Power
Electrician - Transformers

Exercise 1.12.98

Verify terminals identify components and calculate transformation ratio of

single phase transformers

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

* read and interpret the details of the name-plate of single phase transformer

* identify H.T & L.T. winding

» determine transformation ratio (turns ratio) by the

- voltmeter method
- ammeter method.

Requirements
Tools/Instruments Materials
« VoltmeterM.|. 0 - 250/300V - 2 Nos. +  Knife switch DPST 16A 250V -1 No.
+  Ohmmeter (0 - 500 ohms) -1 No. * Push-button 6A, 250V -1 No.
¢ Ammeter M.I. type (0 - 10 Amp) -1 No. + Connectingcables - as reqd.
+  Ameter M.|. 100 mA -1 No.
+ Voltmeter M.C. 0-15V -1 No.
Equipment/Machines
+ D.C supply 12 volts -1 No.
+ Single phasetransformer115/230volts,
TKVA -1 No.
+ Auto-transformer (IP-240V)
OP0-270V, A -1 No.
PROCEDURE

TASK 1 : Identify terminals

1 Find out the corresponding terminals of two windings
(HT & L.T) with ohmmeter as shown in Fig 1, by

checking the continuity.
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CIRCUIT FOR IDENTIFICATION OF POLARITY OF TRANSFORMER

resistances with the chmmeter.

2 Determine HT and LT winding by measuring

of step down transformer.

L.T. windings will have low resistance in the cas

Record resistance of both pairs.
1st pair
2nd pair

ohms. This is HT/LT winding.
ohms Thisis HT/LT winding.

3 Connect DC supply to HT through push-button swithch

and connect the voltmeter to LT as shown in Fig 2.

4

5

.

Mark HT terminals as A1 and Az. Mark at LT terminals
asa anda,

Press the push-button switch. Observe the deflection
of the pointer of the voltmeter. If the pointer deflects in
the right direction, retain the markings made on
terminals.

Change the voltmeter connections made to LT
terminals and change the marking made on the LT
terminals if the deflection is in the reverse direction.
Now press the push-button switch once again and
observe that the voltmeter deflects in right direction.
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TASK 2 : Verification of transformation ratio (by voltmeter method)

1 Connect the auto-transformer and the voltmeters to 4 Calculate the transformation ratio from the measured
the transformer as shown in Fig 3. Check and setthe V1 & V2 values.
auto-transformer at zero volt output position. .
Applying the formula -
Figa o _ v,
L o—n\l‘- = L) Bl Transformation ratio = V.
Ny | al [ 1
g I
5 g i . GD wr e oo @ Table 1
25 : 7 Sl. V, v, Transformation
N S, am Ay 2 g No. ratio K=V,
CIRCUIT FOR VERIFICATION OF TRANSFORMATION RATIO g 1 100 Volts
2 Switch on 'S, and adjust the autotransformer to get ) 125 Volts
the output voltage V, = 100 volts and read V, record
the value in Table 1. " Bt el
The output voltage of the auto-transformer 4 200 Volts
should be adjusted to about 50% of the rating 5 225 Volts
of the H.T. side.

5 Compare the calculated transformation ratio with the
3 Setthe V, value for the values indicated in Table 1 and marking of name plate.

record the corresponding readings of V_in Table 1. 6 Transformation ratio calculated

from measurements =

from markings =

TASK 3 : Verification of transformation ratio (by ammeter method)

1 Connect the auto-ransformer output to the transformer 3 Increase the voltage to give the required currentin H.T.
H.T. winding through a milliammeter in the line as winding.
SR EG Readthe L. T. current. Record in Table 2.
Fig 4 85 . Change the H.T. current to different values and record
Lo R o the corresponding L. T. current.
ST i Table 2
T
2 g i Trz o Sl. I L Transformation
Q|3 } No. ratio K=1/1,
| o
NLo— —a 2 : 1
CIRCUIT FOR RATIO MEASURMENT USING E )
AMMETER FOR HIGH RATED TRANSFORMER E
3
The current in the H.T. winding should be kept
low, but should be large enough to be 4
measured accurately with a milliammeter. 6 Verify the transformation ratio with the markings on

2 Connectthe L.T winding to the ammeter. The ammeter the name-plate and record your findings.
should carry the rated current of L. T. side.

Use the current transformer and ammeter if the
secondary rating is very high.
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Power
Electrician - Transformers

Exercise 1.12.99

Perform open circuit and short circuit test to determine the efficiency of single
phase transformer

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

* conduct open circuit test to determine iron or core loss
» conduct short circuit test to determine full load copper loss
» determine effiiciency of the transformer at different loads.

Requirements

ToolsfInstruments

Equipment/Machines

+ Voltmeter M.1. 100V -1 No. + Transformer 100/250V 1 kKVAS0 Hz -1 No.

+  Voltmeter M.|. 150V -1 No. + Auto-transformer input 240V

+  Wattmeter 250V, 5A - 1250W -1 No. Voutput 0 to 270V, 5A -1 No.

+  Ammeter M.I. 5A -1 No. Matatials

+  Ammeter M.|. 15A -1 No.

+ Frequency meter 45 to 55Hz. -1 No. * Knife switch DPST 16A, 240V -1 No.

+ Powerfactor meter 0.51ag-1-0.5 + Connecting cables -asreqd.
lead 250V rating -1 No.

PROCEDURE

TASK 1 : Conduct open circuit test to determine iron or core loss

1
2

Identify the LT and HT windings of the given transformer.

