
EE 741 

Power Transformers 



Overview 

• Two-winding transformer 

• Autotransformers 

• Three-phase transformer 

– Delta-Y-grounded 

– Ungrounded-Y-Delta 

– Y-grounded-Y-Grounded 

– Delta-Delta 

– Open-Y-Open-Delta 



Two-winding transformer 

• Exact circuit 

 

 

 

• Approximate ckt. 



Autotransformer 

Series  

winding 

Shunt 

 winding 

Step-up Step-down 

(+) sign for step-up, and (-) sign for step-down 

+ 



Schematic winding structures of 3-phase transformers 

              Bank of 3 single-phase (triplex) core                         3-legged stacked core 



3-phase transformer 

• Generalized matrices: 

 

 

• Phase shift in Y-Delta connection (American Standard), 

 



Delta – Y-grounded step-down connection 

Turn ratio in the following 3-phase configurations:  nt = NH/Nx 



• Matrices  
(ignore shunt admittance)  

Delta – Y-grounded step-down connection 



Ungrounded-Y – Delta step-down connection 



Ungrounded-Y – Delta step-down connection 

• Matrices 



Example 1 

• Consider the following: 

– The load be unbalanced with Sab = 100 kVA @ .9 PF lag, and Sbc = Sca = 50 

kVA @ 0.8 PF lag, 

– The voltage at the load is balanced at 240 V (line-to-line) 

– Transformer across a-b is rated at 100 kVA, 7200/240 V, Ztab = .01 +j.04 pu 

– Other transformers are rated at 50 kVA, 7200/240V, Ztbc=Ztca = .015+j.035 pu 

• Compute  a) the  secondary line currents, (b) the primary line 

currents, c) the primary  phase and line voltages, d) the kVA loading 

on each transformer. 

 



Example 1 (Answer) 

• a) 

 

 

• b)  

 

 

• c) 

 

 

• d)  



Grounded-Y – grounded-Y step-down 

connection 

No phase shift 



• Matrices 

Grounded-Y – grounded-Y step-down 

connection 



Delta-Delta Connection 

No phase shift 



• Matrices 

Delta-Delta Connection 



Grounded open-Y – open Delta connection 



• Matrices 

Grounded-open-Y – open-Delta connection 



Example # 2 

• Repeat Example 1 by using only phases A and B (i.e., removing one of 

the transformers and operating in open Y – open delta). As in Example 

1, assume the voltage is balanced at the load terminals. 

• Answer: 



Transformer ratings: Voltage and Frequency 

The voltage rating is used to protect the winding insulation from 

breakdown, and limit the magnetization current of the transformer. 

If a steady-state voltage 

( ) sinMv t V t

is applied to the transformer’s 

primary winding, the 

transformer’s flux will be 
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An increase in voltage will lead to 

a proportional increase in flux. 

However, after some point (in a 

saturation region). This lead to an 

unacceptable increase in 

magnetization current! 

flux 

Magnetization 

current 



Transformer ratings: Voltage and Frequency 

The maximum applied voltage (and thus the rated voltage) is 

set by the maximum acceptable magnetization current in the 

core. 

The maximum flux is also related to the frequency: 
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Therefore, to maintain the same maximum flux, a change in 

frequency (say, 50 Hz instead of 60 Hz) must be 

accompanied by the corresponding correction in the 

maximum allowed voltage. This reduction in applied 

voltage with frequency is called derating.  



Transformer ratings: Apparent Power 

The apparent power rating sets (together with the voltage 

rating) the current through the windings. The current 

determines the i2R losses and, therefore, the heating of the 

coils. Remember, overheating shortens the life of 

transformer’s insulation! 

In addition to apparent power rating for the transformer 

itself, additional higher rating(s) may be specified if a forced 

cooling is used. Under any circumstances, the temperature 

of the windings must be limited. 



Transformer ratings: Current inrush 

Assuming that the following voltage is applied to the 

transformer at the moment it is connected to the line: 

 ( ) sinMv t V t  

The maximum flux reached on the first half-cycle depends 

on the phase of the voltage at the instant the voltage is 

applied. If the initial voltage is 

 ( ) sin 90 cosM Mv t V t V t    

and the initial flux in the core is zero, the maximum flux 

during the first half-cycle is equals to the maximum steady-

state flux (which is ok): 
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However, if the voltage’s initial phase is zero, i.e. 

 ( ) sinMv t V t



Transformer ratings: Current inrush 

the maximum flux during the first half-cycle will be 

   
0

max

0

1
si

2
n cos MM

M

p pp

V
V t dt t

N N

V

N

 
 







    

Which is twice higher than a normal steady-state flux! 

Doubling the maximum flux in 

the core can lead to saturation, 

thus may result in a huge 

magnetization current! 

Normally, the voltage phase 

angle cannot be controlled, thus 

a large inrush current is possible 

during the first several cycles 

after turn ON. 



Typical Transformer Data Sheet 



Assignment # 1 

Consider 3 single-phase transformers that are connected in Δ-Δ as shown above. 
• The 3-phase load is balanced with a rating of 200 kVA @ .8 PF lag, while the single-

phase load is rated at  80 kVA @ 0.9 PF lag, 

• The voltage at the load is balanced at 240 V (line-to-line) 

• Transformer across b-c is rated at 100 kVA, 7620/240 V,  and the other transformers 

are rated at 75 kVA, 7620/240V. The impedance of each transformer is .03+j.04 pu. 

Compute  the following: 

• The  secondary currents [Iabc] and primary currents [IABC], 

• The primary phase voltages [VLNABC], and line voltages [VLLABC]. 

• The kVA loading on each transformer (hint: Vba + Vac + Vcb =0) 

 


