machines 
----------------- --------------- ----------------

Low 
Voltage 

High Wound 
Voltage Rotor 

Salient 
Pole 
Rotor Armature Field 

---------------------------------------------------------------------------
insulation 
resistance 

polarisation 
index 

electromagnetic 
probe 

contact 
resistance 
(Coil-to-core) 

-----------------------------------------------------
* Required 

- Not Required 

L. ________ ___.. 
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F.XHlBIT : 17 

ONITRD NATIONS IRDUSTRIAL DEVELOPMR~ ORGANIZATION 
AND 

ARAB INDUSTRJAL DEVELOPMENT AND MINING ORGANIZATION 

PRO.JP.CT PROFH,E ON F.J.F.CTRICAI. *>TORS 

sr.HF.MATTC OTAGRAH OF ROr.J.F.R RF.ARTNGS 

TYPICAL ROLLING BEARING 

A DRIVE ENO 
B NON.DPIVF END 
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EXHIBIT : J 8 

UNITRD NATIONS INDUSTRIAi. DEVIU.OPMHNT ORC...ANIZATION 
AND 

ARAB INDUSTRIAL DF.VBLOPMP.NT ANO MINING ORGANtiATION 

PRO.JP.CT PROFH.E ON El.RCTRJCAL MOTORS 

A TYPICAi. Sl.F.F.VF. RF.AR ING 

SLEEVE BEARINGS WITH LOCATING BALL BEA~ING AT 

DRIVE END ----- --

LEGEND 

I BOTTOM tfOUSINf~ WITH COOLING FINS 

2 TOP HOUSING rJ'"NER 

3 BEARING SHELLS 

4 LUBRICATING RING 

5 AXIAL GUIDE tH:.ARING 

6 VENT 

7 OIL SIC.HT WINOCJW 

8 PL lJG 

C) f\F MHNG INSUl. J\ T ION 
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P.XHIRIT 19 

UNITED NATIONS INDUSTR IAI, DF.Vt-:LOPMP.NT ORGANIZATION 
AND 

ARAB INDUSTRJAJ .. DEVEJ.c>PMRNT AND MINING ORGANI~ATION 

PRO.JECT PROf'H,Jo: ON F.I.•:CTRTCJ\I, MOTORS 

A TYPICAL TEST PROGRAMMR 

------------------------------------------------------------
Sl. 
No. Teet 

Type 
Teel 

Formal 
Test 

Rout.ine 
Teet 

------------------------------------------------------------
A. SYNCHRONOUS MACHINES (INCLUDING 

SYNCBRONOOS INDUCTION MACHINE) 

J. Resistance of windjngs <cold> 

2. No load lo&Hes 

3. I..ocked Rot.or - current. 
torque 

4. Open-circuit secondary 
induced voltdge at st~ndstill 
(wound rot.or) 

Yes 

Yes 
Yes 

Yea 

5. Temperature riaP. Yes 

7. Momentary overlodd YeH 

B. llLgh voltage 

9. Vibration 

IO. Short-circuit aatural ion 

11. Shorl-circuil loauu~H 

B, INDUCTION MACHJNP.S 

1. R~H1Hlane~ of windingH (cold> 

2. No l11t1d l<.1HHt:-H ,jfld curnmt. 

3. J.o("k~d rotor - currfml 
- t.orq'I" 

Yea 

VP.B 

YeR 

Yes 

Yee 

YeJt 
Yt~B 

Yee 

Yes Yes 

Yes 

Yes Yes 

Vee 

YeR 

Yea 
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------------------------------------------------------------
Sl. 
No. Test 

Type 
Test 

Formal Routine 
Test Test 

------------------------------------------------------------
4. Open circuit secondary induc~d 

voltage at ·standstill (wound 
rotor) 

Yes 

~- Temperature rise Yes 

6. Power factor and any tests to Yes 
establish efficiency 

7. Momentary overload Yes 

8. High voltage Yes 

9. Vibration Yes 

C. IJ C MACHINES 

1. Resistance of windings (cold> Yes 

2. No load losses and current Yes 

3. Temperature rise Yes 

4. Tests to establish efficiency Yes 

5. Momentary overload Yes 

6. Commutation Yes 

7. Hiyh voltage Y~s 

8. Vibration Yes 

Yes Yes 

Yes Yes 

Yes 

Yes Yes 

Yes 

Yes Yes 

-------------------------------------------------------------
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In order lo make l.he easLimal.t!d nu•ber o( eleclrical lftOt_ors 

of variouH rdlings, the pldnl will need nedrly 1,400 tonnes 

of slee l ca~L.inga, f org.i n92:1 and seel iontJ. Manuf r1clur 1n9 lhe 

<tbove ileme J.n d s.in9le plant wi 11 offer consiclerc1hle 

economies of scale. The plant wi 11 ha;,•e lhe fol lowing 

facililies 

0 Product.ion and Tool Room 

0 Quality Control 

0 Mal.erial Tes ling Laboratory 

u Mainlenance 

0 Material Handling 

0 Ulilitiee 

Exhibit-20 presents the recommended product-mix of various 

types of motors lhal may be ldken up for mdnufactur.ing. 

These f.igureH have been arrived at i>y applying the norms of 

1:011Humplion of motors inHlet J led in var iouH thf-!rma l power 

pl.rnti.s. Jn tP.rmH of weight, thease add up to around 1200 
to11neH. 

The proposed f ac JI i LieH t~dn manufdcl.ure motorA dbove 1000 f<W 

··<ipr11~1ty as it Hi11~JIP unil. How~vPr, higher c:apctciLy motorR 

are fewPr in nurnbf:->rH. Tl iH itHHumed ht!r~ that lhe maximum 

Wt!iyhl. of lhe component. lo b~ t r<tnMporlP.d hy road w i 11 not 

t' xr:t~~cJ n lonn~~B. 

Th~ mr1ir1 production prOf't-tJRt!H involved in mttnufttclur1ng 

o Fahrif:dl.1on 

'' Mttr.hi111nq 

'' Wf! Id 1 nq 



o Coil winding 

o Vacuum Pressure fmpregn~tion 

o Assembly 

o Testing 

DEVELOPMENT 
CONSULTANTS 

Based on the des1gn parameters and the d('mand for the 

product, t_he 

Exhibit-21. 

manufact~ring workload is 

Production and Tool Room 

estimated in 

The production shop will have equipment for the following 

sections : 

o Cutting 

o MPtal Forming 

o Machining 

o Welding 

o Drilling 

o Coil Winding 

o Commutator Manufacturing 

o Genera I M,1rh 1 nery Section for product. ion, too I repa 1 r 

and ma i nt.<>n,1nr:t> 

o Shot AlaHling <1nrl P.unt in9 

J,1Ht. of equipmf•nt· f11r prr11hwt J1H1 .u1d torJI room JR pr<>~F!ntf'd 

111 Exhibit -22. 

M,at eria I Hand Ii ng 

I.1st of r•1uipment for· nictt1·r1al h.-indl1ng 1'J .. ncluded 10 

Exh1b1t-22. M;1t"t•r1<ll handling fa<:1 I it1P.A have hN~n dPa19nr>d 

__ J 
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in such a way that the production area, raw material stores, 

general stores and finished goods despatch area are all 

within the reach of overhead EOT cranes. Capacity of the 

<.:rane:.; have been deter!!li ned by rons ideri ng the maximum 

weight at a ~1ngle piece which is to be handled at each 

stage of production. 

For inter-bay material movement, 4 Hand Push trolleys are 

provided. Besides, 3 fork lift trucks and 3 mobile cranes 

are also provided. Material movement outside the plant will 

be done by hired vehicles. However, 2 trucks have been 

provided for general purpose use and for emergency. 

Material Testing Laboratory 

To ensure that the motor and motor parts function as 

specified by the designer of the equipment, these must be 

manufactured from quality raw material. Suitable facilities 

have been suggested in the material testi~g laboratories to 

check the physical and chemical properties of incoming 

materials. Equipment have also been recommended for 

destructive and non-destructive testing of the finished 

components. Electrical testing plays an important role in 

manufacturing of motors. It rPquires sophisticated testing 

facilitii=-s Jike Sur'Jf' TPRh=-r and Ultraviolet Ray Record.~rs 

which haVf~ alw-, been 1nr:ludPd 1n the above nect1on. 

Auxiliary Equipment 

LiRt of auxiliary equipment iH includP.d tn Exhibit-22. 

Maintenance 

List of t~r1uipm1-nt for m.11nt•'rt.1n<1• Hhop ;irid t.ool room is .1Jso 

shown ir1 Fxh1b1l -·!.'2. 
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.JOH NO. nc11.-1os RXRrRIT 

UNITF.O NATIONS I NDlJSTRIAJ. DF.VEJ.OPMfo:NT ORGANIZATION 
ANO 

ARAR INOOSTR IAJ. DEVEJ..OPMF.NT AND MINING ORGANJ ZATION 

PRO.SF.CT PROJ"l l.io: ON F.l.F.CTRICAI. MOTORS 

RF.COMMRNDED PROOUCT-~JX 

KW Rat.ing No. u! 
Motors 

-----------------------------------------------
2.01 - 4.00 453 

4.01 - 5.00 407 

5.01 - 7.00 175 

7.01 - 10.00 256 

10.01 - 30.00 268 

10.01 - 100.00 L6l 

JOO.OJ - 1000.00 268 

1001 dnt.I ,1l>c.we ]6 

TOT/,L 2026 

I 

20 

I L. ________________________________________________ _J 

- ---------------------------~--
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AIOIUAL PROOOCTION LOAD 
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DHIBIT 21 

---... -·---------... ---------------------------------------
Rotor Weight Holur Wei£hl 

Capacity Nu. of Unit Total Unit Toi al 
llaQKe (KW) ;.(..JtCTS (Kg} (Tonnes) (Kg) (To1mes) -----------.-------------......... .,.. ____ ,,,_ _____ . __________________________ 

2. .OJ - lt.00 4SJ 14 6.34 45 10.38 

4.0\ - 5.00 407 n 8.95 75 30.51 

'j. .01 - 7.00 175 30 5.25 100 17.50 

7 .O I - 10 .uo 256 .19 9.98 no ) l. 28 

10,(il - 30.00 268 60 16.08 200 53.60 

30.0l - 100.00 163 165 26.89 550 89.fl'> 

100.01 - l!l00.00 268 10'>0 281. 40 3500 CJJ8.00 

JOO I dfl(t abov .. ltl 1800 64.80 6000 2H,.oo 

------- ------- ---------------------------------------------------------------
Tot a I 202h 

---------------------------------------------------------------------------
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Blftl MTI• IJllllftDli Mt..-r OlllllMTJ• .. 
- I..m&......., • m!11 ClllCAIUltle 

LllT or MJCll 1111._, i8 1UMOOU 
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UllllT: 21 

---------------------------------------~------------~-------~---------------------------------------------------

SI. 
h. lot of lqli(l9tlt. 

ra.tr lei~ t~ltl 
Co11Ulplio1 ~ict Price 

UV) f$t h> 
----------------------------···--·-·-------------------·-~-------·----·--------------------..--------------------· 
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mmt: n 

-------•------w--·-----·---•··---------•··~--------·-------------------·--·~------------ ••-----------•-------•-• 
~r llil Tobi 

SI. lo1. Cou1911l i••• Pric:' Prier. 
lo. lat Gf ltrJti-~t l~r.md \DI 1$1 1$1 
--·------· -· -...- .......... --- ... -·- ... -----·--. -- - -.......... " . - ' --- ----- .... --- ~---- ... ·------------- ------ ---·· --------- --- ........... ------

s. lllG llrid11q Stl f;lll: 
CPll(>l~lP. Wllh liC 
r~l;f1,r ~r llO\:f~c, !Yt~ CUrr,.•t 
sertQ w~rr (~er RQii, 
C02 r!91'lalr.r <:.1111 Opn .:1rc:11tl 
r lo. lll'ltr' ud bfoo1kr Yciuge 
w:l• cue uaob!r 

6. le.il Tr~LIC•l 1orJUCe Type 
tith ~1ehi~ !•ftk 

Cha1b.~r 011tn110~: 

fetperlturt Range: 

Cfcie ti1e for 
bea•.1 ftCJ ltl foll 
tP.1peuture 

7. Sl:t.R1 Rrlie••DCJ Furllice Ch.ili>tr D1wn11ioA: 
I r.i i: r I l 

MCllll ;1e7 

I. CPPl f" l.4lh~ i:':'nl r' HE"19hl 

1.'~nlrl! U1sla111:e 

l!.m1V1J1 I.aid 

2. lfrrt 1r.~ I Turrtl !..ii.he ll.i111"" Swuq 
oVtr btd 

&1Hl41lr.'. ~IVftl : 
l'Jl!lld j, lo•~ Jnd 
Tum!t 

It~ 11 IUI :,01d ' 

S,-11 Autoul1c 1 34 j,J8S s,m 

m hpa 

55 w oc 

!ier.t11c•lly •e•led, 7 n.m 11,m 
~tch type, Di>gie 
hear~ Para.ce 

m 1 m, :se • 

m - me·c 

2 l!.>ur1 

4.J I 2.S ' 1.5 •l• 9U 91,m '11,GH 

u1.m 

m. 10 n.m 71,HO 

'.100 .. 

~ Toue 

me .. 2 2S r,o,m 1.01,ooe 

1m ... 

ll1n. J~O H 

i 5 tonnr 

I 
_____ _J 
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mil!T: 2Z 

Power ll1l Told 
Co•1Upt1on Prict Pnce 

1111 !St 1$1 
-·-------------------------·------------------------------------------------------------------------------------

rP.nl.rr 

4. CIC lorizo•Ltl 
Mac~i1i119 Cralrr 

s. CIC loriiotld 
lb~i11119 Centre 

6. loriio•~I l1lli19 
lbchne 

1. ley .. r 1111119 Mac~1ne 

a. C1l111Clric1l Gr11C11n9 
Kic~i1e 

•• Surhr.r Gm.dlllCJ 
11.ll'~lftt 

IO. k•d I~! tri I Ii ~1 !tr.11 IM! 

L-----

"'11191111 D11t111on: 1651 1 5ol 1 ''' .. 
11f lhr job 

Mau1u• l.o•d 1.8 Tour 

T~blr Dittnsioa 610 l 631 • 

Ki1i1il9 Di1tn1ioa: as• 1 101 1 151 .. 
of l~r )Ob 

!tui1u Load 1.2 To111r 

Tablr Di1t111oa mo 1 llH • 

Ma1i1u1 D11ta1ioa: me 1 mo • 1111 • 
of lhr job 
"'11i1111 Loid l Tour 

TablP. Dill!nllOll 1200 I 1200 .. 

W.1111111 D11rn1ioa: 1608 I 1211 I lf08 II 
of thr job 

"'1111111 Loid 'TOllf 

"'11 itul Le119Lh 14f0. 
o( ltplJ 

Ad1i l belwen )000 .. 
CP.nlr"~ 

Sw1n~ over labll' : mu 

N.u11u1 LlMd 4 Tonn,. 

llork 119 ~11r I~,.,. m , 1000 .. 

Na111111 Gr1nd1nq : luO 11 

llrt 11 in1 C~p.tc:tl y: a& 11 d1a 
1n st .... 1 

Ara l.tllCJI h 2.1 .I 

28 
'·'····· 1,60,081 

l5 l,35,081 l,15,111 

25 1,11.110 1.1a,100 

11 25,IH 25,IH 

7.5 22,018 22,001 

25.1 1.12,818 1,12,018 

" 20,m 4o,m 



JOB IO. : DCIL·ll~ 

~ l. 
llo. laiw or lq1tl}19f'll 

II. lltrp Bo( .. ~r1ll1nq Dn 111_, f.tfMrtly: 
lld1·hinr 1n SL .. rl 

AJ111 

12. ·~··~ ... ! s .. lltnq ll~ch1nt Tdbl~ D11tn11un 

Jt"yw.ty l.en9lh 

,,, ... , lh~lh 

lrywiy Bore 

11.tlllUI ifr19hl 
of lhe JOb 

llOTOfl llAllFACTllllG SIOP 

1. v .. rl1cAl Rtlil Cull1119 Type 
;: I rr:uJJ r odlld S'll 
lllo .. 11 !i411j 

illddl' lhdth 

Arl1il belwtP.n 
r.~nlrP.H 

i. l ·~"I u1n n1 Mh I n9 4nd f'.~pAI' I [ y 
i'i~n•JIO•J Pr~'~ 

SUI'. of ~I'd 

.. 4 C•dutn 01sh1nq A11•I l'~p~c1ly 

Y l'R910'J i'ff'.KB 

SI i~ of Bf!d 

4. 1t1·lw1 I w PF·u CAp;tr.1t y 

Su,. ul Bed 

r 
J. k"lor h~11•i111q lf.ich1nl' llAJ 11111 •llA r1( 

Rnlor 

Sw 1 n9 ''~'r b~rl 

llHlllll .111011.tblf!· 

''"""'"'' 

75 • liu 

ma. 

)SQ I 7;9 II 

m. 

j - m" 

10 · 500 H 

IS Trinnl' 

Contour Bdod 
S~win9 M·ll'h1no: 

12.S 11 

100 •• 

s~ ior1nt 

1m, 1m .. 

I SD Tonnt 

I SOO J i ~00 11 

~00 T11nn,. 

bOO m 11 

4u11u • 

m .. 

m •. ,,. .•. 

DEVELOPMENT 
CONSULT ANTS 

Powtr 
Ct11SU9pl io1 

1111 

lllIBIT : 22 

U.1l 
PrtcP. 
1$} 

9 !B,080 .ib,090 

JS 1,59,008 1,50,GOI 

iU7,00I 

40,000 49,009 

IS ll,008 21.GOO 

10 •~.ooo •s.ooe 

15 35,001 auoo 

1~ iS.ooo 1~.000 



JCll IO. : llCl~-115 

~I. 

