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page 2 

principles of differential protection 

general information 

Differential relaying systems are universally used for the pro­
tection of generators, transformers, station buses, and transmission 
lines. These differential systems are all based on the principle of 
balancing or comparing the secondary currents in the current 
transformers at the terminals of equipment. Due to the distance 
between terminals of a transmission line, the comparison cannot be 
made directly, and transmission line relaying therefore is a 
separate and distinct type of differential relaying. This subject is 
treated elsewhere. 

The basicdifferentialschemeis shown diagrammatically in figure I. 
Under normal load conditions, current flows through the pro­
tected equipment (generator, bus, or transformer) and the current 
transformer secondary currents h and I2 will circulate through 
path IA. 

With a protective relay connected between points 1 and 2, no 
current will flow through the relay under normal conditions. 
Should a fault occur external to the equipment, current flow will 
be increased but will be in the same relative direction as under 
normal conditions, and the relay will not operate for this external 
fault condition. 

I 
- .- - ..-. \ 
• I I I I. 

l 
IA 

..,___ 

I1 

-

-

-
-,;-.... 

2 

When a fault occurs in the protected equipment, the current flow 
on one side is reversed, upsetting the normal balance and causing 
current In to flow through the relay from point 1 to point 2. 

As long as the current transformer secondary currents are nearly 
equal, no appreciable current will flow through the relay operat­
ing circuit. Any leakage current, however, to other phases or to 
ground, will upset the balance and send current through the relay 
operating coil. If this current exceeds the pickup setting of the 
relay, it will operate to trip the breaker and disconnect the 
faulty apparatus. 
Generator differential relays are usually arranged to trip the 
generator, field circuit, and neutral breakers simultaneously . . .  
using a manually reset lockout auxiliary relay. In some applica­
tions the differential relay also trips the throttle and admits C02 to 
the generator for fire protection. 
In transformer differential protection, the high voltage circuit 
breaker is often located at the remote end of the line serving the 
transformer. In this application the differential relay initiates a 
remote trip signal over a pilot wire, tone or carrier channel to the 
breaker location. See application data 41-940 (carrier) or appli­
cation data 41-960 (audio tone) for further discussion of this 
application. 

� ----
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IA 
r +-

12 
r--

-- , 

Io ii I 
I 
I 

I I 
L __ __ j 

.. 1 

fig. 1: Basic differential relay connections. 
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' 
differential relays a pplicaiion 

data 
percentage differential • linear coupler 

41-330 
for internal fault protection of a-c 
generators, transformers, and station bus page 3 

differential protection 

using overcunent relays 

external fault 

r, r-----, 
I I • I I 

Io 1 I 
I I 

fig. Z 

internal fault 

r-- --., 
I I 

Io I: 
I I L -- -- -' 

fig. 3 

While standard overcurrent relays have been used in differential 

schemes (figures 2 and 3), the rapid increase in the complexity 

and loading of integrated power systems has created a more 

selective line of differential relays . .. each with its own operating 

characteristic. 

Sensitive relay settings are required to detect ground faults 

which may develop into phase-to-phase or three-phase faults. 

The neutral impedance of a generator limits the magnitude of the 

ground fault current. 

However, relay selectivity requirements may prevent the use of 

low-current or fast-time settings. 

Phase-to-phase overcurrent protection has definite limitations 

from the consideration of sensitivity, selectivity, and speed of 
operation, since overcurrent relays must be set above maximum 
load current and must also have time settings which select with 

other relays on the system. 

The use of restraining windings in differential relay design per­
mits more sensitive relay settings, affording greater protection 

than is possible with plain overcurrent relays whose trip settings 

must be high enough to prevent undesired operation due to cur­
rent transformer performance under heavy through-fault current. 

Since current transformers of the same type and rating perform 

differently due to variations in magnetic construction, loading, 

degree of saturation, etc., differential relays are designed which 

operate on either a fixed or variable percent of differential 

current between the incoming and outgoing currents. The 

variable percentage relay is particularly adaptable to applica­

tions involving transformers where the low and high side current 

transformers have different current and voltage ratings. 

differential protection 

using percentage differential relays 

external fault internal fault 

fig. 4 fig. 5 

Percentage differential relays have two (or more) additional 

windings called restraining windings. The restraining torque is 

in the contact opening direction and is proportional to the vector 

sum of the incoming and outgoing currents. On an external fault, 
this contact-opening torque is strong and tends to prevent false 

tripping due to the differential current (lo) caused by saturation 

effects of the current transformers. 

On internal faults, most of the current in the restraining windings 

is in opposite directions so that the total restraint torque is much 
less than in the case of the external fault. 

The relay will trip when the operating torque (created by Io) is 

greater than the restraining torque, that is, when the operating 

current is higher than a certain percentage of the smaller of the 

two restraining currents. 

Some relays are designed to trip when a constant percentage of 
unbalance exists between the two restraining currents. Other 
relays operate over a variable range of differential current. These 

have a "variable percentage" characteristic and, as the magni­

tude of the restraining current increases, a greater amount of 
operating, or differentia(current is: required to trip the: relay. 

The variable percentage relay is more sensitive than a constant 
percentage relay on light internal faults, but less sensitive on 
heavy external faults; due to the variable percentage character­

istic. It is particularly suitable where heavy saturation currents 

are encountered. 
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page 4 

continued 

differential protection 

using linear coupler relays 

external fault 

E1+E2+---+EN=O 
,---, 
I I 
I I 
I I 

L._ _ ____;I____J I 
L ___ j 

fig. 6 

internal fault 

E1+ E2+---+EN =1::0 

,---, 

fig.7 

I I 
I 
I 

L ___ j 

Linear coupler transformers produce secondary voltages pro­

portional to the applied primary currents. 

The linear coupler method of differential protection is essentially 
a voltage differential scheme and, consequently, a series circuit 

is used in contrast to the parallel circuit employed with current 

transformer schemes. In the case of an external fault as shown in 

figure 6, the sum of the voltage induced in the linear coupler is 

zero. E1 +Ez-EN =O. 

This occurs because the sum of the currents flowing to the bus is 

equal to the sum of the currents flowing out to the system . . .  and 
the relay does not trip. In the case of an internal fault, see figure 

7, the above voltage cancellation does not exist, and the difference 

voltage appears at the terminals of a high speed, low energy, 

linear coupler relay which trips instantaneously. The linear 
couplers are in effect air core mutual reactors. They are similar to 

current transformers in general appearance and structural detail, 

except that the secondary coil winding has an air core with a 

permeability of 1 .0; thus will not saturate or cause error currents 

even when heavy primary currents exist. 

This type of protection is particularly applicable to the protection 

of station buses where the d-e component of short circuit current 

has a long time constant and causes saturation in current trans­

formers of conventional design. 

• 

fault current 

fig. 8 
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differential relays application 
data 

percentage differential • linear coupler 

41-330 
for internal fault protection of a-c 
generators, transformers, and station bus page 5 

generator differential relays 

creases. 

In the type CA inverse timing relay the percentage is constant, 
and in the type HA instantaneous 3-phase relay the percentage 
is variable. 

These relays are extremely sensitive, yet they will not trip on a 
through fault unless the difference current expressed as a percent 
of the smaller restraint currenl exceeds the percent sensitivity of 
the relay. 

Burden on the current transformers external to the differential 
relay burden should not exceed (NpVeL)/133 ohms. Where: 

Np =proportion of total number of current transformer turns 
in use 

VeL =current transformer lOL accuracy class voltage 

For example, if the 400/5 ampere tap of a 600/5 multi-ratio current 
transformer is used, Np =400/600 =0.67. If this current transformer 
has a 10L200 rating, VeL =200. The external burden should there­
fore not exceed : 

(NpVeL)/133 ohms = (0.67 x 200) /133 = 1 .0 ohm 

In calculating the burden use the one way load burden. 

type CA single phase, inverse timing, constant percentage 

I ::::::d=�·::: ·::: :::::0�:�: ·:::::· P=� 
··•.·· .• ••.• through the current transformers, relay restraining coils R1 and 
. Rz and back to the current transformers. The current in the relay 

characteristics 

single phase, 60 cycles, spst-cc contacts, FT-21 Flexitest case 
inverse time characteristic 

:�{] �\11!1\ restraining coils produces a restraining, or contact opening torque. 

CA 
,---- -, 

l Io t : 
I I 

I 
I 
I 
I 
I 
I 

L_ ____ ___J 

operating time: see figures 12 and 13  
two restraining and one operating circuit 
no ratio taps 
constant percentage differential 
sensitivity: 10% or 25% unbalance 
minimum trip 

0.18 amperes for 10% relay 
0.45 amperes for 25% relay 

burden: see figures 15 and 16 
thermal capacity 

restraint circuits: 10 amperes continuous 
operating circuits: 10% relay, 2.5 amperes continuous, 70 

amperes for 1 second; 25% relay, 5.0 amperes continuous, 
140 amperes for 1 second 

relay settings 

No setting is required for the percentage differential unit except 
the setting of the time dial, which should be on the number 1 
position. 

Each relay is designed for a specific sensitivity and once the correct 
relay is chosen for a given application, no adjustment is necessary. 
If, for some reason, adjustment becomes necessary, the spring 
tension controlling minimum operating current may be altered 
slightly. 

In general, lor generator protection, a study of the current trans­
former characteristic curves under short circuit conditions should 
indicate whether the high sensitivity (10%) or the low sensitivity 
(25%) relay should be used. The 25 % relay should be used if a-c 
saturation causes more than 1 %  ratio error in either set of current 
transformers. 
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page 6 

continued 

single phase, inverse timing, constant percentage 

"' 2 '1' 
"' "-
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0 u 
0> c 
� 
"' curve 260208 "-
0 

10 20 30 40 50 

smaller res traint amperes 

fig. 10: Typical operating curves, 10% CA relay. 

further information 

product bulletin 41-330Al 
instruction leaflet 41-331.2 
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generators, transformers, and station bus 

360 

340 

320 
!---v 

300 

2 80 
t-,__ 

260 3 

240 2 

220 I 

200 

180 

160 

140 

120 

.. 
� t----1 100 

0' 0 ."' 80 > "' c 

..? 0 � 9 V/ 
8 ;,v 
7 l(j 

...; r-..... 5 .......... j---... 

v ...... v _.. 
v I--' 

I 
97-9 

application 
data 

41-330 

page 7 

97-5 f--t--

I 
f--f--yl-9 

v7-5 

w 
p t--

f--
9 1--

1--
7 9 

v V7-9 ')� t--
17=0 j r-- � 60 "' 

0' -g .2 !> b 3 ..... v 0 
u 

� 
:: 
Q) 
E 

I 

0 
0 2 3 

operating coi l  amperes 

t---
curv� 187A1777 

4 6 7 8 9 

fig.�13: Typical time curves, 25% CA relay. 

