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Principles of Differential Protection

General Information

Differential relaying systems are universally
used for the protection of generators,
transformers, station buses, and transmis-
sion 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 basic differential scheme is shown
diagrammatically in Figure 1. Under normal
load conditions, current flows through the
protected equipment (generatorbus or
transformer) and the current transfermer
secondary currents |, and |, will¢irculate
through path |,.

With a protective relay connected between
points 1 and 2, no currentWill flowythrough
the relay under normal ¢onditions. Should
a fault occur externahto the equipment,
current flow will’be increased but will be
in the same rel@ative direction as under
normal conditionsh@nd the relay will not
operate for thisyexternal fault condition.

When a fapdlt oceurs‘in the protected equip-
ment, the (eurrent flow on one side is

reversed, upsettinggthe normal balance and
causing current |, to flow through the relay
from point 1 to'peint 2,

As long as the currentitransformer
secondary currents are nearly equal, no
appreciable current wi'l flow through the
relay operating circuit. Any error current,
howeWer, to ather phases or to ground, will
upset thejbalance and send current through
the relay operating coil. If this current
exceeds'the pickup setting of the relay, it
willleperate 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 applications the differential
relay also trips the throttle and admits
CO, 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.
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Fig. 1. Basic differential relay connections.
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Differential Protection

Using Overcurrent Relays

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 overcurrent protection has definite
limitations from the consideration of
sensitivity, selectivity, and speed 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 differen-
tial relay designpermits more sensitive relay
settings. This affords greater protection

than is possible with plain overcurrent

relays whose trip settings must be high
enough to prevent undesired operationdue
to current transformer performance under
heavy through-fault current.

Differential Protection

Using Percentage Differential Relays
Percentage differential relays have two (or
more) additional windings called restraining
windings (Figures 4 and 5). The restraining
torque is in the contact opening direction
and is proportional to the vector sum ofithe
incoming and outgoing currents. On/an
external fault, this contact-opening torque
is strong and tends to prevent falseytripping
due to the differential current {l) cauged
by saturation effects of thgcurrent
transformers.

On internal faults, piost of the currentin
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 1) is greater than the restraining
torque, thiat.is;\when the operating current

is higher than“a certain percentage of the
smallerforlarger of the two restraining
currents, depending upon the type of relay
to beyused.
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Fig. 2. External Fault

Fig. 3. Internal Fault

Fig. 4. External Fault

gl
—

Fig. 5. Internal Fault

Some relays are designed to trip when a
constant percentage of unbalance exists
between the restraining currents. Other
relays operate over a variable range of
differential current. These have a ""variable
percentage’’ characteristics and as the
magnitude of the restraining current
increases, a greater amount of operating, or
differential 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 characteristic. It is particularly

suitable where heavy saturation currents
are encountered.

The burden of the current transformers
used in differential relaying schemes is of
importance in maintaining the proper
relationship between the two sets of current
transformers.

The current transformer should not saturate
when carrying the maximum external
symmetrical fault current (i.e. exciting
current should not exceed 1.0 Amp
secondary rms. for types SA-1 and CA-16
relays, and 10 Amp for types CA-26 and
HU relays, at [;.=100 Amp). This
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requirement is met if the burden impedance
does not exceed [N, Vi — (I, —100)R;]/
Kl Ohms, where:

N, = proportion of total number of current
transformer turns in use.

Ve = current transformer accuracy class C
(or 10L) voltage.

lot. = maximum external fault current in
secondary rms. amperes. (Let|_,.
=100 if maximum external fault
current is less than 100 Amp).

Rs = current transformer secondary
winding resistance in ohms.
k = 1.33 for bus protection and 1.0

for transformer protection.

For example, if the 400:5 tap of an 800:5
C400 current transformer is used,
N,=400/800=0.5, if I,,, =120 Amp.
Rs=1.0 ohms, the burden should not
exceed:

NPVC|_——(1E”_—1OO)RS

k IEX?.
0.5 X 400—(120—100) x 1.0
1.33 x 120

= 1.13 ohms
for bus or generator protections.

In calculating the impedance burden, a less
accurate, but satisfactory method is:

For wye-connected ct:

Z:=1.13R, + Relay burden + Z,

Where R, =one way lead resistance in
Ohms at 20°C for 3-phase fault condition,
andistwoway lead resistance in Ohms at
20°C forsingle phase to ground fault
condition.

For delta connected ct:

Z:=3(1.13R, + Relay burden + Z,)

Where R = one way lead resistanceétin
Ohms at 20°C

Note that the 1.13 multiplief)is used toac-
count fortemperature risé to 60°C during
faults.

Z,=an additional burden;if.any.

When using the type SA-1 relay for gener-
ator differential protection the current
transformer sets may have different
accuracy classes. If so, their burden factor,
BF, should not differ by more than a 2 to 1
ratio. The burden factor is defined as:

1000 R,
Ny Ve
where Rz=resistance of the burden
excluding current transformers
winding resistance.

For example: Assuming the above set of
current transformers has a
resistance burden of
Rz=0.5 ohms, the burden
factor is:

BF 1000 R,
Np Ve
1000 x 0.5

0.67 x 200_3'8

The other set of current transformersimay
then have a burden factor as high as 2 x
3.8=7.6, or as low as V5 X83.8 =19. If the
other set of current transformers,also has

a burden of 0.5 ohms;,a €100, £200 or
C400 (or 10L100, 101200 ar10L400)
rating would be satisfactory since the
burden factors arey?.6, 3.8 and 1.9
respectively.

Differential Protection

Using High Impedance Relay

While the, high impedance differential
scheme alsquuses conventional current
transformers, it avoids the problem of
unequalieurrent transformer performance
by loading them with a high-impedance
relay unit. All current transformers are
connected in parallel then connected to a
high, impedance relay unit (Fig. 6). In
normal operation the voltage at the relay
terminals is approximately zero. In the
case of an external fault, the voltage at
the relay terminals still remain
approximately zero if both the source
current transformers and the faulted current
transformer are not saturated. However,
during severe external faults, the faulted
current transformer may saturate and no
voltage or current can be developed from
its secondary winding. The source current
transformers would then have to force their
current flow into the faulted current
transformer and the relay. The impedance
in the relay is much higher than that in the
faulted current transformer when it is
saturated, therefore, most of this external
fault current flows into the faulted current
transformer, preventing the relay from
operation due to the saturation of the faulted
current transformer.

In the case of internal faults, all impedances
of the current transformers and the relay

are high, this makes a high impedance
burden to the currentftransformers. A high
voltage will appear(atthierelay terminals
and will be welllabove thefpickup setting.
The relay will operate.

This type ofiprotection is particularly
applicable to the protection of station buses
where the deg,component of short circuit
curredyhas a long time constant and causes
saturatiompindcurrent transformers.

High
impedance
Relay

Fig. 6

Differential Protection

Using Linear Coupler Relays

Linear coupler transformers produce
secondary voltages proportional 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 7, the sum
of the voltage induced in the linear coupler
is zero. E; +E, —E=0.

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 nottrip. In
the case of an internal fault, see Figure 8,
the above voltage cancellation does not
exist, and the difference voltage appears at
the terminals of high speed, low energy,
linear coupler relay which trips instantan-
eously. The linear couplers are in effect air
core mutual reactors. They are similar to
current transformers in general appearance
and structural detail except they have 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 dc component of short circuit
current has a long time constant and causes
saturation in current transformers of
conventional design.

o,
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Generator Differential Relays

Therelays described in this section are
percentage differential types. The magni-
tude of the differential currentrequired to
operate them increases as the external fault
(or through) current increases.

In the type CA inverse timing relay the
percentage is constant, and in the type SA-1
instantaneous 3-phase relay the percentage
is variable.

These relays are extremely sensitive, yet
they will not trip on a through faultunless
the difference currentexpressed as a
percent of the smaller restraint current
exceeds the percent sensitivity of the relay

iH—

Eigh 9.

Type CA Single Phase, Inverse
Timing, Constant Percentage

The basic connections forthisrelay are
shown in Figure 9.

Connected as shown, under normal condi-
tions current passes through the current
transformers, relay restraining coils R; and
R, and back to the current transformers.
The current in the relay restraining coils
produces a restraining, or contact opening
torque.

An internal fault in the protected machipé
will unbalance the secondary currents/
forcing a differential current |, thikeugh'thie
relay operating coil O. The amount,of
differential or operating current requiredyto
overcome the restraining tofque,and ¢close
the relay contacts is a fixed (comstant)

percentage of the smallertestraining current

(Figure 10).

