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Table 9—Standard burdens for current transformers with 5 A secondary s;:am:mw.
-ratio type
Table 8—Current transformer ratings, muiti-rat
Burden Resi e Ind e Impedance | Voltamperes Power
Current Secondary n.,._.a_A.w v msw.”_w: Burdens | ecipnation! () (mH) () @t5a) factor
ratings (A) taps ratings
e 3000:5 »?m.wsh B-0.t 0.09 0.6 0.1 25 0.9

pop X2-%3 3005 X3-X4 B-0.2 0.18 0232 02 5.0 09

100:5 X1-X2 500:5 X4-X5 B0.S 045 0.580 0s 125 09
) X3-XS
150:5 Xi-X3 800:3 ” B-0.9 081 1.040 09 25 09
. Xt -
) X4-X5 1000:5
200:3 s B-18 1.62 2080 1.8 450 09
250:5 X3 - X4 1200:5 -
300:5 X2-X4 1500:5 X2 -X4 “MM.MNM.«% B-1 0.50 2.300 1.0 250 05
400:5 X1 -X4 2000:5 X2-X5 B-2 1.00 4,600 20 50.0 05
4505 X3-X5 2200:5 X1 -X3 B4 2.00 9.200 40 100.0 05
- 2500:5 X1-X4
500:5 X2-X$ —— B-8 400 18.400 8.0 2000 0s
600:5 X1-X5 3000:5
12005 4000:5

“If a current transformer secondary winding is rated at other than 5 A, ohmic burdens for s
shall be derived by multiplying the resistance and inductanc

pecification and rating

¢ of the table {5/(ampere E:_._E_~. the VA at rated cur-
N X1 -X2 rent, the power factor, and the burden designation remaining the same.
100:5 X2-X3 500:5 *These standard burden designations have no significance at frequencies other than 60 Hz.
200:5 X1-X2 1000:5 X3-x4
. X2-X3 " .
300:5 X1-X3 15005 6.3.1 Tapped-secondary or multiple-ratio current transformer accuracy rating
400:5 X4-X5 2000:3 X1-% . . . X - . .
: p 2 X4 The metering accuracy rating applies to the full secondary winding, unless otherwise specified.
500:5 X3-X4 2500:5
! - X4 .
600:5 X2 - X4 3000:5 Xi-X 6.4 Accuracy ratings for relaying
3005 X1-X4 3500:5 X2-X5 ‘ . ) .
. X1 - X5 A current transformer for relaying shall be given an accuracy rating according to 6.4.1.
900:5 X3-X5 4000:5
10005 X2 - XS 6.4.1 Basis for relaying accuracy ratings
1200:5 X1-X5 For relaying accuracy ratings, the ratio correction shall not exceed 10%. Relaying accuracy ratings shall be
2000:5 5000:5 designated by a classification and a secondary terminal voltage rating as follows:
- X2-X3 . . . .
300:§ X3-X4 500:5 a)  C K, orT, classification. C or K classification covers current transformers in which the leakage flux
200:5 X1 - X2 1000:5 X4 - X5 in the core of the transformer does not have an appreciable effect on the ratio or ratios within the
500:5 X4 X5 1500:5 X1-x2

limits of current and burden outlined in this subclause, so that the ratio can be calculated in accor-

dance with 8.1.10. Current transformers with K classification shall have a knee-
P X2-X3 2000:5 X3-X4 6.10.2) at least 70% of the secondary terminal voltage rating.

point voltage (see

25005 X2 - X4 T classification covers current transformers in which the leakage flux in the core of the transformer
1100:5 X2-X4 : - has an appreciable effect on the ratio within the limits specified in item b.
" 3- . . . . .
1200:5 X1-X3 3000:5 X An appreciable effect is defined as a 1% difference between the values of actual ratio correction and
15005 X1 - X4 3500:5 X2-X5 the ratio correction calculated in accordance with 8.1.10. N
S X1 X4 b)  Secondary terminal voltage rating. This is the voltage the transformer will deliver to a standard bur-
1600:5 X2-X5 . < den at 20 times rated secondary current without exceeding 10% ratio correction. Furthermore, the
" X1 -
2000:5 X1 -X$ 30005
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ratio correction shall be limited to 10% at any current from 1 to 20 times rated secondary n.::d.: at
the standard burden or any lower standard burden used for secondary terminal voltage ratings. For
example, on a current transformer with 5 A rated secondary current, relay accuracy rating C100
means that the ratio can be calculated and that the ratio correction will not exceed 10% at any cur-
rent from 1 to 20 times rated secondary current with a standard 1.0 ohm burden (1.0 Q x 5 A x 20 x
rated secondary current = 100 V).