Connect the Auto-transformer, frequency meter,
ammeter, wattmeter. Voltmeter to the LT side of the
transformer as shown in Fig 1.

Fig 1

240V, 50Hz

MI - z50v,1A Tr
[T |
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o |
g | \
% | | HT |
as OUTPUT |
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PR
L __1
115240V, 1KVA
OPEN CIRCLIT TEST FOR DETERMINATION OF IRON LOSS OF A

ELN27107H1

SINGLE PHASE TRANSFORMER

Increase the voltage slowly up to (100%) of the
rated value of the transformer L.T.

Check for the supply frequency is at rated value.
Observe the meters and record the readings in Table.

Repeat the above steps for 110% rated value of
transformer voltage and record the readings in Table.

TABLE
Sl.No. | Rated | Voltage | Current Total Iron
Vv A loss W
1 100%
2 110%

Ensure that the auto-transformer is initially set

at zero volt output position.

Close the switch ‘S,

From the above data the No load loss is equal
toiron loss. Since the copper loss is negligible.

TASK 2 : Conduct shot circuit test to determine full load copper loss of a transformer

Short circuit test

1

Connect the auto-transformer, ammeters, voltmeter
and wattmeter in the HT side of the transformer as
shown in Fig 2.

The secondary is short circuited by the
ammeter.

Ensure the auto-transformer is initially set at

zero volt output position.

Close the switch ‘&’

Increase the voltage gradually to obtain full load current
inthe secondary winding of the transformer.

Observe the wattmeter and record the readings.

W = Copper loss (full load).
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TASK 3 : Determine efficiency of transformer or different loads

1

Prepare and draw the circuit diagram for the said task
and get approved by your instructor.

Collect the equipments and materials and check their
condition.

Connect the circuit as per the approved circuit diagram
(Fig 3).

4 Close switch S, and gradually increase the output of

the auto-transformer to reach the rated voltage.

Keep all the switches in the lamp bank in ‘off’
position.

Keep the switches s, and s, open. Set the auto
transformer for zero volt output.

Close switch S2 and switch ‘on’ the incandescent
lamps one by one till ammeter A, reads 25% of the
load.

Adjust the auto-transformer Tr, if necessary to keep
the primary voltage constant.

Fig 3 0.5LAGTO
54
Lo \:\ }
|
S |
|
% I U INPUT 240
I OUTPUT
§ D-270V BA
L |
|
N oo oo

L - LAMP BANK 240V, 1kVA

CIRCUIT DIAGRAM FOR DETERMINING OF EFFICIENCY OF TRANSFORMER

10 NOS SINGLE
FLUORESENT LAMP
WITH FITTING 40w

ELN27107H3

Record the readings of the instruments in Table 1.

Increase the incandescent lamp load to 50% of the
full load 75% of the full load and 100% of the full load
and record the reading in each case.

Reapeat the above steps by switching on the tube
lights to get a power factor of about 0.9, 0.8 and 0.7
and record the readings in Table 2.

10 Switch ‘OFF’ supply after bringing the knob of the auto

234

transformer to minimum (zero) postition.

11 Calculate the efficiency using the formula

Qutput

Percentage efficiency meo OR

Output

Percentage efficiency = mx

ER
W+ W,

where W.= Iron loss + copper loss.
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Table -1

{Unity P.F)
% Efficiency
S5LHo. Load Y, A PF(Cosq) v, A, W a W 2t
V. A, cosg =
1 Moload
2 1Mth load
3 1/2 load
4 344 load
5 Full load
Tahble -2
(Different P.Fs)
% Efficiency
SLMNo. Load W, A, P.F (Cos ¢} W, A, w w —
= V,A.cosp X
1 Mo load
2 1/4th load
3 1/2 lnad
4 344 load
] Full load
12 Complete the tasks and get approved by your instructor Conclusion

and disconnect the circuit.

1 The relationship betweenload and efficiency

2 Therelationship between power factar and efficiency

3 The efficiency will be maximumwhen

Power : Electrician (NSOF - Revis ed 2022) - Exercise 1.12.99

235



Power

Electrician - Transformmers

Exercise 1.12.100

Determine voltage regulation of single phase transformer at different loads

and power factors

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

+ connect the transformer with s uitable instruments to measure load and power factor
+ calcutlate the requlation of single phase transformer from the readings of instruments in primary and
secondary side.

Requirements
ToolsAnstruments Materials
= Armrmeter M-0to 54, Oto 104 each -1 Mo, Connecting cable - as regd.
= “aoltmeter.|.-0to 300%, 0to150% -1 Mo, A0 watts-tube light fitting -0 Mos.
gach DPST switch 250% 164 -2Mos
= P.F.meter05lag-1-05 lead SPT switch B A -2Mos
250 % rating -1 Mo,
Equipment/Machines
* Induciton matorwith starter & loading
= atrangement240%50Hz 1 HF -1 Mo,
= Auto-transformer Input 40
Cutput0to 270 %, 5 amps -1 Ma.
» Single phase transfarmer1 15£230%
1 kA, 50 cycle air cooled -1 Mo.
= Lamp banks A, 250% -1 Mo,
FROCEDURE
Fig1 A LAGTD
. . i 0.5 LEAD . .
e —
: IR
I |
T INPUT 280V
| DUTPUT A I
E : TV, G (bm l L L -
| |
No— e = J
L - LAMP BANK EA, ST i
Lg- LAKF BANK DF T0W ow. 307 TUBE LIFHTE AND THP MOUGTION METOR i

1 Formthe circuit as shown in Fig 1.

2 Mote down the name-plate details of the transformer.

Check the auto-transformer T, is set at zero
volts output position.

