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Lesson 12: Parallel Transformers

and Autotransformers

ET 332b Ac Motors, Generators
and Power Systems
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Learning Objectives

After this presentation you will be able to:

> Explain what causes circulating currents in parallel and
compute its value.

> Compute the load division between parallel
transformers.

> Explain how autotransformers operate
> Make calculation using ideal autotransformer model
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Parallel Operation of Transformers
Currents circulate
between A and B based
S on the voltage
vy . E:l Loap difference and
Fs
He re transformer
I le impedance even with
B l Ej#Eg no load
1 %1 y T | = E,—-Eg
He ¥z le ¢ Z,+Z,

When voltage ratios are not equal,
currents circulate between the
windings of each transformer without a
load connected. Circulating currents

reduce the load capacity of transformer

Where: E, = operating voltage of

transformer A
Ej; = operating voltage of
transformer B
Z, = series impedance of A
Zy = series impedance of B
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Capacity Loss Due to Ciréulating

Currents

Find effects using superposition
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Transformer A current
Ira =la+l,

Transformer B current
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I.driven by E, — E;

Adding circulating
current to transformer
A increases total
current in winding. Not
seen in load current.
Can cause overload
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Circulating Current Example

Example 12-1: Two 100 kVA single phase transformer operated in

parallel.

Nameplate data:

Transformer  V-ratio %R %X
A 2300-460 1.36 3.50
B 2300-450 1.40 3.32

Find I, magnitude and I, as percent of transformer secondary ratings

Example 12-1 Solution (1)
Use per unit method - V, ., = secondary voltage

e Feoy

T CNN- T
V=460V Viea™ Vi~ 4V P

VA
wE TR 4w
Vbt

Find ini-&g I~ pow,

- ag9782 P
- = = . 8
ZA.: f‘3¢t3‘§°ar '%-/JU@V& ég [.4a "I"‘?gz-(} /Q/I.Uaa)‘
?-'2_' :0.0I3L*°-°3§@‘ P‘“" EETOblqu'OERE,lJPR
=Y

2ot Ly (0034 0.035&\ (0.0t o‘uzzzd,) p.u

Z—ﬂ‘" 2o 902704 0.0ét?l(-r' p-«.
2A+§B= 0. 01387 fet.n’ Py
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Example 12-1 Solution (2)

Use formula

R I- (1.o-0.9783) (2 put
xn_TEB T0.07357 (62.92° p.u.

3 2y f{: 0.2985 - .9° p. .

T~

i

v

Convert per unit to percent

%f; 0.29¢% [-com (‘r‘“m Now convert this to amps using a base
% fc z 29.5¢ [~£29° Y, m current
Skese oo 00 A
29.55% of Transformer A’s Img"“ v, = “W
capacity is consumed by I.. e
Lise= 2179 A
T . T - o - ¢4.35 Lol
Leow® T, T .= 02988ty (2-’7-‘“\\ €4.35 LS
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Load Division Between Parallel Transformers

When turns ratios are equal, the load current divides following the
winding impedance of the transformers. More current flows through
the lowest impedance.

All Transformer Z's and Load Z referred
to the same side of transformer or all per
unit (%) quantities

Yy Ve Y=Y =
ZA ZB Zk Zn
Use current divider rule
Y, =Ya+Yp+..Y, +..Y,
Circuit model I =1 . Y | Finds the current in
ke Y, ) thek™ transformer
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Parallel Transformer Example

Example 12-2: A 100 kVA transformer is to be paralleled with a
200 kVA transformer. Each transformer has rated voltages of 4160 -
240 V. Their percent impedances based on the ratings
of each are:

7% =1.64+3.16] % 100 kVA

7% = 1.10+4.03) % 200 kVA

Find: a) rated high side current of each transformer
b) % of total bank current drawn by each transformer
¢) maximum bank load that can be handled without
overloading either transformer

Example 12-2 Solution (1)

a) Rated current of both transformers

Scated /03,000 va
T —— T .
Terda Vnred Tsou = 21.04A Transformer A: 100 kVA

2.6g, 046 .
Toteig= '%»’R‘Z}'_ =980 A Transformer B: 200 kVA

b) Percent current drawn by each transformer
Convert %Z to actual ohms. Need base impedances

- (‘\/’0%’3‘4)2_ C{-{ léov\z

based Sien | 109,000VA

=731

2
- Voase) <4iaov)z _
Z.‘ = = =8£.83 s
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Example 12-2 Solution (2)

Pu. _
Zﬂt 5.616940,031¢ Zﬁ= 0.0354 /52.¢° pu.
ZR: G‘DIHO@‘{aBd; 2y 0048/’ oy

Convert p.u. to ohms
7 -2, 2 (Bradposelal)
A
Z = CIe(feL et S _ s S
" 2™ Lhe?y (8e-s30) (o098 /207)
2o 3417/
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Example 12-2 Solution (3)

Find the admittance \TJP - —21— -é"'é—-L"

A F
Y =1 .« '-—_L""
[ é,i&l :‘2‘70 34Q~$ J 7". TJ

sz 0.1¢23/~L22" + 0.2 ¢l /7 ° S

VV: @_0'744~50.f‘£47_)+ b.078x ~}o.24.(,@) s
P

\{ : 0,1474-?0.4,’1 S
P

Yp: 0.9366 C‘Z‘lé_n S Total admittance.

