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Transformer differential relay

type RADSE

RADSE is a static, transformer differen-
tial reday with outstanding speed, sensi-
tivity and security. Only ong relay ks raqu-
ired to protect the three phases of a
transformer. The relay can be applied i
transformers with a farge number of
windings or io many breakers which
may be associated with any one trans-
former windlng,

Golid state circuitry i used to create

three separate restraints:

1. The varigble percentage (bissed) re-
straint clroultry provides both high
security towards external faulis and
sansitivity to internal faults,

2. The 2nd harmonic regtraint efrouitry
provides effective inrush suppres-
sign derived from all three phases.

3. A Sth harmanic restraing, alse de-
veloped from all three phases, i3
used to prevent relay operstion due
to excess exciting currents daring
transformer ovarexcitation.

The relay has two operating circuits,

One for restrained operation, sattable at

20, 26, 32, 40 and 50 % of rated currant

(minimum pick-up value), and one for

unrestrained operation at &, 13 and 20

timee rated value. '
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Applications

RADSE is an instantaneous, thres pha-
se differantial relay with three separate
percentage restraint input circuits per
phase. Additional restraint input cirgu-
its, when requirad, are provided for by
tha use of RXTUC 4 three phase ih-
put-restraint units. These units have in-
put circuits identical 1o the basic RAE-
SE refay.

Typical applications are:

1. Two-winding transformer

The basic three-winding relay, fig. 1,18
used. The unused, third input is left
open circuited. All of the described
relay characteristics are applicable
for this usage.

¢ Three-winding transformer
The complets three input relay is usad
as shown in Fig- 1.

3. Auto-transformer

diagram, Fig. 7ia). fora wys-wye-delta
ennnected transformer is applicabie.
This includes provisions for load on &
tertiary winding. When there is no joad,
o7 when there Is no tertiary winding,
this input ta the ralay is ieft un¢onnec-
ted, a5 with & two-winding transformer,
Fig. 7).

4. Two-winding transformer with dual
hreakers on one winding

This would occur with a ring bus,
double bus. or breaker and a half bus
canfiguration, The complete three in-
put relay is used without concarn for
matching any specific relay input cir-
cuit with any breaker location.

5. Any tran=former with four

. or more breakers

Thiz sonfiguration could result from a
two-winding transtormer  with  dual
breakers on each wiading, of from
multiple-winding transformers, with
or without additinnal breakers associa-
“ted with any winding. Fig. 3 {b) shows
an example,

The hasic three phase input refay IS
used, plus as many additional RXTUC 4
three phase input restraint units as are
required,

To provide the necessary test facilities
3 second ATXP 18 test switch is pro-
vided. The genaeral arrangements for
these relay versions arg shown in
Fig. 3 1ah

&. L.ong transformer leads

The differantial zone of the relay can
include appreciable lengths of trans-
tormer |eads, Up to one kilometer of
high voltage cable, or comparable ca-
pacitance, can be included within the

differential zone. While the steady-state

phasors would suggest ne problerm,
system disturbances have been kmown
ta shocok excite these configurations in-
to high current oscilkations at frequen-
cies unrelated to the power aystem fre-
quency. Adequate filtering is within the
RADSE to make it secure during these
abnarmatities without jeopardising its
short aperating time,

7. Lonyg CT secondary leads

Current transformers may be located at
an appreciable distance from the RADSE
relzy focation. When this requirameant is
overly severe, supplomental auxiliary cur
rent transformers may be installed at
each end of the lang CT leads to greatly
reduce the offective CT burden. A &/1 or
gven a 5/0.5 A auxiiiary CT at the two
ends can reduce the burden of 1.5 kilo-
meatars of secondary lsads at standard 5
A lnput to 5 VA, including the required
auxiliary CT's. The BADSE will function
corractly with such an arrangement of
the secondary CT circuits

8. Y, D and rig-zag configurations

The RADSE is provided with separate
auxiliary GT's for ratio and phase an-
gle ratching and containment of zero
ganuence current as requirad with cer-
tatn power ansformer configurations,
Thus there are ha restrictions on the
type of connections used on the main
CTs.

9, Use of instantangous unlt

The RADSE has an ua-restrained instan-
taneous unit which is responsive to the
total differential current, leas any d.c.
companent, Its setting is selected with
regard to the transformer inrush con-
siderations only, The main purpose of
the un-restrained instantaneous unit is
to provide slightly faster and redundant
operation for gevere internal faukts.

10. Use of sensitivity setting for minor
faults

The relay sensitivity to internal faults
can be ==t by means of a selector
switch at 20, 25, 32, 40 or &0 per cent
of the relay rated current. Tha 20 per
zent setting, in particular, provides im-
proved sensitivities for small windings
on large, multiple-winding transfer-
MErs.