(Table 2
Table 1

51 Load Secondary| Change| Regulation
No. {Lamp) Terminal | ofvolts

Voltage V.| WV Y,
1| Moload Y,
2 |14 FL
3 |FEEL,
4 | 34 FL
S |EL
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switch on 'S and adjust the voltage of primary to
rated secondary voltage (] of transformer.

Close the load switch =,

Adjustthe larmp load asindicated inTable 1 and record
the secondary voltages at each load. (V)

Calculate 5% of regulation at different resistive loads.

; 3
i % of regulation= Vo Vs 100 i

5 o A

Fut the inductive load with lamp bank (mixed load) so
thatthe load power factor islagging.



Table - 2
Fig2
o o}
[[] PHASE TRANSFORMER SiNo. [ ]
stavoaro [ FRequeNcY ke [

wa [ rweorcoome [
vorsar ] veemRaor ]
NO LOAD
[ wassoror  te [
i roramass e [
AMPERES
IMPEDVOLT % [ | DATE OFMFG. —1
CUSTOMER I |
ORDER NUMBER | |
3| |
o] O

ELN27108H2

8 Gradually increase the mixed load and measure the
terminal voltage, power factor and record in Table 3.
Calculate the % of regulation at different loads and
power factors.

9 Describe the relationship between p.f. and % of
regulation when P.F. changes. Switch off ‘S.’and ‘'S,".

Power : Electrician {(NSQF - Revised 2022} - Exercise 1.12.100

Table 3
Sl. Load Change | Regulation
No. | (Mixed)A, PF | ofvolts
1
2
3
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Power
Electrician - Transformers Exercise 1.12.101

Perform series and parallel operation of two single phase transformers

Objectives: At the end of this exercise you shall be able to
» cohnect two single phase transformers in parallel
* connect two single phase transformers secondary in series.

Requirements

Tools/Instruments Materials
+ Voltmeter MI, 150V -1 No. + |ICDP switch 16A 250V 50Hz - 4 Nos.
+  Voltmeter M|, 300V -2 Nos. + Connecting cables - as reqd.

Equipment/Machines

» Single phasetransformer 230/115,

1 KVA 50 H1. -2 Nos.
«  DC supply 12V/Battery 12V -1 No.
PROCEDURE

TASK 1 : Connect the transformer secondary in series

1]

1 Connect the transformer as per diagaram. (Fig1) Close the switches S, S,and S,

Measure the primary voltage V, and secondary voltage

Fig1 V, andrecord in Table 1
S F 2
gEI'—’ P Table 1
B | - :
@ Transformer in series
Primary Secondary
V1 V2
r,
r,
Tryi (0,
S :A1 4 Disconnect the transformers by opening $3, 82 and
15V | S1.
1KVA |
| %
{ S
8 g
5
Table 2
S.No. [ ] Typeofcooling ]
KA [ ] Frequency [ ]
Date of MFG [_]
AT NO LOAD VOLTS H ]
W e
ATNOLOADCURRENT HI [ ]
) I
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TASK 2 : Connect the transformer in parallel

1

Read and record the name-plate details of both the
transformers, Tr, & Tr,intable 2.

Determine the polarity of the two given tranformers.

Connect the switches, transformers and meters as
per diagram. (Fig 2)

250V 50Hz

Fig 2

AC SUPPLY
R

ELN2B108H2

Table 3
Transformer in parallel
Primary Secondary
V1 V2
T,
Tr

2

Check the secondary voltage of Tr, and record it
table 2.

Close the switch 8, and check the secondary voltage
of the transformer Tr,and record. (Table 2)

Close the switch §, and S, and measure the secondary
bus bar voltage and record intable 3.

10 Switch off all the switches and disconnect both the

transformers.

CONCLUSICNS

11 The effect on secondary voltage of transformers when

connected in series is

Keep all the switches open.

Ensure that the transformers are identical for parallel
connections.

Connect trasformer Tr, to the bus bar closing the
switches S, & §,. Measure the primary voltage V, and
record in Table 3

12 The effect on the secondary voltage of transfomers

when connected in parallel is

Power : Electrician {(NSQF - Revised 2022) - Exercise 1.12.101 239



Power
Electrician - Transformers Exercise 1.12.102

Verify the terminals and accessories of three phase transformer HT and LT
side

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

* read and interpret the name plate details of a three phase transformer
» verify the terminals of HT and LT winding

* |dentify the accessories of a three phase transformer.

Requirements
Tools/Instruments Equipment/Machines
+ DE Spanner Set 5mmtc 20mm -1 Set *  3-Phasetransformer 415/240V,
+ Insulated cutting pliers 200mm -1 No. 3 KVA -1 No.
+  Screwdriver 200mm -1 No. « 3-Phase transformer Input 415V
+ M.l voltmeter 0-500V -1 No. Output 0-500 V, 3 kVA -1 No.
*  Multimeter -1 No. Materials
« Testlamp 40 W, 230 Volts -2 Nos.
« Connecting leads -asreqd.
PROCEDURE

TASK 1 : Verify the terminals of three phase transformer

1 Note down the name plate details and enter in Table 1

Table 1
Name plate details

SINo : Type of cooling
KVA : Mass of Coil
Volts HT Total mass

LT Date of MFG
Amps HT Volume of ol

LT

Freguency :

2 Check the continuity test using a multimeter to find
out the two groups of terminals. (Fig 1)

3 Apply 15V 3¢ supply to U,, V, and W, by switching on
switch 'S’.

4 Measure the voltage between V, and W, and between
V, and U,. If the voltmeter shows less than 15 volts
then those windings are LT winding. If the voltmeter
shows more than 15 Volts then those windings are HT
winding. (Fig 2)

ELM27110H1
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Fig 2

3-PH 16V, 50Hz SUPFLY

Wi,

ELN27110H2

TASK 2 : Identify the accessories of 3 phase tranformer

1 Get permission to enter the 11 KV transformer
substation yard from the appropriate authority

2 |dentify the following accessories of a 100KVA three
phase transformer. (Fig 3 and 4)

a HV &LV Bushing
b Buchholz relay

¢ Conservator

(D

O

Breather

Cooling pipes

Explosion vent with oil gauge
Earthing terminals

Oil level indicator.