Iv • lae u f F.qu 1 pel'lll 

o. 11r~•1l· Rlll •-'r ll• .. 1114 l iit1qbl : 
i'-il 1 nr' tn•J I! vh 1 n" r;ip~1·1t1 

MA111u1 d1••~l~r : 
1J( Rotor 

~111111 Rolor 
Len')tb 

Spe,d 

1. TiG ildritlllj Stl TJPt 
co1pl~te v1lh Ar~ua 
Arr Torch ~•d Rlnge of llt-Jd1a9 : 
accruor1ea, DC Curr Pit 
Supr,11or ua1l, high 
fre41!1enry 11Bit, w.-tr.r 
c1r!ulal1on un1l •Id 
llt: rer.l if "r powr.r 
Anurct 

8. Vaccu1 Pre111urr Cb1ber Dia 
l:apreqn;itio11 
"h~•hrr IVPI I Length o( lh~ 

r.hub'r 

9. Onn for Y;11:ru1 Cb11ber D1~n1101: 
ur~~11ri: l11prPqn~t.1on 

lit. V4rn1sh T•nk fur V4ccu1 Cha1ber Dilf'nM1oa: 
~r~~~un· l1pHqndl.11in 

llUilUI d1a fJf 
lotnr 

11~111111 Len9l11 
of Rotor 

II. ~ldlrk 169 hf'kl 1111 T11w 
unnfdr.lur1n'J ML11p1n•1~ 

f'.1p•o.:1ly 

Ii To111, 

1)06 H 

5SOI • 

me rp1 

Seu •ul°"'l1c 

•o - mop• 

1m. 

280011 

~ooo 1 2000 1 2011 •• 

5000 I 1000 J 2080 II 

IJSO II 

mo .. 

Hy1lr Anl 1r 

400 Tonn• 

DEVELOPMENT 
CONSULTANTS 

Powtr 
Ct•Hllpl.1011 

1111 

•• 

20 

10 

hO 

UllllT : 22 

U.1l 
Pr1c' 
ISi 

12.m 

4,m 

12,181 

2,000 

j,OOG 

7S,081 

Tol•I 
Price 

1$1 

H.m 

4,480 

12,m 

2,000 

3,800 

75,000 

1,U,400 



: - I : 

JOB IO. : DCIL-115 

DEVELOPMENT 
CONSULTANTS 

mllIT : 2J 

----------------------------------------------------------------------------------------------------------------

SI. lln~. 

'It.. Int of Eqtllpknl R"'!Utrtd 

Puwl'r 
ronsulpl.10• 

11111 

lul 
Prtcl' 

i$1 
----------------------------------------------------------------------------------------------------------------

l'OIL WllDlllG SIOP 

i . •'o !I hpp u9 114Ch 111r-

3. Slor 1 p-011-rd9t Co ii 
lh nci 1 nq H.ir.b Inf' 

'· Conl1RU1JUR Coaduclor 
T.1pp111q ~r.h1ne 

~- Co1 l Lu11p1119 and 
~I '"'•'h1nq "~rh1nt 

~. Hnl '01 I Pr~~~, R•J 
Marh1n~ 

, . ·l:1~t.11rr 8rd1111in9 
Mdt'h tn" 

8. fldlnr Rnlalhr for 
ii I D1li n9 

~. knlor Foldlor r rir 
llrnd1n11 

Iii. H11l11r ~ol4fM '"' 
AULi nq 

Typt 

Type 

Ty pt 

Sw1nq nver bP•I 

Ad11l bl'lWf'tO 

•'-11lre1 

MA111u1 Ill~ of 

Ruler 

Mo llUI Ill• of 
H11t11r 

nul·J•~l ••· ·;n l 1rd I 
f1.11tlulor 

& layer1 of 1n11lalion 
l1P" on b~se copper 
lllrlpl 

Su1tabl1! for profl~lnq 
lay"r lo bola ar14lurt' 
Jnd f 1eld co tis 

CIC, Suitable for field 
·:011~ nf luge 1111.ors 

Slm9hl Co1 h uplfl 
lSOO u ll'n9th 

Su1l4blt for 1prr.ad1n9 
hi qh vn I l.iqt d ldlO.,d 

rn1 ii upt.11 i 1l1 Rpin 

K~O •• 

.llOu 11 

IU Trinn~ 

IU~ll 11 

20 

18 

16 

15 

20 

9,000 

22,m 22.m 

6,100 6,860 

12,910 12.~08 

i1.oeo 22.~on 

16,000 12,000 

16.000 lJ,UUO 

lb,000 H,800 

1,16,090 



JOB IO. : DCIL-115 

!:I. i=os. 
lo, bit nf lijai~1l Requrtd 

DEVELOPMENT 
CONSULT ANTS 

IDillT : 22 

hftr lttl Tobi 
Cn•suepl101 Price Pric~ 

IDl 1$) 1$1 
----------------------------------------------------------------------------------------------------------------

191TATOI SIOP 

1. Dr•" i'nr.h ''"" Sual•blr (or cold Ii 11,IGI IG.881 
dr .tll!l'j of proft IPS 

11.uj1119 01.i or "' • workpattr 

... 111ua Lta9lh m. 
of 11orkp1ec:r 

2. L-C.l Shr•rtlCJ Prr•s lli11a11 Sut of 121112• ~ o,HI UGI i 

fbl lo~ 
•hened 

Lt'nglh of bl•df! m. 
l. lydr•ul ic Pr,11 Ri1i8ft C.p.icily : SD f 011t 1.5 11,HI 11,IH 

•• Oii fmd Allne~lin•i Size of he•l•llCJ 608 I 600 I IS8G .. 2 ..... 1•.te1 
F11n•ce Cha~r 

). P1r.kl119 fHk Sue of r.haber • I l.S I l.S 1l1 2 l,OOI ...... 
'· Auloail1c Collul~lor Chi11btr Dt.i '°'• 6 lH "° ~•1110119 lqu1paenl 

11clud1n9 0"11 Chui,,r ilf!19hl mu 

"·"' 
TOOL - Am MIITDAICI 

I. ltrr cul f.llll ll•rh1ne 11~111u1 Th1rknP11: .i • 1111 2.S a,m a,m 
.,r 111, .. 

Lf!nqlh of Wt,, lo: \I . 1180. 
r.111 Aul1,Mltrr1lly 

.. hufil~ 1;r111d1n9 Hr19hl of ~rnlrr~: 17'- .. 11,IOO n.ooo 
~··hill' 

D11l•11Ct bt-lw~r• : ,,\. 
1'.rnlr,.1 

!1ll'r~,1 Cr1nd119: 2~ · m. 
llu 

lu·1olh uf 1;rind1nq: l2S • lH • 
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JOI IO. : llCIL-115 

DEVELOPMENT 
CONSULTANTS 

IDIIIT : U 

Powr hat TouJ 
Con111(1l101 Price #race 

1111 1$1 ISi 
----------------------------------------------------------------------------------------------------------------

j, , .... f.ilrt114J lbo:h111t TJP' Vrrlml II 25,Ht 2s.m 
n~,ful T.bl~ Ar,.~: m 1 b\G 11 

le~dl'"J Aecur•r.1 : a.m. 

Pot j tiOlll llJ I.Ill .. 
Attvr•cy 

Bore Toleruc:e 175/176 IISC ~~rdl 

4. leil Treat8tll P1r1.1c:r Ty~ lll!Cl.rially •eated, 1 ...... 41,0H 
1it• Qaeac:llill! T•1l bitd trpe. ilogie 

lifut• t'urlloic:f 

Chalher D11ea~101: lit I 181 I 158 .. 

Tr91J'r~t1re R•ll'}~: 111 - m1•c 

Cycle ltff for 2 huun 
he.tl111•3 lo ful I 
1 .. 1peulare 

5. Prrc11101 l~lk Cr1t re lr.ighl m .. II l,S80 1.m 
D1HtA11Cr. betv,.,.n : 1m .. 
Culro 

'· 8'nrh Cmder w•r,.I Sue 25t} I 25 I 25 H 4 ' l.080 4,m 

1. P11ter1al Nill119 Tabll'. "'" 110 11 1 ISH Pl 10 n.m 22,m 
Nar.ime 

a. Colu1n Dr1lll11CJ Rac•i11r Drtl lln9 capK1ly: " .. 1,400 1,m 

~. Ar,. Weld119 Stl r.urrr.nl Pt11,, 70-m AIJI!. 4,00G 4,000 

Ju. ""''' .C ,,.r DC W..ld1119 S.-l Curr .. nl ~'"'" ''··'·~·i AllflR. 11 ..... 6,808 

II. : .,,., ·'~··~ Trfll'. ~~,,.h .. 1 r rfl", llft 1n9 m 
dd Tr.vrrx1nq 

r~p.ir.1Lr ~ T•11111r. 
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D II. : DCIL-115 

DEVELOPMENT 
CONSULTANTS 

m111r ; 22 

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

SI. 
lo. 119' o( "9ill9tlll 

PUiier l1il Toul 
Collllplio• Price Price 

(Ill ,,, ($1 lritf Speci(1c.il101 
lo1. 

Reqtir~ 

----------------------------------------------------------------------------------------------------------------

12. Coll•psi•le ~ddtr Type 5eH-npporti19 151 151 
t1leM•blt •IJ 
1ln11i• ladffr 

Closl'CI lt19•t 5 I 

E1lndtd lei~l 9 I 

ll. Coll1p1ible ~er Tppt Self-ft(lp0rti119 211 211 
eal.elll••le 11J 
1h•i•i• l~r 

Clo1fd leigllt ] I 

hlucitd lo?aghl 5.5 I 

14. 8.tlttry Ch .. rger lo.of e'.JHI } 2 181 2H 

lapel YOll.Jge mv 

Output to I bge 3' v 

IS. llu9h bri• TJpt lleclro.ic, to.d l,711 l,711 
Tru•porl 

l';epacatr 25 Toniie 

Pblfor1 aiu I I al I 

"· Porbble Pl1tf or1 ''"' Art 
1tr19•i119 Scale 

1,211 1,281 

C.pte:llJ 511 19 

P11tfor1 1i&f! J,2§ I I I.JS I 

11. llDrk Bue~ ~I • la111lr.d lop 11 • .,1, iro1 f r11e 

•it• four •ICJlt iro1 le91 

- Sue of Top : m11 m. 
Hr(41't 

Ploor lo Top .... 
ltf!19hl 



J0110. : ocn.-m 

SI. 
lo. h9' u( E'fUl!J9'ftl 

II. Sarfa~,. Plall' 

19. Slrel fob lo1 

21. Closed Sloragt Shtlftl 

21. Ope• Slor•CJt Shtl•t• 

22. ilorktrs' Tool C4btnl'l 

21. l.ubr1c•l101 iqu1pee-l 

2'. Ol~rr I.ind Toole 

llATDHL IAIBl.lllG 

I. 1.0.T. Cu~ 

2. P..O.T. ~, .. , 

t !.O. T. Cr""' 

~. J!.11. T. 1~r Aftl' 

Surf•c' pial' .. d, of clo1t !r.i11o:4 
··~sl w11 of 2U RH alurdJ uqlt 
lfOh frall! •lid id)Ulll114J J4Cks 

Top surf-let s••~ ; IOOl 1 .at• 

11,ld!d sl"I roulruclio1 c:o"rN 
wit• hea•r duty wire 11e1• 

Stu 1111 I 1111 I 4Sf .. 

C•~ctly 5 Totll( 

Sp.tn lh N ~pprn1. 

Cl Au Ill 

·'.4jMt:tl.y I~ Tonie 

Sp11 I~ N 1pprn1. 

l'j~!IR 
: " 

f4114r 1 l y '~ '"""" 
Sp.ill . " II ·~1•r111. 

ri~•" lit 

C.4?ill'll' ~II Tnnnl' 

'ifi.in I h " .1ppr1tJ • 

. I 1Rt 111 

llos. 
leq1nrH 

ll 

DEVELOPMENT 
. CONSULTANTS 

mmr: 22 

Power l11L Tolal 
Co11u.pl1un Price Pncr. 

IOI 1$1 1$1 

tu.p1ua 5,011 

l,45,958 

IS 19,188 l~.ate 

I@ 5&,6&0 ~o,611 

•S 1,29.000 l,l9,GOG 



JOI iiO. : DCIL-115 

~I. 

In. bw of !qoi1'9"tl 

'· '-llCJ•"" iirrvn O•tr•ii Jib 
llnb1ll' l'rnr (,ni;t~ 

!1.11••11 l1H1119 
r .. ~c1tr •L 1 , 
ud101 

•• Forklift Truck ''"' 
I.off Ce1tre 

N,.1 i•t11 Ii fl 

C•p.c1ty 

7 ll~nd P11!1h Trnl l~f l'.~p . ..-1ty 

~. ri<1ub ;,. llht~I llilrmw Ty~ 

... ,,.r.1tr 

1. Tri1d CVW 

JISPICTIOI AID TUTllG 

: 11.5 •ls 

I To11t 

2 TotllC! 

5 To11t 

B.tt~rJ oper•lecl 

SOI n 

\ .6b its 

I Toa111: 

2 Tn111r 

~ T;rnn~ 

IOQI kg 
mtg 

llf'ny Duly 

0.2 .J 
14,G~O 19 

lios. 

l~umd 

2 
2 

4 

i 

lltthuic•I lleuen119 luln1t1ll 

I. vm11•r l'•hper8, Drplh !i111l.lbl,. for 1Wd1uri119 uptn 1~80 • 
v,rn1,r. N~1qhl Vrrn1tr, 
Oul11d,. Nt~rnrrltr, 
fnttrl• N11•ro11·l rr, 
p,,,.,,.r f~uq,. 

J. llt•I 111111r4f "' S111l•btr for 1r;,1ur11111 0.01 11 lo 18 H 

I. SI'"'""''"!"' 5111l.1blr for lf!HUrtnq ,1JWrrl -1pl11 U,Oot rp1 · 

DEVELOPMENT 
CONSULTANTS 

llBIBIT : 22 

fonsupt 11111 

(Ill) 
Price 
ISi 

1s.m 

22,188 

25,etl 

...... 
45,200 

4q,m 

100 
11 

m 

S.000 

L11•p•ut 

~rtcr 

iSi 

!5,818 

22,111 

25,IH 

...... 
•s.m 

4UDI 

200 
141 

HI 

"·"° 
6,JJ,021 

2.m 

180 

100 

L--------------------------------··---



JOI IO. : llCIL-185 

SI. 
lu. l•1te o( lqalf9'1l 

4. 1·1r Cn-nrdt .. tf' bbl,. Sur 1111 J 1111 J 75& .. 
~•1ur111J .. rht~" 

1141 llUI 1.nid 2 Tn11t 

kruuc:r I.Ill • 

5. i1br•l101 SvrttJOr Sluclud 

'· Bri 1e 11 l.rdkas Type Po•tr optHleJ 
Tttlilg llic~i1t 

Appl itd I.Nd m - lffl kga 

1. Rockwl I B.lrd1e11 fh,. a.ir.h1t £NII au both slttl bill ud 
Tl'11liDI) llithi1t d1aond colt 

lh110r Lo.td !Hg 

R.jor Loid IH kg, 150 kg 

a. Dn1ver1dl Te1l1~ Trpe Ryduulir.;il IJ l•ladrd 
it.r.~1~ 

C•pmlr lH lollkl 

Cl. rr~rk IWpl.h o .. l,..·l 1011 !ihllf!.trd 
~nil n,,. p,.~,.lr~nl T~wl 

'.1)1•11..,nl 

in. 11~.~1 f PRI 1n~ ll~rh1"' Tyfl" p,.nd11la I JP' 

'If"''"' r.boirpr •y~ln 

"~p.i·:' ly 

Wtlh roepltllHy JI kfJll 
1f1·111ht~ 

W1~l1111I. f111pJ,.. : I~ k99 
1,.nl . ..r y ii•· 1 ~M 1 

: I. 11 .. 1.ll11qr.ph1r Sf"'rl.,.n l'.<ijH•" 11 y ~ lonnf'~ 

""''"' '"'I R•k•· 11 l,. Prr·u 

loa. 
Rrqumd 

DEVELOPMENT 
CONSULT ANTS 

WlllT: 2J 

Powtr l11l Tot.I 
Co11..,tie1 Prict Pract 

IOI ($) ($1 

15 IUH 12.m 

511 

11,171 11,m 

9,HO q,110 

18,IOO 11,181 

m m 

1.m l,&OG 

m m 
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SI. 
lo. liw o( lqu11•Hl 

u. Spec11t1 Grilld111'J ud 
Pul11~11HJ N;ch:ne (or 
8'hJ l09r•pliy 

14. lleclrolyl1c Pul nhilH) 
Appualus 

15. kl4l l09rilphic 
lhC!JIC:Opt 

·' - ,,, 

SWtllCJ lfl"· (Joor 
IOdll' •it~ Clip .. ttl 

loa. 
lrqumd 

S.1p!, SILt' 

ou ... ter JO - Si• 

fi1chc11 l - 15. 