These small windings may be o 5epa-
rate buskhings or they may be one ot
soveral parallal coils which constitule
ang main winding of the transformer.
In either case the difficulty of making
definite tault current calcelations for
turn to turn faults makes a dif ferential
relay setting that is as sensitive as pos-
sible under the circumstan ces very desi-
rable.

The 20 per cent sensitlvity may alse be
desired where larpe CT ratios are dic-
tated by other system conditions such
as the transformer breakers In a ring
Bbug ar with a breaker and a half con-
figuration.

11. Use of variable restraint

for external fault security

The varable percentage restraint cha-
racterigtic of the AADSE provides ex-
ceptional restraint for severe extsrnal
faults. For example, an &rrar of 40 per
cent in the effective turns ratic of one
set of CT's nan be tolerated withoutim-
proper trip out durlng an exireme ex-
termal fauit, When exprossed in terms of
the leszer of the fault currents to the
relay, the restraint approaches 90 per
cent, even when the relay is set on the
above iliustrated 20 per cant genaltivily.
Thig characteristic makes the reley
sultable for use with autotransformers
mr in a system configuration wherein
one transformer winding is diredi’y
eonnacted to two or more breakers. In
pither of these cases external fauas
mzy result in very large secaondary cur-
rents becauss they ara not limited by
the usual 5—15 per cent transformer
impedance,



Design

RADSE i3 available in four standard
versions, each with or withgut & phasge
operation indicator RXSG 1. The ver-
signg are for three-, four-, five- and
six-winding transformers, respactivaly
according to fig. 3.

The bhasie versiah, the three phase,
three-winding RADSE reiay occcupies
45 80 C in a 19" equipment frame. The
basic version without phase indicator is
shown in Fig. 2 together with the stan-
dard test plug handle FTXH 18,

The compoanents are:

1. Test aswitch, RTXP 13

In fig. 2 the test switch has the test plug
handle RTXH 18 inserted. This test faci-
lity permits complete testing of the re-
lay from this ong location without any
additionaf, or co-ordinated actions. Lo-
ad checks ara made from this same de-
vice. Also. should it be necessary to
black relay tripping, a trip-block plug
RTXB = inzerted into the RTXP 18
without affecting the functioning parts
af the refay.

2. Phaze units, RXDSE 43

Each of these plug-In units, one for
each phase, ococupies a space of four
mocfular relay seats,

Each unit includes the circuitny for
thres inputs, namaly, three gets of ajr-
gapped transformers and threes pairs of
power digdes. In additian, the reguired
variable percentage restraint circuitry
and the harmonic restraint filters to-
gather with threshold detectors for
gach phasze are located in these three
RXDSE 43 units.

Four short-circuiting connectars type
RATXK ara inserted in each of the three
ferminal bases for the phase units, The-
se autornatically short-circuit the se-
condary circuits of the supplying ling gr
auxiliary currgnt transformers when
any phass umit is removed.

3. Measuring and output unit, RXTEE 4.
This plug=in unit also cccupies four
seats. It includes the measuring cir-
cuits. sensitivity range selactor switch,
power supply requlating circuitry, dry-
reed rélay and operation indicator. The
mechanical output targst in this unit
may be reset mechanically or electri-
cally by a remote pughbution.
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Plpge for
phaze
indisalar
RXEL 1

Meaduring
il
RXTEE ¢
(143}

Fig. 2. Type RADSE, basic wersion, with test piuyg
handlg ingerted. The numbers |0 Brackels denote
seat lacation of the units (92453)

4. Quiput tripping relay, RXMS 1

This aone-seat relay with a pick-up time
of 3 ms is driven by the measuring Lmit.
The relay has six output contacts, each
capable of tripping a circuit-braaker,
One contact is used for enargising the
aperation Indicator in the measuring
unit.

8. Phase indicator, RXSG 1 (shown in
Fig 1)

The RADSE can be furnished with this
one-seat indicator. it indicates which
phase unit has operated the output trip
circuitry,

Wersions without the indicator RXSG 1
have a component block type RTXE
mountad on the rear of the measuring
ynit.

6. Input-restraint units AXTUC 4

{not shown in Fig. 2}

Input-restraint unit, AXTUC 4, iz used
when more than three input-restraint
circuits are required, asshown in Fig. 4.
This unit alse otocupies four seats, Each
RXTUC 4 is a three phase unit insertecd
it & terminal base equipped with three
short circuiting deices. It includes three
single-phase air-gap transformers plus
three palrs of power diodes. Each
RXTUC 4 has three output clrou lts, one
far gach phase. These connect to the
respective  RADSE 43 input-restraint
units. There ig ng practical [imit 1o the
number of BXTUC 4'3 which gan be ad-
ded to the RADSE relay.

