Power

Electrician - Wiring Installation and earthing Exercise 1.8.69

Wire up the consumer's main board with MCB & DB’S and switch and
distribution fuse box

Objectives: At the end of this exercise you shall be able to
» place the MCB switch and distribution fuse box on the board as per the given layout observing the standard

code of practice
mark on the board to drill holes for the purpose of drawing wires and for fixing the accessories
drill suitable holes to fix accessories and for cable entry

fixthe accessories

identify and earth the metal parts
identify the cable to be connected for phase and neutral according to the colour of insulation
select and confirm the size of the cables according to the capacity of the main switch and D.B.

Requirements
Tools/instruments « Firmerchisel 12mm -1 No.
. Steel rule 300mm N Wood rasp file 200mm flat -1 No.
+ |nsulated Side cutter 150mm -1 No. Material
+ Combinationpliers 200mm -1 No. + 2 pole MCB 16A g
o hialdniling rechiie 8 Distribution fuse box 4-way 16A250V -1 No.
capacity with 3mm,Bmm bits -1 Set Vot aerewe Ne OB 0 s -4 Nos
= eler 200 . _ = e + Wood screws No. 20 x 6 mm -4 Nos.
» Insulated Screwdriver 200mm with Mo e Tl 5 5 B i -2 Nos
4mm blade ! ! s +  PVC aluminium cable 2.5 sg mm -1.5m
» Insulated Screwdriver 150mmwith i redareba ek oaleur Sanh
3mm blade _ -1 Nes « Tinned copper wire 14 SWG -3m
+ Connectorscrewdriver 100mm -1 No. + T.W. hinged box 300 x 250 x 80 mm -1No
S hestieseiallBe - + 3mmdia. 25 mm long full-threaded G |
+ Wooden mallet 7.5cm dia.500 g -1 No. bol Bt En asker -10 Nos
+ Electrician's knife DB 100 mm -1 No. , PVé Cable clips 10 mm wide 2 mm '
» Tenon-saw 300mm -1 No. i -300 mm
»  Gimlet 200mm with 4mm dia. stem -1 No.
PROCEDURE
1 Markthe positionofthe given MCBand DB on the top Fig 2
surface of the T.W. board as shown in Figs 1 and 2. |
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Crill suitable holes (either pilot or through) in the T.W.
board to fix MCB and DB.

Drill holes for cable entry.

Provide holes in the top and bottom of the base T.W.
board for the supply and outgoing cables.

Fix MCB and DB using wood screws/other fasteners.

Select and confirm the size of the cables according to
the ratings of the main switch and DB.

Connectthe supply leadstothe MCBthroughthe T.W.
board. Mark the end of the phase cable.

While using connecting cables observe the
colour code. Phase:red, Neutral:black.

10 Locate the earth connecting points onthe OB and drill

suitable holesfor the earthing leads inthe T.W. board.

11 Connectthe earthwiretothe DBandthenconnectthe

E.C.C. to the meter board earth plate.

12 Fix the fuses in the DB and main switch according to

the circuit/main loads.

While connecting the incoming and outgoing
cables to the MCB and D.B. they should pass
through the holes in the top board and then
through the holes provided in the top and
bottom sides of the base board.

In both cases sufficient allowance of length
should be given in the cables such that the
hinged top board could be opened at an angle
of 120° fromthe base board. Harnessing of the
cables inside the board should be done with
the P.V.C. cable clips, and the cables should
pass in or out from the MCB and D.B. through

Individual circuit loads have to be indicated in
amperes by fixing labels on the D.B

the P.V.C. bushed holes.

Interconnect the MCB and DB as shown in Fig 4.
Provide 4 pairs of outgoing cables fromthe D.B. for
four branch circuits. Compare the wiring diagram
(Fig 4) with the Circuit diagram (Fig 3).

Fig 3
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Power
Electrician - Wiring Installation and earthing Exercise 1.8.70

Prepare and mount the energy meter board

Objectives: At the end of this exercise you shall be able to

* make holes on the wall according to requirement with a rawl jumper and hammer

» fill the holes with filling material

* make recess holes for fixing wooden gutties

fix wooden gutties (wooden plugs) in the wall

* use a pipe jumper for making holes through the masonry wall

* mount the given energy meter, iron-clad cut out and the neutral links on the meter board
* connect the meter, iron-clad cut out and the neutral link as per regulations

* mount the meter board on the wall.

Requirements
Tools/Instruments Equipment Machines
+ Insulated Steel rule 300mm -1 No. + Single phase energy meter 10/15A 250V
+ Insulated Side cutter 150mm -1 No. Materials
+  Combination pliers 200mm -1 No.
+ Hand drilling machine with 3mmand + PVCinsulated copper cable
6mm drills -1 No. 2.5 square mm -3m
+ Insulated Screwdriver 200mmwith + Tinned copperwire 14 SWG -1m
4mm blade -1 No. + [lron-clad cut out 16A -1 No.
» Insulated Connectorscrewdriver100mm -1 No. « Neutral link 16A -1 No.
+  Poker 200mm long with 4mm dia. stem -1 No. +  T.W. board 250x250x40mm -1 No.
+ Electrician's knife DB 100 mm -1 No. + Porcelainspacers -4 Nos.
» Firmer chisel 12mm wooden handle -1 No. « Teakwoodgutties (wooden plugs)
+  Rawljumper No.8 with holder and bit -1 No. 40mm square x 60mm long x 30mm
+ Cold chisel 200mm long with 12mm sguare -4 Nos.
edge -1 No. + Wood screws No.4 x 25 mm -3 Nos.
+ Ball peen hammer 500 gm. -1 No. + Cement - 1/2 kg.
»  Tenon-saw 250mm -1 No. + Riversand -2 kgs
» Mallet with 7.5cm dia. head 500 gm -1 No. + RawlplugNo.8 - 4 Nos
+ Neontester500V -1 No. +  Rawlplug Compound -25gms.
+ Scriber 200mm with 3mm dia. stem -1 No. » Chalk piece (colour) -1 No.
+ Mason's trowel -1 No. + G.l pipe 20mm - 400 mm.
+  Trayforcement mortar -1 No. + Wood screws No. 50 x 8 mm -4 Nos.

