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INTRODUCT ION

The Sixth Arab Industrial Developmenl Conference held in
Damascus in October 1934, stressed on Lhe imporlance of
selling up lacilities in Lhe Arab region {or manufacture of
products used in eleclricity generalion, Lransmission and
distribution. Subsequenlly, the Arab Industrial Development
and Mining Organizavtion (AIDMO), prepared a Sectoral Report
on the status of electricity 4eneralion, growth prospects in
the region and requirement of egquipment/facilities thereof.
The study covered 21 Arab countries for the period 1986-2010
AD. ’

Based on the findings of the Sectoral study, the AIDMO, in
consultation with the United Nations Industrial Development
Organization (UNIDO), shortlisted 8 products for which .t
wanted to get project profiles prepared. One of the
designated producls is Flectrical Motor. The objective of
the project profile is to provide sufficient information so
that prospective promoters and sponsors find themselves in

A position Lo evaluale the project.,

The Scope of Work for this Project Profile includes Lhe

following :

o Descriptlion, supecial characteristics, features and

uses of the producl
0 Identifization of major end-user industries
0 Assessment of present produclion capacily

o  Assessment  of supply and demand for the product in

Lhe designaled region
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Identificaltion of demand-supply gap and evaluation of
the possibilily of entering the market
Description of basic manufacturing process

Process [low chart

Brief specifications of plant and machinery, and

their indical.ive prices

Estimated requirements of raw materials, their

sources and prices

Estimated requirements of utilities such as power,

water, compressed air, fuel oil, etc.
Estimated requirement of manpower
Estimated requirement of space, and plant layout
PlanL Jocation
Pro ject cost estimate

o Project financial analysis and evaluation

o Project implementation schedule

This study is confined to the following 13 countries -

Algeria Bahrain
Egyptl Iraqg
Jordan Kuwa it
Libya Morocco
Saudi Arabia Sudan
Syria Tunisia
U.A.E.
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A geparale wmarket survey, according Lo the AIDMO, was nolL
required to be carried out prior Lo preparing this project
profile, since Lhe information and projections contained in
the Sectoral study conducted by them was indicated to be
adequale for Lhe purpose. Therefore, Lhe Seclion on ‘Market
Analysis' 1is based entirely on the Sectcral study carried
out by the AIDMO.

The contenls of this Report have been organised in a manner
as to present the reader with a logical sequence of analysis
and findings.

Salient features of the projectL have been summarised in the
following Section. The Section presented thereafter
describes the product with a view to 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 manufacturing 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 Fquipment'. Estimates of raw materials
and other inpuls, requirement of utilities, and estimates of
space and layoul are presented in separate Sections. These
are followed by a Section on estimated requirement of
manpower and the recommended organisation structure.
Financial Analysis and evaluation and project implementation
plan of the proposed project is presented in the last two
seclions respectively.,

TANTS
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SUMMARY OF FINDINGS

IL s recommended tLhat one manufacturing plant with a
Capacily of 1,400 tonnes per annum (TPA) be set up to
manufacture eleclrical molors within Lhe designated region.
This plant will manufacture about 2,000 nos. of motors of
varying capacity. Gradually, the product-mix can be modified
or expanded Lo meet Lhe increasing demand. This should be
sufficient to cater to the demand for the product right up
to 2010 AD

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

It is observed Lhat with the increase in demand for power,
new power generating stations would be set up, and that by
itself will justify establishing the proposed plant.

Summary of basic parameters and significant features of the
Project is presented in Exhibit-1.
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JOB NO. : DCIL-105 EXHIBIT : 1

UNITED NATIONS INDUSTRIAL  DEVELOPMENT ORGANIZATION
AND
ARAB INDUSTRIAL DEVELOPMENT AND MINING ORGANIZATION

PROJECT PROFILE ON ELECTRICAL MOTORS

SUMMARY OF FINDINGS

Saudi Arabia
Plant Capacily (TPA) 1,400

Area Reguirementi 15,000
(Square Metres)

Manpower Requirenent 313
{Numbers)

Implementation Period 27
{Months)

Project Cost (Million §)
Break-Even Point (%)

IRR (%)
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PRODUCT ANALYSIS

Electric motors convert electrical energy, supplied from AC,
or DC source, to mechanical energy to a rotating shaft. All

electric motors have certain basic features which are

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

a rotating member i.e. the rotor. They are geparated by 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 wunder the following

categories

Squirrei cage induction motors
Slip ring induction motors
Synchronous motors

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 No = f./p
revolution/sec. relative to the stator, where p is the
number of pole pairs of the winding.
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slip ring motors) voltages are induced in the rotor windings

at a frequency of f_ {N. - N) x
the rotor. These voltages produce

electromagnetic field rotating at

asynchronous or induction type motors {squirrel cage

CONSULTANTS

or

p where, N is the speed of
currents which develop an

speed (N, - N) relative to

the rotor 1.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 the

rotor windings.

The

rotor

rotor field 1s usuwally developed by a DC, fed to
Thus the field

stationary relative to the rotor. Rotor and stator again are

the

windings through slip rings. is

stationary to each other.

In a DC motor, field windings on the stator are supplied
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 simultaneousl!y maintains the
rotor field stationary and in quadrature to the stator
field.

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

can be calculated from the following formulae

Torgue T pound-feet
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where,
: Torque in pound-feet

Force in pounds

The arm of the force in feet
: Current

Length of wire

Field strength

W o~ H x m

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 = ----==—--——ee——o-

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 = Voltarsje x Current

A complete motor specification covers several other
eiectrical and mechanical components in addition to speed,

power and torque. These items are given below




DEVELOPMENT

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

Motors Required in Power Plants

The

received

design

special attention

reliability, safety and design parameters. Both coal and oil

fired boilers require substantial auxiliary power which

turn
The

motors upto Group IVE sizes.

The emphasis is therefore on squirrel cage motor (gingle

two speeds)

of power station auxiliary drives
from the

needs close control to achieve

backbone of each of these auxiliaries is squirrel

CONSULTANTS

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

has
of

always
point view of
in
efficient combustion.

cage

or

duties.

and itsa design, to meet the specific

Generally, most onerous requirements come from high inertia
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drives resulting 1in difficult starting conditions with
supply capacity linited compared to the motor rating.

Starting currents of about 4.5 times the full load current

and at 80% voltage against full torque are also specified.

Close matching of the motor to the drive and electrical
supply systems 1s necessary. The special torque requirement
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 cage induction motor are

discussed below.
Torque Requirements

The best way to evaluate torque requirements is to
superimpose the speed-vs-torque curve of the driven
equipment on the speed-vs-torque curve of the motor. 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;
besign €, for loads requiring high starting torque; and
Design D, for high-slip high-inertia loads such as flywheel

drives on machine tools.

It i1s important that the gpeed-vu-torque values are for
those voltage which are applied to the motor terminals
during acceleration. A motor that is being started .cross
the line, typically diaws 650% of itg full load current,

which reduces the voltage applied at the motor terminals to
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about 950% of the line voltage. Also, the line voltage wi1l!
drop if cther motors are being started at the same time. For
these recasons, the motor curve must reflect the torque
produced by the motor during the voltage dip. The most

important torgue points are

o Locked rotor torque point : This 1s the torque
generated by the motor when power is applied t.u the
terminals and the rotor 1is still at rest. To
accelerate properly during start up, the motor must
generate more torgue than the load requires.
Otherwise, both the motor and load will remain at
rest, and eventually the overload protectior. will
trip the motor off, from the line. If the motor trips
too late, it may be damaged.

o Minimum accelerating torque point : The danger 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 erough,
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 and the load shaft must be able to transmit

more than the motor's maximum torque.,

o Operating point :The operating point 18 the
intersection of the load and motor curves. The torque
requirements of the load at this point should never
exceed the rated full load torque. Otherwise,
constant overloads will  increase the operating

temperature and shorten the motor’s life.
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As long as the motor generates more torque than the load
requires, it will accelerate the load. When the motar output
matches the load, the motcr attempts to operte the load
continuously at that speed. Thus, the motor must be selected
o« that the operating point is at or below the rated full-

load torque, and at or above the rated full load speed.
Voltage and Power Supply

There are certain limitations on the power and voltage mix.
High pewer and low voltage requires large conductors (i.e.
thick copper wires) fto accommodate the high current (current
1s proportional to power/voltage)l. Such conductors are
difficult or almost impossible to wind. On the other hand,
low power and high voltage results in low current and small
conductors. The wire in this case may be so thin that it
cannot mechanically support itself. NEMA recognised this
procblem and has recommended certain horse power ranges for

various voltages. Exhibit-2 liets these ranges.

Electric motors that use three phase power are deisnged on
the assumption that the applied line voltages will be
balanced; i.e., that there will be same voltage between the
Phases A and B as between Phases B and C and Phases C and A.
If the phase voltages ars~ unbalanced, the currents flowing
through the three windings will also be unbalanced. A 1%
imbalance in voltage can lead to an 8% imbalance in current.
The result is that, some parts of the stator will be heated
more than others, producing hot spots that could damage the
motor or cause it to trip. Further, unbalanced current will
try to turn the motor shaft in the wrong direction, reducing

the net torque 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 the 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-line 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 starting
voltage. This can be accomplished by a circuit that includes
resistors and/or reactors in series with the motor winding;
an autotransformer having adjustable-voltage taps; or a
solid-state starter that adjusts the applied voltages to

maintain a constant current.

Another approach to reduce starting current 18 to use a
"wye-delta” stator winding, in which both ends of each phasc
winding terminate 1n the conduit box. The starter connects
the motor winding "in wye" on starting. This reduces the

phase voltage by the square root of 3, thus reducing the
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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 13 energized on startup. 1In this case, the
starter's timing circuit must be adjusted so that the
starting winding 1s 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 = (Inertia)(Change in Speed)/(308)(Accelerating
Torque) where, time is in seconds, 1inertia is the
total inertia of motor and load in 1lbf ft2?, chang: in

speed is in rpm, and accelerating torque is in ft-1bf.

In practice, 1t 1s important to make sure that the motor
torque be at least 30% til) the motor is nearly at full
speed. Otherwise, the accelecration time limit will expire,

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

The environment in whiéh the motor is installed has a large
effect on the life expectancy of the unit. While most motors
are built to last for at least 20 vyears, their life
expectancy will be severely shortened if they are not

properly protected from dust,, moisture and 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 (0ODP) enclosures should be the first
chgice considering the fact that 1t is least expensive. It
is the basic unit offering a minimum protection from the
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 1inclined 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 1s too wet for an ODP motor a WPI

{Weather Protected Type-1I) enclosure 1is used.

In the WPI design, the insulation on the motor windings is
more moisture-resistant. The insulation may be coated, or
made of a nonhygroscopic material. For large, high-voltage
motors, form wound sealed insulation is also available. The
WPI enclosure 1includes a screen over the air inlets and
exhaust vents, to keep out pests and improve safety of
operation. The rotor assembly has a molsture-resistant.
coating between the bearing fits for greater corrosion
resistance.

The weather-protected Type I enclogsure is  recommended for
indoor installations, having small amounts of moisture in
Lhe atmosphere, or outdonr instllations that have a roof or

similar covering over the motor.
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For outdoor instaliations and atmospheres containing dirt
and dust, totally enclosed fan cooled (TEFC) or weather

protected Type 1! (WPII) enciosures are advisable. WPII

motors are only avallable for sizes larger than NEMA 440,

which 1s about 500 hp. TEFC is the choice for smaller

motors.

The WPII 1s 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 pressure
air to move through the enclosure without coming in

contact with the rotor, stator and windings.

Low velocity chamber : Airspeed is held below 600
ft/min, which allows solid particles to settle out

before contacting the vital internals.

Baffles : The baffles help airstream to take three
90-degree turns, which in turn settle out the

remaining =solid particles.

Space heaters : These prevent moisture from

condensing i1nside when the motor is shut down.
A 500 hp WPII motor costs about 65% more compared to ODP.

When the atmosphere contains acids, salts or other chemicals
that could damage the windings, a totally enclosed motor
should be specified. In such a motor, there is no free

interchange of air between the 1nside and outside of thr

enclosure,
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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'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. Most modern designs have
the heat exchanger above the stator because this provides
better cooling. Hot internal air, circulated around the
exchanger tubes 18 cooled by colder outside air blown
through the tubes. The tubes are usually made of aluminium,

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. 1In
this particular design the exchanger is mounted above the
stator, and air is blown over the water tubes by a fan,

mounted internally on the rotor.

If the motor is to be installed 1n an atmosphere where
explosive gas, dust or fibre is present, the standard TEFC
design 13 modified so that no spark or flame can escape
should an explosion occur inside the enclosure, This also
l'mits the surface temperature of the motor to about 80% of
the ignition temperature of gases and dusts in the air. In
the- 500 hp range, such an explosion-proof motor costs almost

twice: than o comparable ODP motor.
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Insulation

In an electric motor, the stator leads, colls and
connections are covered with dielectric insulation. The tvpe
of insulation used depends on the service conditions, and on

the voltage and size of the motor.

Most motors are designed for temperture conditions
compatible with Class B 1nsultions, 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 1insulation, 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 poscible to get more
power from a motor, or to extend it§ useful life at normal
power. Class H insulation, good to 180° C, is used for the

same reasons as Class F 1is.

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 i1s needed. Because this approach is the least
expensive, 1t 18 recommended for smaller motors coperating at
lower voltages, and is suitable for voltages up to 600 V and
power ratings up to 600 hp.

The higher voltages used in large motors demand greater
integrity from the 1nsulation. Therefore, it is necessary to
supply form wound coils, though it i1s more eipengsive due to

increased hand  labour. Form wound coils are made up of
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thick, flat wires shaped to fit the stator slots. Each co1il
is wrapped with sufficient insulating tape to form a
dielectric barrier compatible with the system voltage. The
wrapped colls are inserted into slots in the stator, and

connected.

Most motor manufacturers offer vacuum pressure impregnated
(VPI) coils, which should be considered for motors to be
installed 1n hazardous atmospheres. This Class F (155° ()
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 kept below the limits of the insulation. This will
normally be the caze, so long as the motor operates at its
rated power. However, changes i1n the load requirements can
cause the motor to temporarily exceed its rated power. The
motor will deliver the required torgue, but its operating

temperature will 1ncrease.

The maximum operating temperature for Class B insulation is
130° ¢ (266° F). Subtracting o maximum ambient temperature
of 402 C (104° F) leaves " M ¢ (162° F) limit on
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temperature rise. In practice, the motor temperature is not
measured directly, but is calculated from the change in
resistance of the winding. Since parts of the motor can be
10° C hotter than this average value, 80° C(176° F) is the

practical limit for temperature rise in Class B motors.

This 80° C limit applies to normal Class B motors, which
have a service factor (SF) of 1.0. Motors naving SFs of 1.15
are designed 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« the 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 Class B
insulation and an SF of 1.0, a 90° C temperature rise by
sensor is standard. Beyond that, 85° C is standard.

Bearings and Vibration

For horizontal directly connected motors (upto 500 hp) the
most frequently supplied bearings are standard deep-grooved

ball bearings. Belt and chain drives exert greater radial
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forces than direct drives. For these drives, ball and rollér
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 speeds upto 3600
rpm. If the application calls for more power or 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 NEMA

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 wotor's efficiency is improved by cutting the energy
losgses 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

tLemperature.
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All of these improvements 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, tha motor may have to be quieter. For a
standard design of 500 hp, 3600 rpm, 46 V motor noise
level, measured 1 metre away are given below :

ST ST MR MR S — — - - — ———— - ————————————— ——— - —— - -~ —— ——

Enclosure NEMA Maximum Standard Design Low-noise Design
dBA dBA)

(in dBA) (1n in
oODP 99 90 82
W P-1I 94 85 76
TEFC 103 91 81

Protective Devices

Reliable as eletric motors are, they can be damaged when
subjected to overlcads and surges, and when bearings or
insulation burn out. Fortunately, protective devices that
will take the motor off the line before it is damaged are
widely availabtle. The kind of protection needed, depends on
how often a load or power problem is expected to occur, and
how important the motor is. If problems are likely and the
motor 1is critical, 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 stalor
windings are the first 1items to be considered for
protection. Resistance temperature detectors (RTDs) and
thermocouples are used to monitor stator temperature. If
there is no need for monitoring, a more economical approach
1s to install bimetaliic switches on the end-turns of the
windings. If the windings get too hot, as frem a continuous
overload, the switches will open and the relay will take the

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 readings at the bearings are also available, 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 1s 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 as
Lo measure the pressure on both sides of the filter. Stator
temperature detectors are also useful in spotting filter
preblems. 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 installed on the outside of
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the motor housing. If vibration starts to increase, the
motor needs maintenance. For z!eeve bearing motors, shaft.
vibration can be monitored using proximiiy 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 1is 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 (or provisions for 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
TEEE) on every motor : no load running test; insulation

dielectric test; measurement of winding resistance,

inspetion of bearings, and vibration check.
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JOB NO. DCIL-105 EXHIBIT : 2

UNJTED NATTONS INDUSTRIAL DEVELOPMENT ORGANIZATTON
AND
ARAB TNDUSTRIAI DEVEILOPMENT AN} MINING ORGANIZATTION

PROJECT PROFILE ON ELECTRICAIL MOTORS

RECOMMENDED POWER RANGES FOR VARJOUS VOILTAGE CILASS

. . —— ——————— ———— —— —— . —— ——————_— ——— ———— — ———— —— —  — —— ——— o ——_ ——— ———

Raled VolLaye (V) Recommended Power Range !{hp)
230 or 460 Upto 100
460 or 575 100 - 600
2300 200 - 4000
4000 100 - 7008
6600 1000 - 12000

/ 13200 3500

25900
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JOB NO. DCIL-105 EXHIBIT : 3

ONITED NATIONS INDUSTRIAIL DEVELOPMENT ORGANIZATION
AND
ARAB INDUSTRIAL DEVEIOPMENT AND MINING ORGANIZAT3ION

PROJECT PROFILFE ON FLECTRICAIL #0TORS

RELATIGN BETWEEN REDUCED VOLTAGE AND TORQUE OUTPUT OF MOTORS

Relative Relative Relatlive Allowable

Type of Starting Starting Starting Smocthness of Accelera-
Current* Torque Accelertion tion Time

(%!} (%) (Seconds)

e B . — -~ — - - — - ———————— - —— — A —— - ——— G ———— — "

Across the line 100 100 Smoothest N.A.
reduced voltage

Resistor/Reactor 65 65 2nd Smocihest. 5 - 15
(at 65% voltage)

Autotransformer 42 42 3rd Smoothest 30
(al 65% voltage)

Wye-delta Winding i3 33 4th Smoothestl 45 - 60

Two-part. Winding 50 50 Least Smooth 2 - 3

o An 4P e B e - — o = T N > - —— . ————— ——_—— -~ ——— —— ——— - -

* Compared with full-voltage across-Lhe-line starting, which
typically draws 6.5 times the full-load current.
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JOB NO. DCIIL.-105 EXHIBIT : 4

UNITED NATIONS JINDUSTRTAL DEVELOPMENT ORGANIZATION
AND
ARAB INDUSTRIAIL DEVELOPMENT AND MINING ORGANIZATION

PROJECT PROFILE ON ELECTRICAIL MOTORS

RELATIVE LTFF EXPECTANCY OF MOTOR INSULATION

Insulation Class/ Temp.rise Relative Temp.rise Relalive
allowed temp.rise °c life ec life

. — e . - — e I n G - ————— —— ———————— — - — T — - ——— - ———_——-———

Motors designed for aervice factor = 1.0

Class B/80° C 80 1.0 105-115 0.1-0.16

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

Class F/105° C 80 6.0 105-115 0.5-1.00
. Molors designed for service factor = 1.15

Clans B/80° C 65-70 2.0-3.0 90 0.5

Clans F/105° C 85-95 2.0-3.0 115 0.5

Class F/165° C 65-70 12.0-16.0 90 3.0

e e ————— - o - o —————— = R M= —— - — oy o —— = -

Note : Average Jife iy 20-25 years
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JOB NO. DCIL-105 EXHIBIT : 5

ONITED NATIONS TNDUSTRIAL DEVELOPMENT ORGANIZATION
AND
ARAB INDUSTRIAL DEVELOPMENT AND MINTNG ORGANIZATION

PROJECT PROFILF ON FLECTRICAI MOTORS

MAXIMUM VIBRATION LEVEL ALLOWED FOR MOTORS

—— - ——— —— T —— — Y ——— — —  —_———— —— A . —— . ——— —————

Maximum vibration

Speed (rpm) amplitude (inch)
3,000 - 4,000 0.001
1,500 - 2,999 0.002
1,000 - 1,499 0.0025

Upto 999 0.003

- — A —————— - — - ————————— - — -~ - -
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MARKFET ANALYSIS

Electrical moLors are an essenLial parl of power general.ion
syslem. In a Lypical utilily power slLation motors are
required Lo operate prime movers like pumps, valves, TID and
FD fans, blowers, compressor: and auxiliary equipment like
cranes, hoisls, conveyors, etc. Therefore an  increase in
power generalion capacily will ceuse an increase in demand

of eleclric molors.