0 -· - ---,- .,.--- - --- r--·r----

+-- ---- t--
0 

- - . +-- ··�- --- ·-
10°/o relay 

0 .t-- case I ___ �- I - t-7 --- -

+-- - --
0 . --�sei,�JI j:L 

0 
> 

.:: ' 

0 

0 

0 

0 

� 10 
:; ... ' "' > 0 

casenW 
f-- VI 

!J VI 
} 17/ rr 

71 
L,;7 � 

h }::7 
�'(? 

7 9 
t - t---r--t- -t -case n -

�= 
7 9 

I I 25%ref ..... 

N�casel d 
�case II 

t--
f.--
t--
f.--

curve 282553 
0 10 20 30 40 50 60 70 80 90 100 110 120 

Is 7 1r I 5-S in amperes 
fig. 14: Typical saturation curves, all CA relays. 

10 

"' E � 40 � :;:' � " 20 
" '2 :> <D 0 .D 

2 

I 
0 

I/ 

0 10 
19 in amperes 

95-9 

curve 282554 
20 30 40 50 

fig. 15: Typical burden curves, 10% CA relay. 

.. 

360- -��--��--��--.-- , --- - -- --� 
34o -- 1-+----lf---l--- +=�==+-+--+ e 1- • +---1----� 
320 - 1---1--"_"'-.1--+--_-l--+---1--�1--l-----1-- j--t 
300 - 1----"'t-'--...J::-----1---+---If---+-l-----+- --t---.. __ t-......J-2'"+--+-+-""'1' ,..--_ e 1- s 
280 - 1---t-- ----+-- -· 

260-- 1---+-+--+-+----11-- -+- -j-

240 

220 - 1--
200 - 1--
180 -- 1---
1 60 - 1---

-

M 
7 9 

140 7 --j--- j---j---t� 
120 6 

V5-9 
...... I � 100 5 v Y7-5 

0' 1\.. 1--:: io"" V7-9 ."' 80 "' ) b< J.......-v 0 60 3 > ·V J> K I "' +--� 40 2 95-9 
� 

20 v W--" I -J---. 
" curve 282555 
<D 0 

0 10 20 30 40 50 <;0 
Is in amperes 

fig. 16:  Typical burden curves, 25% CA relay. 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



page 8 

continued 

type H.A three phase, instantaneous, variable percentage 

This relay provides complete three-phase high speed differential 
protection for a-c rotating machines. Each phase element has two 
restraint and one operating coil with a saturating transformer to 
limit the energy supplied to the relay elements. 

The HA relay will operate in one cycle (60 cycle basis) and has a 
variable percentage differential characteristic designed so as to 
be unaffected by d-e transients associated with asymmetrical 
external fault currents. 

The variable percentage characteristic provides sensitive oper­
ation on light internal faults and, in addition, provides a large 
factor of safety against false tripping on heavy external faults. 
This characteristic is shown in figure 17. 

External connections for the HA relay are shown in figure 19. 

� 10 u 
E c 0 u 
Q) 8 "' .9 u 
� 
"' � 6 
Q) a. 
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.� 4 
c 

� 
::J 
u 

� 2 
c 
Q) 

� -

J 
/ 

/ 

/ / 
/ / 

v fll"' 

� 264085 
10 20 30 40 50 60 

sm aller restr ain t curr ent i n  amperes 

fig. 17: Variable percentage slope curve, HA relay. 

characteristics 

3-phase, 60 cycles, 5 amperes 
variable ratio characteristic: see figure 17. 
operating time: see figure 18. 
minimum pickup: 0.14 amperes 

burden: 

volt-amperes at .5 ampere ......... . 
volt-amperes at 5.0 amperes ... . 
volt-amperes at 60.0 amperes ... . 
continuous rating ................ . 
!-second rating ... ............... . 

relay settings 

restraint 
circuit 

.20 

5.0 amps 
200 amps 

operating 
circuit 

13.0 

4200 
5.0 amps 
200 amps 

There are no taps on the relay, and no settings are required. 
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fig. 18: Typical time curve, HA relay. 
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external wiring diagram 

87 9 

differential relays 
percentage differential • linear coupler 

for internal fault protection of a-c 
generators, transformers, and station bus 

2 
3 

n eg 

device n um ber chart 
87- g en er a tor p er centage 

}ph 2 

d if f er en tial r elay, t yp e  H A  
R - restrain i n g  co il 

} }'"' 
OP- o p eratin g  co il 
FD- fa ult detecto r un it 
CS- con ta ctor switch 

T- op eration indica tor 
52 -po wer cir cui t b r ea k er 

a- br ea k er a ux il iar y  co nta ct 
TC- brea k er tr ip co il 

fig. 19: External wiring, HA relay for high speed generator protection. 

further information 

product bulletin 41-330A2 
instruction leaflet 41-341.1 

of 
typ e 
H A  
r elay 

application 
data 

41-330 

page 9 
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page lO 

bus diffel'ential l'elays 

In generating stations and sub-stations there are usually several 
incoming and outgoing lines connected to the bus; all of which 
must be included in the bus differential protection zone. The differ­
ential scheme must provide a restraining circuit for each source 
of power connected to the bus so that there will be no external 
fault location under any system condition where the output of the 
current transformers would not produce sufficient restraint in the 
differential relay. In addition, the relay should be sensitive at low 
current values to operate on a light internal fault, yet relatively 

insensitive at high values of current to prevent tripping on heavy 
external faults when the current transformer characteristics might 
vary. 
Bus differential relays characteristically use several restraining 
circuits with a single operating circuit. The linear coupler system, 
however, uses a series connection between all the linear couplers 
in the protected zone with a simple low energy high speed relay. 
This system is described more fully on pages 14 through 21. 

type CA-16 single phase, inverse timing, variable percentage 

The CA-16 is designed for the differential protection of multi­
circuit buses up to a total of six circuits. The variable percentage 
characteristic provides the desirable high sensitivity at small cur­
rent magnitudes and relative insensitivity at high currents. It will 
therefore detect light internal faults in the protected bus section 
and, conversely, will not trip incorrectly on heavy external faults. 

characteristics 

single phase, 60 cycle, spst-cc contacts, FT-32 Flexitest case 

operating time: see figure 22 
six restraint circuits, one operating circuit 
no ratio taps 

variable percentage characteristics: see figures 20 and 21 

minimum trip: 0.15 amperes 

burden: 

each restraint circuit: 0.75 volt-amperes at 5 amperes 
14 amperes continuous rating 
460 amperes I second rating 

operating circuit: burden, see figure 23 
8 amperes continuous rating 

280 amperes 1 second rating 
relay settings: none required 

performance curves: see figures 20 to 23 

further information 

product bulletin 41-330Bl 
instruction leaflet 41-337.2 
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fig. 20: Variable percentage slope curve, CA-16 relay with one 
restraint winding. 
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fig. 21: Variable percentage slope curve, CA-16 relay with six 
restraint windings in series. www . 

El
ec

tric
alP

ar
tM

an
ua

ls 
. c

om
 



160 

"' 
"120 c 0 u "' 
"' 

= 

"' 
E :;: 
"'40 c 

" "-
20 40 60 80 100 

operating current in amperes 

differential relays 
percentage differential • linear coupler 

for internal fault protection of a-c 
generators, transformers, and station bus 
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application 
data 
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-
1--

curve 537957 
> a 

0 2 4 6 10 20 30 40 50 60 7a 80 90 

operating current in amperes curve 537956 
120 140 fig. 23: CA-16 relay typical burden operating curve. 

fig. 22: CA-16 relay typical time curve. 

bus 

source 

feeder group 

source 

feeder group 

source 

feeder group 

>o OT'{ 
phase phase 

2 3 

-------r----------- ----------- ----, ------� I 
: _:-_:-_:-_:-�-______ ��e�i����:_p�s.:_1 __

_____ J 
---- ---f" I 
-------1 I 
:_-:_-:-:..-:_-I connections same as phase 1 : �------ ------------------� 

I 
* 86 

I 
I 

• 
to breaker 
trip coils 

device number chart 
87- percentage differential relay, type CA- 16 

ICS- Indicating Contactor Switch 
OP- operating coil 

{bottom L.H.element) 
R- paired restraint coil 

{bottom R. H. element l 
S- paired restraint coil 

{top L. H. element l 
T- paired restraint coil 

{lop R. H. element l 

in type CA-16 relay 

86- auxiliary tripping relay, type WL 

187A425 

fig. 24: External wiring-one set of CA-16 relays for the protection of a six circuit bus with three feeder groups. 

phase 1 
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page 12 

continued 

type HU-4 single phase, instantaneous, variable percentage 

This relay is a high speed unit with four restraint circuits and one 
operating circuit. In addition, it has a second harmonic restraint 
unit for use where a transformer is associated with the bus differ­
ential scheme. The harmonic restraint provides security against 
false tripping on magnetizing inrush associated with the trans· 
former energization. 

The variable percentage characteristic provides high sensitivity 
at high currents. It will therefore detect light internal faults and 
will not trip incorrectly on heavy external faults. 

The type HU-4 may be applied to any bus circuit where the ex­
ternal fault current through the bus in twenty times tap value 
secondary current or less, i.e.-100 amperes on 5 ampere tap. 