Di1e Siie 211• 

Type Libor•lory type tleclro- l 
lrtic poli1~i19 •PP1ratu1 

Iii• Saplt 25'• 
Diacltr 

Nia Suplt 41 .. 
Nt19H 

Type Projectio1-c119·P~olo-

11crogr1pli laboratory 
l JP' •icrGliCOfe 

llA9n1 f ICAtio11 ~8 - UH d1• 

Ii. lliltn•I Tt•l11~ li~lrn- llw~ for qu•lll•l1n aid q111lluli!!t 
lcopi! AMlr119 of aa1plr.1 UllllCJ 1ieropflol111tler 

4nlf Jlftt•lo9nphir. pla~ or ri11 for record1119 

11. Appir~l11 fnr Deltr· N~• 1:4rbi111 : 4.5\ 
11 .. t10D of c,rbon r.onll'nl 
ucl Salphur 

!111 Sulphur I.IS\ 
~01tul 

II. Dllraao11r. Tt1l1114J Tyf'I! 8)lr41111lllC, puht 
P.qu1pttl'nl rd ltd 11111 porl4blf' lJpe 

Mtnur lh'J Mo9,. I . 1009 1'.I 

111 SI 1·~1 

~rrqurrw' RHCJ' U - 10 Mc/a 

DEVELOPMENT 
CONSULTANTS 

,_,r 
Ce11Ulplio1 

IOI 

2 

IDlllT: il 

l11l Tol•I 
Pr~-:" PnrP 
w 1$) 

sa 

Stl 511 

211 m 

Ill 110 

m m 

100 190 

n.111 ''·"' 
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SI. 
lo. ... P( .... lp•Hl Ind Spttihcalioa 

I~. lli9D,l1c Cr•ck ~lr.t"lor The ~rl~lor sialJ prod1c:e bulh 
l(la,1l1nl1ul.tlld nr1:11lu u911et1c fu!ld1 

15' - 1211 apt 

4 - I tolls 

21. Abr••''' C.lll14J Rach11' TJp- sut..er,H trpe. ftl 
01cillati., e1lli119 
-.chiiit for laboralorr 
use 

2J • lit& Cjh lllCj Ila ch 11'! 

Portable Te1li19 Tool• 

ltu Cull1119 100 • 
Capict\.~ 

u1 .. ~r cutli114J 451 .. 
llhtrl 

Tyl"' 

5en11 l ml f 

lllCle.lor 

Acwlylical bila11ee 

m 'J•• 
9.1 ., 

Rockvel l 

Poltli l YP' hudnP11 
le1lrr tlrrrou1 alld aon
furnusl 1:11n111l 1 ll'J o( , 

lr1lrr 1l.tnd•rd le1l ~r 
.tnd M".t111ra119ld'Jnif1•:upe 

Mai Th1rhru I 00 ., 

; I l \ 

DEVELOPMENT 
CONSULTANTS 

Ull8IT : 2J 

Powr lail Tobi 
Colll9pl.101 Pri~e Price 

Ill) I$) 1$) 

21. m 21.1~• 

12 ..... a.m 

151 

soo soo 

! '14,016 



SECTION - 8 
RAW MATERIALS AND OTHER INPUTS 



RAW MATERIAi.~ AND OTHER INPUTS 

DEVELOPMENT 
CONSULTANTS 

The basic materials, consumables and bought out items 

required for m~nufacturing norms are classified under the 

following main groups : 

o Steel/Grey Iron Castings for motor base frame 

o Forged Steel Shaft for Rotors 

o Phenolic Resins 

o Cast Aluminium Bars 

o Copper Alloy Bars 

o Fasteners like nuts and bolts, gaskets, expansion 

joints and neck joints 

o Steel grits for shot blasting 

o Primer and paints 

o WP.lding electrodes 

o FurnacP oil 

() Auxiliary equipment likC' Brarings, Fans, Heat 

Exr.hangerH, Ducting, Pipes, Ptc. 

u Hardware and other miscellaneous items including 

cutting oil, lubricantR, soaps, cotton 

electrical consumables. 

waste and 

Ter.hnic:al H('t!r.ifi~atinnR of th,.s,. materials and their annual 

requirC'mr-nt .arr- prrRr-ntf•d 1n Exh1bit:·-2'!. 



ii - .. 

DEVELOPMENT 
CONSULTANTS 

While estimating the requirement of motor plates, a wastage 

factor of 10% has been assumed. In case of rotors, however, 

wastage has been assumed as 5%. 

All auxiliary e•1uipment shall be bought-out. The cost of 

these has not been taki:;, into consideration while estimating 

the production cost of lhf"' motor. Roughly, these represent 

about 10% of the total pti.ce of a motor. 

All locally purchased materials may be stocked for two 

months' use. The materials to be imported may be stocked for 

four months' use. 
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DEVELOPMENT 
CONSULTANTS 

JOB NO. DCIL-105 

UWITED flATIOllS INDUSTRIAL DPEl.OPM!llT ORGAllIZATION 
AND 

AltAB INDUSTRIAL DEV!LOPM!IT AND MINIIG OIGAllIZATION 

PROJ!CT PR.OrJLI!. ON l!.LP.cTRICAL l«>TORS 

EXHHIT : 23 

R!QUIRPJllllT or RAW MATERIALS. CONSUMABLES AID BOUGHT--OUT ITl'HS 

-------------------------------------------
Sl. 
No. Item 

Material 
Spec if ica tion 

Yearly 
RequireaeDt 

(MT) 
Price 

('000 us$) 
-----------·---------------------------------·---
I. Steel Plates 

(l 111111 to 3 •> 

2. Forged Hild Steel 
Shaft Carbon 
Content 0.25% 

3. Angles and Channels 

4. Phenolic Resin 

As per BS : 1449 
Part 1 and II 

As per BS : 4670 

Rolled Section as per 
BS : 4868 Part IV 

Standard 

5. Cast Aluminium Bars A:4 per BS 
(for 350 mm Centre 

1474 

height motors) 

6. f.upper Alloy Bars 
I fur large motors) 

; • Jmmlaling Material 

Commt> re i al ,; rade 

r.unlinuous HH·a (for 
tapP. insnlittinn), paper. 
h.ilumin. oj J laquer. 
aKpha It. po I yt>:-4 tP. r 
varniKh 

k. t'astenerM l ikP. uuts. AH per BS '1104 
bolt,., gaKkelf', etc. 

't. Steel GrilA 

10. Pr lm~r ~ l~1inlff 

Chj!Jed Steel Angular 
Shot R Gr adr 8- II• mesh 
A~ per BS 24Sl 

Ai-; p~r· RS s 2S2J 

2.150 

880 

23S 

350 

25 

1.9 

Lnmpfttllll 

2.s 

0. 'JI) 

815 

2.988.50 

98S.60 

~23.70 

1.820.00 

104.80 

9. lC 

11.70 

2.60 

0.25 

12.f,() 
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EXHIBIT z 23 

-----------------------------------------------------~-------------------

Sl. 
Nn. Item 

Hatt>rial 
Specification 

Yearly 
Requ.ireaent 

(HT) 
Pr.ice 

('000 us$) 

-----------------------------------------------------------~-------------

II. welding F.lertrodes As per BS 24'13 )8.7 1. 10 

12. Fu mace 0 i 1 A:-> lJPI' RS 2lih'l 120 113.20 

13. Auxiliary P.quipmenl Standard Bought-out l~umpsum 310.00 
like Fans, Heal I lP.llS 

F.xchangers, Due Ung, 
Pipe::;, etc. 

TOTAL 6,483.35 

---------------------------------------------------------------------------
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Utilities in the pldnl w.ill iru:ludP. power, wetter, compressed 

a 1. r. Apa rl from lhe abov~, f <tC i l it. i e11 have been su99est .. d 

for dir-condil1oniny of Lhe admini~lrative building dnd for 

( i re-fighli ng. 

Power 

A sUJ1111tary of power requirement is presented in Exhibit-24. 

While calculal ing Lhe Lota 1 load, power required for general 

Ji9hl.in9, air-condil.J.oning, dust. collection etnd fume control 

unils and for other ulilil.ies have i:tlao been considered. The 

Ji9hlin9 load fort.he office buildin9 has been computed 

bdeed on the assumption that il w.i 11 merely supplement the 

natural lighl which will ot.herwitse be sufficient. Aa all the 

equipmenl will not be operaled aimullaneously, different 

}odd fact.ors have been considered for vario..ae t.ypes of 

~quipment. Based on the different load and power factors, 

toLal requirP.ment of power ia estimated as 1300 KVA. Since 

t.he power r<1t ing n~qu ired for product ion P.<JUipment and 

Hervice11 JH 415/220 volLH, 2 lrdru1former11, ~ach uf 1000 KVA 

r.ttin9 arf! recommended. It iH dslrnmed Lhat the power will be 

Ldl-'IJP.d from d 11 KV ov.-rheitd lransmisaion line. Thus the 

l.ranHfnrfT'ler wi I J hdve " sl~p down r<1lio (rum 11 KV lo 

415/220 volht. Further, lo reduce lhe fault level and 

f luctuationH in the I 1yht.in9 lin~, l I 19hlin9 trane(ormer of 

I 00 KVA cap11c; 1 l.y i H ,.. I Ho recommeruled. 

W;tl t•r 

Wal .. r lU lh,. plr1nl. w1 I) i, .. n,..edt·d for the fo) lowjn9 purpollP.H: 

' ---
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o production 

o heat treatment 

o as coolanl for naela! culling tools 

DEVELOPMENT 
CONSULT ANTS 

o Cur cooling the central dir-conditioning system 

o !or cooling air compreasora 

Av~rdge ral~ of rec.iuirement of "'dLP.r for lhe above funclion!t 

is about 5 m3 per hour. 

The plant will also need water for 

o drinking and cooking 

o sanitalion, gardening and shop floor washing 

Requireaenl of waler for the above mentioned needs is shown 

in Exhibit-25. The tolal averagP. requirement is ealimated at 

8 m3 per hour. For· human and 11anitary needs, lhe water 

consumption has been ~Hlimated HL 100 litres per person per 

8 hour shi!l. 

It is proposed that the plant be equipped with a 4" dia 

deep tubewell, 2 pumps - each of 12 m3 per hour capacity, 

and one overhead tank of 25 • 3 capacity. 

Compre1u1ed Air 

C'>mpreHHed c.ir .lK ne~ded .in the plant for the fol lowing 

purpoHt-!t 

0 operating hand toolH like chipping hammer11, hand 

yrind~re, et.c. 

() operating Hprcay gunH JU lhe pc:t.1 nt i ng booth 

"f>~rdling Hhol bl.tHL i 11~1 9unK 1.n shot bldKl1n9 booth 

<•onnet·tP.d I oad of r.ompreRH,...J tt i r tt8 Rhown in P.xhib1 t-26 for 

.• I J I. hP.Hf" purpoHeH 

d demand 

l ff f!M t I nt<i t·.P.rl 

fact.or of 0. 5, maximum 

nt i nut.P.. 
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conHumpt.iun •~ ~ati.mat.-«t <iN 2.8 m3 per 111i.nut:e. Considering 

delivery loMHelJ dncl compressor efficiency. the co111pressor 

capdcily ret.Juired l.B about. 6 111 3 per minute. Therefore it. .111 

reco111111endP.d lhdl 2 COIRpressors O( ) m3 pP.r •inule capacity 

delivering air at 7 K9 pet cm2 presHure be provided. 

Ai r-<!(mdi tionift9 

rt 1 s proposed that the adr.ainist.rat.ive building be cent.rat ly 

dir-condilioned lo credle a conducive atmosphere for 

efficient working of the personnel housed in t.he building. 

For thie purpose. a centralised air-conditioning system of 

80 lonnea of refrigeration (TR) capacity with individual air 

handling units for each floor ia recommended. The system 

shall have a separate r.ooling tower of the induced draft 

type for water cooling. The workshop shall be provided with 

ro<>lll coolers for circulation of air. 

Major equipment and accessories for all utilities are listed 

in Exhibit-27. 

Fire Protf!ct.ion SyRle"' 

Suff icienl number of fire extinguisher• of different types 

will be required Cur fighting firP. wit.hin I.he workshop 

premises. The entire f 1re fighting ayelem/appljances iR 

claHsified inlo lhre~ mrljor cale9orjP.B, v1z., porl<tble 

extinguiahera, wheeled P.xtin9uiKhera and fixed HYR~ema. 

Apart from these, othf"r appl iancea l.1kP. fire detP.clor, 

alarma, aanrl/water buckPts. etc., will al Bo be needed. 

Tro.neport 

The company raay prov1d~ r·-.rK only t.o the top per11onnel 

belonging lo I eve ht 1 and 2. Therefore, 111 .t 11, 2 <~ar11 .tnd 2 

buHP.H should be auff ic.ient.. 



JOB NO. OCIL-105 

UNIT~D NATIONS INDUSTRIAL DEVELOPMBNT ORGANliATJON 
ANO 

ARAB INDUSTRIAL DEVELOPMBNT AND MINING ORGANIZATTON 

PROJECT ~ROFILF. 01' BieBCTRlCAL MOTORS 

S0"91ARY OP POWER RRQOIRRMBNT 

P.XRIBIT 24 

------------------------------------------------------~---------------·----------~---------
SJ. 
No. Dt!acrJ.i.>tion 

Connected 
Load <KW) 

Demand 
Fat.~tor 

MMX Ot!mand 
(KW) 

Power 
Factor 

KVA 
Oem1:1nd 

----------------------------------------------------------------------·--------------------
Voltage - 415/220 Volta 

l. ProduclJ.on EquipmenL 
in~lu»J.Ve of Hdterial 
Handl1n9 Equipment 

2. Mal~rial T~•lin~ Labur~Lury 

3. Too) Room 

4. General LJ.9htJ.og 

5. A1r-cond1tioning, Air 
C1rculal1on, Environmt!nl 
Dual and Fume C<lnlrol UniL 

6. Miecellaneoua (Waler Pumps 
and Conapreaaora> 

1070 

48 

45 

120 

130 

100 

0.7 

0.6 

0.6 

0.5 

0.7 

0.4 

750 

29 

27 

60 

91 

40 

0.8 

0.8 

0.8 

0.8 

O.A 

o.e 

938 

36 

34 

75 

J 14 

50 

Tote:el i 124 7 

Sily : \ 300 KVA 

------------------------------------------------------------------------------------------

no om 
z~ 
(./) r-
c: Q 
r-~ 

>~ zm 
-tZ 
(./) -f 

..:; 

.;... 
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.JOB NO. DCIL-105 P.XHl81T 25 

UNITED NATIONS INDUSTRIAi. DRVELOPMF.NT ORGANIZATION 
AND 

ARAB INDUSTRIAJ,, DEVET 0PMENT AND MINING ORGANIZATION 

PRO..lP.CT PROt .1.E ON F.l.l~CTRICAL MOTORS 

SUMMARY OF WATER REQUIREMENT 

------------------------------------------------------------
s l. 
No. Description 

Water Conau•plion 
(M3 /Huur) 

------------------------------------------------------------
l. 

2. 

4. 

5. 

6. 

Wc1ler fur Technical Purposes 
(average) 

Average Requiremenl of Cooling Waler 
for Cenlral Air-condj lioning P1.u1L 

Average Requirement for huRan cunaumplion 
and Sanilary Purpos~s for 313 Per~onK 

Peak Consumption for (J) 

Told l Average Commmpl ion f 1+2 + .1) 

Total Peak Consumption (1+2+4) 

3.0 

2.0 

3.0 

15.0 

8.0 

20.0 

------------------------------------------------------------
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JOB NO. ocn.-1 os EXHIBIT 26 

Sl. 
No. 

1. 

2. 

UNITED NATIONS INDUSTRIAi. DEVEU>PMP.NT ORGMiIZATION 
AND 

ARAB INDOSTRIAL DEVF.LOPMENT AN~ MINING ORGANIZATION 

PROJECT PROFH.B ON F.LF.CTRICAL MOTORS 

SD191ARY OF COMPRESSED AIR REQUIRF.MENT 

Description 

Production Equipment & Tool Room 

Paint.ing Boolh 

TOTAL 

Air Consumption 
(m3 /Minute) 

3.1 

2.5 

5.6 

------------------------------------------------------------
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F.XHTBTT : 27 

ONITF.O NATIONS INDUSTRIAi. DEVEl.<>PMRNT ORGANIZATION 
AND 

ARAB INDUSTRIAi, DEVF.I.()PMENT AND MINING ORGANI~ATION 

PRO.lF.CT PROFTJ.t: ON Ef,F.CTRICAL MOTORS 
' 

MAJOR KQDIPMF.NT ANO ACCRSSORIF.S FOR UTILITIES 

------------------------------------------------------------
SL 
No. Descriplion Price ($) 

------------------------------------------------------------
1. Elect.rical Sy11Le1a 

0 

0 

0 

0 

0 

2 x 1000 KVA 8Lep down Oil Cooled 
Transformer (Step down ratio ll KV : 
415/220 volts, 3 phase, 50 Hz) 

1 x l 00 KVA l .ighting Tranidurmer 

11 KV Swilchg~ars, Iaolalor, Acces
Hories, MCC, Distribution Boards, 
CableH ~nd Grounding HaLerials 

Lighling, FanH and Room Ccrnlera 

Intercommun i ca lion SyHlen1 

2. Waler Supp)y SyHl~• 

I) Two W<il•·r Pumps ( 12 m3 /hour capacity 
each), One OverhPrld Tank (25 m3 

capacity P.ach), Valvee and Other 
Fittin911 for water diKLrlbution and 
coMt of digging 4" dia Tub~weJl 

3. Compresaed Ajr Syalem 

Two compreHRorK of 1 m> per minute 
':i:IJ>ctcily d,.l1v,.r1ny •• ir .tt. 7 kg p~r 
t:m:.1 pre1u•u re 

4. A1r-co11dil.i.onin9 Sy11lem for two atoriPd 
!\rlminiHI ral.ive BuddinCJ - no TR CP.nlral 
A1r-c:ondit.ionin9 Unit wit.ti individual 
Air HandlincJ Unit for ,..,wh floor 

43,800 

4,000 

4,000 

8,500 

20,000 

4,400 

1. 200 

11, 000 

qo,100 
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RXHI81T 27 

------------------------------------------------------------
SJ. 
No. Description Price ($) 

------------------------------------------------------------
5. Fir~-fi9hlin9 EquipmenL 

6. Furniture, Fitlinga, Drawing F.quipmenL, 
File Cabinets, Phones, Office Equipment, 
etc. 

7. Transport <2 Cars and 2 Buses> 

TOTAL 

1,800 

18,000 

70,900 

2,79,900 

------------------------------------------------------------
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Spa~e required for various sections in the plant is shown in 

Fxhibit-::?8. Each section of the plant comprises a number of 

work centr~s. The space for each work centre has been worked 

out based on the following requirements 

o area occupied by equipment 

o working area 

o area for movement of men and materials 

o area for temporary storage of incoming and outgoing 

materials 

The total built up area is estimated at about 5,200 m~, 

while the total land area is estimated as 15,000 m~. This 

includes about 4,000 m~ of land area for possible future 
expansion. 

