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*  Students will study and know how to carry out following tests on the installation before
providing electrical supply.
fi) Effectiveness of earthing.
(i) Circuit contfinuity.
(i) Verification of current.
*  They will study and will be able to determine earth resistance by:
(i) Fall of potential methoad.
(ii) Earth tester.
* They will study and will be able te measure insulation resistance of electrical
installation by megger.
*  They will study how to carry out testing of power installation as per 15732-1943; and
will earry out following fests on it
fi] Insulation resistance test
(ii) Testing of earth continuity path
(iii) Testing of polarity of nen-linked, single-pole switches
(iv] Testing of circuit continuity
(v} Varification of current drawn by the installation.

= They study and understand the process of carrying out maintenance of electrical
installation as per 15 732-19462.

+« Industrial load consists of lighting as well as power load. Hence, the industrial
installation can be divided into the following two categories.

1. Power wiring installation

2. Electrical installation for lighting, fan and heating.

1. The machinery and equipments installed in a industry are run by electric
motors. These motors are mostly the three phase-induction motor, this is due
to their suitability in use and other advantages. These motors are supplied
with 3-phase supply at 400 volts. The supply to these motors is by wires run
through conduit pipes. Mostly a surface conduit wiring system is used for such
installation.

2. In industry, the light, fan and heating circuits are required for various reasons
and they need mostly the single phase 230 volts supply. The wiring of such
installation is carried out in the same way as is done in case of a "Residential
Installation”.

A typical wiring in a industry comprises of:
(i) A 3-phase, 4 wire supply system.
(ii) A 3-phase, 4 wire energy meter installed for measuring energy.
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(iii} LC.T.P. switch with M.L. of suitable capacity.
{iv) BUS-BAR chamber.

{v) Controlling switches for motors.

(vi) Motor-starters.

The supply to every motor is controlled by a main switch. & three-phase motor is
controlled by a L.C.T.P. switch as main switch, the L.C.T.P. switch consists of
suitable capacity fuses for each phase of supply. A starter is required to start and
stop the motor. In addition to this purpose, the starter provides protection from
overload or no-volt. The size of the switch fuse and that of starter depends upon
the rating of motor.

Depending upon the rating of motor, V.LR./P.V.C. cables (wires) of suitable size
are used for wiring. Generally the wires or cables are run through a rigid heavy
gauge conduit of suitable size. Flexible conduits are used only for connection
from motor switch to starter and from starter to motor terminals if the distance is
less. A circuit diagram of single 3-phase motor connection is shown in article 5.10
in example 5.1. Fig. 5.3 while a single line diagram is as shown in Fig. 5.1.

Fotor—1
switch

Fig. 5.1

In case of factory or large work-shop, number of machines of various types and
capacities are driven by individual motors, which are located at different locations
in the plant. Power to these various machines is distributed from the main switch
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board. It consists of different switches (I.C.T.P., ICDP) to control the incoming
and outgoing circuits and a set of bus-bars. The outgoing circuits feed different
sub-distribution boards erected at convenient places for controlling separately the
various motors. For each motor suitable means of control and isolation should be
provided at distribution boards at a place close to motor. Such a system of power
distribution is shown by a single line diagram in Fig. 5.2.

Circuit
breaker

Bus-bars
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Sub
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Starters Spare Spara
Molors

Fig. 5.2: Power Distribution in a Factory /Industry

1. All eguipments used in power wiring shall be of iron-clad type in
construction. All conductors shall be enclosed in metallic covering which is
electrically and mechanically continuous.

2. In case of underground wiring, armoured cables shall be used while in case
of surface wiring, rigid conduit shall be used to protect the wires.

3. The rag bolts (a part of which set in wall) are used for fixing metal clad parts
with the wall. In such cases, no wooden gutties shall be used.

4. The length of flexible conduit used for connection between the terminal
boxes of motors and starters etc. should not be more than 1.25 m.
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Surface conduit wiring system is preferred in comparison to concealed wiring

as it facilitates in addition, alteration and maintenance etc.