External connections are similar to those of the CA-16, with the 
relay input limited to four restraint circuits including transformer 
circuit. Occasionally an auxiliary current balance transformer is 
used on the line side of the power transformer to adjust the current 
transformer secondary currents to the bus sections included in 
the protected zone. 

characteristics 

single phase, 60 cycle, spst-cc contacts, FT-42 Flexitest case 
operating time: see figure 26 
four restraint circuits, one second harmonic restraining circuit, 

and one operating circuit 
ratio taps: 2 :9, 3.2, 3.5, 3.8, 4.2, 4.6, 5.0, 8.7 amperes 
variable percentage characteristics: see figure 25 
minimum trip: 30% or 35% of tap value 

20 
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� J4 
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:: 12 I 
0 "' "*- 10 
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" u 4 "' 
c 
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QJ 
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0 00 

-
......... v�"" 

v-f.--'" 
4 6 8 10 

3 or 4 restraints � // �v 
'# [\ 

/ / 2lest;a)"ts 

cur�e 538�33 

12 14 16 18 20 
larger restraint current in multiples of top value 

fig. 25: Variable percentage slope curve, HU-4 relay. 

relay settings: Same as those for types HU and HU -1 relays, 
pages 31 to 34. (HU-4 is similar to HU and HU-1,  except that 
it has four restraint circuits.) 

performance curves: see figures 25 to 27 

burden data: 

tap volt-amperes@ continuous power :rating )actor 
angle* 

at tap 
value 
current at 8 times I at 20 times 

tap value tap value 
current current 

burden of each restraint circuit 

2.9 10 71 .88 
3.2 12  70 .89 
3.5 13 66 .90 
3.8 1 4  65 .91 
4.2 15 58 .91 
4.6 16 57.5 .91 
5.0 18 52.5 .92 
8.7 22 30 1.28 

burden of operating current 

2.9 10 35 2 26 
3.2 12 34 2.30 
3.5 13 33 2.30 
3.8 14 33 2.30 
4.2 15 31 2.30 
4.6 1 6  30 2.40 
5.0 1 8  29 2.50 
8.7 22 23 3.18 

* Degrees current lags voltage at tap value current. 
@Voltages taken with Rector type voltmeter. 

thermal rating: one second-300 amperes 

50 191 
51 211 
51 203 
53 220 
53 235 
55 248 
59 280 
94 340 

76 487 
78 499 
81 504 
83 547 
84 554 
88 598 
92 640 

132 850 

(Thermal capacities for short times other than one second may be 
calculated on the basis of time being inversely proportional to the 
square of the current.) 

"' 
QJ 

8 

6 

';, 4 
u 
c 
QJ 
E 

"' 
c: 

� 

---

\ " 

main unit � instantaneous 
trip unit 

!'-.... \ -I--1- ['.... 
QJ 
a. 
0 curve 538029 

0 
0 4 8 12 16 

operating current in multiples of tap value current 

fig.�26::Typical time curve, HU-4 relay. 
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g-400 ""' 0 
·a. 
Q) -g. 300 

0 <D 
.... 0 
>I! 200 0 c: 
c Q) �tOO 
0 
a. " -"' 0 ·a. 0 

\ 
1\ 
' "' l..) 

0 40 so 120 160 
frequency in cycles per second 

� 
..... 

200 

fig. 27: Frequency response curve, HU-4 relay. 

further information 

product bulletin41-330C5 
instruction leaflet 41-347. 1 

differential relays 
percentage differential • linear coupler 

for internal fault protection of a-c 
generators, transformers, and station bus 

curve 471052 
240 280 

application 
data 

41-330 
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page 14 

continued 

types LC-1, LC-2 single phase, instantaneous, linear coupler 

The linear coupler method of bus protection utilizes air core 
mutual reactors known as linear couplers, instead of the usual 
current transformers. It employs the voltage output of the couplers 
in a series voltage differential circuit. The energy output of the 
couplers makes possible the use of low-energy, high speed relays, 
types LC-1 and LC-2. Each is provided with impedance taps so 
that the impedance of the relay can be more closely matched to 
the impedance of the linear couplers when such is required for 
maximum sensitivity. 

When the relay and coupler impedances are matched, there is a 
maximum amount of operating energy transferred from the coupler 
to the relay. Since the standard linear coupler induces 5 volts 
secondary per 1000 amperes primary, the couplers (unlike cur­
rent transformers) can be safely open-circuited. Danger to per­
sonnel from high voltages is eliminated. 

relays used 

type LC-1: Consists primarily of an impedance matching trans­
former and solenoid unit which has trip contacts. It covers an 
ohmic range of 30 to 80 ohms in four steps and is adjustable to 
operate at energy levels rated from 0.5 to 8.0 volt-amperes. 

type LC-2: The use of a permanent magnet polarized d-e oper­
ating unit energized by a rectifier from the saturating impedance­
matching transformer makes the LC-2 more sensitive than the LC-1 . 

-c QJ 
... 
... 
:J u 

>-
... 
0 

"0 c 0 u QJ en 
0 primary current 

fig. 28: Current transformer saturation curve. 

current transformers and linear couplers 

current transformers 

In differential protective schemes, the relays and current trans­
formers function as a team. The current transformers must inter­
pret, in their secondary windings, the a-c current conditions exist­
ing in the power circuit ... and transmit this information to the 
relays. The typical saturation curve shown below (figure 28) 
indicates that secondary currents are proportional to primary 
currents along the curve portion OA of the curve corresponding 
to the nominal rating of the transformer. When large short circuit 
currents occur, the secondary current of the heavily saturated 
current transformer is indicated on the upper portion of the curve, 
portion AB, and the ratio of transformation is rarely equal for two 
different types of current transformers. It is necessary to know 
the magnitude of the error-current, so that relays and their settings 
can be chosen to compensate for the current transformer errors. 

fig. 29: Typical bushing type linear coupler. 

fig. 30: Typical bar type linear coupler. 
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differential relays application 
data 

percentage differential • linear coupler 

41-330 
for internal fault protection of a-c 
generators, transformers, and station bus page 15 

saturation from a-c component of 
fault current 

A-c saturation is not particularly troublesome since it can be 
calculated, and compensation made for the resulting errors in 
secondary current. For a given current, saturation results from : 
(a) insufficient cross section of iron in the transformer core, (b) too 
few secondary turns, (c) too high a secondary burden; or a com­
bination of all three. The degree of saturation due to the maximum 
a-c current can be calculated from the formula : 

when: 

B=IZ. 108 
4.44 nfa 

B = Flux density in the core in lines per square inch. 
I =Maximum secondary short-circuit current in RMS amps. 
z. =Total secondary circuit impedance including current trans­

former secondary in ohms. 
n =Number of secondary turns. 

=Frequency. 
a =Iron cross section in square inches. 

Thus, for a given short-circuit current and a given transformer, 
both decreasing the secondary impedance and increasing the 
secondary turns will improve the performance of the transformer 
by requiring a lower flux density to supply the burden. It is there­
fore recommended that the highest rated available current trans­
former ratios be used, consistent with the requirement that the 
minimum internal fault can be safely tripped. If some saturation 
results, it may be possible to raise the relay setting to provide a 
sufficient margin of safety. The minimum trip requirement must 
not be extended, however. 

saturation from d-e component of 
fault current 

If the fault current is asymmetrical, a d-e component is present. 
When it decays slowly because of long d-e time constant (large 
L/R ratio), transient saturation of the current transformer results. 
This condition occurs more frequently in the protection of gener­
ating station buses when the d-e time constant of the circuit is apt 
to be long. For most substation buses, the time constant is short and 
no appreciable effect from d-e saturation results. 

The presence of a prolonged d-e component will produce a severe 
transient saturation. Even though it would be technically possible 
to design a current transformer that would not saturate, calcula­
tions show that such current transformers would require a cross 
section of iron as much as one hundred times larger than current 
transformers of standard construction. 

linear couplers 

The problems associated with the saturation of the core of current 
transformers are eliminated when linear couplers are used. 

The linear coupler consists of a toroidal or ring type secondary 
winding on a non-magnetic core. It is usually mounted in a circuit 
breaker or transformer bushing and can be designed to fit into 
the space available for a conventional current transformer. See 
figures 29 and 30. 

The single conductor in the bushing forms the primary of the 
linear coupler reactor and, because of the absence of iron, avoids 
problems due to saturation and provides a definite linear relation­
ship between primary currents and secondary voltage. The system 
employs a series circuit in contrast to the parallel circuit used with 
current transformers. All of the linear coupler secondaries of a 
particular phase are connected in series with one type LC relay 
to form a closed loop. Under normal conditions, or when external 
faults occur, the induced voltages in all the linear couplers are 
cancelled out. On internal faults, a net voltage is available for 
relay operation. The scheme is fast in operation, simple, and easily 
checked while in service. 

The ratio between maximum external fault current and minimum 
internal fault current is limited to 25/1 (except when a separate 
ground LC relay is used), not because of the relay, but because 
of the economic manufacturing tolerances of the couplers. Cou­
plers are made to plus or minus !-percent accuracy. The possibility 
exists that one coupler may be + 1 % and another in the same 
circuit -1 %, with maximum current flow. This gives a 2-percent 
accuracy spread which, combined with a 2/1 safety factor, limits 
the relay pickup to not less than 4-percent of the maximum through 
fault current of a ratio of 1 /25 between minimum internal and 
maximum external fault currents. 

example: Assuming a 5000-ampere maximum external fault cur­
rent, the LC relay should not be set to pick up on less than 4-
percent of 5000 or 200 amperes primary current. Therefore, 200 
amperes primary current is the minimum internal fault the relay 
can be set to detect. 
When systems are grounded through a current limiting imped­
ance, the ground fault current on the single phase to ground fault 
is so much less than interphase fault current that a fourth or ground 
type LC relay may be required. This relay is set much more sen­
sitively than the phase relays, and to prevent it from picking up 
on error current during a heavy external phase fault, a type HVS 
supervisory relay is required. The HVS relay operates on zero 
sequence voltage and has its contacts connected in series with 
the ground type LC relay contacts. 

When even more sensitive ground fault detection is required, 
LC-2 ground relays are connected in series with the LC phase 
relays and one HVS relay is used to supervise the contact circuits 
of the three LC-2 ground relays. 