Characteristics

Single phase, 25 t060Hertz,"spst-cc or
dpst-cc contacts, RT-21 Flexitest case,
inverse timegchanacteristic
Operatingtimes/See Figures 12 and 13
Two restraining‘and one operating circuit
No ratio taps

Constantypércentage differential

Sensitivity: 10% or 25% unbalance

T — -

—1 . § . —
Contacts Close When Operating
Coil Current Exceeds the Value

5 Shown by the Curve
4
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Smaller Restraint Amperes 260208

Fig. 10. Typical operating curves, 10% CA
relay.
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Minimum trip
0.18 amperes for 10% relay
0.45 amperes for 25% relay

Burden: See Figuresil5 and 16

Thermal capagity
Restraint, Circuits: 10 amperes continuous
Operating eircuits: 10% relay, 2.5
amperes cantinuous, 70 amperes for
1"secondi’25% relay, 5.0 amperes
contiduous, 140 amperes for 1second

Relay'Settings

Nolsetting 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 adjust-
ment is necessary. If, for some reason,
adjustmentbecomes necessary, the spring
tension controlling minimum operating
current may be altered slightly.

In general, for generator protection, a study
of the current transformer 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 ac
saturation causes more than 1% ratio error
in either set of current transformers.

Shown by the Curve

14
Contacts Close When Operating
12+ Coil Current Exceeds the Value

);A.,\\;‘ J‘Eversé I./\»I,ﬂ
_| -an <| o

A H

A

1

|
 E— ..
0 10 20 30 40 50 60
Smaller Restraint Amperes 252217

- N w000

Operating Coil Amperes

Fig. 11. Typical operating curves, 25% CA
relay.
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Type CA Single Phase, Inverse Timing, Constant Percentage
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Type SA-1 Solid State, Three-Phase,
Instantaneous, Variable Percentage

The SA-1solidstaterelayis used for
3-phase, high-speed type differential
protection of ac motors, generators, and
shunt reactors. The variable percentage
characteristic of the relay provides high
sensitivity for light, internal faults, and
avoids incorrect tripping on heavy external
faults. See Figures 17, 18.

The standard SA-1 relay has a minimum
pick-up current of 0.14 amperes. It operates
at 5% unbalance (.25 amperes) with 5
amperes of restraint current. At 60 amps
restraint, the operating circuit required to
trip the relay is 30 amperes or 50%
unbalance.

With proper selection of current trans-
formers, the relay is unaffected by dc
transients associated with asymmetrical
faults through short circuit conditions.

For special cases, such as a split-winding
generator protection the 0.5 amp minimum
pick-up relay should be used.

Further Description
Descriptive Bulletin 41-348
Instruction Leaflet 4-348.1

Characteristics

Three-phase, 60 Hz, 5 amperes
Percentage slope curve: Figures 17, 18
Operating time: Figure 19.

Frequency response: Figure 20.
Minimum pick-up: 0.14 amperes. (0.5
ampere relay for special applications).

Burden and thermal ratings

Each restraint circuit:

Burden: 0.25 volt-amperes at 5 amperes.
Continuous rating: 20 amperes.
One-second rating: 300 amperes.

Operating circuit:

Burden of the operating circuit on each
current transformer is variable becausefof
the saturating transformer.

Burden is 0.37 volt-amperes at O.5lamperes,
and 170 volt-amperes at 60 amperes:
Continuous rating is 10 amperes.
One-second rating is 200 amperes

dc burden on station battery,is:

Volts Milliamperes Watts

48 dc 60 2.9
125 dc 55 6.9

1.4

g

Q@peratingiCurrent in Amperes
LN WA e N o o

70 1
Smaller Restraint Current in Amperes

2 3 45 6 7 8 9101112
471103

Fig. 17. Percentage slope characteristic at
low values of restraint current.
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DC Trip Bus

86
11}_
Phase A
. Neg. —¢
Shunt Reactor Application
Phase B A
f B
- [
R
| ]
R
1
0] R
B 1o
Phase C p _‘_ _
= Sub. 2
7198171
Device Number Chart
87 - Generator Percentage | - Indicating Circuit
Differential Relay, 86 - Auxiliary Tripping
! SA-1 T Type SA-1 Relay, Type WL
| Reactor | R - Restraining Circuit 52 - Power Circuit Breaker
Assy OP - Operating Circuit 52a - Breaker Auxiliary
L 1 S - Sensing Circuit Contact
- A - Amplifier Circuit 52TC - Breaker Trip Coil
Fig. 21. External wiring, SA-1 relay forpghigh speed generator protection.
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Bus Differential Relays

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.

For low impedance relays, the differential
scheme must provide a restraining circuit for
each circuit that is connected to the bus, so
that there willbe noresponse to external
faults under any system condition and with
the faulted current transformer saturated.

In addition, the relay should be sensitive at
low currentvaluesto operate on alightinter-
nal fault, yet relativelyinsensitive at high val-
ues of current to prevent tripping on heavy
externalfaultswhen the currenttransformer
characteristics might vary.

For high impedance relays, the arrangement
tends to force the false-differential currents
through the faulted current transformer
rather than through the relay operating coil
when the faulted current transformer is
saturated.

The linear coupler system, 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 19.

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 groups of circuits. The variable
percentage characteristic provides the
desirable high sensitivity at small current
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.

The optional sensitive fault detector circuit:
consists of an autotransformer and a'small
solenoid type contactor switch\islused to
minimize the possibility of shocktripping.

Characteristics
Single phase, 60 or 50 Hertz, spst-cc or
dpst-cc contacts, FT-32 Flexitest'¢ase
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Operating time: see Figure 24
Six restraint circuits, one gperating circuit
No ratio taps

Variable percentdge characteristics: see
Figures 22,and 23

Minim@mtgip: ‘O»15 amperes

Busden:
Eaeh restraint circuit:
0.75 volt-amperes at 5 amperes
14 amperes continuous rating
460 amperes 1 second rating
Operating circuit: burden, see Figure 25
8 amperes continuous rating
280 amperes 1 second rating

Relay settings: none required
Performance curves: see Figures 22 to 25

Further Information

Descriptive Bulletin 41-337
Instruction Leaflet 41-337.3

32

N
H»

-
o
N,

©
N|

QOperating Current in Amperes

IAL//

0 20 40 60 80 100 0 4 8 12 16 20
Restraint Current in Amperes 537958 Restraint Current in Amperes 537959

Fig. 23. Variable percentage slope curve, CA-
16 relay with six restraint windings in series.

Fig. 22. Variable percentage slope curve,
CA-16 relay with one restraint winding.
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Figh24. CA-16 relay typical time curve. Fig. 25. CA-16 relay typical burden operating curve.



Page 10
Bus Differential Relays

i
Bus
Hj' [JMI Source )
(YO
{)—f 1 i Feeder Group
yaaanN
‘ﬂ t—‘ - = Source
NN
_E—TJ = il Feeder Group &Phase A
yanVam\
¥ | l Source
Feeder Group
Z
:__—_ _____ ) Phase B
to C.T.S. ——————_]_
R )} Phase C
- gy
Pos
87 I M
10 86 =86 Device Number Chart
Tg 87 - Percentage Differential Relay, Type CA-16
‘ ICS - Indicating gontactor Switch
OP - Operating Coil
Phgse Phgse \. — 4 (Bottom L.H. Element
To Break R - Paired Restraint Coil i
ICS 87 Tfip Eegl:' (Bottom R.H. Element) in Type CA-16 Relay
S - Paired Restraint Coil
(Top L.H. Element
T - Paired Restraint Coil
{Top R.H. Element)
86 - Auxiliary Tripping Relay, Type WL
Sub. 4
Neg 187A425
Fig. 26. External wiring — oane set of CA-16 relays for the protection of a six circuit bus with three feeder groups.
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Three Circuit Bus
Bus

> Phase A

\

Phase B

Phase C

Four Circuit Bus
Bus

I4 Phase A

Phase B

Phase C

Phase

1ICS 87

Phase
Cc

*

L2
[

To Breaker
Trip Coils

86

Device Number Chart

87 -
ICS -
(0]
R -
S-
T-
86 -

Percentage Differential Relay, Type CA-16
Indicating Contactor Switch

- Operating Coil

(Bottom L.H. Element) .
Paired Restraint Coil inType
(Bottom R.H. Element) CA-16
Paired Restraint Coil Relay
(Top L.H. Element)

Paired Restraint Coil

{Top R.H. Element)

Auxiliary Tripping Relay, Type WL

Sub. 4
187A424

Fig. 27. External schematic of one set of type CA-16 relays for the protection of a three and four circuit bus.
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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 differential scheme.
The harmonic restraint provides security
against false tripping on magnetizing

inrush associated with the transformer
energization.

The varible 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
circuitwhere the external fault current
through the bus is twenty times tap value
secondary current or less, i.e. 100 amperes
on 5 ampere tap.

External connections, as shown in Figure
31, with the relay input limited to four
restraint circuits including transformer
circuit.

Characteristics
Single phase, 60 or 50 hertz, dpst-cc
contacts, FT-42 Flexitest case

Operating time: see Figure 29.
Four restraint circuits, one second harmonic
restraining circuit, and one operating circuit.