Fig 3

?

@
=il
LJ

ELEVATION

EARTHING TERMINALS ON BOTH SIDES

FILTER VALVE

DRAIN VALVE

TERMINAL MARKING AND DIAGRAM PLATE

BUCHHOLZ RELAY

L.V TERMINALS IN BUS DUCT

HV.CABLE BOX

ACCESSORIES

END ELEVATION

14 | LV.BUSHING

18 [ FILLING HOLE WITH CAP

12 | OlL LEVEL INDICATOR

11 | EXPLOSION VENT WITH DIL GAUGE

10 | COOLING PIPES

9 | DEHYDRATING SILICA-GEL BREATHER

8 | OlL CONSERVATOR

No. ACCESSORIES

ACCESSORIES OF 3@ TRANSFORMER

ELN27110H3

Power : Electrician (NSQF - Revised 2022) - Exercise 1.12.102
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Power
Electrician - Transformers

Exercise 1.12.103

Perform 3 phase operation (i) delta - delta (ii) delta - star (iii) star-star (iv) star
- delta by use of three single phase transformes

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

» connect three single phase transformers to 3-phase supply with different types of primary and

secondary connection

» measure the primary and secondary line voltages in each type of connection
» determine the line volage ratio and compare with the theoretical ratio values.

Requirements

Tools/Instruments

+ Electrician tool kit -1 No.
+ Voltmeter M.1. - 0 to 500V -1 No.
+ Voltmeter M.1. - 0 to 300V -1 No.
Equipment/Machines
+ Single phasetransformer

1 kVA 415/230 V 50Hz - 3 Nos.

Materials

« Connecting cables - as reqd.
« ICTP switch 500V, 16A, - 2 Nos.

+ HRCfuses, 2 Amp - 3 Nos.

PROCEDURE

1

Connect the three single phase transformers and per
form polarity test and voltage ratio test.

Note down the voltage ratio of each
transformer in the table.

Mark the termials of the primary (HT) and secondary
(LT) of each single phase transformer as follows.

All the three transformers should have the
same voltage ratio and same primary and
secondary voltages.

The Terminal Marking are as per Standards

Terminals Transformer Transformer Transformer
1 2 3
Primary (HT) U Vv W
Starting Ending Starting Ending Starting Ending
1.1 1.2 1.1 1.2 1.1 1.2
Secondary(LT) 2U 2V 20V
Starting Ending Starting Ending Starting Ending
2.1 22 2.1 2.2 2.1 2.2

TASK 1 : Connect the transformers as three phase delta-delta transformer

1

Connect the dissimilar ends of the primary together.
i.e. (Fig1)

Connect 1.1. of Tr1 with 1.2 of tr3and markitas 1 U
Connect1.2. of Tr.1with 1.1 of tr2 and markitas 1V

Connect1.2. of Tr1with 1.1 of tr3and markitas 1 W

Connect the dissimilar ends of the secondary
windings. i.e.

Connect2.1. of Tr1with 2.2 of tr3and markitas 2 U

242

3 G AW

Connect2.2. of Tr.1 with 2.1 of tr2 and markitas 2 V
Connect2.2. of Tr.2 with 2.1 of tr.3 and markitas 2 W
Connect 1U, 1V, 1W to ICTP switch S1.

Connect a volmeter 0-500V across 1U and 1V.
Connect a voltmeter 0-300V across 2U and 2V.

Close the switch S1 and Note down the primary line
voltage and secondary line voltage intabular column
under Delta-Delta connection.



7 Calculate the ratic of secondary line voltage and
primary line voltage. Compare the values with
Theoretical values.

TASK 2 : Connect in star-star connection

1 Connect any three similar ends of primary winding
together. Say connect 1.2 of Tr1, 1.2 of Tr.2, 1.2 of
Tr.3 together and mark the junction as 1N. (Fig 2)

2 Mark1.1of Tr1 as 1U,1.10of Tr2 as 1V and 1.1 of
Tr3as 1W

3 Connectany three similar ends of secondary winding
together. Say connect 2.2 of Tr.1, 2.2 of Tr. 2, 2.2 of
Tr.3together and mark the junction as 2N as shown in
circuit 2.

4 Mark21ofTr1as2U, 21ifTr2as2Vand2.10ofTr.3
as 2W.

5 Repeatthe steps 3,4,5,6,7 of Task 1.

TASK 3 : Connect in star-delta connection

1 Connect three similar terminals of the primary
windings together. Say connect 1.2 of Tr.1, 1.2 of Tr.2,
1.2 of Tr.3 and mark the junction as 1N. As shown in
Fig 3.

Mark 1.1 of Tr1 as 1U1.1 of Tr2 as 1V and 1.1 of
Tr3 as 1W

Connect the dissimilar terminals of the secondary
windings.

