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Abstract « Protection for buses or short lines « Long CT leads acceptable - up to 68 ohms
« 1-3 ms fault detection, 8-13 ms to trip at 5 A or 1705 ohms for 1 A circuits
« Fault sensitivity 20 % of rated current ¢ Moderately-high impedance (165-301 ohms)
o No maximum fault-current restrictions in diff circuit
« No practical limit to number of circuits to « Selectable percentage restraint slope, 50 to
the bus 85 %
» No dedicated or matched CT’s required and e« Compact summation CT version available
CT’s can be of different ratios and manufac- « Adaptable to different bus configurations
ture
Application The RADSS relay is a high-speed, sensitive, mo- A high CT secondary lead resistance (over 1700

derately high-impedance differential relay for  ohms, for certain applications) can be tolerated.

phase- and ground-fault protection of buses and  Auxiliary CT's are used to balance the ratios of

short lines. The high sensitivity of the RADSS  the main CT's.

generally precludes the need for a separate

ground-fault relay. The relay is available in both  An overcurrent starting relay may be used to

three-phase and single-phase versions. It com-  supervise the measuring unit. The starting relay

bines the qualities of high impedance and per-  primary setting may be chosen to correspond to

centage differential characteristics in one uni- the largest rated line current. This will prevent

que operating principle. operation in case of accidental CT secondary
open-circuit. The magnitude of the fault current

Applications are not limited by CT saturation for  determines the setting of this relay. To enable

internal or external faults. The high-speed (1-3  the tripping of RADSS it is required that both the

ms) fault-detection makes the relay applicable differential relay dg and the start relay Sg oper-

to any bus. Stability is ensured for external ate simultaneously.

faults, even with CT saturation and secure oper-

ation is obtained for internal faults prior to satur-  The single-phase version has one summation

ation. auxiliary CT for each three-phase circuit to the
bus. This enables the use of only one single-

The line CT's may have relatively poor charac- phase relay for all phase- and ground-fault pro-

teristics and different ratios. They neither need  tection, at reduced cost compared to the other

to be dedicated nor matched; other relays can  versions.

be used on the same CT circuits. Fully distribut-

ed secondary windings are not required. The  The summation CT version as well as the three-

relay is especially useful in stations where major  phase version can be used in pilot-wire differen-

changes involve old and new breakers with  tial protection schemes.

mixed CT types and ratios. Aiso, additional line

circuits can be added to the protected bus with-

out any practical limitations to the relay applica-

tion.
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Application (cont'd)

Busbar Arrangements

The arrangements of power system buses vary
widely depending on the magnitude of the
through going load current, the number of line
circuits and the need for splitting up the station
in several zones subsequent to an internal bus
fault.

The normal rating of a bus conductor is from
1000 A to 3000 A and a typical number of lines
to a certain bus zone is 6-12 L. For the largest
installations 2, 4 and 6 relay zones may be in-
stalled.

Single bus 1-zone

The most simple and reliable installation is the
single bus 1-zone arrangement (Fig. 1). In this
case it can also be permitted that a bus seciton
switch (S) is opened at certain times to split the
bus in two parts. As long as there is no internal
fault the RADSS diff relay remains stable. This
applies even when the two bus sections are
working asynchronously, e.g. at different fre-
quencies. However, when an internal fault oc-
curs, both sections will always be tripped simul-

taneously. L1 Lx
}—so— A-bus

" |

S
™1 | i TMx
lv_ DA
Fig. 1 Single bus. 1-zone with bus section
switch normally closed
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Fig. 2 Single bus, 2-zones with bus section
switch normally open

When the bus section switch (A12) in fig. 2 is
kept open during longer periods of time, it may
be an advantage to include two differential re-
lays. The two sections may then work indepen-
dently and when a fault occurs only the affected
section is tripped.

When the A12 switch is closed, all the input
circuits will be connected to the DA1 relay and
the DA2 relay is disconnected. The operating
sensitivity is then determined only by the DA1
refay. If both relays should be kept in service at
the same time the total relay operating current
becomes twice as large.

The relay units shown in the drawing, A12X and
DA2X, consist of RXMVB 4 change-over relay
and RXMM 1 aux relay. These relay units are
arranged to work in a special sequence so that
the CT secondary circuits never become open-
circuited.

Double-bus with CT-switching

One of the most commonly used arangements is
the double bus, with bus coupler and one circuit
breaker per line (Fig. 3). When one line, which is
connected to say the A-bus (L1:1 closed), has to
be switched to the B-bus, the following se-
quence is used:

1) The bus coupler circuit breaker is closed.

2) The selector switch L1:2 is closed. Its corre-
sponding auxiliary contact in the CT secon-
dary is arranged to close ahead of the main
(H.V.) contact.

3) Both selector switches (L1:1 and :2) are now
closed and this situation activates a 2-zone
to 1-zone auxiliary relay unit, which intercon-
nects the CT circuits of the A- and B-zones
and disconnects the DB-relay.

The operating sensitivity then becomes con-
trolled by only one relay, instead of two retays in
parallel. Also, the two trip circuits are intercon-
nected so that both buses are tripped for a fault
on one bus.

4) The selector switch L1:1 is then opened and
the 2Z-1Z unit brings back into service the
DB-relay, and separates both the CT inter-
connection and the trip circuit interconnec-
tion.

It should be noticed that during this switching
operation the CT secondaries are never open-
circuited, so no dangerous voltages can occur.
The diff relay trip circuits are never disconnect-
ed so if a fault occurs, one or both, buses will be
tripped instantaneously.

Lro.. tn
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Fig. 3 Double bus, 2-zones with switching of CT
secondary cirucits. A bypass switch :4
may be added.
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d.c. trip circuit arangements

L RXMS 1 RXMH 2
The basic trip circuit of the RADSS is shown in ﬂ
fig. 4. The SR- and dR-relay contacts must be [——+——o—ﬂ»—J Te 1
closed simultaneously, for less than 1 ms, in |

order to energize the impulse storing device and
to make sure that the 107:RXMS1 relay will seal-
in via its own contact 14-15.

This quarantees decisive tripping of all circuit-
breakers. The seal-in circuit is normally inter-
rupted by the 301:RXKE1 time delay relay after
100 ms. All tripping relays then reset automati-
cally.

101
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Fig. 4 Simpilified auxifiary d.c. trip circuit of
RADSS 3-phase, 6-12L, 1-zone

Sr Start relay (1 ms)

dr diff realy (1 ms)

101 RXTCB1 impulse storing

107 RXMS1 aux.tripping relay (3.5 ms)
301 RXKE1 time delay relay (100 ms)
325 RXMVB 2 blocking relay

RTXP 18 Test switch

A typical high speed (3.5 ms) tripping unit (TU)
is shown in fig. 5. This takes care of 6 individual
trip coil circuits, i.e. six lines when all the three
phases of each line are energized by one con-
tact.

Similarly, if only one trip relay contact is required
to trip each line, the double bus arrangement
may be as in fig. 5. The selector switch (or mirror
relay) aux. contacts: 1 and :2 are then used to
obtain selective tripping of only the faulty bus.

For the larger and more important H.V. stations,
single-pole tripping is often required. One trip-
ping unit (TU) is then installed per line. Also, if
two separate sets of trip coils are to be used, six
individual trip relay contacts become necessary
for every circuit breaker.

The arrangement then used is shown in fig. 7,
which also applies to the double bus in fig. 3. In
this tripping scheme it is indicated how to in-
clude, most easily, a Breaker Failure Relay
(BFR).
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Fig. 5 Typical trip relay unit (TU) with high speed
(3.5 ms) contacts and parallel connected
reinforcing contacts. For 6 individual trip

coil circuits.
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Fig. 6 Tripping of six lines in a double bus
scheme, requiring only one trip circuit
per line.

if, for example, the BFR for line L2 becomes
activated due to a single-line-to-ground fault, the
TU for L2 energizes all six trip coils, and if the
L2:1 selector switch is closed all lines connect-
ed to the A-bus plus the bus coupler, will be
tripped in all 3-phases (six trip coils). By this
arrangement the BFR's do not need to include
an extra set of selector switch auxiliary contacts,
nor do they need any additional trip relays.

