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’ I Ideal Three-Phase Transformer Connections [

The ideal three-phase transformer is
“the
The purpose of this section is to
for various ideal three-phase transformer connections. There are sjx

The primary and sccondary of
delta or wye.
circuit models

possible ideal transformer connections of interest in Tabje S0,

a bank of three ideal single-phase transformers,
ideal three-phase transformer Is connected either
present the per-phase equivalent

By definition, the

primary winding is the one connccted to the electrical source and the secondary

winding is the output winding,
voltage than the primary: and

A step-up or unit transformer has 3 higher secondary
a4 step-down or power transformer has a lower

secondary voltage than the primary.

Table 5.1 - [dea] Three-Phase Transformer Connections

Primary Secondary Comment Figure
1 o 1 l I wye - wye Step-up or step-down
2. delta delta Step-up or step-down
3. delta (low-voltage) wye (high-voltage) step-up Fig. 5.2
4. delta (high-voltage) wye (low-voltage) step-down 1g. 53
q Ne“ 3. wye (high-voltage)  délta (low-voltage) step-down Fig. 54
6. wye (low-voltage)  delta (high-voltage) step-up Fig. 5.5

At this point. it is necessary
pPer-unit equivalent circuits of
5.2 through 5.5,

a with respect to phase b.

phasor of the primary. Note from Unit 4 that the line
=V3 “‘V;m £30° for a balanced, (hree-phascwstem.

related b X Yap

to describe the notatjon that was used to derive the
the ideal three-phase transformer connections in Figs.

“\/ab denotes the terminal line (j.e., phase a - (o - phase b) voltage
phasor of the primary. The subscript, "ab", refers to the reference

polarity of phase
an 1S the phase (jee.. phase a - to - neutral) voltage

and phase voltage phasors are
XSt Corresponding

secondary Tine and phase vo

ltage phasors are distinguished with primes on the

subscripts, namely Vb and 7 atn's respectively.

1, and Lan both denote the primary

former notation s reserved for
reserved for a wyc-connected primary.

side line current phasor of phase a. where the

a delta-connected primary and the latter notation is
Note that the assumed current reference

arrows for primary side line current phasors are directed into the transformer. iy

and 1., both denote the corresponding

a. where the former notation
latter notation s reserved for

secondary side line current phasor of phase

Is reserved for a delta-connected secondary and the
a wyc-connected secondary. Note that the assumed

current reference arrows for secondary side line current phasors are directed oyt of

the transformer.

Next, the per-unjt equivalent circuits of the ideal three-phase transformer connectjons

are presented. Table 5.2 sum

marizes the results from Figs. 5.2 through 5.5 for the
three-phase transformer connections of Table 5.

- In general, the per-unj equivalent

circuit of an ideal three-phase transformer is depicted-at the bottom of Figs. 5.2

through 5.5 a5 4 box which
phuse-slﬁf[ing

generally

block. Asa result, the
acomplex number with 4

contains an ideal singte-phase transformer and a
box has an effectiye turns ratio, K, which is

magnitude and phase angle. The magnitude of

the complex turns ratio, IK1, is the turns ratio of the ideal single-phase transtormer:;

and the phase angle
block.

of the complex tums ratio, ZK., is the

angle in the phase-shifting

Y
|

Kcy
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Figure 5.6 - Per Phase Equivalent Circuits for Single Phase Transformer

"Exact" Equivalent Circuit é 6 sh ?

il’ mli,\l.i R, 1% | U
Wﬁ: + ° + N m:-o ‘ ﬂ Nﬁ(
v, B 3” g, v, |
3 R, J Xy 3 ' f \ 3 _ i sh e

| : N where N=El ) ' 3 vd“» _

- N—N-&

I' ‘[ ar
J»m %m DAL 2
O—-—]\ﬁ 3 Q
+ R, X, + B_% iXs L I A
.:l N 2 2 Ry
Rel Xy _ ] _

] : N where N= E_Z_
n‘

Final Approximate Equivalent Circuit Referred to Primary

;i_’_.: Niz . oo IDEAL :[2
R =R1+B_2_ jX|e(,>:j(X|+_>E_g) W
N? Va %Ht Yy

9

+ e e 4

1Q

| . Nealeek core N &\__g

o

y

| + N where N‘—"I_;_Z.
. . . 1
» R, and R are series resistances which account for conductor losses of the

primary and secondary windings, respectively.

