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Abstract— the study will be on the industry wide 

manufacturing process to build a transformer in the shop floor. 

Processes will cover core construction, insulation, windings, core 

and coil, processing, tanking, testing and shipping. Some of the 

hold-points during the processes will be explained as well what a 

Customer should look into while doing factory inspection. The 

presentation will also cover all topics of manufacturing process 

like Winding Construction, Core Assembly, Core & Winding 

(Coil) Assembly, Tapping& Tap Changer, Tank Construction, 

Painting, and Testing. 

 

Keywords—Transformer Construction and Testing. 

 

 

I. INTRODUCTION 

Electrical power transformer is a static device which 

transforms electrical energy from one circuit to another 

without any direct electrical connection and with the help of 

mutual induction between two windings. It transforms power 

from one circuit to another without changing its frequency but 

may be in different voltage level. 

The working principle of transformer is very simple. It 

depends upon Faraday's law of electromagnetic induction. 

Mutual induction between two or more winding is responsible 

for transformation action in an electrical transformer. 

Faraday's Laws of Electromagnetic Induction According to 

these Faraday's laws, "Rate of change of flux linkage with 

respect to time is directly proportional to the induced EMF in 

a conductor or coil". 

 

 
 

Fig. 1 Transformer construction 

Fig 1. Shows a transformer construction. A varying current in 

the transformer's primary winding creates a varying magnetic 

flux in the transformer core and a varying magnetic field 

impinging on the secondary winding. This varying magnetic 

field at the secondary winding induces a varying EMF or 

voltage in the secondary winding due to electromagnetic 

induction. The primary and secondary windings are wrapped 

around a core of infinitely high magnetic permeability so that 

all of the magnetic flux passes through both the primary and 

secondary windings. With a voltage source connected to the 
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primary winding and load impedance connected to the 

secondary winding, the transformer currents flow in the 

indicated directions. 

According to Faraday's law, since the same magnetic flux 

passes through both the primary and secondary windings in an 

ideal transformer, a voltage is induced in each winding 

proportional to its number of windings. 

 

Usually, electrical power is generated at 11KV. For 

economical reasons AC power is transmitted at very high 

voltages say 220 KV or 440 KV over long distances. 

Therefore a step-up transformer is applied at the generating 

stations. Now for safety reasons the voltage is stepped down 

to different levels by step down transformer at various 

substations to feed the power to the different locations and 

thus the utilization of power is done at 400/230 V. 

If (V2 > V1) the voltage is raised on the output side and is 

known as Step-up transformer 

If (V2 < V1) the voltage level is lowered on the output side 

and is known as Step down transformer 

Construction of a Transformer 

It mainly consists of 

1. Magnetic circuit (consisting of core, limbs, yoke and 

damping structure). 

2. Electrical circuit (consists of primary and secondary 

windings) 

3. Dielectric circuit (consisting of insulations in different 

forms and used at the different places) 

4. Tanks and accessories (conservator, breather, bushings, 

cooling tubes, etc.) 

II. METHODOLOGY 

Transformer design depends upon two main parts, first is core 

and second is Winding. Whenever design transformer, first 

design core and second. Winding design depend on rating for 

ex. Disc winding, helical winding, multi large winding etc. 

After completed first part started construct core channel and 

put core on this channel than made two winding LV and HV. 

This winding put on heating chamber and made core assembly. 

 

 
Fig. 2 Core & Winding (Coil) Assembly 

 
 
 

Now remove core on CCA, and laminated around the limb, 

and also laminated LV winding than LV winding set on 

varnish paper arena than made tapping connection of HV 

winding after completed this connection, set LV and HV side 

connection. After completed this assembly, put this assembly 

on CCA vacuum chamber. 
 

Fig. 3  Transformer tank 

Last process is tanking, in this process CCA put on tank than 

locate bussing on LV and HV side. And last locate bretther, 

conservator, tank, buchholz rely, mog. This is use as per 

requirement; it is base on load or off load tap changer. 

And last close tank at top side and fill oil in tank, and starting 

testing process. 

III. TESTING 

 
There are nine testing in industry and we are tanking total 

testing. Testing name show below. 