The diodes shown in the K:1 and :2 trip circuits
of fig. 7, are required because during normat
AB-bus interconnection K:1 and :2 will normaily
be closed and the A-B trip circuits should not be
interconnected.
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Fg.7 Trip circuit for the double bus shown in
Fig. 3 with bypass switch (:4).
Each trip unit (TU) can trip six circuits at
high speed. Breaker Failure Relays can
easily be included.
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Design

All versions are available with 50, 66 , 80 or 85 %
slope setting; the slope setting applies only dur-
ing external faults. During an internal fault, the
relay has a different characteristic with a greater
operating area. Any value, between 50 and 85
%, may be applied in the field by adjustment of
the slide- wire comparator resistors. The rela-
tionship between the relay slope, sensitivity and
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Fig. 8 Schematic diagram for one phase of a
single-zone bus differential relay with
feeders La, Lg and L. The current distri-
bution is shown for an assumed positive
reference halfcycle. If feeder La has the
largest primary rating, a secondary rating
with 1az = 1 A is normally selected.

allowable CT secondary resistance is seen from
table 1.

Auxiliary CT’s are used in each circuit to balance
the ratios to the relay. Each input to the relay is
limited to 2 amps continously. The overall CT
ratio should be selected to limit the total current
into the relay to 4 amps.

A Alarm refay, RXMT 1 for CT open circuit

Starting relay

Differential relay

Restraint voltage

Operate voltage

Current through dg-relay

Blocking current through diode D,

aUXi“afy CT (nMA = !A2/IA3)

Ng = Um/Udz =10

Overall CT ratio = la1/laz = Ixi/lxa

Restraint and differential circuit resis-

tances

Resistance Ryj referred to Twg primary

Side, Rd1 = Ud‘]/'d] - nd2 Rd3

Ran  Variable differential circuit resistor

Rar Total resistance of differential circuit Rgt
= Rg1 + Ra1r = Ugr/la

Uar Total voltage of differential circuit

I Ditferential current
I3 total incoming relay current at terminal K
fL Current leaving at terminal L

Versions of RADSS
RADSS 6 or 12L, 3-ph, 1-zone
60 C

Version At

101: Measuring Unit with
3-RTXP18 test switch
3 or 6-RQBA line diodes
3-RQDA Sg + dg relays

155: Blanking plate

501 Supervision + aux. relay unit
1-RXTCB 1 capacitor + resistor
1-RXMS 1 aux relay
3-RXMT 1 alarm relays
1-RXSP 14 flag indicator
1-RXTNT 1 push-button with lamp
2-RXKE 1 time lag
2-RXMM 1 aux relay
1-RXMVB 2 aux blocking relay
1-RXME 1 aux relay

543 Space for trip relays

F1 Loose transf + comparator unit with:
3-Tmg aux.transformers
3 x 6-Resistors, each 50 W

The F1-unit is normally mounted on the B-(back)
plane of the cubicle and 3 x 8 = 24 wires must
be made by purchaser to the (101 + 501) unit.

Version A2

As version A1 but all the units are fully intercon-
nected and mounted together in one 12S equip-
ment frame.
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RADSS 18 or 24L, 3-ph, 1-zone
Version B

60C

101 As 101 in version A1

501 Extension unit for 6L or 12L with:
3-RTXP18 test switch
3 or 6-RQBA line diodes

543 Space for trip relays

901 As 501 in version A1

943 Space for trip relays

F1 As F1 in version A1

Switching relay units (ref. Fig. 9)
Switching line CT's to DA, DB

5075 LS

L1ix
301
112X

Bus Coupler CT disconnection

5074 30C
101 13 125
—3—{% A4S
Bus Interconnection
(2-zone to 1-zone)
30C
5074 101 13 125
3—23 [3Y
Trip relay units 18C
5076 101]107
LS
3011307
18C
5076 1011107
LS
1301307

101,301 RXMVB 2 latching relay

101,113 RXMVB 4 latching relay
125 RXKE 1 time-lag relay
325 RXMM 1 aux relay

101,113 RXMVB 4 latching relay
125 RXSF 1 aux flag indic.
325 RXKF 1, delayed alarm, 5 min

101,301: RXMS 1 with 6 NO contacts
107,307: RXMVB 2 iatching relay with 6 NO
and 2 NC contacts

101,301: RXMS 1 with 6 NO contacts
107,307: RXMH 2 with 8 NO contacts
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Rated frequency
Rated curent

Maximum continuous
current:

restraint circuit
differential circuit

Short time current
differential circuit
50 seconds

1 second

Dielectric tests
current circuits
remaining cirucits

Impulse voltage test
1 MHz burst test

Auxiliary dc voltage

Permitted ambient
temperature

Input diode rating

25-60 Hz

2 A per input

 —
> >

50 Hz, 2.5 kV, 1 min
50 Hz, 2.0 kV, 1 min

1.2/50 ps, 5.0kV, 0.5 J
25KV, 2s

48, 110, 125 or 250 V

—51t0 +55°C

10 A s, 1200 V PIV

B03-6010¢
Page 6
Operate time (Sg+dg) 1-3 ms
to trip 8-13 ms to trip

See Relay data table B03-1003E and B03-1503E for
specific information.

Auxiliary CT's:
Three different types may be used depending on re-
quired rated secondary current. For example:

1) Type SLCE 12:
5/0.7 A, 140/1000 t, 0.3/16 ohms,
Knee-point (at 1.6 T) = 410 V rms

2) Type SLCE 16:
5/1 A, 160/800 t, 0.4/10 ohm,
Knee-point (at 1.6 T) = 416 V rms

3) Type SLXE 4:
5/2 A, 240/600 t, 0.4/3.5 ohm,
Knee-point (at 1.6 T) = 400 V rms

Note:

The given current ratios correspond to the continuous
thermal rated current.

The number of secondary turns for each type is always
kept constant so as to obtain a certain secondary
knee-point voltage. Different ratios are therefore ob-
tained by varying the number of primary turns.

Table 1 RADSS settings and approximate operating values

Slope  Ras Rsr2 K Rse Pq I Ra11 Rar Rix Urs lg Urs

S ohm ohm A ohm W min(A) ohm ohm ohm dR)V  (SR)A (SR
02 1.10 1.2 0.107 0.76 12 0.13 136 301 75 63 0.88 310
0.5 " 3.66 0.10 0.96 16 0.20 " " 301 86 " "

0.66 i 5.50 0.096 1.0 16 0.30 " " 602 118 " 4

0.80 " 7.30 0.092 1.02 16 0.46 " " 1204 171 " "

0.85 " 8.15 0.091 103 16 0.61 " " 1705 221 " "

To order Specify: line diagram of the bus(es), indicating: (1) Cur-

RADSS - Lines, 3-ph, 1-Zone

Number of Lines: 6 or 12, 18 or 24L
Slope (S): 0.5 or 0.66 or 0.80

Start relay lgq (SR) = 0.88 A (standard)
Rg11: 0 or 136 ohms (max)

Auxiliary dc supply voltage

Ordering Number (if available)

Type of auxiliary CT's:

Current ratios and
Turns ratios

Mounting and connection:

See B03-9301E

Note:

When you need assistance to select the most
suitable setting please send us a simple single

rent rating of bus conductor, (2) Number of line
circuits, (3) CT-ratios of all lines, (4) Rated load
current of all lines (required only when load cur-
rent is much less than CT-rating), (5) Requested
primary operating current.

Having received these information we will ad-
vise: (1) Slope setting, (2) Rq11 setting, (3) Start
relay setting, (4) Permissible maximum loop-re-
sistance as seen from relay Ry x, (5) Max permis-
sible loop-resistance in line CT-secondary cir-
cuit Ras...Rx2 (which includes CT-winding resis-
tance, dc resistance of extra burden or relays
and pilot-wire 2-way resistance), (6) Required
line CT-secondary knee-point voltage Uas...Uxs.
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Ordering tables
RADSS 3-phase, 1-zone
Version For number Transformer and  Ordering no
of lines comparator
Al 6or 12 Loose RK 637 016-AB
A2 6 or 12 Mounted inthe  RK 637 016-CB
equipment frame
B 18 or 24 Loose RK 637 016-BB
Switching and trip relay units
Version Application Relays included Ordering no
Switching Switching line CT's to DA, DB RXMVB 2 5651 131-A
refay units

Bus interconnection
(2-zone to 1-zone)

Bus coupler CT disconnection

RXMVB 4, RXSF 1, RXKF 1 5651 131-SA

RXMVB 4, RXKE 1, RXMM 1 5651 131-RA

Trip relay For each zone or for each line
units
For each zone or for each line

RXMS 1, RXMH 2 5651 260-A
RXMS 1, RXMVB 2 5651 261-A

Sample specification

The bus differential relay shall be a moderately
high-impedance differential relay for phase-and
ground-faults. The relay shall have a percentage
restraint characteristic that is effective for exter-
nal faults, only. Instantaneous saturation shall

not cause maloperation on external faults. Differ-
ent ratios of the main CT inputs corrected by
using auxiliary CT's. The operating time shall be
8-13 ms for all tripping outputs. The relay shall
be suitable for 19” rack-mounting.