Separate conduits are preferred for each motor for the reasons of

maintenance efc.

Supply to each motor, regardless of its size is controlled by suitable linked

switch or circuit breaker near to the motor.

Looping of conductors from terminals of one motor to next motor terminals is

not allowed.

(a) The starting current of motors is 1.5 to 2 times their full-load current.
Starters are used to control this starting current. For safety point of
view, V.LLR. wires having nearly twice the full-load capacity of motors
are to be used.

(b) Upto 3 H.P. motors a direct on-line starter may be used if not specified.

(c) Cage motors from 5 H.P. to 15 H.P. will be started by star-delta starter.

(d) Slip-ring induction motors shall be started by rotor resistance starter.

(e) Motors above 15 H.P. are generally started by auto-transformer starter,
the number of wires reqguired being only 3 from starter to motor,
in comparison with star-delta starter.

The minimum cross-sectional area of conductor for power wiring is 1.25 mm

of copper conductor and 1.5 mm?* for aluminium conductor.

The rating of fuse should be based on starting current of motor and on the

full current. Generally, the rating of fuse should be twice the rating of cables.

The conduit used for power wiring should be continuous (electrically)

throughout its run and connected to the frame of the motor. The frame of

the motor should be earthed by two separate and distinct earth wires.

Copper earth wires of cross-sectional area not less than half of the largest

current carrying conductor shall be used. The cross-sectional area of G.I.

wire if used as an earthing conductor should be such that its conductivity is

not less than that of copper conductor.

A control panel is used for starting of motors, which consists of control switch

and starter. It may be installed on nearby wall or near to motor foundation.

If motors are installed on foundation, the height of it may be taken as 1 to

1.25 m from floor if not specified.

Depending upon number of wires to be run and size of wire, the size of

conduit to be selected from the table of conduit pipes.

When conduit is to be run on floor, it is generally installed nearly 0.25 to

0.5 m below the floor.
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18. On an average three saddles per meter run of conduit will be required.

19. The maximum voltage drop at the extreme end i.e. terminal plate of motor
should not be more than 5% of the declared supply voltage.

20. While selecting a main-switch for installation in industry, the starting current
of highest rating motor plus full-load current of remaining motors shall be
considered. The same rule shall be used to determine size of cable to connect
the main-switch from suppliers main-board.

21. Every non-current carrying metal part (including body of motor) used in
power wiring in industry shall be connected with two independent and
distinct earth wires. The consumer is required to provide his own earthing
systemn with two independent earth electrodes. The supplier provides one
earthed terminal at or near the commencement of supply.

In the design of electrical installation in small industry, we are required to
determine the size of wires or cables to be used for connection to motors, rating
and type of fuses to be provided at different points of the installation, rating of
control switches and their type, type of starters provided on the control panels of
different motors, used in the industry. These factors are discussed in detail in the
following sections of the book.

At the time of starting the motor draws much more current in comparison to its

full-load current. If the motor is overloaded the current becomes more than

full-load current causing overheating of the motor. If the overload is sustained for

long period, the motor may burn out.

The current rating of cables for supply to motor is based on the normal full-load

current of motor, but the rating of the fuse is based on the starting current of

motor. The rating of fuse should not be greater than twice the rating of cables.

The full-load current of different types of motors can be calculated as follows:

1. Calculation of full-load current of a 10 H.P., D.C. motor, working at 250 volts
having efficiency 80%.

H.P. x 735.5
Input to motor = Efficiency watts
10 x 735.5
Input to motor = };}—E

9193.75 watts
Input 9193.75
v T~ 250

36775 A

Full-load current



Industrial Electrical Systems - | 5-7 Electrification of Industrial installation

2. Calculation for full-load current of single-phase motors:
Input = V.1, cos ¢. Find out full-load current of one H.P., 250 ¥, single-phase

induction motor working at 0.8 p.f. and having B0% efficiency.