According Lo a secloral study carried oult by AIDMO, the
average annual increase in power generalting capacity for the
13 counlries covered, ranges from 6700 MW in Lhe early 90's
to nearly 9,300 MW by 2010 AD. Correspondingly, demand for
various electrical equipment, including motors ijs estimated
to increase substantially to match the additional power

generation.

Projected additional power generation capacity for the
period 1991-2010 is given in Exhibit-6. Exhibit-7 shows the
demand for electric motor during the same period. Both these
have been extracted from AIDMO report on sectoral study. The
demand estimate has been arrived at by the following

congumption norm, providsd in the report :

o 40 motors per power unit having less than 75 MW
capacily

o 100 motors per power unit having less Lhan 250 MW

capacily

o 200 motors per power unitL having less than 350 Mw
capacitly

o 500 motors per power unit having less than 600 Mw
capacity
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Fxhibit.-8 shows Lhe addilional power generaling capacily for
four S5-year periods for Lhe 13 countries under Lhe scope of
study. Based on these and the consumplion norm, menl ioned
earlier, annual requirement of eleclric molors in Lhese

countries has been shown in Exhibit-9.

Al] these projections are based on Lhe additional generaling
capacities projected by AIDMO. As a conservalive eslLimale,
il is assumed Lhal only 70% of the additional generating
capacity proposed in the AIDMO report may actually be
implemented. Accordingly, the annual demand for motcrs have
been taken as only 70% of the projections made by AIDMO.
The scaled down demand is shown in Exhibit-9.

From the consumption norm furnished in the AIDMO report, it
appears that only motors for power house and boiler area
have been considered. However, the motors proposed to be
manufactured in the plant may also be sold to industrial and
water sector after meeting the requirement from power
sector. Capacity of these motors varies from as low as 0.006
KW to as high as 4000 KW. Since the AIDMO report have unot
considered fractional and small motors the product range of
the proposed plant shall be from 2 KW onwards. Capacitywise
break-up of annual motor requirement is shown in Exhibit-10.
Thia break-up has been arrived al by considering the actual
number of molors and their capacity as installed in typical

power plarcs of differenl capacities.

The overall annual demand for moloras for the period 1996-
2000 works out to about 4100 nos. At present, imporlLanl parl
of the demand is met through imports. Thus, on a
conssrvative basis, it is recommended Lhat manufacluriny
facilities are selL up Lo manufaclure only about 50% of Lhe
estimated demand. Thus one manufacturing plant will be sel

up Lo produce about 2000 motors annually.
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JOB NO. DCIL—-105 EXHIBIT : 6

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANTZATION
AND
ARAB INDUSTRIAL DEVELOPMENT AND MINING ORGANIZATION

PROJFCT PROFILE ON ELECTRICAL MOTORS

PROJECTED ADDITIONAL ANNUAL IRCRFASE TN
POWFR GENERATING CAPACITY

. —— - — - ———————— - ——————— —— — — — — - ———— . - S —— i ——

Period 30 MW 150 Mw 300 MW 600 Mw
1991-1995 5 3 8 5
1996-2000 5 5 10 7
2001-2005 6 5 3 10
2006-2010 1 6 3 11
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JoB NO. DCIL-105 EXHIBIT : 7

UNITED RATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
AND
ARAB INDUSTRIAL DEVELOPMENT AND MINING ORGANIZATION

PROJECT PROFILE ON ELECTRICAIL MOTORS

ANNUAL REQUIREMENT OF ELECTRIC MOTORS

- ——— . ———— ———— —— — - — = -~ - —— ————— - -

Period Nos
1991-1995 4,600
1996-2000 6,200
2001-2005 6,340

2006-2010 6,740

- ——— A —————— - —— - - ———




JOB NO. : DCIL-105 EXHIBIT : 8

UNITED NATIONS INDUSTRIAL DRVELOPMENT ORGANIZATION
AND
ARAB INDUSTRIAL DEVELOPMENT AND MINING ORGANIZATION

PROJECT PROFILE ON ELECTRICAL MOTORS

COUNTRYWISE ADDITIONS TO THERMAL POWER GENERATING CAPACITY

PERIOD : 1991 - 1995 1996 - 2000 : , 2001 = 2005 _ _: _ 2006 - 2010

:T30 150 300 600 : 30 150 300 600 : 30 150 300 600 : 30 150 2300 600
COUNTRY T MW MW MW MW : MW MW MW MW i MW MW MW MW @ MW MW

Alyeria - - 8 8
Bahrain 7 K - -
Faypt - -

Iraq

Jordan

Kuwa it

Libya

Morocoo

Saudi Arabia

SINVIINSNOD
INIWdO13A3A
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JOB NO. DCIL-105 EXHIBIT : 9

UNITED NATIONS INDUSTRIAI. DEVEI.OPMENT ORGANIZATION
AND
ARAB INDUSTRIAL DEVEIOPMENT AND MINING ORGANIZATION

PROJECT PROFILE ON ELECTRICAL MOTORS

COUNTRYWISE ANNUAL REQUIRFMENT OF ELECTRIC MOTORS

(Figures in Nos.)

1991-1995 1996-2000 2001-2005 2006-2010

Bahrain
Egypt

Iraq

Jordan
Kuwait

Libya
Morocco
Saudi Arabia
Sudan

Syria

Tunisia
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JOB NO. DCIL-105 EXRIBIT : 10

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
AND
ARAB INDUSTRTAIL DFVEIOPMFENT AND MINING ORGANTZATION

PRO.TECT PROFILF ON FLECTRICAL MOTORS

CAPACITY WISE BREAK-UP OF MOTOR REQUTREMENT

(Figure in Nos.)

CAPACITY

1991-1995 1996-2000 2001-2005 2006-2010

2.01-4.00
4.01-5.00
5.01-7.00
7.01-30.00
10.01-30.00
30.01-100.00
100.00-1000.00

1000 and above
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PLANT IL.OCATION

IL was recommended in Lhe previous section thal a single
plant be set up Lo cater Lo Lhe demand for motors in the

designaled region.

While selecling suitable location for establishing
the manufacturing plant, following factors have been

considered :

size of the domestic market in each of the 13

countries within the designated region
Jocal availability of major raw material

proximily to the source of raw material, and the

availability of road, rail or sea linkages
local availability of bought-out auxiliary equipment

avallability of qualified technical personnel and

skilled workmen

availability of essential infrastructural facilities

such as power, water, labour, etc.

relationships and affiliations among different

nations within the region
o investment environment in different countries

Based on Lhese factors, it is suggested that the
manufacturing unit be se! up in Saudi Arabia. It may be
observed from Exhibit=9 that more than 60% of the demand is
accounted for by 5 countries i.e. Syria, Iraq, Egypt, Saudi
Arabia and Kuwait.
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The planlt at Saudi Arabia will cater to ils domestic
as  well as demand from the neighbouring countries of
and Egypt. Bulk of the balance requirement will

Syria, Kuwail and the UAE which are also suitably
to Saudi Arabia.

demand
Trag
come [rom

connected
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MANUFACTURING PROCESS

The proposed plant will be manufacturing different types of
motors described 1in the preceeding chapter. Motor sizes
range from 100 to 315 mm and 355 mm for the low voltage
motors (upto 550 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 modera motors are designed, to have a longer core of
small diameter and have a low centre height for a given
output. This design 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 are 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
1in  batches and the finished components can be assembled to
form a complete motor. Coolers are usually top mounted on
the motor, rather than being inbuilt into the motor frame.
Stator core units are wound separately from the frame for
case of access and to occupy as little space as possible in
the ingsulating resin tank, particularly where vacuum

pressure impregnation (VPT) systems are used.

The motor components are of varied design. Each component
needs specific manufacturing processces., Manufacturing

processes for different componentsy are discussed below.
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’ V/ FRAME

Frame of a motor provides protection to its current carrying
parts and those parts which are in motion, from undesirable
contact with the external objects. It also provides
mechanism 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 or fabricated these are machined
to take up end shields. The end shields are alsoc either made
from grey cast iron or from steel. These are suitably
machined to fit into the ends of the motor 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 the
flux but to minimise eddy current losses. The laminations
are made from low loss high permeability cold rolled
electric grade steel. Small motors use a stcel of 0.65 mm
thickness and losses of 6 watt/kg, medium size high voltage
motors wuse 0.5 mm thickness and 4 watt/kg and large high
voltage motors 0.35 mm thickress and 3.3 watts/kg.

Insulation between the laminations for amall motors may be

accomplished by steam blowing the steel surfaces whereas the
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larger laminations will employ a phenolic or synLhetic resin

insulation or one or both sides of the lamination.

Exhibit-11 shows a single stator lamination for an open slot
high voltage motor and a sinygle segment for a high voltage
molor of slow speed. For molors requirwng large back up core
lamination, diameler of a circle will be formed from a
number of steel segmenls. Six segments per cirvrcle is normal

for the standard rate of motLors.

The slator core laminations are normally produced by a
punching process. As each slolL is produced by Lhe same tool
they will all be identical, but Lhe action of the punch and
die causes a burr to be formed on the underside of the
gsteel. Wilh pre-insulated steel it is importanlL to control
the size of this burr such that it will not short Lo the
next lamination and Lhus forming a short circuited Lurn

inside the core.

The larger motors employ the cooling system where the air
passes through radial ducts formed between packets of
lamination. These ducts are formed by welding either angles
or flats to a Lhick punched laminalion to give air spacee
between 8 mm and 12 mm. The ducts will be spaced about 60 mm
(rom each other. So a4 pack of 1 m core length will comprise
some 14 duct spacer plates and 172, 5 mm thick main core

plates.

The complete muet of stator laminations and duct spacer
plates are assembled to form o core unit. The laminations
may be assembled directly int.o Lhe spacer frame or more
probably a4 core pack in created round a  stacking device.
Lining bars located in the slots are used to ensure careful

alignment of diameler und slotus. When the stack is complele
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it is pressed between heavy section end plates and

laminations welded 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 1insulation. Dressing must however be kept to an
absolute minimum or short circuits will result betwesn
laminations which will show as localised hot spots when the
stator 1s 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 require a
complete core rebuilt or etching of the area where the

lamination insulation has been destroyed.
ROTOR SHAFT AND COUPLINGS

The rotor shaft is that part of the electric motor which
transmits the output torque to the driven equipment. The
shaft must be capable of transmitting maximum torsional
stresses and should have sufficient stiffness to minimise

deflection under conditions of unbalanced magnetic pulls.

The rotor shaft consists of 4 cylindrical steel shaft with
either 4 or 6 arms. The arms are rectangular section made
from mild steel and are welded to the shaft using deep
fillet continuous welds down each side. The shaft is
machined from black rolled carbon manganese steel having
carbon  content of less than 0.25% to ensure ecase of sound
wi-lding. After the arms are welded the shaft is stress
relieved. Subsequently all welds are tested using a magnetic

particle technique,
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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 locating the bearings. 1Its
ends are machined for fitting the coupling. The couplings
are fitted to the shaft by a heavy shrink fit by usiﬁg a

shaft key and a slide interference fit.

Machining of the shaft is a precision job with close
tolerances and wusually 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
member 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 1its cage rotors. Cage rotors for small
motors wupto 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 alloys. The bars are extruded to suit

the shape of the slot in the rotor core laminations.

The rotor core is bullt against a compression plate, located
dagainst machined faces at one end of the shaft arms. After
build up of the preheated laminations another compression
plate is fitted to complete the assembly. Keeping the core
under pressure a key 1s fitted to fix the second plate
rigidly. To complete the cage windings, individual rotor

hars are 1nserted into the slots and are cut to x1ze to give
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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.rg py the one
shot process. This process is sugerior to individual brazing
of each bar and produces consistent and uniform results. The

brazing quality is confirmed by a pulse-eco technique.

i 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 assembly
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

Armature 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. 1In 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 technigues of laying
down coils are shown in Exhibit-12. Slot separators

enclosures are normally made from either thick slot liner
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material or strip of laminate. Exhibit-13 shows three types
of coils namely mush coil, diamond coil and concentric coil

generally used in armature windings.
Mush 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 Windings

Most 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
agbropriate for the machine line voltage. Concentric
windings can also be manufactured with fully formed and

insulated coils, wound into open armature slots.
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Field Windings

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 copper is used and where
cross sectional area is relatively large, bare copper 1is
used. Bare copper is either wound on the flat or on edge. On
low voltage DC machines several different coilr are often
fitted on the main poles. Main ground insulation can be
applied either to the pcle body or to each individuzl coils.
Field coils for rotating components must be designed to

withstand the maximum centrifugal force.
AC Rotor Windings

On AC rotors, 1n 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 Wiadings

Mush windings are used toc small and medium sized stators.
At higher ratings multiturn diamond shaped coils are
adopted. On the larger stators, single turn coils 2nd bar
windings are used. Slot build up for low voltage multiturn
corls  and  for low voltage singlce turn coil are  shown in
Exhibit-14. Typical slot build ups for high voltage stator

coyl are shown 1n Exhibit-156,
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BASIC INSULATION SYSTEM

The windings of each phase of a rotating machine consists of
colls, connected 1n series and placed in slots. The build up
of the stator slots have been explained earlier. In
accordance with that slot build up, insulation of the stator

winding can be sub-divided 1n the following parts

Insulation between parallel conductors of a turn
Insulation between turns of a coil

Insulation relative to frame (major insulation)

© 0 0 ©

Interlayer insulation

Insulation of a motor 1s continuously subjected to
vibrations and 1impact mechanical loads in operation.
Therefore the 1insulation must possess high mechanical
strength and proper thickness. The temperature conditions
under which the insulation works are of great 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
18 determined. The motor having class B insulation can have

a maximum temperature rise of 105° C.

A typical material for the construction of major slot
insulator is continuous mica (tape insulation). Mica tape is
not very flexible when conled but 1t is quite flexible at
working temperature. It consists of one layer of mica flex,
glued onto both sides of a high quality thin paper. Bitumin
o1l laquer serves as a gluing material. Usually tapes 12-35
mm wide and 0.08-0.17 mm “hick are used. Bars of coils are
wrapped compactly with the mica tape to the required
thickness of insulation. This thickness is achieved in a few

applications (usually 2 or 3).
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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 1s again dried and impregnated. The
initial drying is at first done at atmospheric pressure and
then under vacuum. The purpose of drying is to remove the
molsture and residues 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 ordér of
150° ¢ 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 1is done after placing the turn insulation (or
after assembly of bars 1in 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 of 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
of 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 insulation comprising mica tape and
Bitumin o1l the recent trend i1s to use insulation comprising
mica paper and thermo reactive resin. The advantages of this
thermo reactive insulation over Bitumin (mica insultor) 1is

that its co-efficient of linear expansion is negligible.
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Therefore thermal deformation of insulationr does not take

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 the
oven. The resin turns 1into a solid substance without
liberation of any by-products whatscever and the section
gets correct dimensions corresponding to the dimension of

the 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 are wound into the
machine, similar tests are used to conforr. that no damage

has occurred during the assembly operation.

Coils are first tested as individual ur :ts, then after
insertion 1in the core and finally after ¢« :nnecting up to
form the complete winding. It is a sound p:actice 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:.red at 30% above
this value prior to coil insertion. Before¢ —:onnecting up, an
enhancement of 20% is commonly used. In :ddition to the
standard high voltage AC accpetance tes ., manufacturers
normally carry out several other elec - 1cal checks to
conform the quality of insulated compone 3. Some of the

important checks are shown in Exhibit-16.
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BEARING, LUBRICATION AND BEARING ASSEMBLY
Roller Bearing

Small motors employ a deep yroove ball bearing at both drive
and non-drive shaft ends. As Lhe motor size increases a
roller bearing may be used at Lhe drive end Lo cater for the
radial thrust of Lhe drive belt, the ball bearing being used
aL the non-drive end to locate the shaft axially. More
ideally and on large motors, two roller bearings are used
and an addilional ball bearing provided at tLhe drive end
which 18 free Lo move in a radial direction. This bearing
solely locales the rotor axially and can withstand moderate
amounlL of axial Lhrust, such as that produced by a fan in an

axially cooled machine.

The use of roller bearings is standardised and well
dccumented in referred books provided by bearing
manufacturers. IL is8 normal to choose bearings which will
give a life of 50,000 to 100,000 hours running or even
200,000 hours on the larger motors. Exhibit-17 shows a
typical layout of roller bearings at the drive end and al

the non-drive end.