« X, and X, are series reactances which account for leakages fluxes at the primary
and secondary sides.

» X, is a shunt reactance which accounts for the small primary magnetization
current which must flow ta sustain the magnetic field.

« R isa shunt resistance to account for magnetic core losses due to the effects of
hysteresis and eddy currents.

The exact equivalent circuit models are shown at the top of Fig. 5.6. The second
model has the sccondary electrical quantities referred to the primary, based on Eqgs.
(5.2). (5.4) and (5.5). The third approximate equivalent circuit model neglects core
losses and primary magnetization current and is adequate for the purpose of this
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Figure 5.4 - Per-Phase Circuit for Ideal Primary Wye (HV) - Secondary Delta (1.V)
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Figure 5.5 - Per-Fhase Circuit for ldeal Primary Wye (LV) - Secondary Delta (HV)
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Figure 5.2 - Per-Phase Circuit for Ideal Primary Delta (LV) - Secondary Wye (HV)
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Figure 5.3 - Per-Phase Circuit for ldeal Primary Delta (H\{) - Secondary Wye (LV)
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Table 5.2 - Complex Turns Ratio. K. and Relationships Between Primary and
Electrical Quantities for 1deal Three-Phase Transformers | 11]

Sccondary

Connection

o\& { I wye-wye

2. delta-delta
3. delta (LV) - wye (HV)
4. delta (HV) - wye (LV)

5. wye (HV) - delta (LV)

6. wye (LV) - delta (HV)

Line Vollages

Vb = K Vab
Y = K2 Vab
Vb = K3 Vab
Vap = K4 Yab
¥y = Ks Vap

Yab' = Ke Vab

Line Currents

. 1.

in'a' = —%dan
K1

. 1.

da’ —"‘*‘la
Ky

. 1 .

In'a —'—*‘ia
Ky

. 1.

In'a :—Tia
K4
1.

la' = —5dan
Ks
1.

+a =‘—;?lan
K

K

Ky=N=-—
nj

K2:N:.r_]£.
ny

K3 = Y3 N £+30°

Kgq=v3 N £-30°

Ksg= % £-30°

Kg = % £+30°
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Figure 5.7: Per-Phase Equivalent Circuits for Three-Phase Transformers
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Fig. 5.8: Per-Phase Equivalent Circuits for Three-Winding
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Three 5 MVA single-phase transformers,

each

Y

rated 8:1.39 kV, have leakage: impedance of 6%.

These can be connected in a number of different

n
ways to supply three indeticat 5> ohm resistive

Various transformer and load connections

loads.
ﬂ

are outlined in the following table.

the table columns.

Complete

Use a three-phase base of

15 MVA.
Trons€orme e Load Line-totling Load 7€T“L;i_25
C-J'O yvew rom
Case Tonnecton . ;}:{;ﬁ ' bc;fve—_— ;ﬁ the high side |
o, pr*‘m\cu\y Sec,ov\dqr‘\/ / HvV | Ly (:;:Jr F\))C‘n:'f Ohms
1 |WYE | WYE WYE 13.86] 2.1 [12.95 ’ﬁé’i;ﬁ &“’ifiic‘g
2 |WYE JWYE | DELTA |5y loor |yas df’(‘;‘f: fj'ﬁ?*
3 |WYE DELTA | WYE 13,806 | [ 39 3&8&(??%fﬁ jZiﬁ;;+ -
4 |MYE  IDELTA | DELTA | 3ol 5q | j3e0 e \{)‘uos.%iz“
5 |DELTA | WYE WYE .00 | a4] | 1295 jf;f,ii* fé}aff
, + ’
6 |DELTA |WYE | DELTA |g.00|au/ | 43 3/0?5; f)?ofig
7 |DELTA | DELTA | WYE 8.00| .39 [34.52 ji{ff‘ i@;-jt:;a
JFYot . +
8 |DELTA | DELTA | DELTA |g.00| .39 | 29 e i;j‘;b

Transtormer — Load

5___‘_5;21’_&____——»
2. (ev) ~ Wi ring .