Now use current divide rule to find flows through
each transformer.
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Example 12-2 Solution (4)

I I, Find I, and I in terms of I,
‘ ? + =0./423
T LIE23 fe2y0 S
& b
/
Lmb ngz—a 2766 f-79.7°S
’:&(: ) )v?l /I Iw qgéél__&_g
(Vel

0. 216L f1.7° B 235
— - — Bt T.= I:»{O'
,IB (: IIM’?' r"s | ]‘IB(: Iw[aﬁaéé [‘fﬁz 8

Example 12-2 Solution (5)

Transformer A carries 37.17% of the - o
Ts= T 0377
total load A ™

Transformer B carries 63.35% of the

- s
total load Ig = din 0,633

¢) Find the maximum load of the parallel transformers without an overload

Let I,=1I,,caa=24-04 A and compute I;, using relationships above. Then
find flow through other transformer

. R WS - I
=70 s =t 0,37!? w68y
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Example 12-2 Solution (6)
IB: 0.6335 1,y
7. 0.633¢(69. 68A)
:EJ?.: Go.97A TX B not
overloaded

IratedB=48'08
Let I3=1,,.q5=48.08 A. Find I;, and I = p.63351,;
then compute the flow in &
transformer A

Ly - geodA . , :
= —Z-, —_— T [76 = Il o/
oczs W Towsas 74
16

Lesson 12_et332b.pptx

Example 12-2 Solution (7)

Iﬁ: 0.3M7 I, Ixx?“z:m%ed,q
L0571 (75.%) 2825 29.94 A4
IA’: 8.2 A4 Max load, I,,=64.68 A
Find bank power g\ 0™ Vindeq £1v \/;\Q;le&-: G1e0
I,,° €9.6%A

Senn” (160 )(1224)
Samw: zga’oc.fa VA
% 2C9 VA




Autotransformers

Autotransformers use a single taped coil to change voltage levels
and current levels — They provide no electrical isolation

N ¢ = number of turns

= "embraced" by low side
[: NS :I- Ny = number of turns on high
Vr@ load = side

RARAIN

Polarity of induced voltages
determined by direction of
current and winding wraps.

If Ni g = 20 and Nyg = 80 ’ Step-down action
N V,
=—"Hs __HS a=@24 VH3=120V SO VLs:VHS:%Z\?)OV
a

Nis Vs 20

1
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Autotransformers: Step-Down Operation

Some load is transferred via conduction from one side to the other
and some is transferred by transformer action

I s=lns+lr . o s
| Like two winding transformers
+ IHS S S
T Nis Vis load HS = “LS
le [ Vis “hus= Vis -l
Vs Nus

I,, = the current from

transformer action
current .

Low side current must

increase to maintain

Autotransformer connected in step- power balance so:
down mode. Note direction of I,,

ILS=| HS+|tr

8
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Autotransformer Current Ratio and
Step-Up Operation

. I 1 N
Current ratio of autotransformer 58 — = \Where a = —"8
a
LS LS

Autotransformer In Step-up Mode

Ihs

LoD Coils in these diagrams are
PR Ny, series aiding
LSS r s s (induced voltages add)
v, NL g

S
S

Note: direction of I, reversed to maintain power balance

Autotransformers from Two-Winding
Transformers

Autotransformer action can be obtained by proper connection of
two winding transformer coils

For step-down mode
N,s=N,;+N,

Cf\% Nis =N,

o

Where: N1 = number of turns in primary
(HV)
N2 = number of turns in
secondary (LV)

10



Autotransformers from Two-Winding
Transformers

Step-Down Connections

Load

Find Vg with Vyg=120 V, N,=500 and N, =100 4o Vis Where V,, =120V
LS

a:NHS_N1+N2:VHS a_500+100_

6
Nys N, Vis 100 V., =£=%=20V
a

Autotransformer Example

Example 12-3: 400 turn autotransformer operating at a
25% tap supplies a 4.8 kVA load at 0.85 lagging P.F. V4 =
2400V

Find:

a) load current b) incoming line current c) I, d) apparent
power transformed and conducted

1/11/2016
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Example 12-3 Solution (1)

Find turns ratio
= = O.2¢\ N,
N HE 450t NL; ( HS)

N® .28 (‘?ﬁbf‘]
NgSloot

QEE—E:M :4
Ne {80¢

AFindLs o 4= 800 VA T gooV

Vs

— za, VH.S; GVL.S

Vis I - SL@A.J I = M
Vs -\ t%@.‘;‘:émv (VA L ooV
G, .I‘.Z GA
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Example 12-3 Solution (2)

b) Find high-side current
Current must decrease to +T =1
maintain power balance IH‘; e s

1HS A ‘%:; Im:‘é' -—z;_,; Iu:"ILzﬁ-'ﬂ IHS;‘i' (EA] =z A4

iy
¢) Find transformed current -T-1 cp-2
L Lodlus T,78-24
T, ¢+ 4EE
d) Find transformed and conducted apparent powers

Sp Ve Ly ST soor(CA) = 3400 VA

Sl'.,q‘ﬂdl : U“IHS S_C‘,,.\j :QmU(ZJ: JlOOV;‘lm
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End Lesson 12: Parallel
Transformers and
Autotransformers

ET 332b Ac Motors, Generators and Power Systems
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