Generally i1nner race of the roller bearing is fitted Lightly
on the shaft journal while the outer race has a smug fit in
Lhe  bearing housing. For gelbing a tight it Lhe bearings
are eibher heated in oil or by induction healing. After tLhe
bearings  are  fitLed and cooled Lhe inner race grips tLhe

shaft Lightly.

Sleeve Bearings

There 18 a definite Iimit to Lhe rcller bearing rotatisonal

sper-d an bearing diameler increases. For this reason and for




DEVELOPMENT
CONSULTANTS

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, 1t is normal to provide a locating bearing at

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

arrangement 1s 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 o0il lubricated. Depedning on the
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

o Natural cooling with heat radiated from bearing
housing surface. This is possible up to about 13.5

mts/sec. peripheral speed.

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

tube cooler and bearing pump is standard.
Above 15 mts/sec. flood oil 1s provided.
Bearing Insulation

When the design of the flux carrying component of the
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have some interruption which are not symetrical, then flux
patterns and e.m.f. will appear across the shaft ends. This
e.m.f. causes current to flow through the motor frame via
the bearings, unless the circuilt i1s broken permanently at
some point. This 1s achieved by providing insulation to the
bearing shells, either where the shells sit in the housing
or between a steel addition to the shell and shell 1tself.
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 cocling process is to stabilise the
operating temperatures of the motor windings within the
limits set by the thermal classification of the machine
insulation under the specified ambient conditions or within

more stringent 1limit, set by the motor users. The most

commonly used cooling systems are given below

o Surface Cooling
0 Pipe Ventilation
0 Water Cooling

0 Self Cooling

9 Forced Ventilation

In the surface cooling system heat generated within the
machine flows through the active iron packet to the external
surface. An exhaust fan mounted on the machine shaft blows
the atmospheric air over the machine surface, Jdissipating

thereby, the heat into the atmosphere.
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In the pipe ventilated cooling system external and internal

fans and an air to air heat exchanger are used.

In the water cooled system, motor 1i1s provided with built-in
water column. Internal cycle »f the air is similar to the
pipe ventilated cooling system. However, there s no
external fan to blow the atmospheric air through the pipes.

Internal cocl water is circulated through the pipe.

In the self cooled machine, fans are mounted on the machine
shaft to draw the atmospheric air through the inlet intc the
machine. This air is then suitably circulated through the
active parts of the machine and then exhausted 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

sumnarised below

Fans having either radial on angle blades
Alr to air heat exchanger
9] Air to water heat exchanger

0 Ductings, pipes and other accessories
Fans are normally procured from outside sources,

Air heat exchangers are constructed with large, easy to
Jear aluminium alloy tubes flared at each end on to headers
of mild steel plates. Tubes are located to  best  advantage
and  staggered to create turbulence of the external air.
carbon dust filtery can be filled for casy withdrawal while

the mechine I8 ' weprvice,
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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
are assembled and then welded. Flanges and other accessories
are also fitted either i1n the plant or at the site to suit

various requirements.
TERMINAL AND TERMINAL BOXES

various terminal arrangements are available to suit
different requirements of operating environment, system
fault, system voltages and types of 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=2 outer case
encloses an inner fabricated steel shell with steel barriers
effectively forming three distinct segregated phase
compartments,. each completely shrouded by solidly arched
steel walls.

The inner steel shell prevents any internal arc from
damaging the main casing and as an additional precaution,
each terminal box 1is contained within glass reinforced

plastic moulded enclosure.
BRUSHGEAR, SLIPRINGS AND BRUSHES

Slipring motor is used whenever the supply voltage is weak.

iinder such conditions, its starting current can be limited.

it can also be used for reduced speed operation by

int roducing resistance i1nto its rotor circuit, However, its
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maintenance cost 1s higher because its insulted winding on
the 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 1nsulted 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 tre 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 allow for brush

wear.
PAINT SYSTEM

All the motor parts other than having machined or insulated
surfaces are painted. The painting system involves shot
Llasting or chemical cieaning of all surfaces to be painted.
After cleaning, the surfaces are applied a coat of synthetic
resin red oxide primer to give a dry fill thickness of 25-40

milerrons,

Thee  steel tube heast exchangers are chemically cleaned and

fully protected on all surfaces by immersing in polyester
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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 1s generaliy of heavy duty half-gloss
and cold cured type. The paint is ususlly 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 pPart 60 or its equivalent.

Routine tests are carried out to conform that the motion is
fault free during all its stages of manufacturing and

finally as it leaves the manufacturing plant.

A typical test programme for the above types of tests may
include the tests as specified in Exhibit-19,
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JOB NO. : DCIL-105 EXHIBIT : 11

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
AND
ARAB TNDUSTRIAL DEVRIOPMENT AND MINING ORGANIZATION

PROJECT PROFILE ON ELECTRICAL MOTORS

A TYPICAL SINGLE STATOR LAMTNATION

CIRCULAR STATOR L AMINATION

SEGMENTAL STATOR LAMINATION
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EXHIBIT : 12

JOB NO. : DCIL-105

UNTTED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
AND
ARAB INDUSTRIAL DEVELOPMENT AND MINING ORGANIZATTON

PROJECT PROFILR ON ELECTRICAI. MOTORS

TWO BASTC TFCHNIQUFS FOR COTI. LAYTNG

: E ;; ; - SLOT WEDGE

SLOT CLOSURE

SINGLE.LAYER WINDING

Z CONDUCTORS
O
yd Y SLOT LINER
//.4
TG
~ SLOT WEDGE
= — SLOT CLOSURE
iy
~~——— _ CONDUCTORS
R WINDIN
TWO._LAYE DING 2 SLOT SEPARATOR

//.—’/-_ﬁ_ SLOT LINER
o

SLOT BUILD UPS FOR LOW -VOLTAGE
WINDINGS
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JOB NO. : DCIL-105 RXRIBIT : 13

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
AND
ARAB TNDUSTRIAI. DEVELOPMENT AND MINING ORGANIZATION

PROJECT PROFII.E ON EBLECTRICAL MOTORS
TYPTICAL COILS USED TN ARMATURFE WINDTNG

-
o—

MUSH COIL

p e—

DlaMonpcolt

ENDS FORMED AND BRAZED
AFTER WINDING COIL IN TO
STATOR CORE,

COIL LEADS,

CONCENTRIC COIL
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UNITED NATIONS INDUSTRIAL. DEVELOPMENT ORGANIZATION
AND
ARAB INDUSTRIAL DRVELOPMENT AND MINING ORGANIZATION

PROJECT PROFILE ON FLECTRICAI. MOTORS

TYPICAL SIOT RBUTLD UPS FOR 1LOW VOLTAGE STATOR COTIS

WEDGE
UNDER_WEDGE PACKER
RECTANGULAR CCPPER STRIP

0
08}

%’

d F——— SEPARATOR
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———— CONCUCTOR COVERING

/ SLOT LINER

SLOT BUILD UP_FOR LOW VOLTAGE
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\S )

SLOT BRIDGE
WEDGE

N—
N UNDER WEDGE PACKER
SLOT LINER

POLYESTERIMIDE ENAMELLED
RECTANGULAR COPPER STRIP

~— SEPARATOR

GRCUP BINDER TAPE

=)

SLOT BUILDUP FOR LOW VDLTAGE
SINGLETURN COIl,




JOoB NO. : DCIL-105

UNITED NATICONS INDUSTRIAL DEVELOPMERT ORGANIZATION
AND
ARAB INDUSTRIAL DRVELOPMENT AND MINTNG ORGANT EATION

PROJECT PROFILE ON BLECTRICAL MOTORS

TYPICAL SLOT RUTLD UPS FOR RIGH VOIL.TAGE STATOR COTLS

;7773 AESY /4:: ¢ :? MAIN SLOT INSULATICH
4. r’/‘ A "52 ¢ ??4; ;?%: [ conouctormsuLamen
, s \ao) ]
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6TURN COIL 6.TURN COIL 2TURNCOIL SINGLE.TURN COIL OR BAR

1.CONDUCTOR/ TURN. 4.CONDUCTORS/ TURN {2 .CONDUCTORS]/ TURN 26.CONDUCTORS/ TURN

EXHIBIT : 15
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JOB NO. DCIL-105 EXHIBIT : 16

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGARIZATION
AND
ARAB INDUSTRIAL DEVELOPMENT AND MINING ORGANIZATION
PROJECT PROFILE ON ELECTRICAL MOTORS

LIST OF IMPORTANT CHECKS FOR COILS/WINDINGS

Machine Type

A C Siator A C Rotor D C Machines
Test
Salient
Low High Wound Pole

Voltage Voltage Rolor Rotor Armature Field

COILS AND BARS

iuterstrand * % - - 'Y -
interturn - X & Py % %
loss-Langent - bl - - - -
coruna shield - * - - - -
resistance

high voltage - * - - - -
fnsulation - - - * - A
resistance

WOUND STATOR/ROTOR

interatrand - X - - - -
interturn - fod ~ - * -
loss Langent - * -~ - - -
dietectric loss - * - - - -
analyser

high voltiage " * b * * *
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Machine Type
A C Stator A C Rotor D C Machines
Test
Salient
Low High Wound Pole
Voltage Voltage Rotor Rotor Armature Field
insulation * * * * % %
resistance
polarisation - * - - - -
index
electromagnetic - = - - - -
probe
contact
resistance - A - - - -

(Coil-to-core)

A
~

Required

Not Required
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JOB NO. : DCIL-105 FXHIBIT : 17

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANTZATION
AND
ARAB INDUSTRYAL DEVELOPMENT AND MIRING ORGANIZATION

PROJECT PROFILE ON ELECTRICAIL: MOTORS

SCRFMATTC DTAGRAM OF ROLLFR BFARTNGS

RADIAL CLEARANCE

\|

/
[

f
R N W S

TYPICAL ROLLING BEARING
A DRIVE END
B NON.DRIVE END
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EXRIBIT : 18

JOB NO. : DCIL-105

UNITED NATIONS INDUSTRIAI. DEVELOPMENT ORGANIZATION
AND
ARAB INDUSTRIAL DFVELOPMFENT AND MINING ORGANIZATION

PROJECT PROFTLE ON ELECTRICAL MOTORS

A TYPICAL SLEEVFE BFARING

SLEEVE BEARINGS WITH LOCATING BALL BEARING AT
DRIVE END

LEGE NUD

BOT TOM HOUSING WITH COOLING FINS
TOP HOUSING C1VER

BEARING SHELLS

LUBRICATING RING

AXIAL GUIDE BEARING

VENT

OIL SIGHT WINDOW

PLUG

BEARING INSULATION

O DNV DN
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JOB NO. DCIL-105 EXHIBIT : 19

UNITED NATIONS INDUSTRIAL DEV:LOPMENT ORGANIZATION
AND
ARAB INDUSTRIAI. DEVELOPMENT AND MINING ORGANTZATION

PROJECT PROFILE ON ELECTRTCAL MOTORS

A TYPICAL TEST PROGRAMMRE

—— s s — R - — ———— I~ —— e S = W D " . = — . . —— — B> ————— — - - ——— - —————_—

Sl. Type Formal Routine
No. Test Test Test Test

—— i ——— - — — - ——— - ————— — — — ———— ————— - - ————— ———— ————— ——— -

A. SYNCBRONOUS MACHINES (INCLUDING
SYNCHRONOUS TINDUCTION MACHINE)

1. Resistance of windings (cold) Yes Yes ~
2. No load lousses Yes Yes Yes
3. Locked Rolor - current Yes Yes -
- tLtorque Yes - -
4. Open-circuil secondary Yes Yes Yes

induced voltage at standslill
{wound rotor)

5. Temperature rise Yes - -
6. Teslty to eslablish efficiency Yeu - -
7. Momentary overload Yess - -
8. High voltage Yes Yeu Yes
9. Vibration Yes - -
10. Shorl-circuit saturation Yen Yesn -
11. Short-circuit losses Yen - -

B. INDUCTTON MACHINES

1. Resistance of windings (cold) Yen Yes -
2. No load losses and current Yeg Yes Yes
3. TLocked rotor - current Yen Yeu -

~ torque Yis - -
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Formal

Test

Rout ine
Test

Open circuit secondary induced
voltage at -standstill (wound
rotor)

Temperature rise

Power factor and any tests to
establish efficiency

Momentary overload

High voltage

Vibration

D C MACHINES

Resistance of windings (cold)
No load losses and current
Temperature rise

Tests to establish efficiency
Momentary overload
Commutation

High voltage

Vibration

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes
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PLANT AND EQUIPMENT

In order Lo make the estimated number of electrical motors
ol various ralings, the plant will need nearly 1,400 tonnes
of steel castinga, forgings and sections. Manufacluring tLhe
above ilems 1in 4 single plant will offer considerable
economies of scale. The plant will have tLhe following

facililies :

Production and Tool Room
Quality Control

Material Testing Laboratory
Mainlenance

Material Bandling

ULilities

c ¢ ¢ ¢ 0 ¢

Exhibit-20 presents the recommended product-mix of various

& types of motors Lhat may be taken up for manufacturing.
These figures have been arrived at by applying the norms of
consumption of motors installed in various thermal power
plants. TIn terms of weight, these add up to around 1200

tonnes,

The proposed facilities can manufacture motors above 1000 KW
capacaty  as a single unit. However, bhigher capacily motors
are {ewer in numbers. TL is asnsumed here that the maximum
weeight. of the component. to be transported by road will not

exceed 6 Lonnes.,

The main production processges involved in manufacturing

molorys are

O Fabricat.ion
O Machining

o Welding
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o Coil winding

& Vacuum Pressure Impregnation

o Assembly

o Test1ng
Based on the design parameters and the de
product, the manufacturing workload s

Exhibit-21.

Production and Tool Room

The

sections

production shop will have equipment for

o

Cutting

Metal Forming

o Machining

o Welding

'} Drilling

o Coil Winding

0 Commutator Manufacturing

o General Machinery Section for productio
and maintenance

o Shot Blasting and Painting

3] Agsembly, Testing and Despatch

List of equipment
in Fxhibit-22,

for production and tool room

Material Handling

st of  equipment  for material handling 18

Fxhihit-22. Material

handling facilities have

CONSULTANTS

for the

mand

estimated In

the following

n, tool repair

18  pregsented

sneluded

been

in

desi1gned
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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

crane:s  have been determined by considering the maximum

welight of a single piece which is to be handled at each

stage of production.

For 1inter-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 testing laboratories to
check the physical and chemical properties of incoming
materials. Equipment bhave also been recommended for
destructive and non-destructive testing of the finished
components., Electrical testing plays an important role in
manufacturing of motors. It requires sophisticated testing
facilities like Surge Tester and Ultraviolet Ray Recordars

which have alsn been inrluded 1n the above section.
Auxiliary Equipment

List of auxiliary equipment is included i1n Exhibit-22.
Maintenance

List of equipment for marntenance shop and tool room 1s also

shown 1n Exhibit-22,




JOB NO. : DCIL-105

EXRIBIT

UNITED NATTOHS INDUSTRIAI. DEVELOPMENT ORGANIZATICN

AND

ARAB INDUSTRIAI DEVELOPMENT AND MINING ORGANIZATION

PROJSECT PROFILE ON FLECTRICAIL MOTORS

RECOMMENDED PRODUCT-MIX

KW Rating

2.01 - 4.00
4.01 - 5.00
5.01 -~ 7.00
7.01 - 10.00

16.01 - 30.00
i0.01 - 100.00
100.01 -~ 1000.00

1001 and sbove

No. of
Motors

- - v

453
407
175
256
268
163
268

16

2026

-
-

DEVELOPMENTY
CONSULTANTS

20
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JO3 NO. : DCIL-105 EXRIBIT : 2]

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANUZATION
AND
ARAB IXDUSTRIAL DEVELOPMENT AND MINING ORGANIZATION

PROJECT PROFILE OK ELECTRICAL MOTORS

ANRUGAL PRODUCTION LOAD

Rutor Weight Motur Weight

Capacily No. of Hnit Total Unit Total

Range {(KW) %aters (Kg) (Tonnes) (Kg) (Tounes)
2.0 -~ 4.00 453 14 6.34 45 20.38
4.0} - 5.00 407 22 8.95 75 30.52
5.0 -7.00 175 30 5.25 130 17.50
7.01 -~ 13.60 256 19 9.98 130 33.28
10.61 -~ 30.00 268 60 16.08 200 53.60
30.01 - 100.00 163 165 26.89 550 89.6Y
100.01 - 1900.00 268 1050 281,40 3500 938,00
1061 and abgve Ih 1800 64 .80 6000 216.00

o = e e o > o —— ——— . - 1 > e g o

Total 20920 419,69 1398.43
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308 D0, : DCIL-105 winre : 22

HITE NTIORS DPSISTRIAL DEVELOMESY ORGANIZATION
an
A0S TEDISTNIAL MEVELOFATIY AND NIWINC OBGANFRATICR
MOJICT MOPTLE OF SLECTRICAL NOTCXS )

CISY OF MAJOR DRRIPRENY D EAZGTOOLS

—— - -

Power PoiL. Mial

sl. Bos.  Comsumption Price Price
To. Rase of Equipsest Brief Speeification lequired  {IW) 141 B 1]
TABRICATIOR SROP
1. Male Shearing Mackine Type ¢ Hydraeiic i B 49,55 49,59

shearing Lemth : 3500 s

Kas.plate : Hes
thickeess
1. 3 Boll Plate Besdimg Horking WiGlh  : 3000 m» i 96 1,22,800 1,212,008
Kackine
Kas.Plaie : 18 s
thickness
3. Cross Carriage Profile  Type of Poel Gas : Acelylene ] 1 18,888 18,008

Calling Hichine
Traciag Madlh ;2000 o0

Traciag table  : 1500
Lengta

Qutfing Width 25606 ma
Cetbing Lenctd ;2000 nae
&, Bectifier DO Weldikg 31 : Forced Air Cooled I 4] 10,300 14,360
o Range of deldieg : 13 - %t Aopa

Currest,

Mated furrerl ;640 Aups




DEVELOPMENT

o ————

................................................................................................................

Ro. Mave of Rqurpaert

§. HIG Weiding Sst
conplete with IC
rectsfier pever souree,
serve wrve [eeder waif,
€0, requlaler cup
flos woter, and beatcr
wilh ccre asseshiy

6. deit Treslsest Tormace
with Qeenching tank

1. Stcens Relieving Purnace

RACREER 2307

I. Cealre falhe

Yerbical Tueret Lathe

4

brie{ Speciitcation

Tooe

Ral=d Currest

Open Gircuet
Yoitage

Type :

Chamber Disensica:
Tenperaiure Range:
Cycie time for
hea'sng to fuil

tesperature

Chanber Dimennon:
{La¥eh :

<enlre Retght
Cenbre Distagce
Matisun load

Haztmun Suing
over bed

Distance belveen :
Spindie Nore snd

Turret

Hasioun ‘oad !

