TRANSFORMERS

Electrical Machines — Elective Course for ELC



Transformer

I e
1 Construction

01 Theory of Operation
0 Equivalent Circuit

0 Transformer Rating
1 Efficiency

-1 Voltage Regulation
0 Tests

11 Applications



Transformer: Introduction
- Whets @ trensfermper?

It's a stationary electric device used to transfer
electric energy from one circuit to another (mostly
of different voltage levels but with the same
frequency). The two circuits are electrically isolated
and the energy transfer occurs through magnetic
induction between the two circuits.

It is not an energy conversion device.
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Transformer: Introduction
 Transfermer Applications
1. In power transmission and distribution systems.

2. When the required voltage is different from the
supply voltage.

3. To provide electrical isolation for circuits.
«. For matching circuits to change the impedance.

5. In measuring and control instruments (current
and potential transformers)



Transformer: Introduction
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Transformer: Construction

0 It consists of two or more coils of wire (windings)
wrapped around a common ferromagnetic core.

o The winding connected to the supply is called the
Primary Winding, while the winding connected to the
load is called Secondary Winding.

o The transformer windings wires are made of high
conductivity copper.

01 The transformer core is made of insulated steel
laminations.
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Silicon-Steel Laminated core
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Single-phase transformer
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Transformer

Ideal Transformer
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Transformer

Ideal Transformer
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Transformer

Ideal Transformer
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Transformer

Ideal Transformer
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Transformer

Ideal Transformer
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Transformer

Ideal Transformer
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Transformer: Equivalent Circuit

Case B: - R_, = zero -|d # =
- No leakage flux - No core losses
At No-load: (i, = zero) R
T i VW
NI wo e NI

" ¢ Y
From Fcrodoy’s Law o

= wll\rln sin(wt ——)

OV,
| = wNzé)%sm(wt——)




Transformer: Equivalent Circuit

If the transformer is loaded:
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Transformer: Equivalent Circuit
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Transformer: Equivalent Circuit
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Transformer: Equivalent Circuit

- 23|
Case C:

2. Hysteresis Losses
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Transformer: Equivalent Circuit
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Transformer: Equivalent Circuit

- 25|
Case C:

2. Hysteresis Losses
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Transformer: Equivalent Circuit

Case C:

2. Hysteresis Losses
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Transformer: Equivalent Circuit

Case C:

2. Hysteresis Losses
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Transformer: Equivalent Circuit
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Case D:

Transformer: Equivalent Circuit

-R .. = zero
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Transformer: Equivalent Circuit
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Transformer: Equivalent Circuit
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Transformer: Equivalent Circuit

Case D:
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Transformer: Equivalent Circuit

Case D:
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Transformer: Equivalent Circuit

Case D:




Transformer: Equivalent Circuit
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Transformer: Equivalent Circuit
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Transformer: Equivalent Circuit
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Transformer: Equivalent Circuit
=

R, = Resistance of the primary winding

R, = Resistance of the secondary winding

X, = Leakage Reactance of the primary winding
X, = Leakage Reactance of the secondary winding
Rc = Resistance representing the core (iron) losses

X = reactance representing the main flux path

Re >>X,

Re &X , >>R;, X, &R,,X,




Transformer: Equivalent Circuit
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Transformer: Equivalent Circuit

At No-load:
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Transformer: Equivalent Circuit
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Transformer: Equivalent Circuit
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Transformer: Equivalent Circuit

E1:V2"|' Izl(Rzl‘|‘ szl) Vo _ Ny _R(

Exact Equivalent Circuit referred to Primary



Transformer: Equivalent Circuit
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Transformer: Equivalent Circuit
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Transformer: Equivalent Circuit
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Transformer: Equivalent Circuit
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Transformer: Equivalent Circuit
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Eq. Ct. for small transformers (up to 100 kVA)



Transformer: Equivalent Circuit
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Eq. Ct. for transformers (100-500 kVA)



Transformer: Equivalent Circuit
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Eq. Ct. for large transformers (larger than
500 kVA)



Transformer: Equivalent Circuit
N

TABLE 10A ACTUAL TRANSFORMER VALUES

S, kVA 1 10 100 1000 400000

E., V2400 2400 12470 69000 13800

200000 29000 150000 505000 460
400000 51000 220000 432000 317
0.0134 0.0952 0.101 0210 529

E. V460 347 600 6900 424000
I, A 0417 417 802 145 29000
I A 217 288 167 145 943
R, Q 580 516 116 272 0.0003
R, Q 19 0095 0024 025 0354
X, Q 32 43 39 15T 0.028
X, Q  L16 009 0.9 1.5 27

Q

Q

A
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