Ratio taps: 2.9, 3.2, 3.5, 3.8, 4.2,5.0, 8.7
ampere taps on each restraint circuit.

Variable percentage characteristics: see
Figure 28.

Minimum trip: 30% or 35% of tap value

IIT is adjusted for an RMS operating ctifrent
(with the second harmonic component
removed) pick-up of 15 times tap valué
current (e.g. 75 amperes onfb amperes tap).

Relay setings: Same as those for types
HU and HU-1 relays, pagesi25to 29.
(HU-4 is similar to HU and HU>1 /e xcept
that it has four restraint circuits.)

Performance curves: see Figures 28 to 30.
Thermal rating: gpne second—300 amperes.

(Thermal capagcitiesifor short times other
than one secondymay-be calculated on the
basis of time Being,inversely proportional
to the square of the current.)

Further Information
DeSeriptive)Bulletin 41-347
Instruction Leaflet 41-347.1

Con-
tinuous
Tap Rating

Burden Data:

Power
Factor
Angle® Current

Volt-Amperes @

At 8 At 20
Times Times
Tap Tap

Value Value
Current Current

Con-
tinuous
Tap Rating

Angle® Current

Voit-Amperes @

At'8 At 20
Times Times
Tap Tap

Value Value
Current Current

—éurden of Each Restraint Circuit

Burden of Operating Current

POPPLOON
O NOoNnOOIN©

®

Operating Current in Multiples of Tap’Value

Pickup Current in % of 60 Hertz'Rickup

ig. 30. Frequency response curve, HU-4 relay.

71 50 191 29 10 226 76 487
12 70 51 211 3.2 12 2.30 78 499
13 66 51 203 35 13 2.30 81 504
14 65 53 220 3.8 14 2.30 83 547
58 53 235 4.2 15 2.30 84 554
16 57.5 55 248 46 16 2.40 88 598
18 52.5 59 280 50 18 250 92 640
22 30 94 340 8.74°22 318 132 850
egrees current lags voltage at tap value current.
Voltages taken with Rectox type voltmeter.
20
18
16
14 w 6
o -Instantaneous
12 [S) vl . .
3 or 4 ReStraints,-, // S ~Trip Unit
10 ¥ c
4 = 4
/ o
g g1\
] &
6 5 o S
/'2 Restraints £ 2
4 s
Q
2 —h S
i
1 0 12 16 20
(o] 4 6 10 12 14 16 18 20 Operating Current in Multiples of
Larger/Restraint Current in Multiples of Tap Value Current 538029
Tap Value 538033
Fig. 28. Variable percentage slope curve, ig. 29. Typical time curve, HU-4 relay.
HU-4 ‘relay.
400 I
300 \ II
200 \ !
100 /
80 120 160 280
P N
Frequency in Hertz 471052
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A N s 1 | A
——a " | .
B oy 52 52 >y & JJL B
| [
High [ ‘Nj" 87[87]87 |87 87[87]87]87
Side - X e b5070%903  v507°9%13
& &l
Inter-
mediate
O a A
Power
52 Sy = B
Transformer Phase B Phase C
L Y - c (Same as Ph A) (Same as Ph A)
A 87087087087087| 087087087087087
B N T Y T3i468i1243 4i6i812
Low l l
Side
52
\ c B
o Jk 4
EJ EJ =
S
A B c
Phase 1 Coil Circuitg Phase B Phases Band C
Coil Circuits Connected Same
as Phase A .
! Device Chart Number
DC Trip Bus 43— Trip Cutoff Switch
86 Type WL Auxiliary Tripping Relay
87 Type HU-4 Differential Relay

DU%g0 Hz Block

120Hz Pass
- Filter

T

Varistor 3

Phase B
(Same as Ph A)

Phase C
Coil Circuits

Phase C
(Same as PhA)

Fig. 31. Type HU-4 external schematic wye-wye-delta bank.

DU——Differential Unit
O—Operating Coil
R—Restraint Coil
1
S: Through Restraint Transformers
Rs
HRU——Harmonic Restraint Unit
O—Operating Coil
R—Restraint Coil
ICS——Indicating Contactor Switch
HT Indicating Instantaneous Trip

543D721
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Type 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
current transformers) can be safely open-
circuited. Danger to personnel from high
voltages is eliminated.

Itis well tobear the following in mind when
using linear couplers for bus differential
applications:

(1) Bushing space must be allocated to the
linear coupler, rather than a current trans-
former which is more universal in use.

(2) The linear coupler has a low wattage
output.

(3) The leads mustbe in the same duct or
conduit and transposed with respect to all
other circuits.

Relays Used

Type LC-1: Consists primarily of an
impedance matching transformer and
solenoid unit which has trip contacts. It
covers fourtapsof 30,40, 604and 80,dhms
and is adjustable to operateat enengy levéls
rated from 0.5 to 8.0 volt-dmperes.

- B

&

= Current Transformer

=1

(8}

>

2

©

T | A

c

<]

O

)

» Linear Coupler
(6]

Primary Current

Figy 32 %CGurrent transformers and linear
coupler saturation curve.

Type LC-2: The use of a dc operating polar
unit energized by a rectifier from the
saturating impedance-matching transformer
makes the LC-2 more sensitive than the
LC-1. It covers four taps of 30, 40, 60 and
80 ohms and is adjustable to operate at
energy levels rated from 0.0085 to 0.062
volt-amperes.

The auxiliary switch V_ is a small dc voltage
operating clapper type switch used to
minimize the possibility of shock tripping.

Current Transformers and

Linear Couplers

In differential protective schemes, the relays
and current transformers function as a
team. The current transformers must
interpret, in their secondary windings, the
ac current conditions existing in the power
circuit . . . and transmit this infoffation to
the relays. The typical saturation curve
shown below (Figure 32) indicates that
secondary currents are proportionalto
primary currents along the cugve portion
OA of the curve corresponding toithe
nominal rating of the transformer. When
large short circuit currents occurathe
secondary currentofithe heavily saturated
current transforpier is indicated on the
upper portion of the cdrve, portion AB, and
the ratio of transformation is rarely equal
for two differentitypesiof current trans-
formers. It is_pecessary to know the
magnitude 6f theperror-current, so that
relays and 'their settings can be chosen to
compensate for the current transformer
errors/

Saturatiofisffrom ac Component of

Fault Current

Agysaturation is not particularly trouble-
somesince 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 combination

Fig. 33. Typical bushing type linear
coupler.

of all three. The degree of saturation due
tothe maximum ac current canbe
calculated from the formula:

1z, 108
" 4.44 nfa

when:

B =Flux densityiimithe core in lines per
square inch,

| =Mlaximum secondary short-circuit
currentin RMS amps.

Zy=Total secondary circuit impedance
including current transformer secondary
in ohms.

p =Number of secondary turns.
f =Frequency.
a =Iron cross-section in square inches.

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 perform-
ance of the transformer by requiring a lower
flux density to supply the burden. It is
therefore recommended that the highest
rated available current transformer ratios
be used, consistent with the requirement
thatthe 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
exceeded, however.

Saturation From dc Component of

Fault Current

If the fault current is asymmetrical, a dc
component is present. When it decays
slowly because of long dc time constant
(large L/R ratio), transient saturation of the

Fig. 34. Typical bar type linear coupler.



@)

current transformer results. This condition
occurs more frequently in the protection of
generating station buses when the dc time
constant of the circuitis aptto be long. For
most substation buses, the time constant is
short and no appreciable effect from dc
saturation results.

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

Linear Coupler Scheme

The problems assaciated 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 fitinto the space
available for a conventional current
transformer. See Figures 33 and 34.

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 relationship 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 LE relay.
to form a closed loop. Under normal
conditions, or when external faults.@ecur)
the induced voltages in all the linéar
couplers are cancelled out. On internal
faults, a netvoltage is availableyforrelay
operation. The scheme is fagt injoperation,
simple, and easily chegked while in service.

The ratio betweendgmaximumiexternal fault
current and minimmum jinternal fault current
is limited to 25 /ly{except when a separate
ground LC relay is used) 4not because of
the relay, but because of the economic
manufacturing tolerances of the couplers.
Couplers are made to plus or minus
1-percent accuracy? The possibility exists
that one‘Gupler may be +1% and another in
the same circuit — 1%, with maximum
currentyflow. This gives a 2-percent accuracy
spféad which, combined with a 2 /1 safety
factor, limits the relay pickup to not less
thani4-percent of the maximum through
faulticurrent of a ratio of 1/25 between
minimum internal and maximum external
fault currents.

The external fault usually will be a solid
threephase fault while the internal fault
usually is a line-to-ground fault.

Example: Assuming a 5000-ampere
maximum external fault current, the LC
relay should not be set to pick up on less
than 4-percentof 5000 or 200 amperes
primary current. Therefore, 200 amperes
primary current is the minimum internal
fault the relay can be setto detect.

The calculations for settings and perform-
ance involve a simple application of Ohm’s
Law.