Buildings in the plant are divided into the following three 

categories, depending on their functions and constructional 
features : 

o Workshop building 

o Administrativ~ building 

o Auxiliary buildin9s 

Workshop Building 

Layout of m;wh 1 r11· t .,,, Ii-; .u11J ~quipmrnt in di f f~rent 

produrtion RhopH ctn· pn•s1·nl1·d in F.xhihit-29, ,..nc)r·,.;ed in a 

pouch ,ti thP t•nd of I h1H Jlf·port. 
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lihi le preparing the la)·out of machines in different shops, 

care has been taken to ensure unidirectional flow of 

naterial to the r~xtent. possible. The machines are also 

placed in a way that will facilitate easy movement of men 

and material handling e<1uipment. Gangways of 3.5 metres 

width have been p1ovided between different producti~n shops. 

It is envisaged that the workshop buildings will be of 

reinforced concrete construction. The columns, roofing, 

floor, etc., shall also be of RCC structure. Height of the 

workshop building from the floor to the top of the gantry 

level has been considered as 13.5 metres. The building 

should be so designed as to make maximum use of natural 

lighting and ventilation. Sound proof glass panes are 

recommended for shop offices to aid supervision and control. 

Administrative Building 

The administrative building shall be made of two 

RCC brick construction. Space for workshop 

administrative off ice and auxiliary buildings 

worked out hased on the manpower requirement. 

Auxiliary Buildings 

storeyed 

office, 

have been 

Auxiliary build1n~J!i inr:lude toilets and wash rooms, security 

office, tro.1nHfnntll'r· ho11sf'!, (l\Jffi(' house, material testing 

laboratory, etc. All th~sr hav~ been located at appropriate 

places. Thf~se shal I ht> bui It with mi\sonry bricks and cement. 

For P.ffec-t1vc op,•r,1lion t.h<· workshops, utility r.P.ntrr.s and 

<Jther lmi ld1ngfi .arr· Ho loc.1t r•<f t h.tt they ar<! not far from 

<·ach other. Th,,.. .1ciminiHt rdt iv<> hui ldin9 has bPen lor.at~d a 
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little far away so that it is least affected by the noise, 

dnd the hustle and bustle of the workshops. 

Exhibit-JO, enclosed in a pouch at the end of this Report, 

!:ihows the relative location of different shops and 

buildings. Estimated rost for civil work 

development, fencing, drainage, roads 

construction are ahown in Exhibit-31. 

' --~--- -

including land 

and building 
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RXHrtHT : 28 

UNITED NATIONS INDUSTRIAL DF.VF.l.()PMENT ORGANJ~ATION 
ANO 

ARAB INDUSTRIAi. OEVEJ.OPMENT AND MINING ORGANl~ATION 

PRO.IF.CT PROFH.F. ON P.J,P.CTRTCAf, MOTORS 

ESTTMATF. OF SPACP. RF.QOIRF.D 

------------------------------------------------------------
Sl. 
No. 

Area 
(sq m) 

------------------------------------------------------------
1. Workshop 

0 Raw HalerialH Store 

0 Fab1 ica ti on Shop 

0 Machine Shop 

0 Motor Manufacturing Shop 

0 Coil Winding Shop 

() Commul<ttor Shop 

0 Mai nlenance, Tool Rnom & R'~Pe:t i r 

Shot AldHling .tnd Pttinling Rooth 

(I AiHl~H & GangwayR 

2 • Ad19j n h1 I.rat i v~ Bui I cH ng -
lloub IP. S to rf'!yt~d 

l. Auxili~ry Huildin9H 

" TranMformf.•r ffotHlt! .t nd 
D i Ht r i hu I i , m <'•ml.rP. 

" Pump Hou .. ,~ 

(I ComprHHHor Hcu1 HI' 

Sub-totiil 

180 

300 

430 

480 

370 

215 

445 

13!1 

685 

1240 

'"176 

J44 

'56 

:Jb 
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~XHIBIT 28 

------------------------------------------------------------
Sl. 
No. Description 

Area 
(sq m) 

------------------------------------------------------------
I) Canteen & Wash Room 

0 Material Testing Laboratory 

0 Security Room 

4. Total Built up Area (1+2+3) 

5. Open Area Required 

6. Total Land Area provided 
inclusive of Area for future 
expansion 

100 

93£> 

144 

Sub-total 1404 

5220 

5220 

15000 

-------------------------------------------------------------
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.JOB NO. OCll.-105 F.XHIBIT : 31 

UNITF.O NATIONS INDUSTRIAL DEVF.J..OPMFJiT ORGANIZATION 
AND 

ARAB INDUSTRIAi. DF.VF.LOPMF.NT AND MINING ORGANIZATION 

PROJF.CT PROFIJ.E ON F.f,F.CTRICAC. Mm'ORS 

F.STIMATF.D COST OF CIVIL WORK 

------------------------------------------------------------
Sl. 
No. DeHcri.pt.ion 

Area 
(sq m) 

Co11l 
('000 us$) 

------------------------------------------------------------
l. 

2. 

3. 

4. 

Land and l..and Oeve lopment 
including fencing, draina9e 
and road construction 

Workshop Rui Jdi_n9 having a 
height of 8 metres f rum floor 
lo Lop of crane rail 

Administrative Building 
double storeyed 

Auxiliary Buildings compri.s1n9 
workshop of{icea, loilets and 
washrooms in workshop,refreHh
ment cP.ntrea, transformer 
houHe, pump houae, firet-diri 
centre, aecurily, 9dra9e and 
conlrol room 

TOTAL 

15,000 l,879.20 

3,240 2,925.72 

576 627.26 

l,404 1,528.95 

6,961.13 

------------------------------------------------------------
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The organisdt.ion has ~en rlesi.9n.-d lo meet thP- Cunclional 

net.-dH of a plant. in which about- 1, 400 t_onnes of grey iron 

casljrags, forged slee) hdrH, elc., Nill b~ procP.ssed 

annually Lo manufacture mot.ore o{ varying capacity. The 

organiaat ion vi 11 carry out all lhe activities performed by 

a typical manufacturing unit. In order Lhat the planl can 

pldn, execute, co-ordinate and control all the necessary 

activities, the deployment of aanpover has been categorised 
under lhe following heads : 

o Product.ion 

<> Maintenance 

o Quality Control 

o Engineering 

o Hateriala 

o Marketing 

o Finance and Accounts 

o PerRonnel and Administration 

on the al~ve eight ~ctivilieH/functiona, the 
or9dnisc1tion 

Production 
hc:tH bP-en divided inlo aux departments. 

~119 u1eer .l ng 

and md ualenitnce have been puL t_ogether, while 

and qudlily ~ontrol wilJ be looked aftP.r by a 

t.t.inyle person. F.ach department 11fjll be under the chargt'! of d 

dt!pr1 rtmenta l head. Pour depa rtmenta I head a Hha 11 report to 

t.t.~ General Hancu.JP.r, whi I e t.he remaining two Rha 11 r"port to 

t.t.,. Worktt Manitg~r. OrgdniRalion c~hart for t.hP. RP.nior level 

m..tndgemenl ia pretisenL~d H• Exh1 bi l-32. 
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All the Seclione within the Production ~parlmenl will work 
in double ahift... 

Production and Mceintenance have been placed under overall 

supervision of a Production Mana9P.r, who will rP-port to the 

WorkH Han<tqP.r. Produrt ion Manager wi 11 bP. aaaiat.ed by a 

Production Engineer, who vii) be in charge of both 

production and maintenar.ce {unctions. 

Mctnpover requiremenl in the pruduclion department is 

estimated in Exhibil-33. 

Manpower requirement and 

Depart111tPnte are shown 

indicated below. 

organisation chart {or different 

in their respective exhibits as 

------------------------------------------------------------s 1. 
No. Shop 

Exhibit. for 
Manpower 

Exhibit for 
Organiaat.ion Chart 

------------------------------------------------------------
J. Production 33 35 
2. MainlenancP. 34 35 
3. Qtldli Ly Control 36 37 
4. F.r19 i nee ring 38 39 
s. Httterials 40 41 
f). H-. rket. .i n9 42 43 
7. f-' I flttOC"' and AccountH 44 45 
8. PerRnr1nf> I c.nd 46 47 

Arlm in i HI. rd t. j on 

-----· -- ----~-----------------------------------------------

Inapect..ion c.nd Qu.t I i tv C;.;r~trc.•; 

Thia depdrtmenl w1 11 t1P. h~ttdP.d by ·• Manetyer, who wi J) be in 

char9~ of both Lh~ Quality Control and En9ineer1n9 

Dt!fJ<trtmenl wilh nru• t-:nq1neer (lmt~clion .tnd Qudlit.y 
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Department with one Engineer <Inspection and 

Control> reporting to him. 

Quality 

Manpo~er 

department 

rcquir~mcnt and organisation 

are shown in Exhibit-36 

chart for this 

and Exhibit-37, 

respectiv~Iy. 

Engineering 

Manpower requirement and organisation chart for 

Department are shown in Exhibit-38 and 

respectively. 

Materials 

Engineering 

Exhibit-39 

The Materials department will be headed by a Materials 

Manager who will be assisted by a Materials Engineer and a 

Purchase Officer. 

Manpower requirement and organisation 

department are shown in Exhibit-40 

respectively. 

Marketing 

chart 

and 

for this 

Exhibit-41 

The marketing department will be under the charge of a 

Marketing Manager, who will be assisted by one Area Manager. 

Three Salf>s En9ineen~ will report to th~ Area Mara-lger. 

Manpower r~qu i n·menl and organ i !-lat ion cha rt. for 

Uepartment ~re shown in Exhibit-42 and 

respectively. 

Yinance and AccountR 

Market1n1 

F.xhibit-4'.\ 

M11na9cr ( Financ1• & J\ccnunts ! wd I head th is .J~._-.=. 1·t ..-<Fnt. Hf' 

w J 11 b1• HUppr.>rt£:d by a St"n ior <~ost Accountnn~ . 

• 
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Hanpowrr . .1nrl organisation •:h-lrl fn1· th as 

departmpnt. d n· pn•s1·11t ,.fl 1 n Exh i bi t-44 and 

respectively. 

Personnel and Administration 

Exh 1 In I -4'i 

Exhibit-46 presents the requ 1 .-.~mrnt of manpower for· t. his 

department. Organisation chart rs pres~nted in Exhihit-47. 

Exhibit-48 presents a summary of m..-inpower requirement for 
the entire plant. 

Manpower has been grouped into eight salary levels. The 

designations, salary levels and number of personnel in thr 

organisation structure of each department may be observed 

from relevant serial numbers given in the exhibits relating 

to manpower requirement for the respective departments. 

The statement of monthly salaries and Kages is presented in 
Exhibit-49. 

_I __ I __ _ 



.JOB NO. ocn.-1os 
ONITBD NATIONS INDUSTRIAL DBVBJ'°PMRNT ORGANJZATIOll 

MD 
ARAR INDUSTRIAL DRVBLOPMENT AND MINING ORGARIZATJON 

PRO.JECT PROFll.R ON RLRCTRIC~L MOTORS 

ORGl\N J SATJ ON C"ltl\RT : SP.NC OR J,P.VF.J. Ml\Nl\GF.MENT 

A ----··· ----··-------- --··-- ----

I I 
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I; 
DEVELOPMENT 
CONSULTANTS 

JOB NO. DCIL-105 RXHIRIT ll 

SI. 
No. 

A. 

e. 

c. 

o. 

E. 

F. 

G. 

H. 

I • 

UNITF.ll NATIONS INDUSTRIAL DEVRl.OPMHHT ORGAN17.ATJON 
ANO 

ARAB INDUSTRIAi. OF.VRl.OPMF.NT ANO MJNJNG ORGANT:AATTON 

PRO.JP.CT PROJl'l 1.F. ON P.l.ECTRIAI. MOTORS 

MANPOWER RF.QOTRF.MF.NT : PRODUCTION 

Oe1t.ignalion 
Setlary 
Level Number 

Production F.ngineer 4 2 

Foreraan 5 2 

Technical A11ei11l.anL 6 2 

Highly Skilled Machine Operalor 6 8 

Ski llP.d MachinP. Operatnr 7 78 

Welder 7 4 

Crane/Trur.k Driver 7 ft 

Mat.eria I Handler 8 9 

Htd p~.- 8 87 

TOTAi. 200 



--- -~---------------------------------

! 1 - 7 

DEVELOPMENT 
CONSULTANTS 

JOB NO. DCIL-105 F.XHIBTT : 34 

Sl. 
No. 

Al. 

Bl. 

Cl. 

l>l. 

El. 

Fl. 

Gl. 

HI. 

ONTT-~D NATIONS INDUSTRIAL DEVELOPMENT ORGANIIATJON 
AND 

ARAB JNOOSTRJAL DEVRl.OPMP.NT AND MINING ~NIZATJON 

PROJF.CT PROFil .. F. ON El.F.CTRICAL l«lTORS 

MANPOWP.R REQOIRHMERT : TOOL ROOM AND MAJNTF.RANCE 

Designation 
Salary 
Level Nu•ber 

Foreman - Tool Room and Maintenance 5 1 

Machine Operator 7 6 

Furnace Operator 7 1 

Welder 7 2 

HP.chanical FittP.r 7 1 

Electrician 7 1 

PI umber 7 1 

Htdper 8 6 

TOTAi. t9 

------------------------------------------------------------



JOB NO. DCII,-l 05 

ONtTRD NATIONS INDUSTRIAL t>~VF.LOPMENT ORGANIZATION 
AND 

ARAB INDUSTRIAL DF.VHJ..OPMRNT AND MINING ORGANIZATION 

PROJECT PROFU.1R ON BLHCTRJCAJ, MOTORS 

OGJ\IH Sl\1' JON Cll/\U'l' : PUODuc·r ION I '1'001. ROOM /\NO Ml\ I NTEN/\NCE 

A 

P.XHTIHT : 35 

' G B B 

GJ H D4 I ~ o, 

r I 
I I 

I l I I I IE~lr¢1~ F I I G I I ~ E39 I H E39 I IBt 6 
c, 0, 

, 2 
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DEVELOPMEl'ff 
CONSULT ANTS 

,TOB NO. ncn.-tos EXHIBIT 36 

UNITED NATIONS INDUSTRIAL DEVRLOPMF.NT ORGANIZATION 
ANO 

ARAB TNDDSTRIAL DF.VF.l.OPMF.NT AND MINING ORGANIZATION 

PRO.Tfo:CT PROFTl.R ON F.f.F.CTR ICAl, MOTORS 

MANPOWER RF.QUJREMF.NT : INSPECTION AND QOAJ,JTY CONTROi, 

------------------------------------------------------------
Sl. 
No. Designation 

Salary 
Level Number 

------------------------------------------------------------
A. Inspection a"'ld Quality Control 4 l 

Engineer 

8. Inspector - Tettt.ing c.nd 5 2 
Quality Control 

c. U1Lrasonic TeHLing 6 1 
Metchine Operalor 

D. CNC M<tchine Operator 6 l 

E. Mdchin~ Operettor 1 3 

F. Tealing AHHJHt.itnl 7 4 

G. Stenogr<tphttr· 7 2 

H. Helper 8 4 

TOTAL 18 

----------------------------~-------------------------------



JOB NO. ocn~-1 os 

UNITBD NATIONS INDUSTRIAL DBVBLOPMENT ORGMtJ~ATION 
AND 

ARAB INDUSTRIAJ, ORVRT.OPMRNT AND MJNJNG ORGANIZATI~N 

PRO.JRCT PROFIJ,B ON RLF.CTRICAI, MOTORS 

ORGAN I SAT TON CHART : 1 NSPECTI<>N AND QUAl.J TY CONTROL 

A 

82 -
( 

~ ~ili F 
I 

5J 

BXHl81T : 37 

no 
o~ 
Zm 
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DEVELOPMENT 
CONSULTANTS 

,JOB NO. OCIL-105 EXHIBIT 38 

UNITED NATIONS INDUS'i'RIAJ. l>EVF.LOPMBNT ORGANIZATION 
ANO 

ARAB INDUSTRIAL DF.VEl.c>PMENT ANO MINING ORGANIZATION 

PROJECT PROFH.E ON F.f,F.CTRlCAI, MOTORS 

MANPOWRR REQUIREMENT : P,NGJNEERING 

------------------------------------------------------------
SI. 
No. Designal~on 

Salary 
Level Number 

------------------------------------------------------------
A. Design Engineer 4 1 

B. Proce11e Planning Engineer 4 1 

c. Draftsman 6 3 

o. Stenographer 7 l 

E. Printing MachinP. Operator 7 1 

TOTA I. 7 

------------------------------------------------------------



,JOB NO. DCIL-105 

UNITED NATIONS INDUSTRIAL DBVRLOPMBNT ORGANIZATION 
AND 

ARAB INDUSTRIAL DBVBJ.DPMENT AND MINING ORGANIZATION 

PROJECT PROFU~H ON Bf,RCTR I CAI, MOTORS 

ORGANISATfON CH~RT : ENGINF.ERTNn 

Manager-Design & QC 

EXRIBlT 1 39 
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DEVELOPMENT 
CONSULTANTS 

JOB NO. DCJl.-105 F.XHTBIT : 40 

ONITF.D NATIONS INDUSTRIAL DEVEJ..OPMENT ORGAllIZATIOR 
AND 

ARAB INDUSTRIAL DEVF.LOPMRNT AND MINING ORGANIZATION 

PRO.JP.CT PROPil.F. ON £1.F.CTRICAL MOTORS 

MANPOWER RP.QOJRF.MF.NT : MATERIAJ.S 

------------------------------------------------------------
Sl. 
No. Deaignalion 

Salary 
Level Number 

------------------------------------------------------------
A. Materials Engineer 4 1 

B. Purchase Officer 4 l 

c. Purchase Assistant 6 1 

o. St.ores Assist.ant. 6 1 

F,. Tool ctnd Material Issue Clerk 1 2 

F. Good a Deapalch Clerk 1 2 

G. Stenographer 1 2 

H. Material Handler 8 2 

TOTAJ. 12 

------------------------------------------------------------



.TOR NO. OCIL-105 

UNITRD NATIONS INOUSTRIJ\J, OF.VRl.OPMF.NT ORGANTZAT'.'ON 
ANO 

ARAB INOUSTRT Af, DF.VRl.OPMRNT J\ND MINING ORG.l\NIZl\TTON 

PROJRCT PROFIJ.I~ ON RLECTRIC.U, MOTORS 

ORGANISATION ~111\RT : MATF.~11\J,S 

Materials Mana~cr -------, 

H1 

P.XHIRJT 41 

no 
o~ 
Zm 
(/')r-co 
r- ""O 

>~ zm 
--tZ 
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DEVELOPMENT 
CONSULTANTS 

.TOR NO. OCTl.-105 EXHIBIT 42 

SL 
No. 