1x735.5
0.8

919.375 watts

919.375 = 250 = I, » 0.8

_ 919.375
ar L =350x08

4.506 Say 4.6A
3. Calculation for full-load current of 3-phase induction motors:

Input of motor = \ﬁ VI, cos &. Calculate the full-load current of a three-
phase induction motor, 10 H.P., 400 V, working at a 0.8 p.f. and 85%%
efficiency.

Full-load input to motor

10 = 735.5 Output
0.85 B |

8652.94 watts

Input to motor on full load

MNow from W = «.EV._IL Cos &
B652.94 = 43 x4001 x 0.8
I = 8652.94
/3 x400x0.8
= 15.61 A
Full-load current = 15.61 A

+ Using the data of the full-load current calculations as discussed above, the size of
cable and rating can be determined. We can make the use of the data obtained in
the previous article.

1. Full-load current of 10 H.P., 250 ¥V, motor = 36.775 A. Taking starting current
= 1.5 = full-load current. Starting current = 36.775 = 1.5 = 55.16 A. From
table of wires 19/1.12 copper conductor V.I.R. or PN.C. wire or 7/2.34
aluminium conductor V.I.R., P.V.C. wire is suitable for installation.

2. For installation of single-phase motor of 1 H.P., having full-load current =
4.6 A, consider starting current = 2 = full-load current of motor.

Starting current of motor 2 x 4.6 = 9.2 A. From tables of wires and cables.

1/1.4 aluminum conductor V.I.R., P.V.C. wire or 3/0.737 copper conductor
V.I.R. or P.V.C. wire can be used.
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3. For installation of 3-phase induction motor having full-load current = 15.61 A.
Taking starting current = 1.5 = full-load current.

Starting current = 1.5 = 15.61 = 23.41

« For installation work, using standard wire, cable table, 7/1.06 mm copper
conductor V.I.E., P.V.C. wire or 1/2.28 mm aluminium conductor V.I.R. or P.V.C.
wire can be used. (Refer tables given in chapter 3).

5.6.1 Selection of Size of l:onduit]

« After determining the size of wires, we have to determine the number of wires to
be run at a time to connect the motor. This depends upon the type of starter to
be used for starting the motor. Once the number of wires to be run through a
pipe are known, the size of the suitable conduit is determined from the standard
table of conduit. {Please refer tables given in chapter 3).

5.6.2 Deciding Fuse Rating. Starters,
Distribution Boards. Main Switch etc.

+ Selection of correct size of fuse for motor protection depends upon the starting
current of motor. The fuse rating should be such that it must carry the starting
current of the motor.

* Hence, the selection of fuse rating for the examples of motors discussed above
we will have.

MNote: For standard tables of wires, cables and conduit refer tables in chapter 3 of
this chapter.
1. For D.C. motor starting current = 55.61 A, hence we will need a fuse of 60 A
rating.
2. For a 1¢, induction motor, having starting current = 9.2 A, we shall provide a
fuse of 10 A. rating.

3. For a 3¢, induction motor having starting current of 23.41 A, a fuse of 25 A
rating shall be provided.

|5.6.3 Deciding the Starter |

+ Ewvery motor must be provided with a starter to start and stop the motor, it shall
be within the sight of a person at the motor. It shall be so arranged as to be
easily operated by the person in control of motor. Different types of starters are
used for different motors as is enlisted in Art 5.3.
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5.6.4 Distribution Boards. Main-switch

# The size of the distribution board is decided from the number of circuits to be fed
from it. The voltage rating of the distribution board depends upon the voltage of
the circuits supplied from it and the current rating is the highest starting current
of the circuits supplied from it.

« The rating of the main switch supplying only one motor is equal to starting
current of that motor. But if a supply is given to number of motors from a
main-switch, its current rating is equal to starting current of largest motor plus
full-load current of remaining motors. The voltage rating being equal to supply
voltage rating i.e. for 400 volts supply voltage rating will be 500 volts and for
230 V, 14 supply, voltage rating will be 250 volts.

