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Abstract 

Application 

Type RADSS 
Ultrahigh-speed bus 
differential relay 

• Protection for buses or short lines 
• 1-3 ms fault detection, 8-13 ms to trip 
• Fault sensitivity 20 % of rated current 
• No maximum fault-current restrictions 
• No practical limit to number of circuits to 

the bus 
• No dedicated or matched CT's required and 

CT's can be of different ratios and manufac­
ture 

The RADSS relay is a high-speed, sensitive, mo­
derately high-impedance differential relay for 
phase- and ground-fault protection of buses and 
short lines. The high sensitivity of the RADSS 
generally precludes the need for a separate 
ground-fault relay. The relay is available in both 
three-phase and single-phase versions. It com­
bines the qualities of high impedance and per­
centage differential characteristics in one uni­
que operating principle. 

Applications are not limited by CT saturation for 
internal or external faults. The high-speed (1-3 
ms) fault-detection makes the relay applicable 
to any bus. Stability is ensured for external 
faults, even with CT saturation and secure oper­
ation is obtained for internal faults prior to satur­
ation. 

The line CT's may have relatively poor charac­
teristics and different ratios. They neither need 
to be dedicated nor matched; other relays can 
be used on the same CT circuits. Fully distribut­
ed secondary windings are not required. The 
relay is especially useful in stations where major 
changes involve old and new breakers with 
mixed CT types and ratios. Also, additional line 
circuits can be added to the protected bus with­
out any practical limitations to the relay applica­
tion. 
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• Long CT leads acceptable - up to 68 ohms 
at 5 A or 1705 ohms for 1 A circuits 

• Moderately-high impedance (165-301 ohms) 
in diff circuit 

• Selectable percentage restraint slope, 50 to 
85% 

• Compact summation CT version available 
• Adaptable to different bus configurations 

A high CT secondary lead resistance (over 1700 
ohms, for certain applications) can be tolerated. 
Auxiliary CT's are used to balance the ratios of 
the main CT's. 

An overcurrent starting relay may be used to 
supervise the measuring unit. The starting relay 
primary setting may be chosen to correspond to 
the largest rated line current. This will prevent 
operation in case of accidental CT secondary 
open-circuit. The magnitude of the fault current 
determines the setting of this relay. To enable 
the tripping of RADSS it is required that both the 
differential relay dR and the start relay SR oper­
ate simultaneously. 

The single-phase version has one summation 
auxiliary CT for each three-phase circuit to the 
bus. This enables the use of only one single­
phase relay for all phase- and ground-fault pro­
tection, at reduced cost compared to the other 
versions. 

The summation CT version as well as the three­
phase version can be used in pilot-wire differen­
tial protection schemes. 
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Application (cont'd) 

Type RADSS 
Ultrahigh-speed bus 
differential relay 

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 i-zone 

The most simple and reliable installation is the 
single bus i-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 

I I f---,--- A-bus 

II 

H 
Rg. 1 Single bus. i-zone with bus section 

switch normally closed 

2-zones with Bus Section Switch 

~n A2-bus 

II i II 
. ~ 

Rg. 2 Single bus, 2-zones with bus section 
switch normally open 

When the bus section switch (A 12) 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 A 12 switch is closed, all the input 
circuits will be connected to the DA 1 relay and 
the DA2 relay is disconnected. The operating 
sensitivity is then determined only by the DA 1 
relay. If both relays should be kept in service at 
the same time the total relay operating current 
becomes twice as large. 
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The relay units shown in the drawing, A 12X 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 (Rg. 3). When one line, which is 
connected to say the A-bus (L 1:1 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 L 1:2 is closed. Its corre­
sponding auxiliary contact in the CT secon­
dary is arranged to close ahead of the main 
(HV.) contact. 

3) Both selector switches (L1: 1 and :2) are now 
closed and this situation activates a 2-zone 
to i-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 relays 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 L 1 :1ls then opened and 
the 2Z -1 Z 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 . 

ll. l11 

K·J 

AB ....... +-t---t--4-i---+-+-I ~~t=t=:== A-bus I- B-bus 

Rg 3 Double bus, 2-zones with switching of CT 
secondary cirucits. A bypass switch :4 
may be added. 



ASEA Type RADSS 
Ultrahigh-speed bus 
differential relay 

d.c. trip circuit arangements 

The basic trip circuit of the RADSS is shown in 
fig, 4, The SR- and dR-relay contacts must be 
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. 5 Typical trip relay unit (TU) with high speed 
(3,5 ms) contacts and parallel connected 
reinforcing contacts, For 6 individual trip 
coil circuits, 

~l ~ 
~ ~ 

l11 ,-l r-l L1 T(l 

+ ~'[~. ----r ~--t--rJ~---O---"'-<>-
2 -t~~ I I I. ~ 

... ~.-.---+---t.-t::: ~T 
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I I I I 
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+ ~[~O .J..>----Ti----t---g .. ~----fL_ ~- -

2 L_~y--' I I Y ~ 
-~~ .... ---T ).<>---+.- L - -

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

Fig, 4 Simplified auxiliary d,c, trip circuit of 
RADSS 3-phase, 6-12L, i-zone 

SR 
d R 
101 
107 
301 
325 
RTXP 18 

Start relay (1 ms) 
diff realy (1 ms) 
RXTCB 1 impulse storing 
RXMS1 aux,tripping relay (3.5 ms) 
RXKE1 time delay relay (100 ms) 
RXMVB 2 blocking relay 
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 HV 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), 

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 normal 
AB-bus interconnection K:1 and :2 will normally 
be closed and the A-B trip circuits should not be 
interconnected. 

l2S RTXP 

l2S RTXP 

Trip 
A B 

rBf;-'r------~.---:++--........J 
L........ 

I'" BfR, L2 f----------'=------+_+__~ 

_ ~J 

I I 
I I 
I I 

-....ro-C1t 1 
I 

----.J-'>-- (It 6 

Fig.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, 



ASEA 

Design 

Type RADSS 
Ultrahigh-speed bus 
differential relay 

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 

Fig 8 Schematic diagram for one phase of a 
single-zone bus differential relay with 
feeders LA, Ls and Lx. The current distri­
bution is shown for an assumed positive 
reference halfcycle. If feeder LA has the 
largest primary rating, a secondary rating 
with IA3 = 1 A is normally selected. 

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

60 C 

Version Ai 

...... 

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

155: Blanking plate 

Version A2 

8S 

4S 

12 S 
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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 
SR 
dR 
Us 
Ud3 
IRl 
IR2 
TMA . 
T Md 
no 

Alarm relay, RXMT 1 for CT open circuit 
Starting relay 
Differential relay 
Restraint voltage 
Operate voltage 
Current through dwrelay 
Blocking current through diode O2 

auxiliary CT (nMA = IA2/1A3) 
nd = Ud1 /Ud2 = 10 

Rs Rd3 
Overall CT ratio = IA1/1A3 = IX1/1x3 
Restraint and differential circuit resis­
tances 
Resistance Rd3 referred to T Md primary 
side, Rdl Ud1 /1 d1 = ni Rd3 
Variable differential circuit resistor 
Total resistance of differential circuit RdT 
= Rdl + Rdll = UdT/l d1 
Total voltage of differential circuit 
Differential current 
total incoming relay current at terminal K 
Current leaving at terminal L 

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-T Md 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. 