A. 

B. 

r.. 

UNITF.D NATIONS INDUSTRJAT. DEVEJA>PMP.NT ORGANIZATION 
AND 

ARAR TNDUSTRIAJ. OF.VF.l.OPMF.NT ANO MINING ORGANIZATION 

PROJECT PROFH.F. ON P.I.F.CTRICAL MOTORS 

MANPOWER REQOJREMENT MARKF.TJNG 

Designation 
Salary 
I.eve} Nn"'ber 

Ared Manager 1 

Sdlea F.n9ineer 5 3 

Sleno-TypiHt 7 2 

TOTAL 6 



JOB NO. OCTT.-105 

ONITRO NATIONS INDUSTRJAJ, DF.VRLOPMBNT ORGANIZATION 
AND 

ARAR 1NDUSTRTAJ4 DRVRLOPMRNT AND MINJNG ORGANIZATTON 

PRO.lF.CT PROFILF. ON ~LRCTR1CAJ, MOTORR 

on<;hNISt\TION CllAR'r : Mt\RKF.TTNG 

IGJ 
lG 

A 

a, 

I 

B 1 

c, -

1-:XHIBIT 4l 

no 
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Zm 
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~z 
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.... 
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DEVELOPMENT 
CONSULTANTS 

.roe NO. OCll.-105 1-:XH IHIT 44 

UNITF.D NATIONS INDUSTRIAL DP.VP.lnPMENT ORGANIZATION 
AND 

ARAB INDUSTRIAL DEVEl.OPHF.NT AND MINING ORGANIZATION 

PROJECT PROFH.1-~ ON EI.F.CTRICAI, MOTORS 

MANPOWER RF.QDIREMP.NT FINANCE AND ACCOUNTS 

------------------------------------------------------------
Sl. 
No. Oet1.i9n<tlion 

Sc:alary 
I.eve! Number 

------------------------------------------------------------
A. Senior Cosl Accounlant 4 l 

e. Accounlanl 5 2 

c. AccountH AsHi.~l.-tnt 6 2 

o. Ca11hier 6 l 

F.. AccountH r.lt>rk 7 l 

F. Sleno9raph~r 7 2 

TOT AT .. 9 

------------------------------------------------------------



.108 NO. DClL-105 

UNITF!D NA'l'IONS JNDOSTRIAJ, DRVELOPMRNT OAGANTZATJON 
MO 

ARAB JNOOSTRIAJ, DBVEJ,OPMBNT AND MTNJNG ORGANTZATTON 

PR~TRCT PROFil,R ON F.LBCTRTCAL MO"l'ORR 

OUGAN I SA'l' I ON CllAHT : f'l NJ\NCE l\ND l\CCOUNTS 
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- B 1 e, -

- c1 c, ,___ 

. 
..._ E 1 F1 F1 -

F.XHlBlT s '15 

no 
o~ 
Zm 
<.nr-co ,..... .,, 
>s: zm 
-I z 
<.n -t 

~ .... 

-(I) 



l ! - ! . 

DEVELOPMENT 
CONSULTANTS 

.JOB NO. : OC H.-105 F.XIHRIT : 46 

UNITED NATIONS INDUSTRIAL DP.VEl.OPMRNT ORGANIZATION 
ANO 

ARAB INDUSTRIAi~ DEVF.J..OPMP..NT AND MINING ORGANl7.ATION 

PRO.JF.CT PROt"ll.F. ON F.1.F.CTRICAI. MOTORS 

MANPOWF.R RF.QOIREMF.NT : PHRSONNF.I. AND ADMINISTRATION 

------------------------------------------------------------
SI. 
No. Deeignat.ion 

Sa I a ry 
f,eve l Number 

------------------------------------------------------------
A. 

8. 

c. 

o. 

f,. 

F. 

c;. 

H. 

J • 

.J. 

K. 

'·. 
M. 

Personnel & Administrative Officer 

Welfare Officer 

Chief Security Guard 

J nchar9e-Cant.een, Env j rom•enL 
and First Aid 

Welfare AReietanL 

Security Gu~rd 

Driver 

TelPphone OpP.ritlor 
r-um ReceptioniHt 

Cook 

W;ttrhman 

TOTAf, 

4 

5 

5 

6 

7 

7 

7 

7 

7 

R 

R 

R 

R 

l 

1 

l 

1 

1 

4 

2 

2 

1 

8 

6 

30 

- --------------- _____ ,, _____ -- ·-·----------·------· ... ---------



JOH NO. 

. 

H ] 

DCIJ.-105 

~ 

-
....._ 

DNlTEO NATIONS INDUSTRIAL DEVRl.OPMENT ORGANIZATION 
AND 

ARAB INDUSTRIAL DRVRI.OPMRNT AND MINING ORGANIZATION 

PROJECT PROPIJ.R ON BLBCTRJCAL MOTORS 

OHGl\NISl\'fION Clll\HT : PERSONNEL ANO AOMINISTRATION 

A 

B c 

D 

I Eb E F 

I 
J K L 
M 

EXHIBIT 1 47 
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DEVELOPMENT 
CONSULTANTS 

.JOR NO. OCrt.-1 OS •:XHTBTT : 48 

UNJTED NATIONS TNOUSTRJAL DEVF.JnPMP.NT ORGANIZATJON 
AND 

ARAB JNDUSTRTAJ. DEVELOPMENT AND MINING ORGAHIZATJON 

PRO.JP.CT PROFIJ.E ON F.f.F.CTRTCAL MOTORS 

SUMMARY OF MANPOWER REQUIREMF.NT 

------------------------------------------------------------
Sl. 
No. Desj C;!Odt_ ion/D~pdrlmenl Number 
------------------------------------------------------------

1 • General Manager 

2. 

3. Production Manager 

"· Mdnager- 0Psign and Quality Control 

5. MaleriaJs Manager 

6. 

7. Financ~ dnd Accounlt1 Manager 

R. Pf>rM<>ru1,.. I MiinagPr 

9. 

10. VA to W'> rkR H.mage r 

11. 

12. 

13. 

I 4. 

1 r; • 

16. 

J 7. 

Slenngrapher 

Producl1un 

Too I Room and Hai nl.P.n<tru:P. 

TnHpt~ct.1un ..tnd Qudlily Control 
J,dbora lc>ry 

Eng1nP.er1ng 

Ha t.P. r j,. I H 

H-.rk••l 1 ng 

1 

1 

l 

1 

1 

J 

1 

1 

1 

2 

200 

19 

18 

7 

12 

6 



l 1 - ·.• ., 

JOB NO. OCIL-105 

DEVELOPMENT 
CONSULTANTS 

f:XHIBIT 48 

------------------------------------------------------------
SI. 
No. Deaignat:ion NU111ber 
------------------------------------------------------------
) 8. Finance and AccounlH 9 

19. P~rsonnel and AdminiRtrdlion 30 

TOTAJ, 313 

------------------------------------------------------------



.JOH NO. DClL-105 

11 - :·; 

DEVELOPMENT 
CONSULTANTS 

F.lHTBIT : 49 

UNITRD NATIONS INDUSTRIAL DF.VP.LOPMBNT ORGANIZATION 
ANO 

ARAB INDUSTRIAi. DP.VF.IDPMP.NT AND MINING ORGANIZATION 

PRO.JECT PROFTT.F. ON F.l.F.CTRICAJ, MOTORS 

STATF.MENT Of' MONTBJ.Y SAL.ARJES AND WAGF.S 

------------------------------------------------------------
Set] c.ry 
Level Numbers 

Monthly Salary ill __ _ 
Baaic Other Benef ils 

Tota) per 
Month ($) 

------------------------------------------------------------
1 1 q,ooo 9,000 

2 1 6,500 6,500 

3 6 3,320 19,920 

4 11 1,480 16,280 

5 13 1,200 15,600 

6 21 1,000 21,000 

7 L\6 900 1,22,400 

A 124 580 71, 920 

TOTAJ, 111 2,82,620 

------------------------------------------------------------



SECTION - 12 
FINANCIAL ANAI,YSIS AND EVALUATION 



FINANCIAi, ANAT,YSIS AND P.VAT,UATION 

COUNTRY : SAUOT ARABIA 

DEVELOPMENT 
CONSULT ANTS 

ThP. financial analysis and evalual.ion of the proposP.d 

proj~ct for Retli"9 up the Electrical Motors pl.ant in thiR 

country are baaed on the capacity uliliaal.ion, price and 

co11ts. The plant will bP. operated in two shifts. 

Project Cost 

The estimated cost of the project of selling up the plant is 

around US$ 13.6 •illion a• can be seen from F.xhibit-50. The 

projP.ct cost. includes the expenditurP. toward11 

o J ,.J nd and I and dP.ve 1 opmP.n t 

o Ruildin9 and civi 1 work 

o Plant and machin~ry 

o Miscellaneous fixed aaaeta 

o PrP.ljminary exp~nsea 

o Pre-oEJerative expenses 

o TP.chnical know-how feeH 

Pr~liminary expenses have been assumed on a lumpsum baaiR on 

the project coHt.. Prt>-operative P.XpP.nRP.R havP thrP.e 

componE'!nte, viz., e11t.abliahrrient, lretvelling P.X~nsee and 

miR<!.-] lar1P.ous P.XpenRea. F.at.abl i Mhment coRtA havf! bP.en 

computed on the ba11ia of MaJ;ariea payable and overheadM lo 

various pereonru'!I who hetv~ to hP. rP.cruitf~d al various 

}Pvels, during the const.ruct.ion pP.riod. Traw:d l in9 .-xpP.nHA 

havt~ b~~n taken att approxiJl'l.=tt.-ly 10\ of P.RtabliAhm~nt r.nRt.H 

from Hecond to the laRl quart.Pr of th~ construction p.,riod. 

MI !i("t• I I rHl~<>UH f!XpP.nftftA hJtve .... "" heen taken on a 1 umpHUm 



l ., , 
~ - ~ 

DEVELOPMENT 
CONSULTANTS 

bas is. TP.chn ica l know-how fees haVf~ ~en lc1ken c1e 3. S\ of 

thP. project coat excludin9 inter~Rt during construction and 

margin ...oney for working capital. 

'l\ cushion haR been providP.d towards contingency. This cost. 

also includes intereRL during construction dnd margin ftlOney 

for working capila1. 

Phasing o( capital expenditure is baaed on 

plan, and interest during construction has 

based on the phasing. These two are presented 

and 52 respectively. 

imp)e•entation 

been computed 

in F.xhib\ta 51 

M<1r9in money for working capital ia presented in Exhibit-53. 

In computing margin money it is :tssu•ed that adequate 

provisions have lo be kept towards storage o( raw 11tat.erials 

and consumables required to be imported. 

The project. i e assumed to be f i.nanced by Oebt.-F..quit.y Ratio 

of l: l. 

Production, Sales ~nd Revenue 

St.atemP.nt of produr.tion and HalP.s of various product range 

and lhe revenue that will be 9eneraled from th~ Hales of the 

productH ovP.r t.hP J 0-y~ar 1.wr iod art-! prP.RP.nled in 

F.xhibit.H ~4 and 55 reHpt!clively. CttpaciLy uti 111tc1tion JK 

d~HUmf"d al the rat.P. of 50% in tht• r i rst YP.c-tr, 60\ in U1P. 

Ht>cond yP..tr and 70\ from the t.h.ird yedr onwdrdH. 

CoBtB 

The dnnua I coMtH of production ctnd Hales c~"mputed over 10 

yedrH drP. pre1n~nlP.d in l':xhihil-56. ln ~Hl.1malinq t.ht.-Hft ccuttH 

it iH dHHumed lhal lhf" H~larjeH dnd waqeH w1JI in~reaKe a~ 

th,.. r lttt. r;.tl.~ of 5\ evf•ry y~ar. 
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DEVELOPMENT 
CONSULTANTS 

i-'rojf-'c-1.Pd prof 1 l.tlu l 1 l.y RI -.t .. m,...nt 1 R pr,...~•·nl .. d in 

f'.xh1b1t..-57. ThP. ~VPr.-:tqe profit iH•forP t.rtx works out. lo 16.4\. 

or dVPr.rtq~ f"P.VP.OUP. 

StalPment. of fixPd dRSPlf.I arui rlPprPci.-:tf-"ion undPr Hf".ra19ht 

lanP. nwthod iH presenled in F.xhitut-:;e. Tax co"'puLtlion and 

depreciat.ion for tax are prP.MPnt_ed in F.xhi b1 t.a SQ and 60 

rt~p8~Ct i VP- 1 f • 

Working capital requirf"~nt.s are shown in F.xhibil-61. 

Projected cash flow alatemenl dnd balance sheet over 10-year 

period are shown in Exhib"it.11 62 and 63 respectively. 

Thi! projecl brP.ake even c1l around 49. 4\ and show11 inlf~rnal 

rate of return of 18.2\ aR r.an hP- eeen from Exhibits 64 and 

65 rP.spectivP.ly. In computLn9 internal rate of return, 

outflow is taken ae the project. r.oet and inf low is t.aken as 

~he profit beforP. intereHL, d~prPcial.ion and tax. 



DEVELOPMENT 
CONSULTANTS 

JOB NO. DCH.-105 !XHIBIT : Su 

UNITP.D NATIONS INDUSTRIAL D!V!l.DPMENT ORGANIZATION 
AND 

ARAB INDUSTRIAi. DP.VPJ..OPMENT AND MINING ORGANI1.ATION 

SI. 
Nu. 

1. 

PROJF.CT PROFll.l~ ON El.P.CTRICAL l«JTORS 

ESTIMATED PROJF.CT COST 

Item:-

I.and and l.and Development 
l@ US$ 180 per m2 for 10,440 111 2 ) 

2. hudding and f.jvi I wurk 

i) 

i I) 

iii; 

Wor·kshop Bui Id ing 
(@ US$ 903 per m2 fur 3,240 a 2 ) 

Administrative Building 
(@ USS 1089 pe1 m:z fur SJ& 111:1) 

Auxi I iilry Bui Id ings 
(~US$ 108CJ pn m2 for 1404 m3 ) 

Suh-total (2) 

l. Plant and Machinery 

i) Imported 

11 I 

I I I I 

IV' 

\ . 

Fabr jcation :>hop .. (IU i pmt•fll 
- Hac-hine shop equipm••nl 
- Hotor manufactnrinr. shop Pc1u1pnwnl 
- r.o i I windin~ ~hop .. quipm,.nl 
- Commutator shop P.qu1pmt>nt 
- Hat,.,. ial hand I i ng rqn i P"''""' 
- Tool room and maintP.nam· .. t>cfuipm,.nt 
- luspp,·t 1n11 and t .. sl ing t>•f1tipmf"f1I 

Tot;&( f .0.8, V11l11,. 

(r1:-;11r;u1<·,. ;.. •·n· 1ghl • 14 I01 11( 1-'0B V.al11r 1 

1.. I • F. Va I ue 
ln1~11rt duty /4 flt "" l'Jlo" valu .. 
·1r.u1:-.1mrlal 1nri fol 1% 111 1·11- Val111· 

l..111111•11 I .nsl ·•I S 1I1• I ~11h··l 11l ..t I I l •I 

Value 

J87CJ.20 

2925.72 

627.26 

127.0I, 
I07 i .oo 
144.40 
216.00 

i-,:,. flO 
h H.02 
J4s.qs 
114.02 

.l'l22 .0'> 

'..''12.21 
)214. 2f> 

I (f.l ,Bf> 

11. "• 

' '000 us s; 

Total 

1873.20 

S081.94 

.... I 'I • 'lh 



.JOB NO. DCll.-105 

ItellS 

4. MiscPllanPous FixPd A::;sets 

i) 
i j) 

iii) 
iv) 
v) 

vi) 
vii) 

viii) 
ix) 
x) 

5. 