Reference

Buyer's Guide No.
Auxiliary current transformer

type:

SLCE 12 B03-9280E
SLCE 16 B03-9281E
SLXE 4 B03-9282E
Test system COMBITEST B03-9510E
Mounting and connection B0O3-9301E
Dimensions B03-9382E

Information No.
Description of RADSS RK 637-300E
Checking of operating and

restraint characteristics RK 637-104E
Commissioning:

single bus system RK 637-101E
double bus system RK 637-105E
Maintenance test

double bus system RK 637-105E
Bus coupler CT's disconnection RK 637-301&
Auxiliary CT's RK 637-302E

Schematic diagram for 2-zones RF 637 359
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Switching schemes

Bus intercon

b AP |t
T l ! 11, 2b Selector switch auxdiary contact
e | ;r( Tuy Tk Auxitiary CT's
g b w Trip Unit
M i i LE1S, 25 Self reset mirror retay texisting)
1 T . l ! LIX, 2X RXMVB 2 aux labching relay
LIVl e b f:-——— z ! 1 WIRTXP 18 Test switch
1 _\ ! RGBA 04 Line diode unit
: ) b RGDA 04 Relay unit with Startsditt. elements
| I[ 81, 87 Transformer + resistor unit
325 :RXHVB2 (T open-circuit blocking
! T Eﬁé—— ! ITmug gﬁ 13 CRXMTY [T open-circuit measuring relay
1 Ty ¥ 1 Neutral | | Bus Coupler
} ) ABX. DBX  RXMVB & fatching retay
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Fig. 9 Bus diff relay for 11-Lines, 1-Bus coupler 3-ph, 2 zones

The line CT’s (T1) may be switched to the DA or
DB diff relays. In most stations a mirror relay
(L1:1S) is available and arranged to be enrgized
when the (L1:1) selector switch is open. The
auxiliary contact (L1:1b) must open and close as
shown in fig. 9.

When both selector switches (L1:1 and :2) are
closed simultaneously it is an advantage to inter-
connect the DA- and DB-line diodes and discon-
nect the DB-measuring circuit.

If the dc-supply to a mirror relay should become
inadvertently interrupted the two relay zones
may be switched to one overall zone. This situa-
tion can be supervised by a time-lag relay,
sounding an alarm after 5 min. Switching a line

from one bus to the other normally takes less
than 5 min. and no alarm will then be obtained.

The bus-coupler (BC) CT-disconnection
scheme serves the following purposes:

1) When the BC breaker K:O is open a fault
which occurs between the CT's and the
breaker will be disconnected instantaneously
by the correct bus diff relay.

2) If this fault occurs when K:O is closed the
wrong bus will be tripped instantaneously
and the faulty bus, say 150 ms later.

3) if the K:O fails to open for a proper bus fault
the adjacent bus will be tripped, say 150 ms
later.

ASEA RELAYS S-72171 Visteras, Sweden

Printed in Sweden
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BASIC THEORY OF BUS DIFFERENTIAL RELAY TYPE RADSS
o Percentage restraint bus differential relay for line to line and
earth faults.

o High speed operation, abaut 8-13 ms to energize circuit
breaker trip coil.

o Full stability in the event of through faults, with infinite
fault MVA and complete saturation of line CT's.

o Low differential relay pick-up setting, within 20-60 per cent
of the current rating of the heaviest loaded feeder.

o The sensitivity is basically unaffected by the number of
circuits included in the differential scheme.

o Line CT's may be of standard design with relatively poor
characteristics and with different turns ratios.

o Standard CT pilot wires with a large loop resistance may be
used.

o Other relays may be included within the same CT circuits.

ASEA 5-721 83 Vasterds

Swegen



INTRODUCTION

Internal bus faults occur less frequently than line faults. On the
other hand, a bus fault tends to be appreciably more severe, both
with respect to the safety of personnel, system stability and the
damage at the point of fault. The fact that bus faults occur
relatively seldom is therefore of little comfort to the engineer-
in-charge subsequent to a major system shut-down caused by the
lack of adequate bus relay.

When an internal bus fault occurs the magnitude of the fault
current and its d.c. component may be so large that the line CT's
(current transformers) saturate within 2-3 ms. In such cases it is
essential that the bus differential relay operates and seals in
within 2 ms, i.e. prior to the saturation of the line CT's. This
high speed is necessary because when a line CT saturates its
output e.m.f. tends to drop to zero.

In the event of an external fault, just outside the line CT's of a
relatively small feeder, the fault current may in an extreme case
be as large as 500 times the rating of the feeder. The line CT's
of the faulty feeder are then likely to saturate at an even higher
speed, particularly so if the remanence left in the core from a
previous fault has an unfavourable polarity. The response of the
restraint circuit of the differential relay must therefore be at
least the same high speed as that of the operating circuit, if
mal-operation is to be avoided.

The RADSS bus differential relay has been designed to cope with
the above mentioned requirements. Its restraint and operating
circuits consist basically of two resistors, across which are
developed a restraint voltage and an operating voltage
respectively. The actual time constants (L/R) of these two
circuits are for all practical purposes zero.

The operating and restraint voltages can therefore be regarded
as being developed instantaneously, or at basically the same
speed as the primary current variation in the case of a fault.

The combined operating and restraint circuit of the RADSS may
be denoted the differential relay comparator circuit, because a
comparison is here made between two voltages with respect to
both amplitude and phase relation. The output relay (dR) of the

comparator circuit is of the high speed (I ms) dry-reed type,
which ensures that decisive operation will always, be achieved
under internal fault conditions.

The RADSS relay is based on the following two fundamental
principles:

1. For external faults, the secondary circuit of a fully saturated
line CT can be represented by its total d.c. loop resistance
only, i.e., with negligible reactance.

2. For internal faults, the secondary circuit of an unloaded line
CT can be represented by a relatively large magnetizing
impedance, mainly reactive with a large {(L/R) time constant.




Symbols
A Alarm relay, RXMT 1| RS’RdB Restraint and differntial circuit resistances
SR Starting relay Rdl = Udl/ldl = nd2 Rd3 resistance
referred to TMd primary side
dg Differential relay
Rdll Variable differential circuit resistor
U Restraint voltage _ . _
S ny = Ugqy/Ugy ratio of Tag (ng=10)
Ud3 Operating voltage UdT Total voltage of differential circuit
IRZ Blocking current
through diode D, Idl Differential current
Tva Auxilia;y CT (ratio Ryt = Ry + Ry = UdT/Idl total resistance
COrrection, Ny a of differential circuit
=1a2/1a3)
IT3 Total incoming relay current
N = Overall CT ratio
I Current leaving at terminal L
o= In/las =1y, /] -
0 Al'"A3 X1'°X3
IRl Current through dp-relay
07 "A"™MA T "X "mx
La Lg Ly
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LM o ng i ‘ nx
Ladilaz | I ‘}‘az ! t Ixy }h(z
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A simplified schematic diagram of the RADSS relay is shown in
Fig. 1, which represents one phase of a single bus-zone

arrangement with the feeder circuits LA, LB...LX. The current

distribution is shown for an assumed positive reference half-
cycle. The RADSS relay is normally arranged as three separate
single-phase units and a common trip unit.

Fig. 1. Schematic diagram for one phase of a single-zone bus
differential relay with feeders. 1f feeder LA has the largest

primary rating, a secondary rating with IAB = 1 A is normally
selected.




NMormal service

External faults

The total incoming current IT3 enters the relav at terminal K,

and the total outgoing current leaves at terminal L. During
normal service these currents are egual and the differential
current Idl is therefore zero.

A restraint voltage US is obtained across the terminals K and L
and this drives a certain current IRz through the diode D, and
the resistor Rd3 towards the output terminal L. The differential
relay (dR) 1s then blocked and cannot operate.

During the subsequent negative half-cycle all the line currents
will be reversed, i.e. | will enter the relay at terminal K and

the total outgoing current IM + lpy will leave the relay at
terminal L. - 3

The differential current wili still remain zero and the restraint
voltage US will be identical to that obtained during the positive

reference half-cycle.