Connect 2.1. of Tr.1 with 2.2 of tr3 and mark it as 2 U

Connect 2.2. of Tr.1 with 2.1 of tr2 and markitas 2 V

Connect 2.2. of Tr.2 with 2.1 of tr3 and mark it as 2 W
4 Repeatsteps 3, 4, 5, 6, 7 of Task 1.

Power : Electrician (NSQF - Revised 2022) - Exercise 1.12.103
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TASK 4 : To connect in deltastar connection

1

Connect the dissimilar terminals of the primary
windings as follows. (Fig 4)

Connect1.1. of Tr.1 with 1.2 of tr3 and markit as 1 L
Connect1.2. of Te1 with 1.1 aftr2 and mark itas 1%

Connect 1.2, of Tr2 with 1.1 of tt.3 and mark it as
1 W

Connect the three similar terminals of secondary
windingstogether. Sayconnect 2.2 of Tr.1 2.2 0f Tr2,
2.2 af Tr3 and mark the junction as 2M as shown in
Fig4.

hark2 1 of Tr.1 ag2U 21 of Tr2 as 2% and 2.1 of Tr.3
as 2V

Fepeat steps3 455 7 of Task1.

Voltage ratio of each transformer K =.......

I.‘I"“Iﬂt‘l """"'""ll.t LR TnmaaaF 1
nu. LY oW mr:-h'_nUh
2 ~eovf
”'-—-uwg!
onEl

Tabular Column

Line Voltage Ration

Line Voltage Ration

Type of Connection|  Primary Secondary {Theoretical)
Line Line
Vo Itage "Jultage =Secundar:,r Line Voltage

Primary Line Voltage
(Practical)

Delta-Delta

otar- Star

otar- Star

Delta- Star '

If a3 single phase transformer is available with six secondary terminals brought out then follow the
same procedure as given in above tasks with the following given terminal markings.

Transformer Windings 1 Transformer Windings2 Transformer Windings 3
Starting Ending Starting Ending =tarting Ending
Primary (HT) 1.1 1.2U 1.1% 12% 1.1 1.2y
Secondary (LT) 21U 22U 21 22 2.1 22V
244 Power : Electrician (NSOF - Revised 2022) - Exercise 1.12.103




Power

Electrician - Transformers

Exercise 1.12.104

Perform testing of transformer oil

O bjectives: o the end ofthis exercize you shall be ableto

= conduct field test on the transformer oil
= conduct crac kletest on transformer oil

= connect diel ectric test on thetransformer oil usirg standard test set.

(=] 2 =]

LS
Scan the OF Code to wem
the wWdeo for this exercise

Requirements

Toolshstuments E quipmentsMachines

= Glasstumbler -1 M. = Standard transfonmer oil te g kit with

* Pipete -1 Mo, it's accesories -1 Mo,

= 200mm dia. metal tub e with one = Electic heater 1 000 watt=250% -1 Mo,

side closing -1 Mo. Material

= Insulsted piler 1 Mo, Ll _

= 100mm connedaor screvvdriver -1 Ma. = =Emplestransfamer ail

*  Double end electrician knife -1 Mo, (differert samples) - as reqo.
= Digtilled water - azregd.

PROCEDURE

TaASK 1 Conduct field test

1

Colled & glasstumbler, pipette, cil zample and distilled
water onthe work bench.

Fill the glasstumbler with the digilled water to Z/4th
lesae].

Take a zample drop oftransform et oil through 5 pipette
and drop a single droponthe didilled water.

Ohzerve, the field of the oil surface and record the
field diameter and shape.

a The shape oftheoil drop ..
b The diafarthe field ...

c Condtion ofail ..goodbad .

If the shape of drops retained, the oil is good
if the shape isflattened and the drop occupies
the area of diameter less than 18mim, the oil
may be used. If it is more, it iz not suitable
and it hasto be reconditioned

Ta=K 2 Conduct Crackie test

1

TAZH 3 To conduct dielectric test with oil testing kit

1

Colled, steeltube, heater and a sample of ransformet
il

Hest the doss end of steel tube,
Four the oil sample intothe tube.

Takethe open end ofthe tubetothe ear and hear the
ound.

Examine the oil testing =&t and read the instrudions
given bythe manutadurer. (Fig 1)

Take a sample of the transformer oil in a clean,
tranzparent and dry glass bottle. 1f there is & drain
valvetak ethe sample from the drain valwe.

Ifit iz not possible to take the zam ple from the drain
valve thenthe sample may be drawvn by syphoning off
friam the conse reator tank .

5 Eecordthe sound heard.
a soundheard ...
b The condition ofthe il iz .
Iif the oil contains moisture, a sharp crackle
sound will be heard. Dy oil will only =sizAde.
3 Take stlead three samples in three bottle s from the

tranztormer to conduct atleast three tests,

Clean the gandard test cup by washing it with dean

oiland adjust the gap ofthe eledrodes in such & way
that it should be of 4 mm.

Measure the gap by the calibrated gauge,
whi ch isusually supplied with the equipment.
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11 Raise the voltage until the final breakdown of the oil.
The circuit breaker will get tripped. Simultaneously
watch the voltmeter and note the readings of the
breakdown voltage. (Fig 2)

Fig2

230V
SUPPLY

D

ELNZT112H2

After sparking the oil nearthe electrode will turn black
in colour.

12 Repeatthe steps 5 to 11 with oil in the second sample.

Note that the breakdown voltage of the first
and second samples should be approximately

equal.

