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GENERATOR, REACTOR & GENERATOR TRANSFORMER PROTECTION

PREFERRED | PUBLICATION PLACE OF
APPLICATION DETAILS RELAY TYPE | NUMBER | MANUFACTURE

Longitudinat Differential {a) High impedance circulating current system

(i) Relay with stabilising resistors CAG12or MS5078 Australia & U.K.
CAG14 MS5130 Australia & U.K.
{ii) High impedance voitage relay FAC14 RM5155 U.K.

Longitudinal Differential (b) Through current biased relay {induction disc) DDG MS5155 U.K,

{generators & reactors)

Longitudinal Differential Overall protection of generator- DDGT MS5115 U.K.

(Generator-transformer) transformer units — biased induction

disc relay.

Long Time Earth Fault Neutral Earthing resistor back-up CDG12 MS5091 U.K.

protection.

Field Failure (a) MHO relay for measurement of YCGF MS5103 U.K.
machine impedance

{b) Moving coil undercurrent relay DBB4 2231-1a U.K.
. . . (DB2 series)
time delay if required VAT MS5080 UK.

Interlocked Overcurrent Blindspot protection for faults PDI RS5137 U.K.
between CT's and circuit breakers —
Polyphase inverse time induction disc

. relay with control winding.

Negative Phase Sequence Protection against Rotor heating on PGQA4 MF455 U.K.
unbalanced loads. Induction disc relay or (PGQA)
with negative sequence filter unit, CDN MS5122 UK
Incorporates an alarm element also. o

Overcurrent Check High reset ratio with restraint DVvC4 MF504 U.K.

feature below setting. (DVC)

Overcurrent & Earth Fault Timed graded for grading with line protection

(a) Inverse (i) definite minimum time (IDMT) CDG11 or
cDG16 MS5090 Australia & U.K.
(ii) very inverse CDG13 MS5092 Australia & U.K,
(iii) extremely inverse CDG14 MS5093 Australia & U.K.
{b) Definite time CTU MS5065 U.K.
(c) Inverse time for system back-up or clearance
of close-up faults with restricted generation
capacity (i) Voltage controlled CcDV22 MS5121 Australia & U.K.
{ii) Voltage restrained. cbv21 MS5163 U.K.

Overvoltage Protection against overspeed on hydro-machines VAG MS5111 Australia & U.K.

Restricted Earth Fault Instantaneous high impedance relays CAG14 or MS5130 Australia & U.K.

Protection for generators or transformers with FAC14 RMb5155 U.K.

C.T's in neutra! as well as lines.

Rotor Earth Fauit D.C. injection to cover 100% of field VME MS5081 U.K.

winding.

Rotor Temperature Alarm Resistance Measurement for temperature DZT4 2231-3 U.K.

alarm by measurement of excitation voltage (DZT2)
and current guotient,

Rotor Temperature Indication | Separate or combined with DZT4 alarm unit, DRCR 14126 U.K.

transductor or shunt operated.

Stator Earth Fault (a) Instantaneous, for generator and CAG11or MS5078 Australia & U.K.
transformer iow voltage winding CAG12 MS5078 Australia & U.K.
where generator solidly earthed or
earthed through a resistance.

{b) Inverse time induction disc relay vDG14 MS5105 U.K.
for voltage displacement when generator
earthed through a voitage transformer —
tuned for rejection of 3rd harmonics.
{c) Definite time voltage relays VAU MsB111 UK.
VAG/VTT On Request Australia
Reverse Power (a) Sensitive instantaneous polyphase unit for WCD MS5119 U.K.
turbine generators, *
{b) 1DMT unit for engine driven generators. WDG11 RS5124 UK,
(c) Definite time unit for engine or back- WCG MS5106 UK.
pressure turbine driven generators.
PREFERRED |PUBLICATION PLACE OF
APPLICATION DETAILS RELAY TYPE NUMBER | MANUFACTURE
(A) Earthing Transformer
Protection
(i) Overcurrent Inverse definite minimum time relays CDG11or MS5090 Australia & U.K.
energised from deita connected CT's. CDG16 MS5090 Australia & U.K.
{ii} Standby Earth Fautt Time graded earth fault CDG12 MS5091 U.K.
{iii} Overcurrent Instantaneous overcurrent from delta CAG34 MS5130 Australia & U.K,
connected CT'’s.

(B} Power Transformers

Earth Fault Protection (a) Time Graded (unrestricted) CDG Range MS5090etc. | Australia & U.K.
(b) Instantaneous restricted — high CAG1i4o0r MS5130 Australia & U.K.

impedance unbiased, FAC14 RM51565 U.K.