Selection of LC-1 or LC-2
The anticipated relay current isicalculated
by the following formula:

lex? X ZM
Irelay =75 x 2 x Zc XN

This gives the approximatewalue

l.,+ =Maximum external‘primary fault current
in amps.

Z,, =5 volts /9000 amps = Mutual
impedance of one coupler.

25 =25/ 1. which is ratio of maximum
externalto,minimum internal fault
currents, Includes coupler tolerance and
safety factor details.

2v =Reduction factor: If coupler series
impedance (Z-) 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.

Z. =Impedance of one coupler—average of
10 ohms each.

N =Number of series couplers inone

phase.
For Relay
Currents: Use Relay Type
10- 50 mA LC-2
50-200 mA LC-2 plus ext. parallel resistor®
200-400 mA LC-1

® The external fixed resistor assembly 19 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 adjustment, and
the flux shunts on the polar unit are used for more
exact calibration.

Required Information
Maximum external fault current: phase and
ground.

Minimum internal fault current: phase and
ground.
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Number of couplers per phase.

Coupler impedance (estimate at 10 ohms
if unknown)

Characteristics

LC-1 Relay

Singlé phase. 60 or 50 hertz, spst-cc
contacts, FT-T1 Flexitest case.

Operating time: 1 cycle or less above 150%
of pickup.

Impedance matching taps: 30, 40, 60, 80
ohms.

Sensitivity: 0.5 volt-amperes.

LC-2 Relay
Single phase: 60 or 50 hertz, spst-cc
contacts, FT-11 Flexitest case.

Operating time: 114 to 134 cycles including
time for VS contactor.

Impedance matching taps: 30, 40, 60, 80
ohms.

Sensitivity: Adjustable .0085 to .062 volt-
amperes.

LC-1 and LC-2 Settings
The following fundamental equations apply:

E=IM (1)
=2 (2)
r ZS
.M .M
=t —=__FP (3)
Z NZ_ + Z,
1.Z, 1.(NC.+ 2Z)
—ros _xl e T Sl
o="M M (4)
where:
E =voltage induced in linear coupler
secondary.

I, =primary current in linear coupler.

M =mutual impedance of linear coupler=
.005 ohmfor 60 hertz.

I, =relay current.

Z, =impedance of secondary circuit.

N =number of secondary circuit=number
of linear coupler secondaries in series

per phase.

Z_ =self-impedance of linear coupler
secondary.

Z, =relay impedance.
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Equation (3) is used to determine the
Protected 3 Phase Bus current at which the relay trips forzan

A A internal fault of magnitude I, onthe bus.
B8 8 Equation (4) is used t6 determine the
c r I T ¢ primary current mecessary to trip therelay
e} & 5 o) when it has been adjusted.totrip ata known
o 52:1 522 g’ | 52-N ° value of relay current:
It should be noted, hawever, that the relay
? ? 3 3 _i —§ impedancedgis not constant, but varies with
] ﬂ s & ol 63! Lh| 4 LC-1o0rLC-2 relay currentasyindicated in Figures 38 and

40. Therefore, in‘using equation (3) itis
Phase A desirable tojassume 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
38 or40 and a second value of relay current
Fig. 35. External wiring, LC-1 and LC-2 relays. ?ggfsn calculated. Usually, it will not be necessary
to continue the calculation any further, as
the values resulting from the second
calculation will be sufficiently accurate.

Phase B

Phase C

ICS

Pos Nea | | c.1 setting Example

Assume a six circuit bus forwhich the
linear couplers have a self-impedance of

Z,=3.7 + 8.9=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. Itis
86 52al desired to settherelaystotripona

} 52.1 —t 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, therelays may as
well be set for 2400 amperes, which is
1/25 of 60,000.

52aN

J» To Alarm

- ——
- =
o
»
N
w0
w
4
(5]
=8
T2

The self impedance of the linear coupler
Fig. 36. Trip circuit for LC-1. secondaries is determined first, as follows:

NZC=6(3.7+i8.9) =22.2+,53.4=
\ds 57.8/67.4°.

Neg

(]
P 1 . .
o For any given primary current, the relay

receives maximum energy when the
impedance Z_is made equal to NZ_. This
feature is utilized by matching Z_and NZ_
as closely as possible in those cases where
itis desirable to obtain the lowest possible
minimum tripping current. In other cases,
the relay impedance Z_ and the total linear
coupler self impedance NZ_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

1
F
‘r
Device Number Chart
1l —p» To Alarm 87 —Linear Coupler Bus Differential
Lad Relay, Type LC-1 or LC-2
Sub 86 —Auxiliary Tripping Relay, Type WL
) L 753}3\2‘::82 52 —Power Circuit Breaker
Fig. 37. Trip circuit for LC-2. 52a —Breaker Auxiliary Contact

52TC—-Breaker Trip Coil
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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).

Z2,=57.8+60=117.8 ohms approximately
E=I M =2400 X .005=12.0 volts

E 120 .
| = 118.8='102 ampere, approximately

Reference to Figure 38 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 NZ_and make a second
more accurate calibration. Using the 60
ohm tap and a contacttravel of .075 inches.
Values read from the curve give a pickup
currentl =0.100; Z =58.3 ohms, and an
impedance angle of 33° for Z .

Z.=58.3/33°= 48.9 + 31.75
NZ,=57.8/67.4°=22.2 + ;53.4
Z. +NZ_ 711 + 85.15=
111/50.1°
i gy E_120_
rom equation (2), =7 =T

.1081 ampere

This current is higher than the original
assumed current because the calculations
were more accurately made, taking into
consideration the vector addition of Z_and
NZ. Changing the contacttravel to .080
inch to obtain the pickup current, | =.107,
makes an inconsequential change in the
relay ohms, Z_ =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 circuitbus hasllinear couplers
with a self-impedance of Z_ =37 +8.9=
9.64/67.4°. Three,type LC-2’relays are
used, one per phase; te obtain phase and
ground fault protection.iThe maximum
external fault current is 12,000 amperes
rms symmetrical. Since the linear couplers
and relays will opefiate over a 25/1 range
with 2 to'}, 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 whenits impedance equals the
tmpédance of the linear coupler circuit

NZ.=6(3.7 + 8.9)=22.2 + ;63.4=
57.8/67.4°. Therefore, choose a tap set-
ting Z_ =60 for the relay, which is an
approximate match. Since the phase angle
of Z_is substantially constant (within 3%)
at22°,2 =60/22°=55.6 + ;22.5.

NZ,=22.2 + 53.4

Z, =55.6 + ,22.5

r

Z, =778 +,75.9=108.8 ohms

IpM=480 X .005=2.4 volts

From equation (3) page 15,

N
H»

| =—-2—= =.0221 ampéres

ZS

This is within the recomniénded setting
range of the relay as indicated in“Rigure 39.

Onthe 60 ohm tap, at! £°0221.2/=
54.5/22°=50.6 + ,20.4.

This new value of Z “Shouldibe used in
equation (3).

NZ =224 + 53.4

Z, =50.6% 20.4
Z, =72.8% ,73.8=103.6 ohms
YA Z

05 Z,.4103.6 amperes

S

At |.=.0232 on the 60 ohm tap, Figure 40
indicates that Z,=54 ohms. Since a value
of Z,=54.5wasused in the above calcu-
lation, it is not necessary to carry the
calculation any further.

The relay should be adjusted to trip at
1=.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
carrying load. Defects such as short
circuited linear coupler transformers,
ground faults and open circuits in the
secondary loop, wrong polarity or phasing
connections in the linear couplers, severe
steady state voltage effects from foreign
sources can be detected. For further details,
refer to Instruction Leaflet 41-342.1.

Further Information
Descriptive Bulletin 41-342,
Instruction Leaflet 41-342.1.
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Type KAB, single phase
instantaneous, high speed

The type KAB relay is an instantaneous
relay of the high impedance type used for
bus differential protection. This relay also
can be applied for generator or shuntreactor
differential schemes.

The type KAB relay can be applied for bus
protection in most cases where bushing
typect’s are in use, and in metal-clad
equipment where ct’s with toroidally wound
cores having their windings completely
distributed are employed. Fig. 41shows the
external connection.

The following points should be considered
or should be known on any proposed type
KAB relay application:

1. All ct’s in the bus differential circuit
should have the same ratio, and should be
operated on their full tap. If tap
connection cannot be avoided, the
winding section between the taps being

high voltage which may appear at the full
tap terminal due to the auto-transformer
action should be checked.

. The leakage impedance of the ct’s which

are to be used should be low.

. The use of the auxiliary ct’s is not

recommended. If this cannot be avoided
the additional impedance from the
auxiliary ct’s and the high voltage which
is transformed by the auxiliary ct should
be checked.

. The best location for the junction points

is equidistant from all ct's.

. The lead resistance from the junction
points to the relay terminals is not critical.

