Power transformers #3
1.0 Introduction
In the first set of notes on transformers, we developed a basic model. The second set of notes dealt with the two issues of (a) measuring parameters for that model and (b) three-phase transformer connections and the 30 degree phase shift.

In these notes we will briefly look at per-phase analysis and comment on paralleled transformers.
2.0 Per-phase analysis
Section 5.3 goes into a significant amount of detail in regards to per-phase modeling of three-phase transformers. This modeling is very important when analyzing unbalanced systems, which we encounter in EE 457. 

For our purposes, there are only three issues for which we need to be aware:

1.  Neutral point: A Δ-connection on either side of the transformer presents a problem for per-phase analysis because it has no neutral. Yet, we may speak of a mathematical neutral as the reference point of a line-neutral voltage having (1/sqrt(3)) the magnitude of the line-line voltage. That such a neutral exists is apparent from connecting a delta-connected secondary directly to a Y-connected load, as shown in Fig. 1.
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Fig. 1

2. Impedances: When impedances are given referred to the Delta-side of a transformer, then those impedances must be converted to an equivalent Y before using in a per-phase network. Conversion to an equivalent Y is done by dividing the Delta-impedance by 3
3. Voltage gain: You must use the correct voltage gain, as given by Table 1 in the second set of transformer notes (and Table 5.2 in the book). As previously indicated, under balanced conditions, the phase shift is usually of no consequence. There is one exception that we mention in the next section.
3.0 Paralleled transformers

(See Section 5.4 on “Normal systems”)

You must be careful with paralleled transformers. Consider the per-phase system shown below, where we have paralleled two identically connected transformers. Let’s assume that they are Y-Y, with the same voltage gain K=N2/N1. 

[image: image2.emf] 

    I’ 1     

V 2  

  N 1  

 I 1   

V 1  

Z  

N ’ 1  

    I’ 2     

V 2  

  N 2  

 I 2   

V 1  

Z  

N ’ 2  


Fig. 2
In this case, a KVL written around the loop with the Z’s, as shown, when I1 and I2 are zero, is zero, confirming that I1 and I2 are zero. But what if the two winding ratios are different? In this case, the same KVL written around the loop is not zero, indicating that I1 and I2 cannot be zero! This is a circulating current. 
Now let’s consider paralleling a Y-Y (at the top) and a Y-Δ (at the bottom) transformer, as shown in Fig. 3.
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Fig. 3
We are a bit smarter this time, and we make sure that the winding ratios are the same, as shown in Fig. 3. But note that with I1 and I2 equal to 0, a KVL around the dotted loop does not yield 0 due to the phase shift! The implication is that there are circulating currents!

Circulating currents are bad news. Never parallel transformers with unequal voltage gains.
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