(c) Long time delay for back-up of cDG12 MS5091 U.K.

earthing resistor,

X {imited stocks available in Australia 2
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TRANSFORMER PROTECTION (Cont)

PREFERRED |PUBLICATION PLACE OF
APPLICATION DETAILS RELAY TYPE | NUMBER | MANUFACTURE
Longitudinal Differential
(i) Biased induction disc Adjustable inverse time DDT MS5116 U.K.
(ii) Biased with harmonic | High speed with 2nd Harmonic restraint, DMH MS5227 U K
restraint two winding and 3 winding versions,
(iii) Biased with harmonic High speed with 2nd harmonic restraint, DTH RS5403 U.K
restraint two winding and 3 winding static version,
Neutral Displacement For transformers earthed through voltage vVDG12 or MS5104 U.K.
transformers. vDG14 MS5105 U.K.
{B) Power Transformers
Overcurrent Protection (a) Primary — Inverse time graded overcurrent
IDMT CDG11,CDG16 MS5090 Australia & U.K.
Very inverse CcDG13 MS5092 Australia & U.K,
Extremely inverse CDG14 MS5093 Austratia & U.K
(b) Primary — instantaneous high set for
faults on primary circuit only,
(i} Simple attracted armature CAG13 MS5078 Australia & U.K,
(ii) High transient stability CAG17or MS5118 U.K.
CAGI19 MS5077 U.K.
(c) Primary — definite time CTU MS5065 u.K.
CAU On Request U.K.
(d) Secondary — directional overcurrent for CDD MS5089 U.K,
two or more transformers in parallel.
Winding Temperature Winding temperature alarms and trip with TTT MS5074 U.K.
Protection cooling fan and oil sump control, top oil
differential adjustment.
Over Fluxing Protection Volts/Hertz detection for low frequency use TGTT RS5407 U.K.
during generator and turbine warm-up period.
Buchholz Protection Buchholz atarm & trip for gas accumulation & 0BG MS5112 U.K.
surge conditions.
Gas Accumulation & Aucxiliary relays for flag Self reset VAA21 RS5063 Australia
Gas Surge Auxiliaries indication with alarm and
trip contacts Hand reset VAA23 RS5063 Australia
APPLICATION DETAILS RELAY TYPE NUMBER MANUFACTURE
Differential High impedance {unbiased) instantaneous
circulating current.
(a) Current setting with external
stabilising resistance. CAG14 MS5130 Australia & U.K.
{b) Voltage setting FAC14 RM5155 U.K.
Earth Fault Check Operated from three residually conn- CAG11 or MS5078 Austraiia & U.K.
ected CT's or from one CT in neutral. CAG12o0r MS5078 Australia & U.K.
connection. DBL4 MF489 (DBL2} U.K.
Frame Earth Fault With switchgear lightly insulated from CAG11or MS5078 Australia & U.K,
or Frame Leakage earth and all cable glands insulated. CAG12 MS5078 Australia & U.K.
Interlocked Overcurrent For tripping of generator or busbars PDI MS5137 U.K.
on blindspot protection.
Secondary Wiring Sensitive voltage time delayed relay VTX MS5069 UK, ¥
Supervision for monitoring CT's and secondary
wiring, single or 3 phase.
¥ Limited stocks available in Australia
PREFERRED | PUBLICATION PLACE OF
APPLICATION DETAILS RELAY TYPE | NUMBER |MANUFACTURE
Auto Reclose Relays (a) Single shot, time delayed reclose and VAR22or MS5230 U.K.
lockout. VTRR On Reguest Australia
(b) Four shot, time delayed reclose and VAR42 MS5230 U.K.
lockout.
{c) Many other special schemes also available VAR MS5230 & others U.K,
on request,
Circuit Breaker Failure Check relay with fast reset.
Back-Up (a) Set above rated current and with high CAG19 MS5077 U.K.
reset/pick-up ratio.
(b} Set below rated current and with high CAG14 MS5130 Australia & U.K.
withstand rating.
{c) As for (b) but high speed static version. CTIG RS5135 UK.
Directional Polyphase for directional control of overcurrent PCD MS5127 U.K.

relays.




FEEDER PROTECTION (Cont)

signalling channel.