=« A installation work in a factory or work-shop is carried out either by installing
cables or running insulated wires through rigid conduit or G.I. pipes, while
installing cables for various motors the cables should be laid in concrete trenches
made out in the floor. The weather proof two or three core cables for individual
motors are more appropriate as the cables may have to pass through moist areas
at some places. In such cases, conduit pipes are not required in trenches. Such
trenches are covered with concrete slabs or wooden planks after laying of cables.
The cable for individual motor is enclosed in conduit run along the wall from main
distribution board upto trench.

+ The length of conduit can be easily determined from single line diagram of the
circuit. This length multiplied by number of wires run through it will give the
length of wire required. However to this length addition nearly 10% is made for
wastage and connection etc. The length of cable can also be easily determined
from plan.

* Copper wires of cross-sectional area not smaller than half of the largest current
carrying conductor shall be used for earth connection. Cross-sectional area of G.1.
wire if used as an earthing conductor should be such that its conductivity is not
less than that of copper conductor. The size of copper and G.1. wires to be used
for different rating of motors is given in the chapter on earthing. (Please refer
table Nos. 1, 2, 3, 4 given in chapter 3). Every non-current carrying metal part
(including body of motor) is connected with two independent and distinct earth
wires.
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Draw the floor plan as per the installation requirements.

Draw a single line schematic diagram from the floor plan.

If possible draw a isometric view of the proposed installation.

AW NE

If not given assume the height of horizontal run in case of surface conduit

system.

5. Assume the height of motor foundation or height of motor terminal plate and
control panel from the floor.

6. For calculating size of wire, calculate full-load current of motors, depending
upon rating etc. and starting device to be used, calculate the maximum
starting current. From the data so obtained determine the size of
V.I.R./P.V.C. wire or cable to be used for the motors from the standard table
of wires.

7. Decide upon the length of conduits which carry, three wires, & wires or
2 wires etc. and referring to standard tables of conduit decide the size of
conduit suitable for such lengths.

8. Calculate the rating of main-switch and control switches with fuse rating,
as per the process explained previously.

9. From the layout of installation lengths of different sizes of conduits are
calculated.

10. From the length of conduits total length of wire/cable required is to be
calculated making allowance for wastage and connection etc.

11. Length of earth wire and size of earth wire can be determined from length of
conduit and size of wire.

12. Other material required for carrying out the installation work can then be
determined easily.

13. The schedule of material required with their cost as per the present market
rates can then be prepared. The total cost of all material required for the
installation work is the sum of costs of individual items.

14. To this cost, sometimes contingencies are added as 10%.

15. To the abowve, work-charge establishment charges at the rate of 2.5% are
added.

16. Sometimes labour charges on the basis of actual-labour requirement are

charged or sometimes flat percentage of total cost may be added giving the

total estimated cost of the installation work.
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« Spome examples from the B.T.E. papers are solved in this chapter of the book,

complete procedure of solving is explained in the examples. The prices used in
estimation may not tally with the present market rates, however the students are
requested to use the prices from the present rates in the market when they solve

such problems.

| SOLVED EXAMPLES

Example 5.1: A 10 kW, 440 V, 3-phase, 50 Hz, induction motor is to be installed
in a workshop. The main board is 15 m away from the main switch and starter of the
mator. The main switch and starter are mounted on one board and are 1.5 m away
from the foundation. Show the layout of wiring and estimate quantity of material
reguired. The wiring is to be of surface conduit.

Fig. 5.3

Solution: The positions of M.B., control board consisting of main-switch and
starter and motor are represented with distances in plain in Fig. 5.3. One will be in a
position to calculate the quantity of material by imagination from the plan, but to get
clear idea about the wiring it is represented by isometric view in Fig. 5.4 (b).

The main board of consumer will consist of only a L.C.T.P. switch &0 A, 500 V,
because the F.L. current of motor considering P.F. and efficiency as 0.8 each, will be
16.51 A, considering starting current = 2 F.L. maximum starting current = 33 A.