Sem1 Automatic
400 Anpy

55 ¥ I

Bientzicaily bealed,

tatch type, bogie
hearth Forsace

1005 300 5 50
168 - 1258°¢

1 mours

431 051 1.5 et

350 as
100 ne
5 Toxne

109 »a

l”ﬁ . ]
Hin, 199 a»

15 Yonae

CONSULTANTS

IImIRlY : 22

Power It Total

Bos.  Coaswmptine Price Price

Heoxared 41} ] s}

| kY 5,188 5,316
i 1 30,580 36,98
| 9y 93,600 79,000
3,217,068
i 10 35,808 76,000
1 5 50,000 1,008,009
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JOB %0. : DCIL-18S It : N

it Tolal
Bos.  Comsusption Price Price
Required {xn} )

+ CC Verircal Nackiming

Cenlre

. CKC Borizoatal

Nachining Cealre

. CHC Horizoatal

Hachining Centre

. Borizonta! Milling
Hachine

Teyuay Mallzng Machine

« Cyhindrical Grinding
Nachine

o Surface Griding
Kirhine

Kadia® Brifling Macaine

Table Disensiop

Razisum Dimension:

of the job

Raxioun foad

Table Dimension :

Kaxinas Disension:

of the job

Haxinue Load

Tabie Disension :

Bazisun Dimersion:

of the job
Naiions Load

table Disension :

Maxisum Disension:

of the job
Mazisus Load

Ba1isus Length
of Keyway

Adeit belween
Centres

Swing over Lable :

Nasisue Load

Working Sorface

Masisus Grinding :

Drilling Capacity:

i1n Ster)

Arn Length

1598 1 680 oe

1650 1 560 1 619 we

i.8 Yorne
630 1 630 m»

856 1 700 31 150 ma

1.2 Toape

U60 5 1300 oe

2408 1 1500 5 1600 pe
3 Yomne

1200 3 1200 am

1600 3 1208 5 1400 m»

4 Yomne

1440 s

1600 »»

500 =
4 Yonnr
258 5 1000 ae
0 .

86 on d1a

L) a

1,608,008 1,60,060

1,35,008 1,15,600

1,18,080 1,186,000

25,000

22,000 22,000

1,82,080 1,480,000

1,000 19,008

20,000




DEVELOPMENT

JOB NO. : DCIL-195

1i. Deep Hoir brifiing
Nachine

12. ONC Nev Seiling Machine

MOTOR NANGPACTERING SROP
I. Verlical Melal Culting

“ireular Band Sav
(Do al] Saw}

2. 1 %olusn Dishing and
Fianging Pregg

. & Coluan Dishing and
Ftanginy ¥ress

b dpleandie Presy

~

ketor bamiing Hachine

Dritlimg Capacily:
1n Steel

Adm

Table Disension
Feyway length
Keyway Width
Teyway Bore

Hatiaup deight
of the job

Type

Blade N1dth

Admil between
centres

Caparsly
S1ze of Bed
Capacily
S1ze of Bed
Capacaly
Size of Bed

Kaximm dra of
folor

Swing over hed

Hagioum +llowable-
Lengton

15 »m d1a

3506 e

R EHEY
750 »a
-1,
10 - 500 ma

15 Tonne

Conlour Band
Saving Machine

1.5

100 o

53 Tonne

1506 x 1500 n
154 Tonne

1580 5 1500 e
590 Tonne

b0 440 »e

N0 a»

560 »m

W00 xyivee

Required

os.

CONSULTANTS

RIGIBIT : 12

Power Ul Totai
Coasumplion Price Price
o) {§} {$}

§ 18,000 in,G00

IS 1,50,000 1,50,000

i0,77,000

5 40,008 49,008

15 2,000 21,000

10 45,000 45,000

15 85,000 85,000

15 15,000 15,000
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308 B0, : DCIL-185
st.
Bo. Neve of Equipeent

0.

ryoame Rotor
galneing Machene

Tic #etding set
cupplete with Argun
Arc Torch  and
accessories, IC
Supressor umt, bigh
frequency unil, water
cirzuialion umt and
BC recLifier power
aource

Yaccus Pressure
fapregnation
~hasher (VPI}

fiven for Vaccum
rressnre [apreqnal.ion

. Vernish Tenk fur Vaccus

bresgure [apregnal.ion

plankiny Press tog
samfacturing sLanpingy

Reminai Neight
Taparity

Mazisun diserler -

of Rotor

Mazisun Rolor
Length

Speed

Type

Range of Welding :

Curreat

Chasber Dia

Length of Lhe
Chanber

Chanber Dinension:

Chasber Disensinn:

Nasimus d1a of
Rotor

Mazimun bength
of Rotor

Typr

Capacily

14 Tonne

1500 m

5506 ne

1084 rpm
Sems automatic

40 - 3508 Aopa

1200 »a

000 e

5000 5 2060 x 2060 ma

5006 1 3000 5 2000 e

17150 »a

5740 o

Hydranhie

400 Tonne

CONSULTANTS

KINIBIY : 21

Power Uil Tolal

Ros.  Conswmplion  Price Price

Required iKu} {5} {$)

i . 32,808 3:,008
1 0 4,400 4,40
1 10 12,000 12,000
} 1 1,000 2,000
] 5 3,000 3,000
| b0 75,000 75,000
i, 44,400
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JOB 0. : DCIL-185 eI - 2

Puver Wt folal
§l. Noi.  Consusption Price Price
Y. Nawe of Equipsent Prief Speraficalion Required (s} i§l (§1

COIL MINDING SHOP

i. vorl Yapping Machne Type : Autumatic Verticsl ] 1 30,000 36.660
Condutor

Taping Capacily : 6 layers of insulation
Lipe an base copper
strips

4o bayer Winding Machine Type . Suitable for providing | 5 9,000 9,600
layer Lo both arsature
and {1reld couls

3. Slorip-on-edge Coil Type : CAC, Suitable for field 1 19 17,000 22,000
Wi0d 109 Hachine w0118 of large mLars

§. Conliruvus Conduclor Capacily : Straight Coils uplo 1 5 6,800 6,660
tappiny Machine 1500 wa lengih

5. Coil Looping amd Type . Suileble for spreading | 1 12,080 12,908
Steetehing Machine high vaitage diamo.d

coyis upto 7 sts apan

b Hal rarl Prewsing Type SSLISTTIT 1 15 19,000 19,009
Hachype
Capacily ¢ 30 Tonpe
1. Arsature Bramding S¥ing aver beq 850 wn I i 1,000 22,00
Nachine
Admil belveen  : 310u mm
Veiires
8. Stetor Rolator for Tapacity I BT 1 - 16,000 32,000
#inding
5, kotor Eolaler (o Capacily © il Tanne 1 - 16,000 32,060
Winding
Kaximun 4 of idt me
Rotcr
1, Rotor Rolator or Taparity © 10 Tonne 1 - 16,000 32,400
Rrazing
Masimun s of  : JU0O oe
olog .

{16,000
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JOB 0. : DCIL-105 mnir:

Pover It Tolal

Sl. Eos.  Consusplion Price Price

lo. Nase of Rguipsent Briel Specificalron Requared L] {$) {5}
COMMUTATOR SBOP

1. Drew tench Type ;. Smlable for cold 1 14 10,960 16,066

draving of profiles

Marises Dla of : 600 na
vorkplece

Marisum Genglh : 400 o
of vorkpiece

2. L-Cut Shearing Prexs Maximum Size of : 120112 me 1 ? 6,000 6,000
flai to be
sheared
. Length of blade : S m
3. Rydraulic Press Maxisus Capacily : 50 Tomme | 1.5 1,000 18,800
4. 01i Fired Annealing Size of healing : 600 1 600 5 1500 wa 2 - 5,008 16,000
Furnace Chanbe;
5. Pickling Tank Size of Chamber : 43 1.9 1.5els 1 - 7,000 14,008
6. Automstic Comsulator Chanber D14 : s 6 - 100 (]
Season1ng Bguipsent
iscjuding ovens Chasber Hejght. - 4@ .
64,600
100 ROON ABD NAINTEEANCE
I. Wire cul EDM Machine Masimum Thacknens: i - 10 o | .9 8, 3,600
ol Wire
Lenglh of Wire to: 30 - 1060 o
enl Avtomatically
i. brofale Grinding Height of Centrex: (75 o0 i | 13,000 13,080

Machine
Distance belween : 645 so
Cenlrey

Interaal Crinding: 25 - 200 oo
ha

bepth of Grinding: 125 - 200 e




J08 30. : DCIL-105

§. haw koring Machine

4. Neal Treatmeat Puraace
vilh Quenching Tank

5. Precinion lalhe

6. Bench Grisder

1. Waiversal Milling
Nacnine

. Coluen Dra)ling Machine

4. Arc delding Set

1o, Keetilrer DE Welding Set

1. epew Jack

Type

Neeful Table Area:

Reading Accuracy :

Positioning
Mecuracy

Bore Tolerance

Type

Chasber Dimenzios:

Teaperature Range:

Cycle Line for
heating to full
lesperature

Centre Height

Distance between -

Cealres

Wher! Sitze

Table nige

Dralling capacity:

Currenl Pange

Curreni iange

Type

Capacily

¢ Verlical

450 3 016 o

il -

: 0.00) 0

1151176 (iSC Slasdard)

: Rlectrically heated,
batch type, bogie

bearth Purmace
368 1 300 1 150 ne
108 - 1258°¢

1 hours

MWw

1500 na

1858 m

0 oa g 1525 ps

0o

10-450 Apps.

.....

batehet dgpe, §if! g

aM Traveruning

5 Tonse

Ros.
Required

1

DEVELOPMENT
CONSULTANTS

mIslt : 1

Pover it
Consempt 10  Price

() i$)
1t 25,308
1 #0008
H 3,560
'} 1,000
10 22,000
1 1,400
5 4,000
W 6,000

31,500

4,000

2,00

1,400

4,000

6,000

600
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J08 . : DCIL-145 misir .
Power it tolal
sl. Bos.  Cosswsption Price Price
Bo. Nase of Bquipment Brief Specification Required {m) {$) {$)
12. Collapsible Ladder Type ¢ Self-supporting 1 - 156 150
ertesdable al}
alusinive ladder
Closed Rerght  : S
Exlended Neight : 5
13, Collapeible Tadder Type : Seli-supporting 1 - m (]}
estendable all
aluminive ladder
Closed Height ls
Bilended H2aght : 5.5
1. Battery Charger No.of phases : ) 2 - 100 m
Inpul vollage my
Jutput voltage Wv
15. Neigh bridge type Electronic, Road 1 - w370
Transport
Capacity 15 Tonae
Platfora size : I3l
16. Portadle Platfore Type : A I - LW 1%
Wighing Scale
Capacitly 0 K9
Platfore size LB wes 125
17, Work Besch 50 w lasinated top 1n angie iron (rase 1 - Lwepsue

vith four angle iros Jegs

S11e of top
sar{are

tioor Lo Top
height

2000 1 050 0o

P W»
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JOB 10. : DCIL-145 GIeigIt : 1

Pover il Total
Nus.  Conswsptiun Price Price
Required {Kw) t$)

Surface Plate Surface piale nade of ciose graravd
cast 1ron of 203 BAN slurdy angle
iron frase and adjusting jacks

top surface suie o 1000 2 600 o

Sleel Tole Box Welded sleel coastruchior covered
vilh heavy duty vire sesh

Size : 1N s 58 e
Closed Storage Shelves
Open Storage Shelves
Workers' Tool Cabinel
Lubrication Equipment
Other Rand Tools

1,45,956
RATERIAL RANDLING

8.0.7. Crane Capacily : 19,000 19,000
Span
Clann 1)
F.0.T. Crane “apatily : 10 Tonse 6,660 56,680
Span : 16 W appros,
Plasn T
. B.0.T, Crase Caperily © 13 Tonne 1,29,000 1,129,800
Span oo Woapprex,
lann i
b LT, Crane Caparily = St Tonne 1,95,000 1,95,000

Span . kb N oapproy.
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JOB #0. : DCIL-185 SIRIBIT : 22

Pover It Totel

St bus.,  fonsusplion  Price Price
fo.  Kame of Equipsenl Bri+{ Specification Required (1) {51 is
5. Eagine Driven Oversii ib S ets ] -

Mubiie Craae Leagth

Mt hiiting
Capacity ot 1 n

tadin 2 1 Tonse 1 - 15,008 35,000
2 Toane 1 - 0,000 22,000
5 Toane 1 - 25,008 25,000
6. Forklift Truck Type : Battery operaled

Load Ceatre : 500 o

Nasimun Jift ¢ 1.6b ts

Capacaty : ) Yonpe 1 - iH,000 .

1 Toane 1 - 45,200 45,200

1 Tinne ] - 49,960 49,300

. Hand Push trolley fapaeity : 1808 kq 1 - 100 00

500 kg 2 - [ 14

1, Doubir Wherl Barrow Type : Heavy Duly L} - (1] LE
rapacity : 0.10°

3, Tewek GV : 14,690 Bg 2 8,000 16,000

b0

INSPECTION AND TUSTING
Nechanical Neasoring Instresests
i. veenter Calipers, Depth  Suilable for measuring upto 1500 oo - - Lueprue 1,000
Vernier, Heaght Vermier,
Out mide Microreler,
Insrde Micrometer,
Ferrer Gauge

L Dral ledieatng Smitabie {or measuring 0.U) oo Lo 10 pe - - 180

Lo Strobmgrope Smladle for seasuring apred apte 19,000 rpa - . 109
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JOB 0. : BCIL-185

4. CBC Co-ordinale
Reasuring sachine

3. Wibralios Surveyor

6. Brineli Nardaess
Testiag Machine

1. Rockwell Hardeess
Testing Machine

8. Oniversal Testing
Nachioe

8. rrack Bepth Deteelion
and Nie Pepetranl Test
P paent

16, fop.et Texting Nachine

tho Wetallographie Specimen
Bount vy Baker i le Pregy

table Size 1100 x 1100 1 756 »a
Niriso load 1 Tonne
Accuracy 0.4

Stardard
Type Power operated
Mpplied Load 250 - 3000 kgs

The sachine chal) use both steel bail and

diavond cose
firor Load 19 kg
Wejor Load 160 kg, 150 kg
Type Aydraulically Joaded
Capacity 100 tonmes
Standard

Type pendulas 1ype

1apacl charpy sysien
Caparity

Wik Copplestary :

oty

Wibtonl Comple-
sealary #rinbls

Caparity

30 ko

15 ko

A loppex

CONSULTANTS

minit : 12

Power it Tolal

Bos.  Comswmplica Price Price

Required () {$} {$)

1 13 12,669 12,000
- - 580
1 i LB 1L
1 i 9,000 9,080
] 6 18,000 18,400
] - 600 600
1 ! 1,000 1,800
i ] 800 R0¢
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JOB B0, : DCIL-10% LXNINIY : il
i Pover it Yolal
sl. Ros. Coasusplion Pr:=e Price
Bo. HRame of Rquipsent Brief Specification Required () s i$)
1i. Surface crinder Type : Swing Lype, f}oor 1 1 54 Sé
sodie vith cup vheel
Sample Size
Diametes : -
Thickness : 13-,
13. Specimen Grinding and Disc Size : Wi m 1 i 508 500
Pulishing Machipe for
fetallography
14, EBlectrolylic Polishing  Type : Laboratory type electro- | 1 n 208
Apparatus lytic polishing apperates
Mas Sapple : 1%
Diaseter
Mar Sample : Woe
Keight
15. Melallographic Type : Projection-cun-Photo- | - 100 180
Ricruscope sicrograph laboratory
Lype microscope
Magmification @ 58 - 1880 dia
6. Maleriel Testing Speciro- Bned for qualilative and quantilalive ] - 540 580
scope analysts of sasples using wicropholopeler
and potographic plate or fils for recording
17. Apparatus for Deter- Nas tacbon N 1) 1 - 100 199
sination of Carbon Conlent
and Salphur
Has Selphur N A1)
Content
18, Oltrasosic teating Type : Bltranomic, pulse } - 16,000 6,000
Pquipsent reflerLion portabir Lype
Weasuring kengr : | - 1008 co
I Sterl
Yrequeney Range @ 0.5 - 10 Me/a




DEVELOPMENT

sl.
Bo. Nase of fSquipsest

18. Magrelic Crock Detector

8. Abrasyve Cutling Machine

1. weighing Machine

Porlable testing Tools

1. Porlshie Hardness Teater

L. torhibde Hardness Tester

{. Portable 1-Ray Pquipsent

CONSULTANTS
eIiY : N
Pover il telal
Bos.  Comswsption Price Price
Brief Specification fequired )] i3 {$)
The deleclor =hall produce buth 1 - W% 20,59
longilndinaland circuiar sageetic {relds
Currenl Range 256 - 12800 anps
Voilage Range 4 - 1 volts
Type Subserged Lype, wet 1 12 .66 s
oscillating cutting
sachine for laboratory .
use
Mar Cutting 100 o
Capaciiv
e of Cutting 5 .
Wherl
Type AnalyLical balance i - 1 158
Capacily 100 oms
Sensitivily 8.1 »g
Type Rockvel | 1 - 500 500
Type Polds Lype hardness ! - 584 500
Lester (ferroun and mon-
ferrous) conmisting of |
tester slanderd teal bar
and measuring magmifiicupe
Indentor 10 o d1a Branell Ball
Type industrial 1 - 8 608
Nax Thicknens 100 ae
Seamtl pvity b

L1400
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RAW MATERIALS AND OTHER INPUTS
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RAW MATERIALS AND OTHER INPUTS

The basic materials, consumables and bought out items
required for ménufacturing 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
0 Primer and paints
o Welding electrodes
o Furnace oil

o Auxiliary equipment like Bearings, Fans, Heat

Exchangers, Ducting, Pipes, etc.

5} Hardware and other miscellaneocus items including
cutting oil, lubricants, soaps, cotton waste and

electrical consumables.