TransfonnP.rs 
Switchgears 
Central Airconditioning system 
11 lnmination,Fans and Ron111 Coolers 
Water rt111ps and Tal'lk 
Coap rf'SSO Y.!'> 

Fire fighting system 
TeJecollllllUn~cation systt.• 
Office Furni t.nn~ and F.qnipment 
Vehicles 

Suh-tota 1 ( 4) 

Preliminary F.xpensPs 

6. Pre-operative Expenses 

i) f_<>fahl ishment 
ii) Travelling F.xpP.nsP.s 

i 1 i) Hisc-el lanP.011.!'> 

7. TP.chnkill Know-how Frf's 

R. S11h-tot,1l (1 thrn 7l 

f.ont 10gPncy @ 'l% on ahovf' 

10, Snb-t.ot a 1 ( R f.. ')) 

11 . TntP.rPst during Construct inn 

12. Ha rg 10 HonP.y for Wn rk i ng Cap 1 Lil 

TOTAi C.OST 

Vaine 

47.80 
4.00 

CJ0.10 
8.50 
S.60 

13.00 
1.BO 

20.00 
18.00 
70.CJO 

25.00 

'HS. 16 
R'l.00 
45.00 

449.00 

DEVELOPMENT 
CONSULTANTS 

DHIBIT : SO 

('000 us$) 

Total 

27').q() 

25.00 

1049.16 

1220l.4f> 

fil0.17 

121111.f.1 

477. lR 

124.'ll 

! lfi 1 •,, 'l4 

·-----------------------------~--------------------------------------------



JOI IO. : DCJL·l85 

DllTllll IATIOIS llDISTIJAI, DIVILOPllDT OIGAIUATIOI 
AID 

HAI IDISTllAL DIVILOPllllT AID NllllG ORCAITIUIOI 

PIOJICT PIOPILI 01 ILICTUCAL NOTOll 

PRASJIG or CAPITAL llPllDITDRR 

Rnlllt : SI 

11000 n~ $1 
···················---~·-······················································································································· 

Conatrur.t1on Ptriod in Quut.I'" 
Tot4I ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

6 8 q 
·················-·················································································-············································ 

' '..in~ .1n.i I.and l\nt!u;i1rnl .. 
2. !l111!.l1n.; and Cml lfurk 

W0rkshop Ru1ld1nq 
:11 Ad1ia11trat1vt Ru1ld1nq 

111 I Au11l1ary Bu1ldinq1 

l. ~lant and Naehintrf 

ii Ordn1aq 
11' Supply, delivery •nd 

1n•tall~l1nn al site 

1879.20 ....... 
508l. 94 ..... 
ms.n 
m.26 

1m.•6 
1439.26 

Ull.78 

2m.u 

o.oo 

o.oo 
o.oo 
o.oo 

o.oo 

.... 

m.u 

o.oo 
o.oo 
o.oo 

o.oo 

o.oo 

7SI .68 

0.00 
O.IO 
o.oo 

0.00 

o.oo 

751.68 

731. 43 
o.oo 
o.oo 

o.oo 

o.oo 

o.oo 

731. 43 
m.•t 
sous 

o.oo 

o.oo 

o.oo 

731.0 
250.•t 
50U5 

1031.78 

o.oo 

o.oo 

rn .'1 
125. 45 
509 .65 

o.oo 

o.oo 

0.00 

o.oo 
o.oo 
0.00 

o.oo 

21'7.lO 

o.oo 

0.00 
o.oo 
o.oo 

0.00 

60 .19 no om 
z~ v,,-co ,.....,, 
>~ zm 
-tZ 
(/) -f 



JOI IO, : DCIL·llS IPlllT I Sl 

l'OOI us Si 

Con1truetion Period in Ou•rter1 
Tot•I ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••·•••••••••••••••••••••••••• 

4 5 6 8 9 
·························-······················································································································ 

•• 111-.cel lut'Oul Piud Al•th 279.90 . ... 
11 trnlforwu 47.U o.oo o.oo o.oo o.oo l.h 9.56 o.oo ll.24 0,0I 

111 S111tc~geu1 4.01 O.OI o.oo o.oo o.oo O.IO 0.80 o.oo J.21 o.oo 
11 i I Crntr•I A1reoad1t1on1n9 1y1tr1 90,lO 0.00 o.oc o.oo o.oo o.oo 18.06 o.oo 72.24 o.oo 

IV) Tllu111M1tion,Fin1 •nd Roo1 Cooler1 a.so 0.15 o.oo t.53 I. 51 1.53 1.53 1.Sl o.oo o.oo 
yl W•trr Pulp• •nd T•nk 5.60 o.oo o.oo o.oo 2.40 2.ao o.oo o.oo o.oo o.oo 

¥1 I Co1preuora ll.00 o.oo o.eo o.oo o.oo o.oo 2.60 o.oo IO. 40 o.oo 
Vlli Pirr fightiag 1y1tr1 1.ao o.oo 0.80 1.00 o.oo o.oo 0.90 o.oo 0.90 o.oo 

Vl 11 I Telee011uaic•lion 1y1te1 20.00 o.oo 2.00 o.oo o.oo 2.00 4.00 4.00 •• oo 4.00 
ia I Off ice Fura1ture •ad lquipeent IUD o.oo o.90 0.90 1.80 1.ao 1.ao 1.80 1.80 7. 20 

11 Veh1clu ?0.90 o.ot 9.70 9,70 0.00 o.oo o.oo o.oo o.co SI. 50 

5. Preli1in.ry R1penae1 25.01 12.50 12.50 o.oo o.oo o.oo o.oo o.oo O.OI o.oo 

6. Pre·oper•ti•e l1pe11e1 1049,U 

i I blibli1•1eat 915.16 o.oo 24.80 60.90 ..... 14.00 IOJ,)2 '03.32 103.32 l51.50 . 
:ii Tr••tll1 .. l1pea1e1 19.00 O.IO l.00 6.00 8.00 I.OD 10.00 to.OD 10.00 35.00 

11il Riacell•1M"Ou1 •s.oo s.oo 5.H 5.00 5.00 s.oe 5.00 5.00 s.oo 5.00 

• T.-r.~11c•I l11011·ho11 Fee• 449.01 .. 22.45 19.11 19.80 U.91 U.90 U.90 U.90 44.90 22.45 . ....... . .......•......•........•..•....................••.................................. 
!. Sub·tol•I I\ thru' 71 um.u 40.80 522.54 925.51 1631.1' 1642.02 2126.24 1m.01 2641.30 m.u 

'· Cont119t11CJ t 5\ on •bovt 6U.17 2.04 26.13 46.21 11.56 82.10 ll6.ji 76.85 112.06 26.U 
·················································~·································· 

1 D. Sub·tot•I II ' 91 128tl.6J 42.14 541.67 971.71 1712. 70 1724.12 '862.55 1613.93 2773.36 563.U 

................................................................................................................................................. 

I 

no 
o~ 
Zm vu-
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r--o 
>~ zm 
-iZ 
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JOI IO, : DCJL·llS 

DITTEO IATIOIS TIDDSTRIAL Dl!VRLOPllllT ORr.AIJIATJOI 
AID 

ARAB llDDSTRTAL DIYRLOPllllT AID RJIJIC ORGAIJIATJOI 

PROJECT PROrILI 01 RLICTIICAL ROTORS 

ISTJllATJOI OP JITlllST DDIJIC COISTRDCTIOI 

IOJlrt : S1 

1°000 n~ $1 
················~·························-············-·······-·································································· 

Con1truetion p,riod in Quart,r1 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• Tot~I 

6 7 
·······-~·-···················································································~---································ 

~p1t•I F.1Pf>n~1turr •2.u SU.67 971. 78 1712.70 1724.12 2862.55 l 613. 93 2771.36 m.u 12111.61 

lluq 'n Noney o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo 124.91 124.91 
·····································•••······•·•·······•••····•••••••••••···•••····· 

Tot~ I u.u m.n 971. 71 1712.70 1m.12 21'2. 55 1611,,3 2771.16 m.61 111 ll.~6 
···•••··· ················-·························································· 

'-q'Q1 ty 21.Sl 175.91 491.12 m.57 Ill.OS uu.oo 151. 27 102.'5 509.H 6807.97 

Lou 21.Sl m.93 491 ,)2 m.58 m.os I '64.00 rn .26 1442.45 m.u 6807. 97 

•·····························•·•·•··············•········•••·•······•·••············ 
Tol-411 •l.D6 551.86 912.64 1737.17 1766.10 2921.00 1702.53 2884.91 IOl•.61 11615.H 

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

no 
o~ 
Zm 
(/') r-co 
r-.,, 
~~ zm 
~z 
(/') ~ 



JOI IO. : DCIL·llS IDlllt : 52 

1'000 OS $1 
-···-··--·······-··-········-············································-······································-··-·········-···· 

Con1tr11ction Period in Qu,rtrr1 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• Tot~l 

4 6 . 
I a 9 

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

lntn .. ~t on Ion 

• t 8\ P·• • 

Tot• I 

Of-bl I Rqu i l y 

0.22 2.76 4.91 1.69 a.n u.u I.SI 14.42 r,,) 0 
O.tl S.52 9.83 11.n 17.6' '9. 21 17.0l 28.ft~ 

o.n S.52 9.13 17.37 17.66 29.28 17.03 
0.43 5.52 9.13 17.H 17.66 29.28 

0.43 5.52 9.93 17.37 17. 66 
0.43 5.52 Ul 17.17 

0.43 S.52 9.83 
0.43 U2 

0.43 

··············--······-······················-···········-·························· 
o. 22 3. 19 I 0.86 24.0 41.98 65.45 18.60 Ill. S4 llt.07 
·······-············································································ 

J.00 1.00 I ,IO 1.00 1.00 1.00 I. 00 

MKAIS OF PllAICI•G : 

1.00 

F.QlllTY 
r.ou 

1.00 

u.oa 
125. 97 
97.12 
10.09 
50.81 
3), 15 
15. 78 
5 •• 5 
0.4) 

m.u 

1.00 

6&07' ~7 
6807.'7 

TOTAi. 11615, 94 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••V••••••••••••••••••••••••••••••••••••• 

no 
o~ 
Zm 
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>~ zm ..... z 
(./) ..... 



JOB NO. : DCIL-105 

UNIT!D NATIONS INDUSTRIAL DIV!f.OPM!NT ORGANIZATION 
AND 

ARAI INDUSTRIAL D!V!LOPMENT AND MINING ORGAKl?.ATION 

PROJECT PROFU.! ON ELECTRICAL MOTORS 

MARGIN MONP.Y FOR WOl.UtING CAPITAL 

l!XHlllT I SJ 

( '000 us $) 

------------------------------------------------------------------------------------------------------------

Ttem Period 
(DayR) 

1st Year Operation 2nd Year Operation 

----------------------------------- -----------------------------------r.n"t Bank ... Financf! 
Ava:t1ahle 

(l) (Amount) 

Marlin 
Hnntty 

Cost Rank Finance 
Av.d lablP. 

( %) (Amount) 

Marcin 
· Monl"y 

------------------------------------------------------------------------------------------------------------
1. Raw materials & 120 1121.92 1001 1321.92 o.oo 1346.30 100% 1346.30 o.oo 

r.onsumablea 

2. Finishl"d Stock 30 519.62 1001 519.62 o.oo 587.Ml 100% 587,68 o.oo 
l. Sundry Oebtors 30 701. 29 100% 701. 29 o.oo 905 •. 10 100% 905 •. 10 0,00 ------- ------- ---- ------- -------
Sub-totAl 2342.Rl 2342 .8.1 o.oo 2839.28 2BJ9.2A n.oo 

------- ------- ---- ------- ---· ---
4. P.xpenses lO .124. 93 o: o.oo l24,9:l .140. 90 0% o.no .140. ClO ------- ------- ------ ------- ------- ------Total 2667.76 2:l42.8:l 324.91 :llBO. tR 2A.l9. 2A 140.90 ------- ------- ------ ------- ------- ------

------------------------------------------------------------------------------------------------------------

-..:; 

no 
o~ Zm 
(../),.... co r-.,, 
>~ zm 
-tZ 
(../) -t 



JOI IO, : DCIL·llS 

Ul'D M'IOll IIDUTIIlL Dl'flLOflellT OIGAlllATIOI 
llD 

AUi IIDUTIIIL Dmr.otllllT llD llllIIO OIGAlllATIOI 

PIOJlcr PIOPILI OI ILlmtCAL llO!OU 

STlTDllT or PIODICtIOI l IALll 

mm' : 54 

li11 MTJ 
·······-··················-···················-···························································-······························ 

0 P I R A T I I G T I l R S 
·····················-········································································· 

2 l ' 5 ' 7 I 9 10 
················-························································································································ 

lorkitt O.ya/1,ir 
lo. of 1hft 
lt11iutioa 

2.IH.I Ill 

~PiCily • S119le a~ift llo1.I 
~Picity • ho ahfh lloa. I 
Aaaul Ollt.put llo1.I 

()peat"! St.oct 
Procluc:tioa 
Toul 
Clo1199 Stock 
li)H 

m 
2 

m 

m 
906 
453 

• m 
m 
31 
m 

300 
2 

m 

m 

"' SU 

31 
5'4 
511 
u 

51' 

m 
2 

70\ 

m 

"' 634 

45 
634 

"' 51 
621 

300 
2 

m 

m 

"' '34 

51 
04 
H1 
53 

'34 

m 
2 

m 

m 

'" 04 

51 
m 
'87 

53 
6U 

100 
2 

7D\ 

m 
m 
04 

51 
'34 
m 

53 
m 

300 
2 

m 

m 
906 
634 

51 
m 
m 

51 
U4 

300 
2 

70\ 

m 
906 
m 

SJ 
m 
m 
53 

6l4 

300 . 
' 70\ 

m 
906 
m 

51 
m 
m 

51 
634 

300 
2 

m 

453 
906 
m 

51 
m 
m 

53 
634 

no 
o~ 
Zm 
(/)r-co ,.--..,, 
>~ zm 
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JOI IO. : DCl,·115 IDlllT : 54 

I in llTI 
···-···············~······-·············································································································· 

0 P I R A T l I G YI A RS 
----------·--·-························································-······················· 

2 3 4 5 6 7 a 9 10 
-----·············································································-······················································ 

UH.I II 

~~city - Siagle •~ifl llo1.I 407 m m m 401 407 407 407 '°' 407 
~p.\Clly • fvo l~ifll llo1.I au au 114 814 au 814 au au au au 
Aa~l O\ltput llu.I 407 m m 570 570 m m 570 m m 

Opui11q Stock 0 14 41 u 47 47 47 47 '7 '7 
Procluctioa 407 m 570 m 570 570 570 570 m 570 
Tout 407 m 6\1 617 617 617 m 617 617 617 
Clo•illCJ Stock 34 41 47 47 n 47 47 47 47 47 
Sal ea 373 m m 570 570 m 570 570 570 570 I -

s.1, 1.1 n 

~~city - si-.Je ah1ft llo1.) 175 175 175 175 175 175 175 175 175 175 
~p.lcity - Tvo s~ift1 llo1.) 149 J49 349 349 349 m m m 349 m 
Aaaul Olltpat lloa.l 175 m 244 244 2U 244 2U 244 244 244 

Opeai1q Stock 0 15 17 20 20 20 20 20 20 20 
Produclio• 175 209 m 2U 244 244 2U 244 244 244 
Tol~l 175 m 262 m 265 265 265 m 265 265 
Clomq Stock 15 17 20 20 20 20 20 20 20 20 
Sal!I m 206 2U m 244 20 2U 244 m 244 no 

o~ Zm 
(./') r-
c:Q 
~" )>~ 
zm 
--t z 
(./') --t 



JOI IO. : !ICIL·105 llllllT : S• 

l in llfl 
···-·····--·---·····-·-··-··-······-·-············································································-······················ 

0 P E R A T I R C Y I A R S 
................................•.........................•.•.••............................... 