When BATUC 4's are required, an addi-
tional test switch RTXP 1& is also
neadad,

Various comhinations are shown in
Fig. 3. A typical gystam which would re-
quire five inputs |8 shawn in Fig. 4.

Fig. & shows such a relay.

(355)

Three input circuit restraints, basic
version

FXCSE d | AXDEE 40 | RXDEE 42 | HX'TEE ¢

IFTXP
]

Four input circuit restraints

H'!"JIICF FXDEE 43 | AXDSE 43 |AXD2E &3 | RETEE 4

543

RTXF| RETLUC 4

10

Five input circuit restraints

PR

REOSE 43 | RKDEE 42 | REGES 42 | AXYEE &

RTXF
14 55

aTR
i

RXTUG 4 | ARTUC 4

Bix input circuit restraints

Pk
1

FTXF| AXQEE 45 | AXDIE 43

i

RED3SE 43 | RXTEE 4

432

FTXF
18

RATUG 4 | AXTUC £ | RXTUC 4

]
i

Fig. 3. Standard verslons of AADSE.

Meds 1: All verstons can be deliverad with phesa
indizalor A¥SG 1 or additienal AXME 1on geat 395,

Moke 3: Al verslene cecept the basle san be delive-
rédl with @ third 1esl switch eng & |ookeowt reley
RAXMVE 4 an gept 543, soe Fig. &,
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7. Lock-out relay RXMYB 4

Another optian is & trip unit Gonsisting
of a third test switch and a lock-out
tefay RAMVE 4. The relay iz sner-
gised through the 3 ms RXMS 1 output
tripping relay contacts, Thess additfo-
nal components mount oR an gdgitio-
hal 48 apparatus frame identical to that
used in the equipment frame for the ba-
sic relay. The refay then Goouples an 85
eguipment frame,

8. Wiring and auxiliary current trans-
formers (CTs)

RADSE is shipped with the intercon-
hected wiring between the individual
modulas in place ready for the connac-
tion of the CT jeads, battery and trip
cirouits. When additlonal input units
are required, the rélay is assembled and
wired in a double sized eguipmant
frame as shown in Fig, 5,

Auxiligry ratls matching and phase shif-
ting transfarmers type SLCE 12 are fur-
nished for mounting separately. They
arg shown in Fig. 6

T x
.
K K
T
(P
O
" }}('

Blg. 4. Ore line dlagram showing an applicalion
ol a five-lhput RAESE transiormar differontial
relay.

Fig. 5. Two additignal input restrsint unit RXTUC
4'5 {loweer 16t Bnd one trip whit [leweer right) 1 a
RADSE with five inputerestraints, (20152

Fig. & Ausliary CT set far one threa-phase winding
mourtad an a 45 (7 high) 19" apperatus plate.
(90143}
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Instailation requirements

Fig. 7 a shows the connectlen of BADSE
to a thrgg-winding transformer. The fl-
gurs shows two sets of auxiliary current
transformers but in some cases three
sels are necessary. The standard thrae-
winding design can be used for 3 two-
winding transformer and then the in-
puts an the teat awiteh for & third wind-
ing arg left unconnected, see Fig. 7 b—
Td.

Acecording to Figs. ¥ cand 7 d with a
Y{diy0 wconnected transformer the
auxiliary current transformer shall be
provided with windings in order to
equatise the currant to the relay during
external garth faults. This can be done
either with two sets of Yd-connected
auxiliary current transformers as in Fig,
T ¢ or with one set Ydy-¢connacted
audiliary current transformers as in
Fig. 7 d. The neutral point of the current
transformers must not be connected
with the neutral terminal of the relay
because, when earth fauits arige out-

side the protected zone, fault current
can otherwise pass through the diffe-
rentlal eircuit of the relay and cause
unnecessary aperation.

The ralay is provided with all internal
wiring in place. At time of ardering, the
proper de voltage should be specified
for RXMS T tripping relay. The target
electrical reset can be energised by a
48—60 or 110—250 do source, separats
from the relay, it desirad.
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Current

transformers

The differential relay should preferably
ke fed from itg own current transformer
cores, which are then only loaded by
the secondary [eads, and by possible
auxiliary current trapsformers osed.
The power consumption of the relay
itseff is regligible, The line as well as
the auxiliary current transformers, with
the secondary burden that is prevalent,
ghould have an overcurrent {aclor
which eorresponds to the maxhum
through-fault current and should be
at least 30.