Technical gpecifications of these materials and their annual

requirement are presented in Exhibit-273,
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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 equipment shall be bought-out. The cost of
these has not been take. into consideration while estimating
the production cost of the motor. Roughly, thesc represent

about 10% of the total girice 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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JOB NO. : DCIL-105

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION

ARAB INDUSTRIAL DEVELOPMENT AND MINING ORGANIZATION

PROJECT PROFILE OR ELECTRICAL MOTORS

REQUIREMENT OF RAW MATERIALS, CONSUMABLES AND BOUGHT-OUT ITEMS

AND

CONSULTANTS

EXHIBIT : 23

Ttem

Material
Specification

Yearly
Requirement
(MT)

Price
('000 US $)

Steel Plales
{l mm to 3 mm)

Forged Mild Steel
Shaft Carbon
Content 0.252

Angles and Channels

Phenolic Resin
Cast Alhuminium Bars
(for 350 mm Centre
height motors)

Copper Alloy Bars
(for large motors)

Tnsulating Material

Fasteners 1ike nuts,
holts, gaskets, etc,

Steel Grits

Primer & Painta

As per BS : 1449
Part T and 11

As per BS : 4670

Rolled Section as per

BS : 4868 Part IV

Standard

As per BS : 1474

Commercial Jrade

Continuous Mica (for
tape insulation), paper,
bitumin, o0il laguer,
asphalt, polyester
varnish

Ay per BS : 6104

Chilled Steel Angular
shots Grade 8-14 mesh
As per BS : 2451

As per BS 3 2523

2,150 2,988.50

880 985.60

123.70

1,820.00

104.80
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JOB KO. : DCIL-105

CONSULTANTS

EXHIBIT : 23

Material
Specif ication

Yearly
Reguirement Price
(MT) ('000 US S)

Welding Electrodes
Furnace 011l
Auxiliary Fgquipment
like Fans, Heal

Exchangers, Ductling,
Pipes, etc.

TOTAL

As per BS : 2493
As per BS : 2869

Standard Bought-out
Items

18,7 1.30
113,20

310.00

6,483.35




SECTION - 9
UTILITIES
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UTILITIES

UBLililies in the plant will include power, water, compressed
air. Apart from the above, facilities have been suggested
for aitr-conditioning of Lhe adminiutrative building and for

fire-fighlLing.
Power

A summary of power requirement is presented in Exhibit-24.
While calculaling Lhe Loltal load, power required f{or general
Jighting, air-conditioning, dust collection and fume conlrol
unils and [or other ulilities have also been considered. The
lighting Jload for Lhe office building has been computled
based on the assumption thal it will merely supplement the
natural light which will otherwise be sufficient. As all the
equipmenL. will not be operated simultaneously, differenL
load faclors have been considered for various types of
equipment. Based on the different load and power factors,
total requirement of power is estimated as 1300 KVA. Since
the power rating required for production equipment and
services 13 415/220 volis, 2 transformers, each of 1000 KVA
rating are recommended. Tt is assumed that the power will be
Lapped  from a 11 KV overbead Lransmission line. Thus the
Lransformer will have a step down ratio from 11 KV Lo
415/220 wvolts. Further, Lo reduce Lhe fault Jlevel and
(lucluations in the lighting line, 1 lighting Lransformer of

100 KVA capacily is alno recommended.
Water

Wit eer an Lhe plant will be needed for Lhe following purposes:
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production
heat tLreatment
as coolant for metal cutting tools

for cooling the central air-conditioning system

c ¢ ¢ ¢ ¢

for cooling air compressors

Average rale of reyuirement of water for the above funcltions

is about 5 m* per hour.

The plant will also need water for

o drinking and cooking

) sanitation, gardening and shop floor washing

Requirement of water for the above mentioned needs is shown
in Exhibit-25. The total average requirement is estimated at
8 m* per hour. For human and sanitary needs, the water
consumption has been estimated al 100 litres per person per
8 hour shift.

It is proposed that the planL be equipped with a 4" dia
deep tubewell, 2 pumps - each of 12 m? per hour capacity,

and one overhead tank of 25 m? capacity.
Compressed Air

Compressed air is needed in the plant for the following

purposesy

o operaling hand tools like chipping hammers, hand

grinders, etc.
o operating spray guns in the painting booth
0 operating shot blasting guna in shot blasting booth

connected load of compresmned air as shown in Exhibi1t-26 for
a1} Lhese purposes is estimated an 5.6 ®m> per minute.

Conwidering a demand factor of 0.5, maximum rate of
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consumption 13 estimaled ax 2.8 m® per minute. Considering
delivery losses and compresasor efficiency, the compressor
capacily required is about 6 m® per wminute. Therefore il is
recommended that 2 compressors of 3 m® per minute capacity

delivering air at 7 Kg per cm?® pressure be provided.
Air—conditioning

[t s proposed that Lhe administirative building be centrally
dir-conditioned Lo credle a conducive atmosphere for
efficient working of the personnel housed in Lhe building.
For thie purpose, a centralised air-conditioning system of
80 tonnes of refrigeration (TR) capacity with individual air
handling units for each floor is recommended. The system
shall have a separate cooling tower of the induced draft
type for water cooling. The workshop shall be provided with

room coolers for circulation of air.

Major equipment and accessories for all utilities are listed
in Exhibit-27.

Fire Protection Sysntem

Sufficient number of fire exLinguishers of different types
will be required for fighting fire within the workshop
premises. The enlire fire fighting saystem/appliances in
classified into Lhree major calegories, viz., portable
extinguishers, wheeled extinguishers and fixed wnystems.
Apart from these, other appliances like fire detector,

alarms, sand/water buckets, etc., will also be needed.

Transport

The company may provide cars only to the top personnel
belonging to levels 1 and 2. Therefore, 1n all, 2 cars and 2

buses should be sufficient.




JOB NO. : DCIL-105 FXAIBIT : 24

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
AND
ARAB INDUSTRIAL DEVELOPMENT AND MINING ORGANIZATION

PROJECT PROFILE ON RLECTRICAL MOTORS

SOMMARY OF POWER REQUIREMENT

Sl. Connected Demand Max Demand Power KVa
No. Description Load (KW) Factor (KW) FaclLor Demand

Voltage - 415/220 Volts

1. Production Egquipment 1070 0.7 750 0.8 938
inclusive of Material
Handling Equipment

2. Material Testing Laboratory 48 0.6 29 0.8 36
3. Tool Room 45 0.6 27 0.8 34
4. General Lighting 120 0.5 60 0.8 75
S. Air-conditioning, Air 130 0.7 91 0.8 114

Circulation, Environment
Dust and Fume Control Unil

6. Miscellaneovus (Walter Pumps 100 0.4 40 0.8 50
and Compressors)

Total : 1247

Say : 1300 KVA

SINVITNSNOD
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JOB NO. : DCIL-105 EXHIBIT : 25

UNITED NATIONS INDUSTRIAJ. DEVELOPMENT ORGANIZATION
AND
ARAB INDUSTRIAL DEVE] "PMENT AND MINING ORGANTZATTON

PROJECT PRO¢ .I.E ON FLECTRICAL MOTORS

SOMMARY OF WATER REQUTREMENT

— — . — — - . — P A — S - — — D T T D - — T - — - -~ —— -

Sl. Water Consumplion
No. Description {M2/Hour)
1. Waler for Technical Purposes 3.0
(average)
2. Average Requirement of Cooling Waler 2.0

for Cenlral Air-conditioning PlanL

3. Average Requirement for human consumplion 3.0
and Sanilary Purposes for 313 Persons

4, Peak Consumption for (3) 15.0
5. Tolal Average Consumption (1+2+3) 8.0

6. ToLal Peak Consumption (1+2+4) 20.0

- - - — - W - - ———— - — -~ — —— - - - - — - -
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JOB NO. : DCIL-105 EXHATBIT : 26

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
AND
ARAB INDUSTRIAL DEVELOPMENT AND MTINING ORGANIZATION

PROJECT PROFTILE ON FLECTRICAL MOTORS

SUMMARY OF COMPRESSED AIR REQUIREMENT

Air Consumption
(m*®*/Minute)

Production Fquipment & Tool Room

Painting Booth
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JOB NO. : DCIL-105 EXHIBIT : 27

UNITED NATIONS INDUSTRIAI. DEVELOPMENT ORGANIZATION
AND
ARAB JINDUSTRIAIL DEVEIOPMENT AND MINTNG ORGANIZATION

PROJECT PROFILE OR ELFCTRICAL MOTORS

MAJOR EQUIPMENT AND ACCESSORIES FOR UTILITIES

- — - ——— — ———— - ——— . ——— . —— > W ————— —— o —— - - = ——— - ————

1. Electrical System

o 2 x 1000 KVA step down 0Oil Cooled 43,800
Transformer (Step down ratio 11 KV :
415/220 volts, 3 phase, 50 Hz)

o 1 x 100 KVA lighting Transformer 4,000

5] 11 KV Switchyears, Isolator, Acces- 4,000
sories, MCC, Distribution Boards,
Cables and Grounding Materials

o Lighting, Fans and Room Cooulers 8,500
0 Intercommunication System ' 20,000
2. Water Supply Systenm

0 Two Watler Pumps (12 m?/hour capacity 4,400
each), One Overhead Tank (25 mn>3
capacity each), Valves and Other
Fittings for water dislLribut.ion and 1,200
cost of digging 4" dia Tubewell

3. Compressed Ajr System

0 Two compressors of 3 m® per minute 13,000
capacily delivering air at 7 kg per
cm? pressure

4. Air-conditioning System [or Lwo storied 90, 309
Administiralive Building - 80 TR Central
AMir-conditioning Unit with individual
Air Handling Unil For each (loor
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5. Fire-fighting Equipment

6. FurniLure, Fittings, Drawing Equipmenl,
File Cabinels, Phones, Office Equipment,
etc.

7. Tramsport (2 Cars and 2 Buses)

O - —— - ——

CONSULTANTS

EXHIBIT : 27

1,800

18,000

70,900

2,79,900
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SPACE AND LAYOUT

Space required for various sections in the plant is shown in
Exhibit-28. Each section of the plant comprises a number of
work centres. The space for each work centre has been worked

out based on the fellowing 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?2,
while the total land area is estimated as 15,000 m2. 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 Administrative building

o Auxiliary buildings
Workshop Building

Layout of machine tools and equipment  in different
production shops are presented in Fxhibit-29, enclesed in a

pouch a4t the end of this Report.
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While preparing the layout of machines in different shops,
care has been taken to ensure unidirectional flow of
naterial to the extent possible. The machines are also
placed in a way that will facilitate easy movement of men
and material handling equipment. Gangways of 3.5 metres

width have been provided between different producti.n shops.

It 1is 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 -~ontrol.

Administrative Building

The administrative building shall be made of two storeyed
RCC brick constructioin. Space for workshop office,
administrative office and auxiliary buildings have been

worked out based on the manpower requirement.
Auxiliary Buildings

Auxiliary buildings include toilets and wash rooms, security
office, trandformer house, pump house, material)l testing
laboratory, etc. All these have been located at appropriate

places. These shall be built with masonry bricks and cement,

For effcctive operation the workshops, utility centres and
other buildings are g0 located that they are not far from

~ach other. The administrative building has been located a
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little far away so that it is least affected by the noise,

and the hustle and bustle of the workshops.

Exhibit-30, enclosed in a pouch at the end of this Report,
shows the relative location of different shops and
buildings. Estimated cost for civil work 1including land
development, fencing, drainage, roads and building

construction are shown 1n Exhibit-31.
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JOB NO. : DCIL-105 EXHTRBIT : 28

UNITED NATIONS TNDUSTRIAL DEVELOPMENT ORGANIZATION
AND
ARAB INDUSTRIAL DEVELOPMENT AND MINITNG ORGANIZATION

PROJFECT PROFILE ON ELECTRICAIL MOTORS

ESTTMATF. OF SPACF RFEQUIRED

- ———— - ——— ————————— —— ————_— —————— > _— - — - —————— i~ —— —— — > ———

- —— - D T —— — ———— ——— ——— T ——————— = ——— ————— - — —————_——_— - — - -

1. Workshop

o Raw Malerials Store 180
0 Fabi wcation Shop 300
o Machine Shop 430
0 Motor Manufacturing Shop 480
o0 Coil Winding Shop 370
0 Commutator Shop 215
o Maintenance, Tool Room & Repair 445
0 Shot Blasting and Painting Boolth 135
O Aisles & Gangways 685
Sub-total -;5;6

2, AdminisLralive Building - 576

PDouble StLoreyed
3. Auxiliary Buildings

9 Transnformer House and 144
Dinteibut 1on Contre

O Puinp House: 36

O Compressor Houss 36
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NO. : DCIL-105 ~ EXHIBIT : 28

Canteen & Wash Room
Material Testing Laboratory

Security Room

Sub-total

Total Built up Area (1+2+3)
Open Area Required
Total Land Area provided

inclusive of Area for future
expansion
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JOB NO. : DCIL-105 EXHIBIT : 31

UNITED NATTONS INDUSTRIAL DEVELOPMENT ORGANIZATION
AND
ARAB INDUSTRIAL DFVELOPMENT AND MINTNG ORGANIZATION

PROJECT PROFIT.E ON FLECTRICAL MOTORS

ESTIMATED COST OF CIVIL WORK

('000 us $)

Land and Land Deve lopment 15,000 1,879.20
including fencing, drainage
and road construction

Workshop Building having a 2,925.72
height of 8 metres from floor
Lo top of crane rail

Adminisirative Building 627.26
double storeyed

Auxiliary Buildings comprising 1,528.95
workshop of(ices, Loilets and

washrooms in workshop,refresh-

ment centres, transformer

house, pump house, first-aid

centre, securily, garage and

conLrol room

6,961.13
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MANPOWER AND ORGANISATION

The organisation has been designed Lo meel the functlional
needs of a plant in which about. 1,400 tonnes of grey 1iron
caslings, forged sleel bars, etc., will be procesaed
annually to manufacture motLors of varying capacity. The
organisation will carry out all the activities performed by
a typical manufacturing unit. In order that the plant can
plan, execute, co-ordinate and control all the necessary
acLivities, the deployment of manpower has been categorised
under the following heads :

Product.ion
Maintenance
Quality Control
Engineering
Materials

Marketing

Finance and Accounts

Personnel and Administration

Based on the above eight activities/functions, the
organisation has been divided into siX departmentis.
Production and maintenance have been put together, while
engineering and quality control will be looked after by a
single person. Fach department will be under the charge of a
depsrtmental head. Four departmental heads shall report to
the General Manager, while the remaining two shall report to
Lhe  Works Manager. Organination chart for the senior level

management is presented 1n Exhibit-32,
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Production

All the SeclLions within the Production Department will work
in double ushift.

Production and MainlLenance have been placed under overall
supervision of a Production Manager, who will report to Lhe
Works Manager. Production Manager will be assisted by a
Production Engineer, who will be in charge of bolLh
production and mainlenarce funclLions.

Manpower requiremenl in the production department is
estimated in Exhibit-33.

Manpower requirement and organisation chart for different
Departments are shown in Lheir respective exhibits as
indicated below.

St. Exhibit for Exhibit for
No. Shop Manpower Organisation Chart

1. Production 33 35

2. Mainlenance 34 35

3. Qualily Control 36 37

4. Fungineering 38 39

5. Malerials 40 41

6. Markeling 42 43

7. Finance and Accounts 44 45

8. Peraonnel and 46 47

Administration

InspectLion and Qualily Cunt.roi

This department will be headed by o Manager, who will be in
charge of both tLhe Quality Control and Engineering

Depariment with «ane Engineer (Inspecbtion and Quality
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Department with one Engineer (Inspection and Quality
Control) reporting to him.

Manpower requirement and organisation chart for this
department are shown in Exhibit-36 and Exhibit-37,

respectively.
Engineering

Manpower requirement and organisation chart for Engineering
Department are shown in Exhibit-38 and Exhibit-39
respectively.

Materials

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 chart for this
department are shown 1in Exhibit-40 and Exhibit-41
respectively.

Marketing

The marketing department will be under the charge of a
Marketing Manager, who will be assisted by one Area Manager.
Three Sales Engineers will report to the Area Manager.
Manpower requircment and organisation chart for Marketing ¢
Department are shown in Exhibit-42 and Exhibit-43

respectively.
Finance and Accounts

Manager (Finance & Accounts! will head this Jdepartwent. He

will be supported by a Senior Cost Accountant .
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Manpowrr requirenent and  organisation chart  for this
department. are presented in Exhibit-44  and Exhibit <45
respectively.

Personnel and Administration

Exhibit-46 presents the requirement of manpower for this

department. Organisation chart 1s presented in Exhibit-47.

Exhibit-48 presents a summary of manpower requirement for
the entire plant.

Manpower has been grouped into eight salary levels. The

designations, salary levels and number of personnel in the
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 wages 1s presented in
Exhibit-49,
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UNITED NATIONS INDUSTRIAY, DEVELOPMENT ORGANJZATION
AND
ARAR INDUSTRIAL DRVELOPMENT AND MINING ORGANIZATION

PROJECT PROFILE ON RLRCTRICAL MOTORS
ORGANTISATION CHART : SFENIOR ILFVFEJ, MANAGEMENT

EXHIBIT

|

S § - - -
——
1 I | ] [
Cc n ¢ F G
LEGEND
1
—— A General Manager
A Worka Manager
c Materials Manages
n Market ing Manage
F Manager - Finance and Accounts
¥ Pernonncl and Administrative Manager
G Produrt 1on Manage
K ? Manager - Design and Quality Control

Secretary
. Perncnal Asaiatant
K Stenographer

il
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JOB NO. : DCIL-105 EXHIRIT : 33

UNITED NATIONS INDUSTRIAL DEVEIOPMENT ORGANIZATION
AND
ARAB INDUSTRIAIL DEVRLOPMENT AND MINING ORGANTZATTION

PROJECT PROFILFE ON ELECTRIAL MOTORS

MANPOWER RFQUIRFMENT : PRODUCTION

Sl. Salary
No. Designation Level Number
A. Production Engineer 4 2
B. Foreman 5 2
C. Technical Assislant 6 2
D. Highly Skilled Machine Operator 6 8
E. Skilled Machine Operatnr 7 78
F. Welder 7 4
G. Crane/Truck Driver 7 8
H. Material Handler 8 9
1. Helper 8 87

- —— S D S - =D —— - - —_—— N — — —— —— - ——— - - - -~ —— . -
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JOB NO. : DCIL-105 FXHIBIT : 34

UNTTED NATIONS INDOSTRIAL DEVELOPMENT ORGANTZATION
AND
ARAB TNDUSTRIAL DEVEIOPMFNT AND MINTNG ORGANIZATION

PROJECT PROFILE ON ELECTRICAL MOTORS

MANPOWER REQUIREMENT : TOOL ROOM AND MATNTENANCE

s W > T T D T = —— —— — T — —————————— — —— . — — . ——————————— " —

sl. Salary

No. Designation Level Number
Al. Foreman - Tool Room and Maintenance 5 1
Bl. Machine Operator 7 6
Cl. Furnace Operator 7 1
Dl. Welder 7 2
El. Mechanical FitLer 7 1
F1. Electrician 7 1
Gl. Plumber 7 1

Helper

R " - ——— Y - ——— -~ ———— —— - — ———— —— ———— ——— - —————— - ——— -




JOB NO. : DCII-105 FXHTRIT : 35
ONITED NATIONS INDUSTRIAL UFRVELOPMENT ORGANIZATION
AND
ARAB INDUSTRIAL DEVEI.OPMENT AND MINING ORGANIZATION
PROJECT PROFILE ON EBLECTRICAIL MOTORS
OGANISATION CHART : PRODUCTION, TOOl ROOM AND MAINTENANCE
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JOB NO. : DCIL-105

UNITED NATIONS INDUSTRIAL DEVRLOPMENT ORGANIZATION

AND

ARABR INDUSTRIAL DFVFEI.OPMFNT AND MTNING ORGANIZATTON

PRO.JECT PROFTILF ON ELECTRICA( MOTORS

MANPOWER REQUIREMENT : INSPECTIOR AND QUALITY CONTROI.