13 Prepare the test for the third sample.

14 Conduct the test by increasing the test voltage up 40
KV.

15 Apply the test voltage for about one minute and ocbserve
that there is no sparking.

Mote that good oil should withstand 40 k¥ for one
minute.

Conclusion

5 Fill the cup with a sample of cil to be tested 1 cm
above the electrodes or the marked level on the cup.

6 Close the cup with a clean cover and allow 5 minutes
for the oil to settle so that all air bubbles may disappear.

7 Make sure that the test area is clear of all the other
persons.

8 Setvoltage regulation at zero position.
9 Switch 'ON’ the supply.

10 Raise the voltage gradually from zero so that the full
voltage is reached within 20 to 30 seconds.

It is quite possible that a spark may occurat a
very early stage i.e even 20 kV due to some
extraneous matter like microscopic strands of
cotton, dust etc. which have a tendency to get
aligned along the strong electrostatic field in
the spark gap. It may burn out and may not
affect the test.

Since the water is heavier than oil, it settles
down at the bottom of the tank.

16 If the tested oil is in good condition, fill this oil in the
transformer tank up to the oil level marked onthe body
of the transformer tank.
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Power
Electrician - Transformers Exercise 1.12.105

Practice on winding of small transfermer

Objectives: 2t the end ofthiz exercize you shall be ableto
» dismantle the ransfonmer ¢ ores
= measure and determine the size of winding wire for primary and secondany winding

= take the dimensions of a bobbin and prepare the bobbin from suitable materials A
= wind the primarny and secondary windings layer by layer ol ek
= stack the cores and fasten them Sesrthie DR Do t'; S
» terminate the winding end in a terminal board T T R
= test the transformer for insulation, transformation ratio and performanc e
= de&ign a transformer when power and uuﬂ:age natings are known.
Requirements
Toosinstrument s Materals
= Soissorsi1S0mm -1 Mo. = Super-snamelled coppersires - &3 regd.
= Steel rule 300 mm -1 Mo, = Empiresleeves 1 mm, 2mm -1 m each
= Firmer chizel 20 mm -1 Mo. = Ajr-dryvarnish -100ml.
= Hammerballpein 0.5ky -1 Mo. = Reszin-core solder 16 SV -10G
= |ron soldering 2500, 2408 -1 Mo. = Solderingpaste -5
= [DE szpanner & mm to 25 mm -1 Mo, = Smodthemery paper -1 piece
= Mallet hardwood 0.5 kg -1 Mo, =  Fabrichazed fibre sheet
= Mylonmallet S om dia. -1 Mo, and & mim thick -3mm
= DB Knife 100mm -1 Mo. = Cotton cloth for cleaning - 500zo.cm
= |maulation papers - a3 regd.
PROCEDURE
TAZHK 1 : Dismantling the transfommer for rewinding
1 Motedownthe name plate details in Table 1. 2 Remowe the clam pz attached tothe core,
2 Drawthe end connection terminal marking of the 6 Gentlytapthe transformer core with a ndon mallet so
transformer in your record. that the core gets loosened.
3 De-zolderthe leads and removethe terminal ghps if 7 REemovethe stampings garting from the centre of the
they are sttached to the core. core using Hylam Mkre knife
4 Loosenthe nutzofthe core aszemblyand rem ove the In the case of hard stacked stamping,
screwe it any. occasionally use a thinner to loosen the
stamping.
Tahle

Transformer raring plate

Moof Phazes ... SlMa.

WA rating ... Freguency ...
Primaryvoltage............ volt Secondary soltage........ vl
Primary current. .......... amp secondary currert.......... amp
= T =T = e
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11 Strip off the winding carefully. During the stripping

i a metal Knife Is lised fo femove the tight process record all the particulars in Table 4.

and sticky stampings, care should be taken not
to damage the stampings.While stripping the
core see that the stampings are taken out
straight without bends.

12 Draw the schematic diagram of the primary and
secondary sides of the transformer from the above
findings in your record.

8 Remove all the stampings and record the following in 13 Cleanthe bobbin, write down the bobbin particulars in

Table 2.
Table 2

Core details

Table 5 for your guidance.

The same bobbin can be used if it is not
damaged.

TYPE: BF BOME: v e s

No.of stampings of shape............. NG Fig 1

No. of . stamping of shape............. NG

9 Wipe the bobbin and winding with a cloth.

10 Record the dimensions of the coil in Table 3 with and
without insulation and prepare a template to check

the winding's height and length.
Table 3
Size of the coil > <
Bescrptien inqu:tiitgn invsvliltll:t)il:)tn Remarks ! I
Coilheight | ... GIm | e cm. %
Coil height | ......... cm. | ... cm.
Table 4
Winding details
Total No. of winding/fturns .....................
Motellayers
No. of turns/layer ....................
Layer insulation Type ............... Thickness ... mm.
With Without Wt.of
Insulation Insulation thecoil
Primary winding
1 stTapping, No. of turns ... diameterofwire | ... mm. | mm [ g
2ndTapping, No. of turns .. diameter of wire | ... mm. | mm [ . g
3rd Tapping, No. of turns ... diameter of wire | ... REFAS N [ mm [ g
Secondary winding
Winding 1, No. of turns ... .diameter of wire | ... mm. | mm [ g
Winding 2, No. of turns .. diameter of wire | ... mm. | mm [ g
Winding 3, No. of turns ... diameter of wire | ... mm. | mm [ g
Coil insulation - type .......... thickness .......... mm.
Connecting lead ................ size
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Table 5

Bobbin details

1 Typeofbobbin.. ... Injection moulded/Built up

2 Bobbin material ............. Thickness ....... mm.

3 Length of the bobbinL....mm, L....mm, L, ...

4 Width of the bobbin W....... mm, W........ mm, W,.........
5 Height of the bobbin H ... mm, H,....... mm, H, ...

TASK 2 : Preparation of bobbin

1 Referring to the data taken in Table 5 and as per Fig 1,
prepare the bobbin parts from a hylam/fibre sheet of
the same thinckness. (Fig 2)

Bobbin parts of standard sizes are also
available in the market which can be
assembled to form the bobbin.