5 6 7 8 q 10 
···-··········-·····-················································--·································································· 

7.11-10.0 Ill 

C•iNcilJ - Singlt 1hifl lloa.l m 256 256 256 m m 2S6 256 256 256 
C.\J)olcity • Tvo shifts 1101.) 511 511 511 Sii SI t Sll 511 511 511 511 
Auu.i I Output 1101.) 256 307 358 358 m m m 351 358 358 

Opr.eiag Stock 0 21 26 JO lO 30 10 1n 10 lO 
Production m 107 151 358 351 151 151 358 m 151 
Toul 256 l28 m 381 m 381 m m m m 
Cl•)linq Stock 21 26 lO 30 JO JO JO 30 30 30 
S.\)f'I m 302 m m m m m m m 351 

10.01·3U UI 

C.J!icity · Si1gle •~ift (lo~.) 268 261 261 268 m 261 261 268 261 261 
CaiNcity · Two a~ifts llo1.) m 535 m m m 535 m m m m 
bl!iil Output (101.) m 321 m m m m m m m m 

Opni1q Stock 0 22 21 31 ll ll ll " lt JI 
Product IOI 261 121 m m 375 m 375 375 m m 
Tot.JI m HJ 401 406 406 406 406 406 406 m 
Cloaiag stock 22 27 JI ll Jl 31 31 ll ll JI 
Sa I u 245 Jl7 370 m 375 375 m m 375 m no om 

z~ 
(./') r-co 
r- '"'O 

>~ zm 
-tZ 
(./') -I 



JOI IO. : DCIL-115 Ullllt : S• 

tin MTI 
--------·-·-·--·----------------------------------------------------------------------·----------~-------------~----·······-···--········ 

0 P P. R A t I I G Y I A R S 
----------------·-····----------·-·---------··················-································ 

2 l ' 5 ' ' 8 9 10 
----------------------------------------------------------------------------·-············--·-·························--····-··········· 

ll.11-lDl.O H 

r•~c1ty - Si119lt shift !loR.I 163 163 163 IGJ 163 163 163 163 163 163 
c~~c1ty - T'vo shifts 1101. I 326 126 l26 326 126 126 m rn 126 .126 
Annu•I Output !llo~. I 163 196 m m m 228 228 228 m m 

Opening Stock 0 14 16 19 19 19 19 19 19 19 
Production !63 196 m m m m m 228 228 m 
Tot.11 163 209 245 247 247 247 247 247 247 247 
C)oaing Stock 14 16 19 19 19 19 19 19 19 19 
Sain 149 m m m m m m 221 m m 

I ;~ 

111.11-1101.1 II 

CiPicity - SiogJ, shift l~o•.I m 268 268 m 268 268 m 268 268 268 
CiPieity - "'° 1aift1 llos. I 535 m 535 535 m 535 535 m m 535 
b•~l O.lput llos •• m 321 315 375 375 375 m m m m 

OpP.ninq Stock 0 22 27 JI ll 31 31 11 11 ll 
Productioa 268 321 m m 375 375 m m m m 
Tot.ll m 343 401 406 406 406 406 406 406 406 
Clo1i1g Slod 22 27 31 ll JI 31 ll ll 31 31 
S.lts 245 317 no 375 m m m m 375 m no 

o~ 
Zm 
U')r-co 
r- "t1 

>~ 
zm 
--iZ 
Ul --t 



JOI IO. : DCIL-115 llllBIT : Sf 

(in llT) 

··--------·-------------------------------------------·--------~------- ·-------------------·······--·····-··-····-------------------------
0 P E R A T J M G Y P. A R S 

·--------------------~-------------·-···"···------······---------·······----·-········-·------~ 
4 5 6 7 a 9 10 

--·-·,·---------------------------------------------------------------------····················--····~-----······-···················-·· 

I 091 Ill a above 

C.p.ic1ty - S1nqlf' shift !loR. l 16 36 36 3£ 16 36 36 36 36 16 
C4p.11r1t' - two sbiftt {lo~. I 71 11 7l 71 71 71 71 71 71 71 
Ann11.1 l Outwt l!lo11. l 36 43 so so so so so 50 50 ~o 

Op!' ft I nQ St1,rk 0 J 4 4 4 4 4 4 4 4 
hoduction 36 4) so 50 50 so 50 ~o 50 50 
Tot.l) 3' 46 51 54 54 54 54 H 54 ~· rl 11~i 11q St(l('k ' 4 4 4 4 4 4 4 4 ' Si tf'S 33 42 n 50 50 50 so so so 50 

---------------------------------~-·~·---------------------------------------------------------------·----·-----------------------··------

no om 
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JOB IO. : DCIL-115 

UIITID IATIOIS IIDISTltAL Dr¥1LCPMllT OIGAIIXAflOI 
AID 

ARAB IIDOSTIIAL DIV!J.OPtlm AID RllJllC OIGAIJUTIOI 

PROJICT PROPILI 01 ILICTRtCAf, ltOTORS 

STATIRDT OP RIVIHI 

mmt: ss 

l'OOOn~s) 

···--·-····················-···················-·······························································-~~---············· 

AVl'r~q• 

t'•ndt..,'t St I llnq 0 P P. R A T l M C Y R A R S 
lilotor ~~t1nql Pr ll'P ..................................••••.......•.••....••.............••......•..................• 

fPS $/lln1tl 1 2 l ' ~ 6 7 a q JO 
--······-····················-------··········-····-------····················-····--············································· 

:.CH.O Ill lS0.00 l •5.34 117.62 m.H 221.97 221.97 221.97 m.n 221.97 221. 97 221,q7 
UH.O II m.oo 156. 70 202.21 m.o m.32 239.32 m.u m.u 239.32 m.12 m.12 
S.01-7.D II m.oo 71.~8 92.92 IOl.63 10"94 109.9• 109.94 IOM4 m.~, m.94 "'·" 7.11-10.0 II m.oo 231.87 m.12 m.91 m.12 354.12 m.12 m.12 m.12 154.12 m.12 
lt.IHO.O IV mo.oo 686.58 186.32 1036.12 IOU.60 1048.60 I 048.60 I 048.60 1048.60 1048.60 1048.60 
10.01-100.0 IV 9201.00 1m.n 1m.s3 2074.•5 2099.U 2m.u 2099.44 2099,U 2099.U 2099.U 209'.U 
111.ll·IOCl.O II moo. oo 510.38 6647.38 mo.ea 7864.50 7864.SO 7864.50 1164.50 7864. ~D nu.so 7164.50 
tHl IV ' 1bou mao.oo 715.'2 92•. U 1080.31 1093.40 !093. 40 1093.40 1m,40 I 09]. 40 1m.u 1093.40 

T!ltal 8532.39 11014.54 12876.15 13031.28 13031.28 13031.28 13031.28 13031.28 1)0]!.28 11011.28 

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

no om 
z~ u-,r-
c O 
,-""ti 

~~ zm 
~z 
<.n ~ 



JOB IO. : DClL·lOS 

DIJTID llflOIS HDISTllAL DIVILOPMllT ORCAlllAHOW 
HD 

ARAB IIDISTRIA!. DIVILOPMDT HD llllIIC OICAIUATIOI 

PIOJICT PIOPILI OI ILICTRICAL ROTOU 

COST or PIODICf 101 AID SAf.IS 

mlllt : S6 

11 000 OS$) 

·······························-··-··············-··················-·····-············-······--····-···································· 
0 P P. R A f l I G Y P. A R S 

·······-·····-···········································-······································ 
2 4 5 6 9 10 

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

A. Viri•blt Co~t 

i•- i..ter1•l1 •Ml Conaua.blra 
Power 
-.ttr 

Sub·tohl 
Continqency If ~\ on •bov,I 

Tout 1A1 

!I. Pi1f!d Cost 

11 Libo1r l Pl•nt 0•,rht•d 1 

•I Direct l~bour 
bl llld1rtct l•bour 
cl S11ptrvi1io11 

Sub-tot.I 

3250.00 3900.00 4550.00 4550.00 4550.00 4550.00 4550.00 4550.00 4550.00 4550.00 
11.56 37.79 44.02 44.12 44.02 44.02 44.02 44.02 44.02 44.02 
2.29 2.75 3.21 3.21 3.21 3.21 3.21 J.21 J.2J l.21 

··-····-·····-···-·-----···-···-···-···-·-······················································· 
328).85 3940.54 4S97.22 4597.22 4597.22 4597.22 4597.22 4597.22 4597.22 4597.22 
164.19 197.03 229.86 229.86 229.86 229.86 229.86 229.86 l29.86 229.86 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••~••••••••••w•••••••••• 

1448.04 4137.56 4827.08 4827.01 4127.08 4827.11 4127.08 4827.08 4827.08 4827.08 ···---- ....... ....... ....... ....... ....... ....... ······- ....... . ..... . 

1120.ao 1806.U 1192.11 1978.92 2064.96 2151. 00 2m.u 2323.08 2409.12 ms.16 
861.04 906.19 949.34 992.50 IOH.65 1078.80 1121. ·~ 1165.10 12n8.26 1251.41 
117. 20 196.56 m.92 215.28 m.u 234.00 m.16 m.12 m.oa 271.U 

··-·-·-····-----················································································· 
2771.04 2919.59 lUB.14 ll86.70 ms.2s 3463.10 3612.35 mo.,o m•.u 4011.0I 
.. ..... ....... ....... ....... ....... ······· ······· • I ••••• . . . ..... ....... 

no om 
z~ 
V)r-

cO 
~ ""O 
)>~ zm ......z "' ...... 



JOR IQ, : DCtt.·115 RllBIT : 56 

!'000 OS $1 
-·----···········--·-··········--·-···--·-····················-················································-························ 

0 P 2 R A T J I C Y K A A S 
··············--································-·································-············· 

5 6 R q 10 
-------------·-··-········-··························--·-···········-························--········································· 

11 i Olbtr F~.·tory l1ptn~rR 

~I M•tDlPl\ADC~ ' 2.~\ 
:n ?lant ' F.qu1parnt ss.qs 8~.q~ 85.98 85.98 8~.qft 85.98 8~.q8 8~.qa 85,qR 85,QB 

: 1 1tunt.·n1~.·~ f It 
~A Ru1ld1nq' r1v1l Work 50.82 S0.82 r,o .82 50.82 50.82 50.82 50. R2 r.0.82 ~0.82 ~0.82 

' ~:>.·~I IUl'OUS ~7.36 27. ,6 27. 36 27.J~ 27.36 27.36 27. ,6 2'' \£ 27.16 27.36 
······---·--····-··-·---·-·····················-················································ 

' .: -~ ,,t 1 I IU.H 16t.16 164. 16 IU.16 164.16 16'. \6 164.16 I 6t, If, \ 6• .16 I f.4.16 
....... . ..... . ..... ...... . ..... . .... 

·:: 1 A.~11~:stro1t1vl'' S<llt's F.1p.>n~PI 

1' So1!an~s' 620 .40 651.U m.u 71),46 m.u 715.50 806.52 837. ~· t0.56 m.~e 
bl 0Yf'rhl'.tJS '24.08 m.28 116.'9 IU,6q 14UO m.10 161. JO 157. ~' rn. 11 m.~2 

·-·--·································-···········-···················-·····················-···· 
SDb·tota I m.u 711. 70 818.93 856.15 893.18 m.60 967.82 IOOU~ 1042.27 1m.~o 

·····-· ------- ....... . ...... . ...... ....... . ...... . ...... ....... . ...... 
Toh I i 1 • 11 • 11 ii 1679.68 l&SS.46 40ll. 23 4207.01 m2.19 ma.s6 4734.14 4910.11 ~m.ft9 mt.67 

CoaliQqPllCJ '' ~\ on ibovrl 113.U 192.77 201.56 210.35 219.14 227.93 m.12 2'U1 m,2q m.os 
..................•...........••••..•.....•.•.•.•.•.••••..•••••••••••.....................•...... 

Tntll 'R' 3863.67 me.21 4212 .19 4417.36 4601. 92 4786.49 mt.06 5155.61 SlC0.18 5m.75 
....... ······- ····-·- -·-···· ....... . ...... ....... ....... ........ . ....... 

~olil Coit of Prcidiw.tioD 7311. 7t 8185.79 9059.88 9244.U 9429.01 mJ.S7 ma.ts 9982.6Q 10167.27 10151.8) 
~ .. 5.1 lf'I IA•Rl 

'•ssuaed t~ 111ere•ae ~t tb~ fl~t r.\l'- of 5\ 1tr•igbt J1De ev,.ry yr.•r 

I 

no 
o~ 
Zm c.nr-
c:Q ,......,, 
>~ zm 
--t z c.n --t 

·-.. 



I 
I 

L 

JOI IO. : DCIL·llS 

lllTD IATIOIS llDUTIUL DIVILO"'m OIGAlllATlOI 
AID 

AUB tlDDmUL DIVILO"'llT AID llllllC OIGHIUTIOI 

PIOJICT PIOPILI OI ILICTIICAL llOTOll 

PIOJICTID PIOPITABILtTY ITATlllllT 

KOii" : 57 

I'm OS $1 
·-········-----······-·································-··············-································································· 

0 P I R A T l N G Y I A R S 
....................•.••.••........•.•••.•......•....•.••.•.•.....•...•..•......•....•••.....•... 

Y.ltll'Dtl s 6 1 I 9 10 
············································--························-·····································--·························· 

l•v M•t•r1•ls •Ml Con1ua.1blt1 mo.oo 3900.00 4550.00 mo.oo me.oo mo.oo mo.oo mo.oo mo.oo me.oo 
Power 11.5, 17.79 u.02 44.02 44.02 u.02 44.02 u.02 u.02 u.12 
ll•ltr 2.29 2.75 ).21 l.21 l.21 l.21 3.21 3. 21 "21 l.21 
Libour • Plial Ovtrh,id 2771.H 29H.59 lOU.U )116. 70 3325.25 3463.IO 3602.15 3740.90 1m.u 40l 8.01 
Othtr r•rlory l1pe1,t1 16'.1' 164.1, 164.16 164.16 164.16 164.H 164.16 164.16 I '4.16 164.16 
~taislr~liYe ' S.lta l11W"nsrs IU.48 m.10 8u.•1 m.15 19),)8 m.60 m.12 100~.05 1042.27 1079.50 

....... --····· ........ . ...... ....... ....... . ...... ........ ........ ...... 
Sub·totd '963.53 7795.99 8628.46 1184.22 mo.u 9155. 79 9331.56 9507,H 9683.12 m1.9o 

(',;i1t 111qocy m.n m.ao rn.u 440.21 m.oo 457.79 466.51 475.37 484.16 492.94 
····--· -······ ........ ......... . ...... ....... ....... ........ ........ . ... 

Tot•l 7311.lO 1115. 79 9059.81 9244,43 9429.02 9613.51 m8.14 9912.71 10167.21 10351.84 
Stock VUl<ltiOD -m.62 ·6S.06 ·U.05 ·11·" . tl. 95 ·11.96 ·11.96 ·I I. 96 · 11. 95 • 11. 96 
Cost of Prod~t1nn ••d S.lra m2.11 1117.73 ml.8l m2.47 9'17.07 9601.62 m6.Ja 9970.75 10155.Jl JOll9.ll 

PIOJll'Tl!D HVllH 1~12.l' 11014.54 12876.15 llOll.21 11031.28 13011.21 11031.28 11011.28 11011.21 11031.21 
Prnf1l bfforr l11ttrtsl •Ml 
Df'prl'<'i•lin• 1741.ll 2196.11 llU.12 3791.11 3614. 21 mu' ms.10 l06D. 51 1175.95 2691. 40 

no 
o~ 
Zm 
(,/')r'-co ,....- ..,, 
>~ 
zm 
-4Z 
~-4 



···-··-·----·-----·--·-···-··--··-···-·-··-·-··········-················································································ 
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JOI IO. : DCJL-105 

lllTID IATIOIJ llDDSTIIIL Dll91LOPllllT OIGAIJIATJOI 
AID 

'IAI llDDSTllAL DIYILOPllllT AID KllllC OIGAlllATIOI 

PIOJICT PIOPILI 01 ILICTIJCAL llOTOIS 

STlTDllt or PUID ISSITS AID DIPllCllTIOI DIDD STIAIGIT Llll lllTIOD 

lllHIT : SI 

1'000 DK $1 
·················--·-···················-······-················································-········································· 

Valut ftr.hnir.• I ~ub· Cont in· Sub· Tnlm!al ~uh· m of Ral.t Alount 
Des.·r 1 pt ion lnow·how Tnt.l I qency Total durinq Total Prl'·Op tntAI 

Ptu Conatruet K1ptnll'R 1\1 
····················--~---················································································································· 

1. l~lld i !~!Id ntn lopef'nt 1m.20 o.oe 1m.20 o.oo 117'. 20 o.oo 1m.20 o.oo 187UO 0\ o.oo 
2. 9u1ldi•q i C1v1l ltork 5091.9• 2St. 26 sm.20 m.11 5693.53 m.6s 5969.11 lOl.24 6272.42 " m . .o 
1, Plant i ~~imy HH.26 m.46 3'14. 72 m.u 3853.16 186.55 4039.71 m.22 42U.q) I\ m.S9 
4. R1Scl')l~ntou1 riaed Alatll 279.90 14.28 294. ta 19.40 m. 58 lS.18 m.16 16.70 m.u 12\ 41.46 
S. Prtl11in•r1 P.IJ>f'ftlt1 25.00 o.oo 25.00 l.00 25.00 o.oe 25.00 o.oo 25.00 10\ 2.50 
6. Prt-nJl'-r•ti•e !rptns,.1 1m.l6 o.oo 100.16 o.oo 100.16 o.oo 1049.16 -m.u m.oo I 0\ ~2.40 
1, 'f'l'~~1ral l11011·how rtea m.oo ·449.08 o.oo o.oo o.oo o.oo o.oo 0.00 o.oo 0\ o.oo 

- ........ . ....... . ...... 
Sub-tot.I um.u um.u 12113.63 13291 .01 Dm.01 m.es 

I. r:o11t 1119fflCJ '10.17 1.00 "°· 11 ·6t0. l7 0.00 0.00 o.oo o.oo o.oo ........ ........ . ....... . ....... . ....... 
Sub·lobl 12113.6) Ulll.63 12813.63 1m1.01 11291.01 

9. l1ttrf•l duriaq Co11truct10R m.u o.eo m.n o.oo m.le -m.n 8.00 o.oo 0.00 

Tol•I 1m1.01 1m1.01 1 )291.01 1m1.01 1m1.01 

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

()O om 
z ;;;i 
(./),..... co r--o 
>~ zm 
--tZ 
(./) --t 



I JOI IO. : DCJL· 115 

llITID IAfIOIS IIDHftIAL DftlLOPllllT OICAIUlflOI 
AID 

HAI llDlmtAL DIHLOPllllT AID llllllG OICAllUfIOI 

PIOJICT PROPILI OI ILICTllCAL llOTOIS 

TU ~PITATIOI 

mmt: s• 

1 • oeo us s1 
w•~--~~•••~••••••••••••••••••••••••••••••••••••••••••·••••••••••••••••••••••••'••••••••••••••••••••••••••••••••••••••••••••••~••••••••••••• 