As version A 1 but all the units are fully intercon­
nected and mounted together in one 12S equip­
ment frame. 



ASEA Type RADSS 
Ultrahigh-speed bus 
differential relay 

RADSS 18 or 24L, 3-ph, 1-zone 
Version B 

60 [ 

~125 

45 

Switching relay units (ref. Fig. 9) 

Switching line CTs to DA, DB 

5075 12e 
11 

Ll1X 

301 

l1:2X 

Bus Coupler CT disconnection 

5074 
101 

Bus Interconnection 
(2-zone to i-zone) 

5074 
101 

Trip relay units 

5076 

5076 

30e 

113 125 

1m 

30e 

113 125 

3f 

l8C 

n01 107 

~01 307 

18C 
~01 107 

1301 307 

45 

45 

4S 

4S 

4S 
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101 As 101 in version Ai 

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

543 Space for trip relays 

901 As 501 in version Ai 

943 Space for trip relays 

F1 As F1 in version Ai 

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 latching relay with 6 NO 

and 2 NC contacts 

101,301 RXMS 1 with 6 NO contacts 
107,307 RXMH 2 with 8 NO contacts 



ASEA 

Technical data 

To order 

Type RADSS 
Ultrahigh-speed bus 
differential relay 

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 

4A 
0.5 A 

1 A 
7A 

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

1.2/50 I-ls, 5.0 kV, 0.5 J 
2.5 kV, 2 s 

48, 110, 125 or 250 V 

10 Arms, 1200 V PIV 

Operate time (SR+dR) 
to trip 

B03-6010[ 
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1-3 ms 
8-13 ms to trip 

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

Auxiliary CTs: 
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, OA/10 ohm, 
Knee-point (at 1 6 T) 416 V rms 

3) Type SLXE 4: 
5/2 A, 240/600 t, OA/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 Rd3 Rs/2 K Rse Pn Idl Rdll RdT RLX UT3 Id UT3 
S ohm ohm A ohm W min(A) ohm ohm ohm dR)V (SR)A (SR)V 

0.2 110 1.2 0.107 0.76 12 0.13 
0.5 3.66 0.10 0.96 16 0.20 
0.66 5.50 0.096 1.0 16 0.30 
0.80 7.30 0.092 102 16 OA6 
0.85 8.15 0.091 103 16 0.61 

Specify: 
• RADSS - Lines, 3-ph, i-Zone 
• Number of Lines: 6 or 12, 18 or 24L 
• Slope (S): 0.5 or 0.66 or 0.80 
• Start relay Idl (SR) = 0.88 A (standard) 
• Rd11 : 0 or 136 ohms (max) 
• Auxiliary dc supply voltage 
• Ordering Number (if available) 

Type of auxiliary crs: 
• Current ratios and 
• Turns ratios 

Mounting and connection: 
• See 803-9301 E 

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

136 301 75 63 0.88 310 
301 86 
602 118 
1204 171 
1705 221 

line diagram of the bus(es), indicating: (1) Cur­
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) Rdll setting, (3) Start 
relay setting, (4) Permissible maximum loop-re­
sistance as seen from relay RLX, (5) Max permis­
sible loop-resistance in line CT-secondary cir­
cuit RA2 ... 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 UA2 ... UX2. 
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ASEA 

Sample specification 

Reference 

Type RADSS 
Ultrahigh-speed bus 
differential relay 

Ordering tables 

RADSS 3-phase, i-zone 

B03-6010E 
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Version For number Transformer and Ordering no 
of lines comparator 

Ai 6 or 12 Loose RK 637 016-AB 

A2 6 or 12 Mounted in the 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 
relay units 

Switching line CT's to DA, DB RXMVB 2 5651 131-A 

Bus interconnection 
(2-zone to i-zone) 

Bus coupler CT disconnection 

Trip relay 
units 

For each zone or for each line 

For each zone or for each line 

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 

Buyer's Guide 

Auxiliary current transformer 
type: 
SLCE 12 
SLCE 16 
SLXE 4 
Test system COMBITEST 
Mounting and connection 
Dimensions 

No. 

B03-9280E 
B03-9281E 
B03-9282E 
B03-9510E 
B03-9301E 
B03-9382E 

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

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

RXMS 1, RXMH 2 5651260-A 

RXMS 1, RXMVB 2 5651261-A 

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. 

Information 

Description of RADSS 
Checking of operating and 
restraint characteristics 
Commissioning: 
single bus system 
double bus system 
Maintenance test 
double bus system 
Bus coupler CT's disconnection 
Auxiliary CT's 
Schematic diagram for 2-zones 

No. 

RK 637-300E 

RK 637-104E 

RK637-101E 
RK 637-105E 

RK 637-105E 
RK 637-301 E 
RK 637-302E 
RF 637 359 



ASEA Type RADSS 
Ultrahigh-speed bus 
differential relay 

Switching schemes 
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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 
(L 1: 1 S) is available and arranged to be enrgized 
when the (L 1: 1) selector switch is open. The 
auxiliary contact (L 1:1 b) must open and close as 
shown in fig. 9. 

When both selector switches (L 1 : 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 

ASEA RELAYS 5-72171 Viisterb. Sweden 

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. 

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, abQut 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 o(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 . 

• 

• 

• 
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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 differentiai 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 '/oltage 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 lme 
CT can be represented by a relatively large magnetizing 
impedance, mainly reactive with a large (L/R) time constant. 

) , 

• 

I 

• 

) 

I 
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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 ... L X' 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. 

·Alarm relay, RXMT 1 

Starting relay 

Differential relay 

Restraint voltage 

Restraint and differntial circuit resistances 
2 

Udl/Idl = nd Rd3 resistance 

referred to T Md primary side 

Variable differential circuit resistor 

Ud1 /Ud2 , ratio of T Md (nd = 10) 

Operating voltage 
Total voltage of differential circuit 

Blocking current 
through diode D2 

Auxiliary CT (ratio 
correction, nMA 
=IA2 /I A3) 

Overall CT ratio 

LA L 

A - is 
A ( nS l n 

A1 IA2 IS1 

1MA ~ TMB 

I 
I 

IS2 I 
I 

: - I 
~ 

Differential current 

Rdl + Rdll = U dT/1dl total resistance 

of differential circuit 

Total incoming relay current 

Current leaving at terminal L 

IRI Current through dR-relay 

LX 

K In 

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

primary rating, a secondary rating with IA3 = 1 A is normally 
selected. . 
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The total incoming current IT .3 enters the relc,y a t terminal K, 

and the total outgoing current leaves at terminal L. During 
normal service these currents are equal and the differential 
current Id 1 is therefore zero. 

