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5.1 Cooling classes of transformers
Transformers shall be idemtified according to the cooling method employed. For liquid-immersed

transformers, this identification is expressed by a four-letter code as described below. These designations are
consistent with IEC 60076-2: 1993.

First letter: Internal cooling medium in contact with the windings:

0 mineral oil or synthetic insulating liquid with fire point7 <300°C .
K insulating liquid with fire point > 300 °C
L insulating liquid with no measurable fire point

Second letter: Circulation mechanism for internal cooling medium:

N natural convection flow through cooling equipment and in windings

F forced circulation through cooling equipment (i.e., coolant pumps), natural convection flow in
windings (also called nondirected flow)

D forced circulation through cooling equipment, directed from the cooling equipment into at least the
main windings

Third letter: External cooling medium:

A air
W water

Fourth letter: Circulation mechanism for external cooling medium:

N natural convection
F forced circulation {fans (air cooling), pumps (water cooling)]

NOTES:

1—In a transformer with forced, nondirected cooling, (second code letter F), the rates of coolant flow through all the
windings vary with the loading, and are not directly controlled by the pumps. The pumped oil flows freely inside the tank
and is not forced to flow through the windings. -

2—1In a transformer designated as having forced directed coolant circulation (second code letter D), the rate of coolant ‘}
flow through the main windings is determined by the pumps and not by the loading. A minor fraction of the coolant flow
through the cooling equipment may be directed outside the main windings to provide cooling for core and other parts.
Regulating windings and/or other windings having relatively low power may also have nondirected coolant circulation.

A transformer may be specified: with more than one power rating (also referred to as cooling stages). The
transformer nameplate shall list the rated power and cooling class designation for each rating. The ratings
shall be listed in order of increasing power. The cooling class designations are normally listed in order with
a diagonal slash separating each one.

Examples:

ONAN/ONAF. The transformer has a set of fans which may be put in service as desired at high load-
ing. The coolant circulation is by natural convection only.

ONAN/OFAF. The coolant circulation is by natural convection only at base loading. However, the
transformer has cooling equipment with pumps and fans to increase the power-carrying capacity at
high loading.

Examples of the cooling class designations used in IEEE Std C57.12.00-1993 and in previous revisions, and
the corresponding new designations, are provided in Table 2.

7Fire point—The lowest temperature at which a specimen will sustain burning for 5 s. (ASTM D92-1998. “Cleveland Open Cup™ test Q
method.) 4

8 ‘ ' Coanuricht @ 9000 IFFF All riahte rasarvad.
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Table 2—Cooling class designation

Present designations Previous designations
ONAN OA
ONAF FA
ONAN/ONAF/ONAF OA/FA/FA
ONAN/ONAF/OFAF OA/FA/FOA
ONAN/ODAF OA/FOA®
ONAN/ODAF/ODAF QA/FOAYFOA?
OFAF FOA
OFWF FOW
ODAF FOA?
ODWF FOwW?

3Indicates directed oil flow per Table 9, NOTE 2 of IEEE Std C57.12.00-1993.

5.2 Frequency

Unless otherwise specified, transformers shall be designed for operation at a frequency of 60 Hz.

5.3 Phases

5.3.1 General

Transformers described in this standard are either single-phase or three-phase. Standard ratings are included
in the product standards for particular types of transformers. When specified, other phase arrangements may
be provided.

5.3.2 Scott-connected or T-connected transformers

5.3.2.1 Phase transformation

These may be provided to accomplish three-phase to two-phase transformation, or vice versa; or to accom-
plish three-phase to three-phase transformation. Several arrangements commonly utilized to accomplish
such transformations are described here.

5.3.2.2 Dissimilar single-phase transformers

Two single-phase transformers are assembled in an enclosure, and permanently interconnected, with the fol-
lowing characteristics:

a) Performance characteristics shall be based on bank operation of three-phase to two-phase transfor-
mation or vice versa.

b)  The single-phase transformers may not be identical or interchangeable.

Copyright © 2000 IEEE. All rights reserved. 9
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I.L. 44-347.1N

Indicating Contactor Switch (ICS)

No setting is required on the ICS unit except
the selection of the 0.2 or 2.0 ampere tap setting.
This selection is made by connecting the lead
located in front of the tap block to the desired set-
ting by means of the connecting screw. When the
relay energizes a 125-or 250-volt dc type WL relay
switch, or equivalent, use the 0.2-ampere tap; for
48 volt DC applications set relay in 2 tap and use
Type WL Relay coil S#304C209G01 or
equivalent,

Indicating Instantaneous Trip (IIT)

No setting is required on the indicating instan-
taneous trip unit. This unit is set at the factory to
pickup as follows:

HU/HU-1 Relays 10 times tap value current
HU-4 Relay 15 times tap value current

SETTING CALCULATIONS

Select the ratio matching taps. There are no
other seitings. In order to calculate the required
tap settings and check current transformer per-
formance the foliowing information is required.