TASK 1 : Prepare wall for mounting meter board

2 Removethe plasterandthe brick atthe marked surfaces
to a depth of 70 mm fromthe wall surface with the help
1 Mark 30mm square around the marking as shown in of a cold chisel and hammer.
Fig 1.

If the wall is not too rigid, follow this method.

3 Prepare cement and sand mortar inthe ratio of 1:4.

Fig 1 Let the mortar be in a semi-solid condition.

with the help of a mason's trowel.

8 6 Insertthe wooden gutties inside the hole pit such that
the broad portion is inside and the narrow portion is
outside and is just flush with the surface of the wall.

I B (Fig2)
7 Apply the cement on all sides of the gutty such that the

MARKING ON WALL gutty remains in the centre of the square hole.

4 Sprinkle water in all the pits.
IJ)_?I‘ -
I__I 5 Insert a small quantity of cement mortar inside the pit
3

ELN23TEH2
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Fig 2
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MOUNTING GUTTY IN THE RECEBS GUTTY
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Smoothenthe surface ofthe wallwitha mason'strowel.

Allowthe cementto dryfor 4 hours andsprinkle
water on the cement every one hourso that the
cement settles. The gutties become rigid after
approximately 24 hours. Then only the boards
could be fixed on to the gutties.

Now the wall is ready for fixing the T.VW. board.

Fix the T.W. board with the help of 46mm long wood
SCrews.

Trainees arerequired to identify therelationship
between the stem thickness of 45mm long
wood screws and the respective designation
numbers.

TASK 2: Preparation of wall for drawing the service connection

Sometimes the service connection wires need
to betaken through the wall using a G.I. pipe.
There is then the necessity of making a hole
through the wall with the help of a pipe jumper.
The method to do it is as explained below. The
diameter of the pipe jumper depends on the
diameter of the service connection pipe and
thelength of the pipe jumper depends upon the
wall thickness.

1 Takea20mmdia. G.I. pipe of 400mm length.

2 Make serrations by cutting at one end of the pipe as
shown in Fig 3 using a hacksaw.

Fig3
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This type of pipe jumper is also called crown

jumper, due to its very look.

3 Inspectthe walland marka place onthe wall considering
the nearest point to the electric service pole.

The marking should be close to the meter
terminals. ltshould notbeontheR.C..beamor
granite stone embedded in the wall.

In the case of an old building check whether
any concealed wiring is running through the
wall at the place of marking. In such cases the
marking should be done at a different place.
However, in buildings, where wiring exists,
switch “off the mains, remove the fuse-carrier

and keep it under your custody.

4
5]

Keepthe pipe jumper onthe markand hammerit lightly.

Rotate the pipe jumper for every stroke of hammer.

This process removes the broken masonory
and allows free movement of the pipe jumper.
Take care to keep the pipe jumper
perpendicular to the wall surface.

Slow downthe hammer strokes when the pipe jumper
reaches near to the other end of the wall.

Hitting hard on the hammer atthe end of a hole
will make a larger sized plaster tofall out at the
other end of wall.

Clearthe hole.

Insertthe G.|. pipeforthe service cable inthe holeand
plaster around the pipe with cement.

Wiring up a meter board

Confirm the capacity of the energy meter.

Selectand confirmthesize ofthe cable as perthe meter
rating.

Followthe standard colour code for phase and
neutral.

Position the meter, |.C. cut-out and earth-plate as per
layout (Fig 4) and mark their position as per layout on
the T.W. board.

Mark the cable entry positions and mounting screw
positions.

Select the drill bit according to the cable size.

Drillthrough holes inthe T.W. boardfor cable entry and
pilot holes forfixingthe meter, |.C. cutoutandthe earth
plate.

Fix the meter, |.C. cut out and the earth plate.

Determine the length of the cables according to the
layout and cut them with reference to Figs 4 and 5.
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Fig 4
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9 Connectthe supply leads andthe outgoing phase wire
tothe |.C. cut—out. Pass the neutral directly as per the
wiring diagram. (Figs 6 and 7)

10 Earththe casing of the meterandthe |.C. cut out body
to the earth plate.

11 Keeping the meter board in a vertical position, test the
circuit after getting the approval of the instructor.

12 Mountthe meterboard onthe previously prepared wall
with the help of 45mm wood screws.

The completed work should look as shownin Fig 8.
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Power

Electrician - Wiring Installation and earthing

Exercise 1.8.71

Estimate the cost/bill of material for wiring of hostel/residential building and

workshop

Objectives: At the end of this exercise you shall be able to

» calculate the total load in sub-circuit

» select the size of cable in the sub circuits
» estimate the quantity of materials

» estimate the cost of wiring.

Requirements

Tools/Instruments

+  Measuring tape 0-25m -1 No.
- SWG -1 No.
+  Steel rule 300 mm -1 No.
*  Micrometer 0-25 mm -1 No.

Materials

*  A-4Paper - asreqd
+  Pencil/HP -1 No.

» FEraser -1 No.

PROCEDURE

TASK 1 : Estimate the cost/bill of material for wiring of hostel / residential building

1 Obtain the building plan as shown in Fig. 1

Fig 1
. am ‘ 3m . 4m .
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2 Collect the requirements of lights, fans, lighting and
power sockets etc.

3 Markthe location of switch board, Power loads and DB

The type and quantity of loads depend upon
the customer's requirement. Hence, complete
data are to be collected before starting estima-
tion. A sample requirements is given for the
trainee’s reference.

The wall thickness -40 cm
The height of rocf from ground -35m
Height of conduit run -3m
Height of main board -25m
Height of switch -1.5m
Height of light brackets -3m
Height of main board -3m

The details of standard requirement of Power loads are
giveninTable-1

inthe plan.
Table -1
Location Light (60 W) Fan (80 W) 6A Plug Point 16A Power
(80W) Plug (1000 W)

Verandah 1 1 1 1
Kitchen 1 1 Nil 1
Bedroom 242 1+1 1+1 Nil
DrawingRoom 2 1 1 Nil
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4 Calculate the number of sub circuits required for the

above load as per |E rules.

Indian electricity rule states that there should
be separate sub circuits for light/fan loads and
power loads. Therefore 6A plug points
(Sockets) are considered as light / fan load
points as they are meant for connecting table
fan /table lamp etc. 16A power plug are
considered as power points as they are used
forconnecting heavyloads like heaters, kettles
etc.