Secondary terminal voltage ratings are based on a rated secondary current of 5 A (100 A at 20 times rated)
and standard burdens. The voltage ratings and their associated burdens are as follows:

Secondary terminal Standard burden
voltage (see table 9)

10 B-0.1
20 B-0.2
50 B-0.5

100 B-1

200 B-2

400 B-4

800 B-8

If a current transformer secondary winding is rated at other than 5 A, wvn_‘ovq_ﬁ.o voltage B:w_._m <m_ﬂnm m:wm:
be derived by multiplying the standard voltage rating values u« S/(amperes 3::@.. For sucl :.u“_m o:“_o_sn.
the burden will be derived as in table 11 and the secondary terminal voitage rating «.5: be the _,nm:n“:.m al )
at 20 times rated secondary current. For example, if the rated secondary current is ._ A, the ”E. en no.:L
sponding to B-2.0 will be 2.0 x 25, or 50 Q (at 0.5 power factor); and the oo:‘omvo:a:..m mnno=_h._‘w ﬂm:_:mwo
voltage rating will be 50 x 20 X | = 1000 V. In this example, the relay accuracy rating would be 3

K1000, or T1000 as applicable.
6.4.2 Tapped-secondary or multi-ratio current transformer

The relay accuracy class applies only to the full winding, unless otherwise specified. If :.m_._m.mo_.ana have C
or K classification on the full winding, all tapped sections shall be arranged so that the ratio can be caicu-
tated in accordance with 8.1.10 [see 6.4.1 item a)).

6.5 Continuous thermal current rating factors based on 30 °C average ambient air
temperature

The thermal current rating factors shall be 1.0, 1.33, 1.5, 2.0, 3.0, or 4.0.

6.6 Short-time current ratings

The short-time thermal current and short-time mechanical capabilities are not independent.

6.6.1 Short-time mechanical current rating

The short-time mechanical current rating shall be the rms value of the ac component of a displaced (asym-

metrical) primary current wave that the transformer is capabie of i::mﬁ:a.m:m i.:: the mgn.v:an EL_E:_W
short-circuited. “Capable of withstanding™ shall be interpreted to mean that if subjected to this duty, the cur-

rent transformer shall show no damage and shall be capable of meeting the other applicable requirements of

this standard.
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6.6.2 Short-time thermal current rating

The 1 s thermal current rating of a cutrent transformer is the rms symmetrical primary current that can be
carried for | s with the secondary winding short-circuited without exceeding in any winding the limiting
temperature. The temperature of a conductor in the windings of a current transformer shali be determined
from calculation using methods specified in 8.6.2.

The limiting temperature shall be 250 °C for copper conductor, or 200 °C for EC aluminum conductor. A
maximum temperature of 250 °C shall be allowed for aluminum alloys that have resistance to annealing
properties at 250 °C equivalent to EC aluminum at 200 °C., or for applications of EC aluminum where the
characteristics of the fully annealed material satisfy the mechanical requirements.

If the 1 s rating is not dependent on core saturation (see 8.6.3), the short-time thermal current rating for any
time up to 5 s may be determined from the I s rating by dividing the current for 1 s by the square root of the
specified number of seconds. For cxample, the 3 s thermal current rating is equal to the | s current rating
divided by the square root of 3, or 58% of the one second rating. This calculation includes the assumption
that the primary current is symmetrical during the time interval.

6.6.3 Short-time and continuous current ratings of window-type or bushing-type current
transformers

Such current transformers, in which the primary conductor is not an integral part of the current transformers,
shall be rated in terms of primary current, even though the short-time mechanical and thermal limitations
and the continuous thermal limitations are those of the secondary winding only. Such ratings specified for
current transformers of this construction should not be considered to be applicable to the conductor used for
the primary winding of these transformers, as such conductor may be a component of other apparatus or bus
work having different limitations.

6.7 Secondary winding induced voltages
6.7.1 Operation with secondary circuit open

Current transformers should never be operated with the secondary circuit open because hazardous crest volt-
ages may result. Transformers conforming to this standard shall be capable of operating under emergency
conditions for | min with rated primary current times the rating factor with the secondary circuit open if the
open-circuit voltage does not exceed 3500 V crest.

6.7.2 Induced voltage test

(Not required for window-type or bar-type 10 kV BIL current transformers rated 600 A and below and hav-
ing no relay accuracy rating.)

The one minute test voltage applied to the secondary terminals with the primary winding open shall be twice
the relay rated voltage given in 6.4.1, item b), but not under 200 V.