[t should be noticed that the diode D7 puts Rd3 in parallel with

£

RS. The effective burden (Rqe) of the restraint circuit during

normal service can therefore be reduced by making Rd3 as small
as possible.

The positive reference directions of the currents shown in Fig. |
still applv. The outgoing curren: ""Yl mav be assumed to inCrease

owing to an external fault on the feeder L.

The mechanism of CT saturation and reiay response may briefly
be explained as follows:

During the initial rise of the fault current no saturation will
occur for the first few milliseconds {see Fig. 9 on page 20).

The relay current lTB will be proportional to the total incoming
primary current (Ip, =15, + Ig;) and the restraint voltage Ug

will increase causing a larger blocking current | to pass

R2
through diode D,. Also, the voltages U ;5 and Ug will be basically
equal. The differential current Idl remains practically zero as

long as no saturation occurs. This condition is shown in a
simplified way in Figs. 2a and 2b.




T T T T
Us
I3 g — Ll I
{ua ‘las { { Ix3
Uyat U é
E Un3 Ugs | %l - Ux3
| |
_ + —— ,A[
The TMB LN ] Tux

Fig 2 a. Basic relay circuit during the initial rise of external
fault current, prior to CT saturation i.e. UT3 = UL and 1T3 =1

3 x Iny

Us 3

QGBQ

Fig 2 b. Voltage distribution for conditions shown in Fig 2 a. UdT

:OandIdI:O.AlsoU UB:U

A3 = Yp3=UrzandUys=1;.

Finally, saturation starts in the most exposed line CT (TX) and
UL is reduced whereas UTB still increases without any
saturation. In Fig. 2c it is seen that UdT becomes larger as the
unbalance between Usz and UL increases. It would appear that
the current Idl is free to flow as soon as UdT exceeds zero. This,

however, is not the case.

I13 T2 [ZL
%t
un Ug U3

Fig 2 c. Voltage distribution when line CT (TX) has started to
saturated. UdT and hence Udl are each much less than Ny US’

(where ng = 10). Hence, Idl remains at zero.




In order that Idl shall flow a secondary current Id’) must also
2) of the TMd
The TMd

primary voltage U, obtained owing to the unbalance between

flow (see Fig. 1), ie. the driving e.m.f. (Ud

secondary winding must exceed the voltage U 3.

the incoming and outgoing line CT's, must therefore exceed a
certain voltage value before the differential current can flow.
This voltage is given by: ng Ugz or ny Ugi where the ratio of

TMd may be selected Ny = 10. Hence, in the case of a through
fault, if Ug = 10 V it is necessary that the total differential

voltage exceeds 10 x 10 = 100V in order to produce a
differential current. This restraint or blocking action, imposed
on the flow of differential spill-currents is of minor importance
for the stability of the RADSS relav. On the other hand, it
enables a very sensitive earth fault relay to be inserted in the
differential circuit in the case of resistance earthed networks,
where the earth fault current mav be limited to 10-20 per cent
of the largest line CT rating.

As an example consider:

Urs

y 02 Total incoming current Iy = 10 A
s ]U” Effective restraint circuit resistance
' R, R
‘ ? RS = —-———-—-——-Rd3 > - | chms
UGY Rdiﬁ | e d} + RS
| .
. T RdH = 0
41
U = Uyy = Ip3 Rg, = 10V
Id] =0 and
Vg = Bgr = ng Yga - 100V
Lgy .
U
> L 100-5
N RLX = —I-Ij ST, = 9.5 ohms
; - [ _1_ - 4
Also, bTB = Ldl v US = 105V

Fig 2 d. Approximate voltage distribution required to make I >O
Line CT (T ) is fully saturated

- . >
P -
T T
13 b ———— I k
ST B3

]UM ETUES Rix

e Mg THx
Fig 2 e. Simplified schematic diagram for external fault on

feeder 1 ...




In the case of Fig. 2d and Ze the e.m.f. of the TX CT has been

fully reduced to zero owing to saturation and the effects of the
total loop resistance RLX’ as seen at the L terminal towards the

line LX’ must be taken into account. The value of RLX has in
Fig. 2d been increased to such an extent that Idl will just start
to flow.

It can be shown that the current IRl flowing towards the output
relay (dR) is just zero when:

Iy = S1r3 (Eq. 3)

where S is the stability constant, which depends on the selected
setting of the comparator circuit.

Equation 3 is also called the stability equation (see Fig. 4b on
page 12).

It indicates that the operating and restraint voltages will just
balance when Idl is equal to a certain fixed percentage of the
total incoming current ITB' Also, it can be deduced that
increasing Idl above this percentage makes Ud3 exceed US'

Similarly, reducing Idl makes Ud3 smaller than US‘

In a co-ordinate svstem with Idl vs. ITB’ equation 3 represents a

straight line through origin with the slope S. This line is denoted
the stability line, and the value of S may be varied between 0.50-
0.85 depending on the stability requirements of the installation.
Hence, with the maximum restraint setting the differential spill-
current must exceed 85 per cent of the total incoming current in
order to cause maloperation.

Referring to Fig. 2e it is seen that the percentage current
distribution in the Idl and IL circuits is dependent only on the
RdT and RLX resistance values. The influence of RS/Z is in this
respect so small that it may be ignored. For the conditions
corresponding to the stability line, we have:

Example: If RdT = 301 ohms and S = 0.8

then RLX =4 x 301 = 1204 ohms

In this example therefore, the relay will, remain stable if the
total loop resistance seen at the L terminal towards the LX

circuit varies between 0-1204 ohms. If, in the case of an actual
installation, RLX should exceed 1204 ohms, the relay can still be

made stable by further increasing the slope. However, increasing
the slope decreases the sensitivity of the relav.



Internal faults

With S = 0.8 the maximum permissible loop resistance for the
line CT secondaryv circuits car be found from:

1204

RAZ (-————? ohms and
A

RX:) = ;1—2—0—11“)—,2‘ ohms
g x

where RA2 and Ry, represent the total secondary burden of the
Taand Ty line CT circuits.

This burden includes: the secondary winding resistance, the pilot-
wire loop resistance and the resistance of any additional
apparatus. The burden of the auxiliarv CT's can normally be
disregarded.

In practice, the RADSS relav is designed to include two variable

resistors RS and Rdl?u The 'D‘S s used primarily for setting the

slope S, and the Rdll is used simply for increasing the total

resistance of the differential circuit. The R,y Is fixed (not
variabie) and equal to about 1.10 ohms, o

A closer examination of Fig. 2e and Equations 3 and 5 shows that
the stabilitv of the relay is independent of the actual magnitude
of ITE‘ Le. even if UT3 increases to an infinitely large transient

voltage the relay remains stable provided the value of RLX does

not exceed that given by Equation 5. The stability of the RADSS
relay is, therefore, independent of the magnitude of the system
fault level and the system d.c. time constant.

It should also be noticed that no requirement whatsoever has
heen established with respect to the characteristics of the
various line CT's, for example their individual matching,
accuracy, winding distribution, saturation level, remanence, time
constant, etc. The reason is that these factors do not in any way
affect the through fault stability of the RADSS.

In the above discussions the positive reference half-cycle only
has been considered. It can, however, be shown that the
differential relay comparator circuit works in exactly the same
way during the negative half-cycle.

In the case of an internal bus fault, the fault current may be
considered to enter the bus via the feeders L, and LB’ All the

other feeders, L(w. LX’ mav be assumed to be disconnected or

carrying no primary current (idle CT's).
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Fig 3. Basic circuit under internal fault conditions 2, = U, /I; =
ZLM' total magnetizing impedance.

The schematic diagram in Fig. 3 may be used to represent this
situation. At the L terminal of the relay the impedance:

Z,=u/l =2
is obtained, which corresponds to the total magnetizing
impedance of all the unloaded line CT's. This impedance
however, is normally quite large and highly reactive, with a
relatively large time constant, about 200 ms. In the case of an
internal fault, the differential current is therefore larger than
the magnetizing current. Also, the time constant of the
differential circuit is practically zero and the rate-of-rise of the
operating voltage will therefore exceed the rate-of-rise of the
restraint voltage. Finally, the inductive nature of the
magnetizing circuit causes a certain phase displacement between
the operating and restraint voltages.

LM

All of these features will assist to ensure decisive operation in
the event of internal bus faults, irrespective of the number of
circuits connected to the RADSS relay.