The calculations for settings and performance involve a simple 
application of Ohm's Law. 
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page 16 

continued 

single phase, instantaneous, linear coupler 

one line diagram illustrating application of linear coupler and type LC relays 

I- phrase fault detection 
nZc Zp 

II- phase and ground fault detection 

nZc Zp 

-

Zp 
O>----tlt-1 _ ___,o 
3 phase relays only 

Z p  
o II o 
o--f r----i 1---o 

Zg HVS 
3 phase and 1 ground 
relays,plus HVS 

legend 

n = number of couplers 
in series per phase 

Zc = self impedance 
of one cou pier 

Zp = impedance of LC 
phase relay 

Zg = impedance of LC 
ground relay 

III-phase and more sen sitive ground fault detection 
Z p  

o---il ll----o 
HVS =ground fault 

detector relay 

�··� �::� 
fig. 31 

selection of LC-1 or LC-2 

The anticipated relay current is calculated by the following 
formula: 

I lex! X EM I re ay 25 x 2 x Zc x N 
This gives the approximate value 
Iext = Maximum external primary fault current in amps. 
EM = 5  volts/1000 amps = Mutual impedance of one coupler. 
25 = 25/1, which is ratio of maximum external to minimum internal 

fault current. Includes coupler tolerance and safety factor 
details. 

2 = Reduction factor: If coupler series impedance (Zc) is 60 ohms, 
then double (2) this value because the relay would be set on 
the 60 ohm tap and adds 60 ohms additional impedance to 
relay circuit. 

Zc =Impedance of one coupler-average of 10 ohms each. 
N =Number of series couplers in one phase. 

Zg 

3 phase and 3 ground 
relay,plus HV S 

for relay currents: use relay type 

5· 80 ma 
80-200 ma 

200-400 ma 

LC-2 
LC·2 plus external series resistor* 
LC-1 

* The external series adjustable resistor assembly 0-300 ohms, used with the 
LC-2 relay reduces the relay current (Ir) to a value within the recommended 
operating range of the relay. In setting the LC-2, the resistor is used for coarse 

�:hb::ti��: and the flux shunts on the polar unit are used for more exact 

required information 

maximum external fault current: phase and ground 
minimum internal fault current: phase and ground 
number of couplers per phase 
coupler impedance (estimate at 10 if unknown) 
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diffel'ential l'elays application 
data 

percentage differential • linear coupler 

41-330 
for internal fault protection of a-c 
generators, transformers, and station bus page 17 

application guide 

1. Are separate ground relays required? 
Yes, if minimum internal line-to-ground fault current is less than 
8% of the maximum external fault current. 

2. How many ground relays are required? 
If answer to (1} is yes, refer to curve A fig. 32, use solid curves, 
VA =0.0085 if possible. (Special care required in setting relays 
to get more sensitive settings.) 

3. Selection of LC-1 or LC-2 
If three ground relays are used, refer to curve B, fig. 33. Other­
wise use curve C, fig. 34. 

4. Is 300 ohm adjustable resistor required? 
If LC-2 phase relays are to be used, refer to curve C or B to 
determine if resistor is required. 

When applications involving the LC-2 relay require a sensitivity 
between 0.0085 and .0025 volt-amperes, it may be necessary to 
adjust the flux shunts on the polar unit of the relay to obtain the 
desired sensitivity. If the adjustable resistor is required, a resistor 
should be connected in parallel with each of the LC-2 phase relay 
coils, so as not to decrease the sensitivity of the series connected 
LC-2 ground relays. 

curve A 

"' 
� 
"' 
Cl. 
E 0 I 
'"' 

"' 
c 

0 
E 

3000 

2000 

1000 
800 

600 
500 
400 

300 

200 

volt amperes= 0.0085 

" -
...... 

�-""'" 
.,..... 

� � 
..-:: �---

--

--

�r -

1 ground relay 
I 1./ I 

3 g� relays 
L I L I 

-1 ��-1 
1 ground relay 

� --- �I 
� ... 

,�; .... 

40 

... f.tt 
...... 1�1 

volt amperes= 0.0025 
I I I_ I 

(phose relay on #30 lop) 

80 120 160 
total coupler impedance- ohms 

'._; 
3 ground relays 

200 

fig. 3Z: Approximate LC-Z ground relay sensitivity (phase relay 
on !ji3Q tap). 

curve B 

3000 

2000 

"' 
� 1000 
"' E aoo 
0 b 600 

� "' 400 
c 

e: 300 
c 

t :::J 200 u 
'"' 
0 
E 
·;:: 
0. 100 0 

LC-1 IJ" 
� zone./'-" 

:-volt amperes= 0.5 ... 1"-
/ .. r-- -

.... 
.... 

/ shunt resistor required 
·' 

with each L C- 2 relay 
....... 

....... 
volt amperes =0.0085 

.... 
/ . .�---r-1 \ 

"' .-.. -
LC-2 relay 

1� / I' 1.-'"'- application zone 
/ ""'-volt amperes ;o.Oo25 

.,• 
/ ( 3 ground relays - ptlase 

relays on # 30 tap ) 
I I I I I 

40 80 120 160 200 
total coupler impedance -ohms 

fig. 33: Approximate phase relay sensitivity, 3 ground relays 
(phase relays on !j! 30 tap). 

curve C 

"' 
"' 

3000 

2000 

�lOCO 
� 800 
I 

>. 600 
500 

·u; 
c: 400 
"' 
"' 

300 

� 200 

r-- LC -1 relay ,..... 
r-- application ...... - shunt resistor 

required with -
zone y each LC-2relay _ 

..... � ,...__volt amperes= 0. 5 
-/ -� �-

;"'" 
-

!,.-' -� / --I"""" 
-...- r ....... -: -=volt amperes=0.0085 

L . ...... 
- \ / �· 

...... ....... ..... LC·2 relay3 
v C. volt amperes=00025 

applicatiOn -

L_,. zone 

/ / (0or1 ground relay) 
I I I I 

40 80 120 160 
total coupler impedance-ohms 

200 

fig. 34: 
relay. 

Approximate phase relay sensitivity, 0 or 1 ground 
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page 18 

continued 

single phase, instantaneous, linear coupler 

I 

2 
3 

i l l 

� � 52 - 1 ° 1 
,---- � ') 

3 � I 

protected 3 phase bus 

l 52 - 2 °. 1 
1""'1 ,----., I? [ 

i 

fig. 35: External wiring, LC-1 and LC-2 relays. 

._ ____ .. phase 2 -----• 
'------• phase 3------' 

8� Q _ _  5,2 a 1 ..... -------4 � 1---5
2
_a_2 __ -n 

._ ____ ---1 1 ��----------41 1-----fl 
..... -------1 1 ��-------� 
.---------1 t---------- to alarm 

fig. 36a: Trip circuit for LC-1 .  

device number chart 
87 -linear coupler bus differential 

relay, type LC-1 or LC-2. 
86 -auxiliary tripping relay, type WL 
52 -power circuit breaker 
52a -breaker auxiliary contact 
52TC-breaker trip coil 

I 
2 
3 

r 5 2 - N � I 
1\ � 1\ 

[ 

f I L C - 1  or LC-2  

r s ,.._ 
- �  9 

phase 1 

r s 
_,.._ 

- �  9 
phase 2 

I s .r. -� � phase 3 

182A822 

pas 

._ ______ _. ph 2  
L---------. Ph 3 

86�2 a1 
..... ---� 52-1 f------------1 

neg 

� 52a2 
.,_ ____ , �1--t::)..-------'1 11-�-:-:--t.l___ljH 
._ ___ � '  e�-· --------� 
._ ____ _, �---------- to alarm 

763A582 

fig. 36b: Trip circuit for LC-2. 
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� � t' � -�g�\ ;-..... 1' "f'.... r-.. ""- J'lr 6 0  .n. t a p  
1 0  :0.:: 
0 

0 .050 .100 . 1 50 

contact travel in inches 

fig. 37: LC-1 characteristic curve. 
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fig. 39: LC-Z impedance curve {impedance at zzo angle). 
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page 20 

continued 

single phase, instantaneous, linear coupler 

characteristics 

LC-1 relay 

single phase, 60 cycle, spst-cc contacts, FT-11  Flexitest case 
operating time: 1 cycle or less above 150% of pickup 
ratio taps: 30, 40, 60, 80 ohms 
sensitivity: 0.5 volt-amperes 

LC-2 relay 

single phase, 60 cycle, spst-cc contacts, FT-1 1 Flexitest case 
operating time: 1 � to 1 %  cycles including time for VS contactor 
ratio taps: 30, 40, 60, 80 ohms 
sensitivity: .0085 to .062 volt-amperes 

LC-1 and LC-2 settings 

The following fundamental equations apply: 

E = lpM 

I _!_ r - z. 

Ir = IpM IpM 
z. NZc + Zr 

I _ IrZs _ Ir(NCc + Zr) p - M - M 
where: 
E = voltage induced in linear coupler secondary 
Ip = primary current in linear coupler 

(!)  
(2) 

(3) 

(4) 

M = mutual impedance of linear coupler = .005 ohm for 60 cycles 
Ir = relay current 
z. = impedance of secondary circuit 
N = number of secondary circuit = number of linear coupler 

secondaries in series per phase 
Zc = self-impedance of linear coupler secondary 
Z, = relay impedance 

Equation (3) is used to determine the current at which the relay 
trips for an internal fault of magnitude Ip on the bus. Equation (4) 
is used to determine the primary current necessary to trip the 
relay when it has been adjusted to trip at a known value of relay 
current. 

It should be noted, however, that the relay impedance is not con­
stant, but varies with relay current as indicated in figures 37 and 
39. Therefore, in using equation (3) it is desirable to assume a 
value of relay impedance equal to the impedance tap and make 
a first calculation of the relay current. When this is obtained, a 
new value of relay impedance should be selected from figure 37 
or 39 and a second value of relay current calculated. Usually, it 
will not be necessary to continue the calculation any further, as 

the values resulting from the second calculation will be suffi­
ciently accurate. 

LC-1 setting example 

Assume a six circuit bus for which the linear couplers have a self­
impedance of Zc = 3.7 + j8.9 = 9.64/67.4°. Three type LC-1 
relays are used, one per phase, to obtain phase and ground fault 
protection. The maximum external fault current is 60,000 amperes 
rms symmetrical. It is desired to set the relays to trip on a minimum 
internal fault of 5000 amperes. However, since the linear couplers 
and relays will operate over a 25/1 range to 2 to 1 factor of safety, 
the relays may as well be set for 2400 amperes, which is 1 /25 of 
60,000. 