Transformers with no relay voltage classification shall be tested at 200 V. If a frequency higher than 60 Hz is

necessary (o avoid excessive exciting current, see 8.8.4 for reduced time of application. If the voltage cannot
be induced sinusoidally even at 400 Hz without core saturation, no test is required.
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6.8 Nameplates
Nameplates shall include, as a minimum, the following:

a)  Manufacturer’s name or trademark

b)  Manufacturer’s type
¢) Manufacturer’s serial number (SER)

d)  Rated primary and secondary current
e) Nominal system voltage (NSV) or maximum system voltage (MSV) (None for bushing CTs)

f)  Basic impulse insulation level (BIL kV) (None for bushing CTs)

g) Rated frequency (Hz)
h)  Continuous thermal current rating factor (RF)

i) Accuracy rating
1) Metering accuracy class at a specified standard burdens: as a minimum, the burdens at which

the transforrner is rated 0.3 accuracy class
2) Relaying accuracy rating on transformers intended primarity for relaying applications

NOTE—See 1EEE Sid C37.04-1979 and NEMA SG 4-1975 for nameplate requirements in high-voltage circuit
breakers.

6.9 Terminals

Primary terminals of wound-type and bar-type current transformers shall be suitable for use with either alu-
minum or copper conductors. Secondary terminals and voltage terminals, where provided, shall be suitable
for use with copper conductors.

6.10 Application data

The following characteristic data suitable for portraying or calculating performance shall be made available.
6.10.1 Data for metering applications

These data shall consist of the following:

a)  Typical ratio correction factor and phase angle curves, for the standard burdens for which metering
accuracy ratings are assigned, plotted over the range of current from 0.1 times rated current to the
maximum continuous thermal current rating. These curves shall be plotted on rectangular coordinate
paper and need not be drawn where the errors exceed the limits of the 1.2 accuracy class.

b) Short-time mechanical and short-time thermal current ratings, as defined in 6.6.1 and 6.6.2

respectively.
6.10.2 Data for relaying applications
These data shall consist of the foilowing:

a) Relaying accuracy rating, as defined in 6.4

b) Short-time mechanical and short-time thermal current ratings, as defined in 6.6.1 and 6.6.2,
respectively.

¢) Resistance of the secondary winding between the secondary terminals at a specified temperature
given in such a way that the value for each published ratio may be determined.

d)  For C or K class transformers, typical excitation curves on log-log coordinate paper, with square
decades, plotted between excitation current and induced secondary voltage for each published ratio,
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Figure 5—Typical overcurrent ratio curve

6.11 Routine accuracy tests

Tests for current transformers with metering accuracy ratings shall be made on each transformer, and shall
consist of measurement of ratio and phase angle at 100% and at 10% of rated current, when energized at
rated frequency. The burden shali be the maximum standard burden for which the transformer is rated at its
best accuracy class.

Routine accuracy tests for current transtormers with only a relaying accuracy rating shall be made on each
transformer and shall consist of a turns ratio check and a measurement of exciting current at the voltage at
which the typical excitation curve (see figure 4) has a 45 degree tangent (for nongapped cores) or a 30
degree tangent (for gapped cores). The exciting current shall not exceed 125% of the typical curve value.
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7. Voltage transformers

7.1 Terms in which ratings shall be expressed

The ratings of a voltage transformer shall include:
a) Basic impulse insulation level in terms of full-wave test v
| - oltage (see tables 10-14 and fi
b) Rated primary voltage and ratio (see tables 10~14 and figures 6a—6h) gures Ga-6h)
c) Frequency (in Hertz)
d)  Accuracy ratings (see 5.3)
¢) Thermal burden rating (see 7.4)

NOTE—In tables 10 through 13 voltage transformers connected line-to-ground on an ungrounded system cannot be