Required Information

I. Maximum transformer power rating
(KVA)M

2. Maximum external fault currents

3. Line-to-Line voltage ratings of power
transformer (Vyy, Vi, VL)

4. Current transformer ratios, full tap (N

. Current transformer “C” accuracy class

voltage, (or excitation or ratio correction
factor curve)

6. One way current transformer lead resist-
ance at 25°C (RL) (when using excitation
curve, include ct winding resistance)

7. Current transformer connections (wye or
delta)

8. ct secondary winding resistance, Rg.

W

Definitions of Terms

Ip = Primary current at (KVA)M

TR = Relay input current at (KVA)pg
IRH, IRL, IR are same as IR except
for high, low and intermediate voltage
sides respectively.

Ig = ct secondary current at (KVA)p

I' =relay tap setting.
Ty, Tr, Ty = are same as T except for
high, low and intermediate voltage wind-
ings, respectively.

N =Number of current transfc:mer turns
that are in use.

Np = N/NT (Proportion of total turns in use)

Nt = Current transformer ratic, full tap

VL = *“C” accuracy class voltage

Z = Burden impedance of any devices other
than the HU, HU-1, or HU-4 relays,
with maximum external fault current
flowing.

Iext = max. symmetrical external fault current
in secondary RMS amperes.

Z1=Total secondary burden in ohms (ex-
cluding current transformer winding re-
sistance.)

Calculation Procedure

1. Select currert transformer taps, where
multi-ratio types are used. Select a tap to
give approximately 5 amperes at maximum
load. This wili provide good sensitivity
and will produce no thermal problem to
the ct., the leads or the relay. Better sen-
sitivity can be achieved by selecting a tap
to give more than 5 amperes if a careful
check is made of the ct, the leads and the
relay capability. For determining the re-
quired continuous rating of the relay, use
the expected two-hour maximum load,
since the relay reaches final temperature
in this time.

2. Calculate the relay currents, Ip. All re-
lay curreats for relay tap selection should
be based on the same KVA capacity.

3. Calculate the relay current ratio(s) using
the lowest current as reference.

4. Select the tap ratio as close as possible to
relay current ratio from Table 1. Choose
the first relay tap ratio using the largest
current ratio from step 3. The other tap
ratios shou'd be determined using the lower
tap from the first tap ratio as reference.




e

IR should not exceed relay continuous
rating as defined in Energy Requirement
Table.

5. Check IIT operation. The IIT pickup is ten
times the relay tap value for the HU and
HU-1, or 15 times tap value for the HU-4.
Therefore, the maximum symmetrical error
current which is flowing in the differential
circuit on external fault current due to dis-
similar ct saturation should not exceed 10
or 15 times relay tap.

6. Determine Mismatch
For 2 winding banks:

(IRL/IRD—(TL/TH)
% mismatch = 100 RL/RH 3 L7 H (H

wher_e Sis the smaller of the two terms,
(IRL/IRH) or (TL/Ty)
For 3 winding banks:

Repeat calculation of equation (1) and
apply similar equations to calculate mis-
match from the intermediate to high and
from the intermediate to low voltage
windings.

Where tap changing under load is per-
formed the relays should be set on the basis
of the middle or neutral tap position. The
total mismatch, including the automatic
tap change should not exceed 15% with a
30% sensitivity relay, and 20% with a 35%
sensitivity relay. Note from Fig. 11 that
an ample safety margin exists at these
levels of mismatch.

7. Check current transformer performance.
Ratio error should not exceed 10% with
maximum symmetrical external fault
current flowing. An accurate method of
determining ratio error is to use ratio-
correction-factor curves (RCF). A less
accurate, but satisfactory method is to
utilize the ANSI relaying accuracy classi-
fication. If the *“C” accuracy is used,
performance will be adequate if:

NPV(L‘HOOIQB > Ié;('r%r*jéd' A “‘;it) )‘eso‘fcM‘“e

[N Vcl - (Iext - 100 / Text
is greater than Z1 (2)

L

wlere maximum external fault current is
less than 100A.

For wye-connected ct:
ZT = lead resistance + relay burden + Zp
= 1.13 R +-w + Zp ohms  (3)
T
(RL multiplier, 1.13, is used to account for
temperature rise during faults 0—,}.5 is an

approximation. Use 2 way lead resistance
for single phase to ground fault.)

For delta-connected ct:

Zt = 3 (1.13 RL+9T1{§+ZA)ohms
= 34 R +°—‘;5 +3ZA 4)

*(The factor of 3 accounts for conditions
existing during a phase fault.)