. A lockout relay contact is recommended

to short circuit the varistor followingithe
relay operation in order to prevent the
varistor from overheating.

. To insure a substantial marginof

operation on internal faults, thelM.-unit
should not be set higherghanithe knee
voltage, V,, (value of the pgorestict

To insure a substantial margin for
preventing the relay from operating on
external faults, the knee voltage value of
the best ct which is géfnected to the relay
should be used to determine the value of
(R, + Ry) I;/NVpinFig. 42

The knee voltage is)defined as the
interaction ofitheextension of the two
straight lineportionsyof the saturation
curve, ordinate and abscissa must be
same scalelfor edch decade.

. A high'veltage may be developed across

thérelay on'internal faults. The magnitude
ofithe voltage that can be developed is a
funetion of the total fault current and the
characteristics of the ctsused in the differ-
ential circuit. The varistor(s) which is built
into the relay is used to limit this high volt-
age to a safe level. Curves in Figure 43
should be used to investigate the applica-
tion limit for one-disc and four-disc relays.
I1fthe fault currentINL and knee point volt-
age (Vi) are such that the intersection of
these two points plot below the curve,
then the application will be safe with re-
spect to the limits for 4-cycle clearing time.
(Note thatthe one-disctyperelay hasa

used must be fully distributed and the Lade P
which is connected tgthe relay) . higher capability in application than the '
four-disc relay).
A
Pos. 4 $8 ¢ C
A B ¢ 4
81 87
10 10
C
1T 1T
! TiIcs v ICS v IT
' 87 87
1 1
TRB ## 1
868 #
Neg. 868 l
— *
## 86B Contacts to Trip Breakers and Short 87 Relay Terminals
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ges| Device Chart
87 1 Type Function
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B6B Tylae WL Lockout
Relay
52— Breakers
622 Aux. Relay For BFI|
TRB Type TRB Blocking
Valve
87 NOTE:
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= Any Other Abnormal Setup is to be Made.
N . NS , N .
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++ Jumper These Terminals if IIT is Not Required # In Service CT Test Feature Sub. 6
Fig. 41. External Connection of Type KAB Bus Differential Relay 265C196
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9. The maximum number of circuits which
can be connected to the relay or the
minimum internal fault current required
to operate the relay can be estimated
from the following equation.

lpin.=(Xlg + Iz + )N

where | ; =minimum internal fault
currents, RMS.

I, =ct. secondary excitation
current at a voltage equal to
the setting value of V-unit.

I =Current in V-unit at setting
voltage Vg (i.e. I,=V;/2600)

I, =Current in varistor circuit at
voltage equal to the setting
value of V-unit. Use Fig. 43
for determining ..

N =ctturn’s ratio.

X =Number of circuits
connected to the bus.

The relay is connected as shown in external
connection figure 41. In normal operation
the voltage at the relay terminals is
approximately zero. In the case of an
external fault, the voltage at the relay
terminals still remain approximately zero if
both the source ct’s and the faulted ct’s are
not saturated.

However, during severe external faults the
faulted ct may saturate and no voltage or
current can be developed from its
secondary winding. The source ct’s would
then have to force their currents,.

In the case of internal faulits, the feeder¢t'®
impedances neglecting the load current, are
equal to the magnetizing impedance which
is high. Since the relay is a igh,impédance
type, this makes a high impedance
secondary burden to‘the saufce ct's, a high
voltage will appeafyat therelayterminals
and will be abovéthe pickupsetting.

Characteristics
Single phase, 60 or50 Hz, Spst-cc contact,
FT-21 Flexitest case.

Overvoltage unit; Range 75-300 volts
adjustable operating speed 1.5 cycles.

Instamtaneous overcurrent unit: Range 3-48
amperes, Operating speed 1.0 cycle.

lndicating contactor switch (ICS)
0.2/2.0 amperes.

(%)
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Setting Calculations

1. SETTING VOLTAGE UNIT
The setting of the voltage unit can be
expressed as follows:

[
V=K (R, + RL)ﬁ

where Vp=pick up setting of the V-unit,
(RMS volts.)

Rs=dc resistance of ct secondary
winding, including internal
leads to bushing terminals.

R, =resistance of lead from
junction points to the most
distant ct (One-way lead
for phase fault, two way lead
for phase to ground fault).

I =Maximum external fault
current (RMS amp.)
contributed by the bus.

N =ct turn’s ratio.
K =Margin factor

The margin factor is a modification
number. It varies with the reciprocal of
. . (Rs + RL)If

the ct saturation factor, i.e. —————

NV,

Figure 44 shows the margin factor curve,
which is based on tests on the KAB relay
and considers a safety factor of 2. The use
of this curve is explained in the sample
calculation.

2. SETTING CURRENT UNIT
The setting calculation for this unit is
rather simple. First, calculate the value of

|
(R + R[]

then from curves in Fig. 45 find the value.
for the setting. These curves have
considered a safety factor of 24

3. Sample Calculation:
Assume a 6 circuit busgfor which the
maximum external 3-phasefault cdrrent
is 60,000 amperes rms, symmetfical,
maximum external phase to ground fault
current is 45,000 amperes, and the
minimum internal fault current is 10,000
amperes, Assume the ct’sratios are
2000:5, class C400, V,=375 volts,
secondary windingiresistance R,=0.93
ohm, and one ‘way lead resistance to
junction@ointiR=1.07 ohm.

I —150A and Vy = 375V, it
can be seempthat either one-disctype or four-
disc type KAB relay would be satisfactory for
this application.

From Figure 43, for

A. SETTING OF CURRENT UNIT
[
Since (R, + RL)W’=(O.93 + 1.07) x

for 3-phase fault.

[
(R, + R, Ni=(o.93 +2x1.07) x

45000
400

=345

for phase to ground fault.

From Figure 45 using the higher
number of345the current unit setting is
determined to be 43 amperes for 4 disc
KAB and 12 amperes for one disc KAB:
Setthe overcurrent unit at45amp. and
15 amp. respectively.

T 1T T 1701 LT
3.25 t l Margin (Factor for,
- +— the Setting of V-Unit
1 25 (Empirical,Data) |
I It L I I}
2.25 il } | L
w ® f H
- \ Not recommende i
gl 178 N A toset V-Unit AT T 11
+|2Z | AbovethisLineﬁ_”)'_
én 1.25 i \ I Ve ©7
0 75_Recommenaed N |
’ KAB Relay V-Unit T
0 25%Setting Area N, i
ST T T TR T B |
.20 .40, .60 .80, 1.00 1.20 1.40 1.60 1.80 2.00
V
—+- MarginlFactor K- "
(Rg+ R
N

Figy44. Margin/Factor for V-Unit Setting.

t+ For Four Disc KAB

2 -+ -+
1.0 1.5

2 34567810 1520 304050 70 100
IT Unit Setting (Amperes RMS)——

Sub. 5
1468C41

Fig.45.IT-Unit Setting

B. SETTING OF VOLTAGE UNIT
a.) for 3 -phase fault condition.

|
L(R, + RO ) / Vi= (0793 + 1.07 x

60000
400

from Figt 44K L 0.82

¥/ 375=0.8

{
Vaz K (RN RUST

60000

VR§0.82(0.93 +71.07) x 200

Volts,

=246

b)), for phase to ground fault condition

[
[(R, 4 RL)Wf] / V,=[(0.93 + 2 x 1.07) X
45000
400

1/375=0.92
from Fig. 44 K§O.77

|
VasK (R, + RUE

VR§0.77 (0.93 + 2 x 1.07) x oy,
5%80=266 volts.
Choose the maximum of (a) and (b),
to prevent the relay from false pickup
on external faults. Its minimum setting
should be at least this maximum

266 volts. This adjustment is made

by varying the spring tension.

See ‘"Routine Maintenance’’ (in
IL-41-3374)

c.) the minimum fault current required
to operate the relay at the setting of
266 volts.
Assume that from the ct saturation
curve 1,=0.045 amp. at 266 volts. And
from Fig. 431,=0.16 amp. at 266 volts.
(RMS for 4disc type KAB.)

L = (X 1, + I+ 1) N

—(6 x 0.045 +-228_ 4 0.16) 400
=(6x0. 2600 T -

=0.532 X 400=213 amp.
For one-disc type KAB, |, is less than at 266

volts. Therefore, | min.=149 amp.

Further Information
Descriptive Bulletin 41-340
Instruction Leaflet 41-337.4
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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 winding will have
different ratings and operating character-
istics, 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 character-
istics. In some applications, auxitiary
auto-balancing transformers are used.

In addition to the problem of matching the
high and low side current transformer
characteristics, the problems of magnetizing
inrush to the power transformer must also
be considered.

2- and 3-winding transformers require
different differential protective 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 46.

