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IEEE C57.13-2008
IEEE Standard Requirements for Instrument 
Transformers (μÍ¹·Õè 22)

X1 X
H1

8.4.2.2 Voltage transformers 

1
H1

1
1

1 1

1
1

1

1

8.4.3 Direct comparison of winding voltages 

X1 X
H1

Figure 28 Polarity by comparison with voltage transformer of same ratio and known polarity

Figure 29 Polarity by comparison of winding voltages
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resistance to be measured. In the commercial 
versions, the ratio arms are equipped so that 
any one of several ratios can be readily 
selected. Thus, resistances can be measured 
over a wide range with maximum resolution 
available from the adjustable arm.

 

 
The double-ratio arm bridge is more complex 
in both its design and its operation. Textbooks 
in electrical measurements contain excellent 
discussions of the bridge and should be 
consulted. Generally speaking, the bridge 
measures a four-terminal resistance in such a 
way that its points of attachment to the 
measuring circuit and its lead resistances do 
not enter into the measurement.

8.5 Resistance measurements 

These measurements are made on instru-
ment transformers for the following reasons:

a)  To calculate relaying accuracy of type C 
current transformers

b)  To establish the winding resistance at a 
known temperature for use in temperature 
rise tests

c)  To calculate winding temperatures and 
temperature rises at the completion of 
temperature rise tests

d)  To permit calculation of ratios under load 
conditions (for voltage transformers)

 

 

A resistance can be measured either as a 
two-terminal network or as a four-terminal 
network. In a two-terminal measurement, the 
resistance network is connected to the 
measuring circuit through one pair of leads. 
Thus, both contact resistance at the points of 
connection and lead resistance become part 
of the resistance being measured, and to the 
extent they are unknown, the two-terminal 

 

terminals. Thus, for example, if the resistance 
of a winding between two points a and b is 
needed, the potential leads are connected to 
terminals P1 and P2, and the current leads are 
connected to terminals C1 and C2.

 

There is no precise rule that governs the 
selection of a four-terminal measurement 
over a two-terminal one. The choice depends 
primarily on the magnitude of the resistance 
and on the accuracy to which it is to be 
measured. However, either contact resistance 
or uncertainties in lead resistance may be as 

part of the resistance to be measured, a 
four-terminal measurement is dictated.

Both two-terminal and four-terminal resistance 
measurements may be made using voltme-
ter- ammeter methods or bridge methods.

 
8.5.1 Voltmeter-ammeter methods 

The potentiometric method to be employed 
is described in 5.3.2 of IEEE Std C57.12.90.

When two-terminal measurement is adequate, 
the Wheatstone bridge is recommended. 
When four-terminal measurements are neces-
sary, the double-ratio arm (Kelvin) bridge is 
required. Both types are commercially 
available and require minimum external 
equipment.

 
The Wheatstone bridge consists of a pair of 
ratio arms, an adjustable resistance arm for 
achieving balance, and an arm containing the 

The test of Fig. 287 (b) gives rise to the term “subtractive polarity,” often used in 
American publications, for transformers with their terminals marked according to 

and secondary windings, e.g. P1 and S1, are joined together and a voltage is 
applied to one of the windings, the voltage across the remaining pair of adjacent 
terminals (P2, S2) is smaller than that applied, then the polarity is termed 
“subtractive.”

 The resistance data obtained shall be compared with the design values to 
ensure proper construction.

of IEEE C57.12.90-1999)

If, however, a resistance network is made 

precisely and measured by four-terminal 
techniques. One pair of terminals (current 
terminals) is located outside a second pair 
(potential terminals) as shown in Figure 30.

 

voltage across the potential terminals divided 
by the current entering and leaving the current 

 

b 

         (2)

x 

Figure 30 Four-terminal network for resistance 
 measurement

WARNING
Windings other than the one whose 
resistance is being measured should be 
short-circuited. This is important both as a 
safety measure to prevent the induction 
of high voltages and to reduce the time 

c b ab
SV V

P S
x

d b ab
x

RV V
Q R

1 1x

x x

Q RP S P Q
S S R R

xPR QS x
QR S
P
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8.5.3 Reference temperature measurements 
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Medium Voltage Series Medium Voltage Series

UniSec Air-insulated medium voltage switchgear for secondary distribution up to 24 kV, 1250 A, 25 kA 

switchgear áÅÐ Gas-insulated switchgear

UniSec Air-insulated

LSC2A
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Medium Voltage Series Medium Voltage Series

- Air insulation of all live parts

- SF6 switch-disconnector

- Removable and withdrawable vacuum and  
circuit-breakers

- Withdrawable vacuum contactor

- Withdrawable circuit-breaker and contactor 

- Complete range of functional units and 
accessories

- Large selection of state-of-the-art protection 
relays,  integrated  on  removable  circuit-
breakers or separately mounted for protection,
control and measurement functions

-

VD4/Sec VSC/P

HySec 

Rated voltage kV 12 17.5 24
Test voltage (50-60 Hz x 1 min) kV  28 38 50
Impulse withstand voltage kV  75 95 125
Rated frequency Hz  50-60 50-60 50-60
Rated main busbar current A  630/800/1250 630/800/1250 630/1250
Rated current of apparatus:
– VD4/R-Sec - HD4/R-Sec removable circuit-breaker A 630/800 630/800 630
– GSec gas switch-disconnector A 630/800 630/800 630
– Vmax/Sec withdrawable circuit-breaker  A 630/1250 630/1250 -
– VD4/Sec withdrawable circuit-breaker  A - - 630/1250
– VSC/P withdrawable vacuum contactor A 400 400 - 
Rated short time withstand current kA (3s) 16/20 (4)/25 (1) (2) 16/20 (4)/25 (2) 16/20 (4)
Peak current kA 40/52.5/63 40/52.5/63 40/52.5
Internal arc withstand current (IAC AFLR) (3) kA (1s) 12.5/16/21/25 (2) 12.5/16/21/25 (2) 12.5/16/21

(1) 25 kA 2s for units “no withdrawable circuit-breaker”  
(2) For withdrawable circuit-breaker
(3) On request “No internal arc”  (4) Contact ABB for 21 kA

Vmax/Sec 

IEC 62271-1 for the general application
IEC/EN 62271-200 for the switchgear

and LSC2B

(metallic partition)and PI (insulation partition) 
for withdrawable circuitbreakersat 24 kV only

IEC 62271-102 for the earthing switch

IEC 62271-100 for the circuit-breakers

IEC 60071-2 for insulation co-ordination

IEC 60470 for the contactors

IEC 60265-1 for the switch disconnectors

IEC 60529 for the protection classes

switchgear
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Power Transformers (μÍ¹·Õè 25)
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ABB Day in Myanmar

TNC Cigre & IEEE PES 
Seminar

ABB ¨Ñ´§Ò¹ÊÑÁÁ¹Ò ABB Reliability Improvement for 
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