A restraint voltage U is obtained across the terminals K and L s 
and this drives a certain current IR2 through the diode D2 and 

the resistor Rd3 towards the outpL:t terminal L. The differential 

relav (d n ) is then blocked and cannO' ODerate. 
" ~ . 

During the subsequent negative half-cycle all the line currents 
will be reversed, i.e. IX3 will enter the relay at terminal K and 
the ~otal outgoing current I i\3 + IB3 will leave the relay at 
termtn21l L. 

The differentia I current wil! still remain zero and the restraint 
volta\Se Us will be idf"ntical to that obtained during the positive 

reference half-cycle. 

It should be noticed that the diode D2 puts Rd3 in parallel with 

RS- The effective burden (Rse) of the restrain: circuit during 

'lormal service can therefore ~e rerl'lCec bv making Rd3 as small 
as possiblp> 

The positive reference direction" Of Hie currents sho\vn in Fig. I 
still apply. The outgoing C\lrren: : :~< 1 rna\' ~e assumed to increase 

owing to an external fau It on the feeder Lv' 
. A 

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 IT3 will be proportional to the total incoming 

primary current (IT 1 = I,l\ 1 + IB1 ) and the restraint voltage Us 

will inet"ease causing 3. larger blocking current IR2 to pass 

through diode D2, .Also~ the voltages Lid3 and Us 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. 

, ' 
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Fig 2 a. Basic relay circuit during the initial rise of external 
fault current, prior to CT saturation i.e. U

T3 
= U

L 
and I

T3 
= IL• 

-" v 

Rs 12 [) 
Us 

'd1 
~ 

N 
Rdl 

Rs 12 [ Rd3 C 

Fig 2 b. Voltage distribution for conditions shown in Fig 2 a. UdT 
= 0 and Idl = O. Also L'A3 = UB3 = UT3 and UX3 = UL· 

Finally, saturation starts in the most exposed line CT (T X) and 

UL is reduced whereas UT3 still increases without any 

saturation. In Fig. 2c it is seen that U dT becomes larger as the 

unbalance between UT3 and UL increases. It would appear that 

the current Idl is free to flo\\' as soon as UdT exceeds zero. This, 

however, is not the case. 

!'-, 
v 

Rs 12 [ ) Us 
l 

Uctr ~ 
Rd r 

Id1 I! 
R$ I2 O Ro3 [) 

tN 

Fig 2 c. Voltagp distribution when line CT (T X) has started to 

saturated. U dT and hence U dl are each much less than nd US' 

(where nd = 10). Hence, Idl remains at zero. 
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In order that Idl shall flow J. secondary curren, Id2 must also 

flow (see Fig. 1), i.e. the driving e.m.f. (U
d2

) of the T Md 

secondary winding must exceed the voltage Udy The T Md 

primary voltage U d1' obtained owing to the unbalance between 

the incoming and outgoing line CPs, must therefore exceed a 
certain voltage value before the differential current can flow. 
This voltage is given by: nd Ud3 or rid US; where the ratio of 

T M d may be selected rid = 10. Hence, in the case of a through 

fault, if Uc, co 10 V it is necessary that the total differential 

vol tage exceeds lOx 10 -:: 100 V in order to produce a 
differential current. This restraint or b locking 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 ·3 very sensitive earth falJlt relay to be inserted in the 
differential circuit in the case of resistance earthed networks, 
where the earth fault current may be limited to 10-20 pN cent 
of the largest line CT rating. 

[ fL Ut 

RLj [ 

!d1 
.. -

N 

As an exampk "onsider: 

Total incoming current IT3 = lOA 

Effective restraint circuit resistance 

Rd3 Rs 
RSe ::: i ohms 

Rd3 + Rs 

Rdll 0 

Us = Ud3 -::: IT3 RSe = 10 V 

Idl ::: 0 and '. 

U L 
RLX = -1- -

L 

100 - 5 
10 

- 9.5 ohms 

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

Fig 2 e. Simplified schematic diagram for external fault on 
f",,,,npr [ 
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In the case of Fig. 2d and 2e the e. m. f. of the T X 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 R LX has in 

Fig. 2d been increased to such an extent that Idl will just start 
to flow. 

It can be shown that the current IRI flowing towards the output 
relay (d

R
) is just zero when: 

(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 IT3. 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 system with Idl vs. IT3, 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/2 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 

(Eq. 5) 

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, R

LX 
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 relay. 



Internal faults 

\\'ith S "" 0.8 the maximum permissible loop resistance for the 
line CT secondary circuits car> be found from: 

RA2 = 
1204 ohms and 

2 
(n\,,-\) 

RX2 = 
1204 

ohms ? 
(n\~X)·-

where R A2 and RX2 represent the total secondary burden of the 

T,,; anc T X line CT circuits. 

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

In Dractice, the RADSS rela\ is designed to include two variable 
resistors RS and Rdl ;" The RS is used primarily for setting the 

slope S, and the Rd 11 is used simply for increasing the total 

resistance of the differential circuit. The R.r is fixed (not 
(j) 

variabid and equal to about 1.10 ohms. 

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 I

T3
, i.e. 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 svstem 
fau ltJ.~vel and the _system d.c. time constant. 

It ShOll Id also be noticed that no requirement whatsoever has 
~een established with respect to the characteristics of the 
various line CT's. for examDle 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 stabilitv of the RAOSS. 

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,A, and LB· All the 

other feeders, LC' .. LX' mav be assumed to be disconnected or 

carryin~ no primary current (idle CT's). 
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,-----1 
In I Us I 

~ L 

kSf2 !lsi? 
--, 

I I 

rB3 
un t I 1 Ud1 ZI";( ~ZHX 

US3 
I 

le1 I I --~ 
l.'1A 1M6 I>i ------' TMX 

Fig 3. Basic circuit under internal fault conditions ZL = UL/IL = 
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: 

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. A Iso, 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. 

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: 

K 
Idl min = 1-5 

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



The following approximate values apply to standard settings: 

Slope (5) 
Idl min. (A) 

0.50 
0.20 

0.66 
0.30 

Cl.80 
0.46 

0.85 
0.61 

10 

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 ,4.. 

The speed of operation of the dR-relay is about 1-3 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-relay together \\'ith the SR-relay are arranged to 

energise an impulse storing (capacitor plus resistor) unit and a 
selfsertling high speed, 3.5 ms, auxiliary relav (RXMS 1). 

CHAR ACTERISTICS OF RA DSS 
The operating and restraint characteristics of the RADSS can 
easily be determined by using the test circuit in Fig. 4a. The 
injection test voltage UT3 and the external test circuit 

impedance ZL are varied to give the required ldi and IT3 current 

distribution values. 