06

'Vo.t‘ws

W\k

\



9] |

Volkage Weovds : HV iw | LVou
HV,., = 8(sqrt(3)) = 13.856 kv for Cases 1-4 Y
» L2
Hv,., = 8 kV for Cases 5-8 A ?‘\';l\ ?f
V.. = 1.39(sqrt(3)) = 2.408 kv for Cases 1 &

2,5.6 Y scecan davy
A s«.ui

LV, _ ‘139kaorCases34?&8

Casel: Y""‘( — Yload)

1.4
Load R,,., = <2 408) /15 = .386

~1

Load R, = R/R,,,, = 5/.386 = 12.953,
Z,,w = 12.953 # 30-06 = u]uun*-%(‘h")

7. = (13.856)?(12.953 + ]0_06)/15

'V

= 165.789 +j0.768 ohms

Case2: rHY s D(tOG}) %(ba’e

iy R, = (5/!)/ 386 = 4.318
a.s Case L7

7 - 4.318 + j0.06 = uloa&) rZE(Arf)

p-u

7., = (13.856)° (4.318 + j0.06)/15

= 55.267 + j0.768 ohnms |
e lain 5 N R ( ?
.f /1‘ lu&? |



\{__ A ~_. .‘{“043) ,y

Case3: \9, 8 1 ’$q

R = (1.39)2/15 = 0.1288

lv Base

Load R, , = 5/0.1288 = 38.820

Z, . = 38.820 + j0.06 2 ’L(laol') *‘%(M)

Z., = (13.856)?(38.820 + j0.06)/15

HvV

= 496.867 + j0.768 ohms

Cases: \g— A - A Lla‘l)
Loac‘i‘?R;u = (5‘/3?/‘(‘).1288 = 12.94 W‘ty .g: 7

Z = 12.94 + j0.06

p.u BV

Z., = (13.856)2(12.940 + j0.06)/15

= 165.622 + j0.768 ohms

CaseS:- A o \Q - \((_ laol)

‘QOQJ 12'

Load R ., = 5/.386 = 12.953

Z ., =12.953 + 0.06

p.u

Z.. = (8.00)?(12.953 + 0.06)/15

v

= 55.266 + j0.256 ohms



A=Y — D (loadd '5-/

Case6: 80 2 q
Load R, ., = (5/3)/.386 = 4.318 \J‘\Y 57
Z .. = 4.318 + j0.06

p.u

Z = (8.00)2(4.318 + j0.06)/15

HV

= 18.423 + jO. 256 ohms
Caser’: A o ‘Yll“))
Load R.Y = 5/. 1288 38.820
7 .., = 38.820 + j0O.06
2 = (8.00)°(38.820 + j0.06)/15

= 165.632 + j0.256 ohms

Cased: A A A(MA})
LoadsR = (5/3)/ 1288 = 12.940 \;J\\Y 5"?

i = 12.940 + j0.06 ®

p.u BV

7., = (8.00)2(12.940 + j0.06)/15

= 55.211 + j0.256 ohms
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.- Example of Transformer Modeling & Per Phase Analysis L
®
HY: Lv nv: v
O (] & 3 A q PN
150()1(()” %cl %g ‘ ,
2000 HP INDUCTION
LI ‘ by cable with 230 kemil Drawing 1.1 MW. 0.9 PF @

10 MVA (Cu) conductors in S M\ A Rated Voltage = 4.0 kV.
60KV - 13.8kV non-magnetic duct. 13.8kV - 4.16 kV c

171 =7 % IZ) =55 %

abe
Scquerce

PER-PHASE EQUIVALENT CIRCUIT

JXor X .
N 3 i /IZ\ o l& J3_r2 1l \x‘ ‘&;gm
{ AL A 0000 0000! e ;
fauy e e R R e
b{e or V. Lac v ;”é © or Yam
Yau 13 E’ - 30° — - | -30° — 4
VTN redaed |11V Nm returd
=38 V) @ —@l6 3| . P
Ny _W—‘ %0 N1z 13.8 &‘