2 Assemble the parts of the bobbin as shown in Fig 2
which is given for your guidance.

3 Checkthe size of the assembled bobbin and verify it
with the data taken and recorded in Table 5.

In the case of an injuction moulded bobbin it
can be purchased from the market assuming
itis of standard size.

TASK 3 . Rewinding of transformer

1 Prepare/select a suitable mandrel for the prepared
bobbin as shown in Fig 3 depending upon the design
of the winding machines.

Fig 3

ELN27113H3
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Clamp the mandrel/wooden block in the winding
machine.

See to it that while clamping the mandrel
under no circumstances the work becomes
loose during winding.

Fit the bobbin tightly to the mandrel of the winding
machine with the help of fasteners as the bobbin must
turn along with the mandrel without play. (Fig 4).

Adjust the feed of the winding machine to suit the
selected winding wire size by friction drive or by
changing the gear as shown in number 1 of Figs 5 and
6.

Adjust the transverse feed of the winding machine
guides such that the length of the inner side of the
bobbin so as to maintain the length of the coil as in
the original. Refer to number 2 of Figs 5 and 6. You
may need several trials before final setting.

Place one layer of paper or cloth as core insulation on
the bobbin smoothly without crease.
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Fig 4

ELN2T113H5

8 Start and continue the winding layer by layer providing

the necessary in-between insulation and specified
number of turms in each layer as per data taken in
Table 4.

9 Afterthe designated number of turns are wound, solder

the end lead and take it out through the bobbin flange
outlet.

If a coil has a number of taps of winding, never
cut the wire. Instead fold the length into a long
loop and carry the wire to continue the
winding. The looped wire can then be bared

and connected outside the coil.

ELN27113H8

ELM27113H7

10 After inspecting the primary winding, wrap the winding
as shown in Fig 7 with sufficient insulation according
to the data taken in Table 4.

11 Select a suitable secondary winding wire as shownin
the data taken in Table 4 and proceed as in steps 4
to 7.

12 Atthe end of the winding, wrap and bind the insulation
on the winding tightly.

13 Inspect the coil for proper termination of lead and
check the size by using a template and data taken in
Table 3.

14 Test the windings for continuity and short circuit.

If winding data is not available or a new transformer
has to be designed and wound.

If the winding wire thickness is sufficiently
large, soldering of connecting lead wire is not
necessary.

7 Start the winding and complete atleast one layer to
check whether the coil length is well within the bobbin
as in the original. If not, readjust the transverse feed.

Fig7

ELN2T113H9

Adjacent turns of the winding wire should not
overlap or have a gap in between them. if

incorrect, readjust the feed.

TASK 4 : Stacking of transformer cores (E & I)

1 Insertan ‘E’ lamination into the bobbin from both sides
as shown in Fig 8a.

2 Place the right hand side (R.H.S.) laminations below
the one inserted from the left hand side (L. H.S.).

3 Place an'l’ lamination to the free end of the L. H.S. ‘E’
piece as in Fig 8b.

Ensure thatthe slotinthe 'I' is above the corresponding
slot inthe R.H.8. ‘E’ lamination.
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ELN27113HA

Fig10

ELN27113HC

The laminated assembly should be flush and
lying flat.

Insert the second ‘E’ shaped laminations from the
opposite side.

Ensure that it fits snugly against the bobbin.

Place an ‘I’ shaped lamination in position.

Ensure that it lies flat on the first “E”
lamination.

8 Push the fixing bolts through the clamp plates.
9 Use the specified fasteners and tighten the assembly.

10 Varnish the transformer by dipping inan air-dry varnish
and drain it.

11 Fit the specified insulating sleeves over the lead-out
wires.

12 Obtain the specified terminal board and pass each
lead-out through the specified hole.

Ensure that all the sleeved leads are correclty
positioned.

Check that all the sleeved leads terminate at
each hole i.e. no bare leads should be visible

in the terminal board.

Likewise insert the laminations alternately without any
gap as shown in Fig 9.

Fig9

ELM27113HB

Ensre that when all of the specified quantity
of laminations are inserted, the assembly has
the right dimension, from loose laminations
and correct interpolated laminations.

Fit both top and bottom clamp plates on the assembly
as inthe original. (Fig 10)

Pay particular attention to align the core slots
in the laminations.

Ensure that the fixing bolts can be easily
inserted.

13 Place the terminal board in position as shown in
Fig 11.

14 Secure the terminal board with the specified studs.

15 Check that no leads have been trapped between the
terminal board and the core.

16 Make the specified mechanical joint between each lead-
out wire and its soldering tag.

17 Solder each joint and cut off the surplus wire ends as
seenin Fig 11.

Fig 11
SOLDERING TAG

ELN27113HD
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TASK 5 : Testing of transformer after winding

1

Test the primary and secondary windings for continuity
with a megger.

Measure and record the primary and secondary
winding resistance in Table 6.

Table 6
Transformer winding resistance
Primary resistance ................. ohm
Secondary 1 resistance ................ ohm
Secondary 2 resistance ................. ohm
Secondary 3 resistance ... ohm

Measure and record the insulation resistance, between
windings and frame in Table?.