The minimum operating current of the differential relay (dR) is
given by:

LK

dlmin = 1 -S

where K and S are constants depending on the selected settings
of the comparator circuit.



CHARACTERISTICS OF

The following approximate values apply to standard settings:

Slope (S) 0.50 0.66  0.80  0.85

Idlmin. (A) 0.20 0.30 0G.b6  0.6!

It is seen that increasing the slope from 0.50 to 0.85 increases
the minimum pick-up current from 0.20 to 0.61 A.

The speed of operation of the dR~relay is about -3 ms for fault

currents of more than 2 times the rating of the largest line CT.
To ensure relay operation even when the line CT's saturate
quickly, the dR—reIay together with the SR-relay are arranged to
energise an impulse storing (capacitor plus resistor) unit and a
selfsealing high speed, 3.5 ms, auxiliary relav (RXMS 1).

RADSS

The operating and restraint characteristics of the RADSS can
easily be determined by using the test circuit in Fig. %#a. The
injection  test voltage Ug. and the external test circuit
impedance ZL are varied to give the required Id! and L4 current

distribution values.

The test circuit impedance ZL is varied to represent a pure

resistance in the case of an external fault, and to represent the
total magnetizing impedance of all the idle line CT's in the case
of an interna! fault. When ZL is infinite, i.e. open-circuited, all

the incoming current must pass through the differential circuit.
This is represented by the straight line idl : ITB’ It should be

noted that the area above this line is of no significance, because
1,, can never exceed I+,.
dt © er exceed I3

W g;
Ug2
[ T oy, lg3
UU‘ 4% Rd? ‘Rcﬁ Ug3
L Sq
1 -
¥ R ]
- e
g
%Z R¢ 12
K
I3 Ir?

Fig & a. Test circuit used to determine the restraint and operating
areas on external and internal faults.

UTL.% = Test supply voltage: ZL = Test circuit impedance.
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The small narrow area between the stability line and the
operating line if Fig. 4b is a dispersion area caused by the
operating VA requirement of the dR-relay. The relay current IRI

is here larger than zero, but less than the pick-up value.

The characteristics shown in Fig. 4b and 4c apply to a relay with
the following typical setting:

R4z = 1.10 ohms; RS/Z = 7.30 ohms;

Ny = 10 which gives the constant K = 0.092 and the slope:

Rg 2 x 7.30

= 20.8
nde3+RS/2 T0x .10+ 7.30

S =

and a minimum operating current:

. 0.092 )
lgimin =" 1-0.8 - 04eA

The stability line in Fig. 4b can be made to correspond to a test
circuit where:

S 0.8

Z =R X Ryr= T-o8 X

L LxX~ 1.5 30! = 1204 ohms

bv setting the value of the total differential circuit resistance
(RdT) equal to 301 ohms.
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1.0

Idm’\lﬂ % h
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® areg \\\

NN\ )
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iTE,A

ictal ncoming cerrent i1y

Fig. 4%, Restraint characteristic on externai fault with relay
slope S = 0.8 and with the test circuit impedance ZL in fig. 4a
given by:

Z. = R, _ = Linear resistance
L Ly & stanc

The restraint area s limited by the equation:

Idl =S ITB - stability line
The operating area starts by the equation: 3
‘dl 25Tyt K = operating line
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20— ———————————— —— -

Operating
area

lgimin_ \'T\\\

Fig & c. Operating characteristic on internal faults, with slope S
= 0.8.

0 t——— — — ——

ITB'A

2L = ZLM = magnetizing impedance of all line- and aux.-CT's




CHECK FEATURES
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The principles and methods of applying additional relays for
increasing the reliability of bus differential schemes vary
appreciably from one country 1o another. The inadvertent
opening of a CT secondary circuit has been of particular
concern, because this may lead to maloperation of a bus relay
during normal service conditions.

Some power companies permit tripping of the bus zone relay if a
CT secondary is open-circuited, whereas other companies require
an alarm only, without tripping. The method which is adopted
depends often on past experience, reliability of CT secondary
wiring and whether tripping of the relay can be accepted from
the system stability point of view.

There is also one relatively well known philosopny, which claims
that the very important bus zone relav schemes should not be
allowed to trip by the closing of one relav contact only. Two
separately actuated relays, with their contacts connected in
series. are then required to operate simultaneously in order to
achieve tripping.

For :the purpose of satisfving most requirements a stmple
overcurrent starting relay SR has therefore been included as a

standard check feature in the RADSS design. This relay is of the
same high speed (1 ms) dry-reed tvpe as the comparator circuit
output relay dp, The SRﬁz‘elay has a fixed {non-variable) setting,

normaliv arranged to coincide with the largest line CT primary
current rating. When a sersitive bus relay s particularly
requested. the starting relav setting will be reduced to coincide

with the dR—relay setting. 1f considered unnecessary, the starting

relay contact may be short-circuit.
A typical SR~relay setting is given by:

i = 0.8% A

'dl (SR)

The corresponding primary operating current value must also
include the magnetizing currents to aill the line and auxiliary
CT's. In a typical station with 12-lines the magnetizing current
increases the operating value by about 20 per cent, hence:

Lrirm (sR) = Mo (0:88) 1.2 A

When VT's (voltage transformers) are installed on the bus, within
the bus zone relay, the high-speed 1-8 ms, three-phase
undervoltage relay RXOTB 2 can be used as a check feature, i.e.
its contact may be connected in series with the differential relay
contact so that both relavs must operate to give tripping.
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CT OPEN-CIRCUIT ALARM
A dry-reed alarm relay (type RXMT 1) is included in the
differential circuit, set to operate at about 30 mA. The actual
sensitivity of this alarm relay will depend on the total
magnetizing current of all the line and auxiliary CT's. A primary
setting of about 10-20 per cent of the largest line CT rating is
normally obtained.

Since maloperation of a bus differential relay may lead to a
complete system shut-down, the alarm relay is normally
arranged to disconnect the trip circuit after a time delay of
about 5 seconds and to short out the differential circuit
resistors. The continuous thermal rating of the differential
circuit is 14 4, = 0-2 A.

AUXILIARY CT'S RATIOS
Auxiliary CT's are required when the line CT's have a secondary
rating of 5 A, and also when they have different turns ratios. The
overall line and auxiliary CT ratio Ny, is given by:

Mg = Na Pma = Ny Pmx ™

st
—

Al A2 Ixi o Ia) I
'I"""— X = X o ped i‘—‘

A2 A3 Ivo Ix3 a3 X3

The total through going load current of the bus may be donoted:

Max. bus transfer current, iL.e.

=1

Tin = 1aln * BB1n * o

This normally corresponds to the rated current carrying capacity

of the bus conductors.

In order to prevent unnecessary heating of the comparator
circuit resistors, relayv current during normal full load conditions
should be limited to & A. It should be checked therefore, that:

1Tln

o)

does not exceed & A.

I3, =

The auxiliary CT's may be omitted altogether if all the line CT's
have the same turns ratio, if their secondary rating is 1 A and
the maximum permissible circulating relay current is not
exceeded. Also, the maximum CT secondary knee-point voltage
should be limited to about 500 V rms.
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As an example. consider that for a particular bus installation:

Aax. bus transfer current {T‘n = 4000 A, and that for the line
L.t o

A
Ny = 1000/5 A, and
Ny = 5/1 A
- L1000 5
l.e. ny = % X7 F 1000

400C g A

and Itz = 1670

Also, it mav be assumed that for this station the operating
characteristic of Fig. “c will apply. The primaryv fault setting
(Igg) then becomes (approx):

lpg = ng x Idlmm = 1000 x 0.46 = 460 A

If separate line CT cores are available for the bus relay, it is
recommended that the auxiliarv CT's be installed near the line
CT's. In this way the auxiliary CT primary winding can be
regarded as being securely connected to the line CT secondarv
winding. If an open-circuit should occur within the wiring up to
the differential relay the auxiliaryv CT becomes damaged but it

~

will protect the line C7 from being open-circuited.

LINE CT REQIUIREMENTS
The line CT's need not be matched nor must they be of the same
rvpe, for example wound or bar type. In the majority of
installations it is found that standard line CT's have a knee-point
(saturation) voltage and a secondary winding resistance lying
well within the requirements of the reiay.
In the case of internal bus faults it s normally required that a
differential relay current of about .3 x the operating current
shall be produced before the line CT's start to saturate.