The ratic and the connections of the
auxtliary current transformers are de-
termined so, that the sscondary cur-
rents are balanced, The secondary cur-
rents of power transfermers  with
tap-chargers should ke balanced atths
average ratio of the transformers. The
auxiilary current transformers are deli-
vered for separate mounting and can be
obtained as reconnsectible cnes or with
specizl ratios,

When the relay is to be installed at &
large distance from the line CT.5, it
may be necessary to locate the auxiliary
C.T.scloze ta the line C.T.s. These auxi-
liary C.T.5 should hawve a current rating
that reduces the power consumption,
of the secondary leads to the relay. to a
value acceptable in eash case. This is
especially the case when the differenti-
al ralay also protects a long feeding ca-
ble {transmission cablel In such 3 cass
It iz often necessary 10 reduce the rated
current of the secondary leads (the pi-
lot-wireshte 0.4 or 0.5 A, For this purpe-
5o a set of auxiliary G.7.5 are used with
the ling &.T.s at the line-end, and a furt-
her set close to the ditferential relay, to
obitain a rated current of 1 or 5 A far the
relay. When the guality or focatlon of
the secondary leads {the pilot-wiras) is
such, that risk of failurés exists, a pro-
tecthve resistor or similar componant
should be connected acrags the leads
Open secondary circuits may mean
damage to the line C.7.5 a5 well as the
auxiliary C.T.5.

For furthgr information regarding cal-
culatlon and cheise of auxiliary CT's,
see Information RK 528-101 E and RK
T95-300 E.



Technical data

Rated current I,

AK B2-10 E
January 1978

Torb A

Rated frequency

o0 or B0 Mz

Regtraint operating vaive f,

settable 20, 25, 32, 40 or 50
per centof f,

Un-restrained ingtantanecus
operating value f,,

reconnectible to 8, 13 or 20 times 1,

Operating time at f,=3%1,,
at 'r€|= 1 UX"!-T
atl,=2xr,,

approx. 30 mg
approx, 27 ms
1020 mz

Impuise [imit time for f,.
fort,,

apprex. 15 ma
approx. 3 ma

Overload capacity
1 A versian
5 A wersion

10 A continuousty; 100 A for 1 5
20 A continupusly: 260 Afori s

Permissible ambient termperature

—20to +35 °C for auxilfary voltage =125 V de
=20 to +40 °C for avxiliary voltages 220 and 250 ¥ do

Auxiliary valtage L7,

48,60, 110, 128, 220 or 250 V d .
Permissible voltage deviation is maximum —20 and +1¢ per centof L,
(—15 % far 48 V version)

Power consurnption:
Tatally per phase atf =14
aty,=5A
In differential girguit pel
phase at 0.2 timeas 1,

approx. 0.02 VA
apprax. 0.18 VA

ati, =14 approx, 001 VA
atf =5 A approx. 0,02 VA
I the auxiliary voltage cirouit

atd8 v apprax. 3.0W
atedy approx. 3.5 W
at11ov apprax. 5 W
at1gs v approx. 8.5 W
at 20w approw, 9w

at 250 v approe. 10 W

Test volage

2.5 kV, 50 Hz in current circuits
2 k¥, 50 Hz in othar circuits

Impulse test IEC publ. 255-4, app. E

5 KV, 1.2/50 s, 0.5 joule

Showering arc test SEN 36 15 03

4—8 KV peak value-

Disturbance test [EC publ, 225-4, app. E

2.5 kV, MHz, repeated each 2.5 ms during 2 5
Decaying time: 3— 8 periods.

Waeight, basic version

approx. 9.7 kg

Contact data for output tripping relay RXMS 1
Making and breaking capacity indicated below can be increased by
serigs and/or parallel connection of the contacts, see Catalogue RK 21-10 E.

Current ¢arrying capacity
eontinuoushy
foris
for 10 ms
Making capacity
Eraaking capacity,
a., P.F. =01 at max. 220
d.o,L/A =40 ms, at max. 48
55 W
110
T25 Y
220 ¥
250V

4 A

20 A

100 A,

S04 (200 ms)

10A
1A
1A
0.3 4
0254
0154
01 A

Aux. current transfarmer SLCE {see informatlon RK 795—300 E)
Three versions of auxiliary CTs type SLCE 12, taps avafl-

abte in 4— & par cent steps:
0.65—2.80 AMA
2.55-9.60 AfA
2.85=-0.70 AfBA
Ovetload capacity, 1 A version
5 A version
- Power consumption

3 A continuously, 100 Afor1 s
16 A continuously, 250 Afor1 s
1.0-2.8 VA 7
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Theory of
RADSE operation

There are ten interrelated functicns
wlthin the RADSE, ses in Fig. &

1. Input clrouitry
Air-gapped isolating transformers are
used to convert each restraint current
to a voltage. The <d.c. component is
thus largely suppressed in the case of
asymretrigal fautt current, The volta-
ges are then each rectified with two
power dindes, Oy through L, Fig. 8
shows the arrangement for one phase
only. This input circuitry s identical in
the RXTUC 4 three-phase supplemental
input-restraint unit and in the maln
MADSE relay, except for the manner of
~~packaging the three phases, as shown
In Fig. 8.