Table 7

Insulation resistance between

Primary & secondary windings ................ megohm
Secondary windings ... megohm

{in case of seperate windings)

Windings and frame ... megohm

252

Connect the primary winding of the transformer with
the rated voltage. Keeping the secondary open, test
the primary and the secondary voltage. Record the
finding in Table 8.

Table 8
No-load measurement
Primary voltage ............... volt
Secondary voltage
1 volt
2 R — volt
L RRRRETR S volt

Observe for vibration sound of the core. Ifitis abnormal,
tighten the stampings, also check for tightness of the
coil.

Connect the transformer with suitable load so that full
load current passes through the secondary, and record
the voltage and current at load in Table 9.

Table @

Load measurement

Primary voltage .............. volt
Primary current................ amp
Secondaryvoltage ........... volt
Primary current................ amp

Keep the transformer on full load for eight hours
continously. Observe the change intemperature of the
winding and core by touching. If the temperature raise
is within the class of insulation, the transformer is O.K.
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Power
Electrician - Transformers

Exercise 1.12.106

Practice of general maintenance of transformer

Objectives: At the end of this exercise you shall be able to
» carry out hourly maintenance of transformer
» carry out daily maintenance of trasformer.

Requirements
Tools/Instruments Materials
+ Electrician tool kit -1 No. + ltems requiredfor reactivating silica gel.

Spare relief diaphragm.

procedures.

Note: The instructor may take the trainess to the transformer yard and demonstrate the maintenance

PROCEDURE
TASK 1 : Carry hourly maintenance

1 Note down the secondary load current of the transformer
read by the ammeter provided.

2 Check this value with the rated value as per name

plate details. 4

3 If the load current is more than the rated value then
reduce the load on transformer by the following

sequence. 5

a Trip off the circuit breaker

b Switch off the load feeders which are not very
essential

¢ Againcharge and switch on the circuit breaker.

Record the values of primary line voltage and line
current and secondary line voltage and line current
and PF inTable 1.

Note down the oil temperature which is indicated by
thermostat dial or thermometer in Table 1.

Table1
Maintenance chart for hourly maintenance of 3¢ transfomer
Primary Secondary Secondary
sl. | Date & Line Voltage Line Voltage Current Power il Remarks
He.. | Time Phases | Voltage PHasas Voltage Phasas Current Factor Jemp
{\) {\) in Amps

1 -1V 2U-2V 20U

2 IV-1W 2V - 2W 2V

3 IW-1U 2W-2U 2W

TASK 2 : Carry out daily maintenance of transformer

1 Inspect the dehydrating breather, by following
sequence.

a Check whether the air passages are clear, if not
clean it

b Check the colour of the active agent i.e. silicagel

¢ |If the silicagel is pink in colour, reactivate it in
following sequence.

2 Collect the sillica gel crystals in a shallow tray and

brake them at 200°C.

3 When the crystals become blue in colour, fill the

breather with reactivated blue crystals.
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Inspect the oil level in the transformer.

Observe the conservator sight glass and check the
oil level of the transformer.

If the oil level is low, top up the level through drain
value by filling clean transformer oil.

If the cil level drops appreciably over a short period,
then check the tank for any oil leakage.

8 Ifthereis aleakinthe transformer tank, take suitable
actions to prevent leakage by consulting the instructor.

9 Inspect the relief diaphragm.

10 Observe the explosion vent of the transformer and
check the condition of relief diaphragm and record the

observations in Table 2.

11 If it is cracked or broken replace it after isolating the
primary supply to the transformer.

Table 2

Maintenance chart for daily maintenance of 3¢ oil cooled transfomer

Date

Time

Qil level Colour of
Silicagel

Condition of
relief diaphragm

Remarks
action taken
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Fruje-:t Work

Objectives: The TraineesP aticipants shall be ahleto
= seect a project work of their choice

= prepare the list of materials required and collect them

= |ist out the tools required
= prepare a brief note on the project

= complete the project and submit the project report with all the details.

Hote: Instructor has to explain in detail
regarding the project works to be camied out
in the section. The trainees may be divided in
groups according to the strength available in
section and give all details howto prepareand
finish the work with complete workmanship
and accuracy.

= Sieptostad and followthe projed work

= potivate the group by emphasising the technical work

involved and its future influences.

= Divide the work egually and make sure in yvoke

participating with fullinterest,

= Start the project work, test it stage by stage and

complete i.

= Ted the completed project job for its fundionality and

it uility.

= Prepare a project report containing itz technical
paraneters, specification, matetial requirement and its
cod, operational procedure, maintenance | utility and

marketing ete.

= |ndicate the scope of fulure exjmans on, essy consversion

toather project for advanced version inthe repott.

et it checked with vour ingtructor,

The projedt should complete with all operational
ingdructions and carry necessary procedure swith
andtches, controls, labels, symbals etc,

Saktydeviceshasto beplaced according to the project
and it functions.

Mairtenance and repair instructions should be
indicated deary.

Hote: Instructor has to evaluatethe project work
with all records and reports. Marks to be
awarded for the project working, accuracy,
workmmanship, safety features and its work
performmance related to the viva questions.

Project work

1

&
3
4
3

CweHoad protection of eledrical equipment.
Automatic contral of street lightinight lamp.
Fuze and power faillre indicator using relays.
Door alarm Andicator.

D ecorative light with eledrical lasher.

Scan the OF Code to wean
the wdeo for this exercize
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