. . — > D - —— . ————— ———— — - . — —— P — — T —— —— — —— ———— — - — -

0T S - — — —— —— - — T —— . —— - —————— - v~ - > — v W . — —y — —— - =

A. Inspection and Quality Control
Engineer

B. Inspector - Testing and
Quality Conlrol

C. Ultrasonic Testing
Machine Operalor

D. CNC Machine Operator
E. Machine Operator

F; Tesling Asgistant

G. Stenographer

Helper

N N o
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EXHIBIT : 36
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UNITED NATIONS INDUSTRIAL DRVELOPMENT ORGANTIZATION
AND
ARAB INDUSTRIAI DRVEILOPMFENT AND MINTNG ORGANIZATINN

PROJRCT PROFILE ON ELFCTRICAI MOTORS
ORGANISATION CHART : INSPECTION AND QUALITY CONTROL

A

B |
2 0
l
1

H> Hy Hq

BXHIBIT

37
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JOB NO. : DCIL-105 BXHIBIT : 38

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANTZATION
AND
ARAB INDUSTRIAL DFEVELOPMENT AND MINING ORGANIZATION

PROJECT PROFILE ON ELECTRICAT, MOTORS

MANPOWER REQUIREMENT : ENGINEERING

Designal .on Nuwber

Design Engineer 1
Process Planning Englneer 1
Draftsman

Stenographer

Printing Machine Operator




JOB NO. : DCIL-10S5 EXHIBIT :

UNITED NATIONS INDUSTRIAL. DEVFELOPMENT ORGANIZATION
AND
ARAB INDUSTRIAL. DEVELOPMENT AND MINING ORGANIZATION

PROJECT PROFILR ON ELECTRICAL MOTORS
ORGANISATION CHART : ENGINEERTING

Manager-Design & QC
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B
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JOB NO. : DCIL-105 EXHIBIT : 40

ONITED NATIONS INDUSTRIAIL. DEVELOPMENT ORGANIZATION
AND
ARAB TNDUSTRTAL DEVELOPMENT AND MINING ORGANIZATION

PROJECT PROFILE ON BLECTRICAL MOTORS

MANPOWER REQUJIREMENT : MATERIALS

- G —— S D . ——— —————_— - - ———— T —— ———————— —— - — - —

Ssl. Salary
No. Demsignation Level Number
A. Materials Bngineer 4 1

B. Purchase Officer 4 1

C. Purchase Assistant 6 1

D. Stores AssisiLant 6 1

E. Tool and Material Issue Clerk 7 2

F. Goods Despatch Clerk 7 2

G. Stenographer 7 2

H. Malerial Handler 8 2

o o 0 o e o 2 2 o e oy = o > = e o o o ot e D e -~ - ———— - - - — - - - -
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UNITED NATIONS INDUSTRIAI. DFEVELOPMENT ORGANTZATYON
AND
ARAB TNDUSTRTAI, DEVEILOPMENT AND MINING ORGANIZATION

PROJECT PROFILE ON ELECTRICAI. MOTORS
ORGANISATION CHART : MATFERIALS

Matecrials Manager

L
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JOB NO. : DCTL-105 EXHIBIT : 42

-

UNTTED NATIONS TNDUSTRIAL DEVELOPMENT ORGANTZATION
: AND
ARAB TNDUSTRTAI. DEVELOPMENT AND MINING ORGANIZATION

PROJECT PROFILE ON FLFECTRICAL MOTGRS

MANPOWER REQUIREMENT : MARKETING

Sl. Salary

No. Designation E::\-u_a.l_ -------- r.h.n:i:fi'
A. Area Manager 4 1
B. Sales Fngineer 5 3
c. SLeno-Typist 7 2
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ONITED NATTONS INDUSTRIAL DFVELOPMENT ORGANTZATION
AND
ARAB INDUSTRTAL DEVELOPMENT AND MINING ORGANIZATTON

PROJRCT PROFILF ON RLECTRICAT. MOTORS
ORGANISATION CHART : MARKETING

A
1 [
8, B, B,
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JOB NO. : DCIL-105 EXHIBIT : 44

UNITED NATIONS INDUSTRTAL DEVEIOPMENT ORGANIZATION
AND
ARAB INDUSTRIAL DEVELOPMENT AND MINTNG ORGANTZATION

PROJECT PROFILE ON ELECTRICAL MOTORS

MANPOWER RFEQUIREMENT : FINANCE AND ACCOINTS

Salary
Level Number
Senior Cost Accounlant
Accountant
Accounts Assisbant
Cashier
Accounts Clerk

Stenographer




UNITED NATIONS INDUSTRIAI. DEVELOPMENT ORGANTZATTION
AND
ARAB TNDUSTRIAI. DEVEIOPMENT AND MTNING ORGANTZATTON

PROJECT PROFILE ON FLERCTRTCAL MOTORS
ORGANISATION CHART : FINANCE AND ACCOUNTS
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JOB NO. : DCIL-105 EXRIBIT : 46

UNITED NATTONS INDUSTRIAL DFVELOPMENT ORGANIZATION
AND
ARAB INDUSTRIAL DEVELOPMENT AND MINING ORGANJZATION

PROJECT PROFILF ON ELECTRICAL MOTORS

MANPOWFR REQUIREMENT : PRRSONNEI, AND ADMINISTRATION

- ——— i ————————— - - - - —— — ——— ——————— T ——_ ———— TP~ —— - —— . 2~

Ssl. Salary
No. Designation Level Number
A. Personnel & Administrative Officer 4 1

B. Welfare Officer 5 1

C. Chief Security Guard 5 1

D. Incharge-Cant.een, Environment 6 1

and First Aid

F. Welfare Assistant 7 1
F. Security Guard 7 4
G. Driver 7 2
H. Stenographer 7 2
I. Tel ephone Operator 7 ]
cum Receplbionist
J. Cook 8 1
K. Respatch Clerk f 1
I Watchman f 8
M. Sweeper and Gardener 8 6
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UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANTZATION
AND
ARAB TNDUSTRIAL DEVRIOPMENT AND MINING ORGANIZATION

PROJECT PROFILFE ON ELERCTRTICAL MOTORS

ORGANISATION CHART : PERSONNEL AND ADMINISTRATION
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JOB NO. : DCTL-105 FXHIBIT : 48

UNTTED NATTONS TNDUSTRTAL DEVELOPMENT ORGANIZATION
AND
ARAB INDUSTRTAL DEVELOPMENT AND MINING ORGANIZATION
PROJECT PROFILE ON FLECTRICAL MOTORS

SUMMARY OF MANPOWER REQUIREMENT

General Manager

Works Manager

Production Manager

Manager- Design and Quality Control
Materials Manager

Miarkel ing Manager

Finance and Accounts Manager
Personnel Manager

Secretary to General Manager
PA to Wnrks Muanager
Stenographer

Production

Tool Room and Mainlenance

Tnupection and Quality Control
Laboratory

Engineering
Materials

Markeling
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JOB NO. : DCIL-105 FEXHIBIT :

Finance and Accounts

Personnel and Administration
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JOB NO. : DCIL-105 FYHTBIT : 49

UNITED NATIONS JNDUSTRIAL DFEVELOPMENT ORGANIZATION
AND
ARAB INDUSTRIAL DEVEVOPMENT AND MINING ORGANIZATION

PROJECT PROFITE ON ELFCTRICAI. MOTORS

STATFMENT OF MONTHIY SALARTES AND WAGES

Salary Monthly salary (S) Total per
Level Numbers Basic Other Benefits Month (§)
1 1 9,000 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
7 136 900 1,222,400
8 124 580 71,920

TOTAI, 313 2,82,620

T e P e e o o o e ot o v o o o i ot ot o = - ———————— - - - ——— - — -
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FINANCIAL ANATLYSTS AND EVALUATION

COUINTRY : SAUDT ARABIA

The financial analysis and evaluation of the proposed
project for setting up the Flectrical Motors plant in this
country are based on the capacity uvtilisation, price and

conts. The plant will be operated in two shifta.
Project Cost

The estimated cost of the project of setting up the plant is
around US $ 13.6 million as can be sneen from Exhibit-50. The
project cost includes the expenditure towards

Land and land development
Building and civil work
Plant and machinery
Miscellaneous fixed assets
Preliminary expenses

Pre-operative expenses

© ¢ ¢ & ¢ o ¢

Technical know-how fees

Preliminary expenses have been assumed on a lumpsum basis on
the project cost. Pre-operative expenses have three
components, viz., entablishment, travelling expenses and
miscel laneous expensen. Fstablishment costs have been
computed on the basis of malaries payable and overheads to
various personnel who have to be recruited at various
levels, during the construction period. Travelling expennn
have been taken as approximately 10% of establishment costs
from second to the last quarter of the construction period.

Miscellaneous  expensem  have alno been taken on a lumpsum
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basis. Technical know-how fees have been Laken as 3.5% of
the project cost excluding interest during construction and

margin money for working capital.

5% cushion has been provided Lowards contingency. This cost
also includes interest during construction and margin money

for working capital.

Phasing of capital expenditure is based on implementation
plan, and interest during construction has been computed
hased on the phasing. These two are presented in Fxhibits 51
and 52 respectively.

Margin money for working capital is presented in Exhibit-53.
In computing margin money it 1is assumed that adequate
provisions have to be kept towards storage of raw materials

and consumables required to be imported.

The project 3s assumed to be financed by Debt-Equity Ratio
of 1:1.

Production, Sales and Revenue

Statement of production and sales of various product range
and the revenue that will be generated from the sales of the
products over the 10-year period are presented in
Fxhibits 54 and 55 respectively. Capacily utilisation isn
assumed al  Lhe rate of 50% in the (irst year, 60% in the

second year and 70% from Lhe Lhird year onwards.
Costsy

The annual costs of production and sales computed over 10
years are presented in Exhibit=-56. In esl.imaling thene cosnts
it I8 assumed Lhat the salaries and wages will increasme at

Lhe flat rate of 5% every year.
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Profitabilily

brojected profitabylaLy statement '8 presented 1n
Exhibit-57. The average profit before tax works oul. Lo 16.4%

of average revenue,

Statement. of fixed assels and depreciation under straight
line method is presented in Exhibjt-58. Tax computalion and
depreciation for tax are presented in FExhibats 59 and 60

repapectively.
Working capital requiremenis are shown in Exhibit-61.

Projected cash flow stLatement and balance sheel over 10-year

period are shown in Exhibits 62 and 63 respectively.

The projecl breaks even al around 49.4% and shows internal
rate of return of 18.2% as can he seen from Exhibits 64 and
65 respectively. 1In computing internal rate of return,
vutflow 18 taken as the project cost and inflow is taken as

*he profit before interesl, deprecial.ion and tax.
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JOB NO. : DCIL-105 EXHIBIT : Sv

UNITED NATIONS INDUSTRIAL DEVEI.OPMENT ORGANIZATION
AND
ARAB INDUSTRIAL DEVELOPMENT AND MINING ORGANIZATION

PROJECT PROFILE ON ELFCTRICAL MOTORS

ESTIMATED PROJECT COST

1'000 Us §)

St.
No. Ttems Value Total
i. l.and and Land Development 1879.20 1873.20

(R USS 180 per m?® for 10,440 m?) ———————
2. Building and Civil Work

i) Workshop Building 2925.72
{@ USS 903 per m? fur 3,240 m?)
o) Administrative Building 627.26
(@ USS 1089 per m?* for 576 m®)
i) Auxiliary Buildings 1528,
(@ USS 1089 per m? for 1404 m?) =00 ccemeeee

Sub-total (2) 5081.95
3. Plant and Machinery

i) Tmported

= Fabrication shop equjpment 3127.06

- Machine shop equipment 1077.00

= Motor manufacturing shop equipnent 144,40

- Coil winding shop equipment 216.00

= Commutator shop equipment hi , h0

= Material handliug equipment h33,02

= Tool room and maintenance equipment 145.95

= Inspection and testing equipment 114.02

Total F.O0.B, Value 2922.05

1 [nsurance & Fregght i@ 10X of FOR Value) 292.21
1y .1 .F. Value 214,26
v import duty @ 6% on CTF value 192,86
Ve Transportation # 12 ot Cib Valae 12.14

Foavded Costoqb Sate [ Sub-total )] 3419, 26




DEVELOPMENT

CONSULTANTS

TOTAL. COST

JOB NO. : DCIL-105 EXHIBIT : SO
('000 US $)
Items Value Total
4. Miscellaneous Fixed Assets
i) Transformers 47.80
i1) Switchgears 4.00
iii) Central Airconditioning system 90.30
iv) 1] lumination,Fans and Room Coolers 8.50
v) Water Pumps and Tark 5.60
vi) Compressors 13.00
vii) Fire fighting system 1.80
viii) Telecommunication system 20.00
ix) Office Furnitnre and Pquipment 18.00
x) Vehicles 70.90
Sub-total (4) 279.90
5. Preliminary Fxpenses 25.00 25.00
6. Pre-operative Expenses
i) Fstablishment 915.16
ii) Travelling Fxpenses 89.00
i11) Miscellaneous 45,00
1049.16
7. Technical Know-how Fres 449.00 449.00
8. Sub-tntal (1 thru 7O - 12201.46
9, Contingency @ 52 on ahove - 610,17
10. Sub-total (8 & 9) - 12811.43
it, Interest during Canstruction - 477 .38
12, Margin Money for Working Capital - 324.9




JOB RO, : DCIL-18S

.......................................

‘and ind Land Develupment
3 Wmlding and Cival Work
Workshop Ruilding
‘' Adeiaistrative Building
1) Aenhary Buildings
3. Plant and Machinery
1] Ordering

1 Supply, delivery and
1astallation at site

RIRIRIY : §)
URITRD RATIORS INOJSTRIAL DEVELOPRENT ORGANISATION

ARD
ARAB INDUSYRIAL DEVELOPNRNT ARD NIAING ORGANTSATION

PROJECT PROPILE OR BLECTRICAL MotoRs

PRASING OF CAPITAL BXPRNDITURR
{1000 ns $)

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

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

1879.20 0,00  375.84 151,68 75168 9.00 0.00

-------

1¥28.1 0.00 0.00 0.00 ML N BLY M 0.00 0.00
627,26 0.00 0.00 0.00 0.00  2%0.91  250.91  125.48 0,00 0,00
1528.96 0.00 0.00 0.00 0.00  509.65  S09.65 509,65 0.00  0.00

1439.26

1001.78 0.00 0.00 0.00 0.00 0.00 1031.78 0.00 0.00 0,00
LA .0 0.00 0.00 0.00 0,00 0.00 0.00  2347.30 60,09

SINVIINSNOD
INIW4OT1IAIQ




JOB MO0, : DCIL-108

sEnIsIY : 5)
{*000 Us §)

................ L L R R L N R T R Y L T R R P T Y T T Ty

Construction Period in Quarters

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

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

& Mincellaneous Pized Asnets

1} traasforsers
11} Svitchgears
111} Central Airconditioning aystens
v} Tllustsation,Pans and Roow Coolers
vl Water Pumps and Tank
vi}  Compressors
viri  Pire fighting systes
vill)  Telecomsunication systes
11} office Purniture and Bquipsent
1) Vehicles

S.  Preliminary Ripenges
6.  Pre-operative Ripenses
1) Ratablisheeat

11} travelling Rapenses
1131 Riscellaneous

Y. technical Tmnow-how Pees
S.  Sub-total {1 thru' M
9, Contingency ¢ SV on above

0. Sub-tota) {3 ¢ 9)

0.00 0.00 0.00 0.00 .00 9.56 0.00 382 0.00
0.00 0.00 0.00 0.00 0.00 0.80 0.00 L 000
0.00 0.00 0.00 0.00 0.00 18,06 0.00 2.4 0,00
0.85 0.00 1.53 1.5} 1.9 1,53 1.9 0.00  0.00
0.00 0.00 0.00 .80 2.80 0.00 0.00 0,00 0,00
0.00 0.00 0.00 0.00 0.00 2.60 0.00 10.46 0,00
0.00 0.00 0.00 0.00 0.00 0.90 0,00 0.90 0.0
0.00 3.00 0.00 0.00 2,00 4,00 4,00 00 00
0.00 0.9 0.90 1.8 1,80 1.80 1.80 1,80 .20
0.00 9.70 9.70 0.00 0.00 0.00 0.00 0.60 51,50

12,50 12,50 0.00 0.00 0.00 0.00 0.00 0.0 0.00

0.00 24,80 60,90 8400 3400 10302 '03.02
0.%0 .00 6.00 .00 .00 10,00 10.00 10,00 5,00
5.00 .00 5.00 5.00 5.00 5.00 $.00 5.00 5,00

N.48 89.80 89.80 4.9 4,90 .90 04,90 M .48

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

0.80 S2.54 1631.14 1537.00  2641.30
2.0 26.13 6.20 81.56 82,00 13650 16,85 112,06 26,84

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

103,32 151,90 -

SINVIINSNOD
INIWLOT3IAIA




JOB M0, : DCIL-105 It : 52

URTTED MATIONS INDUSTRIAL DRVRLOPWERT ORGANTIATION
AD
ARAB INDOSTRIAL DEVRLOPHENT AND NIRING ORGANTZATION

PROJRCT PROPILE ON RLECTRICAL MOTORS

BSTIMATION OF INTERZST DORING CONSTRUCTION

{'000 ns §)
Construction Period in Quarters
...................................................................................... Total
| 2 1 (] 5 6 I 8 9

Caprtal Erpenditure .80 5467 9B AT 1IAL12 0 2862.55  1613.93 217336 563,68 12811,63
Rargin Noney 0.00 0.00 b.00 .00 0.00 0.00 .00 0.00 N 1.9
Tota! .80 S4.67 911 IR0 17212 862,55 1613.93 PR TS | S LR 11118,56
Pquity ST NS93 491.32 868,57 88).05  1464.00  851.27  1442.45 509,84 6807.97
Loaa .53 591 491,31 86,58 083,05  1464.00 851,26 )A42.45 509,84 6807.97
tolal 43,00 SS1.86 982,64 17ID.17  1766.10  2928.00  1702.53  2084.90  1019.68 11618,94