S*‘? - ‘“N IIM\JCEScP = oWV

TRANSFORMER REAC

Xp= 1Z41=17% of base series 1ZI from primary ratings|

rated primary kV J rated primary KV

=10.07
[ rated primary KA |

rated primary kV,
= (.07 (rated primary RVL N)2 = 0.07 (()9,\/-—) 550
ralcd prxmary MVA (107 3)
X = 0.055 (13.8/V3 )2 - — (0.0348 Q / conductor \ (1500 feet) = 5772 Q
2 = ko 20948 Q| X, = ( eet) = | 0.0522
(5 / 1) - ( 1000 fccl )

L TABLL 65- IEEE BUFF BOOK
[.LOAD CALCULATION

& m ‘XT‘L"""ZoooHP

N\“'lo‘\‘l

L 3edod -
= See cxawplez Tom —fs“
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Given Ratings and Impedance Data

W. G: 30 MW, 0.9 p.£f., 3¢ 60 Hz, 13.8 kVL-L

xd!' = 30% @ rated MVA

+‘*. T1: 38.3 MVA, 115-13.2 kVL-L
‘ - z

= j 10% @ rated MVA

[ e
Q.\M L: 115 kv, 2 =5 + j 20 ohms

. b3
4% T2: 30 MVA, 115-13.8 kVL-L
e
2

= j 10% @ rated MVA

“A“ #: 32,000 by, 0.95 p.£., 343 60 Ez, -:j= 92

13.38 ®Vi-L

1.
Q

[N

xd! = 27% @ rated MVA

Determine all power system compenent impedance values in per
unit cn a 100 MVA base. Select 115 kV as the kVL-L base value

for the high vcltage transmission system.



rs\v«\v.s bor fa‘\'\'ﬂ:s | j’?/

; Old.MVA Base (3d):
Generator 30 (MW) / 0.9 (p.f.) = 33.33 M2 & S(btﬂ,)
T1 = 38.3 MVA (given)
T2 = 30 MVA (given)
Motor ( 32800(hp) * 746 ) / (0.95(p.f.) * 0.92(efficiency))

= 28.0 M7iA

Remember taak S(base) = 100 VIVR
gkgig 20

0ld Z Base:

_(01d kV

)2 / 01d MVA Base (3¢)

01d Per Unit Z: glwn)CQ( r&‘%3 ‘h’* @

Q peration

New MVA Base (3¢): (given as 100)

New kvL_L Base:

Generator is chzzged to 13.2 kV to match with transformer
rating. All ottsrs stay the same.

New Z Bas‘eW“‘ %0 %‘P O?CV‘%‘ON cadiﬁ%“}

Same calculatioz as in 0ld Z Base except use Kzw MVA Base
and New kV, _, Base.



| 4

((0ld Per Unit Z) * (Old Z Base)) / New 2 Base

((J0.30) * (5.713))/ (1.743)

] New Per Unit Z:

qQ

Generator =

= j0.9836

All the other components follow the same process except the
transmission line. .

Line =

(given impedance) / New Z Base

(5 + j20) / 132.25

= (0.0378 + j0.1512)

New I Base (A):

Generator = ‘
((New MVA Base (3Q) * 10% / (New kv,

o Base * sgrt(3))
= (100 * 103 / (13.2 * 1,732) = 4374

Onw '\'\\c ‘hex«‘r ?Yﬂ Wc.

SUmwmari e %( ?V‘) S‘O" %(K
QOM\Ywa)r '

L‘\"h\’\woi Vs % ( 07“")""’”



St ek lpteet 2y

T1

113.2 [115 [115 |115 |13.s
41.742 (132.2|132.2[132.2|1.904
13.984 |3.261/.04 +|3.233|31.07
; j.152

114374 |502 502 502 4184 |

: 0ld Z Base
New P:r Unit Z = 0l1d Per Unit Z =*
New Z Base

New MVA Base(3<d) *103

New I Zase (A) =
Haw kv’ Basa * 2

?vc\.\'{w _C\'_OY«A l’\on bo\.acé

<Y \J
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Fig. 6.5 summarizes the steps to perform per-unit anlysis on the example.