Total wattage of light points =8x60=480W
Total wattage of fan points =5 x80=400W
Total wattage of (6A) sockets =4x80=320W

Total 17 Nos = 1200 W

As there are 17 points, we need two sub - circuits. The
division of outlets on each sub circuit is made more or

less uniform, ie., 8 & 9. Refer Fig 2

Fig 2
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5 Drawthe layoutof conduit, switch board, loadsand DB

as shown in Fig 3.

Fig 3
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6 Calculate the size of each cable as shown below.

i currentthrough subcircuit-1

_ (5x60)+(2x80) +(2x80) _
- 230 =2.696 A
i Currentthrough subcircuit -2
_ (3x60) +(3x80) +(2x80) L
- 230 -
2000
ii Current through sub circuit 3 = ———=28.696A
230
162 Power

Total current = 2 .696+2.522+8 696 =13.9 A

16A, 250V flush type DP main switch is sufficient

7 Calculate the length of PVC conduit and cable as
shown below.

19mm conduit can be used up to ABC length
and for remaining length, 12mm conduit is
sufficient.

Horizontal runs

19mm conduit for length ABC =24m
19mm conduit for length at

C (wall thickness) =04m

Total =28m
12 mm Conduit
LengthCDEHI (4 + 3 +1.5) =8om
Length EG =20m
Length HJ =20m
Length CMNQSVW (3+3+4+2) =12.0m
Length MS3 =15m
Length NP =20m
LengthQR =20m
LengthST =20m
Length SV =1.0m
Length BK =30m
Length AXYZ (6+1) =70m
Length (wall thickness) at
C,H M Q S&Y (6x0.4) =24m

Total =454 m

Vertical down drops (horizontal runto SB's) ¢

19 mm conduit

Length B to roof =05m
Length E to roof =05m
Length N to roof =05m
Length S to roof =05m
Total =20M
Total 19 mm conduit required =2.8+1.5+0.5=48m
Wastage 10% =048 m
Total =528m
(Take 6m)
Total 12Zmm conduit required 45.4+10.50 =55.9 M
Wastage 10% =559 m
Total =61.49m
(Take 62m)

Cable for (power) sub circuit -3 (1/1.8m Al)
=3Xx(6+1+1.5+1.5)=30m
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Cable for subcircuit 1 & 2 { 1.0 mm? copper)
= 3x(6+62-10)=174m

Trainee shall select the cable size by refering
the table given in related theory

8 Calculate the labour cost.

Labourcost/pointshould betaken byreferring
the local rate list.

For example, take the labour cost is Rs.100/point
Then, total labour cost is 23 x 100 = Rs. 2300/-

9 Prepare a list of "material of schedule and cost" as

Meter board = 2 Points SFowninTabe 2.
Distribution board = 2 Points
Light /fan =17 Points
Power = 2 Points
Total points =23 Points
Table?2
Material of schedule and cost
Sl.No. Material Specification Rate Cost
Qty. |Rs.Ps. | Per Rs.Ps Remarks
1 D.P Main switch 10A, 240V flush type 1No | ... slen o | e For M.B For
powerload
2 [.C cut out 16A, 240V TNo | ... each | ...
3 Flush type fuse unit 16 A TNe: | o each™ | e
4 Flush type fuse unit 6A 2 Nas | each | ...
5 PVC conduit 19 mm (heavy guage) Barn| || length | ... 1 length
=3m
6 PVC conduit 12 mm (heavy guage) 62m | ... length | ... 1length=3m
7 1.0mm? multistrand copper, VIR cable 174m | ... 100m | ...
8 1/1.8 mm aluminium VIR cable &10) | [ 100m | ...
9 1/1.8mcopper VIR cable 2w (| 100m | ... FromM.B
to D.B
10 Switches B6A, 240V one way flush type 17Nos | ... each | ...
11 2-pin sockets B6A, 240V 4Nos | ... each | ...
12 3 -pin sockets 16A, 240V with switch andneon | 2Nos | ... eachy | ce
13 Ceiling rose 2 - plate 6A 240V SMNes | each. [0 s
14 Lamp holders brass batten type 8Nos | ... each | ...
15 PVC junction boxes 25 mm 4 - way 1No | ... each | ...
12 mm 3-way 7Nos | ... each | ...
12 mm 2-way SNos | ... each | ...
16 PVC bends 12 mm 4Nos | ... each | ...
17 PVC reducers (25 mm to 12 mm ATEE D each. [0 s
18 Saddles 25 mm 24Nos Doz | ...
12 mm 144No 144Nos | ...
19 Woodenboards (a) 30 x 30 Cm 2Nos | ....... each | ... For M.B &
D.BForSD's
(b)18x10Cm 7iNes || e each | ...
20 Round blocks SNos | ... each | ...
2 Wooden gutties/plugs 9cm2 x 4 cm? x50 mm 3doz doz | ... Forboards
2 Nails 25 mm 1 kg kg Per conduit
o5 Wooden screw 60 mm 25Nos 100 Forboards
Wooden screw 12 mm 25Nos 100 Forholders
24 Copperwire (16SWG) for earth 1Kg kg | ...
(GIWIRE 14 SWG) 1Kg kg
25 Earth set (Pipe, salt, coal) 1 set R
26 Cement 2 kg kg
27 Labourcost 2kg [ | For 4 gutties
Total 0 | | | .
Contingency10% (| .
Grand Total
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The rate of each material shall be obtained
from the price list of the branded items

TASK 2 : Estimate the cost/ bill of materials for wiring of workshop

1 Obtainthe floor plan of the workshop.

2 Markthe positions of motors on the floor planwith the
consultation of the customer.

Asample requirementis given below fortrainee's reference
1 One 5HP, 415V 3 phase motor

2 One 3HP, 415V 3 phase motor

3 One % HP, 240V 1 phase motor

4 One1HP, 415V 3 phase motor

The motors are to be arranged as shown in Fig.4

Fig 4
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The main switch, motor switch and starters are
assumed to be mounted at a height of 1.5m
from the ground level.

Height of horizontal run from ground level will
be 2.5 m

The cost of motors and starters are not to be
included in the estimate.