 
1. Winding ratio test 

2. Magnetic balance and current test 

3. Insulation resistance test 
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4. Vector test 

5. Load loss test 

6. No load test 

7. Induced over voltage test 

8. H.V test 

9. Breakdown voltage test 

 

1. Winding ratio test 

 

 Transformer Ratio Test 

 

The performance of a transformer largely depends upon 

perfection of specific turns or voltage ratio of transformer. So 

transformer ration test is an essential type test of 

transformer. The voltage should be applied only in the high 

voltage winding in order to avoid unsafe voltage. 

 
 Ratio Test of Transformer and Check of Phase 

Displacement 

 
Actually the no load voltage ratio of transformer is 

equal to the turn ratio. So ratio test of transformer.. 

 
Procedure of transformer ratio test: 

 

1. First, the tap changer of transformer is kept in the 

lowest position and LV terminals are kept open. 

2. Then apply 3-phase 415 V supply on HV terminals. 

Measure the voltages applied on each phase (Phase- 

phase) on HV and induced voltages at LV terminals 

simultaneously. 

3. After measuring the voltages at HV and LV terminals, 

the tap changer of transformer should be raised  by 

one position and repeat test. 

4. Repeat the same for each of the tap position 

separately. 

 
The above transformer ratio test can also be performed by 

portable transformer turns ratio (TTR) meter. They have an in 

built power supply, with the voltages commonly used being 

Very low, such as 8-10 V and 50 Hz. The HV and LV 

windings of one phase of a transformer are connected to the 

instrument, and the internal bridge elements are varied to 

produce a null indication on the detector. 

 
Let’s have a discussion on transformer turns ratio (TTR)  

meter method of turn ration test of transformer. A phase 

voltage is applied to the one of the windings by means of a 

bridge circuit and the ratio of induced voltage is measured at 

the bridge. The accuracy of the measuring instrument is 

 

 

 

This theoretical turn ratio is adjusted on the transformer turn 

ratio tested or TTR by the adjustable transformer as shown in 

the figure above and it should be changed until a balance 

occurs in the percentage error indicator. 

 
The reading on this indicator implies the deviation of 

measured turn ratio from expected turn ratio in percentage. 

 

 

 
Out-of-tolerance, ratio test of transformer can be due to 

shorted turns, especially if there is an associated high 

excitation current. Open turns in HV winding will indicate 

very low exciting current and no output voltage since open 

turns in HV winding causes no excitation current in the 

winding means no flux hence no induced voltage. But open 

turn in LV winding causes, low fluctuating LV but normal 

excitation current in HV winding. Hence open turns in LV 

winding will be indicated by normal levels of exciting current, 

but very low levels of unstable output voltage. The turn ratio 

test of transformer also detects high resistance connections 

in the lead circuitry or high contact resistance in tap changers 
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by higher excitation current and a difficulty in balancing the 

bridge. 

 
TABLE I Add Caption 

 
 

Tapping 

No. 

Specified 

Ratio 

U V W 

1 138.6V 138.37V 138.36V 138.36V 

5 132V 131.77V 131.77V 131.76V 

17 112.2V 112.06V 112.06V 112.05V 

 
2. Magnetic balance and current test 

 

Magnetizing current test of transformer is performed to 

locate defects in the magnetic core structure, shifting of 

windings, failure in between turn insulation or problem in tap 

changers. These conditions change the effective reluctance of 

the magnetic circuit, thus affecting the current required to 

establish flux in the core. 

 
1. Keep the tap changer in the lowest position and open 

all IV and LV terminals 

2. Then apply three phase 415 V supply on the line 

terminals for three-phase transformers and single 

phase 230 V supply on single phase transformers 

3. Measure the supply voltage and current in each phase 

4. Now repeat the magnetizing current test of 

transformer test with keeping tap changer in normal 

position 

5. Repeat the test while keeping the tap at highest 

position 

 
Normally, there are two similar higher readings on two outer 

limb phases on transformer core and one lower reading on the 

center limb phase, in the case of three phase transformers. 

 
An agreement to within 30% of the measured exciting current 

with the previous test is usually considered satisfactory. If the 

measured exciting current value is 50 times higher than the 

value measured during factory test, there is a likelihood of a 

fault in the winding which needs further analysis. 