The self impedance of the linear coupler secondaries is determined 
first, as follows: 
NZc = 6 (3.7 + j8.9) = 22.2 + j53.4 = 57.8/67.4°. 

For any given primary current, the relay receives maximum energy 
when the impedance Zr is made equal to NZc. This feature is 
utilized by matching Z1· and NZc as closely as possible in those 
cases where it is desirable to obtain the lowest possible minimum 
tripping current. In other cases, the relay impedance and Zp and 
the total linear coupler self impedance NZc may be deliberately 
mismatched in order to extend the range of adjustment to a higher 
current value. In this example, a first trial calculation will be made 
on an approximate basis by assuming that the relay impedance is 
60 ohms (60 ohm tap) and that this adds arithmetically to the 57.8 
ohms of the couplers (leads being neglected). 

Z8 = 57.8 + 60 = 1 17.8 ohm approximately 

E = IpM = 2400 x .005 = 12.0 volts 

I E 12.0 102 . I r = z. = 118_ 8 = . ampere, apprmnmate y 

Reference to figure 37 indicates that the relay can be set to operate 
at .102 (or 0.100 ampere) on either the 60 ohm or 80 ohm tap. 
Since the desired value is near the minimum obtainable, choose 
the 60 ohm tap as being the closest match to the value of 57.8 for 
NZc and make a second more accurate calibration. Using the 60 
ohm tap and a contact travel of .075 inches. Values read from the 
curve give a pickup current Ir =0.100; Zr = 58.3 ohms, and an 
impedance angle of 33° for Zr. 

Zr = 58.3/33° = 48.9 + j31 .75 

NZc = 57.8i67.4° = 22.2 + j53.4 
Zr + NZc 71 . 1  + j85.15 = 1 1 1/50.1 "  

From equation (2), Ir =!=\2i�= . l081 ampere 
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differential relays application 
data 

percentage differential • linear coupler 

41-330 
for internal fault protection of a-c 
generators, transformers, and station bus page 21 

This current is higher than the original assumed current because 
the calculations were more accurately made, taking into consider­
ation the vector addition of Zr and NZ. Changing the contact 
travel to .080 inch to obtain the pickup current, Ip = . 107, makes 
an inconsequential change in the relay ohms, Zr =59, and a change 
of approximately 0.5 in the phase angle of the relay impedance. 
Another trial calculation is therefore unnecessary from a practical 
standpoint. 

LC-2 setting example 

Assume a six circuit bus has linear couplers with a self-impedance 
of Zc =3.7 + j8.9 =9.64[67.4°. Three type LC-2 relays are used, 
one per phase, to obtain phase and ground fault protection. The 
maximum external fault current is 12,000 amperes rms symmetrical. 
Since the linear couplers and relays will operate over a 25/1 
range with 2 to 1 factor of safety the relays may be set for 480 
amperes, which is 1 /25 of 12,000. 

The LC-2 relay operates with maximum energy when its impedance 
equals the impedance of the linear coupler circuit NZc = 6(3.7 + 
j8.9) = 22.2 + j53.4 = 57.8[67.4°. Therefore, choose a tap setting 
Zr = 60 for the relay, which is an approximate match. Since the 
phase angle of Zr is substantially constant (within 3 %) at 22°, 
Zr = 60f-22° =55.6 + j22.5. 
"NZc = 22.2 + j53.4 
Zr = 55.6 + j22.5 
Zs = 77.8 + j75.9 = 108.8 ohms 
IpM = 480 x .005 = 2.4 volts 

From equation (3) page 20, 
I IpM 2.4 O r = Z. = 108_8 = .  221 amperes 

This is within the recommended setting range of the relay as 
indicated in figure 38. 
On the 60 ohm tap, at Ir = .0221 Zr = 54.5[22° =50.6 + j20.4. 

This new value of Zr should be used in equation (3). 
NZc = 22.2 + j53.4 
Zr =50.6 + j20.4 
Zs = 72.8 + j73.8 = 103.6 ohms 

I IpM 2.4 O r = z. = 103_6 = .  232 amperes 

At Ir = .0232 on the 60 ohm tap, figure39 indicates that Zr = 54 ohms. 
Since a value of Zr = 54.5 was used in the above calculation, it is 
not necessary to carry the calculation any further. 

The relay should be adjusted to trip at I =  .0232 amperes on the 60 
ohm tap using the magnetic shunts at the rear of the polar element 
assembly. 

in service test facilities 
for LC relay schemes 

The linear coupler differential circuit can be provided with a 
test scheme to check the differential circuit while the bus is carry­
ing load. Defects such as short circui�ed linear coupler trans­
formers, ground faults and open circuits in the secondary loop, 
wrong polarity or phasing connections in the linear couplers, and 
severe steady state stray voltage effects from foreign sources can 
be detected. For further details, refer to instruction leaflet 41-342.1 .  

further information 

product bulletin 41-330B2 
instruction leaflet 41-342.1 
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page 22 

b'ansfol'mel' diffel'ential l'elays 

Power transformers have a high and a low voltage winding (2-
winding), with some having an intermediate voltage winding (3-
winding), and the current transformers associated with each wind­
ing will have different ratings and operating characteristics, 
particularly on heavy overloads and short circuit conditions. For 
this reason, transformer differential relays are usually provided 
with "ratio" taps to balance the difference in current transformer 
characteristics. In some applications, auxiliary auto-balancing 
transformers are used. 

In addition to the problem of matching the high and low side cur­
rent transformer characteristics, the problem of magnetizing in­
rush to the power transformer must also be considered. 

2 and 3-winding transformers require different differential protec­
tive relay schemes, and a regulating transformer still another. 
Each of the relays covered in this section has its specific field of 
application, and proper selection and application may be easily 
made from the following information. 

type CA single phase, 2-winding, inverse timing, constant percentage 

Basic external connections for the CA relay are shown in figure 40. 

fig. 40 

CA 
� - - - - �  : t : I I I I I o  1 I I I I I I 

L---------�1-J\ �'--------� I 
I I 
1.-. - - - - ....J 

Connected as shown, under normal conditions current passes 
through the current transformers, relay restraining coils R1 and 
R2, and back to the current transformers. This current in the relay 
restraining coils produces a restraining, or contact opening torque. 

An internal fault in the protected power transformer will unbalance 
the secondary currents, forcing a differential current In through 
the relay operating coil 0. The amount of differential or operating 
current required to overcome the restraining torque and close the 
relay contacts is a fixed percentage of the smaller restraining 
current. 

External wiring diagrams are shown in figures 41 and 42. 

characteristics 

single phase, 60 cycle, spst-cc contacts, FT-21 Flexitest case 
2-winding transformer protection 
inverse time characteristics 

operating time: see fig. 45 
2 restraining and 1 operating circuit 

ratio taps: 5-5, 5-5.5, 5-6, 5-6.6, 5-7.3, 5-8, 5-9, 5-10 
constant percentage differential 

sensitivity: 50% unbalance 

minimum trip: on 5-5 tap, terminals 9 and 5-2.7 to 2.8 amperes 
on 5-5 tap, terminals 7 and 5-2.9 to 3.2 amperes 

burden: see figures 47 and 48 

thermal rating: 

restraining circuits-10 amperes continuous {the untapped 
winding should be limited to 5 amperes to prevent overload­
ing ol the operating winding) 

operating circuit-5 amperes continuous. 

relay settings 

To determine the correct tap setting, calculate the current de­
livered to the relay at full load on the transformer bank, taking 
into consideration not only the current transformer ratios, but 
also any delta connections which may be used. These currents 
will be in a certain ratio and the relay taps should be chosen to 
match this as closely as possible. 

For example, assume that the currents are 7.8 and 4.6 amperes, 
and the relay is properly connected so that the higher current 
(7.8 amperes) flows in the tapped restraining winding. The ratio 
4.6/7.8 is equal to 5/8.47. The nearest tap ratio on the relay is 5-8, 
and this pair of taps would be used. 

The time dial should be set on the number 1 position. 
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percentage differential • linear coupler 
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application 
data 

41-330 
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fig. 41: CA relay external wiring for wye-delta bank. fig. 4Z: CA relay external wiring for delta-delta bank. 

A 

2 ---H..P,A!�H B 2 H-���1--- 2 

3--����j=������tt,:F�r--- c 3 --����������H+��--- 3 

pos 
or 

neg 

neg 
or 

pos 

87 iO 

d-e trip bus 

l phase 1 lr---*-<>-"+-f+--__. l '"'� ' �--�----------� ) p hase 2 I r-----*-0-"+------+-� ) '""' 2 

�--�--------�� 

\;-���----____. )'""" 

note: always connect terminal 7 to h i g h  current and 
terminal 9 to low current 

87 - transformer  percentage d ifferential 
relay, type CA 

87R - restraining coi l  of type CA 
870P - operating coi l  of type CA relay 

86 - a u x i l i a r y  t r i pping relay,  type WL 
52 - power circu it  breaker 

a - brea k e r  auxi l iary  contact 
TC - breaker t r i p  coi l  

I C S - Indica t i n g  Contactor Switch 
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page 24 

continued 

single phase, 2-winding, inverse timing, constant percentage 

Operating characteristics of the CA relay for normal through load 
current and through fault current are shown in figures 43 and 44. 
When the currents flowing in and out of the relay are plotted on 
these curves and the point falls outside of the inoperative area the 
relay will trip. 

In figures 43 and 44, the two curves going with the 5-5 tap are 
tied together with a bracket to indicate that these two curves go 
together. Similarly, the two curves for the 5-10 tap are also tied 
together. The center lines between pairs of curves are shown for 
all taps. The paired curves bounding the inoperative areas are 
not shown for the 5-5.5 through 5-9 taps. These curves may be 
approximately determined by using the following formula: 

7.517 for the upper curve: Ig = -or- {1) 

for the lower curve: h = .3Tlg (2) 

In these formulas, T is the larger number of the tap pair. For 
example, if the relay is set on the 5-7.3 tap, then T = 7.3. 