3¢

Connected as shown, underihormal
conditions curreft pas§es through the
current transformers{ relayfestraining coils
R, and R, and backte theé current
transformers. This current in the relay
retraining coils produces a restraining, or
contact opening torque.
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de Trip Bus

@™ >

Pos br Neg ﬁ—
C

Phase B

?Z 87R 3
7OP

P VN
- L. 577 87R 1 87 *
‘—l_ezov VX O%
g B7R-1 &2
57 87R-2 ‘_)«}%7
870°f-2 87
% 87R-2 ._x_o_.l

-
>Phase A

Neg or Pos

Note: Always Connect Terminal 7
to High Current and Terminal 9
to Low Current

}Pnase C

Sub. 3
182A808

Fig. 47. CArelay external wiring, foriw.ye-delta bank.

Device Number Chart

=y [ 23 T_—:PQC—— A
f{m];_‘ ~ 87—Transformer Percentage
= 521 522 B Differential Relay, Type CA
Jarm c 87R—Restraining Coil of Type CA
P ﬂ s = S 870P—Operating Coil of Type
O A 6 CA Relay
T_JOP 5, prace A 86—Auxiliary Tripping Relay,
CA dpgw Tiee Wt
52—Power Circuit Breaker
BT 87R2 57 a—ABreaker Auxiliary Contact
Ejo_p_r\, O TC—ABreaker Trip Coil
7 ezor 208 s B ICS—Indicating Contactor Switch
87 87R-2 _7—[
9 ‘*0_3
870P-3 37
% 87R-3 _i_} Prese C Sub. 3
Tx0- 182A807

Fig. 48. CA relay external wiring for delta-delta bank.

An internal fault in the protected power
transformer will unbalance the secondary
currents, forcing a differential current |,
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 47 and 48.

Characteristics

Single phase, 50 to 60 hertz, spst-cc or
dpst-cc contacts, FT-21 Flexitest case
2-winding transformer protection Inverse
time characteristics

Operating time: see Fig. 51
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 53 and 54

Thermal rating:

Restraining circuits—10 amperes continuous
(the untapped winding should be limited to
5 amperes to prevent overloading of the
operating winding)

Operating circuit—5 amperes continuous.
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Relay Settings

To determine the correct tap setting,
calculate the current delivered 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 thatthe 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.

Operating characteristics of the CA relay
for normal through load current and through
fault current are shown in Figures 49 and
50. When the currents flowing in and out

of therelay are plotted on these curves

and the point falls outside of the inoperative
area the relay will trip.

In Figures49 and 50, the two curves going
withthe 5-5 tap are tied together witha
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:

7.51,
T (1)

for the upper curve: Ig=

for the lower curve: 1;=0.37lg (2)
In these formulas, T is the larger number

of the tap pair. For example, if the relay,is
setonthe 5-7.3tap, then T=7.3.

As an example of the accuracy.of the
formula, consider the point 1; =436 and
1g=30, and read from the lower curves for
the 5-5 tap in Figure 50. Applying the
formula, equation (2), the cal@ulated value
of l; is found to be@5, which is fairly close
to the curve value |;of 43.5.

Further Information
Descriptive Bulletin41-332

Instruction Leaflet 41-332.2
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Fig. 49. CArelay typical operating curves,
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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 sensitivity at low current
magnitudes, with an increase in percentage
ratio at the higher currents. It will therefore
detect light internal faults within the
transformer and at the same time allows for
variation in current transformer
performance 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 dc component of asymmetrical
short circuits.

A typical external connection diagram is
shown in Figure 59.

Characteristics
Single phase, 50 or 60 hertz, spst-ccor
dpst-cc contacts, FT-32 Flexitest case.

Operatingtime: see Figure 58.
Three restraint circuits, one operating
circuit. No ratio taps.

Variable percentage characteristics:/see
Figures 55 and 56.

Minimum trip: 1.25 amperes.

36 72
32 64
28 / 56
/
24 48
20 40
16 32
0 4
e g
a12 Q24
E E
< <
£ £
£ 8 € 16
e e
5 5
o o
g4 / g8
3 7 5
Q - 5
a a
o o
0 20 40 60 80 100 0 4 8 12 16 20
Restraint Current{in Amperes 537958 Restraint Current in Amperes 537959

Fig. 55. CA-26relay variable percentage
slope curve with one restraint winding.

Fig. 56. CA-26 relay variable percentage
slope curve with six restraint windings
in series.

Page 23
Transformer Differential Relays

Burden:

Each restraint circuit—0.75 volt-amperes at
5 amperes, 14 amperes continuous rating;
460 amperesgiusecond rating.

Operating ciréuit—see Figure 57, 8
amperes CQntintous rating; 280 amperes 1
secondifating.

Relay settings: none required, except to
select thesproper tap on the Indicating
Contaetor Switch (ICS).

Performance curves: see Figures 55to 58.

Further Information
Descriptive Bulletin 41-337.

Instruction Leaflet 41-337.3.
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Fig. 57. CA-26 relay typical burden curve.
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Fig. 58. CA-26 relay typical time curve.
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\
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Fig.59. CA-26%relay external wiring.
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Type HU, HU-1 HU-4 Single Phase,
2 or 3 Winding, Instantaneous,
Variable Percentage

These relays are high speed differential
units with two, three or four restraint
circuits respectively; all incorporating a
harmonic restraint circuit to prevent false
tripping on magnetizing inrush current.

They are all designed with a variable
percentage ratio characteristic which
provides high sensitivity at low current
magnitudes, with an increase in percentage
ratio at the higher currents. Each relay will,
therefore. detect light internal faults within
the transformer and atthe same time prevent
false tripping on heavy external fault
currents which may cause variation in the
current transformer performance at high
currents. This is particularly desirable when
severe saturation of the currenttransformers
occurs due to the dc component of
asymmetrical short circuits.

The harmonic restraint feature prevents
false tripping on magnetizing inrush currents
which appear at the relay as an internal
fault. These inrush currents are rich in
harmonics, with the second harmonic
predominant. Since the second harmonic is
always present in magnetizing inrush
currents, and not in internal fault current
waves, the second harmonic is used in these
relays to restrain the relay on inrush.

Normal application of these relays is as
follows:

2-winding transformer: type HU

3-winding transformer: type HU-1
4-winding transformer: type HU-4
Transformer with four breakers: type HU-4

All HU type relays are available with a
sensitivity of either 0.30 or 0.35,times,tap
rating. The 30% sensitivity rélay satisfac-
torily handles up to 15% mismatch [e.g.
+10% transformer tap changinggplus 5%
current transformeg/mismatch). The 35%
unit handles up to20 % smismatch. See
Figures 60 to 65 fapcoMmparison of these
two sensitivity characteristics.

Either characteristic may be obtained on
any one of these relays by recalibration in
the field.

Taps ake provided in each restraint and
operating‘€ircuit to compensate for current
trapsformer mismatch. These tap settings
aremarked’interms of secondary amperes
and these values are listed in “"character-
istics’ below.
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A typical external connection is shown in Energy Requirements

Figure 67. Tap Con- Power At Tap Volt-Amperes®
tinuous Factor  Valde' "Atg At 20
Rating Angle ® Current Times Times

Characteristics Tap Tap
(Type HU-4 characteristics are the same as Value = Value
Current Current
those fortype HU and HU-1 exceptwhere
noted otherwise). Burden of EachyRestraint Circuit
. 29 10 71 .88 50 191
Single phase, 50 or 60 hertz, spst-cc or 32 (2 70 89 51 211
dpst-cc contacts, HU-HU-1—FT-31 Flexitest gg }i gg .g? g; ggg
case, HU-4—FT-42 Flexitest case. 22 45 58 91 53 235
L . 46 16 57.5 91 55 248
Operating time: see Figure 65. 5.0),. 18 52.5 .92 59 280
8.7 22 30 1.28 94 340
Restraint circuits: 2 in HU, 3 in HU-1, 4 Burden of Operating Circuit
in HU-4, plus one harmonic restraint. One 29 10 a5 226 76 287
operating circuit in each. 32 12 32 230 78 490
3.6 13 33 2.30 81 504
Ratio Taps: 2.9, 3.2, 3.5, 3.8, 4.2)4.6, 5.0, 3.8 14 33 2'38 gi ggz
H T H 42 15 31 2.
8.7 ampere taps on each restrainticireuit. 46 16 30 230 88 298
. - 50 18 29 2.50 92 640
Variable percentage characteristies. 8.7 22 23 3.18 132 850

Types HU and HU-1—See Figures 60 and 61 @ Degrees current lags voltage at tap value current.

® Voltages taken with Rectox type voltmeter.
Type HU-4—-see Figure(62.
Thermal rating: 300 amperes 1 second

Minimum trip :30%gor, 35%)of tap value. (thermal capacities for short times other
than one second may be calculated on the
Performanceseurvess see Figures 60 to 66. basis of time being inversely proportional

to the square of the current).