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

SINVIINSNOD
INIWJOT3A3Q




JO8 0. : DCIL-108

RRIBIY : 82

('000 08 §)
Construction Period in Quarters
-------------------------------------------------------------------------------------- Potal
] ? 3 4 5 6 : ] 9
Inter=st on loan
- 1R pa. (3] .16 491 3.69 8.8 14.64 8.5 14,0 £ 10 68.08
0.4) §.52 9.83 1nn 17.66 9.2 11,0} 28,85 135.97
0.8 5.5 9,83 1n.n 17.66 29,28 17,03 $7.12
0.0 5.52 9.8] 1n.n 17,66 29.28 80,09
0.4 9.52 .83 NN 17,66 56,8
0.41 5.52 9.81 1. n.1
0.4) 5.51 .5 16,78
0.43 5,52 5.98
0.4) 0.4)
tolal 0.2 119 10.86 w0 41.98 65.45 .66 1ML 1L 0.8
Debt /Rquity 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1,00
NERARS OF PIRAACING : pouItY 6807.97
TLOAN £807.97
T0TAL 11615.94

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

SINV1IINSNOD
INIWJOT13A3IA




JOB NG, : DCIL-10S§

UNITED NATIONS INDUSTRIAL DEVEI.OPMENT ORGANIZATION

AND

ARAB INDUSTRIAL DEVELOPMENT AND MINING ORGANIZATION

PROJECT PROFILE ON ELECTRICAL MOTORS

MARGIN MONEY FOR WORKING CAPITAL

EXHIBIT 1 53

('000 US §)

Ttem

Ist Year Operation

Period Cont Bank. Finance Margin Cost Rank Finance Margin
(Days) Available Money Available © Money
(%) (Amount) (%) (Amount)
1. Raw materials & 120 1121,92 1002 1121.92 0.00 1346,30 1002 1346,30 0.00
Consumables

2. Finished Stock a0 519,62 1002 519.62 0.00 587.68 100% 587,68 0.00
3. Sundry Debtors 30 701,29 1002 701.29 0.00 905.30 100% 905.30 0.00
Sub-total 2342.8) 2342.8) 0.00 2839,28 2839,28 0.00
4. Rxpenses a0 324,93 02 0.00 324,93 340,90 (1} 4 0.00 340,90
Total 2667.76 2342,83 324,9) 3180,18 2839,28 340.90

SINVIINSNOD
INIWJO13A3A
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J08 0. : DCIL-14% SIRIBIY ;: 4

GAITED DATIONS INDBSTRIAL DEVELOMNERT ORGARISATION
AID
ARAR TROSSTRIAL DEVELOPNENT AND NIVING ORGANISATION

PROJECT PROPILE ON SLECTRICAL HOTORS

STATENERT OF PRODICTION & SALRS

{in M)
OPERATING YRARS '
y ? ) ‘ g 6 1 ’ g 10 |

Norking Daya/Tear I N T N I I I T

o. of shift 2 2 ? 2 ? 2 ? ? : 2

Bilisation I R T T T .
20140 W

Capacity - Single ahift {Bos.) T I T S DO+ SO 1t STt WY T WYY B TY

Gapacity - tvo shifts  {Bos.) M M6 96 N6 96 906 96 %05 %06 9N

Anaal Outpat (Bos. ) LE S SR (TR 3 R £ SRt N 5 S T S TSR 1T S 11

Opening Stock ' ) " ) ) 5.0 53 53 5

Production T 1Y S T Y S ¢ Rt TR Y B TY SR R 1

Yotal S S 6 6 68 e 6 68 6 e

Closing Stock 0 It 5) 53 53 53 5) 53 $) 53

Sales I I

SINVIINSNOD
IN3IWdO13A3A




JOB B0, : DCIL-108 LN : 54

(in H7)
OPERATING VYBARS

1 2 3 [} 5 6 1 ] ] 10

$.01-5.0 k0
Capacity - Single shift (Ros.) 40?7 407 0 0 0 407 07 40 0 0
Capacity - two shifts  (Nos.) s T i LY ] | u 814 814 ] ]
Ansval Output (Ron.) 0 8 s 510 0 $70 50 $70 570 50
Opening Stock 0 i) 4l 41 )] Y] ] ¥ 41 'y
Productioa W07 [} 1] §70 570 $70 570 570 $10 §20 1]
total [13] $12 61 617 61 617 617 617 617 1}
Closing Stock b1 Y] Y] ') 4 Y Y ()] 41 Y
Sales mn "2 563 S0 s70 570 S0 510 10 $10

5.'] 71. “
Capacity - Siagle shaft (Ros.) 18 178 175 175 175 175 178 175 175 18
Capacity - Tvo shifts  (Bos.) s 14 19 19 149 k1) 34 11] 149 11}
Amaual Output {Nos.) 175 p{}) 1} I 1] M4 /{1 /1] L1} 1Y) u
Opeaing Stock 0 15 17 p{] ] p{] bi] i} 0 20
Production 178 209 1] Pl {1 1] 1]} {1} M M
total 178 24 262 265 265 265 265 265 265 28
Cloning Stock 15 n 20 2 . W b ] 20 20 20 2
Sales 160 206 )| {1} W U M W {1} {1

SINVIINSNOD
IN3IW4O13A3d




JOB 0. : DCIL-10S BIRIBIY : S4

lin NP)
OPERATING YEARS
1 2 ] { ] 6 ] 8 9 10
7.01-10.0 Ku
Capacity - Single shift (Ros.) 256 256 256 256 2% 256 2% 296 256 256
Capacily - Tvo shifts  (Nos.) s Sit st St 511 st s11 511 S11 511
Andual Output {Nos.) 256 n 158 %8 193 358 358 158 158 358
Opering Stock 0 A {1 10 10 10 10 i) 10 10
Production 256 107 158 358 358 158 158 3158 158 158
total 6 328 n 198 188 18 kf]] 188 188 388
Cloging Stock N 26 b1} 0 3 30 N 0 W 0
Sales M 102 153 358 158 58 158 158 158 358
10.01-30.0 1w
Capacity - Single shift (Nos.) 268 268 268 268 263 28 268 168 268 268
Capacity - Two shifts  {BRos.) 53§ 538 51 538 535 53% 538 518 18 13}
Anaual Dutput {Ros.) 268 b H)] m 1% 1 kb)) % b1 8 3%
Openiag Stock ] M ] i 4| il i n N L)
Production 268 )| 18 NS 178 s % 78 378 15
Total 268 ) 0 406 406 406 406 406 406 406
Closing Stock n 1 k)| )| b)) )] b)) 1 k)i )|
Sales U5 mn n 17§ 378 178 38 35 178 hhi

SINVIINSNOD
IN3IWdO13A3d




JoB BO. : DCIL-108 st : S

{in N7
OPRRATING YRARS
} ? ] { 5 6 ? 8 9 18
18.01-100.0 xv
Capacity - Siagle shift {Rog.) 163 163 163 163 163 163 163 163 163 163
Capacity - Two shifts  {Noa.) 326 126 126 126 12 326 126 12 32 126
Annua) Nutput {Non.) 163 196 128 0 08 228 28 228 228 28
Opening Stock 0 " 16 19 19 19 19 19 19 19
Production 163 196 228 n n 9] 128 28 2128 ]
Total : 163 09 b1} W W MY W W 1Y ()}
Closing Stock 14 16 19 19 19 19 19 19 19 19
Sales 143 193 225 i) 1] ¥} 128 191 e} 8
100.0)-1400.0 ¥
Capacity - Single shift (Moa.} b 1} 268 268 268 268 268 268 68 268
Capacity - Two shifts  (Mos.} 535 535 53§ 519 53% 535 538 53§ 53§ 538
Andui) Output (Nos., 268 N 5 s 175 115 1% 115 378 378
Opening Stock ¢ )] 13 i i ]| k] 1 1 |
Production 268 n 315 375 35 s 5 175 s m
Total 268 3 401 406 406 406 406 406 406 406
Closiag Stock 2 N i 3l k|| k)| 1 L)) bt il
Sales s m 176 15 315 115 15 1% 1% 118

SINVIINSNOD
IN3IWdOT3AIA




J0d ¥0. : DCIL-14S RYRIBIY : S4
{in N7}
: OPERATING YRARS
' 1 2 3 4 5 6 7 b g 1)
1001 19 & above
X
' Capacriy - Single shaft {Mos.} k1 36 16 36 16 16 16 16 36 16
Capacity - Two shifts  {Hos.) " il n " n n N n n "
Annual Output (Ros.) 16 43 S0 50 S0 50 50 50 50 50
Jpentng Stock 0 1 { 4 4 ¢ [} 4 [} ¢
froductron 16 $) 50 50 5¢ 50 50 50 50 50
Total 3 “® $ S S4 St 54 54 54 1
Ciozing Stock 1 ] ] ] ] { ] 4 ) [}
Sates Ek} LY, (1] 5 50 50 50 50 50 S0

..........................................................................................................................................

SINVIINSNOD
INIWJO13AIA




Jos w0, : DCIL-108 RINIBIY : 85

UNITED RATIORS INDOSTRIAL DEVELOPHERT ORGARIZATION
ARD
ARAB IRDOSTRIAL DEVETOPHENT ARD KIRING ORGANIZATION

PROJECT PROPILE ON RLRCTRICAL MOTORS

STATENRNT OF REVENUR

('000 18 §)
Average
Mraduet Selling OPERATING YRARS
wlator Ratingl Price  ececsccesncccredeccncnctcacnacrasatanr st et csr ettt et st nn e cas ettt taat et acastcasacanae
{88 $/imt) 1 ? 1 ¢ 5 6 ? 4 L] 10

L1-4.0 150,00 HS.3E 18062 2933 .97 a9 2.9 20,97 e .9 e
801-5.0 v 420,00 156,70 202,28 236,47 1932 239.32 239,32 .32 9.3 M 9.2
S.01-7.0 v 450.00 .98 92.92 108,63 109.94  109.94  109.94  109.94  109.94 103,94 109.94
T.01-10.0 Ty 990. 00 PRI D A 3 PP T L P Y PO S 1.V 10 1 SN 1.7 0 U S 1 TR 1118 R T IRV I L T B!

10.01-30.0 xv 2800.00 686.58 886,32 1036.12 1048.60 1048.60 1048.60 1048,60 104860 048,60 104860
310.01-100.0 s 9200.00 I3 117453 207445 2099.44  2099.440  2099.44 209944 2099.44  2099.44 209944
100.01-100.0 xw  21000.00 S149.38  6647.38 170,88  7364.50  7864.50  7864.50  7864.50 786450 864,50  7864.50
1001 ¥ & above  22000.00 N5.92 924,18 1080.38  1093.40  1093.40  1093.40  1093.,40 1093.40  1093.40 1093.40

total 8532.39 11014.5¢ 12876.15 13031.28 13031.28 13031.28 13031.28 1303).28 13011.28 13031,28

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

SINVIINSNOD
INIWJO13IA3A




JOB M. : DCIL-108

ORITED NATIONS TRDOSTRIAL DEVELOPNENT ORGARISATION

AND

ARAR INDOSTRIAL DEVELOPNENT AND NINING ORGANISATION

PROJRCT PROPILE ON ELRCTRICAL MOTORS

C0ST OF PRODUCTION AND SALES

RXRTBIT : 86

(*000 08 §)

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

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

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

A, Variable Cost

Raw Materials and Consumabler
Pover
Mater

Sub-total
Contingency (8 S% on above)

Total 'A'

8, Piied Cost
1) Labour & Plant Overhead ®
a) Direct libour
b) Indirect labour

c] Supervision

Sub-total

3250.80
31.56
.9

1800.00
n.a
.15

4550.00
Ww.n
1.

4350.00
(TR })
3.2

4550.00
Ww.n
1.2

550,00
Ww.n
3.2

4550.00
4.0
3.

550,00
.0
]lzl

1550.00
4.0
3.2

1550.00
.0
L)

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

3281.85
164,19

197.03

229.86

$591.22
229,86

$591.22
.86

$9.72
229.86

$591.22
229.86

597,22
129,86

129,86

$591.2
129.86

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

1720.80
861.04
187.20

1806.84
906.19
196.56

1492.88
949.34
205.92

1978.92
992.50
5.28

2064.96
1015.65
2.6

2151.00
1078.80
34,00

237,04
1121.9%
136

1323.08
1165.10
”Ln

-------

409,12
1208.26
262,08

2495.16
1251.41
m.u

SINVIINSNOD
INIWJO13A3d



JOR 0. : DCTL-108 ey ; 56
{'000 08 §)
OPRRATING YRARS
1 ? ] ] § ¢ 1 H] 9 1]
1t Other Factory Ripenses
A} Naintenance § 2.9%
on Plant & Bquipsent 85.98 85,98 85.98 85.98 85.94 85.98 85,98 85.98 85,498 85,98
Uy wapatenance 8 1%
on Ruilding & Cival Work $0.82 $0.82 50.82 50.82 50.82 50.82 50.82 n0.8? £0.8? 50,82
~ w:z0ellaneous .38 .16 21,36 21,36 1,36 21,36 1116 M .36 .36
Sretatal 16016 16406 164,06 164,16 16406 16416 16406 1RLIE LEBAL1E 1A4L1E
S Administrative & Sales Ripenses :
1 Salaries ! 620,40 651,42 68, 44 MY6 A48 M15.50 806,52 837,54 BeA.56 899,50 .-
b} Overheads 124,08 130,28 116,49 142,69 148,90 155,10 161,30 167,58t m.m 119,92 i
Sub-tota!l A8 8100 818,93 856,15 89318 930,60 967,82  1005.05 1042,27 1079.50
total {itnintnn}) 1679.68  3855.46  4031.23  4207.01  4182.79 455856 473434 4910.11  S0RS.A%  §261.67
Contingency (@ St on above) 183,98 192,77 201,56 210,38 AS.H4 0 093 672 WSS 54,0 263,08
total 'R’ 1863.67  4048,23 423219 WIN.I6  4601.92  4786.49 971,06  S155.61  5340.18 554,78
total Cost of Production NI B185.79  9059.88 924444 9429.00  9613.57  9798.15  9982,69 10167,27 10151.8)
and Salex (AsB) sescese ensceee cccuene sesmeme cmseess seesese suesses eseser cmeneses susneeas
---------------------------------------------------------------------------------------------------------------------------------------- no
02
' Assused to 1ncrease at the flat rate of 51 straight line every year mm
=Q
>
ZZ
A5




J08 80, : DCIL-198

SRITED WATIONS INDESTRIAL DEVELOPHRET ORGAWIRATION
ARD
ARAB 1WDOSTRIAL DEVELOPHEWT AND NINIRG ORGANTZATION

PROJRCT PROPILE 0N BLECTRICAL NOTORS

PROJECTED PROPITABILITY STATENENT

rNIOIT ¢ 87

(200 08 §)

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

OPRRATING YEARS

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

Rav Matarials and Consusables
Pover

Hater

Labour & Plant Overhead

Other Pactory Ripenses
Mmaistrative § Sales Brpenses

Sub-total
Coatingency

Total
Stock Variation
Cost of Production and Salea

PROJRCTRD REVEROR
profat before Interest amd
Depreciation

3250.00  3980.00  4550.00  4550.00  4550.00  4550.00
.56 3,19 402 402 02 W
139} ] 15 3.2 3.2 3.2 3.2
MLOE 2909.59 104814 18670 225 J46d.40
166,16 164,16 16416 16406 164,06 164,16
A8 181.70 818,93 856.15 893,38 930.60
6963.53  7795.99  8628.46  B304.22  8980.02 9155.79
.17 185,80 1.2 W0.21 H8.00 452,79
70 085,79 9059.88  9244.43  9429.02  9611.58
-519.62  -68.06  -68.05 11,96  -1L.9%  -10.96
6792.08  8107.73  8991.83 923,47 G412.07  9601.62

8512.39 11814.54 12876.15 13031.28 13031.28 13031.28
131 209680 180432 3NN 61421 349,66

4550.00
W.n
1.2
3602.)5
164,16
967,82
931,56
466,58
9798.14
-11.96
9786.18

13031.28

Jisae

455000

4,02

3
31740.90
164,16
1005.05
9507, 14
IRY

455000
“.0
L
1879.46
164.16
100,27
9603.12
44,16

4550.00
H.n
3
018,01
164,16
1079.50
9858.90
9.4

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

9982.71
-11.96
997074
11031,

1060.5)

10167.28

'”.95
10165.31
13031.20

115,98

10381804

'l109‘
10339.88
13031.28

2691, 40

SINVIINSNOD
INIW4OT13A3Q




JOB KO, : DCIL-183

OPERATING

YRARS

rTRIBIY ¢ 87

(1400 v8 §)

.........................................................................................................................................

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

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

Interest

0o Terw foan
- N,

* dorlang Capital boan
- 00 pa.

