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Abstract--- Testing of transformers at factory is a part of 

quality assurance program. Testing of any equipment is 

required to ensure that product meets requirement of 

customer specification, factory’s internal quality criteria and 

requirements of applicable standards. Source transformer is 

the crucial component of power source which is required for 

testing of transformers in laboratory. While designing such 

source transformer, some special considerations should be 

taken to make it more effective and useful. Some of that 

considerations are Impedance of the transformer, various 

tapping on high and low voltage windings, partial discharge 

free design, higher safety margins in dielectric design, 

compactness etc. Practical aspects considered for designing 

source transformer are mentioned. For more accurate 

analysis of impedance of transformer FEMM 4.2 software is 

used. For dielectric stress calculation FEA (Finite element 

analysis) for high low gap, top insulation and bottom 

insulation is presented.  

I. INTRODUCTION  

Prime purpose of source transformer is to provide power for 

testing object under test at appropriate voltage and current 

level. Source transformer is mainly used for to facilitate loss 

measurement (No load loss and load loss measurement), 

dielectric tests (e.g. Induced over voltage test, partial 

discharge measurement) and temperature rise test.  

Here source transformer is designed to be a part of 

UHV class transformer testing laboratory. Power rating of 

source transformer is reduced drastically by using proper 

compensation technique in power source design 
[5]

. 

Specification of source transformer is prepared based on 

varies design considerations, power source layout and 

variety of transformer to be tested. Impedance is calculated 

using FEMM 4.2, which is finite element based software. 

Using FEMM 4.2 total magnetic energy is calculated which 

gives impedance of transformer. Dielectric design of high 

low gap is validated by using analytical method as well as 

FEM analysis. For non-homogeneous shapes of top and 

bottom insulation it is almost impossible to have solution by 

analytical method, hence FEA is used. 

II. DESIGN CONSIDERATIONS FOR SOURCE TRANSFORMER  

1. As source transformer is having cyclic duty, no load 

loss and load loss are not major concern while 

designing the transformer. 

2. Testing transformer should be compact so as to occupy 

less floor area which results in effective utilization of 

test bay. When rating of transformer is high water 

cooled heat exchangers or unit coolers help a lot in 

reduction of overall size of transformer. 

3. The most important requirement of requirement of 

testing transformer is, it should have very low level of 

partial discharge to avoid interference in measurement 

of partial discharge for object under test. 

4. Source transformer is subjected to repeatedly higher 

dielectric stress during its life span. Hence while 

dielectric design higher safety factors should be 

considered. 

5. Source transformer is designed to have scott connection 

for testing single phase transformers. 

6. High voltage and low voltage windings should have 

appropriate off load tap changer. 

7. Higher impedance of transformer helps in limiting short 

circuit fault current, but due to comparatively lower 

capacity of power source fault level is not so high. 

Lower impedance results in better voltage regulation. 

So minimum impedance where design is cost effective 

should be considered. 

8. As in most of cases, source transformer is having 

indoor duty, lightning impulse voltage is not a major 

concern. 

9. Source transformer is designed with three single phase 

units instead of on three phase units. So single 

transformer can be used whenever required and they 

can be paralleled for high current requirement. 

III. SPECIFICATION OF SOURCE TRANSFORMER 

After analyzing different types and ratings of transformers 

to be tested in the laboratory, design considerations 

discussed in previous section following technical 

specification are finalized for source transformer, 

Rated Power 6 MVA (3 units of 2 MVA 

each) 

Voltage Ratio 100-50-25/ 11-9.52-5.5 kV  

Rated Frequency 50 Hz 

%Impedance at 2 

MVA 

5.25 

Voltage over loading 

capacity 

10 % 

BIL 550 kVp 

One min power 

frequency withstand 

230 kV (rms) 

PD Level < 100 pC at 1.5 p.u. (1.0 p.u = 

100 kV) 

Table. 1 Technical specification 

Here three single phase units of 2 MVA are 

considered instead one threes phase unit of 6 MVA. Off 

load changer is used on high voltage side to have voltage 

variation. On low voltage side different tapping are provided 

to accommodate supply from various power source and to 

facilitate Scott connection. Partial discharge level is 

considered 100 pC instead 500 pC as per standard. 
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IV. MAGNETIC CIRCUIT DESIGN 

As discussed in design criteria loss is not a major concern 

for source transformer due to cyclic duty. Let’s consider M4 

grade CRGO (cold rolled grain oriented) steel for magnetic 

circuit design which is having saturation flux density of 1.85 

Tesla. Voltage over loading requirement is 10% given in 

specification, so flux maximum flux density of 1.65 Tesla 

should be taken while designing. For single phase 

transformer shell type construction is used, which is having 

three limbs. Outer limbs are having half cross section 

compared to center limb as total flux produced in center 

limb is divided in two equal parts. Once magnetic circuit is 

design from the knowledge of design flux density, volume 

of circuit, density of material and watt/ kg at particular flux 

density core loss can be easily calculated. 