8. Examples
Refer to pages 19, 20 and 21 and figure 21
for setting examples.

TABLE 1

HU Relay Tap Ratios

29 | 32 38 (42 ]| 46 | 50 | 87

1.000(1.103
1.000

35

207/1.3101.448]1.586(1.724|3.000
09411.188]1.313|1.43811.563{2.719
0001 1.08611.20011.314|1.429{2.486
1.000]1.105]1.211{1.316{2.289
1.000)1.095]1.19012.071
1.000]1.087]1.890
1.00011.740
1.000

P BB WLLN
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INSTALLATION

The relays should be mounted on switchboard
panels or their equivalent in a location free from
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L.L. 41-347.1N

TWO-WINDING TRANSFORMER CALCULATIONS (See Figure 21)

I. Select ¢t Ratio
(KVA)M

l TN e rte—
P (KVVT

Select Ratio

2. Calculate Relay Current:

Ip
lS =_N=

IR_=

3. Calculate Current Ratio:

4. Select Tap Ratio from Table 1:

Ip > relay continuous rating

. Check TIT Operation

Max. Symmetrical error current
> 10 times relay tap.

6. Determine Mismatch:

% Mismatch =

TLR/TRp) - (T /Ty) _
TL/Ty

100

~J

. Check ct Performance
ZT =

N

Nt

(Np VeL)
100
(Np Vcp /100) > Zp

Conclusion:

LOW
20000
D4v3 mp

1000/5 (N = 200)

930
200

= 4.65 Amp.

gL = 4.65/3 = 8.05 Amp.

HIGH

20,000

69/ 3

200/5 (N = 40)

= 167 Amp

167

220~ 418 Amp.
10 mp

30% sensitivity Relay is adequate

i 8.05
& = ——= 193
iry 418
T 8.7
L_ = 1.890
Ty 4.6
No No
No
100 (8.05/4.18) - (8.7/4.6) _
8.7/4.6 -
1.92 - 1.89
100 ———~ = |.
1.89 1.6%
0.45 0.15
34 Ry + —== ILI3 R, +—= =
Lo 1 L T
0.4 0.15
34X04 +Ti= 1.36 + 0.05 = 1.|3X0.4+Tg=o.45+0.o3=
1.41 ohms 0.48 ohms
200 40 ,
%‘ = (0.833 —I% = (.333
0.833 X 200 0.333 X 200
— = 7 —. = 7
100 L7 100 0.67
Yes Yes

19
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THREE-WINDING TRANSFORMER CALCULATIONS

See F 21 7. Check ct Performance
i T 0.4 0.4 )
(See Figure 21) . ‘ Zr = J4R + 243 4R 248 L3R, $ 205
HIGH INTERMEDIATE LOW ' T T T
1. Select ct Ratio: . 0.
Pess e ety 34x05+ 28 34%x05 +24 L3 xos + 23
(KVA)y 0000 A 40.000 _ 334 A 10.000 465 Am 29 46 I
S Wi 6173 mp- 973 mp 1a/3 07 Amp 17 +0.16 = 17+ 010 = 0.57 + 002 =
Select Ratio 400/5 (N = 80) 600/5 (N = 120) 1000/5 (N = 200) 1.86 ohms 1.80 ohms 0.59 ohms
2. Calculate Relay Current: |
! 143 334 465 !
p R 3 N 80 120 200
=— = —= = 1.79 Amp. == =278 Amp. oo = 2.33 Amp. Np=— = — =0, — =1 —=
Is =— 5 mp 0 mp 0 P, i = 0333 oo =0 Sag = 0833
IR (AL40 MVA) = Iry = 1.79/3 gy = 278V3 ey =24 23
= 3.10 Amp. = 4.82 Amp. 10
= 9.32 Amp. (Np Vep) 800 X 0.333 200 X 1.0 200 X 0.833
Aleuls atios: = : =2, ~ =2, -
3. Caleulate Current Ratios - 100 2.67 100 2.0 %0 1.67
_W_ 4.82 :m_u 9.32
— = —— = |55 —— =——= 3] (Np V 100) ~ Z Yes Yes Yes
IRy 310 gy 310 p VcL/100) > Zt
4. Select Tap Ratio
from Table i: T 46 T 87
ﬂﬂn Mm = 1.586 .._ﬂulc. = 3.00 Conclusion: 4I =29 ﬂ_ =46 .:\ =87
. . Requires 35% sensitivity Relay since (LTC + M)>15%
IR > relay continuous rating No No No
)
5. Check 1IT operation
— 1 operation
Max. symmetrical error
current > 10 times
relay tap. No No No
6. Determine Mismatch:
T — Urn/Trp - (Ty/Tp URp/IRp) - (Ty/T) URL/IRH) - (T /Ty
% Mismatch 100 =100 =100 =
T/ URI/T ) T /Ty
3 - - 7 - (8.7/2. ;
100 (3.10/4.82) - (2.9/4.6) Eoi,mm\o.uwv (4.6/8.7) “lioo (9.32/3.10) - (8.7/2.9) )
19746 482/9.32 87/2.9
0.643 - 0.630 0.517 - 0.529 3.01 - 3.00
= 0 —— 7 =
100 0.630 1o 0.517 100 3.00
21% -2.3% 0.33%
20

21




I.L. 41-347.1N

43 4:11:14
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co = Iy co = Ty ¢o = Ty b0 = Ty SWHO 0 = 'y
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