considercd grounding transformers and shall not be i indings i
P S operated with the secondary windings in closed delta because exces-
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Table 10—Ratings and characteristics of group 1" voltage transformers Table 11—Ratings and characteristics of group 2’ voitage transformers
. Basici {se insulation level - -
Rated voltage (V) Marked ratio asic .:—.:A__»d crest) Rated voltage (V) Marked ratio Basic __:—‘.M._”..ﬂ _nﬂw_m_"w:_c: fevel
120/ 208Y il __M W 120 B 10
240/ 416Y 2:1 |
i 240 21 10
300/ 520Y 25:1 10 \
120/ 208Y 1 30 300 25:1 10
240/416Y P 30 : 480 41 10
300/ 520Y 251 30 600 51 10
4:1 30
480/832Y - 2400 20:1 45
600/ 1040Y 5:1
4800 40:1 60
2400/ 4160Y 20:1 60
4200/ 7270Y 35:1 75 7200 60:1 75
4800/ 8320Y 40:1 75 12 000 100:1 100195
7200/ 12 470Y 60:1 110 0or 95 14 000 1201 1100695
8400 for 14 400Y 70:1 110 0r 95
24 000 200:1 150 or 125
12000/20750Y 100:1 150 or 125
34 500 300:1 200 or 150
14 400/ 24 940Y 120:1 150 or 125
. . . ) . 46 000 400:1 250
Group 1 voitage transformers are for application with 100% of rated primary voltage across the primary
winding when connected line-to-line or linc-t0-ground. (For typical connections. sce figures 6a and 69 000 6001 350
6b.) Group 1 voltage transformers shall be capable of operations at 125% of rated voltage on an emer- -
gency basis (this capability does not preclude the possibility of ferroresonance), provided the cca.n? O_‘o.:n 2 voltage transformers arc primarily for line-to-line services, and may be applied line-to-ground
in voltamperes at rated voltage. docs not exceed 64% of the thermal burden rating, without o.ynnna_:m or __:o._o.:.nEE_ ata winding voltage cqual 1o the primary voltage rating divided by the squarc root of
the following average winding temperaturcs: 105 °C for 55 °C risc types, 115 °C for 65 °C risc types. 3. (For typical conncctions see figures 6¢ and 6d.) Note that the thermal burden capability will be re-
and 130 °C for 80 °C risc types. This will result in reduction of life expectancy. duced at this voltage.
VOLTAGE TRANSFORMERS
NOMINAL 3-PHASE SYSTEMS VOLTAGE TRANSFORMERS
GROUP 1-RATED VOLTAGE 2400/4160 Y GROUP 2 RATED VOLTAGE 14 400 V
T T 14 400 v f [ T
2400 V DELTA SYSTEM- 2400V 2400V THE ABOVE DELTA SYSTEM 14400v 14400V I THE ABOVE
NEUTRAL ) TRANSFORMERS { | TRANSFORMERS
GROUNDED J ! MAY BE CONNECTED 14400V 1 MAY BE CONNECTED
OR UNGROUNDED m»o‘o v ! LINE TO LINE ON A 1 | m LINE TO LINE ON A
- ™ . 2400V DELTASYSTEM +—7 14 400 SYSTEM BUT
Figure 6a Y Figure 6c . | o .. ARELMTEDBY
[ EDIS RS INSULATION
Lo - ST
OR LA
} . ~o m 14 400 WYE SYSTEM ; ! *
416 60 vV
SYETEMNEUTRAL % Y NEUTRAL 1 HS Vo raa00v m
SROUNDED ' iy m o 4160 ey UNGROUNDED. ¥ I LINE-TO-NEUTRAL
INDED 4160V 2400V 2400V SYSTEM 14400V 8314V 8314V m CONNECTION ON
¥ 1 ! { | | THE SAME SYSTEM
2400V m 8314v m
SR W S B B RS S
= Figure 6b = Figure 6d =
i i i tions . . :
Figures 6a and 6b—Typical primary connec ) Figures 6¢ and 6d—Typical primary connections
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Table 12—Ratings and characteristics of group 3" outdoor voltage transformers Table 13—Ratings and characteristics of group 4" indoor voltage transformers