1.0
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2
3
0.35 X Ta

S8 Relay Pickup < P
s 0.30XTap—\\ e
a N M7
k: T
B =T

{6 Differential =
;3 Characteristic > |~ ///
2 - P 1 -~
= - -
b= - -t - >/ o -
£ a4 =T I St e
= ———]— -
§ - ___-/// |~ T &//
3 L~ //—\\L 20% Mismatch
2 2 =T _— | t
= - ul 15% Mismatch
© - "
‘g — "1

|
° g?'/
0 4 .8 1.2 1.6 2.0 2.4 2.8 3.2
Larger Restraint Current in Multiples of Tap Value Current 471136

Fig.60. Types HU, HU-1 differential unit characteristics, smaller current values.
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Fig. 62. Type HU-4 relay differential unit
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Fig. 63. TypesiHU, HU-1 differential volt-
age (Chanacteristics of DU unit, .03 times
tap value pickup.

FigJ65. Types HU, HU-1 relay typical

eperating time curve.

Relay Settings

Select the ratio in matching taps. Iln order to
calculate the required tap settings'and check
current transformer pérformance, the follow-
ing is required:

Required Information
1. Maximum tpansformer rating (KVA), .

2. Maximum external fault currents.

3. Voltage ratings of power transformer
(Vi V. Vi

4 4Currentitransformer ratios.

5.0€urrent transformer accuracy class
voltage (or excitation or ratio-overcurrent.
curve).

6. One way current transformer lead re-
sistance at25°C (when using excitation curve,
include current transformer winding re-
sistance).

7. Current transformer connections (wye
or delta).

Definition of Terms M%
Ip=primary current at (KVA),, ]
Is=current transformer secondary current

at (KVA),

Ig=relay input current at (KVA),

law. lng, In are same aslgexcept for high,
low, and intermediate voltage sides,
respectively.
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Fig. 66. Pickup onvariable frequency type HU, HU-1 and HU-4 relays.
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Definition of Terms (conctinued)
Ty . T..T,=relay tap settings for high, low,

and intermediate voltage windings,
respectively.

N =number of current transformer turns
that are in use.

N;=N/N; (proportion of total turns in use)
N.=

current transformer ratio, full tap.

Vo =current transformer accuracy class volt-
age Cor 10L.

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

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

Calculation Procedure

1. Selection current transformer taps where
multi-ratio types are used. Select a tap to
give approximately 5 amperes at maximum
load current. This will provide good
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sensitivity and will produce no thermal
problem to the CT, the leads. or the relays.

Better sensitiyvity can be achieved by
selecting a tap to'give more than 5 amperes
if a carefulhcheck is'made of the CT, the
leads and thelrelay capability.

For determiniAg the required continuous
rating ofithe/relay, use the expected two-
hour‘maximum load, since the relay reaches
final temperature in this time.

U T4

Connections
With HU-1 Only

Power Transformer
I\

87 | 8787 87,87, 87
[¢] ) Q )

5 7 9 5 7 9
Used With

HU-1 Only

' Phase 2 Phase 3
T,g Phase 1 (Same as Ph. 1) (Same as Ph. 1)
- [od DU
oD S
87787 87f87 87 87 87 87 87 87 87 87
A 3]47678 37476%s8 1374768
N )\
C B
af [T L

Used With
HU-10nly

DU 60 Hz Block

120Hz Pass
-

Filter

Phase B Phases B and C
Coil Circuits Connected Same
as Phase 1
dc Trip Bus
Pos————I————- )
87 |
10 1
Phase B ICS
(Same as Ph.A)
THRU
HT I 1|<:s
Phase C
Coil Circuits 87
7
43
86
Phase C Neg
(Same as Ph.A)

Fig. 67. Types HU,HU-1 relay external connections.

Device Number Chart

43— ———Trip Cutoff Switch

86————Type WL Auxiliary Tripping Relay

87 Type HU or HU-1 Differential Relay
DU-——-Differential Unit

0O-—Operating Coil

R —Restraint Coil

R,

R, } Through Restraint Transformers

3
HRU——Harmonic Restraint Unit
O—Operating Coil
R—Restraint Coil

ICS-——-Indicating Contactor Switch

IIT ———Indicating Instantaneous Trip
Sub.6
407C536
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2. Calculate the Relay Currents, |5
All relay currents for relay tap selection
should be based on the same KV A capacity.

3. Calculate the Relay Current Ratio(s) using
the lowest current as reference.

4. Selectrelay tap ratio as close as possible
torelaycurrentratio from Table 1.

Choose the first relay tap ratio using the

Two-Winding Transformer Calculations (See Figure 68).

1. Select CT Ratio:
p— (KVAIM _
(KV) V3

Select Ratio

2. Calculate Relay Current:

Low High
———20'002 =930 Amp. 2O’OOB=167 Amp.
1243 69 3

1000/5 (N=200)

200/5 (N =40)

windings.

. 930 7
largest current ratio from Step 3. The other Is=‘£= 5nn=4.65 Amp. i=4-18 Amp.
. . . N 200 40
tap ratios should be determined using the
lower tap from the first tap ratio as reference. IR= IRL=4.65 V3=8(05 Amp. IRH=4.18 Amp.
Ix should not exceed relay continuous rating 3. Calculate Current Ratio:
as defined in Energy Requirement Table. JRL _8.05_, o4
IRH 418
5. CheckIIT Operation. The lIT pickup is ten 4. Select Tap Ratio from Table 1:
times the relay tap value for the HU and HU-1, T 87
or 15 timestap value for the HU-4. Therefore, Ti-zﬁ5=1.891
the maximum symmetrical error current ) ) ’
which is flowing in the differential circuit on IR>relay continuous rating No No
external fault current due to dissimilar ct sat- 5. Check |IT Operation:
uration should not exceed 10 or 15 times -
relay tap Max. symmetrical error current No
>10 times relay tap
6. Determine Mismatch:
Two Winding Bank % Mismatch=
100(IRL/IRH)—(T/TH) _ (8.05/4.18)—(8.7/4.6)
= r002 20 2 PR AR o
4w 1o Sy TLATH 87/46
< <—ﬁ:¥°— 1.92—1.89
— 600/5 10020 =1.6%
1200/5 mr 1.89
mr 10L200 7. Check CT Performance:
10L200 16/20 MVA e ry ¥ 045
z7= B4R+22= 113RL +215=
@ T T
, 34%04+2%°—1 364005 = 1.13%0.44+235-0.451-0.03=
= 8.7 4.6
) 1.41 ohms 0.48 ohms
Low High —_— =
(KVAjy = 20,000 (KVA)y = 20,000 N 200 40
(KVA)s = 16,000 (KVA)s = 16,000 Np=_—= ===0.833 ——=0.333
V. = 12,400 Volts Vy, = 69,000 NT 240 120
Ny = 240Turns Ny = 120
Vei= 200 Volts Vo= 200 NpVCL_ 0833x200 _4 ¢4 0.333%200 _ ¢,
R, = 0.4 ohms L =04 100 100 — 100 =
Delta CT LTC = + 10%
a wye CT (NP VCL/100)>2T Yes Yes
Conclusion: TL=8.7 TH=4.6
Fig. 68. Types HU, HUA, HU-4 E— e _—
example for setting calculations. 30% Sensitivity Relay is Adequate.
6. Determine Mismatch for 2winding banks:
Table 1
i . laflrn) = (TUT
HU Relay Tap Ratios % mismatch = 100( au/lrn) S( JTw) (1
29 3.2 3.5 3.8 4.2 4.6 5.0 8.7 .
where S is the small of the two terms,
2.9 1.000 1.103 1.207 1.310 1.448 1.586 1.724 3.000 (|RL/|RH) or (TUTw)
3.2 1.000 1.094 1.188 1.313 1.438 1.563 2719
3.5 1.000 1.086 1.200 1.314 1.429 2.486 .
3.8 1.000 1.105 1.21 1.316 2.289 For3winding banks:
3-2 1.000 '_:-883 H)gg f-g;; Repeat calculation of equation (1) and
5.0 ’ 1.000 1.730 apply similar equations to calculate mis-
8.7 1.000 match from the intermediate to high and

from the intermediate to low voltage



@

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

7. Check current transformer performance.
Ratio error should notexceed 10% with max-
imum symmetrical external current flowing.
An accurate method of determining ratio
error is to use ratio-correction-factor curves
(RCF). *A less accurate, but satisfactory
method is to utilize the ANSI relaying accu-
racy classification. If the “C"’ (or 10L) accuracy
is used, performance will be adequate if:
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(NoVei=(let—=100) Rs) / ley
is greater than Z,

(2)

Note: letl.,, = 100

when maximum external fault current is less
than 100A.

For wye-connected ct:

For delta connected ct:

0.15

0.45

=08.4R T +32Za

Z; =3(1.13R + = + Z,) Ohms

(4)

*(Thegactor of accounts for conditions ex-

Z;

lead resistance + Relay burden + Z,

1.13RL+0'T15-+ZAOhms (3)

(R. multiptier, 1.13, is used to account for
. . 0.15.
temperature rise during faults - is an

approximation. Use twowayleadres
sistance for single phase to groundfaulty)

isting during @fault phase.)