The control board will consist of a 1.C.T.P switch of 60 A, 500 V rating and a star
delta starter suitable for 10 kW motor. The 7/18 V.I.R. wire with copper conductor is
suitable upto 36 A current or a aluminium VIR wire 1/3.55 mm is also suitable for
34 A current. We will use 7/18 Cu wire for our estimate, giving voltage drop of
1 volt/4.9 metre length.
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« The conduit is run at a height of 3 m from the floor. For running 3 wires of 7/18
size @ 3B.1 mm pipe and for running & wires of 7/18 wire a 50.4 pipe will be

used.
Table 5.1: Schedule of Materials

Sr. | Description with specifications Unit | Quantity | Rate | Amount

No.

1. | LC.T.P. switch 60 &, 500 V for M.B. Mo. 1 500 500.00

2. | LC.T.P. switch 60 A, 500 V for C.B. Mo. 1 500 500.00

3. Heavy gauge conduit pipe 38.1 mm m 20 30/m | &00.00

4, Heavy gauge conduit pipe 50.4 m m 5 50 250.00

5. | V.L.R. wire 7/16, 500 ¥V m a0 10/m | 900.00

6. | Conduit bends 38.1 mm Mos. 2 &0 120.00

7. | Conduit bends 50.4 mm Mos. 2 75 150.00

8. | Conduit saddles suitable for 38.1 mm | Nos. 60 1 60.00
pipe

9. | Conduit saddles suitable for 50.4 mm | Nos. 8 2 16.00
pipe

10. | Flexible pipe 50.4 mm m 0.5 40 20.00

11. | Boards fixed on angle iron frame Mo. 1 30 30.00
30 cm = 30 cm

12. | Boards fixed on angle iron frame Mo. 1 75 75.00
60 cm = 60 cm

13. | Cu wire No. & for earthing m 26 2 52.00

14. | Earthing set complete with earth plate, | No. 1 200 200.00
pipe etc.

15. | Coach screws for fixing boards, | Nos. a 2 16.00
5.08 = 4 SWG

16. | Teak wood gutties 2.5 cm = 1.9 cm = | Nos. 144 0.50 72.00
5 cm.

17. | Screws 3.18 = 8 SWG for fixing saddles | Nos. 136 0.25 34.00

18. | Couplings 38.1 mm size Mos. 4 5.00 20.00

19. | Couplings 50.4 mm size Mos. 2 10.00 20.00

20. | Connector 50.4 mm conduit to | No. 1 30.00 30.00
50.4 mm flexible

21. | Sundries such as sand, c<ement, | LS. L.5. L.5. 200.00
wooden bushing etc. t [ 3785.00
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Length of conduit 38.1 mm required:

(i) Length from main board to control board (control switch) = 17.75 m
(ii) Length from control switch to starter = 0.25 m
Total = 18 m
Adding 10% for wastage = 1.8
Total = 19.8
Say = 20 m

Length of 30.4 conduit =1.5 m upto floor.
0.25 + 0.25 under floor (depth) + 1.5 m distance of foundation from wall +

1 m height of foundation = 4.5 m
Adding 10% for wastage =_0.45 m
Total = 4.95

Say = 5.00 metre
Flexible conduit 50.4 mm with suitable connector and lock nut = 0.5 m length of
V.ILR. 7flowirerequired =20 3+ 5 x 6 =90 m.
Length of Cu wire No. 8 used for earthing run along the pipe = 20 + 5 = 25 m.
Mow the schedule of material can be prepared which is enlisted on prevoious page.
T.W. Gutties required will be equal to MNo. of saddles = 2 Mo. of boards. = 4 =
68 x 2+ 2 x 4 = 144 Mos.

Example 5.2: Fig. 5.5 shows g plan of pump-room provided with 2 Nos. 3 H.P.,
440 V, motor pump sets. One of which is operated at a time by means of a change
over switch. Connections to the motors are to be given by means of P.V.C. armoured
cable.

1. Find the size and length of cable necessary for connection to the motors from

the main outlet board.

2. Draw a single line diagram showing connections and equipments on the main

switch board.

I—- am -

|

Maotor pump sels

f

1.5m—=

Main switch board
Fig. 5.5