. Basic impulse insulation level Basic impulse
Rated voltage (V) Marked ratio (kV crest) Group Rated voltage (V) Marked ratio .:u..__s:e% tevel
150 or 125 (¥ erest)
4400 1207200 & 120/200:1 or
24 940 Grd Y/1 Group 4A: For opera- 4160 Grd Y2400 20:1 60
Grd Y/20 125 175/300 &175/300:1 200 . tions at approximately
34 500 Gr 100% of rated voltage 7200 Grd Y/4200 3520 5
Y727 600 240/400 & 240/400:1 250 (see figure 6b,
46 000 Grd fig ) 8320 Grd Y/4800 40:1 75
Y/40 250 350/600 & 350/600:1 350 .
69 000 Grd ! 12 470 Grd Y/7200 60:1 1100r 95
115 000 Grd Y/69 000 600/1000 & 600/1000:1 550 or 450
650 or §50 14 400 Grd Y/8400 70:1 110 0r 95
700/1200 &700/1200:1 or
138 000 Grd Y/80 500 Q,5§ 48: For opera- 4160 Grd Y/2400 35:1 60
Y92 000 800/1400 & 800/1400:1 750 or 650 tion at approximately
161 000 Grd 58% of rated voltage 4800 Grd Y/4800 40:1 60
1200/2000 & 1200/2000:1 1050 or 900 {see figure 6d,
230 000 Grd Y/138 000 fe ) 7200 Grd Y/7200 60:1 75
1800/3000 & 1800/3000:1 1300 or 1175
345 000 Grd Y/207 000 12 000 Grd Y/12 000 100:1 1100r 95
7 500 2500/4500 & 2500/4500:1 1800 or 1675
500 000 Grd Y/28 — 14 400 Grd Y/14 400 120:4 i100r 95
Y/431 250 3750/6250 & 3750/6250:1 - -
750 000 Grd — Group 4 voltage _Esm..,o_._.naa are for line-to-ground connection only. They may be insulated-neutral or
.O:Ev 3 voltage transformers are for b c-lo-ground connection only and have two secondary windings. They may grounded-neutral terminal type. (For typical connections of Group 4A, see figure 6f. For typical connections
be insulated-neutra! or grounded-neutral terminal type. Ratings through 161 000 Grd Y/92 000 shall be capable of of Group 4B, see figure 6g.) 0.3:3 4 transformers shall be capable of continuous operation at 110% of rated
the square root of 3 times rated voltage (this capability does not preclude the possibility of ?:cqom.c:m:nov ‘..E 1 voltages, provided the burden in voltamperes at this voltage does not exceed the thermal burden rating. Group
min without exceeding 175 °C temperature rise lor copper conductor or 125 °C risc for mﬁ ».:::::3.. Wu:_.ﬁm 4A <o.=.umo transformers shall be capable of operation at 125% of rated voltage on an emergency basis (this
230 000 Grd Y7138 000 and above shall be capable of operation at 140% of rated voltage with the same limitation capability does not preclude the possibility of ferroresonance), provided the burden, in voltamperes at rated
of time and temperaturc. (For typical conncctions, sce figure 6¢.) Group 3 transformers shall be capable of contin- voltage, does not exceed 64% of the thermal burden rating, without ding the following ge windi
uous operation at §10% of rated voltages, provided the burden in voltamperes at this voltage docs not exceed the temperatures: 105°C for 55°C rise types, 115 °C for 65 °C risc types and 130 °C for 80 °C rise types. Q.Ew
thermal burden rating. . will result in a reduction of normal life expectancy.)
NOTE—The double voltage ratio is usually achicved by atap in the secondary winding. In such cases the nonpolarity MMMUMMNM)”mmOEZme
; B - RA
terminal of the winding shall be the common (crminal. mwwoam,u\umc T T m 150 ane <\~qu0 VOLTAGE
VOLTAGE TRANSFORMERS mnnmo:«m_kqm? ./ AJO v 4160 v
GROUP 3 RATED VOLTAGE GROUNDED
69 000 GRD Y/40 250 . a,o ¥ m w_nw.uw%aﬂqmu
v
T ¥ i 24 o_o v o o_o v SYSTEM
69 000 WYE SYSTEM 69 omo v 69000V 2400V m
NEUTRAL \ T o e e e . 2
GROUNDED OR | 00V } L st e s e
UNGROUNDED _ 89 39837V 39837V . Figureef __, =
H ¥ ! VOLTAGE TRANSFORMERS
1 GROUP 48-RATED VOLTAGE
I 39837V ¥ I 14 400 GRD Y/14 400
e ooy ) —— - 14400 V DELTA 14400V 14 400V m
- = SYSTEM {
¥ s UINE-TO-GROUND
ONE PRIMARY 14400V 8314V 8314V ONA 14400V
TEAMINAL OF EACH L 1 | | DELTA SYSTEM
TRANSFORMER
1S NOT FULLY 8314v
INSULATEDAND b-
MUST BE CONNECTED A TE T TR
TO GROUND Figure 6g =
Figures 6f and 6g—Typical primary connections
Figure 6e—Typical primary connections
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7.2 Standard burdens