z, Percentage restralnt circuitry
The rectified restraint voltages of each
_phasze are applted in paralls! 2o a centra
tapped resistor, Ay, B as shown in
Fig. 8. When such d.c. voltages which
have besn derlved from air-gapped
isolating transformers are connected
in patallel, the resuiting voltags is equal
to the largest applied voltags, and the
lagser voltages have little effect an the
resultant.
In addition, the use of R, and R; 23 two
arms of the rectifier bridge provides a

furthar valuable characteristic, In the
conventional four diode tridge, the
output has no sense of nput polarity.
But with a bridge composed of two
digdes and two resistors, the d.c out-
put voltage becomes sensitive to the
relatlve polarity of the appiisd a.c. vol-
tages. If twa applied a.c. voltages are
of the same polarity (as during an in-
ternal fault) only the larger one will
cauge a current flow through R, on
one half cyole and through Ry on the
other half cycle,

But if two applied a.c. voitages are of
opposite polarity (as during an extermal
fault), one voltage will cause current to
flow threugh RB; and Ry on alternate
hatf cycles, as deseribed, and at the
same tima the other voltage will cause
currents to flow through B: and R, on
the same half cycles. Thus the sum of
the two applled voltages results when
thoy are of opposite polarity, but only
the maximum of the two results when
they are of the same potarity,

Thus, this two-diode wo-rasistor type
bridge, plus air-gapped current trans-
tormers results in a desirable type of
restraint action. During an internat faukt
all of the [ezser of the various Input cur-
retits cause ho restraint action. But on
an extermal fault the restraint is increa-

sod 1o the sum of the largest of the
input currents and the largest of the
qutgoing currehts,

another desirable feature of thig oir-
cuit |3 that all current sources other
than these respeciive maximum ones,
are isolated from the common restraint
output resistors by virtue of thelr own
rectifier diodes. Thus, additional input
restraints via RXTUC 4 input unit can
be added without pragtical limit, with
minimurn effect on the relay charaste-
ristic.

Mathematically, If |, is the maxinum
{CT secondary} current into, and |,
the maximum current out of the pro-
tected transformer; in Flg. B the
restralnt voltage, as developed by this
cirgult is: U,=kil;+1,)

where k is the propartionality betweean
voltage and current of the entire cir-
cuit. For intarnal faults L. will usually
be zere (8. no current flowing out of
the faulty powsr transfermer]. The ac-
tuat restraint voltage is U, This 13 made
non-linear with respect to U, by
means of zener diodes D; and Oy and
resistars R Ay and Rx, Thus more
restraint voltage is developed propor-
ticnately at large input currents.
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3. DiHferential gircuitry

The differential current is derived in the
cohventional manner by simming all of
the currents associated with each
phase. This current s then used to
develop the harmonic restraint as well
as the operating voltages.

Again  air-gapped transformers  are
usad to suppress the d.c. component
in the oparating voltage.

They arg also used in the harmonic
restraint clrevitry and low pass filter
e additionalty pravide the inductive
brangh of these L—C filtars.

The tatal differential current is used to
develop the differential voltage U,.
However, the high frequency compo-
nents are suppressed in the low pass
fiter T, R, and C,, before rectifica-
tien in a conventional four diode
bridge. This filter prevents relay oper-
ation from freguencias ahove 500 Hz.

4. Harmonic restrafnts

The 2nd and &th harmonics are segre-
gated by means of T,—Cp and T;~C;
respectively. These two harmonic
valtages are totalled (Uy) before recti-
fying in a four diode bridge. The rec-
tified harmonics from alt three phases
are brought together via terminals 222
and the resultant, L., used for restraint
on gach of the threa phases. The nat
alfact of this methad of harmenic for
restraint is to provide an improved re-
straint with minimum reduction in spe-
ed or sensitivity to intarnal faits.

5. Phase threshold clrcuitry,

{Pulse width corvertor)

The rectifled operating and restraint
voltages are summed up in a resistor
ype summsatisn eircuit By, B, Ry
and H,; as shown in Fig. 8 as U,
There is a substantlal a.¢. component
in this summation because of filtering.
This complex wave farm | ther ¢compa-
red to a d.c. reference developed by Ry,
Fya.

Any signal above the referencs is con-
vertad in the operationat amplifier cir-
chit to a varlable pulse width signal
which is then integrated in S, and
B,

8. Measurement cirguitry

The integrated output pulses from each
of the three, phase-threshold inte-
grators are fed to a common measusing
unit. When the width of the pulse to
any phase threshold-integrator eir-
cuits excesds 4.1 ms (out of an 10 mz
pariod), the biases on the transistor
utput amplifier are shifted to provide
the desired trip cuiput.

