Autotransformers (Section 5.10)
1.0 Introduction
Autotransformers are heavily used in transmission level voltage transformation, e.g., between different combinations of 500kV, 345kV, 230kV, 161kV, 138kV, 115 kV, and 69 kV. Why is this?
2.0 The 2-winding autotransformer
Because load tap changers and step-voltage regulators are autotransformers, we will spend some time studying autotransformers. Autotransformers are also used in connecting two different high voltage levels, e.g., 230 to 345 kV, or 230 to 345 kV, when the voltage ratio is not very great.

An autotransformer may be built from a 2-winding transformer by connecting one terminal of the low voltage side to one terminal of the high voltage side, as shown in Fig. 1.
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Fig. 1
We may re-draw Fig. 1 as in Fig. 2, where we see that X2 is open, and the load is connected from X1 to H2.

[image: image2.emf] 

 I L   

H 1  

 I S   

E 1  

V L  

X 2  

X 1  

H 2  

E 2  

 I 2   

 I 1   

V S  


Fig. 2
Note that in Fig. 2, the currents I1 and I2 are the currents through the respective windings, and the voltage E1 and E2, are the voltages across the respective windings. The transformer iron core and windings are exactly as in the two winding case, and so all standard relations between winding currents and voltages still apply. That is,
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But in addition, we have two more relations:
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Let’s look at the voltage and current transformation.
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This says that the autotransformer, in the configuration of Fig. 2, 

· is a step-up transformer, since 1+N2/N1>1 (we could make it a step-down transformer by connecting X1, instead of X2, to H1).

· has a voltage transformation less than 2, since N2/N1<1 because N2 is on the low, or X-side of the transformer (if we connected H2 to X1, we could obtain 1+N1/N2).

What about the current transformation?
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(5)
Note that the current transformation is input/output, whereas the voltage transformation is output/input. If we look at both in terms of output/input, we see:
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(7)
This shows that whatever happens to the voltage going from input to output, the opposite happens to the current, so that the input power, VSIS, is equal to the output power, VLIL.

What about the kVA rating?

Define the voltage and current ratings of the H side as VHR and I​HR, so that the kVA rating of the two-winding transformer is 

SR=VHRIHR






(8)

If the two-winding transformer is operated at these rated values on the H side, then the X side voltage and current will be 

VXR=VHR(N2/N1)




(9)
IXR=IHR(N1/N2)




(10)
respectively.

Now let’s assume that the transformer is operating at the same voltage and current levels as indicated in eqs. (8), (9), and (10), but the connection between X2 and H1 is made. 

In this case, the input voltage is still VHR. But the input current will be, according to eq. (3), 

IHR+IXR=IHR+IHR(N1/N2)=IHR(1+N1/N2) (11)

Therefore, the rated kVA for this device is:

SautoR=VHRIHR(1+N1/N2)=SR(1+N1/N2)    (12)

By eq. (12), we see that the power rating of the autotransformer is (1+N1/N2) times the power rating of the same device when operated as a regular two-winding transformer.

This does NOT mean that for a given input kVA, we get more output kVA with the autotransformer. This is not the case. 

What it does say is that whereas the regular two-winding transformer is limited to a maximum, say 50 MVA, then the unit when connected to an autotransformer can carry 50(1+N1/N2) kVA. It is a very cheap way to get increased capacity out of a transformer!

To get maximum capacity increase, we want N1>N2, which means the single winding side of the autotransformer should be the high voltage side, as we have assumed in Fig. 2.
But recall eq. (4):
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So when N1>N2, the voltage transformation of the autotransformer must lie within 1(2.

Applications of autotransformers that take advantage of maximum increased capacity are when the voltage transformation requirements are relatively low, e.g., 230/345, 345/500. This is why they are so attractive in transmission-level voltage transformation applications, as stated in the introduction to these notes.
From where does the increased capacity come?

The power transferred through induction does not change. But with an autotransformer, you also get power transferred through conduction!
Referring to Fig. 2, repeated below for convenience, we see
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Fig. 2
SS=VSIS=VS(I1+I2)=VSI1+VSI2

(13)

The first term of eq. (13) is the power transferred by induction. The second term is the power transferred by conduction. 
Three-phase transformers may be developed using 3 single-phase transformers connected together as in Fig. 2.
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