As an example of the accuracy of the formula, consider the point 
b =43.5 and Ig =30, and read from the lower curves for the 5-5 
tap in figure 43. Applying the formula, equation (2), the calcu­
lated value of h is found to be 45, which is fairly close to the curve 
value h of 43.5. 

further information 

product bulletin 41-330Cl 
instruction leaflet 41-332.2 

8 
"' 

.!" 
c 

:: 
V> 

12 

� sr-----t-�--t-������������f-----+-----+-� 
u "' Q_ Q_ E c ::> 
c 
V> � 2 �---,�������b---�����---­
Q_ 
E 
0 

.g> 
8 10 

I7 amperes in topped restrain ing coi l  
1 6  

fig. 43: CA relay typical operating curves, low current values. 
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8 
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" 40�----t-----t-�������--��������--�� .!" 
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V> � 30 �----t----.f-----��;s��������--+-----+-� u "' Q_ Q_ 0 � 20 r-----t.��f7���'7�������q-----+-----+-� 
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V> "' Q; 
Q_ 
E 
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fig. 44: CA relay typical operating curves, high current values. 
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percentage differential • linear coupler 

41-330 
for internal fault protection of a-c 
generators, transformers, and station bus page 25 

,9 I I I I I I I I .B case cu rrent in terminals top 
, 7  1 5 - 7  5-5 

2 5- 9 5- 5 

. 6  3 5-7 5-10 

t ime d i a l  s e t t i n g  no. I 

l l j t I 
case 1 

a. .  5 

.E .4 
"' 
-g .3  0 u �K / case 2 1 case 3 curve 187A778 
� .2 
c: 

w . I 
E 0 0 

\ .... 
20 40 60 80 

c u r r en t  i n  amperes 

fig. 46: CA relay typical time curves. 
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fig. 46: CA relay typical saturation curves. 
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fig. 47: CA relay typical burden curve, S/S tap. 

3 4 0  

0.. 
5 H '" "' E 4 "' 

0 
> 60° 3 
"' '" � 2 "' � '" 

"0 � I (f) 
00 0 

-- -- . --

- ·--- -
CT \0/5 CT 5/5 lp 

o--���--���---.���o 
�-+-----+- � lg v L.J 1 I r  -r- -

5 + Is -1----

f--t-+-- \):fJ. '  -r-----

type CA electro m a gnet 

!'.... ...... r-.. £ e(v9_5)  ,....._ 
r-- Vs-7 1--� v -I )s � v Vg_ s  

v ) k "(___ Vg_7 curve �82373 
.. , '-}- I_ 

8(Vg .7) 
0 10 20 30 40 50 
l r  a mperes 

fig. 48: CA relay typical burden curve, S/10 tap. 
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page 26 

continued 

type CA-26 single phase, 2 or 3 winding, inverse timing, variable percentage 

The CA-26 may be used for differential protection of either-a 2 
or a 3-winding power transformer. It_ has three restraining: circuits 
for use in either of these applications. 

The variable-percentage ratio characteristic-provides: high sen­
sitivity at low current magnitudes, with an increase in percentage 
ratio' at the" higher currents. It will therefore detect light internal 
faults"withi� the transformer and at the same time allows for varia­
tion in current transformer perlormance at high external fault 
currents thereby preventing false tripping on heavy external 
faults. This characteristic is particularly desirable when severe 
saturation of the current transformers occurs due to the d-e com­
ponent of asymmetrical short circuits. 

The CA-26 may be used on circuits where the external fault cur­
rent through the transformer is 100 amperes rms secondary or less. 
A typical external connection diagram is shown in figure 53, page 
28. 

characteristics 

single phase, 60 cycle, spst-cc contacts, FT-32 Flexitest case 

operating time: see figure 52 
three restraint circuits, one operating circuit 
no ratio taps 
variable percentage characteristics: see figures 49 and 50 
minimum trip: 1 .25 amperes 

burden: 
each restraint circuit---0.75 volt-amperes at 5 amperes, 14  

amperes continuous rating; 460 amperes 1 second rating 
operating circuit-see figure 51,  8 amperes continuous rating; 

280 amperes 1 second rating 

relay settings: none required, except to select the proper tap on 
the Indicating Contactor Switch (ICS) 

performance curves: see figures 49 to 52 

further information 

product bulletin 41 -330C2 
instruction leaflet 41 -337.2 
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fig. 49: CA-26 relay variable percentage slope curve with one 
restraint winding. 
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fig. SO: CA-26 relay variable percentage slope curve with six 
restraint windings in series. 

fig. 52: CA-26 relay typical time curve. 
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fig. 51: CA-26 relay typical burden curve. 
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page 28 

continued 

single phase, 2 or 3 winding, inverse timing, variable percentage 

I 
2 
3 

2 3 2 3 

A 8 c 

pas --�----------------------------

1 86 
+ 

'-.,r---' 
to 

breaker trip coil  

fig. 53: CA-26 relay external wiring. 

� 
1 7  

87 
T7 

a u x i l i a r y  c u rrent 
balance 
transformer 

device number c h art  

87 - percentage differential relay,type CA-26 
ICS- Indicat ing Contactor Switcn 
OP - operating coi l  
R - restraint coil 

( bottom rig ht hand element) 
S - restraint  coil 

( top left hand element ) 
T - restraint coi l  

( top r ight hand element ) 

in type 
CA· 26 
relay 

86 - aux i l i ar y  t r ipping relay, type WL 
"' - u se where internal fault c u rrent can 

exceed twice the e x ternal fau l t  
current set p ick-up equal  to  maximum 
external  fault current 

ph 1 

ph 2 

ph 3 

.. � 

6068269 
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differential relays 
application 
data 

percentage differential • linear coupler 

41-330 
for internal fault protection of a-c 
generators, transformers, and station bus page 29 

types HU, HU-1, HU-4 � single phase, 2 or 3 winding, instantaneous, variable percentage 

;ii These relays are high speed differential units with two, three or 
I''�! four restraint circuits respectively; all incorporating a harmonic 
ii•i restraint circuit to prevent false tripping on magnetizing inrush l \i current. 

;:,:�� They are all designed with a variable percentage ratio charac­
''ii teristic which provides high sensitivity at low current magnitudes, 

I :;:y 
a:i��c;::::f!�t::;:�!a�::t��e:��e

f:!ft:e:i�::����-
t�:�: 

!,_i� __ !'_.i_l.l E�I��I:?;f:I��2�fi.�:r�:�1��E: 
occurs due to the d-e component of asymmetrical short circuits. �::::::: r::� �� ��:g

h��:��ic
c:�:::::t���!�r::;:::n!: ��:e

r�::t:; �: :�;:::; 
���:\ fault. These inrush currents are rich in harmonics, with the second 

1 ���,���2;gr:.:::::::::::�:::;£:�� 
','.i_._,_'.,,_.:_, .• ·,,_'._,_�•,,_•'_,_� 

Nor
n;�����

l
f�:

t
��:::f:�:=r���a;: �;s follows : 

3-winding transformer: type HU-1 
4-winding transformer: type HU-4 
4-circuit bus: type HU-4 

l�����i !I! All HU type relays are available with a sensitivity of either 0.30 
F•• or 0.35 times tap rating. The 30% sensitivity relay satisfactorily 

i :a;��:s i �0
c��;:n�i:::;�:�=�g�i�m:��)�r;::f��;::!�f h�:��;� ��;,�: up to 20% mismatch. See figures 57 and 58 for comparison of 

,,,,,,. these two sensitivity characteristics. 

l\.1 Either characteristic may be obtained on any one of these relays 
'''''�i by recalibration in the field. 
��f� 

A typical external connection is shown in figure 62 on page 35. 

I 

characteristics 

(Type HU-4 characteristics are the same as those for types HU and 
HU-1 except where noted otherwise). 

single phase, 60 cycle, spst-cc contacts, HU, HU-1-FT-31 
Flexitest case, HU-4-FT-42 Flexitest case 
operating time: see figure 59 
restraint circuits: 2 in HU, 3 in HU-1, 4 in HU-4, plus one har­

monic restraint and one operating circuit in each 
ratio taps: 2.9, 3.2, 3.5, 3.8, 4.2, 4.6, 5.0, 8.7 amperes 
variable percentage characteristics: 

types HU and HU-1-see figures 54 and 55 
types HU-4-see figure 56 

minimum trip: 30% or 35% of tap value 
performance curves: see figures 54 to 60 

burden 

tap volt-amperes @ continuous power 
rating factor 

angle* 

at tap 
value 
current at 8 times I at 20 times 

tap value tap value 
current current 

burden of each restraint circuit 

2.9 10 71 .88 
3.2 12  70 .89 
3.5 13 66 .90 
3.8 14 65 .91 
4.2 15 58 .91 
4.6 16 57.5 .91 
5.0 18 52.5 .92 
8.7 22 30 1.28 

burden of operating circuit 

2.9 10 35 2.26 
3.2 12  34 2.30 
3.5 13 33 2.30 
3.8 14 33 2.30 
4.2 15 31 2.30 
4.6 16 30 2.40 
5.0 18 29 2.50 
8.7 22 23 3.18 

* Degrees current lags voltage at tap value current. 
@ Voltages taken with Rector type voltmeter. 