Fig. & illustrates the method by which
this measurement iz made. Fig. 9
shows the wave shapes and the action
of the various components in thess ¢ir-
cuits which determines if a trip condi-
tion exists,

RXDSE 42 Phase unH dans o thras}

— 1
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7, Un-restrafned trp civcuitry

This iy afsa an instantaneous function,
with a signal as short as 3 ms capable
of causing & trip output condition. This
signal U,, is derived from the diffaren-
tial current, It is taken from the recti-
fied output of the differential voltags
circuit through diods D,,.

A separate measuring eircuit in the
three-phage measuring unit  detar-
mines if this zlgnal iz above the set
vaiue ot 8, 13 or 20 times the ralay mat-
ing. The desired setting is made by
means of a COMBIFLEX wirg jumper
betwean terminals 417 and A27. Bs
desctibed in section 3ETTING.
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8. Setting circuitry

Within the three-phase measuring unit
is a set of tapped resistors wired 1o a
front mounted sefector switch for the
20, 25, 52, 40 or S0 per cent restraint
pickup current selting. These resistors
plus R,; and R, set the bias on the ope-
rational amplifiers in the BXBSE 43
units. This sets the galibration of tha
individual phass threshold-integrators
te the value marked on the selectior
switch,

9, Output circultry
The output amplifier drives a 1 ms dry-
=ed relay.
“_he road relay energises a 3 ms six
contact, AXME 1 cutput tripping relay,
Fach contact is capable of tripping a
breaker. Wiring functions are shown in
Fig. 7 a. The RXMS 1 relay contacts are
il O and the relay can be energised
Sontinuously. Thus the circuitry can
seal in this relay 3o as 10 provide a
self-contained lockout functton.

10. Anclllary functions

a. Target
One centast on the RXMS 1 output
tripping relay enargises the coil O of
an oparation indicatar, T. This is a
mechanical and electrical resattable
device. It has no restrictions an the
saurce. of voltage for the resat func-
tion, B. As shewn in Fig, 8, a drop-
ping resistor i3 included to allow
Tegatting with any veltage from 48 to
250V do.

b. Phase indication

When specified, type RXSG 1 Indivi-
dual phase indicator unit |5 provi-
ded. This is a one seat device and
locates in the availablz seat 355 in
the baszic assembly. Electrically the
targets are electronically controbled
light emitting diodes lecated in the
output of each phase threshold cir-
cuit as shown in Fig. 8. The targets
arg reset by a front mounted push-
button an RXSG 1.

¢. The method of zener dinde regula-
tion of auxiliary voltages to correct
value regardless of value of supply
voltage between 48 and 250 W i3
also shown In Fig. 8.

Fig. 10 Through current sestezining charag-
kenistic at large currant velus for 581 operating
currents, J,, =20 and 50% of rated currant £,

10

Performance
characteristics
All characteristles arg based on the a.c.

component of the applied currents,
singa the AADSE has airgapped trans-

- farmers which supprass the de compo-

rent,

The basic relay iz a three-phase, three
input restraint relay. The described
performance is also applicable when
the refay is used only with two three
phase inputs. Similarly, additional in
puts ir conjunction with RXTLC 4 throe
phase input units will result in the
same described relay performance.

Threugh-fault restraint

The variable percentage restraint cha-
racteristica of the BADSE are shown
In Fig. 10 and 11. The abscissa it the
average of the maximum gurrent en-
tering the protected zone and the
maximum currént leaving the zone.
These are the two currents which de-
velop the restraint within the relay. The
average value of the current rather than
the sum is used to provide a4 quantity
whose value is comparable to the flow-
through fault current duting an exter-
nal fault,

The ordinate of Fig. 10 and 11 is
tha usual operating current flowing in
the difierential circuit.

The percentage slope plotted in Fig.
12, is the ratio of the ordinate 1o
abscissa of Fig. 10L

This same st of characteristics & app-
licable for internal faults. Maremally all
currants wauld flow inte such a fault,

Ditferent|zl current fq
s in multiples of ratad current

The corract value of restraint 1o use
with these curvea then becomes one-
halt of whichever current is tha maxi-
murn infeed,

Nate: |t is apparent that the plotted
siepe of a differential relay is a fune-
tlon of the method of presanting the
restraint data as well a5 the actual ope-
rating ¢haracterlstic of the relay.

The RADSE fundamental frequeancy cha-
racteristic is furthar illustrated in Fig.
10 by peints £ and I Point E i3 the
plot of a heavy external fault as might
occur in a ring bus or breaker and a
half scheme with a through-fault cur-
rent of 30 times CT ratings and a ratic
error in ane set of CT's of 35 per cent.
With such severe distartion, of eourae,
the harmanic content of the secondary
currgnts must also be considered,
Potnt | iz 8 smal internal faukt of four
times transformer rating suppligd from
only ane source.