The total resistance (RdT) of the differential circuit may be

varied between 165-30f ohm. The required relay operating
voltage (UTB) may vary between 86 V and 310 V depending on the

selected settings for the installation. In the case of line CT's
with a secondary rating of 1 A, their required knee-point
voltages are often found to lie in the region of 100-500 V. For 5
A line CT's these requirements are normally reduced to 20-100
V.

It should be noted that these minimum knee-poing voltage
requirements are related only to the operating ability of the
relay during internal faults. The stability of the relay during
external faults is not in anv wav affected by the saturation
levels of line or auxiliry CT's.
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FULL SCALE HEAVY CURRENT TESTING
‘ The basic formulae for stability and operation of the RADSS
relay have been thoroughly tested under the most severe fault
conditions. Such tests have been carried out both at the Central
Development Department of ASEA and at the independent,
heavy current testing laboratories of KEMA, Arnhem, Holland.

Altogether, some hundred heavy current test shots have been
carried out representing both internal and external faults of
varying magnitudes. In none of these tests did the relay
maloperate, or refuse to operate when required. The stability of
the relay, under the most unfavourable through fault conditions,
was checked with fault current equal to 600 times the rating of
the faulty feeder circuit.

The ability of the relay to operate prior to saturation i.e. on the
initial rise of the internal fault current, was checked by using
fault currents equal to 375 times the rating of the incoming
feeder. The line and auxiliary CT's were premagnetised in the
worst direction. In these tests the incoming line CT saturated in
less than 2 ms. The starting and differential relays, however,
operated in less than | ms, causing an immedite seal-in action by
means of an impulse storing capacitor unit and a self-sealing
auxiliary relay RXMS I.

BRIEF REPORT OF TEST NO. 6868 A
A brief review of the main test circuits and of two typical
oscillograms will be given in the following:

La ) Le Iny

e
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Loo 124 LOW24a al L0028

1
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2NA g 1A 21A 2/01A
th3 N 147 Ipy
wag
R U
R d3 d3
las 1g3 e3¢ I ¢
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e
¢ ¥ v v ‘W[j <§ o8
L L Ly - = K0, g
v SF SF v Rei2} 11y
K
113 % lgz

Ost

Fig 5. Internal fault with max I.le = 2% kA rom.s (first peak 62

kA). The oscillograph loops were arranged to record the current
at relay terminal K and the current IRI/IRZ'
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The test circuit of Fig. 5 was used to check the operating
characteristic of the relay during internal faults. The primary
current ITl is directed towards the bus, and at the same time the

secondary current ITB enters the relay at terminal K. The
outgoing relay current I is relatively small and limited by the

value of R . which initially was very large. The differential
current Idl 1s therefore large and causes a current Id2 to pass

through the relay Sp, and a current in) through the relay dp.
By reducing Ry, some of the mathematieally derived equations

for stability could be verified.

LA tp o
Q

xuijr

lay ij 3
1| g
wose

'—i
| L
Trs Luu\ Te A s ;V

IR AANS A ALY AAAS
v ——
14y
in3 '63 I3 X3
%
- é -
¥ ¥ ¥ 2
L L L
¢ ¥ R ¥
- ,._..«L_. RO P ——— TP SIS
i
Fig 6. External fault with I.}.1 = 24 kA r.m.s
-"ij : 2280(2: 600 times rating.

The test circuit of Fig. 6 was used to check the stability of the
relay during external faults. Varying the value of the resistance

RXZ’ in the secondary circuit of the line current transformer

TX’ made it possible to determine the limiting condition for

stability. It was found that RXZ could be increased by about 10

per cent above the calculated value without any risk of
maloperation.

The measuring loops of a high-speed multi-channel oscillograph
were arranged to provide traces of:

IT? Primary fault current. This always starts in a positive
© reference direction.

ri/lRo
The positive trace, above the zero line, represents IRI

through the differential relay d . The negative trace below

the zero line, represents the blo< king current I through
the diode D, (blocks operation of dp |

e
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b3, I
This trace represents ITB when 1+, flows in the positive
reference direction. When Iy, is negative, the current I

from the auxiliary current transformer TMX enters the
relay at terminal K. ’

ty Operating time of differential relay dR'
ty  Operating time of starting relay Sp.

tr Total operating time (measured on auxiliary self-sealing
relay RXMS 1), see Fig. 7.

+ —C Oty

SR RXMS

S

v

o

!

L SSERE S

gt
\TI
{
ty

—

tg

=

Fig 7. The relays dR and SR have only one make contact each.

The arrangements shown here were made to permit individual
recording of the opening and closing of these contacts.

o

Te w V \/V
2.0 ms!
- -

Ivs, I

7 28mel [

I
0.8 ms

Is TN Vo e N - SN

Fig 8. Oscillogram No. 16, Ipy = 25 KA r.m.s. Internal fault tg =
t =0.8

8.
0.8 ms, tr = 2.8 ms.
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Fig 9. Oscillogram No. 48, vy = 24 kA r.m.s. External fault. No

operation of differential refay {(trace td) anc the relay remains
fully stable

RADSS THREE-PHASE DESIGNS

APPENDIX

The RADSS components are designed to suit the COMBIFLEX
modular mounting and wiring system. A standard relay for 3

hases and | zone is shown on drawing 745} 298-HA.
p g

Derivation of comparator circuit cperating and restraint characteristics

The dy, -relay just operates when (see Fig. 1)

i R " o }
Uy Ug= VDL +Ip Rop (Eq. 1) ;
where
Ugs * (g 1y - Try) Ry3

R R
S , Rs
Ug=lpy 57 +lgpz-ly 57+ Ig Ry

VD! = Forward voltage drop of diode DI
Iy -~ Pick-up current of dR—reiay
RdR: Resistance of dR—relay

n = Turns ratio of TMd = 10

d

By inserting these values in equation (1) and also including the
constants given by:

g oy RS
nd Rd3 + RS/2
< Rga * Rg+ Ryp VD!
E S ~ + 7
RI T R+ Ry/2 nR, + Rol2
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the operating equation for the dQ~relay becomes a straight line
with the slope S, i.e. .

This implies that the differential current must exceed a certain
percentage (S) of the total incoming current I13 plus a certain

fixed amount (K) in order to cause operation of dR-relay.

Full stability can be guaranteed when the output current IRl =0
and K = 0, giving the stability line:

The minimum operating current is obtained when all the
incoming current goes through the differential circuit, i.e.

Idl =Ipy = Idlmin inserted in Equation 2 gives:

Idlmin =5 Idlmin v K

_ K
Hence, Idlrnin =15 (Eq. )

Maximum permissible loop resistance RL‘(

Referring to Fig. 2d and 2e, the maximum value of RLX required

to bring the relay to its stability limit, is determined by:
Idl = SITB’ and IL =(1 -9S) IT3

Also, neglecting the influence of R5/2 and assuming Uyp = Uy,

gives:

Ugr = Slta Rgp = (1 =S Ip3 Ry = Uy

Hence, R =2 R (Eq. 5)
PTLX TS dT '

where, the total differential circuit resistance:

2

and, where the differential circuit components are given by:

R +R

2 B _ . . .
Ny RdB = Rdl = Resistance referred to TMd primary side.
RMd = Resistance of TMd primary winding.

R’\ = Resistance of alarm relay RXMT 1.
R = Variable resistor max. range: 0-136 ohms.
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Tyvpical settings:
2
RdT:lO"Xl.IO+351—2n+R

max. setting

d“:l65+Rd“

RdT = 165+ 136 = 301 ohms

Hence, with S = 0.8

R, - DQ.’?S‘ 301 = 1204 ohms

CT knee-point voltage requirements

The line and auxiliary CT's must have output voltages capable of
driving a differential current ([dl} through RADSS, so that the

dR— and SR—relay elements operate on internal faults.