The test circuit impedance ZL is varied to represent a pure 

resistance in the case of ar, external fault, arlcl to represent the 
total magnetizing impedance of all the idle line CT's in the case 
of an internal 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 J

dl 
IT3 , It should be 

noted that the area above this line is of no significance, because 
Id 1 can never exceed IT3· 

lR1 

! 
--, 

I , 
ltJ3 ~ I 

I dR 

K 
----

In I~ 

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

UT3 ::: 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 V A 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: 

Rd3 = 1.10 ohmsj RS/2 = 7.30 ohms; 

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

2 x 7.30 = 0.8 = 10 x 1.10 + 7.30 

and a minimum operating current: 

I - 0.092 
dlmin - 1 - 0.8 = 0.46 A 

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

0.8 
1 - 0.8 x 301 = 1204 ohms 

by setting the value of the total differential circuit resistance 
(RdT ) equal to 301 ohms. 
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Fig. l,\). Restraint ch3r2cteristi r on externai fault with relay 
slope S c: 0.8 and with r'-:e tes~ cir<'lJit impl"dance ZL in fig. 4a 
given by: 

=L= RL >: = Linear resistance 

The restrain~ area 1S limited b\ the equation: 

ldl := SIT) stabiJit\' linc 

The operating alea starts bv the equation: 

ldl - S r r3 r f< operating linf' 

,. 
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2.0 - ---------------

1.0 

046 

10 2.0 In. A 

Fig 1+ c. Operating characteristic on internal faults, with slope S 
= 0.8. 

ZL = ZL"-I = magnetizing impedance of all line- and aux.-CT's 
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The principles 2nd methods of applying additionCil relays for 
increasing the reliability of bus differential schemes vary 
appreciably f~'om one country to another. The inadvertent 
opening of a ('T 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 trippmg of the bus zone relay if a 
CT secondary is open-circuited, whereas other companies require 
an alanYl only, without tripping. The method which is adopted 
depend~ 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 philosophy, which claims 
that the ver\" important bus Z0ne rela'.! schenoes should not be 
allo\\'ed to trip by the closing of one ,eIa> contact only. Two 
separately actuated relays, ',vith the> cont2.ct" connected in 
series. are then rt·:quired to OpNate sirr,IJltaneClusly in order to 
achieve tripping. 

Fo: the purpose of satisfvtng most requirements a simple 
overcu rr C':1: st2rting relay Sf<. has therefore been included as a 

standard check feature in the R.t\[)SS design. This relay is of the 
same high speed (J ms) dry-reed type as the comparator circuit 
output relay dR' The SR -relay has i1 fixed (nop -variable) setting, 

normal]'. arranged fO coincide v .. ith the largest !l!le CT primary 
curreri: rating. \l,'hen;;. ser'siti'/t:' bue., rela) 's particularly 
requested. the starting relav setting 'xlll be reducE'c to coincide 
with the dR-reId\' setting. If consi(lpred 'JI)nf'CeSS2,rv, the startin~ 

relay Ci:'Jltact may be short-circuit. 

A typical SR-reldY setting is given t)\: 

I (,,): O.3~ .-\ dl .~R 

The corresponding primary operating current value must also 
include the magnetizing currents to all the Lne and auxiliary 
CT's. In a typical station with 12-1ines the magnetizing current 
increases the operating value by about 20 per cent, hence: 

I . (SR);:: nO (0.88) 1.2 f\ prim 

When VT's (voltage transformers) are mstalled 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 ser ies witI'. the differential relay 
contact so that both relnvs must operate to give tripping. 
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CT OPEN-CIRCUIT ALAR\1 
A dry-reed alarm relay (type RX~,iT 1) is included in the 
differential circuit, set to operate at about 30 mAo The actual 
sensltlvlty of this alarm relay will depend on the total 
magnetizing CiJrrent 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 Idl th = 0.5 A. 

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

no = nA nM.A = nX nM X = 

I Al IA2 IX 1 IX2 I A I IX I 

IA2 
x 

I
A3 

= 
IX2 

x 
IX3 

= IA3 
= 

IX3 

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

Max. bus transfer current, l.e. 

Inn = lAIn + IBIn + ... 

This normally corresponds to the rated current carrying capacity 
of the bus conductors. 

In order to prevent unnecessary heating of the comparator 
circuit resistors, relay current during normal full load conditions 
should be limited to 4 A. It should be checked therefore, that: 

1 
I - TIn 
T3n - nO 

does not exceed 4 A. 

The auxiliary CT's may be omitted altogether if all the line CT's 
have the same tl:lrns 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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.I\s an exan'ple. consider that Ic,r a particular bus installation: 

\jax. bus transfer current IT' c 4000 A. and that for the line 
In 

LA: 

nA -= 1000/5 .1\, and 

n\1A = 5/1 A 

. 1000 5 
I. e. nO -= -5- x j 

400C 
andIT3n = 1000 

: ! 000 

Also, it may be assumed that for this station the operating 
characteristic of Fig. 'Ie will apply. The primarv fault setting 
(IFS) thell becomes (approx); 

IFS :-: nQ x I'~l . = J 000 x 0.46 c: 460 !\ 
, u min 

ff separate line CT cores arE Clvailable for the bus relav, it is 
recommended that the auxdiarv CT's be installed near the line 
CT's. ln this way the auxiliary CT primarv winding can be 
regarded as being secureh connected to the line CT secondary 
winding. If an open-circuit should occur within the wiring up to 
the differential relay the auxiliary CT becomes damaged but it 
will protect the line IT frG~i being open-,-:rcuitecL 

LINE CT RE(ll.'IRE~\E~TS 
The line CT'" 11eed not be matched nor !llUst they be of the same 
type, for example wound or b2.r 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 relay. 
In the case of internal bus fault~ ,t ,s normall\' requIred that a 
oifferential relay current of about 1.3 x the operating current 
shall be produced before the tine CT's start to saturatP. 

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

varied between 165-301 ohm. The required relay operating 
voltage (UT3) 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 Y. For 5 
A line CT's these requirements are normally reduced to 20-100 
Y. 

It shou Id be noted that these minI mu rn 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 any 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 KE~.'A, Arnhem, Holland. 

Altogether, some hundred heavy current test shots have been 
carried out representing both internal and external faults of 
vary ing 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 1 ms, causing an immedite seal-in action by 
means of an impulse storing capacitor unit and a self-sealing 
auxiliary relay RXf.-'S 1. 

BRIEF REPORT OF TEST NO. 6868 A 

LA 

lA' 

T8 

A brief review of the main test circuits and of two typical 
oscillograms will be given in the follow in~: 

L8 Le 111 

181 Ie 1 

Ie 
40Cll,A l.ooriA 

TM 8 
2f1A 

L 

K 

Fig 5. Internal fault with max ITl = 2'!- kll.. f.rr,.S (first peak 62 

kA). The oscillograph loops were arranged to record the current 
at relay terminal K and the current IR1 /I R2 . 
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The test circui t of Fig. 5 was used to check the operating 
characteristic of the relav during internal faults. The primary 
current IT l is directed towards the bus, and at the same time the 

secondary current IT3 enters the relay at terminal K. The 

outgoing relay current IL is relatively small and limited by the 

value of RL2! which initially was very large. The differential 
current Idl is therefore large and causes a current Id2 to pass 

through the relay SR and a current IRI through the relay dR' 

By reducing RL2 some of the mathematieally derived equations 

for stability could be verified. 