Heavy [oad currents wilk have very litile
affect on the sensitivily of the BADSE
even to minor fault currents. These twa
currents, load and fault, will narmally
be nearly 90° out of phase to each other
in at ieast one phase. The phase thres-
hold meaguremant is made on an in-
stantaneous hasis, since thera is no fil-
tering In the rectified signal circuits.
Thus the fault current measUrement is
made during the pericds of the cycle
when the foad currents are at & mini-
mum.

S0 %
,/,{ 30 %
14 /
P
,/{/
/ aE
10 [
Opergtion A/
ﬁf
B =
[~
| ./J/ Hon gperatign
=
2 .’lr= Ix;;y
e
o 2 g 10 14 18 az 25

Rattreint through cerrend
in myttiptes of raled cutrent



Magnetising Inrush restraint

The 2nd and Sth harmonle restraint voi-
tages for each phase are paralialed and
the regultant used for harmonic rastra-
intfor each phase. This resultant wifl be
proportional to the sum of the harmg-
niG currents. Thase restraints are linear
with respact to the operating current
magnitude. A Znd harmonic current in
the differential operating circuit of any
phase will biack the operation of the
relay if it exceeds 20 por cent of the
value of thg fundamental differential
current in any phase. Tests and analysis
show that magnetizing infush currents
which are greater than the minlmum
pick-up current of the RADSE will con-
tain more than 20 per cent 2nd harmo-
nic in at least phase,

Difterential cucrent |,
in multiples of rated currant

Over-axcitation restraint

A Sth harmonic current in the differen-
tial eperating circuit of any phase grea-
ter than 25 per cent of the fundamental
ditferentlal current In any phase will al-
$0 block refay oparation. Tests and ana-
lysis show that transformer exciting
currents due 1o high voltage which are
greatar than the minimurm pick-up cur-
rent of tha RADSE will contain suffi-
cient 8th harmonle current to block re-
lay operation. Howevsr, wery large
over-excitation currents can qulgkly
cause transformer damage. Owvervalta-
ges of about 1.5 per unit will result in
gxciting currents approaching to the
full load rating of the transformer. At
these vary high exciting eurrants, the
percentage of 5th harmonic drops be-

! ]

Set oparating
CLFFREnT
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Operation
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Non | eporaticn
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Q 1 2 a
Fig. 11. The law current reglon of Figura 1€,
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Fig. 12. Parcentage reatralnt charactaristic.
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fow the 35 per cent restraint value of the
RADSE. Thus if the overvoltage is suffi-
cient to seriously jeopardise the trans-
former in a very short time, the RADSE
will operats to protect the transformer.
Every transformer design will resuit in
some differences in overvoltage excita-
tion characteristics. But the basic mat-
hematics of overexcitation currents
shaws that the &th harmonic is larger
than the amount required to bigck the
RADSE up to exciting currents about
g0—7F0 % of transtarmer full load ra-
ting. And above this current, the per-
centage Sth harmonic becomes less
and the ralay will eperate to prevent
tranaformer damage. However, it is im=
pertant that the RADSE characteristic
has been designed to pravent tripout on
overexcitation and it should not be the
sole protection if extremely large, da-
maging excitation currents are posasi-
bla,

0% min. opearating currant
20% min, oporating currant

"
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Setting determinations

Hestraint operating value 7,

The setting for minimum current sen-
Eitlvity (20, 28, 32, 40 o 50 per cent of
relay rating] is dane with a knab on the
measuring unit RXTEE 4 and should be
selocted based on estimated CT par-
formance during small current condij-
tions. As shown in Fig, T2 this setting i
not a slope gtting. it has minimal effect
on the relay performance at high cur-
rants. It alse has minimum effect on the
percentage restraint action of the 2nd
and Sth harmonics. Thus a sensitive
setting will not cause ttip-outs due to
magnetising inrush,

The 20 per cent sensitlvity is suitable for
CT turns ratle mismateh arrors up fc
dbout 5 per cent. When transformes
with on-lbad tap changers arg being
protacted, a minfmum current sensitivi-
ty of about 15 percentage points grea-
ter than the worst turns ratic mismatch
at the tap changer extreme should
narmally be satectad.

12

Un-restralnt operating value 1,

The un-restrained, instantansous relay
setting ig not functionally related to
any cther setting of the relay. Mor need
He sstling determination be based on
the setting of the restrained unit or on
CT charatteristics. The relay is shipp-
ad with this unit =et at 20 times réday
rating. It can be reset 1o 8 or 13 times
rating by means of shifting leads on the
relay terntinals as shown in Fig. 13,
This unit is not responsive to the
de. component in an asymmetrical
current. It is responsive to approxima-
tely the peak valug of the a.c. compo-
nent of the applied differential current
and is callbrated in rms currant for an
equivalent sine wave, At high currents
it will respond to a current pulss of
only 3 ms, (as from a saturating CT)
But it is unaffected by transient splkes
of lgsg than this time duration,

This function of the relay should be set
above aty anticipated inrush ocurrents.
The following table of suggesied sett-
ings is based on experence with typi-
cal transfarmers,

Versions with AXTUC 4 inpat-restraint
units have no change in the settinig
procedures.