The output voltage from the auxiliary CT required to cause
operation of the dR—rela\' is given by approx.:

(R » 2% 4 n VD3
d

I =
Y13 (ar) * larmin Rar

where: 28 ohms is the secondary winding resistance of TMd’
referred to the primarv side, and ‘
VD3 = 2.0 Volts, 1s the forward voltage drop of the full wave
rectifier on T,, A secondary side.
MG

As an example, consider standard settings:

S = 0.8, = 0.46 A, R,dT = 301 ohms, =10

Mg

the operating voltage of the dp~relay becomes approximately:

L4 min

UT3 @R) © 0.6 (329} + 25 = 171 V

Similarly, the voltage required to cause operation of the SR—
relay is given by:

Urs(sr) = a1 (sr) Rgr + 28) + ny VD3
hence, with standard SR*relay setting we have:

UT3 (SR) © 0.8 (329 + 10x2 =310V
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When a sensitive relav is required, or when the line CT's are
relatively weak, Le. with small knee-point voltage, the SR_reiay

should be particularly ordered to operate at the same, or at a
smaller value than the dp-relay. In that case the varicus

operating currents can be written:

la1 (5R) 7 a1 (dR) ™ a1 min
which is determined by the selected slope setting (i.e. between
0.20-0.61 A).

The line CT's should have a relatively high knee-point voltage, s0
that sufficient current can be fed through the RADSS diff.
circuit. It is considered adequate if the relay input voltage (U’r3)

and the diff. current (Idl) become at least 1.3 x the pick-up
values before the line CT's start to saturate.

The auxiliary CT secondary knee-point voltage should therefcre,
in this example, be at least

UT3 K = 1.3 x 310 = 400 V

Referred to the aux. CT primary sides:

e 5
A2 NMA X2

T3 K
P\X

t.e. if Nyya = 5 and Mgy = 50

2:80VandUX2:8V

UA
If line LA can feed fault current towards the bus, the required

knee-point voltage of the TA CT becomes:

Urs

U =1 Ry, + ——
A2 K~ "A2(SR) "A2 "MA

where:

IAZ (SR) = 5Clzg)rrent required to cause operation of SR—relay (say

R = Total loop resistance of T, secondary circuit (say 2
A2 A
ohms)

As a typical example we may have, for a 5A CT secondary
rating:

! =~ : = /
LAzK S5x2+80=90\




The knee-point voltage requirement for the other feeding lines
can be calculated similarv.

If line LX 1s connected to a load only, this line cannot feed a
fault current towards the bus and the T, CT knee-point voltage

requirement is only

Ursk

Max

U -8V

X2 K~

Calculations for a tvpical station

Assume that:

= Largest line CT ratic = 2000/5 A

A
ny = Smallest line CT ratio = 200/5 A
1 = ‘ax g [y + - ! 0 A
Tin Max. bus transfer current = 4000 A

Minimum primary fault crent = 2000 A

On the basis of these data the following relav settings may be
selected:
QOverall C7 ratio:
2000 5
s X 7

nf‘ oo
J ;

[S]

-

I~

20

- 4o
= 55 = 20

(]

50

S

hence VTN Ny

The max. circulating relay <urrent then becoines

by A

Selecting:

S = 0.8, - 0.8% A and

Idl (SR)

aT = 165 « Rdll =165+ 136 = 301 ohms

gives a minimum operating value for the dp -relay:

R

Lyy i = 0-46 A

-

b
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and permits a max. loop resistance:

S 0.8 _
RLXp:TTS RdT:6.—2— 301 = 1204 ohms

i.e. the actual total loop resistance in the TX CT secondary
circuit must be less than:

R
Ry, - _L)f_% - %g% = 0.48 ohms
(nyyy)

and for the other line CT circuits

R

LX 1204
RAZ:___% = 5z~ = 48ohms
(nyy4)

The secondary winding resistance of a 200/5 A CT is normally
about 0.2 ohms and by installing the aux. CT close to the line CT
the permissible resistance value will not be exceeded. In
practice, therefore, a problem may exist only if the ratio
between the largest and smallest line CT primary current ratings
exceed 10.

The line CT knee-point voltage requirements must be checked as
indicate in the section above. It should be remembered that in a
station with small knee-point voltages an appreciable reduction
in the voltage requirements can be obtained by making the SR'

and dR—reIays operate at the same current value, l.e. Idl (SR) =

I31 (@R) = Yd1 min’




Typical settings

The turns ratio of TMd is given by:

n, = 1500/150 = 10

d

Standard SR——relay setting:

Ly ¢

) = 0-88 A+ 5% (fixed)

Resistance of Rd3 = 1.10 ohms

+5 % (fixed)

Table 1. RADSS settings and approximate operating value.
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Slope {(S) 0.50 0.66 0.80 0.85
RS/Z (ohms) 3.66 5.50 7.30 8.15
K (A) 0.10 0.096 | 0.092 | 0.09!
Re, {ohms) 0.96 1.0 1.02 1.03
Pn = 1oy RSe (W) 16 16 16 16
I., (A) 0.20 ¢.30 (.46 0.61
dlmin

| I
RdT (ohms) 301 30! 301 301
R (ohms) 301 607 1204 | 1705
UTB(dR) v) 86 118 171 221
LTB(SR) v) 310 310 310 310
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The effective resistance RSe refers to the resultant resistance
of Rd3 in parallel with RS, as seen by the circulating relay

current (ITB) during normal service.

The calculated value Pn = (ITBn)Z Rg, is based on the max. heat
developed with I3 = 4 A. If a larger heating effect is required

the physical size of the resistors must be increased and,
probably, also the ventilation of the relay cubicle.

REFERENCE PUBLICATIONS
Test report 6868 A Full scale heavy current testing

Test report RKU 40-30 E Result from tests carried out at
KEMA, Arnhem, Holland

Information RF 637 321 RADSS | Zone, 12 Lines, 3-
phase, circuit

Diagram 7451 298-HA
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RADSS: Test circuit for checking the operating and
restraint characteristics

1

INTRODUCTION The operating and restraint characteristics of the RADSS
protection can easily be checked by the test circuit
indicated in Fig. 1. When the test circuit impedance Z
is made equal to a variable linear resistor, the
restraint characteristic of Fig. 2 can be obtained, and
when Zy is made equal to a variable reactance, the opera-
ting characteristic of Fig. 3 will be obtained.

L .

The injection test voltage Uty and the test circuit impe-
dance 27, is varied to make a certain percentage of Ipas
the total incoming current, pass through the differen-
tial circuit. The various characteristics of I41 versus
Ipq will then be obtained (Figures 2 and 3).

2
RESTRAINT CHARACTERISTIC (Fig. 2)
The more detailed test circuit of Fig. 4 should be used,

2.1

Minimum operating currents
In the case of a standard RADSS package, set Ryy =00 (i.e,
open circuited) and increase Upy until the current Ipg =

= 144 causes operation of the RXMT 1 alarm relay, d, relay

R
and S, relay. Check also that a positive deflection is
obtained on the sensitive dc voltmeter URl’

Record:

Pick-up | Upy (V) Iy, (A) Upq (mv)

Alarm

dR relay

SR relay

2.2

Stability (restraint) test
Set the resistor Ryy about 50 7% higher than the cal-
culated maximum permissible loop~resistance., Increase
Ur3. Check that Upq gives positive deflection, Reduce
Ryx and observe that Upy is also reduced. Increase Up,

until I3 = 0.5 A and adjust Ryy so that Ug, remains

approximately zero (but still positive), record:

ASEA S-721 83 Vasterds Sweden



UT3 (V) ITB (A) Id1 (a) UR1 (mV) UL (v) . (V) R =y /I

Note: Continuous (thermal) rating of differential circuit Idl = 0.5 A,
Id1 = 1 A can be permitted for 50 seconds.

From these results the slope of stability line is
obtained from S = Idl/IT3'

The boundary of the restraint area may also be checked
for different values of I3, for example: 0.8 A and
1.0 A, The corresponding values of I4; should be found
to coincide fairly well with the straight line:

Idl = 5 ITB’ which may be denoted the stability line,
or restraint line, because it corresponds to zero
output voltage to the dR relay, i.e, Ud3 = USo

2.3

Operating area of Fig. 2
Increase the value of RLX and check that in the case of
standard settings, the dR relay just operates when
(approx.) Ty = 0.8 T, + 0.1,

3

OPERATING CHARACTERISTIC (Fig. 3)
The test circuit of Fig. 4 may still be used, but RLX
should be replaced by a variable air-gap reactor:
0-500 ohms, 1 A rating. The operating area for the
standard protection will be basically as shown in Fig. 3,

Standard RADSS settings:

Rd3 = 1,1 ohms; RS/Z = 7,3 ohms

RS
10 and S = = 0.8
d ny Rd3 + RS/Z

=]
1
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Iry I, 14y Ammeter 0-24 a.c.
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Rix Variable resistor 0- 100052, /1A



ASEA RELAYS RFR, December 1983 7451 1

Edition 2 Supersedes
Edition 1

Auxiliary CT's for RADSS bus protection

The RADSS bus differential protection uses auxiliary CT's for
the following reasons:

o Ratio correction, so that the overall turns ratio (no) becomes
the same for all CT circuits.

o To bring down the main CT secondary current from 5 A to
I A, or in some special cases from 5 A to 2 A.

o The auxiliary CT's also limit the maximum transient voltage
imposed on the RADSS relay. This is achieved by keeping the
secondary knee-point voltage less than about 500 V r.m.s.