Fig G. External fault with In ::: 24 k:'\ r.m.s 
• r 24000 600 . . 

•• YJ . -"--0 -= times rating . . , ~ 

The test circuit of Fig. 6 was used to check the stability of the 
re lay during external fau Its. Vary ing the value of the resistance 
R X2 ' in the secondary circuit of the tine current transformer 

T X' made it possible to determine the limiting condition for 

stability. It was found that RX2 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 prov ide traces of: 

IT 1 Primary fault current. This alway s starts In a positive 
, reference direction. 

IR1/1R2 

The posi tive trace, above the zero line, represents IR 1 

through the differential relay dR' The negative trace below 

the zero line, represents the blocking current IR2 through 
the diode D2 (blocks operation of dR). 
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IT3 ,IL 
This trace represents IT3 when IT I flows in the positive 

reference direction. When IT I is negative, the current IL 

from the auxiliary current transformer T ~X enters the 
relay at terminal K. 

Operating time of differential relay dR' 

Operating time of starting relay SR' 

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

+ 
R~S 1 

Fig 7. The relays d R 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. 

In. Ie 

Fig 8. Oscillogram No. 16, IT! = 24 kA r.m.s. Internal fault td = 
ts = 0.8 ms, tT = 2.8 ms. 
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~ig 9. ,'scillograrn No. 48, [Tl :.. 24 kA r.m.s. External tau It. [\0 

opera Clon of differential ceic!.\ (trace to) an(; the relay remains 
fullv,table 

R!-\IJSS THREE-PHASE DESIG0:S 

APPENI11X 

The R.'\f)SS components are designed to suit the COMBIFLEX 
moduhr mO\Jnting and ,,\'iring system. Jl_ standard relay for 3 
phase:, and l zone is shown on drawing 7451 298-H.!\. 

Derivation of comparator circuit Gperating and restraint characteristio 
The d

R 
-relay just operates when (see Fig. 1): 

Ud3 L\ -~ VDI +- IRl RdR (Eq.1) 

whete 

Ud3 .- (n d lell - IR1 ) Rd3 

RS RS 
US :-.IT3 ? +- (IT3- IdI ) '2" IRI RS 

VDI Forward voltage drop of diode Dl 

IRI -:: Pick-up current of dR-reiay 

R
dR

:: Resistance of dR-relay 

nd = Turns ratio of T Md :: 10 

Bv inserting these values in equation (1) and also including the 
constan ts given by: 

K IRI 
Rd3 + RS + RdR 

nd Rrl3 -'- RS/2 

.~ , 
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the operating equation for the dR-relay becomes a straight line 
with the slope S, i.e. 

(Eq. 2) 

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

T3 
plus a certain 

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

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

(Eq. 3) 

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

IdJ = IT3 = Idl min inserted in Equation 2 gives: 

IdJ . =SIdl . +K min mm 

K 
Hence, Idlmin = I-S 

Maximum permissible loop resistance RLX 

(Eq. 4) 

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

to bring the relay to its stability limit, is determined by: 

Idl = SIT3, and IL = (l - S) IT3 

Also, neglecting the influence of RS/2 and assuming UdT = UL' 
gives: 

5 
Hence, RLX = 1-5 RdT 

where, the total differential circuit resistance: 

2 
RdT = nd Rd3 + R Md + RA + Rdll 

(Eq. 5) 

(Eq. 6) 

and, where the differential circuit components are given by: 

nd
2 

Rd3 = Rdl = Resistance referred to T Md primary side. 

= Resistance of T Md primary winding. 

= Resistance of alarm relay RX\n 1. 

= Variable resistor max. range: 0-136 ohms. 
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Typical settings: 
..., 

RdT ::. 10"- x 1.10 + 35 T 20 T Rdil ::. [65 + Rdll 

max. setting 

RdT :: 165 + 136 = 301 ohms 

Hence, with S :: 0.8 

R LX = o~'f 301:: 1204 ohms 

eT knee-point voltage requirements 
The line and auxiliary eT's must have output voltages capable of 
driving a differential current ([dl) throlJgh RAOSS, so that the 

d R- and SR-relay elements operate on internal faults. 

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

I . - I (R, 2 ~) + n, 'I'D 3 
'~T3 (dR) - dl min dT 'd 

where: 28 ohms is the secondary winding resistance of T Md' 
referred to the prima~v side, and ! 

\' D3 ::. 2.0 Volts, 1S the forward voltage drop of the full wave 
recti fiu on T'v\d secondar'Y side. 

As an example, consider st<'J.f1dard setti:lgs: 

S -= 0.8, Id 1 min :: 0.46 .;, RdT = 301 ohms., nd = 10 

the operating voltage of the dr-relay becomes approximately: 

U T 3 (d R) :: 0,1.1 6 (3 29) + ? ,] : ! 7 I V 

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

hence, with standard SR -relay setting we have: 

UT3 (SR) ::: 0.88 (329) + [0 x 2 ,: 310 V 



When a sensItIve relay is required, or when the line CT's are 
relatively weak, i.e. with small knee-point voltage, the SR-re1ay 

should be particularly ordered to operate at the same, or CIt a 
smaller value than the dR-relay. In that case the vari()t)s 

operating currents can be written: 

Idl (SR) = Idl (dR) = Idl min 

which is determined by the selected slope setting (i.e. betw~en 
0.20-0.61 A). 

The line CT's should have a relatively high knee-point voltage', so 
that sufficient current can be fed through the RADSS diff. 
circuit. It is considered adequate if the relay input voltage (li T3 ) 

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 therefore, 
in this example, be at least 

UT3 K = 1.3 x 31 0 ~ 400 V 

Referred to the aux. CT primary sides: 

UT3 K 
U -, X2- nMX 

i.e. if n\LA. = 5 and nMX = 50 

UA2 = 80 V and UX2 = 8 V 

If line LA can feed fault current towards the bus, the requi.red 

knee-point voltage of the TACT becomes: 

where: 

IA2 (SR) = Current required to cause operation of SR-relay (say 
5A) 

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

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

U = 5 x 2 + SO = 90 \' 
A2 K 
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The knee-point voltage requirement for the other feeding lines 
can be calculated similar\'. 

If line LX is connected to a load only, this line cannot feed a 

tau It current towards the bus and the T X CT knee-point voltage 
requirement is only 

Calculations for a typical station 
Assume that: 

"-\= Largest line CT ratio -= 2000/5:1., 

'\'nallest line CT '-atio = 200/') A 

IT J n =: \"3>:'. bus transfe: lirren~ = '-1000\ 

On the basis of these data the following rel2,\ settings may be 
selected: 
l'\'era 11 Cl ratio: 

2000 5 20C; 5 
20ijl~ n!j ,. 