3 Calculate the size of cable

Assuming the motor efficiency to be 85% powerfactorto
be 0.8 and supply voltage is 400 V for all the motors.

5x7355
FL current of SHP motor = 75 x 400 x0.85x0.8 =7.806A
B r35 5
FL current of 3HP motor= 754000 65x08 =4.68 A
0.5%x735.5

FL current of ¥ HP motor = A0 %0 85%0.8 225 A

=1.96 A

1 x735.5
FLcurrentof 1HP motor= ng 400%0.85%0.8

The main switchandthe cable from meter to main switch
should be capable of handling starting current of cne motor
of high rating plus full load current of the all other motors.

i.e, 15.6+4.68+2.25+1.56 = 24.9A

4 Prepare a table showing cable size of each motors to
be installed as shown in Table 3.

Table3
FL current Starting
Sl. No. Motor | (A) current Recommended cable size
L
I,=21 (A)
1 SHP motor 75 15.0 2.0mm? copper conductor cable (17 A) or
2.5mm? aluminium conductor cable (16A)
2 3HP motor 468 9.36 2.0mm? copper conductor cable (17 A)
3 1/2 HP motor 2.2 45 1.0mm? copper conductor cable (11A)
minimumrecommended cable
4 1HP motor 1.56 32 1.0mm? copper conductor cable (11A)
minimumrecommended cable

164 Power : Electrician (NSQF - Revised 2022) - Exercise 1.8.71



The type and gauge of cable shall be selected
by referring the table given in related theory

5 Select the suitable switches and distribution board

o 32A, 415V ICTP switch with fuses can be used as
main switch.

« 16A, 415V, ICTP switches with fuses can be used
for SHP, 3HP, & 1HP motors.

+ 16A, 240V, ICDP switchwith fuses canbe usedfor
¥ HP motor.

+ 415V, 4way, 16A perway IC distribution board with
neutral link can be used for power distribution.

6 Drawthe single line diagramof powerwiringsasshown
in Fig 5.

7 Calculate the size and length of conduit.

Figs #
’ﬂ
r.a
Eid
(G4 WAY i i i i i i i i
— DISTRIBU s || YA e || s o || Dok oa |l pox
METER TION icTp || STAR ictp || STAR icop || STAR icte ||ETAR
BOARD .TER TER JTER JER
I
[ [ [ [
2 | LT T F 5
SWITCH

SINGLE LINE DIAGRAM OF POWER WIRING IN WORKSHOP

ELN2379H5

19mm heavy gauge conduit should be used for 3 cable
runs and 25 mm heavy gauge conduits should be usedfor
6 cable runs.

+ 19 mm heavy gauge condulit

Length from main board of SHP motor starter
=1+1+3+1 = 6.0m

Length from main board to 3HP motor starter
=1+1+5.5+1 =8.5m

Length from main board to % HP motor base
=1+1+8+1+1.5+1.5=14.0m

Length from main board to 1HP motor base
=1+1+10.5+1+1.5+1.5=16.5m

Total =450m
10% wastages =4.5m
Totallength =49.5m, say 50.0m

+ 254 mm heavy gauge conduit.

Length from meter to main switch =0.75 m
Length from SHP motor starter to 5HP motor base
(1.5+15)3.0m

Length from 3HP motor starter to motor base = 3.0 m

Total =675m

10% wastage =067m

Total =7.42m, Say 8.0m

+  2ommflexible conduit for 5HP &3 HP motor (0.75+0.75)
=1.5, Say 2.0m

8 Calcualte the length of cables.

2.0mm?copper conductor from main board to 5HP motor
terminals = 3(1+1+3+1) + 6(1.5+1.5+0.75) = 40.5m

15% wastages & end connections = 7.2 m
Total = 55.2m , Say = 56.0m

1.0mm? copper conducter from main board te 1/2 HP
motorterminals = 2(1+1+8+1+1.5+1.5+0.75) =29.5 m

15% wastages & end connections = 7.76m
Total = 59.51m, Say 60.0m

9 Calculate the labour costas perthe local rate and rules
for calcualting number of points.

10 Prepare "Schedule of material and cost as shown in
Table 4.
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Table4

Material of schedule and cost

Sl.No. Specification of material Rate Cost
Qty. Rs.Ps. Per Rs.Ps LT
1 32A, 415V- Iron -clad triple - pole (ICTPN)
switch with fuses 1 No. each
2 16A, 415V, Iron- clad triple -pole switch
with fuses 3 Nos. each
3 16A, 240V, Iron -clad double - pole
switch with fuses 1 No. each
4-Way distribution box, 415V, 16A 1 No. each
5 Conduit heavy gauge .................... 19mm | 50m m
25mm 8 m m
5} Flexible conduits .......................... 19mm | 2m m
25m 2m m
2.0 mm? copper cenductor single core (17A) | 47 m 100m
1.0mm? copper conductor single core (11A) 56m 100m
1.0mm? copper conductor single core (11A) 34m 100m
10 1.0mm? copper conductor single core (11A) 60m 100m
il Angle iron frame 50 x 30 m 5 Nos each For MB&D.B
12 Conduit bends s 19mm 10 Nos each
25mm | 2No. each
13 Saddlesi e 19mm | 150 Nos 100
25mm | 25No 100
14 Corduit eallpless 19mm 6 No. each
25mm | 1No. each
15 Wooden gutties 120No doz
16 Earth wire, Gl, 8 SWG 40m kg. 1kg. ~ 10m
17 Lugs for connecting leads to motors 17 No. each (6+6+2+3)
18 Earthing pipe perforated 25. 4dmmdia 25m m Twoearths
19 Coal 40 kg kg.
20 Salt 40 kg kg.
2 Funnel with wire mesh 1 No. each
2 Labour charges forearthing (Civil work) 2 Nos pit
23 Cautionplate 1 No. each
24 MNails 25.4 mm 2 kg.
% Shock treatment chart 1 each
26 Labour cost - point
Total | ..
Contingency10% | ...
Grandtotal | ...
Say | .
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Power
Electrician - Wiring Installation and earthing Exercise 1.8.72

Practice wiring of hostel and residential building as per IE rules

Objectives: At the end of this exercise you shall be able to

* read and interpret the circuit diagram of a bank/ hostel/ jail
» mark the layout of the wiring scheme

* prepare and install a conduit frame as per layout

» draw the cables through the conduit

» connect the accessories as per circuit

* testthecircuits.