V. WINDING CONFIGURATION 

For low voltage winding, tappings at 50% and 86.6% of 

rated voltage are required to get the benefit of Scott 

connection while testing single phase transformers. To avail 

this easily, LV winding is designed in three layer 

construction as shown in “fig.1”. With arrangement 

considered for low voltage winding, it is possible to connect 

two single phase units in Scott configuration. “fig.2” gives 

the schematic diagram of Scott connection which helps in 

overcoming adverse effect on generator due to single 

phasing while testing single phase transformer. As given in 

specification high voltage winding should have off load tap 

changer to get 25 kV, 50 kV and 100 kV voltage. To avail 

this high voltage winding is divided in four equal sections 

and they are connected in series or parallel configuration as 

shown in “fig.3” to get required voltage level.  

 
Fig. 1: Low voltage winding configuration 

 
Fig. 2: Scott connection for single phase load 

 
Fig. 3: High voltage winding configuration 

VI. IMPEDANCE 

Percentage Impedance of transformer indicates how much 

percentage of rated voltage is required to circulated rated 

current through winding with other winding short circuited. 

Impedance of transformer limits short circuit current during 

fault condition at site. The impedance mainly depends on 

mean diameter, height and radial thickness of both HV and 

LV winding and also high low gap. As per specification we 

need to design the transformer for impedance of 5.25 %. 

For calculating percentage impedance accurately, 

advanced tool like finite element analysis can be used. Finite 

element model for transformer under consideration is shown 

in “fig.4”. The model is prepared in FEMM 4.2 software. By 

this method it is possible to calculate total magnetic energy 

due to leakage flux. From the knowledge of total magnetic 

energy, percentage leakage reactance can be calculated by 

using following equations, 

  
 

 
               ……. (1.1) 

              …….. (1.2) 

       
   

   
     ……. (1.3) 

Here total magnetic energy from FEMM 4.2 is 

166.4 Joule. Calculated value of leakage reactance is 5.23% 

and resistance is negligible, so design impedance matched 

with specified value.  

 
Fig. 4: FEMM 4.2 model for total magnetic energy 

calculation 
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VII. INSULATION DESIGN 

Insulation design is most important part of source 

transformer design. Insulation mainly includes major and 

minor insulation. While designing this insulation system, 

specified value of BIL and one minute power frequency 

voltage is considered. “fig.5” gives generalized idea about 

high low gap insulation and winding to earth clearances. 

 
Fig. 5: High low gap and winding to earth clearance 

For partial discharge free design of high low gap 

between two windings, stress level should not be more than 

value given by weidmann curve as shown in “fig.8”.  Let’s 

consider case of source transformer under consideration as 

shown in “fig.6-7”, dielectric stress can be calculated using 

following equation (1.1) 
[4]

,  
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                      (1.4) 

 
Fig. 6: Cross section of transformer winding 

Calculated maximum stress value for this case 

under consideration is 5.65 kV/mm which is well within 

limit specified by weidmann curve. Magnified view of high 

low gap is shown in “fig.7”.  

 
Fig. 7: Magnified view of high low gap 

Fig. 8: Weidmann Curve 
[1]

 

FEA can be used to calculate stress of high low gap 

more accurately and also it is possible to calculate stress for 

irregular shapes like top and bottom insulation of winding. 

“fig.9-10-11”gives FEA for high low gap, top insulation and 

bottom insulation respectively. Maximum electric stress for 

high low gap from analysis given in “fig.9”is 5.7 kV/mm, 

which is well within limit given by weidmann curve. From 

FEA analysis of top and bottom insulation, electric stress is 

less than 4 kV/mm. 

 
Fig. 9: FEA for high low gap between two windings 

 
Fig. 10: FEA for top insulation 

 
Fig. 11: FEA for bottom insulation 
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VIII. CONCLUSION 

By adopting mentioned design considerations, source 

transformer can be made more effective and reliable. FEA is 

useful for accurately determining impedance of transformer. 

FEA can also be used for stress calculation of high low gap 

and top and bottom insulation which is having irregular 

shape. Electric stress in transformer under consideration is 

having good safety margins. 
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