<; x ;:: 

5 
\" IT 

~enc(' !'\tA c- 5, n\~ v 
"ir\ ,J 

The n'"x. circulating relet; r:urren: then becolnes 

Se lectmg: 

S ;:: 0.::;, Idl (SR) = 0.83 i\ and 

R
dT

: l65 + Relll : 165 + 136 ;:: 301 ohms 

gives a minimum operating value for the dR-relay: 

ldl ;:: 0.46 A min 

t I 
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and permits a max. loop resistance: 

RLX P = h RdT = o~'i 301 = 1204 ohms 

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

1204 
= 2500 :: 0.48 ohms 

and for the other line CT circuits 

R
LX 

RA2 = ~ 
(n:-JA) 

= 48 ohms 

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-relays operate at the same current value, i.e. Idl (SR) = 

Idl (dR) = Idl min' 



Typicai settings 
The turns ratio of T Md is given by: 

nd = 1500/150 = 10 

Standard SR -relay setting: 

Idl (SR) = 0.88 A::. 5 % (fixed) 

Resistance of R d3 = 1.10 ohms .::. 5 % (fixed) 

26 

Table 1. RADSS settings and approximate operating value. 

Slope (S) 0.50 I 0.66 I 0.80 0.85 

t------- -1--+--e-----

RS/2 (ohms) 3.66~ 5.50 
I 

8.15 I 7.30 
1 _______ -- ------------ f-------

(A) 0.10 
I 

0.092 0.O9l 1<_ 
I 

0.096 

-----f-----e----- --

RSe (ohms) 0.96 1.0 1.02 1.03 

r--- -----

f--------------------+------+----f----+---------i 

L T3(dR) (V) 86 118 171 221 

r------------------f----t-----+-----f------l 

'----U_T __ 3_CS_R_) __ (\_' ) _______ Ll: __ --'-_3_1_0 __ ... _3_1 __ 0_.L--
3
_
1
_
O 
___ ----I 

\ 
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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 (IT3) during normal service. 

The calculated value P n = (IT3n)2 RSe is based on the max. hf'at 

developed with IT3n = 4 A. If a larger heating effect is required 

the physical size of the resistors must be inc.reased and, 
probably, also the ventilation of the relay cubicle. 
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Result from tests carried out at 
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INTRODUCTION 

2 

RADSS: Test circuit for checking the operating and 
restraint characteristics 

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 ZL 
is made equal to a variable linear resistor, the 
restraint characteristic of Fig. 2 can be obtained, and 
when ZL is made equal to a variable reactance) the opera­
ting characteristic of Fig. 3 will be obtained. 

The injection test voltage UT3 and the test circuit impe­
dance ZL is varied to make a certain percentage of I T3 , 
the total incoming current, pass through the differen­
tial circuit. The various characteristics of Idl versus 
I T3 will then be obtained (Figures 2 and 3). 

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

2.1 
Minimum operating currents 

2.2 

In the case of a standard RADSS package, set RLX =oo(Le. 
open circuited) and increase UT3 until the current I T3 = 

= Idl causes operation of the RXMT 1 alarm relay, d
R 

relay 

and SR relay. Check also that a positive deflection is 
obtained on the sensitive dc voltmeter URI. 

Record: 

Pick-up U
T3 

(V) Idl (A) U
R1 

(mV) 

Alarm 

d
R 

relay 

SR relay 

Stability (restraint) test 
8 Set the resistor RLX about 50 % higher than the cal­

culated maximum permissible loop-resistance" Increase 
UT3- Check that URI gives positive deflection. Reduce 
RLX and observe that URI is also reduced. Increase UT3 

ASEA S-721 83 Vaster"s Sweden 

until IT3 = 0 0 5 A and adjust RLX so that URI remains 

approximately zero (but still positive), record: 



U
T3 

(v) I
T3 

(A) Idl (A) ~l (mV) U
L 

(V) IL (V) R
LX 

= UL/IL 

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

0.5 A. 

203 

From these results the slope of stability line is 
obtained from S = I

d1
/I

T3
• 

The boundary of the restraint area may also be checked 
for different values of IT3, for example: 0 0 8 A and 
1 0 0 A. The corresponding values of Id1 should be found 
to coincide fairly well with the straight line: 

Id1 = S I T3 , which may be denoted the stability line, 

or restraint line, because it corresponds to zero 
output voltage to the dR relay, ioe o U

d3 
= USo 

Operating area of Fig. 2 

L 

Increase the value of R
LX 

and check that in the case of 

3 

standard settings, the d
R 

relay just operates when 

(approx o) Idl = 0.8 I T3 + 0.10 

OPERATING CHARACTERISTIC (Fig o 3) 
The test circuit of Figo 4 may still be used, but ~X 
should be replaced by a variable air-gap reactor: 
0-500 ohms, 1 A rating o The operating area for the 
standard protection will be basically as shown in Figo 30 

Standard RADSS settings: 

10 and S 



UT3 

Idf 

Amps. 

N 

K 

f,O ----------- ----

? 

-<, 0' 
Idf in. ). __ fTl!f. ____ _ 

0,5 

0,5 

/,0 

0,5 

0,5 

SR 

-
Idf Rsl2 

f,O 

/,0 

IRf 

!UdJ 
dR 

D2 DI 

Us 

1,5 limps I T.3 

/,5 limps I T3 

(FIg I) 

res! circutf used 10 
de/ermine fiJe reslr'o/rJ! 
and operofi1 areas on 
ex/ernalon inferno! 
loulfs. 
UrJ :: res! svpply Jlo!/oJe,· 
ZL ::Tes! circUlI impe-
dance 

Res/rainl ciJaracteris­
tic on ex/ernal l'oult, 
ZL • R LX linear 
resisiance 
Idl .. SIT.3 sfab/lilli' line 

[df =SI
T3 

t K apera/ing 
line· 

(Fi9· ?) 

Operaling characferiS­
fic on tnfernal faulf , 
ZL = ZLM 
magnet/sing impedance 

(fig. 3) 



lIor/able 
A. C. 
Supply 

XI : 

Test 
DfVic~, 

RTXPf8,3 

IT3 i 

N 

0-2A 

If/. 

A A t4 

8 

---- --_. 

lLt RXJ1H 2 

TMd 

L 
Rdll 

Inslrum~nfs : 

15 

A 

f Id/ 

-

(Ag. L;.) 

resf circuit 

J 
Relay cubicle 

l1 Rela!J rock 

.~ J 
IllI -

Rs/2 

-
T1Z IR2 

Lrest terminal on front 
of RQDA relay unit. 

UTJ, UL lIolfmefer 0-200Va.c. 
lr), IL Id/ limmefer 0- 21i o. C. 
URI Sensitive dc. lIo/fmeler O-IOOmtidc 

Res/slor: 
RLX Variable resislor 0- IOOOn. /11 

I 
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ASEA RELAYS RFR, December 1983 
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Auxiliary CT's for RADSS bus protection 

7451 
Supersedes 
Edition 1 

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

o Ratio correction, so that the overall turns ratio (n ) becomes 
the same for all CT circuits. 0 

o To bring down the main CT secondary current from 5 A to 
1 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. 