Requirements
Tools fiInstruments Materials
«  Combination pliers 200 mm -1 No. « 2 way switch 6A 200V -4 Nos.
«  Screw driver 200 mm with 4 mm « Batten holder 6A 250V -4 Nos.
blade -1 No. +  PVC switch box 100 X 100 X 40 mm -4 Nos.
+ Side cutting pliers 150 mm -1 No. + PVC Cable 1.5 sq mm, 660 V -asreqd.
« Electrician’s knife 100 mm -1 No. + Saddle 19 mm - 20 Nos.
« Bradawl 150 mm -1 No. +  Wooden gutties - 20 Nos.
+ Ball peenhammer 250g -1 No. +  Conduitbend 19mm - 20 Nos.
+ Hacksaw with 24 TPI blade -1 No. « Fishwire -asreqd.
« Firmer Chisel 6 mm -1 No. + PVC Conduit 19 mm -50 m
+ Flat rasp file 200 mm -1 No. + Flexible conduit 19 mm -2m
+ Neontester500V -1 No. « Conduitcoupler 19 mm -6 Nos.
« Electirc drilling machine 6 mm capacity + FEarth wire G1, 8 SWG -20m
with Smm drill bit. -1 No. + Wood Screw 25 X 6 mm - 1 box
+ Wood Screw 12 x 6 mm -1 box
PROCEDURE
1 Readandinterpretthe schematic diagram (Fig 1)and ]
the layout diagram (Fig 2). Fig2
7
Fig 1
L Ly L
1
240V, 50Hz
r{
- A A / 2
Ms 8 8 N
SCHEMATIC DIAGRAM OF A HOSTEL WIRING E

2 Draw the wiring diagram based on Figs 1 and 2 and
compare with the given wiring diagram. (Fig 3).

LAYOUT DIAGRAM

ELNZ2380H2

Draw your own wiring diagramaccording to the layout.

Estimate the material required for wiring installation & Fixiveconduitpipeantne [RCwininehslpar sasgics.

referring to the layout as well as the wiring diagrams. 9 Insert the fish wire into the conduit pipe.
5 Markthe layout on the Installation Practice Cubicle 10 Draw the cable as per the wiring diagram. (Fig 3)
(IPC).

Leave an excess length of 200 to 300mm in
Prepare the PVC conduitframe as perthe layoutplan. each cable for termination

7 Markthe saddles position and fix them loosely as per

11 Fix the batten holders as per the Fig 2 and terminate
the layout plan.

the cable ends.
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fa 12 Fix the switches on the PVC switch boxes.
ig
| Ly 13 Preparethe endterminationof cables and connectthe

sl (el
accessories as per the circuit.

C—

14 Test the circuit after getting the approval of the
instructor.

_[r*
L

Al
I [ (R | Ly
[ e L L
Ms 8,
WIRING DIAGRAM OF A HOSTEL

||

ELNZIBOHI
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Electrician - Wiring Installation and earthing Exercise 1.8.73

Practice wiring of Institute and workshop as per IE rules

Objectives: At the end of this exercise you shall be able to

* read and interpret the floor plan of a workshop

* mark the single line diagram of power wiring in workshop
» prepare and install a conduit frame as per line diagram

» draw the cables through the conduit

» connectthe accessories as per circuit

+ testthecircuits.

Requirements

Tools/instruments Material

+ Power drilling machine 6mm « Metal conduit pipe 20 mm -10m
with & mm drill bit -1 No. +  Conduit junction box - 20 Nos.

«  Combination pliers 200 mm -1 No. «  TWhox 200 X 150 X 40 mm -3 Nos

+ Side cutting pliers 150 mm -1 No. +  TW box 300 x 200 x 40 mm - 4 Nos.

« Electrician’s knife -1 No. « TPRPIC16A-415V - 2 Nos.

« Bradawl150mm -1 No. « DPIC 16A, 250V -2 Nos.

+ Ballpeen Hammer250gm -1 No. + Saddles 19 mm - 50 Nos.

« Hacksaw with 24 TPI blade -1 No. +  Wooden gutties - 50 Nos.

» Firmer Chisel 6 mm -1 No. +  Conduit bend 19 mm - 10 Nos.

+ NeonTester 500V -1 No. » Angle Ironframe 50 x 30mm -5 Nos.

« 3¢ Energy meter 30A, 440V -1 No. + Fishwire - as reqd.

Equipment / Machines

+ PVC sheathed aluminium cable

4 8g mm 250 V -80 m
« S HP 3¢ 440V AC motor -1 No. +  Copperwire 14 SWG - 15 meter
« 3 HP 3¢ 440V AC motor -1 No. + Metal conduit Elbow 20 mm - 25 Nos.
« 12 HP 1¢ 240V AC motor -1 No. « Distribution box 4 ways 200x150x40mm - 1 No.
« 1THP 1¢ 240V AC motor -1 No. «  TWwoodenspacer - 30 Nos.
« Star Delta starter 4, 5V 50 Hz -2 Nos + Wood screws 25 x 6 mm -1 Box
+ DOL starter 19, 10A, 250V - 2 Nos. « Wood screws 12 x 6 mm - 1 Box
+ Surface mounted kit kat fuse
16A 250V -4 No.
PROCEDURE
1 Obtain the floor plan of the work shop (Fig 1). 1  OnebHP, 415V 3 phase motor.
i 1 2 One3HP, 415V 3 phase motor.
ig
e { 3  One 1/2 HP; 240V, 1 Phase moor
i i i im 4  One1HP, 240V, 1 Phase motor
-
E il e 3HP tHE T The motors are to be arranged as shownin Fig1.
p ] ! The mainswitch, motor switch and starter are
3 i assumed to be mounted at a height of 1.5 m
i from the ground level.
Height of horizotal run from ground level will
= be 2.5 m
FLOOR PLAN g

2 Markthe position of motors on the floor plan with the

consultation of the customer.

A Sample requirement is given below for trainees
reference.

Draw the wiring diagram based on Fig 1.
Mark the layout based on Fig 2.