Table 1 atings and characteristics of group 5 indoor voitage transformers Standard burdens for voltage transformers for rating purposes are shown in table 15.
a 4—R .
1
" Basic impulse insulation : Table 15—Standard burdens for voltage transformers
Rated voltage (V) Marked ratio level (kV crest)
- 110
12470 Grd Y/7200 60:1 n—_»_‘nnnn...._nﬂ._hw.“.mm standard Characteristics on 120 V basis Characteristics on 69.3 V basis
14 000 Grd Y/8400 70:1 110 , -
R 125 Designa- VA Power | Resist- Induc- Imped- Resist- Induc- Imped-
20780 Grd Y/12 000 100:1 150 or tion Sactor | ance ($2) | tance ance () | ance (£)) | tance ance ()
. 125
24940 Grd Y/14 400 120:1 1500 w 125 0.10 15.2 30400 | 1152 384 1.0100 384
X 0
34500 Grd Y/20 125 175:1 200 or 15 X 250 0.70 4032 | 10900 | 57 1344 | 03640 192
“Group 5 voitage transformers m_._v.M 4_’9 ::n.._.o.w_d:_“a 8::8@@-“ n:__v“. M_:mu ““.o_ “M__‘ vann c“._m“vmw Mm M 5.0 0.20 823 1.0700 41 274 0.3560 137
rounded systems. They may i tral or gi ounc " A
ma capable of operation at 140% of rated voltage for | min without exceeding 175 °C temperature Y 750 0.85 1632 0.2680 192 S4.4 0.0894 6
rise for copper conductor or 125 °C rise for EC aluminum conductor. (This will _.nw:__ ina |
reduction of normal life expectancy.) Group 5 voltage transformers shall be capable o?om::.._o:” w z 200.0 0.85 61.2 0.1010 7 204 0.0335 24
. : i i itage, does no!
t 110% of rated voltage, provided the burden, in voltamperes at this vol » dox
MWMMMMQ.__:“ _zna.w_ burden Sm:nM This capability does not preclude the possibility of H 7z 400.0 0.85 306 0.0503 36 10.2 0.0168 12
ferroresonance. “These burden designations have no significance except at 60 Hz.
VOLTAGE TRANSFORMERS NOTE~—For rated secondary voltages from 108 Vthrough 132 V or from 62.4 V through 76.2 V., the standard
GROUP 5-RATED VOLTAGE 34 500 GRD Y/2012 burdens for accuracy tests within £10% of rated voltage arc defined by the characteristic burden impedances at
120 V or 69.3 V respectively. For other rated secondary voltages, the standard burdens for accuracy tests with-
* * m ing £10% of rated voltage are defined by the characteristic burden voltamperes and power factor. The charac-
34500V teristic voltamperes apply at rated secondary voltage and appropriate impedances are required. When
34500V / ¥ 34 500V transformers with rated secondary volts from 108 V through 132 V are tested at sccondary voltages within
WYE SYSTEM +10% of 1/2 times rated voltage, the standard burdens for accuracy test are defined by the characteristic burdens
} }
EFFECTIVELY 24500V impedances at 69.3 V. When transformers with other rated sccondary volts are 1o be tested at secondary voll-
GROUNDED 1 20 __mm v 20125V ages within £10% of 1/13 times rated voltage, the standard burdens for accuracy test are defined by the char-
m acteristic burden voltamperes and power factor. The characteristic voltamperes apply at 1/13 times rated
20125y voltage, for a given standard burden, the burden impedances are lower and the changes in accuracy resulting
from burden current are greater than at rated voliage.
YY1
= Figure 6h = .
7.3 Accuracy ratings
E PRIMARY .
meg_zF OF EACH 7.3.1 Assignment of accuracy ratings
TRANSFORMER
1S NOT FULLY o A voltage transformer shall be assigned an accuracy rating for each of the standard burdens for which it is
_,w_wm._—.meW%hzmnamo rated. For example, an accuracy rating might be 0.3W and X, 0.6Y, 1.2Z.
_IQ GROUND PP
7.3.2 Accuracy classification for voltage transformers with two secondary windings or
tapped-secondary windings
. . The burden on any two secondary terminals affects the accuracy on ail other terminals. The burden stated in
Figure 6h—Typical primary connections

the accuracy ratings is the total burden on the transformer. The accuracy class shall apply with the burden
divided between the secondary outputs in any manner.

7.4 Thermal burden ratings

The thermal burden rating of a voltage transformer shall be specified in terms of the maximum burden in,

voltamperes that the transformer can carry at rated secondary voltage without exceeding the temperature rise
given in table 4.
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If no thermal burden in voltamperes rating is given, the thermal burden rating in voltamperes shall be the
same as the maximum standard burden for which an accuracy rating is given.

Each winding, including the primary winding, of a multiple-secondary transformer shall be given a thermal
burden rating. If only one thermal burden rating is specified, it shall be applicable to any distribution of sec-
ondary voltamperes, including the use of taps.

7.5 Nameplates

Voltage transformers shall be provided with nameplates that shall include, as a minimum, the following
information (see table 5):

a)  Manufacturer’s name or trademark

b)  Manufacturer’s type

¢)  Manufacturer’s serial number (SER), numerals only

d)  Rated voltage (PRI)

¢) Ratio orratios

f)  Basic impulse insulation level (BIL kV)

g) Rated frequency (in Hertz)

h) Thermal burden rating or ratings at ambient temperature or temperatures, in voltamperes in degrees
Celsius

i)  Accuracy rating: maximum standard burden at which the accuracy rating is 0.3 class, asa minimum.

7.6 Terminals

Pritnary terminals shall be electrically and mechanically suitable for use with either copper or
aluminum conductors. Secondary terminals shall be electrically and mechanically suitable for use with
copper conductors.