AUXILIARY CT TYPE SLCE 16 AND SLXE &
The auxiliary CT's types SLCE 16 and SLXE 4 are available. The
auxiliary CT's have strip mounted cores made up of high quality
sheet steel with C-shaped stampings. The SLCE 16 and SLXE 4 is
normally provided with screw terminal 2 for maximum 10 mm?
wires (see Fig. 3 and Fig. 4 for dimensions).

Table 1. Typical ratios

Type Current ratio Turns ratio Cu-loss at 20°C
and rated current

5/1 160/800 20 W
SLCE 16 5105 80/800 5 W
1/1 800/800 20 W
1/0.1 80/800 0.2 W
5/2 240/600 25 W
SLXE & 512 600/600 25 W
1/2 1200/600 25 W

The knee-point voltages for the SLCE 16 resp. SLXE 4 are about
450 resp. 400V r.m.s. It should be noted that the number of
secondary turns is kept constant for both types, 800 resp. 600
turns. Different CT turns ratios are therefore obtained by
varying the number of primary turns.

The volts/turn at an induction of about 1.6 Tesla is 0.52 V/t for
SLCE 16 and 0.66 V/t for SLXE &.

ASEA RELAYS S-72171 VASTERAS. SWEDEN




MULTI-RATIO AUXILIARY CT'S

For a particular bus installation, with several ditferent main CT
ratios, it is an advantage to use only one type of auxiliary CT
with the required number of taps. The SLCE 16 may be provided
with seven terminal taps for the primary winding and two
terminals for the secondary winding.

As an example consider a bus installation with the following line
CT and aux. CT ratios:

Table 2

Ceer "wz%oo s 0 106“5;5 9_}@
AvcCT 3 gy g s T 6
v 160128 9% 80 et 51

800 800 8GO 8070 300 360

The overall ratin is in this examnle n, = 2007

One multi-tatio auxiliary CT with the above data may be ordered
as follows:

Type SLCE 16, aux. CT with

Current ratio: 5/0.2 - 0.4 - 0.5 - 0.6 - 4.8 - | ~

Primary tevininals/turns:
Pl - Py . P3 . Py oL PS5 L Pe . PT
0 - 32 . 6L - 80 - 96 - 128 - 160

Secondary terminals/turns:

St - 5270 -3800t tobeused with RADDS

{1 should be noted that if more ratios zre required these can be
obtained by using intermediate terininais, e.g. by using the

primary connections P3 - P4 = 16 t and P4 - P6 - 48 t, the ratios
5/0.1 and 5/0.3 A can also be obtained.

ALUTO-CONNECTED AUX. CT FOR 2 A SECONDARY RATING

The SLCE 16 may be used for the ratio 5/2 A provided 1t is
permitted to use the auto-connection principle.

This is normaliy the case if dedicated main C1's are used. On the
other hand, if the RADSS plus some other relays are connected
to same main CT core, certain wiring and polarity problems may
arise. The SLXE 4 must then be used with separately insulated
primary and secondary windings.



SLCE 16

5/2 A

Autoconnected with
terminals/turns:
1-2-3/0-480-2800t

Fig. 1 Possible arrangement of SLCE (6

The knee-point voltage U3y & 450 V across terminals 1 - 3.

STOCKED MULTI-WINDING AUX. CT
A special reconnectable SLCE 16, suitable for being used with
the RADSS protection, will be made available from a small stock
at the R-division. Two different ratings will be provided, i.e.
with 1 A or 5 A rated primary windings. The secondary winding
will always be made with a maximum rating of 1 A.

The two different designs are denoted:

o Multi-winding SLCE 16
Ratio 1/0.025 -1 A
Ordering No. 4785 040-BCV

o Multi-winding SLCE 16
Ratio 5/0.025 - 1 A
Ordering No. 4785 040-BCZ

In both designs the secondary current can be altered in steps of
25 mA up to 1 A. The primary current is always considered to be
fixed, i.e. equal to the rated current of 1 A or 5 A,

As indicated in Fig. 2 there are four primary windings with the
relative number of turns: 1k, 3k, 9k and 27 k, where k is a
constant. The secondary winding has a fixed number of 800 turns,
which provides the typical knee-point voltage of about
Uk = 450 V r.m.s.

The total relative number of turns in all the primary windings is:
Ik+3k+9k+27k=40k.

Hence, in the case of a 1/1 A ratio it follows that:
40 k = 800 t, i.e. k = 20.

Similarly, in the case of a 5/1 A ratio:
40k =160t, l.e. k= 4,
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l
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l—-_....——- — 2
3
3k ' ]
4
g £ 800t li SLCE 16
9k L’ [ !
PIF ]S
6 I ;7l%§\zaasfé’a
S 21! |
1
}
27k J
8 S2
- L2
Fig. 2 Multi-winding SLCE 16 1
From Table 3 it is seer irat any relai.ve number of primary
turns between k = 1 and k40 can be obtained by adding or
subtracting the turns = the -arious wincings.
The percentage value between each relative number ot turn is
—-L“x 100 9% - 2.5 %
40 k -
which corresponds te steps of 25 mA wher rellected to the
outpui current of the U A rated secondary win‘iing,
The connections shown in table 3 are vaiog tor both the § A- and
5 A-designs, l.e. the ratic 1/0.025 A anc 5/0.02» A will be
obtained by using the connections for k = ! e, B 102 - P2,
!
The corresponding actual pritmary numbec 01 turins is 2 1 for the
y
I A-rating and % t for the > A-rating. The sesondary current |
g ?
thereiore becomes (for k = 15 -
A x 20t . . , )
=22 2220 . 0.625A for the | A-rati
5 300 1 .62 for the I A-rating
SA XYt ; : ,
L = S = 0,025 A for the 5 A-rating
2 800+t ’ e

Simijarly, for all the other k-values, between 2 and 40, the
secondary current can be increased in steps of 25 mA up to
L1000 mA by using the shown primary connections. The secondary
winding is always connected to S1 - SZ.



Example
a) Required ratio: 1/0.375 A

Use: SLCE 16, 1/0.025 - 1 A
Reference k-value = 20

Connect: Pl - 4,3-6,5-7,8 - P2
Ordering No. 4785 040-BCV

b) Required ratio: 5/0.375 A

Use: SLCE 16, 5/0.025 - 1 A
Reference k-value = 4

Connect: Pl -4,3-6,5-7,8 - P2
Ordering No. 4785 040-BCZ

It should be remembered that the RADSS protection cannot
tolerate too high aux. CT ratios. In practice the ratios
1/0.05 A = 20 and 5/0.125 A = 40 must be regarded as typical
maximum values.

REQUIRED AUX. CT SECONDARY SATURATION VOLTAGE
The aux. CT's must be capable of producing a certain secondary
voltage in order to ensure that the RADSS relay will operate in
the case of an internal bus fault. The secondary knee-point
voltage should be at least 1.3 times the RADSS relay operating
voltage.

If the operating voltage is about 300 V the aux. CT saturation
voltage should be at least 390 V. This is sufficient because in the
case of heavy internal bus faults the maximum aux. CT transient
voltage can reach 2000V and since the RADSS relay works
within | ms decisive operation will still be obtained.

As previously mentioned the aux. CT saturation voltage should
not exceed 500 V r.m.s., in order to limit the maximum transient
voltage imposed on the RADSS relay.

For the RADSS relay the auxiliary current transformer second-
ary turns are fixed for SLCE 16 to 800 t and for SLXE 4 to 600 t.

Ordering table: SLCE 16, standard versions with 800t secondary

Fixed ratio  5/1 A 4785 040-AYZ
1/1 A 4785 040-AZF
1/0.5 A 4785 040-ANV
Multi ratio 5/0.5-1 A 4785 040-AXP
1/0.125-0.25-0.5-1 A 4785 040-ANX
1/0.2-0.4-0.5-1 A 4785 040-ANY
1/0.3-0.5-0.6-1 A 4785 040-ARF




DIMENSIONS
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