Prepare the PVC coduit frame as per layout.
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Fig 2

ENERGY
METER

r
’ﬂ
p.
L
[ S— = = =] =
e i i i i i i i i
DISTRIBU YiA YiA DoL DOL
TION o || sTar o || sTar ooy || 8TAR o || sTar
BOARD TER -TER -TER TER
- ! ! ! !
ICTPN maw L] — — —
SWITCH

1HP

SINGLE LINE DIAGRAM OF POWER WIRING IN WORKSHOP

ELNZ3B1H2
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Power

Electrician - Wiring Installation and earthing

Exercise 1.8.74

Practice testing /fault detection of domestic and industrial wiring installation

and repair

Objectives: At the end of this exercise you shall be able to

+ detect and repair open circuit fault in domestic and industrial wiring

» detect and repair shortcircuit fault in wiring
» detect and repair earth fault in wiring

= prepare the flow chart for location rectification of fault in domestic wiring installation.

Requirements

Tools/Instruments

« Connecting screw driver 100 mm -1 No.
« Cutting plier 150 mm -1 No.
«  Screwdriver 200 mm -1 No.
+ Neontester500V -1 No.
« D.E. Electrician knife100 mm -1 No.
«  Multimeter -1 No.
+  Megger500V -1 No.

Materials

+ Testlamp 100V, 240V -1 No.
«  Crocodile clip 15A - 2 sets
+ PVC flexible cable 1.5sq.mm, 660 V -10m

PROCEDURE

Open Circuit Fault

1 Consider the circuit as shown in Fig 1 in a domestic

installation.
Fig 1
BRANCH NEUTRAL BRANCH
CABLES ARE CIRCUIT
' REMOVED AND FUSES
FAN IN THE SEPARATED. REMOVED
CIRCUIT
a_n/ LINK
LINK P&N LAMP IN
P&N
-
I+

|
L

ﬂ
ixa

FUSE AND
LINK OUT

OPEN CIRCUIT FAULT TESTING

=
'l
ELN2382H1

4 Check one circuit at a time and then proceed step by
step.

5 Checkthecircuits having2way switches, the concerned
switches may be operated alternately to ensure the
correct test result.

6 Checkthe defective fan, regulators or lamps by shorting
the suspected appliance if necessary and then retest
it.

Short circuit fault

1 Make the circuit as shown in Fig 2 and connect the
megger, if it shows continuity in both ON and OFF
positions of the switch, this indicates short in circuit.

For open circuit fault removal of fuses, etc
are to be done before doing the test by using

Fig2

P
G er
LAMP
REMOVED Q ‘@r‘[‘ REMOVED
-
I 4 F I 1= I
= e T L
|

SWITCHES 'ON'

FUSE AND
NEUTRAL LINK OUT

=] MAIN SWITCH ‘OFF

2 WAY
SWITCHES 'ON'

ELN23a2H2

SHORT CIRCUIT FAULT

megger.

2 Checkwhetherthe cables usedinaninstallation have
proper continuity or not using megger.

3 Check circuit fuses whether in order or not, if not,
rewire the fuses.

2 Checkinsulationresistance betweenthecables ofthe
installation and earth.

3 Connectthe meggerterminal ‘E’ to the live wireand L
to the corresponding neutral wire, the megger will
read zero or very low value of insulation resistance
and confirms the short circuit.
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4 Repeat the test procedures in each and every circuit
and locate the shorting point of the live and neutral
wire by inspection and remove it by insulating the
bare conductors.

Earth fault

1 As perthecircuit as shown in Fig 3 keep all the fuses,
switches bulbs etc in closed position as indicated in
thefigure.

Fig 3
CONDUCTORS TO
OTHER BRANCH
CIRCUITS
ALL FUSES IV _iﬂji_
LAMP IN
POSITION
INSTALLATION
SIDE SHORTING
e LINK BETWEEN
SWITCH ON AFY
E ==if% “—FUSE AND
‘, NEUTRAL LINK
REMOVED
MAIN SWITCH 'OFF
CONSUMER'S MAIN EARTH —/ _L
EARTH FAULT TEST g
u

Isolatethelive conductor from neutral, remove
all other lamps and other equipments
connected with wiring.

Switch 'ON’ all the switches.

Using Insulation resistance Tester, terminal ‘E’ of the
megger connect to the earth point of the system
provided at the Meter Board and Terminal ‘L’ of the
megger with each conductor inturn at the main board
cut-out terminal and rotate the handle of the megger
tosendcurrentthrough closed circuit formed between
conductorandearth.

MNote downthe reading ofthe meter which gives directly
the insulation resistance between the conductor and
earth.

Repeatthe step 3 and 4for other circuits, subcircuits,
live conductors and main switch board etc.
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Exercise1.8.75

Electrician - Wiring Installation and earthing_

Prepare pipe earthing and measure earth resistance by

earth tester/m egger

O bjectives: ot the end ofthiz exercize vou shall be ahle to

= prepare the pipe for earthing
= dig the pit in the ground
= install the earth pipe and test it

Scanthe OF Code to wiem
the wdeo for this exenzize

Requirements
Toolsinstruments Materials
= 5. die stock with 12.7 mm , 19mm = Glopipe12mm dia. -5m
and 35mm dies -1 Set = 3. bend127mm dia. -2 Moz,
= [DE.spanners Smim to 20mm of six -1 Set = ClcoverhingedtoC . fame 300 mm
= Blowdamp,1 litre with kerosene -1 Mo, IjLEre -1 Mo,
= Crowdar, hexagonal 1800mm long -1 Mo, = G pipe19mm dia. -1m
= Powdahispade) -1 Ma. = G pipe 38mmdia. having
= Pick axe -1 Mo, 12mm dia. hales -2.5m
= Cement mortartray -2 Mos, * Reducer 38 =19 mm -1 Mo,
= Tangs300mm -1 Mo, =  Funnel with 19mm dia. deeve &
= Meazuringtape Sm -1 Mo, wire mesh -1 Mo,
= Ladle -2 Moz, = 3| nutfor 13mm dia. sleeve & wire
= Combination pliers 200mm -1 Mo, mesh -1 Mo,
= PipewwenchS0mm -1 Mo, * Gl.ochecknutzfor19mmdia. G lpipe -4 Mos,
= Hacksawwith32 TP 1. hlade -1 Mo, = 3| aasherd0mm with 19mm hole -1 Mo,
= Woodenbox 150N 1500k x = Gowire MoS SWG -10m
S00CkImm -1 Mo, = Copperlug 2005mps with 19 mm
= Soldering pot Cmetting) -1 Mo, dia. hole -1 Mo.
= ZledgeHammer 2Hg. -1 Ma. = SolderB0/40 -100gmes.
_ . = Matchbox -1 Mo,
EquipmentMachines = Soldeting paste - 10 gms.
= Earthtester with connecting leads = Cement - 10 kgs.
and spikes - 4 Moz, -1 ho. = Blue metal chips Bmm size - 40 kgs,
= Riversand -80 ko=
= Zalt{common) -3 hags
* Cokeorcharcoal -3 hags
PHOGEDUEE