7.7 Short-circuit capability

Voltage transformers shall be capabl of withstanding for 1 s the hanical and thermal stresses resulting
from a short circuit on the secondary terminals with full voltage maintained on the primary terminals.
“Capable of withstanding™ shall be interpreted to mean that, if subjected to this duty, the voltage transformer
shall show no damage and shall be capable of meeting the other applicable requirements of this standard.
The temperature of the conductors in the windings of voltage transformers under short-circuit conditions
shall be determined from calculations using the methads specified in 8.6.4. The limiting temperature shall be
250 °C for copper conductors, or 200 °C for EC aluminum conductors. A maximum temperature of 250 °C
shall be allowed for aluminum alloys that have resistance to annealing properties at 250 °C equivalent to EC
aluminum at 200 °C, or for applications of EC aluminum where the characteristics of the fully annealed
material satisfy the mechanical requirements.

7.8 Application data
Characteristic data shall be made available by the manufacturer as follows:

a)  Typical ratio correction factor and phase angle curves for rated primary voltage (and, when speci-
fied, for rated primary voltage divided by the square root of 3), plotted for the standard burdens from
0 VA to the voltamperes of the burden, and also plotted for unity power factor burden from 0 VA to
the voltamperes of the largest standard burden plotted. Ratio correction factor and phase angle data
for other burdens may be calculated by methods outlined in clause 8. ’
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b)  Accuracy ratings for all standard burdens up to and including the maximum standard burden rating
of the transformer.

7.9 Induced voltage test
The test voltage shall be as follows:

a) For transformers with two fully insulated primary terminals, the test voltage shafl be twice the rated
voltage of the windings.

b) For insulated-neutral or grounded-neutral terminal type transformers, the test voltage shall be equal
to the applied voltage test kilovolts specified in table 2 for the BIL. (If the routine factory applied
voltage test on insulated-neutral terminal type transformers is made at the applied voltage test kilo-
volts specified in table 2 for the BIL, then the induced voltage test shall be at twice the rated voltage
of the windings.)

7.10 Routine accuracy tests

These tests shall be made on each transformer and shall consist of ratio and phase angle tests at 100% of
rated primary voltage at rated frequency with zero burden, and with the maximum standard burden for
which the transformer is rated at its best accuracy class.
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Table 5—Instrument transformer symbols

primary and tertiary voltages

Example: Voltage transformers with one pri-
mary winding and one secondary winding
14 400:120 V
Ratio 120:1

Symbol Voltage transformers Current transformers
: Ratio cxpression, only to show ratio between Ratio betwcen primary and secondary amperes
(colon) primary and secondary voltages or between

Example: Current transformer with one pri-
mary winding and one secondary winding
Current ratio
100:5 A

X
(multiplication
sign)

Voliage ratings or ratios of transformer with a
primary or secondary winding having two or
more coils for series or parallel connection

Example: Voltage transformer with primary
winding in two coils for series or parallel con-
nection for two ratings

2400 x 4800 V

Ratio 20 x 40:1

Current ratings of transformer with a primary
or secondary winding having two or more
coils for series or parallel connection

Example: Current transformer with two
primary windings in two coils for series or
parallel connection for two ratios

Current ratio

100 x 200:5 A

I
(double slant
line)

(Not used)

Ampere ratings of separate secondary
windings each having an independent core

Example: Current transformer with two
separaic seccondary windings and two cores
Current ratio
100:5/15 A

&
(ampersand)

Voltage ratings or ratios of separate sccondary
windings on onc core

Example: Voltage transformer for connection
line-to-ground, with one primary winding and
two sccondary windings

14400:120 & 72V

Ratio 120 & 200:1

Ampere ratings of scparatc primary windings
on one core {When all primary current ratings
arc the same, the transformer shall produce
rated sccondary current when cach primary
winding carrics rated current and the primary
currents are in phase. When all primary cur-
rents are not the same, the transformer shall
producc rated sccondary current when the only
primary current is rated current in only one
primary winding.)

a) Transformer with two or more primary
windings designed to be used individually
Example: Current transformer with two pri-
mary windings

Current ratio

100 & 600:5 A

b) Totalizing transformer with two or more
primary windings that can be used simulta-
neously and connected in different circuits
Example: Totalizing current transformer with
three primary windings

Current ratio

S&5&55A

c) Transformer for three-wire single-phase
circuit with two separate primary windings
Example: Current transformer for three-wire
single-phase circuit

Current ratio

100 & 100:5 A
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Table 5—Instrument transformer symbois (Continued)

Symbol

Voltage transformers

Current transformers

/
(single slant
ling)

Two or more primary or secondary voltage
ratings obtained by taps in the sccondary
winding.