Sub-tatal

Profit before Deprecialion

Dedrec1aLion ana Asortisation

Prafit defare ta

Ta1

Cistridutable Profit

Mvidend

Retained Barnings

Add Rack : Depreciation §
Aportisation

NEY CASR ACCROAL

34464

234,28

18.9;

961.19
686,85
1454

0.00
LS54

0.0
IR

£86.85

961.19

544,64

3428

18.92

ALY
686.8¢
1.0
9.00
1631.84
630,80
150,24

686.85

1417,00

S44.64

175,01

120.18

1639
646,85
NN
0.00
UNN
620,80
1796.12

686.85

U

466.8)

N

581.97

1N
£86.85
221,99
0.00
1921.99
$80.80
1842,19

§36.85

15340

H1.60

1166.61
606,85
079,76
0.00
UM
851,00
1628.76

686.85
N18.61

m.n

Wi 4
685,85
U359

0.00
LS9
85).00
1580.59

686.85

267,44

2.0

1011.68
£86.85
BuUn
0.00
AR
10,19
1303.64

686,85

1990.49

155,61

904,92
686,48
8,07
8.00
1.0
102119
1196.88

686,85

1883, M

JLLAL
686,85
a0

0.00
111,10
1021.19
1040, 11

636,85

1776.96

0.00

691,40
686.8%
1004,55
0.00
004,55
161,39
642,96

686.85

1129, 81

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

SINVIINSNOD
INIW4O13A3Q




JoB W, : DCIL-105 cInieIY ¢ 53

URITED RATIONS TNDOSTRIAL DEKVELOPNENT ORGANIATION
ARD
ARAB TNDUSTRTAL DEVELOPNENT AND NINING ORGANIZATION

PROJECT PROPILE OR BLECTRICAL NOTORS

STATENERY OF PUIED ASSETS AND DEPPECIATION ONDER STRAIGKT LINE NRTROD

(1000 08 §)
Value  Pechnical  Sudb- Contin-  Sub- Interest  Sub- 508 of Rate Awmount
Description tnov-how  Total  gency Total during  Yotal Pre-op  total
Pees Construet Rxpensen {\)

1. 1and § Land Developaent 189,20 0.00 180920 0.00 1879.%0 0,00 1879,20 0.00 187920 o0v 0,00
2. 8w lding & Civil Work SO81.94 299,26 SN0 152,13 5691.83  295.65 969,18 103,24 6L.42 4 250.90
1. Plant § Mahinery WI8.26  1IS.46 614,72 13844 385316 186,55 403971 205,20 424,93 8t 109,59
4, Miscellaneous Pized Assets 219,90 1,28 94,10 19.40 13,58 15.18 128,26 16,70 5,46 12V 41,48
S. Prelyninary Pipenses 25.00 0.00 25.00 6.00 25.00 0.00 25.00 0.00 25,00 108 2,50
6. Pre-operative Rrpenses 1049.16 0.00 1049.16 0.00 1049.16 0.00 1049.16 525,16 524,00 10t 52.40
1, technical Enov-hou Pees 49,00 -449.00 0.00 6.00 0.00 0.00 0.00 0.00 0.00 0V 0.00
Sub-total 12203.46 1220346 1281).63 13291.01 129,01 §36.85
8. Contingency 1.1 8.00 610,17 -610.17 0.00 8.00 0.00 6.00 0.00  ee-eeo

Sub-total 12813.8) 12811.63 12813.63 13291,01 11291.00

9. Interest during Coastruction mn.ae 0.00 4M).38 0.00 477,38 0.8 8,00 0.0 0.00

E. total 11291.,01 1329101 11291,01 13281.01 11291.01

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

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

SINVIINSNOD
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308 R0, : DCIL-105

RIRIBIT : 59

UATTED RATIORS TNDOSTRIAL DRVELOPNENT ORCANISATION

ARAB INDOSTRIAL DEVELOPNTNY AND NIRING ORGANIZATION

PROJECT PROPILE Of SLECTRICAL MOTORS

TAT CONPITATION

(1000 v §)

............................................................................. 6.;.;.;.;.;.;.;.‘.:...;.;.;.;.;..................~..............
B T T S R S

Prof1t befare Napreciation 961.19  2117.89  M63.97 321484 166,61 318,44 301,68  2904.92  2198.15  2691.40
Less - Current Depreciation 606,85 644,67  605.66 0.08 0.00 0.00 0.00 0.00 0.00 0.00
Aalance NS W22 255830 204,84 D166.62  M1IB.a4 011,68 2904.92 279816  2691.40
Less : Unabsorbed Depreciation 0.00 9.00 0.00 0.00 0.00 8.00 0.00 0,00 0.00 8,60
tarable Tacope N4.55 122 255830 3484 2166.62  AN18.44 011,60 290492  2798.16  2691,40
tar d 0t 0.04 0.00 0.00 0.0 0.00 0.00 0,00 0.00 0.00 0.00

-----------------------------------------------------------------------------------------------------------------------------------------
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JOB NO. : DCIL-105 EXHIBIT : 60
UNTTED NATIONS INDUSTRTAI. DEVEI.OPMPNT ORGANTZATYON
AND
ARAB TNDUSTRIAL DEVFI.OPMPNT AND MINING ORGANIZATTON
PROJECT PROFTLE ON EIFCTRICAL MOTORS
DEPRECTATION FOR TAX
(000 us §)
Ruilding & Plant and Misec., Fixed
wnv Civil Wark Machinery Assets Amortisation Tntal
Rate 4% R% 12% 10%
Value h272,42 4244,9) 145,46 549,00
Depreciation Year | 250.90 139,59 41,46 54,90 h86 8"
Ralance 6021,52 1905.34 304,00 494,10
Depreciationn Year 2 240,86 312,43 36,48 54,90 644, A7
Balance 5780.66 3592.9 267,52 439,20
Depreciation Year ) 231.23 287.43 32.10 54,90 A0S, hA
Balance 5549.4)3 31305.48 235.42 384,10
Depreciation Year 4 221,98 264.44 28,25 54,90 569,57
Ralance 5327.46 3041,04 207,17 329,40
Depreciation Year § 213,10 241,28 24.86 54,90 536,14 |
Balance 5114,36 2797.76 182,31 274,50
Depreciation Year 6 204,57 223.82 21,88 54,90 505,17 ‘
Balance 4909,78 2573.94 160,43 219,60
Depreciatian Year 7 196.39 205,91 19,25 54.90 476 .46
Ralance 4711.39 2368.02 141,18 164,70
Depreciation Year 8 188.54 189,44 16,94 54,90 449,82 (753
Ralance 4524 .86 2178,58 124,24 109,80 C><<
Depreciation Year 9 180,99 174,29 14,91 54,90 425.09 Zm
Ratance 4343.86 2004,29 109,3) 54,90 cO
Depreciation Year 10 173.75 160,34 13,12 54,90 an2,12 :;'U
Ralance 4170.11 1843.95 96.21 0.00 >3
---------------------------- ———— - o e i 3 o e e 2 e e e o e e Z m
. p
WDV : Written Down Value 6;-4




JOB B0, : DCIL-105

BINIRIY : 61

WATTED DATIONS IADUSTRIAL DEVELOPMERT ORGANIZATION
ARD
ARAB INDUSTRIAL DEVRLOPMEWT AND WINING ORGANIRATION

PROJECT PROPILE ON RIRCTRICAL NOTORS

WORKING CAPITAL RRQUIRENRNTS
{Rzcluding Cash & Bank Ralances)

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

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

b
.

-

. Raw paterials & Consumablen
. Barghed Stock

. Sundry Debtors

TOTAL

Increase!{decrease!

Stock Variation

120,92 1346.30 157068 157068 1570.63  1570.68  1570.68 1570.68 1%70.68 157068
S19.62  S87.68  655.73  667.69  679.64  691.60 703,86  MS.S2 1.0 ML

701,29 805,30 105831 1071.06 101,06 107106  1071.06 1070.06 1071.06 1071.06

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

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

ALY X L Y LI T LR T un 11.95 11.96 11.96 11,96 11.95 11.96

519.62 68.06 68.05 11,96 11,95 11,96 1,94 11,96 11,95 11,96

------------------------------------------------------------------------------------------------------------------------------------------
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JOB B0, : DCTL-109 BTRIRIY : 62

URITR® RATIONS INDUSTRIAL OEVETOPMEKT ORGANTZATION
AD
ARAB TNODSYRIAL DXVELOPNEWT AND MINING ORGARTRATION

PROJRCT PROPILE O BLECTRICAL MOTORS

PROJECTED CASK PIOW STATRNKNT

{'000 us §)

.........................................................................................................................................

.........................................................................................................................................

A. SOURCFS

Iacrease 10 Share Capital  6307.97 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1acreass 1a Tera loan 6807.97 0.00 0.00 §.00 0.0¢ 0.00 .00 0.00 0.00 0.00 0.00

Tacrease 16 Rank Loan 0,00 8.1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 ~0.00 0.00

Prafit before Taz with

Tnterext added back 0.00  1053.46  2200.96 319241 11,96 292,36 242,81 2558.25 2AM.68  2189.10 7004.595

Deprecration 0.00 696.85  686.85  686.85 606,85  686.85 686,85  686.85  GAA.A% 68,85 686,45
AL A 10615.94 408114 2896.81 884,32 3798,81 361421 3429.66  2245.10 30605 275,95  2A91.40

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

R, APPLICATIONS

Tnerease 1n Capital

Ripenditure 12811.63 0.00 .00 .00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Increage/ {Decrease) 1n
Yorking Capital 0.00 42,83 W68 S nn 11.95 11.96 11.96 11,96 11.9§ 11.96

SINVIINSNOD
INIWdO13IAId




308 30. : DCIL-105 ‘ eIt : &2
('000 ng §)
Y P A ]
e T B R i LT L T U,
Period ) 1 1 ] 5 6 ) ] 9 10
ialeront
on Tern loag
- 4 8% p.a. n.an SELEE  SA064  SA0.64 466,83 189,03 311,22 23342 155.61 17,80 0.00
o ¥orking Capital loan
-1 pa. 0.00 42 2 1 1174 8,57 0.00 0.00 0,00 0.00 0.00
Tatal Tnterest 477,38 178,92 778,92 120,38 S81.9) 44760 311.22 1302 155,61 n.80 0.00
Ta ) .00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 '
Mvidand 0.00 0.00  €80.80 680,80 680,30  AS1.00 851,00 102,19 1021.19 120,19 161,59 .
Repaywent af Ters Laan 9.00 8.00 0.00 972,57 950 922,57 .57 902,57 910,57 9118 0.00
Repayment ~f Workisg
Capital Loan 8.00 0.9% 8. 588,71 585,71 $85.70 0.00 0.00 0.00 6.00 0.00
TOTAL 'R! 11291.01 NS 250,88 04,87 842,76 2868.82 46,75 2239.14 2161.13 083,49 1171.%%
Opening Balance 0.00 124,93 1286.32  1641.25  2120.70 071,75 3B17.14 610005 606,00 700%.2) 797,67
Surplus (Deficit) during
the Year { A - R) 249 961,39 354,93 479,45 951,05 245.39 282,91 1005.96  299.20 192,46 131785
Clasiag Balance 114.93 86,12 164125 2120000 3071.75 81004 S100.05  6106.00  7005.21 197,67 9115.92
......................................................................................................................................... EE; E;Z
27
cO
E:; e,
. >
B Z %‘
a5
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n, : DCIL-105 i EXRIBIY : 63

1

URITED BATIONS INDOSTRIAL DEVELOPAEET ORGANIZAYION
AND
ARAB INDUSTRIAL DEVELOPNRNT AND MINING ORGARIZATION

PROJECT PROFILE ON RLRCTRICAL MOTORS

PROJECTED BALANCR SHRET

{1000 0S §)
\ |4 ] R
1 2 ] { 5 b 1 8 9 10

Share Capitai 6807.97  6807.97 6807.97 6807.97 6807.97 6807.97 6803.97 6807.97 6807.97 £807.97

[LES Reserves & Surplus 0,50 102478 820,10 4668.29  6207,05 787764 918%.28 1017816 1146827 121110
SRARRRCLRPRS' POND 708251 7832.75  9629.07 11476.26 13105.02 14685.61 15989.25 17186.13 18276.24 18919,20

Leas:  lotanqible Assets 84,10 43920 38430 329,40 224,50 219.60 164,70 109,80 54,90 0.00
TARGIBLY NET MORTA 6588.41 739355 9244.77 11046.86 12830.52 14466.0) 15824.55 17076.33 18221.34 18919,20

Add: Yera Loan 6807.97 680797 SAIS.40  4862.83 3890.26 291769 194S,12  972,5% 0.00 8.00
CAPITAL PORD 1339638 14201.52 15080.17 16009.69 16720.78 17383.70 17769.67 18048,88 1822).34 18919,20

Lazs:  Bet Fized Asgets 1211006 1147811 10846.16 1021421 9582,26  8950.31 318,36  7686.41 054,46  6422.51
ART CORRRNT ASSETS 1286.32 023,41 A2L01  ST95.48 713852 8433.39 Q45131 1036247 11066.88 1249669

A, CORRNT ASSETS

Barking Capital 242,83 2835.28 328472 1309.43  2320.38 QAL IS0 NIST.26 160, 3387

Cash & Bank Balance
as per Canh Plov Sttatement 1286.32 1641.25  2120.70  3071.75 3817.14  $100.05  6)06.01 1005.21  1797.67  9118.52

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

TOTAL 'A' J629.15  @480.53  5405.42  6381.18  7138.52  B433.39  94S1.31 10362.47 11166.88 12496.69

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

SINVIINSNOD
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JO3 30, : DCIL-105

R, “RRRFRY LIABILITIRSS

Rank loan

TOTAL '8’

BEY CURRBET ASSETS {A-B)

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

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

BINIBIY : 63

{'000 1S $)

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

DA 15012 UL 585,70 8.00 0.00 0.00 0.00 8.00 0.00

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

4.8 150,12 1. S8, 0.00 0.00 0.00 0.00 0.00 0.00

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

1206.32 023,41 40401 5795.48  M138,52 843339 9451.31 10362.47 11166.88 1249669
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DEVELCPMENT

JOB NO. : DCIL-105

CONSULTANTS

EXHIBIT : 64

UNITED NATTONS INDUSTRTAL DPVEfOPMFENT ORGANIZATTON

AND

ARAB TRDUSTRTAIL DEVELOPMENT AND MINTING ORGANTZATTON

PROJECT PROFILE ON FELECTRICAL MOTORS

BREAK-FVEN ANALYSIS

('000 US s)

9.
10.
il.
12.
13.
14.
15.
16.

17.

Raw Materials and Consumables
Power
Water

Sub-total (1 thru' 3)
Contingancy

VARTABLE COSTS

RFEVENUE

CONTRTIBUTION (7 - 6)

Labour & ¥Plant. Overhead*

OLher Factory Fxpenses
Adminiatrative & Sales Expenses*
Sub-Total (9 thru 11}
Cont.ingency

Sub-Total (12+13)

fntereat

Nepreciation

FIXED COSTS (14+15+16)
BRFEAK-FVEN SAILES 17%7/8
HREAK=-FEVEN POINT

TASH BRFEAK-FVEN SALFZ

CASH BREAK-FVEN POJINT

- - - - - e s oa .. e e o~ 4n e e o -

Averaqge over )i Yeary

6500.00
62.88
4.58

6567.46
328.37

-—— i ———— -
-— - -
- — - ———

3394.52
164.16
911.99

4470.67
223.53

4694. 21
408.78
686.85

5789.83

a196.18
49.4%

HI105.42

43.5%




DEVELOPMENT

CONSULTANTS

JOB NO. : DCIL-105 EXHTRIT : 65

UNTTFD NATTONS TNDUSTRTAI, DEVELOPMENT ORGANTZATTON
AND
ARAB TNDUSTRTAI. DEVELOPMENT AND MINING ORGANTZATTON

PROJECT PROFTLE ON ELECTRICAI, MOTORS

TNTERNATL RATFE OF RETURN

('000 s §)

Year ount.flow Inflow Net Tnflow
0 -13615.94 0.00 -13615.94
1 0.00 1740.3% 1740.31
2 0.00 2896.81 2896.81
3 0.00 3884.32 3884.32
4 0.00 3798.81 31798.81
S 0.00 1614.21 3614. 21
6 0.00 3429.66 34:9.66
7 0.00 3245.10 3245.10
8 0.00 3060.53 3060.53
9 0.00 2875.95 2875.95
10 0.00 2691.40 2691.40

Outflow = Project Cost
Tnflow - Profit bhefore Tnterest,Depreciation & Tax




SECTION - 13
PROJECT IMPLEMENTATION PLAN




DEVELOPMENT
CONSULTANTS

PRO.JECT TMPLFMENTATION PLAN

The  Elettrical Motor manufacturing plant will be sel up  an
Saudi  Arabia. The implementation schedule of the key i
activities involved in setting up the plant is presented ‘
in FxhibilL-66.

The programme covers a time span of 27 months starting from
the preparation and finalisalion of Detailed Project Report
(DPR) and ending on the commencement of commercial
production. It allows adequate time for procurement and
erection of Lhe equipment. Frection of hezvier equipment
will become easier if procurement and installation of EOT
crane 1s speeded up. The total time span of 9 to 12 months
for delivery of equipment at site have to be strictly
adhered to, as this will involve international competitive
bidding. Any delay in this stage will adversely affect the
commissioning of the plant in time.

Recruitment  of personnel has been shown in  various key
pointy during the implementation stage. Experienced
personnel  will be recruited wilhin the first seven quarters

for senior levels.

Though not included 1o Lhe key aclivilies, it 1is Important.
that. the clienl applirs for and oblains the neceasary

funds from the concerned financial tngtitution well 1n Lime.




JOB NO. : DCIL-105 EXHIBIT : 66

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION

AND
ARAB INDUSTRIAL DRVELOPMENT AND MINING ORGANIZATION
PROJECT PROFILE ON BLRCTRICAL MOTORS
PROJECT TIMPLEMENTATICN SCHEDULE
 J

Mantha
1. ccmemmmcesemmemee e em e s mm e — e
N Activity 0 ) 6 9 12 15 18 2 24 27

1. Fivalisation of Netailed Project. \ ; : : : : ' , : :
Repart ' : , : ' | ! ' ' !

2. Entering into agreement fOr | e : g ' : ' ' X
collaboration \ ' : ' . . : H : :

1. Finalisation of detailed engineering . O ' i : ; ! : '

Report ' ' : : ' : ' : : '

4, Land development at site \ !V cnsslessmepa—s | ' . : . .

S. Civil design and construction nf . , . ' ! . . J J H ﬁg
workshop and auxiliary building, , : H : : H : : ; ' O <
ete., including detail enginecring for ! : . e | e v ; ! ! g,f'_fj
distribution of water, compressed aivr ' : : : ' ' : ' ' ' CO
and power systems : : : i | ' ' H ' )

=
Z
35




DEVELOPMENT
CONSULTANTS |
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floating

inciments far procurement of equipment

imclusive of main plant and machinery,
various

Activity
and
building,
ventilation
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Crvanes

with

EOT cranes, etc,
of equipment including main

'6. Commencement of commercial production

10, Deliyery of equipment at site
12. Fauipment and Process Testing
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(N

LEGEND

FABRICATION SHOP

-

FLATE SHEARING MACHINS

IRTLL TLATE BE'"I NG MACHINE

CROSS CARRIAGE PROFILE CUTTING MACHINE
RECTIFIER DC WELDING SET

MIG-WELDING SET

HEAT TREATMENT FURNACE

STRESS RELIEVING FURNACE

MACHINE SHOP

o W N

-

i CENTRE LATHE

7 VERTIZAL TUARRET LATRE
3 CNC. VERT!ICAL MAIHINING CELTRE
o TN RTINS AL MACHIRIND TENTRE

5 LNC HORIZONTAL MACHINING CENTRE
BTRITONTAL MILLING MACHINE
KEYWAY MILLING MACHINE

£ CYUNDRICAL SRINDING MATH T

9 SURFACE GRINDING MACHINE

1 RADIAL DRILLING MACHINE

11 DEEF KILE CRILLING MATHINE

12 CNC KEY SETTING MATHINE

COIL WINDING SHOP

N

~4

1 O TAE2IMG MACHINE

2 SO LOTE NG & STRETCHING ML Tt

3 LAYER WiL.UING MACHINE

4 SONTINICUS CONDUCTOR TAS T 0NL WL OHILE
s STRIP_ON_EDOGE CTIL WINIINT w2070 RE

6 HOT C7L FRESSING MACKH M

7 ARMATURE BANDING MAT 0

COMMUTATOR SHOP

i HYDRAULIC PRESS

2 L CUT SHEARING PRESS

3 NRAW BENCH

4 QIL FIRED ANNEALING FURNACE
§ PICKLING TANK

6 COMMUTATOR SEASONING O VE NS

MOTOR MANUFACTURING SHOP

1
D!
|




%1 MOTOR MANUFACTURING SHOP
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