 
Caution: This magnetizing current test of a transformer is to  

be carried out before DC resistance measurement. 

 
TABLE II HV Side. 

 
 

Sr. No. UV VW WU 

1 414V 312V 99V 

2 200V 414V 211V 

3 112V 300V 414V 

 
TABLE III Leakage current 

 
 

SR. No. UV VW WU 

1 1.8mA 1.3mA 1.4mA 

 
3. Insulation resistance test 

 

Insulation resistance test of transformer is essential type 

test. This test is carried out to ensure the healthiness of the 

overall insulation system of an electrical power transformer. 

 
Procedure of insulation resistance test of transformer: 

 

1. Disconnect all the line and neutral terminals of the 

transformer 

2. Mugger leads to be connected to LV and HV bushing 

studs to measure insulation resistance IR value in 

between the LV and HV windings 

3. Mugger leads to be connected to HV bushing studs 

and transformer tank earth point to measure 

insulation resistance IR value in between the HV 

windings and earth 

4. Mugger leads to be connected to LV bushing studs 

and transformer tank earth point to measure 

insulation resistance IR value in between the LV 

windings and earth 
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It is unnecessary to perform insulation resistance test of 

transformer per phase wise in three-phase transformer. IR 

values are taken between the windings collectively as because 

all the windings on HV side are internally connected together 

to form either star or delta and also all the windings on LV 

side are internally connected together to form either star or 

delta. 

 
Measurements are to be taken as follows: 

 

 For autotransformer: HV-IV to LV, HV-IV to E, LV 

to E. 

 For two winding transformer: HV to LV, HV to E, 

LV to E. 

 Three winding transformers: HV to IV, HV to LV,  

IV to LV, HV to E, IV to E, LV to E. 

 Oil temperature should be noted at the time of 

insulation resistance test of the transformer, since 

the IR value of transformer insulating oil may vary 

with temperature. 

 IR values to be recorded at intervals of 15 seconds, 1 

minute and 10 minutes. 

 With the duration of application of voltage, IR value 

increases. The increase in IR is an indication of 

dryness of insulation. 

 Absorption coefficient = 1 minute value/15 secs. 

value. 

 Polarization index = 10 minutes value/1 minute value 

 
TABLE IV Add Caption 

4. Vector test 

In a 3 phase transformer, it is essential to carry out a vector 

group test of transformer. Proper vector grouping in a 

transformer is an essential criterion for parallel operation of 

transformers. 

 
There are several internal connections of three-phase 

transformer is available on the market. These several 

connections give various magnitudes and phase of the 

secondary voltage; the magnitude can be adjusted for parallel 

operation by suitable choice of turn ratio, but the phase 

divergence cannot be compensated. 

 
So we have to choose a transformer suitable for parallel 

operation whose phase sequence and phase divergence are 

same. All the transformers with the same vector ground have 

same phase sequence and phase divergence between primary 

and secondary. 

 
Before procuring an electrical power transformer, you should 

ensure the vector group of the transformer, whether it will be 

matched with his or her existing system or not. The vector 

group test of transformer confirms his or her requirements. 

 
TABLE  V Add Caption 

  

 
Connection HV-LV HV-EARTH LV-EARTH 

Test Voltage 2500V 2500V 1000V 

Duration in 

10sec 

10.5GO 9.6GO 6.8GO 

Duration in 

60sec 

15.7GO 13.5GO 10.8GO 

1U2n+ 3.10 + 1V2n = 

 

4.1 = 

1U1V 

 

413 

1V2W= 408 = 1V2V 

 

408 

 

1W2W¡ 410¡ 1W2V 

 

420 
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5. Load loss test 

 

Load losses are caused by the winding impedance and vary 

according to the loading on the transformer. Transformer load 

losses can be divided into two parts. 

 
Loss used by transformer winding electrical resistance when 

load currents flow eddy current losses by currents circulating 

within   the  winding   conductors.   They  include  heat losses 

(   ) and eddy currents in the primary and secondary 

conductors  of  the transformer.  Heat  losses  or  losses, in 

the  winding  materials contribute  the largest  part  of  the load 

losses. They are created by resistance of the conductor to the 

flow of current or electrons. 