Example: Voltage transformer with taps in the
secondary winding for additional primary
voitage ratings
8400/12 000/14 400 V
Ratio 70/100/120:1

Example: Voltage transformer with a tap in the
secondary winding for additional secondary
voltage ratings
14000 V
Ratio 120/200:1

Different primary current ratings obtained by
taps in the secondary winding

Example: Current transformer with taps in the
secondary winding for additional ratios
Current ratio
300/400/600:5 A

(E/EY)

(E,GrdY/E)

Designation of primary voltage ratings

Example: Voltage transformer with E-rated
voltage for connection on an E voltage system
14 000
(E}

Example: Voltage transformer with E-rated
voltage that is suitable for conncction on an E
voltage system or for Y conncclion on an E|
voltage system
2400/4160Y
(E/E,Y)

Example: Voltage transformer with E-rated
voltage with reduced insulation at neutral cnd.
for linc-to-ground connection on an E, voltage
system
12 470GrdY/7200
(E,GrdY/E)

(Not used directly)
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5. Accuracy classes for metering

5.1 Basis for accuracy classes

Accuracy classes for revenue metering are based on the requirement that the transformer correction
factor (TCF) of the voltage transformer or of the current transformer shall be within specified limits
when the power factor (lagging) of the metered load has any value from 0.6 to 1.0, under specified condi-
tions as follows:

a)  For current transformers, at the specified standard burden (see 6.2 for standard burdens) at 10% and
at 100% of rated primary current (also at the current corresponding to the rating factor (RF) if it is
greater than 1.0). The accuracy class at a lower standard burden is not necessarily the same as at the
specified standard burden.

b)  For voltage transformers, for any burden in voltamperes from zero to the specified standard burden,
at the specified standard burden power factor (see 7.2 for standard burdens) and at any voltage from
90% to 110% of the rated voltage. The accuracy class at a lower standard burden of different power
factor is not necessarily the same as at the specified standard burden.

5.2 Expression of TCF at 0.6 power factor (lagging) of metered load

It can be shown® that a TCF at 0.6 power factor (lagging) of the metered load is:

a)  For voltage transformers
TCF = RCF + v/2600
by  For current transformers,
TCF = RCF - /2600
where

RCEF = ratio correction factor
Y. B = phase angle in minutes, for voltage transformers and current transformers respectively

5.3 Standard accuracy classes
The limits of transformer correction factor in standard accuracy classes shall be as shown in table 6.

Table 6—Standard accuracy class for metering service and corresponding limits of trans-
former correction factor [0.6 to 1.0 power factor (lagging) of metered load]

Metering Voltage transformers (at

accuracy 90% to 100% rated voltage) Current transformers
class

Minimum Maximum At 100% rated currens” At 10% rated current
03 0.997 1.003 0.997 1.003 0.994 1.006
0.6 0.994 1.006 0.994 1.006 0.988 1.012
12 0.988 1.012 0.988 Lo12 0.976 1.024
*For current transformers the 100% rated current limit also applies to the current cor ponding to the

thermal cusrent rating factor.

®This is true for errors within the range of the standard metering accuracy classes.
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5.4 Limiting values of RCF and phase angle for standard accuracy classes

The limiting values of RCF are the same as those for TCF (see 5.2). For any known value of RCF fora given
transformer the limiting values’ of the angles derived from the expression in 5.2 are given by:

a)  For voltage transformers,
¥ = 2600 (TCF - RCF)

b)  For current transformers,
B = 2600 (RCF - TCF)

in which TCF is taken as the maximum and minimum values, given in table 6, for the specified
accuracy class.

These relations are shown graphically in figure 2 for current and in figure 3 for voltage transformers.

1036 1018 1009

1024 102 1006 \

1012 1006 1003

1000 000 1000

RATIO CORRECTION FACTOR

0988 0994 0997

0.976 0.988 0994

0964 0982 09390 i
>
v&&lﬁ -30 -20 -10 [} * 10 +20 *30
G
Mvo ———-60 -40 -20 0 v20 ‘40 +60
N
o
NP} -80 40 0 +40 +80 +20
«—— LAGGING PHASE ANGLE - MINUTES LEAQING —

Figure 2—Limits of accuracy classes for current transformers for metering

NOTE—The accuracy requirements for 100% rated current also apply at the continuous thermal current
rating of the transformer.

TThis is true of errors within the range of the standard metering accuracy classes.

20

FOR INSTRUMENT TRANSFORMERS

|EEE

Std C57.13-1993

1012 1006 10030

1006 1003 10015

1.000 10000 /

RATIO CORRECTION FACTOR

0994 0997 09985 N
0988 0994 0.9970 . N
OJ
uuhu
cof T -0 -5 o . .0 .
04
9
& -20 -0 0 .0 .20 .30
R
~60 -40 -20 0 +20 +40 +60

*—— LAGGING

PHASE ANGLE - MINUTES

LEADING ———=

Figure 3—Limits of accuracy classes for voltage transformers for metering

NOTE—The transformer characteristics shall lic within the limits of the parallelogram for all voltages

between 90% to 110% of rated voltage,
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