50 191 
51 211 
51 203 
53 220 
53 235 
55 248 
59 280 
94 340 

76 487 
78 490 
81 504 
83 547 
84 554 
88 598 
92 640 

132 850 

thermal rating: 300 amperes 1 second (thermal capacities for 
short times other than one second may be calculated on the 
basis of lime being inversely proportional to the square of the 
current) . 
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page 30 

continued 

single phase, 2 or 3 winding, instantaneous, variable 
percentage 
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fig. 54: Types HU, HU-1 differential unit characteristics, 
smaller current values. 
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fig. 55: Types HU, HU-1 differential unit characteristics, 
larger current values. 
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fig. 58: Types HU, HU-1 differential voltage characteristics of  
DU unit, 0.35 times tap value pickup. 
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"' 
"' 

� 
4 

0 0 

main un i t  

� � 

4 

instantaneous t r 1 p  u n i t  

- \ �·- ···· I--

curve 538029 
1 2  16 

opero t 1 ng  current 1 n  mu l l tp les  o f  top va lue c u r ren t  

fig. 59: Types HU, HU-1 relay typical time curve. 

relay settings 

20 

Select the ratio in matching taps. No other settings are necessary. 
In order to calculate the required tap settings and check current 
transformer performance, the following is required: 

required information 

1 .  maximum transformer power rating (KV A)M 

2. maximum external fault currents 

3. voltage ratings of power transformer (VH, Vr, VL) 

4. current transformer ratios, full tap (Nr) 

5. current transformer 101 accuracy class voltage (or excitation 
or ratio-overcurrent curve) 

6. one way current transformer lead resistance at 25°C (RL) 
(when using excitation curve, include current transformer 
winding resistance) 

7. current transformer connections (wye or delta) 

definition of terms 

Ip = primary current at (KV A)M 
In = relay input current at (KV A)M 
lnH, lnL, Inr are same as In except for high, low, and intermediate 

voltage sides, respectively. 
Is = current transformer secondary current at (KV A)M 
TH, TL, Tr = relay tap settings for high, low, and intermediate volt-

N 
Np 
Nr 
VeL 

age windings, respectively 
= number of current transformer turns that are in use 
=N/Nr (proportion of total turns in use) 
= current transformer ratio, full tap 
= 101 accuracy class voltage 

i 
"' � 6 c-+-- --- - ._ - - �· ._ -t- ··- 1---._- ._t- - -· --u 

0 <D 

� 4 - f - -0' 

i 2  � 
� j_ 1 1 c o r ve 471052 6. 0 _j____ -..L,.-------'---__j'-----"---.J 0 40 80 1 2 0  1 6 0  zoo 240 2 8 0  

freque ncy in cycles p e r  second 

fig. 60: Types HU, HU-1 relay typical frequency response curve 

= burden impedance of any devices other than HU or 
HU-1 relays with maximum phase-to-phase or 3 phase 
current flowing 

Zr = total secondary burden in ohms (excluding current 
transformer winding resistance, except when using 
excitation curve) 

calculation procedure 

1 .  select current transformer taps where multi-ratio types are used 

lR should be more than 2.9 amperes for high sensitivity and should 
not exceed the relay continuous rating (see burden information, 
page 29). 

For determining the required continuous rating of the relay, use 
the expected two-hour maximum load, since the relay reaches 
final temperature in this time. 

2. select relay taps in proportion to the relay currents, In 

In should not exceed relay continuous rating. Also, the maximum 
external fault current should not exceed 20 times relay tap. 

3. determine mismatch (not to exceed 15 %) 

for 2-winding banks: 

01 • t h 100 
(IRL/IRH) - (TL/TH) 

10 m1sma c = 
S 

for 3-winding banks: 

c' . t h 100 (lRH/IRr) - (TH/Tr) , 0  m1sma c = 
S 

where S is the smaller of the two terms 

(lRH/IRT) or (TH/Tr) . 

(1) 

(2) 
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page 32 

continued 

single phase, 2 or 3 winding, instantaneous, variable 
percentage 

Equations similar to equation (2) apply for mismatch from the 
high to low and from the intermediate to low voltage windings. 
Where tap changing under load is performed, the relays should 
be set on the basis of the middle or neutral tap position. The total 
mismatch, including the automatic tap changes should not exceed 
IS% with a 30% sensitivity relay, and 20% with a 35% sensitivity 
relay. Note from figure 54 that an ample safety margin exists at 
these levels of mismatch. 
4. check current transformer performance 
Ratio error should not exceed IO% with maximum symmetrical 
external fault flowing or with 8 times relay tap 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 ASA re­
laying accuracy classification. If the IOL accuracy is used, per­
formance will be adequate if . . .  
N�bgL is greater than Zr (3) 

for wye-connected current transformers 
Zr = lead resistance + relay burden + ZA 

= l . l3 RL + OiS + ZA ohms (4) 
RL multiplier, l . I3, is used to account for temperature rise during 

faults. OiS is an approximation, where T = relay tap. 

ZA is an additional burden, when maximum external 3-phase fault 
current is flowing. 
for delta connected current transformers 

Zr = 3(I .I3 RL + OiS + ZA) ohms 

= 3.4 RL + 0;5 + 3ZA 
two w i nd bank 

'q. L>.  

1 200/5 600/5 
m r  m r  

IOL 200 16/20 MVA I O L 200 

87  

low h i g h  
( K VA ) M  = 20,000 ( K V A )M = 20,000 

( K VA ) 5  = 1 6, 00 0  ( K VA)5 = 1 6 , 0 0 0  

V L = 1 2 ,4 0 0 volts VH = 6 9 , 00 0  

N r  2 4 0  turns Nr = 1 2 0 

VeL 200 volts VeL = 2 0 0  

RL 0 . 4  o h m s  R L  = 0.4 

delta CT wye CT 

(5) 

161 kv """"A" 
1 200/5 

mr 
IOLBOO 

h igh 
( K VA ) M  = 4 0 , 000 

l K VA) s = 30, 0 0 0  

v '  H = 16 1 , 00 0  

N r  = 2 4 0  

VeL = 8 0 0  

RL = 0.4 

d e l t a  CT 

(The factor of 3 accounts Ior conditions existing during a phase· 
to-phase fault. ZA is any additional burden, when maximum ex­
ternal phase-to-phase fault current is flowing.) 

5. examples 
Refer to pages 33 and 34 and figure 6I for setting examples. Note 
in both examples that the 8.7 tap was selected as the first step in 
selecting relay taps. If a lower tap, such as 5 had been the first 
selection, a proper balance would have been impossible. 

On page 33, for the 2-winding bank . . .  
lRL = 8.05 = I  92 lRH 4.I8 . . 

With tap 5 for the low side, the maximum current ratio that can 
be matched by the taps is 
5 

2.9 = 1 .73. 

With tap 8.7 selected for the low side, a 3 to I current ratio can 
be matched. 

On page 34, for 3-winding bank . . . . .  
lRL = 3.02 lRH 
This current can be accommodated by the 8.7 and 2.9 taps with­
out excessive mismatch. 

t h ree  winding b a n k  

1 2  . 4 kv 

intermediate 
l K VA ) M  = 40,000 

l K VAls = 30,000 

Vr = 69;000 

N r  = 1 20 

Ve L = 200 

R L  = 0. 4 

del t a  CT 

6 0 0/5 
m r  

IOL 200 

low 
( KVA)M = 10 ,000 

( K VA)M = 7, 5 0 0  

VL = 1 2 , 0 0 0  

Nr = 2 4 0  

VeL= 200 

R L  = 0.4 

wye CT 
289 6 4 1 2  

fig. 61:  Types HU, HU-1, HU-4 example for setting calculations. 

Jl""' 
',_,,s/ 

,rlllll" 
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differential relays 
percentage differential • linear coupler 

for internal fault protection of a-c 
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data 

41-330 

page 33 

2 winding transformer calculation (see figure 61) 

l .  Select CT Ratio : 

h =  (KVA)M = 
V\)3 
1000 

Select Ratio 

2. Select Relay Taps : 

h Is = - = N 

Desired Tap 

3. Determine Mismatch : 
% Mismatch = 

4. Check CT Performance : 

Np VeL 
100 
(Np V cL/100) > Zr 

low 

20,000 = 930 Amp. 
12.4 -..j 3 

1000/5 (N = 200) 

930 
200 = 4.65 Amp. 

lRL = 4.65 -{3 = 8.05 Amp. 

TL = 8.7 

high 

20,000 = 167 Am . 
69 -..j 3 

p 

200/5 (N = 40) 

167 40 = 4.18 Amp. 

lRH = 4.18 Amp. 

TH = ::�� X 8.7 = 4.64 

TH = 4. 6  

100 (8.05/4.18) - (8.7 /4.6) = 8.7/4.6 

100 1.92 - 1.89 
--------

1.89 

1.6% 

1.13 RL + 0;£5 = 

3.4 X 0.4 + OS�S = 1.36 + 0.05 = 1.13 X 0.4 + 04�: = 0.45 + 0.03 = 

1.41 ohms 0.48 ohms 

200 
240 = 0.833 

0.833 X 200 = 1 67 100 _. _ 

Yes 

40 
120 = 0.333 

0.333 X 200 = O 67 100 _. _ 

Yes 
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page 34 

continued 

single phase, 2 or 3 winding, instantaneous, variable 
percentage 

3 winding transformer calculation (see figure 61) 

I .  Select CT Ratio : 

I 
_ (KVA)M _ p - v� -

1000 
Select Ratio 

2 .  Select Relay Taps : 
!p Is = N = 

Ia (At 40 MVA) = 

Select Tap 

Desired Tap 

Select Tap 

3. Determine Mismatch 

% Mismatch 

4. Check CT Performance 
ZT = 

N Np = NT = 

(NP VeL) 
100 

(Np VcL/100) > ZT 

40,00� = 143 Am . 
161�3 

p 

intermediate 

40,0D_O = 334 Am . 
69�3 

p 

low 

10,000 = 465 Am . 
12.4� p 

400/5 (N = 80) 600/5 (N = 120) 1000/5 (N = 200) 

143 
80 = 1 .78 Amp. 

IaH = 1 .78�3 

= 3.08 Amp. 

T 8 7 3.08 H = . 9.30 
= 2.88 

TH = 2.9. 

100 (IaH/lai)-(TH/TI) = TH/TI 

100(3.08/4.82)-(2 .9/4.6) = 2 .9/4.6 

100 0.640 - 0.630 = 0.630 
1 .6% 

3.4 Rr. + Oi5 = 

3.4 X 0.5 + 02� = 

1 .70 + 0.16 = 
1 .86 ohms 
80 

240 = 0.333 

800 X 0.333 = 2 67 100 .....:.-
Yes 

334 
120 = 2.78 Amp. 

Ia1 = 2. 78 -J3. 
= 4.82 Amp. 