STEP I: The first step of the procedure is to assign base values of line-to-line voltage and
three-phase apparent power on each side of every three-phase power transformer in
accordance with the selection rules of Fig. 6.4. In particular. base MVA 34 = 10-
was selected and is common throughout the system: and base kV|__on any side of
a three-phase power transformer is simply the nominal line-to-line nameplate kV
rating for that side of the transformer. The other two per-phase base quantities of
current and impedance are derived from the assigned base values of line-to-line
voltage and three-phase apparent power, according to the formulas of Fig. 6.4.

STEP 2: The next step is to draw the per-phase equivalent circuit for per-unit analysis. For
this example, the per-phase equivalent circuit model of a three-phase transformer is
simply a per-unit series leakage reactance (cf. Sec. 6.8). (For this example.
resistances are neglected.)

STEP 3: The percentage impedances of the transformers are based on the nameplate ratings.
Therefore. they must be adjusted with respect to the three-phase system base
quantites, according to the formula of Fig. 6.3. Note that the unadjusted per-unit
impedance of the transformer, (X7)0ld ~ V]ZTIOId. is found by dividing the
percentage impedance by 100 %. The per-unit reactance of the distribution feeder is
calculated by dividing its ohmic value by the base impedance. (The ohmic value of
the distribution feeder was calculated in Fig. 5.9a.)

STEP 4: The operating line-to-line voltage magnitude of the induction motor was specified

on the one-line diagram as 4.0 kV. It is divided by V3 to yield the line-to-neutral
voltage magnitude. The phase angle of the line-to-neutral motor voltage is chosen
as the phase angle reference for the power system, and it is arbitrarily set to 0°.
Finally, the line-to-neutral phasor voltage of the induction motor in kilovolts is
divided by base kV| _y to yield the per-unit line-to-neutral phasor voltage. The
per-unit phasor current of the induction motor is calculated by dividing the phasor
current in kiloamperes by base current in kiloamperes. (The phasor current was
calculated in Fig. 5.9a. from the load data of the induction motor.)

STEP 5: The utility voltage is found by applying Kirchhoff's Voltage Law to the per-phase
equivalent circuit. Note that the per-unit utility phasor voltage was multiplied by
base kV|_n = (69 /V3) to yield the line-to-neutral utility voltage in kilovolts. Of
course. the magnitude of the per-unit phasor voltage can be multiplied by base
kV| . =69 toyield the line-to-line voltage magnitude in kilovolts (cf. item 2 of

Fig. 6.2): however, 30° must be added to the the phase angle of the line-to-neutral
utility voltage to yield the phase angle of the line-to-line voltage.
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Figure 5.9a - Example of Transformer Modeling & Per Phase Analysis
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Fig. 6.5 - A Simple Example of Per - Unit Analysis ]
(cf. Fig. 5.9 tor Reference.)
\{] A A “1 e
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5 1500 ftof | -3 /¢ 3¢ e
UTILITY cable with 250 kemil T2 i?)()éz()“fr{]t []N]I')iig\j ]((,)S Pl (a
10 \4\ A (Cw) conducltors in S MVA ' "Rated \ivllnwc - 40KV
69 kV - 13.8k\ non-magnetic duct. 13.8k\V - 4.16 KV <
12 =7 % IZ) =55 %
base kV|.;. = 69 base kV; | = 13.8 base kV; 1 =410
base MVA3qp = 10 base MVAzp = 10 base MVAzp =10
(base kVi..1.) base Z;, = 19.04 ohms basc 7; = 1.73 ohms
base Z; = base MV Asn —476.1 ohms base kA; =0.418 base KA| = 1.39
base KA ‘_M\ﬁ‘_ﬂ_’_ —0.084
VY3 base kV|_|.
PER - PHASE EQUIVALENT CIRCUIT
(Note: All Electrical Quantities in Per-Unit.)
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| | | I
W
yau /am
DATA PREPARATION LOAD CALCULATION
\<H=xz,,|—007(’8)gé. = 0.07 pu .'“_;_-_Q/_(fkv
\ ) ’% o
- _ 10)(13.8\2 _ Vam = = =0.962 £ 0° pu
Xpa = (Zpal = 00%( )(_H—g) =0.11 pu am base KV, AT p
Xe=—0022Q 0027 pu ~
base Z;. = 19.04 Q . 0.1764 £-25.84° kKA