1 Colled .| pipes and the accessaries.

2 Make aslant ot of 30700 the 38mm dia. | pipe to
have sha eddge as showninFig 1.

3 Makethreadzinthedtherend of 38mm dia .G | pipeto
alencth of 25mm.

4  Make threads in both endz of 19mm dia. G| pipetoa
length of 25mm on one side and FSmm on the other
gide

S Fabticate the 38mm and 19mm dia. G 1. pipes as
showninFig 1.

£ Seled an earth pit site atleast 1.5 metres away from
the building foundsation.

An earth electrode should not be installed in
proXimity to a metal fence to avoid the
possibility of the fence becoming live. If the
metal fence is unavoidable, it should be
earthed.

Dig an earth pit of dimensions 1 m wickh = 1 m
hreadth = 3.75 m depth.

Flace the fabricated pipe in an upright postion as
zhowan in Fig 1 and postion the pipe with the help of
batm boo sticks,

Flace the wooden box around the pipe and fill itto a
height of about 15cm sdith charcoal, and fill the
sorrounding outer space ofthe box with =oil.
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Itis difficultto dig a pit 150mm square. A pit of
dimension 1 metre square is therefore
suggested to be dug. The area sufficient to be
filled with salt and charcoal is about 150mm
square. Hence fill the surrounding extra area
with the soil which was taken out earlier.

14 Fix the G.I. cover also.

Atleast allow one day for curing the concrete
structure. Pour water every 2 hours. (A wetted
gunny sack will hold the moisture for several

hours.)

10 Liftand place thewooden box above the coke layer. Fill
up with salt to a height of about 15¢cm and to an area
of 150 x 150mm area around the pipe.

15 Insertthe G.|.wire No.8 SWGthroughthe 12 7mmdia.
G.|.pipe.

The size of the earth wire depends upon the
incoming supply cable size.

Fill up the surrounding area with soil.

11 Repeatthe above steps10and 11 up to 2. 5 metresas
showninFig 1.

12 Placethe G.|.pipe 12.7 mmdia. meter with G.1. bends
in proper position for E.C.C. connection.

13 Prepare the concrete mixture and build the structure
as showninFig 1.

Fig 1
©6.2 mm MS ROD
CEMENT % Gl COVER HINGED
CONCRETE TO Gl FRAME
{1:4:8) !
GL.
_ _ - _
SN 300 =q. E‘ s
FUNNEL G | WIRE MESH A 2
75 | 125 [ G..CHECK < 53
. § NUT p——3.1.NUTS
o r)
T =L 7. \ . :EG ‘
3 T e 1 :
E ‘4:.4;4:4 . e : 18 E
£ R - =
= s v 8
2 La :’ teneed |||l B| <
-]
200 0o GIWASHER
T 219 mm G.LPIPE
B12.7 mm G.LPIPE "
i 38X 19 mm REDUCING
/ BOCKET
s
T 4 CHARCOAL
| LAYER
B ]l @38 mm GLPPE
5 1 5
= 44 T ———BALT LAYER
) [ ] B
] | Py
J 1 LF .
- F FEA S ¥
g ] i|& y 1
E : Flhy e
= BARABRSE NPt = ALTERNATE LAYER
g ... el [ B = - OF CHARGOAL OR
& i COKE AND SALT
1
T 1m0 ;5 i é; 1sg ;] HOLE. 212 mm
e : ¢ S ——— g ;
] SECTION "XX'

16 Use the ladle and the blowlamp and melt the solder.
17 Solder the lug in the G.1. wire.

18 Insert the lug in the 19mm dia. G.| pipe and tighten it
with the G.|.nut and check-nut.

19 Pourthree or four buckets of waterthrough the funnel.

Allow an hour for the water to be absorbed in
the earth.

20 Test the earth electrode resistance with an earth
Megger.

The earth continuity conductor (E.C.C.)should
not be connected to the earth electrode while
measuring the earth electrode resistance.)

21 Enter the value of the earth electrode resistance in
Column5 of Table 1. Fill up the other particulars also.
The acceptable value of the earth electrode resistance
has been given earlier. Check the value if it.

22 Checkthevalue ofthe earth resistance is found higher
thanthe acceptable value, make one more pipe earth
electrode atadistance of 8 metres fromthe earlierone
and connect both of them in parallel.

23 Measure the earth electrode value and enter it in
Column 6 of Table 1.

The second reading with two electrodes will
be approximately half the first reading which
was taken with one electrode. The measured
value should be within the recommended
value.

24 Get it checked with your instructor.

NOTE: DIMENSIONS ARE IN mm UNLESS C;';HERWISE SPECIFIED. E
PIPE EARTHING g
Table 1
Sl.No. Date Climate Earth electrode Earth resistance in ochms Remarks
Location Single Double
1 2 3 4 5 6 7
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Electrician - Wiring Installation and earthing

Exercise 1.8.76

Prepare plate earthing and measure earth resistance by earth tester / megger

Objectives: At the end of this exercise you shall be able to
» prepare the plate for earthing according to 1Sl standard

» prepare the earthing pit in ground according to required standard
+ install the plate in earthing pit
» test the earthing and measure the earth resistance using earth tester / Megger.