T 8 7 4.82 I =  . 9.30 
= 4.52 

TI = 4.6 

1 OO (Iar /IaL)-(T I/T L) = (lRz/lRL) 
100 (4.82/9.30)-(4.6/8.7) = 

4.82/9.30 

100 0.518 - 0.528 = 0.518 
-1 .9% 

3.4 RL + 0·i5 = 

3.4 X 0.5 + 04� = 

1 .70 + 0. 10 = 
1 .80 ohms 
120 
120 = l .O 

200 X 1 .0 = 2 0 100 . 

Yes 

465 
200 = 2 .32 Amp. (At 10 

MVA) 
40 IaL = 10 X 2 .32 

= 9.3 Amp. 
TL = 8.7 

100 (IaL/laH)-(TL/TH) = TL/TH 

100 (9.3/3.08)-(8.7 /2.9) = 8.7/2.9 

100 3.02 -3.00 = 3.00 
0.67% 

1 . 13 RL + 0.15 = T 

1 . 13 X 0.5 + Oa�i = 

0.565 + 0.02 = 
0.58 ohms 
200 
240 = 0.833 

200 ?�·833 = 1 .67 

Yes 
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� - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - ---, 

connections ,-1- - - -- - - - - - - - - - - - - - - - - - ---, 
w1th HU-t on1 y • t- + - - - - - - - - - - -, 1 � 87 87 87 

.-+----.-+--...--111• 1 I I I s 7 s >- 2 I I I used with 
I I I 11 11 HU- 1 only 

'--f-----4+--......,ll• 3 I I I IIRI IIRz 

B 

�---t------ii��==rt- 2 
�----���t===r- 3 

c 

phose 2 
{some as ph. 1) 

I 

I 

phose 3 
{some as ph.!) 

phase 1 coil  c i rcu i ts  phase 2 
R 1 R2 R3 coil circu its  

phase 3 
coil c ircuits 

phases 2 and 3 
connected same 

[� 8 s 81�1j·, :�,; 
D.ll..u l l 'r- � D

U 60 cy block �- 120 cy pass 
r-�r------,...----...rv....-..::�.._., f i Iter 

phase 2 
(same as ph.1) 

phase 3 
(some os ph. 1) ,� , 1, "f·:� 7 

"�II 
tilT f

'
ICS 

87 I 

device number chart  
43-- - t r ip cutoff switch 
8 6 - - - type W L  auxi l ia r y  tr ipping relay 
87- - - t y pe HU or HU-1 differe n t ia l  relay 

DU- - differe n t i a l  u nit 
0 - operating coil 
R- rest roint  c o i l  

��} through restraint transfo.r mers 
R3 

HRU - - harmonic  rest ra i n t  un i t  
0 - operoting co i l  
R - r e s t ra i n t  co i l  

ICS - - Indicating Contoctor Switch 

E.! ne g -------��-----

liT - - Indica t in g  Instantaneous Trip 407C536 

fig. 62: Types HU, HU-1 relay external connections. further information 

HU, HU-1: product bulletin 41-330C3 
instruction leaflet 41-347.1 

HU-4: product bulletin 41 -330C5 
instruction leaflet L-639965 www . 
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page 36 

continued 

type CAM single phase, regulating transformer, current balance, inverse timing 

Regulating power transformers change either the circuit voltage 
or the phase angle of the voltage in accord with load conditions. 

In applying a differential protection scheme to such a transformer, 
it is the usual practice to apply a type CA transformer differential 
relay to the series winding and a type CAM current balance relay 
to the exciting winding. The CAM is more sensitive than the CA 
and, in addition, the adjustable time delay permits adjustment to 
override magnetizing inrush current without tripping. 

A simplified diagram of external connections of the CAM relay 
is shown in figure 63. A more complete diagram is shown in 
figure 64. 

�� , n 
=� r - - - - - �  

':" I r- ,..... I 
: � � : 
:� � : 
I I 
I ._ .._ I 
L - _ .J  

.......__ 

fig. 63: Type CAM relay basic external connections .  

As shown in  figures 63 and 64, the restraint circuit of the CAM 
relay is energized by the series winding, and the operating circuit 
by the exciting winding of the regulating transformer. The kva 
rating of the regulating transformer is usually approximately 10% 
of the primary circuit rating. Consequently, the magnitude of 
fault current in the exciting winding is limited as compared to 
faults in power transformers. 

The CAM relay will operate with a minimum of 1 .0 ampere in the 
operating coil circuit with zero current in the restraining coil 
circuit. At 5.0 amperes restraining current, the operating current 
required to close the relay contacts is 5.75 amperes, or 15% un­
balance. See figures 66 and 67. 

Figure 68 illustrates the operating time characteristic using a ill 5 
time lever setting, and with zero restraint current. Time of opera­
tion is approximately proportional to the time lever setting. 

Connections for the relay auxiliary current transformers on the 
regulating transformer are determined by the method of grounding 
the exciting (shunt) winding, selected from (a) or (b) below. 

(a) ungrounded neutral: Both sets of current transformers should 
be connected in wye, so that the CAM relay will operate on 
zero sequence current supplied from external ground for 
external ground faults. 

(b) grounded neutral: Both sets of current transformers should 
be connected in delta to prevent zero sequence currents from 
operating the CAM relay for external ground faults. However, 
should external relays fail to operate, a prolonged flow of zero 
sequence current in the exciting windings can be prevented 
by the addition of a type C0-5 long time overcurrent relay. 
Such a scheme is shown in figure 65. 

characteristics 

single phase, 60 cycle, spst-cc contacts, FT-31 Flexitest case 
operating time: see figure 68 
one restraint circuit, one operating circuit 
no ratio taps 
unbalance, 15%-sensitivity, 1 15% 
minimum trip: l .O ampere with restraining circuit de-energized 
burden: see figure 69 
relay settings: none required 
performance curves: see figures 66 to 69 

further information 

product bulletin 41 -330C4 
instruction leaflet 41-207 
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diffel'ential l'elays 
percentage differential • linear coupler 

for internal fault protection of a-c 
generators, transformers, and station bus 

fig. 64: External wiring using CAM relay to protect exciting winding of regulating transformers. 

fig. 65: External wiring using CAM, CA, and CO relays to protect regulating transformers. 

application 
data 

41-330 

page 37 
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page 38 

continued 

single phase, regulating transformer, current balance, inverse timing 

100 

90 

eo 

70 

60 

50 

"' 
Q) 

40 Q) 
a. 
E 0 
c: 30 

c: 
� 20 � "' u 
0> c: 1 0  
� 
Q) a. 0 

restra i n i n g  c u rrent  in amperes  

fig. 66:  CAM relay operating curves. 

"' , c: 
0 u 
� 
c: 
Q) 
E 

0> c: 
a. 
a. 

8 --
6 

4 

0 0 

I 
\ 

1'-
4 6 

I I 
90° contact travel 

8 10 

operat ing current  in a m peres 

2 521 1 30 

12  14 1 6  

fig. 68:  CAM relay typical time curves. 

a. 
� , 
Q) 0> 0 
0 

:> 

1 1 5d}v rel
.
a y  

GO� C O i l  

A 
v� "RECTOX" volt m e t e r  
A = R M S  a m me t e r  

18 

am peres 25213 1  

"' 
� 
Q) 
a. 
E 0 
c: 

c: 
� 
" u 
0> c: 

� 
Q) a. 
0 

14 

12 

10 

8 

6 

4 

J I / J/ 
v/ "'""' �· '""0 �.o' 

) {/ ""' 
15°/0 unbalance 

/_ I. 
/. / 

//' // 252 129  
4 6 8 1 0  

r e s t ra i n i n g  c u r r e n t  in  a m p e r e s  

fig. 67:  CAM relay typical operating curves. 

fig. 69: CAM relay typical burden curve. 
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differential relays 
percentage differential • linear coupler 

for internal fault protection of a-c 
generators, transformers, and station bus 

type HRU harmonic restraint unit 

This relay is an instantaneous overcurrent type with a second 
harmonic restraint unit to supervise the overcurrent unit contacts. 
It is used in various transformer differential schemes to provide 
high speed tripping on internal faults, and security against false 
tripping on transformer magnetizing inrush. It can be applied 
where magnetizing inrush is severe. 

Where saturation of the curren(transformers occurs on asym­
metrical and symmetrical faults external to the protected trans­
former, either the Westinghouse type HU or HU-1 relay should 
be applied, as they have separate restraining circuits and ratio 
tap adjustments for current transformer mismatch. 

HRU relay 

power transformer 

IT 

Magnetizing inrush current waves have various wave shapes. A 
typical wave appears as a rectified half wave with decaying peaks. 
In any case, the various wave shapes are high in harmonics, with 
the second harmonic predominant. Since the second harmonic is 
always present in magnetizing inrush waves and not in internal 
fault current waves, this second harmonic is used in the relay to 
restrain the unit on magnetizing inrush. 

fig. 70: HRU relay basic external connections. 

The relay uses two L-C filter circuits with a full wave rectifier at 
the output of each. The d-e output of the fundamental pass circuit 
is fed to the operating coil, and the d-e output of the second har­
monic pass filter is fed to the restraining coil. The constants of 
these filter circuits are such that the harmonic unit will not close 
its contacts unless the second harmonic content is less than 15% 
of the fundamental component. Both the harmonic unit contacts 
and the instantaneous overcurrent contact must close to trip the 
breaker. 

Basic HRU relay connections are shown in figure 70. 

characteristics 

single phase, 60 cycle, spst-cc contacts, FT-21 Flexitest case 
one harmonic restraint unit, one instantaneous overcurrent unit 
no ratio taps (2 relay ratings, 2.0 and 4.0 amperes) 
minimum trip: 2.0 or 4.0 amperes 
burden: 

2.0 ampere relay--0.88 volt-amperes at 2.0 amperes 
50.0 volt-amperes at 16.0 amperes 

4.0 ampere relay-0.91 volt-amperes at 4.0 amperes 
53.0 volt-amperes at 32.0 amperes 

thermal rating: 300 amperes for 1 second 
frequency response: see figure 71 

further information 

product bulletin 41-330C6 
instruction leaflet L-639902 

4oo I 

rm 
! I ·c. 300 : " 
� I 0 <D 
0 200 ' 
;;! I c 

c I a 100 ·, 

� I 0 1  i 
·c. I 0 40 80 120 160 200 

frequency in cycles per second 

fig. 71:  HRU relay frequency response curves. 
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