DC Voltage Taps

Taps for the dwe. voltage shoutd con-
form to the available voltage, per Fig.
&, The RAXMS 1 output tripping relsw
should have the proper coil for the
avaifaitle voltage. The voltage taps of
the AXTEE 4 are oniy for the statis cir-
cuits.

Transtormer Transformar Instantanecus sethitg whan energised fram

SaNnaciicn ) slze MyA H.W, side L.V. side

- <10 MVA 20 X 20X

Yy 10=100 MVA 13X 13X

Yy =100 MYA BX &

Yd ] - 13X 13 %

Oy <100 MY A 13 % 20 X

Dy =100 My A BX 13X

1) Primiary side is suUppogad o be H,v, side
143 13 43

1218 =——JirFA |:£2?A 130: 28— 4274
£27E 4278 4278
LT I3 -8 —— 4174 I 4174

E LiTE 4178 A1TE
Tou=2001, fa=13%0, Ta=8x1,

Fig. 13 Un-peatreined instantanaous opergling

current [, sefting adjustments by meaans of jumper

positions at the rear od the AXTEE £ module.
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Ordering tables
Type RADSE for three
input circuit restraints
When ordaering the AADSE for two or
three input circuit restraints it is suffi-
cient to state the Cat. No. from the
table and desired text on the legend
plate of the test switch. The relay is |n
these cases mounted on apparatus bars
60 & on delivary.
Gat. Mo,
Auxillaey supply Rated cureant 18 Rajed curranl &
Veralon voltege ¥, dc. S0 Mg  60Hz 50 He 6O Hz
Three input circult restraints, 48 AK 626 321—BH -CH RK 626 325—BH —CH
withaut phase indicator 10 —BN -CN —BWN —CN
Diagram 7454 315-AF 125 —BF —CF —BF —GP
=Ly —B& —C(5 =BS —C5
260 ~BT =CT -8T =CT
Three input circuit restraints, 4% HK 626 331—-BH —CH RK 526 335—-BH —CH
with phase indicator unit e —BN —CHN ~BH —-CN
type RKSG 1 125 -8F -—CP ~-8F =CP
Diagram 7454 315-CE 220 -B8 -=C5 -BS -=C5
260 -BT ~CT -BT —CT
Type RADSE for four, five or slx input
circuit restraints.
When ordering the BADSE for four, i "
five or six input circuit restraints state Yersian £t o Diegram
besides the Cat.No. also rated current,  Four input cirouit restraints
frequency, auxiliary voltage, with ar without phage indicator AK 626 400—-DA 7454 338-—-DB
without a third test switch and & lask- with phase indicator —Ca — A

out relay RXMVYB 4 and possible text
on the legend plate of the test switch.
In these versions the relay is mounted
in an 85 equipment frame on dalivary,

Receiving, handling and

storage

These relays are shipped in carfons
deslgned to protect them from damage
when not included as part of a cubicle
ot control panel, Upon receipt the relay
should be inspected for physlcal dam-
age.

It is recommendead that the relay is
. replaced in itz shipping carton aftar
inspection for delivery to job-site. Also
the relay should preferably be laft in
its shipping carton until time for actual
insgtallation.

The relay iz not critical as to humidity.
But general prugdenss suggests that it
is stored in a dry, moderate {empera-
ture environment.

Five or six input circuit restraints,
without phase jndlcator
with phase indicator

Reference publications
FReconnectible ratio - matching muylti-
tapped auxiliary current trangformers
type SLCE 12 for transformer diffe-
rential relays

Commissioning tnstruction for trans-
faormer differential relay BADSE

Caleulatlsn and connection guide for
auxiligry current transformers

Auxiliary ralay AXMS 1
Ouerexitation relay RATUA
Modular systerm COMBIFLEX
Testing system COMBITEST

Index of printegd mattar

RK £26 500—AA Y454 333—-AB
—BA —BA

Information RK T95-300 E

Information Ri 628-100 £

Information RK §28-101 E
Catalogue RK 21«10 E
Catalogue RE §2-11 E
Catalogue RK 92-10 E
Catalogus RK 92-11 E

Information R 000-100 E
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Dimensions

RADSE for three input sircuit restralnts
in & 45-equipment frame, The equip-
ment frame ls not included in the Cat,
Mo. and must be specified separately.
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