lam = base KA, = 1.39 =0.127 £-25.84 pu

 UTILITY VOLTAGE

Y au =) (X11 + Xc + X12) lam + VYam
= (0.1827 £ 90°) (0.127 £- 25.84°) + 0.962 pu
=0.9721 +;0.0209 pu

=0.9723 £1.23° pu
=38.73 £1.23° kV (line-to-ncutral)

COMPLEX POWER REQUIREMENT OF UTILITY

Su=- yaulam - 0.367 - J() 187 MVA (single-phase)
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X/R Ratio of Transformers (Based on ANSI/IEEE C37.010-1979 [2])

Fig. N1.1

Table 64a

Table 64b

Table 64¢

Table 644

Table 2

Table 14

- TRANSFORMER DATA -
X/ R Ratio of Three-Phase Transformers (ANSI/ [EEE Std 141-1986)

Typical Per-Unit R and X for Indoor, Open Dry-Type. 1500°C Rise
Three-Phase Transtormers from 15 - 2300 kVA: 2.5 15KV Primaries: and
208. 240, 480 and 600 volt Wyc and Delta Secondaries

(ANSI/ IEEE Std 241 - 199%0)

~ Typical Per-Unit R and X for Indoor. Open Dry-Type, 1507 Rise

Single-Phase Transformers from 25 - S00 kVA: Sand 15 kV Primaries: and
120/ 240 volt Wye or Delta Secondaries (ANSH/ TEEE Std 241 - 1990)

Typical Range of Per-Unit Values for Indoor. Open Dry-Type, 150°C Rise
Three-Phase Transformers from 15 - 500 kVA: 480 volt Primary: and
208 volt Wye Sccondary (ANSI/IEEE Std 241 - 1990)

Typical Range of Per-Unit Values for Indoor. Open Dry-Type. 150°C Rise
Single-Phase Transformers from 5- 167 kVA: 240 x 480. 480 and 600 volt
Primaries: and 120/ 240 volt Secondary (ANSI/ IEEE Std 241 - 1990)

Data for Three-Phase Transformers with Secondaries of 2400 volts
or More for 750 - 60000 KVA  (ANSI / IEEE Std 242 - 1986)

Impedance Data for Single-Phase Transformers
(ANSI/1EEE Std 242 - 1986)

E
v
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Transformers : 1

(a)
Typical Per Unit R and X Valmes for Indoor, Open Dry-Type

150 °C Rise Transformers Rated from 15-2500 kVA, Three-Phase,
2.5-15 kV Primaries, 208, 240, 480, 600 V Wye or Delta Secondaries

HV Lv

kVA (kV) ™ %Z X/R R X
16 25-16 208Y - 600 3.00 0.5 0.027 0013
30 2.6-16 208Y - 600 6.00 1.0 0.036 0.035
46 26-156 208Y - 600 6.00 1.0 0.036 0.036
75 25-16 208Y - 600 5.50 2.0 0.026 0.049
11256 2.6-15 208Y - 800 4.50- 16 0.025 0.037
150 2.6-16 208Y - 600 4.50 2.0 0.020 0.040
225 2.6-16 208Y - 600 " 5.00 2.5 0.018 0.046
300 26-16 208Y - 600 5.00 2.8 0.017 . 0047
500 26-16 ~ 208Y-600 5.00 4.0 0.012 0.049
750 25-16 208Y - 800 6.76 2.0 ©0.026 0.061
1000 2.5-16 208Y - 600 6.76 256 0.021 0.053
1000 25-15 480Y 8.00 38 0.021 0.077
1500 256-15 208Y - 600 . B.75 33 0.017 0.066
2000 25-15 208Y - 600 5.75 40 0.014 0.066
2600 26-16 . 208Y-800 5.76 43 0.013 0.066