AUXILIAR Y CT TYPE SLCE 16 AND SLXE 4 
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 2 
wires (see Fig. 3 and Fig. 4 for dimensions). 

Table 1. Typical ratios 

Type Current ratio 

SLCE 16 

SLXE 4 

5/1 

5/0.5 

1/1 

1/0.1 

5/2 

2/2 

1/2 

Turns ratio Cu-10ss at 200C 
and rated current 

160/800 20 W 

80/800 5W 

800/800 20 W 

80/800 0.2 W 

240/600 25 W 

600/600 25 W 

1200/600 25 W 

The knee-point voltages for the SLCE 16 resp. SLXE 4 are about 
450 resp. 400 V 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 T es1a is 0.52 V /t for 
SLCE 16 and 0.66 V /t for SLXE 4. 

ASEA RELAYS S-721 71 VASTERAS. SWEDEN 
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:\,;1 Ul Tl-R t\TIO '\ UXILL,\R Y CT'S 
For 3 parl~cular bus illstal1a~ior], with several cJ! :feredt "iOi:] CT 
ratios, it is an advantage to use only one type' of auxiliciry Cl 
with the required number of taps. The SLCE 16 'nay be prvvided 
with seven terminal taps for the primary.1. :r';ding dl1d two 
terminals for the secondary winding. 

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

Table 2 

LJne CT 

Aux. CT 

--.----.~ -- ---- ., 

Aux. tUrIb 

2000 
--5-

5 
T 

160G 
-5-

5 
0.8 

---- - .. ---- ------.' - - --

160 128 
800 800 

1200 
-S-. 

5 
0.6 

._-------+ 

96 
800 

1000 

5 
0.5 

~- ---~---

80 
80G 

800 
-5-

400 

64 32 
80G 800 

One multi-rdtio auxiliary CT with the above GdL} ~n.iy be l)rdered 
as follows: 

Type SLU~ l6, aux. CT with 

Current ratio: '5/0.2 - 0.4 -- 0.) .- 0.6 0.8 - 1 " 

Pr i rn d ry (el, n inals/t c;n]~; 
P 1 - P L' P 3 P if - [-) 5 i'e P7 
0- 32 - (,1; - 80 - (% 128 -- 160 

Secondary terminals/turns: 

Sl - S2 ! 0 - 800 t to be used \Vjti~ Rt\D:";::; 

It should be I;oted tlliJt If more ratios dee reql,ireli thc'i(, (:(1" be 
obtained by using intermediate terlrltnai<;, e.g. by L1sin,s the 
primary connections P3 - Pit -::. 16 t and P!+ - P6 48 t, the rdtios 
5/0. I and 5/0.3 i\ can also be ohtained. 

/\UTO-CONNECTED AUX. CT fOR 2 i\ SECONDf\R Y Rt\ TIi':G 
The SLCE 16 rnay be used foe the ratio 5;;'.\ providec: [t IS 

per'!',i tted to use the auto-connection principle. 

This is [lorrnally the case If dedicated main CT's ,lce used. \.)n 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 \),,'ith separately insulated 
primary and secondary windings. 



R 

RADSS 

N 

Fig. 1 Possible arrangement of SLCE 16 

3 

SLCE 16 
5/2 A 
Autoconnected with 
terminals/n:ms: 
1 - 2 - 3 / 0- 480 - 800 t 

The knee-point voltage U3k ~ 450 Y 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-BCY 

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: 1 k, 3 k, 9 k 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 Y r.m.s. 

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

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

Similarly, in the case of a 5/1 A ratio: 
40 k = 160 t, i.e. k = 4. 



SLCE 16 

Fig. 2 \I\ultj-winliinr; \LCt [C) 

FrOil, Table 3 it io, s~~e;~ ::clt cui)' ,'ej,J:'V!' 'Ium~cr ,); pri:"ar; 
turns ;)etween k ,': i dnd f..: 48 CiJ.r1 be ,) ;7:JinccJ b\ 'Jdding 0:' 

subtro;(·ting the tll(;;:,;" tilt; dri0US \vincl,,?'" 

The ~"ercentage valuE' betwt:en cadi relative, II,Hnbe r ct lu,n is 

whic:; I~orresponds to step~, of 2) rIl,:' v.~K::, t'efJcctcci to the 
outpul current of the l /\ rare:{ seCOnC3!'\' \':i:1<JrI;~' 

The (olHlcctions shown Hi : dole 3 dre \-di< ,i ler bor i ) I'" 1 r\- and 
5 A-designs, i.e. the ratie 1/0.025 i\ "nd ')/0.02)\ will be 
obtained hy using nle cnnnecti'Jns fo:- k !, !.('. ~J!, " 2 - P2. 

The ,.:orresponding LKtlh>.l primary number ,)1 tur;).', l:, ,," [ for the 
1 A-rating and If t for tn\:: :) /\-rattng. The se':ondary current I Z 
thereiore becomes (for k :: ,j, 

" 1\ x 20 t 
12 = -800 t- " O.OL) /\ fOI the 1 ,~-rCiting 

!2 ? A ~ -- 0 02') A fur the ') ,'\-ratln:::'" - 800 t ,.. . c 

Similarly, for all the oth'.=r k-values, between 2 and 40, the 
secondary current can be increased in steps of 25 rnA up to 
tooo mA by using the snM:n primary connections. 'he secondary 
winning i~; always connected to S I - '):;:. 



Example 

a) Required ratio: 1/0.375 A 

Use: SLCE 16, 1/0.025 - I A 
Reference k-value = 20 
Connect: PI - It, 3 - 6, 5 - 7, 8 - P2 
Ordering No. lt785 040-BCV 

b) Required ratio: 5/0.375 A 

Use: SLCE 16, 5/0.025 - 1 A 
Reference k-value = It 
Connect: PI - It, 3 - 6, 5 - 7, 8 - P2 
Ordering No. lt785 OltO-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 = ltO must be regarded as typical 
maximum values. 

REQUIRED AUX. CT SECONDAR Y SA TURA TION 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 2000 V and since the RADSS relay works 
within 1 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. 

F or the RADSS relay the auxiliary current transformer second­
ary turns are fixed for SLCE 16 to 800 t and for SLXE It to 600 t. 

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

Fixed ratio 

Multi ratio 

5/1 A 
1/1 A 
1/0.5 A 

5/0.5-1 A 
1/0.125-0.25-0.5-1 A 
1/0.2-0.4-0.5-1 A 
1/0.3-0.5-0.6-1 A 

4785 040-A YZ 
4785 040-AZF 
4785 040-ANV 

4785 040-AXP 
4785 040-ANX 
4785 040-ANY 
4785 040-ARF 
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I S Forsman , , . ""-::J',..::'''."r-

I I I , P1 1 3 5 7 P2 .. ~ 

Reference 12 B !" I 

~ ~ ~ 
Primary 

.! 

c ' 

H k - vQlue (mA) 
0 0 • 

I ~ 
connections 

2 4 6 8 
. 