 
Measurements of transformer loss are usually conducted 

during open-circuit and short-circuit test. With the open- 

circuit test (load=0) the measured losses are the no-load loss. 

During the short-circuit test the secondary is shorted and 

primary voltage adjusted to achieve a full load current flow. 

Short-circuit test give the total transformer loss from which 

the load loss can be calculated by subtracting the no load loss. 

 
TABLE VI Add Caption 

 

 

 

6. No load test 

 

No-load losses are the steady losses which will not vary 

according to the load on the transformer. No-load losses are 

caused by the magnetizing current needed to energize the core 

of the transformer. When the winding is energized, the 

exciting current consists of real component and a reactive 

component. These losses can be minimized by the perfect 

design of component and the No-load losses are categorized as 

shown below: 

Hysteresis losses in the core lamination eddy current losses in 

the core lamination’s dielectric losses in the transformer 

components during excitation.      Losses due to no-load 

Current in the primary and secondary winding. 

 

For distribution transformers no load losses are typically les 

then 5% of the rated current. Hysteresis losses and eddy 

current losses contribute over 99% of the no-load losses. 

 
TABLE VII Add Caption 

 
  

Tapping NO. U(V) V(I) W(W) 

5 254.06V 1.2308Amp 516.1 W 

 
7. H.V test 

 

The insulation of power transformers and other electrical 

equipment is tested by conducting the following high voltage 

tests: 

 
1. Power frequency voltage withstand test 

 

2. Impulse voltage withstand test 

 

Power frequency voltage withstand test: Power  frequency 

voltage withstand test is performed in manufacturer’s test plant. 

It is a normal practice to apply specified voltage of power 

frequency for a period of one minute to the transformer winding 

in specified manner. The test voltage is obtained from high 

voltage testing transformer. 

 
The specified test voltage depends upon the following: 

 

1. Whether dry or oil-immersed transformer. 

 

2. Whether the transformer used with effectively earthed system 

or non-effectively earthed system. 

 
Power frequency voltage withstand test is of two categories dry 

and wet. 

Tapping No. U(V) V(I) W(W) 

  5 39.468 V 2.6319 Amp 50.26 W 
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Dry power frequency withstand test is a routine test. Wet power 

frequency withstand test is a type test and is a performed under 

the condition of shower. It is necessary only on outdoor 

equipment. 

 
Power frequency test at site is performed at lesser voltage. 

 

TABLE VIII Add Caption 

 

 

Impulse voltage withstand test consists of applying specified 

impulse voltage wave to the winding as per the 

specifications. The specified impulses voltage wave is 

obtained from impulse generator. 

 
It is usually a 12/50 micro-seconds wave having wave front 

12 micro-seconds and wave tail of 50 micro-seconds. 

 
The switching impulse tests in applicable to power transformers 

rated above 365 KV or as per agreement with user. 

 
Chopped impulse test is special test performed in accordance 

with mutual agreement between manufacturer and user. 

 
8. Breakdown voltage test 

 

Dielectric   strength   of   transformer    oil   is   also   known 

as breakdown voltage of transformer oil or BDV of 

transformer oil. Break down voltage is measured by 

observing at what voltage, sparking straits between two 

electrodes emerged in the oil, separated by specific gap. Low 

value of BDV indicates presence of moisture content and 

conducting substances in the oil. For measuring BDV of 

transformer oil, portable BDV measuring kit is generally 

available at site. In this kit, oil is kept in a pot in which one 

pair of electrodes are fixed with a gap of 2.5 mm (in some kit 

it 4 mm) between them. Now slowly rising voltage is applied 

between the electrodes. Rate of rise of voltage is generally 

controlled at 2 

KV/s and observe the voltage at which sparking  starts 

between the electrodes. That means at which voltage 

dielectric strength of transformer oil between the 

electrodes has been broken down. 

 
IV. CONCLUSIONS 

 
From this test we have concluded that by testing the transformer 

winding, insulator, and transformer withstand capacity all the 

parameter are tested which are important to check before 

commissioning. Testing result show all parameter satisfies the 

standards of transformer and it shows that transformer is ready 

for commissioning. 
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