Requirements

Tools/Instruments
+ .| die stockwith 12.7 mm, 12mm

and 38mm die -1 Set
+ D.E. spanner set 6mm to 25mm -1 Set
+ Blowlamp, 1 Pint -1 No.
«  Crowbar38mmx 1800mmlong -1 No.
+  Spade 300mmx150mm -1 No.
+  Cement mortartray -1 No.
+ Tongs300mm -1 No.
+ Hacksaw frame with 24 TPI blade -1 No.
+  Pipewrench50mm -1 No.
« Soldering potwith ladle -1 No.
+  Combinationpliers 200mm -1 No.
+ Measuring tape 5m -1 No.
+ Sledge Hammer 2 Kg. -1 No.
Equipment/Machines
« Earth tester with spikes and

connectinglead -1 Set

Materials

G.I. plate 500MMx600MMx63mm -1 No.
G.I. pipe 12.7mmdia. -om.
G.|. pipe 19mm dia. -1m.
C.l.cover hinged to C.1. frame 300mm

square -1 No.
Funnel with 19mm dia. sleeve &

wire mesh -1 No.

G.l.nut for 19mm dia. sleeve & wire mesh - 2 Nos.

G.I. check-nuts for 19mmdia. G.l.pipe -2 Nos.
G.l.washer 40mm with 19mm hole -2 No.
G| wire No.8 SWG -10m
Copper lug 200 amps with 19mm

dia. hole -1m
Solder60x40 - 100gms.
Soldering paste -10 gms.
Matchbox -1 No.
Cement - 10 kgs.
Blue metal chips 6mm size - 40 kgs.
River sand - 80 kgs.
Charcoal or coke - 5 kgs.
CommonSalt - 5 kgs.

PROCEDURE

TASK 1: Prepare the plate for earthing according to I1SI standard

1
2

Collect G | plate and accessories for earthing

Mark thread on one side of 19mm dia Gl pipes to a
length of 25mm

Fabricate Gl plate as shown in Fig 1 600mmx800mm
square plate with a thickness of 63mm

Fabricate 19mm dia G| pipe as shown in Fig 2

Fig 1 B0J0 mm

==— 6.3 mm thick

@00 mm

PLATE EARTHING

ELNZAB4H1

TASK 2 : Prepare the earthing pit in ground as per standard

1 Select an earth pit site atleast 1.5meters away from

the building foundation

An earth electrode should not be installed is
proximity to a metal fence to avoid the
possibility of the fence becoming live.
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Dig an earth pit of dimensions 1m width x 1m breadth
x2 5m depth

The depth given here is the minimum
recommended. However the depth may be
increased till moist soil is reached

Fabricate G.| pipe 12.7mm diameter with Gl bonds in
proper position and insert the G| wire missing through
Gl pipe by soldering lug at external and fix Gl plate
with bolt and nut as shown in (Fig 2)

Fig 2
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ELN2384H2

TASK 3 : Install the plate in earthing pit already prepared

1

Place the fabricated 19mm Gl plate in an upright
position as shown in fig 2 and position the pipe with
the helps bamboo sticks

Place the wooden box around the plate and fill it to a
height of about 15cm with charcoal and fill the
surrounding outer space of the box with soil.

Fill up the surrounding area with soil.

as shown infigure 2.

5 Fix the Gl core with the plates

Prepare the concrete mixture and build the strcuture

It is difficult to dig a pit 150mm square .A pit of
dimension 1 meter square is therefore
suggested to be dig. The area sufficient to be
filled with salt and charcoal is about 150mm
square. Hence fill the surrounding area with
the soil which was taken out earlier

At least allow one day for curing the concrete
structure. Pour water every 2 hours (A wetted
gunny is a act will hold the moisture for several
times.

to the earth pit

Pour three or four buckets of water through the funne
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Lift and place the wooden box above the coke layer
and fill up with salt to a height of about 15cmand to
an area of 150x 150mm area around the pipe.

Allow an hour for the water to be obsorbed in
the earth.
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TASK 4 : Test the earthing and measure the earth resistance using earth tester

1 Test the earth electrode resistance with an earth tester.
The second reading with two electrodes will

be approximately half the first reading which
was taken with one electrode. The measured
value should be with in the recommended
value. If not have an another earth electrode
may be distance of 8 meters from the other
electrodes.

2 Record the earth electrode resistance.

If the earth resistance is found higher than the
acceptable value, make one more plate earth
electrode at a distance of 8 meters from the
earth in one and connect both of them in
parallel

3 Measure the resistance of earth electrode value and
record
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Electrician - Wiring Installation and earthing Exercise 1.8.77

Test earth leakage by ELCB and relay

Objectives: At the end of this exercise you shall be able to
+ identify the terminals of ELCB

» connect the ELCB in an Power circuit and test its functioning

* measure the leakage current at which ELCB trips off.

Requirements

ToolsfInstruments Materials
+  Cuttingplier 1550mm -1 No. 10KW 1W wire wound variable resistor -1 No.
» Screwdriver 150mm -1 No. SKW 1W fixed resistor -1 No.
+ Electrician's knife 100 mm -1 No. Pushbutton switch 250V, BA -1 No.
+  Wire stripper 150 mm -1 No. Water rheostat -1 No.
+  Ammeter MI (0 - 10A) -1 No.
+  Ammeter MI {0 - 100mA) -1 No.
+  Philips star screw driver 100 mm -1 No.
Equipments
+ ELCB 240V, 25A, 2 pole with
Tripping leakage current30mA -1 No.
+ MCB 240V, 10A, 2 pole -1 No.
PROCEDURE
TASK 1 : Identify the terminals of ELCB
1 Collect the ELCB from your instructor and read the -
specification given on it. Fle] LOAD TERMINALS

Identify the supplyterminals and load terminals
referring the marking on the unit as given in
Figure 1.

TASK 2 : Connect and test the operation of ELCB

1 Wire up the circuit as shown in the circuit diagram.
(Fig2)

2 Switch on the main supply keeping the MCB and
ELCB in ON position.

3 Close switch S, and operate the water rheostat till the
ammeter ‘A’ reads about 5 A current.

Keep variable resistancein full cutin position.
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SUPPLY TERMINALS

Pressthe test switch and vary the variable resistance
and note the leakage current and record

Recordthe leakage currentat which the ELCBt{rips off

Open the external test switch and reset the ELCB.




7 Test ELCB for ‘Trip function’ by operating the ‘Test

button’. In this case the ELCB must trip off when the Fingc
button is pressed. 240y
S0Hz
NO

{ELCB)

WATER RHEOSTAT

|
1 |
ELNZAB5H2
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