0 P P. R A T l I C Y I A R S 
·················-···········-····-··-··························································· 

1 4 5 ' ' ID 
···········-··· ····································································-····················································· 

Profit ~f~rt n~prtr1~t1on m.n 2117.89 mJ.97 3214.84 ll66.61 3118.44 3011.68 2904.92 2798.15 2"1.40 

(,4's1 • Currnt ~precutio11 68'.15 60.67 605.66 o.oo o.oe o.oo o.oo 0.00 0.00 o.oo 

il.l )'111Ct m.s5 1473.22 2558. 30 l214.84 3166.62 llll.44 3011.U 2m. 92 2798.16 2'91.40 

~11 : Un.lbMlrbf.d Dfprec1•lion 0.00 o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo a.co 

'.n.iblr lnrok 274.55 1m.22 2558.lO l2t 4.14 1166.62 llll.U 3011.68 2m,92 ma.16 mt.40 

Tu f 0\ l.06 t.90 t.00 o.oo o.oo o.oo o.oo o.oo o.oo o.oo 

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

no 
o~ 
Zm 
(./) r-
c Q 
~~ 
)>~ zm 
--i z 
(./) --i 



JOB NO. OCJL-lOS 

UNTTP.D NATIONS TNDUSTRTAI. DP.VP.l.OPMP.NT ORGANT?.ATION 
AND 

ARAR TNOOSTRIAt OP.VP.l.OPHP.NT ANO HJNJNG ORGANl?.ATTON 

PROJP.CT PROFILE ON 1!1.P.CTRTCAI. MOTORS 

DP.PRP.CJATJON FOR TAX 

PJ<HTBTT : 60 

( 'non 11s s > 
------------------------------------------·----------------------------------------------------R11ilcting & Ptnnt anct MiR~. FixP.ct 

1.'0V r.i vi J Work M.1rhi nr. ry A~~f'tR Amnrt. i~1tt inn Tnt 11 l R<HP 4% R% 12i 101 
----------------------------------------------------------------------------------------------\'alt1t> t-272.42 4244.'n 14';,4ft i;4q,oo DP.prP.riation YP.ar 1 2so,qo 13q,_r;9 41 • 4f, .54. qo hRfi ,R•; Ra 1 anrP. ft02 J • 5 2 1qoc;,34 .104 .on 4q4, 10 DeprPrl.'ttion YPar 2 240,Rfi .H2.43 1fi.4A 54. cm fi44,n7 Ra 1 anrt> 5780,(,ft Ji;q2,q1 2ft7,';2 43q,20 0Pprt>r1at1on YP.ar l 2.l 1 • 2.l 2R7,4.l 12, JO c;4,qo fiO 5 , Fifi Rala.nrP _s54q,4] .1105 .4R 215,42 )84.10 0t>prPr1ation YP.ar 4 22J,qA 264,44 28,25 54,90 C)(,q. c; 7 Ralanre 5327,4ft 304 J ,04 207. 17 329,40 l>f>prP.riat.ion YP.i\r 5 213,10 24:l,28 24.Rfi 54,90 'i.1'1, 14 B<t 1 anrf' SJJ4,:l6 27q7,7f, 1n,31 274,50 OP.preciation YPar 6 204.57 22l.R2 il ,RR 54,qo 505, 17 Ba. lane.- 4qo9.78 257.1,94 160,41 2J9,M 0.--prPriation YP.i\r 7 1%.39 20:;,q1 19,2'i 54,90 47Fi.4fi 1\.11,lOC'P 4711 •. 19 2.lftlL02 14 l, JR 164,70 DPpn•riat.1on YP..\r S 188.54 189.44 16,1)4 54,1)0 '•4'f,R2 Ra 1 anrP 4S24,8fi 217R,5R 124.24 1oq,Ao f>f.prP1~iat lon Year q 180,99 174.29 14,ql s4,qo 425,oq Ra l.1nrl" 434.1,Rft 2004.29 1oq,33 S4,90 J>P.prPciat 'ion YP•tr 10 17.l.75 1ft0.l4 11. 12 i;4,qo '•02. 12 R<'l 1.l nr P 41 70. 11 184J,q5 %.21 o.oo 

----------------------------------------------------------------------------------------------
WDV : Written Dnwn Value 

no om 
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V>r-co 
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JOI IO. : DCJL-115 

PlTID IATIOIS IIDUSTRJAL DIYILOPHIT OICUIIATIOI 
UD 

WB llDUTll&L DftlLOPllDT HD llilllC ORGAIJIATIOI 

PIOJICr PIOPJLI 01 IJ.KCTRJCAL llOTOIS 

lfORIJIC CAPITAL RIQllRIJlllTS 
IR1cludiag C,1• ' "11k lllince1I 

UllllT : '1 

1'000 us$) 
---···-·····-··········--·········--··-·············-··············--·-··································-································ 

0 P P. R A T I N C Y '- A R rt .. 111 ·····-····--········-············································································ 
~ 8 q 10 

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

!, R•w ~lrr:4!~ • ion~u1ablt1 1121. ~2 llU.30 157D.68 I 570.68 mo.61 1570.68 1570.68 1m.6a 1'.70. 68 IS70.68 

~. 1 •n•shl'd Stork m.u 587.61 m.n 667.69 679.64 691. 60 703.56 m.~i 727. '7 m.tl 

1. Sundry ~Pbtnr~ 701.29 m.lo 1058.31 1071.06 !071.06 1071.06 1071.06 1071.06 I 071.06 1071.06 

············-··---~---·················-~·-·····················································~ 
TOTA I. 2342.ll 2139.28 3284.71 3309.43 m1.n llll.34 3345. 30 m1.u '369. 21 3381.17 

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

lncr~•~r/ldtertd~~l 2"2.83 m.•5 m.u 24. 71 11.95 11.96 11.96 II. Q6 11. 95 11.96 

~tort VH ldt inn m.62 68.06 68,05 11.96 11. 95 11.96 11. 96 11. q6 11,9~ 11. 96 

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

no om 
z~ 
(/') r-
c Q 
r- '"'O 

>~ zm 
-4Z 
Vl-4 



JOB IO. : DClL·llS 

DllTJI! IATIOIS tlDDSTltAL DIVll.OPRllT ORGAll&ATIOI 
AID 

ARAB llDUTRJAL DIVllAIPlllT AID llllllG ORGAHUTIOI 

PROJICT PROPlLI 01 ILICTRlCAL llOTORS 

PROJICTID CASI rr.ow STATllllRIT 

lftlllt : '2 

I '000 us $l 

~-----------------·1••--·--·---------------------------·-·--·-----···---------··-······-··-·······-······································ 
y E A R 

Cu nil r111~t 1 on ••••••••••••••••••••••••• •••••••••••• •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Prn od 1 2 J ' S 6 7 R ~ I 0 
----------··········-----------------·······--·-·-·····-·-···································-···················-······················· 

A. SOURC'F.$ 

!nrr~•~" 1n Sh•rP r~p1Lll 
llll!reuF 111 Tl'ra l.oan 
Jacrt•st it 11.lak Lo•n 
Profit bf!forl' T~1 vith 
laltrP1l iddtd ~r.k 

Df.prttul inn 

TOTA!. I A I 

B. APPl.lr.ATJOU 

T.r.rtilt 1n rapit.il 
l1pl'lldit11rt 

l 111· rl'.Uf /I llt>c rtoUI' I i 1 

llork 111q ~p1h l 

6807,Q1 o.oe o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
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o.oo m2.al o.oo o.oo o.oo o.oo O.IO o.oo o.oo - 0 .oo o.oo 

o.eo 1m.u 2m.q6 l1•7.U lll I •• , m1.16 2741.11 ma. 2s mua mq. ID 2004.5S 

'·°' 686.15 m.as m.es 6&6.85 616.85 m.85 686.85 686.8~ m.s~ 616.I~ 

-----------······-····--···--·······---···········--·································-······················· 
mis,q4 40Sl.1' m6.a1 l8U.Jl ma.at 3614.21 Jm.H ms.10 3060.51 ms,q~ m1.u 
····--····-····················-·········-···············································-~ ....••••....•.•... 

121tl.6l o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo 

0.00 21'2.Sl 4U.4S us.u 24. 71 11.qs lt.U It ,q6 11. Q6 11. qs 11,q6 
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y ,, A R 
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!'mud I 2 l I 5 6 7 8 9 10 
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! 111 .. r,.•• 

'~ !Prl l11"n 
• @ ll\ P·•, m.1a su.u SU.64 SU.6• 466.83 

'ln lfort1nq C•pit-ll l.n"n 
m.ol ll 1. 22 m.n 155.61 77.80 o.oo 

. f JO\ P·•· o.oo 23&.21 m.n m.11 ll7.J 4 'i8.57 o.oo o.oo 0.00 0 .GO o.oo ....... --···· ........ ····-· -·---- ...... . ..... . ..... . ..... ··-·· .... 
Tot.i I hln.-st m.38 778. 92 778. 92 720I15 581.97 40.60 lll.22 233.42 155.61 77 .80 0,08 ------ ·----- ------ ------ ------ --···· ...... -- ..... .. .... . ... • T.u o.oo 0.00 o.oo o.oo o.oo uo o.oo o.oo o.oo o.oo 0.00 
!lmd~ad O.ot o.oo m.ao 680.80 m. 80 m.oo 851.00 I 021, 19 1021.19 I 0 21 • I q 1161. 59 
RPJW Jltnt n f Tr r1 [.,,. n uo 0.00 O.DG m.s7 m.57 912.57 m.57 972.~7 97U7 m.55 o.oo 
~ .. p.i,~nt ,,f llJrk 1 ~q 

('..lpil•l l~n 0.00 0.00 m.11 m.11 585.71 m.10 o.oo o.oo o.oo 0.00 e.oo 
···-···· ······· -----·· -···-·· ........ ·-·-··· ·····-- ....... .. ....... ······· ....... 
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··········-·-··············-······················--····-··················································-· 
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DIITID IATIOIS IIDUSTlllL DIVILOPllllT OIGAlllATIOI 
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ARAB IIDDSTIIAL DIVILOPllllT AID NIIIIG OIGAIIIATlOJ 

PIOJlt'T PROPJLI 01 RLRC'TllCAL MOTORS 

PROJICTID IALAICI SHIT 

I IDIBIT : '3 

('000 us $1 
----------------------------------------------------------------------------------·-----------·····---------------············-·-···-·--

y P. A R 

-----------------------·-···----------···----------···-··············-···--·--·h·····-----······· 
2 • ~ 6 8 q I 0 

-~-----------------------------------------------------····--·-···-----------------···--·-····-········································· 

5h•~~ ·~ap1t.~i 6807. 97 6807,q7 6807.97 6807.97 6807.97 6807. 97 68~~·q' 6807,qJ 6807.97 6807.97 
~d~: ~P$Prves i Surplus 274. 54 1024. 78 mt.10 ma.29 6297.05 7877.64 918 .28 10178.16 11468.27 12111.21 

SRARIRCLRRRS' POMO 7082.51 7832.75 9629.01 11476.26 13105,02 14685.61 1s•8•.25 11186.11 t8276.24 1891•.20 
Liou: 1Dt..linqtblt' AsaPl• m.10 m.20 384.30 329.40 m.so 219.60 IU.70 1nuo ~4.qo o.oo 

TAICTBLF. HT llORTR 6588.41 ml.SS •244.77 11146.86 12830.52 t••66.0I 15824.55 17076.33 18221.l• 18919.20 
~d: Tt'ra Lou 6807.97 6897.97 muo 4862.83 3890.26 2m.6• 1945.12 m.ss 0.00 o.oo 
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' r. A A 
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4 5 6 R q 10 
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R. 'llRl!P.U !. TAB l l. lTI FS$ 
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.JOR NO. UCil.-105 

DEVELCPMENT 
CONSUL_ T ANTS 

1-:xHrBIT : 64 

ONITF.ll NAT TONS 1 NDUSTRT AJ. OP.VF.f.()PHP.fiT ORC..ANI ZATTON 
ANO 

ARAB TNr>USTRJAJ. DF.VELOPMENT AND HTNJNG ORGANTZATTON 

P~O.JF.CT PROFlJ,F. ON F.T.F.CTRICAI. MOTORS 

RRF.AK-F.VF.N ANAJ.YSI S 

('000 us$) 
------------------------------------------------------------
s 1 • 
No. P~rt.iculare AmounL 
------------------~-----------------------------------------

I. Rrlw M~lerialE and ConHumabJes 
2. PowP.r 
.1. W<Jler 

4. Suh-totaJ (l t.hru' J> 
5. Contin9ancy 

&. VARTAB~R COSTS 

7. RF.VF.NIJF. 

R. CONTRIBUTION (7 - 6) 

9. Labour Ii. Pl~nt. Overh~ad* 
10. Olher Factory P.xpenHes 
il. AdminiRtrativ~ & S~leR Expenses* 
12. Sub-Tolal (9 thru 11> 
1 l. Conr-. i ngenr.y 
14. Sub-Tota 1 ( 1 2+1 :u 
JI). rnt.ert:!Kt~ 

lfl. 0f>precjaLion 

tlHFAK-P.VF.N SAf,r·:S 17*7/H 

6500.00 
62.88 

4.58 

6567.46 
328.37 

6895.83 

18616.12 

11720.29 

3394.52 
164.16 
91 l. 99 

4470.67 
221.51 

4694. 21 
408.78 
686.85 

lif<EAI<-F:VP.ii POTNT 49.4% 

-· - - - --- - -- -- . -·- - --- - - . . -- . . . - -· - - -- ..... - .,.. ·~ .. --· -- - - - - .. -- - - -· - - - - - - -

---- ·--- --·-
____ J 



.TOR NO. nr.n.-1 o~ 

DEVELOPMENT 
CONSULTANTS 

F.XHTRTT 65 

UNTTF.O NAT TONS TNOUSTRT AJ, OF.VF.T.ClPMF.NT ORGANT 7.ATTON 
ANO 

AR1\R TNOIJSTRTAJ, DF.VF.J.ClPMF.NT AND MTN rNG ORGANT7.ATTON 

PRO.IF.CT PROFTJ,F. 0N F.J,F.r.TR JCAr, MOTORS 

TNTF.RNAT. RATF. OF RF.TURN 

<"ooo ns s> 
------------------------------------------------------------
YPar Out.flow Inflow Net Tnflow 
------------------------------------------------------------

0 -1161 !).q4 o.oo -1J61s.q4 
1 0.00 1740.J-:. 1740.:H 
2 0.00 2896.81 2896.81 
J o.oo 1884.12 JRR4.12 
4 o.oo J79A.R1 J79R.R1 
5 0.00 3614.21 1614.21 
6 o.oo 1429.66 :l4::9. 66 
7 o.oo 1245.10 1245.10 
A 0.00 1060.51 1060.53 
9 o.oo 2875.95 2875.95 

10 0.00 2691.40 269).40 

TRR lR.2% 

-------------------------------------------------------------
Outflow = ProjP.r.t r.os-;t 
Tnflow Profit. h~forf'' Tnt.f>rP.Ht ,Of'prer.int.ion & Tnx 



SECTION - 13 
PROJECT IMPLEMENTATION PLAN 



PRO.JF.CT TMPJ,fo,.F.NTAT ION PLAN 

DEVEL OPt.JiENT 
CONSULTANTS 

Tht> F:IPr.t.r1r..tl Mot_or m.u111Lt1·l.ur1n9 pl~nt. wi 11 b~ ~el up an 

Sdudi Arabi~. ThP ~mpl~m~nLalion HchPdule of Lhe k~y 

dcliv1lies tr1volv~d tn setting up the pJdnt is preHenled 

in F.xhibil-66. 

The pro9ramme covers a time span of 27 months starl.ing front 

the preparation and finaliMal.i.on of Detailed Project Report 

(OPR> and ending on the commencement. of conunercial 

production. It a I lows adequate time for procurement and 

erection of Lhe equiprn~nl. F.rection o( heavier equipment 

will become easier iC procurement and installation of EOT 

crane is speeded up. The tot.al t_ime 1:1pan of 9 to 12 months 

for delivery of elJuipmenl at site have lo be eLriclly 

ddhered to, as this will involve international competitive 

bidding. Any rlel<ty in t.hi.R al.al.JP. will adversely .:1ffer.t the 

commissioning of the plant. in lime. 

Recruitment of pt-nmnne I haH been !thown in var ioua key 

point.1:1 during Ltu! 1mpJemenlalion stage. Experienced 

p~rsonnel will h~ n~c·rui.Led wilh1r1 Uu~ firal Hf'!Vtm quttrters 

for Henior levels. 

Though not incJud~d 111 th~ k .. y '11:l1v1L1~H, it J.tl important. 

Uad t the c J i.enl ..tpp I , ,.,.. f o,. aflfl obi.a 1 flli t hf:' nP.r .. RR<t ry 

fundR from the c:onrernt-!d f1nanr:t'1l 1nHt1tut1ora wP.11 in t1r111~. 
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.JOB NO. DCIL-105 

UNIT!D NATIONS INDUSTRIAL D!V!LOPM!NT ORGANIZATION 
AND 

ARAB INDUSTRIAL D!V!LOPMINT AND MINING ORGANIZATION 

PROJECT PROFILE ON El.RCTRICAL MOTORS 

PROJECT IMPLl!M!NTATION SCH!DUL! 

EXHIBIT 66 
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J08 NO. : DCIL-105 EXHIBIT : 66 

----------------------------·----------- ----------------------------------------------------
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So. .\('ti vi t y 

Months 
----------------------------------·--- .. -- .. ·-------
0 3 fl q 12 15 1 fl 21 24 27 
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