A ll - £ ll A
—mm 62 62 e B
C T L_. —_ =TT o c

A
7 High <
sie Lo Loy boi 1 8
Inter- ..M\j '."(j
mediate b ¢
{ A
Power < ] Lﬁ'.
Transformer 52 B
\_L'l—‘*
_‘_— e ———C
Low: A 87 /87 87 87|87
Side I E lf' I )\ d3]al68T12

“ﬂ 87,87 |87

57§ 13

Phase B
(Same as PH.A}

87 87 87 87 87

O O O Qe e

(34768712

JED I E P

Device Number Chart

Phase C
(Same as PH.A)

87 87 87 87 87

[T
43 ... ... .. Trip Cutoff Switch E3
86 .........Type WL Auxiliary Tripping Rélay r
87 ... Type HU-4 Diffefential Relay
DU . ....Differential Unit
O . .Operating Cgil L
R . .Restraint Coil
21 ) A B c
RZ Through Restraifit Transfafmers
3
Ry j . X { Phase A Coil Circuits
HRU . ... Harmonic Restaint Unit R, R R, Ry Phase B Phase C
O . .Operating Coil DU _— Coil Circuits Coil Circuits bcT
R . .Restraint Coil |-l-‘ j rl-‘ ‘—l rip Bus
ICS . ... .Indicating Contactor Switch R m POS. ~— - ~
nT ... Indicating Instantaneous Trip 87
10
/P - 1 ICS)
(— 60 Hz Block Phase B and C
0_ ||{ O v 120 Hz Pass Phase B Phase C HRU Connected Same
pu iR Filter (Same as PHA) (Same as PH.A) 1T [0, T1CS[ as Phase A
87
1
43
86
Neg
Varistor
Sub 3
Fig. 69. Type HU-4 External Schematic Wye-Wye Delta Bank 543D721
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Three-Winding Transformer Calculations (See Figure 70)
High Intermediate ﬂv
1. Select CT Ratio:
Ip={KVAIM 40.000 _ 443 Amp. 40.000 _ 334 Amp. 10.000 _ 465 Amp.
(KV)V3 1613 69 V3 12.4
Select Ratio 400/5 (N=80) 600/5 (N=120) 00 =200)
2. Calculate Relay Current:
_le_ 143_ 334_,, =2.33 A
Is—ﬂ— 0 1.79 Amp. 120 2.78 Amp. . mp.
40
— = -—x2.33
IR (At 40 MVA) = IRH=1.79+V3 IRI=2.78 V3 10
=3.10 Amp. =4.82 Amp. =9.32 Amp.
3. Calculate Current Ratios:
iRl _482_, ¢ RL _ =3.01
IR .10 3.10
4. Select Tap Ratio From Table 1:
T _46 8.7
1 =""=1586 =—"=3.00
TH 29 H 29
IR>relay continuous rating No No No
5. Check !IT Operation:
Max. symmetrical error current No No No
> 10 times relay tap
6. Determine Mismatch:
% Mismatch 100 RH/IRD—(TH/T1) _ (IRIHRL)—(T1/TL) _ 100URL/IRH)—(TL/TH) _
TH/T| (IRI/IRL) TL/TH
100(3-1 0/4.82)—(2.9/4.6) _ 4.82/9.32)—(4.6/87) _ 100(9,32/3.1 0)—(8.7/2.9) _ :
29/4.6 4.82/9.32 8.7/2.9
0.643—0. — —
100 3—0.630_ 1000.517 —0.529 _ 1003.0‘1 3.00_
0.630 0.517 3.00
2.1% —2.3% 0.33%
7. Check CT Performance:
- 0.45 0.15
7= E 3.4 RL+—T = 1.13 R|_+—T— =
0.45 0.15
34x054+— "= 113x054+" =
x0.5+ 4.6 x0.5+ 8.7
1.74-0.10= 0.574-0.02=
1.80 ohms 0.59 ohms
Np=N = 120_4 0 200_ 833
NT 120 240
NpV
(NpVCL) 200x1.0_, 4 200x0833_, oy
100 100 100
(NpVCL/100) >ZT Yes Yes
Conclusion: TH=2.9 T|1=4.6 T =87
Requires 35% Sensitivity Relay since (LTC+M)>15%.
- Further Information
Three Winding Baik Fig. 70. Types HU, HU-1, HU-4 example
Y3 eony for setting calculations. HU, HU-1: Descriptive Bulletin 41-347
= High Intermediate Low Instruction Leaflet 41-347.11
1200/5 e (KVA)y = 40.000 (KVA)y = 40,000 (KVA)w= 10,000
mr 600/5 (KVA)s = 30,000 (KVA)s= 30.000 (KVA)s= 7,500 HU-4: Descriptive Bulletin 41-347 .
10L800 30/40 mr V,, = 161,000 V,= 69,000 V.= 12400 Py
MVA | 10L200 Ny = 240 Ny = 120 Nr = 240
Ve = 800 Ve = 200 Ve = 200
R =05 R.=0.4 R.=05
LTC = £ 15% DeltaCT wye CT
Delta CT

Fig.
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Type HRU Harmonic Restraint Unit

The HRU harmonic restraint relay is a high
speed relay used for supervision of
differential, overcurrent, or pilotrelays. It is
applied in various transformer differential
schemes to provide security against false
tripping on transformer magnetization
inrush.

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.

The relay uses two L-C filter circuits with

a full waverectifier at the output of each.
The dc output of the fundamental pass
circuit is fed to the operating coil, and the
dc output of the second harmonic 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.

The 3-phase HRU relay may be added to an
existing induction-disc differential relay
installation should inrush tripping become
a problem. See Figure 71.

Figure 74 illustrates a scheme using a 3-
phase HRU relay to supervise the HCB or
HCB-1 relay for the prevention of magnetiz-
ing inrush tripping.

When there are no selectivity requirements
with low side protective devices_a modified
single phase HRU relay may pfovide
sensitive instantaneous,overcurpént
protection of a transformer., See Eigdre 73.

Characteristics

3-phase, 60 Hertz, spt-éc contacts, FT-31
Flexitest case.

One harmonic restraintunit. three
instantaneous overcurrent units, one mixing
transformer.

Single phase, 60 Hertz, spst-cc contacts,
FT-21 Flexitest case.

Onegharmonicrestraint unit, one
instantaneéous overcurrent unit.

Noratiotaps (2 relay ratings, 2.0 and 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.
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Thermal rating: 300 amperes for 1 second.
Frequency response: see Figure 72.
Further Information

Production Bulletin 41-330C6.
InstructionLeaflet 41-347.3.

‘ q S R
1 :.mm 0 52-1 :_i g 52-2 %Z:L‘
- U L —al qu

87 Transformer Diff. Relays
87 WL Aux. Relay

51-X HRU Harmonic Restraint Relay

relay installation.

Fig. 71. External connection of 3-phase HRU with induction-disc differential

Sub. 3
7158982




Application Data
41-300
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Pickup Current in % of 60 Hertz Pickup

[

300 ’
\ [ \
200 \ , \

100 \\/

0 40 80 120 160 200 240 280
Frequency in Hertz 471052

Fig. 72. HRU relay frequency response curves.

A

B

[

HRU

51-1 51-1, 51-x1 51-X1
5 CO ~g ITTe =g— IT Qj 5
AT\(’
51-2 51-2 51-x2
5 CcO g ITT4 5

_oﬁ/\,

co §-18'—34|TTt

[ ] i %3
PEET

L 1

51-X3
9

b
52
t-Optional
l ] ] 51.CO Ovefeurrent Relays
51-X-HRU{HarmonigiRestraint
Relays
Transformer
Note: This scheme should not bedSed if heawd load
is picked up sirnultaneousfwith tragsformer energization
Positive D-C Trip Circuit

~{ D¢ = .
51.x1 511 51-X2 51.2 51.X3 513
0 0. 10 5 10 70
Ics
HRU
T
51.x762.1 | 5481 51.x2,512 [61.2 \51.X351-3 513
I 2%1%1%2%1%1%2

L
Negative %
=

Fig. 73. Extermal'connection of HRU with CO relays for rectifier
transformer protection.

Sub 3
877A725

Transmission Line
52 =
Transformer
Bank
Positive Trip Circuit
T 51-X
10
HRU
T 1CS
87-HCB or HCB-1 Pilot Relay
51-X-HRU Harmonic Restraint
Relay {(Use Normaily
Open Contact 3-Phase HRU})
ACT-5/5 Auxiliary C.T
Nete: CT's must be WYE connected 52a

Negative

Fig. 74. External connection of 3-phase HRU with HCB or HCB-1
relay installation.

Sub. 4
877A726

Westinghouse Electric Corporation
Relayzlnstrument Division
Coral Springs, FL 33065
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