ECE 330
POWER CIRCUITS AND ELECTROMECHANICS

LECTURE 10
TRANSFORMERS (4)

Acknowledgment-These handouts and lecture notes given in class are based on material from Prof. Peter
Sauer’s ECE 330 lecture notes. Some slides are taken from Ali Bazi’s presentations

Disclaimer- These handouts only provide highlights and should not be used to replace the course textbook.
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EFFICIENCY

 Efficiency (7) 1s defined as the ratio of the output
power (#~,,,) to the input power (7).

n = Pout %100 = Pout %100 = I:)in B F)Ioss %100
Pin Pout + IDloss in

 Efficiency is usually expressed as a percentage: n%
of the Input power Is seen at the output.
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LOSSES

» Copper losses due to wire resistance are usually
calculated as /2R where / is the current and Ris the
resistance. P. = I°R

« /and R on both the primary and secondary sides are
considered.

» Core losses are due to hysteresis and eddy currents

In the transformer.
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LOSSES

» Can be simply found asp. Vi where V,, Is the

C

voltage across R..
» Core losses are usually nonlinear, so this equation Is
an approximation.

« Some empirical approximations.

—Hysteresis Losses: P, =k, f B*®.

—Eddy Current Losses: P, =k, f“B”.
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TRANSFORMER EFFECIENCHY

* In a transformer, efficiency can be calculated as

follows:
P, = I12R1+Ié2Ré

2
P :V_m
IQC
P.=V. I cos(g —6)
P = 1R,
n = Pout x100 = Pou x100 = P~ R L %100
P. P.+P. +P

In out C in
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VOLTAGE REGULATION

 \ltage regulation is used to determine how well a
transformer regulates its load voltage when the load

varies from a certain value to no load (open circuit).

Vno load _Vload | %x100%

load

* Notice that the output voltage depends on the

%VR:|

currents as they affect the voltage drop.

 Good VR is close to zero.
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TRANSFORMER NAMEPLATE

* The “Nameplate” can be found on a transformer and
shows basic information about its ratings.

— Rated kVA.

— 0 04 1
%Z (% impedance) . 1z, o \/Rei X2 o
0 = — X = X

rated rated

2
— |V rated | :V rated
rated | S rated
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TRANSFORMER NAMEPLATE

ovIEY

= ID| souare o company

| JUMPER CONNECTION
WA 75 HZ 60 WIZ49 CAT NO: TSTESHIS I WL

1 208
H.V.: 208 H.V. AMPS: 208 WT: 500 CLASS: AA g .
LV: 208Y/120 LY. AMPS: 208 150 DEGREE C RISE
220 DEGREE C INS SYSTEM,

STYLE NO. 3431617412 -U10 SERIAL NO:

LISTED POWER
OATE CODE' DD TYPE.SO ENCLOSURE: TYPE2  79TS22C L

Hi Mz M2 ]

ARl LY
— HVv

nr- 321— 321 | i
Y NP OUOUOUY | § S VUUUUUN | U PUTUTo Y ’

n—-ézxo *I I' t'v‘_.v. ul - J’ i
X

DE —~ ENERGIZE TRANSFORMER BEFORE CHANGING TAPS

Source: emadrlc.blogspot.com
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SHORT-CIRCUIT CURRENT

* The short-circuit current (/) Is a characteristic of

the transformer: | 100'

SC rated
%/

« Example: Given /; ,.,=10 A, V, ...=120 V, a=2, find
%2 and I for |Z,| seen from side 1 to be 0.12 Q.

V. g =8V, oy =240V %Z = O'ZZ %100 = 0.5%
240
Zl,rated =E=24 Q ISC _%Xlrated 22000 A
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