(b)
Typical Per Unit R and X Values for Indoor, Open Dry-Type
150 °C Rise Transformers Rated from 25 - 500 kVA, Single-Phase,
5 and 15 kV Primaries, 120/240 V Wye or Delta Secondaries

HY Lv
KVA (kW) ™ %Z X/R R X
25 5 4 2 0.018 0.036
to Lo 120/240 to to
500 16 6 4 0.015 0.088

(o)
Typical Range of Per Unit Values for Indoor, Open Dry-Type
150 °C Rise Transformers Rated from 15-500 kVA, Three-Phase,
480 V Primary, 208 V Wye Secondary

KVA %Z X/R R b
15 45 041 0.042 0.017
to to to

500 5.9 2.09 0.026 0.063

(d)

Typical Range of Per Unit R and X Values for Indoor, Open Dry-Type
150 *C Rise Transformers Rated from 5-167 kVA, Single-Phase,
240X 480 V, 480 V, 600 V Primaries, 120/240 V Secondaries

HV Lv )

kVA (kV) M XZ - X/R R X
) 240 % 480 3 06 - 0.026 0.015

to to 120/240 to to

167 600 6 2.0 0.027 0.061




T Table 2 ' A
Data for Three-Phase Transformers With Secondaries
of 2400 V or More (750-80 000 kVA)

Primary Primary Standard Percent Impedance

kV kV BIL (see notes)
2.4-229 60-150 5.5 or-6.5
- 344 -200 6.0 0or 7.0

- 43.8 -250 650r 75

- 67.0 -350 7.0 or 8.0

- 115.0 -450 7.5 or 8.5
- 138.0 -550 8.0 0r 9.0

NOTES: (1) Actual values are generally within * 7.5% of the standard values (1}
(2) Add 0.5% for load tap changing (8).
(3) Lower values are usually for OA 55 °C or OA 55/65 °C rise transformers.
(4) Higher values are usually for OA 65 °C rise transformers.

(5) X/R values are similar to those in Table 1. Consult manufacturer or use the values in
(4] for transformers rated over 2500 kVA.

Table 14
Impedance Data for Single-Phase Transformers

Suggested Impedance Multipliers**®
kVA X/R Ratio for Normal Range of for Line-to-Neutral Fault
lé Calculation Percent Impedance (%2)* for X for %R
25.0 1.1 1.2-6.0 0.6 0.75
37.5 14 1.2-6.5 0.6 0.75
50.0 1.6 1.2-64 0.6 0.75
75.0 1.8 1.2-6.6 0.6 0.75
100.0 2.0 1.3-5.7 0.6 0.75
167.0 2.5 1.4-6.1 1.0 0.75
250.0 3.6 1.9-6.8 1.0 0.75
333.0 4.7 24-6.0 1.0 0.75
500.0 5.5 2.2-5.4 1.0 0.75

° National standards do not specify %Z for single-phase transformers. Consult manufacturer for
values to use in calculation.

°* Based on rated current of the winding (one-half nameplate kVA divided by secondary
line-to-neutral voltage).

TweeSry. IR



TRANSFORMER PROTECTION

LARGE TRANSFORMER (10 MVA OR L ARGER)

* Differential (87T)

* Phase Overcurrent (50/51)

* Ground Overcurrent (50/51G)
* Sudden Pressure (63)

* Thermal Overload (49)

SMALLER TANSFORMER (LESS THAN 10 MVA)

* Phase Overcurrent (50/51)
* Ground Overcurrent (50/51N)
* High Side Fuse :
* Thermal Overload (49)

MAGNETIZING INRUSH

Reference: "Transformer Protection Guide", Westinghouse Relay and
Telecommunications Division, Industrial and commercial Power
System Application Series, No. PRSC-3D, November 1985.
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