I 
1 = 1 

0---<> P1-1 
.: 25 
I~ ~ 
~ "i 

0 0 2- P2 
~ .. 
! ~ 
1 t 2=-1+3 50 

0 0 P1-2,1-3 
:3 0 ~ 0 4- P2 0 

, 0 0 P1-3 
3=3 75 0 0 4- P2 

4=1+3 100 0---<> 0--1: P1-1 2- 3 , 
0 0 4-P2 

~,,( I 
o - v. ~ 5=-1-3+9 

0---<> ~ 
P1-2, 1-4,3-5 -= ~h 125 

0 

i -= ~ ( 
t(.~; 

0 0 6 - P2 

c.-=.~~ ~ c e-:: r: 
... - 0': 

"~"'E=;:; 6=-3+9 150 
0 0 P1-4, 3-5 

.::: • -:: i ~ r o c" ~ I: ~ 
0 0 0 0 6- P2 

"EE~C. 

-
-~->" l 
;'~.! ;:: P1-1, 2-4,3-5 "tco1 r 7= +1- 3+9 175 

0----0 0 0 

I:.':: g r 
- l ; '.= 

0 0 0 0 6 - P2 
E;E=~ 
o i- c > 

"C i.Q~ 

8= -1 + 9 
0 P1-2,1-5 

..! .. ~ _ c: 200 
0 

..c:=.::::oc: 
C_"U ~ 0 0 6- P2 

9=9 
0 P1-5 

225 
0 

0 0 6- P2 

10= '+ 9 o-o~ 0 P1-t 2-5 
250 

0 0 6 - P2 

11=-1+3+9 
0 :s-: P1-2, 1-3,4-5 

215 
0-0 0 0 6- P2 

12 = 3+9 300 
0 :s-: P1- 3 4-5 , 

0 0 6 - P2 

13:1+3+9 325 o-o~~ 
P1-1, 2-3, 4- 5 

0 6-P2 

14=-1- 3-9+27 350 
0----0 ~ ~ 

0 P1-2, 1-4,3-6 
0 0 5-7 8-P2 , 

15=-3-9+21 315 :---L: 
0 P1- 4 3- 6 

r 
, 

0 0 0 0 5 -7, 8- P2 I 
, 
I 
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Reference 12 
k -value (rnA) 

16=+ 1- 3-9+27 400 

17= -1- 9 + 27 425 

.18=-9 + 27 450 

19=+1- 9 + 27 475 

20=-1 + 3-9+ 27 500 

21=+3-9+27 525 

22=+ 1+ 3- 9+ 21 550 

23=-1- 3+ 27 575 

24=-3+ 21 600 

25=+1- 3 ... 27 625 

26=-1 ... 27 650 

21= 21 615 

28=+1 + 21 100 

29=-1 ... 3 + 21 125 

30=+3 + 21 150 

L' 
20'J01:32·104 (M) ReV.;2 ••• 

I S.Forsman 

PI 1 3 5 

3 3 E3 0 

2 4 6 

0----0 :--L: 0 0 

~I 
0 

0 

0 

0 0 

I 0----0 0 

0 

I 
0 

0 0 0 

0----0 0 0 

0 0 0 

0 0 

0----0 ~ 0 

0 0 

o---c ~ 
0 

0 0 

I 0---0 0 

0 0 

0 

0---0 

0 

0---0 c-1 

0 :J 0----0 

0 :J 
No 

! RK 637-302E Ed.2 
" .... 

i ~r''''''r\'; :'I"\KA~ th oJ ~. .- .- : 
I I = 

'./1"'\00 ~:H =_ ... r 

7 P2 i 

0 Prl'Tlary -
I 

0 1 connections 
8 

0 P1- 1, 2 - 4, 3 - 6 
5-7 8 -P2 0 0 

I 

0 P1-2 1-6 , 
0 0 5-7 8- P2 -, 

0 P1- 6 5- 7 , 
0 0 8 - P2 

0 P1-1, 2-6 

i 0 0 5-7 8- P2 , 

0 P1- 2, 1-3, 4 - 6 
0 0 5- 7, 8- P2 · 

0 P1-3,4-6 · 
0 0 5- 7, 8-P2 

0 P1-1, 2-3,4-6 
0 0 5-1,8-P2 

I 0 P1-2,1-4,3-7 j 
0 0 8- P2 

0 P1 - 4, 3-1 · 
0 0 8- P2 

I 
0 P1-1,·2 -4, 3-? 
0 0 8-P2 · 

0 P1- 2,1-7 
0 0 8- P2 

0 P1-7 
0 0 8- P2 

I P1-1, 2-T 
, 

0 

I i 0 0 8 - P2 1 
I P1- 2 1-3,4-1 

I 
0 

i i 
, 

0 0 8 P2 

0 P1-34-7 J , 
0 0 8- P2 

j ... 
I 

I 
, 
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Reference \ 12 
k-volue (mA) 

31 = 1 ... 3 + 27 775 

32= -1 - 3 ... 9 ... 27 800 

33=-3 +9 + 27 825 

34= 1 - 3+ 9+ 27 850 

35=-1 ... 9 + 27 875 

36= 9 +27 900 
I 

37:1+9+27 925 

38=-1+3+9+27! 950 
I 

39:3+9+27 975 

40=1+3+9+27 1000 

~ooo~::,~,v.:. iA4 j Rev.2 ••• 

, 
S.Forsman 

P1 1 3 5 7 P2 

I0 9 3 25) 0 0 

2 4: 6 8 

0---0 ~~ 
0 

0 0 

0---0 ~ :s-: 0 0 

0 :s-: 0 0 0 0 

0---0 0 :s-: 0 0 0 0 

0 :s-: 0---0 0 0 

0 :s-: 0 0 

o-o~ :s-: 0 0 

0 

~~ 0 0 0 

0 

~~ 0 

0 

~~~ 0 

, ' 
I ,,~ I 

: 

I;)' ...... ' o. - c _ 

-= 
'. ,';; .;.~i ;.._ . .r-

, 

Primary -
-

connections i 

P1-1, 2-3'4_~ 
5- P2 

P1-2, 1-4,3-5 
6 - 7, 8- P2 

P1- 4, 3 - 5, 6 - "1 
8-P2 -

P 1-1, 2 - 4, 3 - S 
6-7 , 8 - P2 

P1- 2,1- 5,6 - 7 -
8 -P2 

P1-5,6-t · 
8-P2 

P1-1 , 2- 5 
6-7 8-P2 , · 

Pl- 2 1- 3 4- r:, t , .. j 

6 -7-I 8- P2 

P1-3.4-5,6-7 
8 - P2 _-

P1;..1, 2-3,4-5 
6-7, 8- P2 · 

1 
i 

1 

APed i Or.-' ! 'u' yr... ... ! 
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