PREFERRED | PUBLICATION PLACE OF
APPLICATION DETAILS RELAY TYPE | NUMBER | MANUFACTURE
Distance Protection (a) Switched three zone phase fault pro- SSM3V MS5222 U.K.
tection scheme incorporating one
directional mho unit and overcurrent
starters.
(b) High speed static scheme giving full MM3T scheme MS5132 U.K.
3 phase three zone phase and ground (YTG relay)
fault {unswitched) protection. Incor-
porates six directional mho fault
detectors together with earth fault
compensation unit.
(c) Switched 3 zone phase and ground SSRR3V MS5133 U.K.
fault protection scheme incorporating MS5224
a reactance measuring unit, mho
directional impedance unit and over-
current or undervoltage starting.
(d) Static mho switched scheme for 3 phase, SSMM3T RS5404 U.K.
3 zone, phase and ground fault pro- (YTS)
tection. Optional features include
overcurrent, undervoltage or impedance
starting, provision for single pole
auto reclose; zone 1 extension, 4th
zone timer, power swing blocking, fuse
failure and switch-on facility.
Earth Fault Check For use in Auto Reclose schemes for earth DBL4 MF489 U.K.
fault reclose only, (DBL2)
Earth Fault Indicator Fault location on three phase cables when CAEF MS5108 U.K.
used with core balance CT'’s.
Earth Fault Protection (a) Sensitive relays with high withstand
ratings
(i) Instaneous CMG MS5070 U.K. *
(ii) Definite time delay CcMU MS5101 U.K.
CMTR on request Australia
{iii}Mining application CMLT 4F001 Australia
{b} Restricted Earth Fault — instantaneous CAG14 MS5130 Australia
{c) Unrestricted Earth Fault — instantaneous CAG12 MS5078 Australia
Fault Detector High speed impedance unit used in conjunction with ZT1C MS5125 U.K.
distance relays in high speed carrier
blocking systems.
Frequency Relays Under frequency or overfrequency relay for FMG MS5088 U.K.
alarm, trip or|load shedding applications
Precision, high performance relay for FTG MS5120 U.K.
load shedding application. )
Fuse Failure Relay To prevent tripping of distance schemes VAPor MS5086 U.K.
or relays due to loss of a potential fuse. VTP MS5084 U.K.
High-Set Overcurrent Instantaneous relay for heavy overcurrents:
(a) Standard unit — continuously adjustable. CAG13 MS5078 Australia & U.K.
(b) Stabilised, immune to offset in CAG17 or MS5118 U.K.
transient currents. CAG19 MS5077
Negative Phase Sequence To detect unbalanced faults on the CAN MS5067 U.K.
secondary of small teed-off transformers
in high density radial feeder circuits,
Sensitive A.C. Low setting (8-24mA adjustable) for high NSS4 On request U.K.
resistance on arc suppression coil
earthed circuits.
Out-of-Step Blocking Used in conjunction with distance scheme YTO RS5136 U.K.
to prevent tripping during out-of-step
conditions.
Overcurrent Alarm or Adjustable setting with high drop off/ cmvQ MS5066 U.K.
Load Shed Control pick-up ratio. Not for marine applica-
tions {use Vigilarm)
Overcurrent or Earth Fault 1. Time graded — non directional.
{1nverse time) (a) Inverse with definite minimum (IDMT) CDG16 or MS5090 Australia & U.K
CDG11 MS5090 Australia & U.K.
(b} Very inverse CDG13 MS5092 Austratia & U.K.
(c}) Extremely inverse CDG14 MS5003 Australia & U.K
(d) Definite time CTU MS5065 U.K.
(e} Inverse O/C with instantaneous E/F. CDAG CDG+CAG12 Australia & U.K
or CAG14 E/F
2. Time graded — directional.
{a) IDMT CcDD21 MS5089 U.K
(b) Very inverse CcDD23 MS5089 U.K
(c) Extremely inverse CDD24 MS5089 U.K
3. Asfor 1 and 2 but static SDND R5176 U.K
Undercurrent interlock Used to prevent isolators being opened CAG19/VAT MS5077+5080 U.K
with fault current flowing.
Overpower Relays Tripping or Alarm for excess power flow WDG12 MS5124 U.K.
conditions. Induction disc inverse time
type.
Phase Comparison Feeder differential h.f. carrier P10 U.K

* Limited stocks available in Australia
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FEEDER PROTECTION (Cont)

PREFERRED | PUBLICATION PLACE OF
APPLICATION DETAILS RELAY TYPE| NUMBER |MANUFACTURE
Pilot Wire Biased Differentiai Static circulating current SDP R5326 U.K.
Scheme
Pilot Wire Biased Differential:
(A) Private Pilot Wires Translay balanced protection of :
(induction disc} (a) Plain feeders HO4 RM5145 U.K .k
{b) Teed feeders with quadrature HOA4 On request U.K.
transformer
(c) Translay relay as for (a) but tapped HOC4 RM5145
to provide adjustment of phase and
earth fault settings.
{d) Translay balanced protection of fused
teed feeders:
Fixed setting, adjustable inv, time HT4 On reguest U.K.
Adjustable setting, preset inv. time HTB4 On request U.K.
(B) Private Pilot Wires {a) Sensitive biased circulating current DMW MS5068 U.K.
(high speed) scheme.
(b) Sensitive biased balanced voltage DSF7 RM5152 U.K.
moving coil relay differential
system. Pilot supervision optional,
{Refer SJA below)
(c) As for DSF7 but for cable circuit DSE?7 On application UK.
protection where line charging currents
exceed 1.89% and 5% for resistance and
solidly earthed systems respectively.
(d) Teed feeder biased balanced voltage DSB7 2216-2a U.K.
moving coil differential system with (DSB5)
harmonic restraint.
(C) Rented Pilot Wires Translay plain feeder protection HM4 or MF445 U.K.
{telephone type HMB4 (HM2,HMB?2)
pilots) Plain feeder protection "'Stabiiay’’ — DSC7 22164 U.K.
high speed, balanced voltage system DSD7 (DSC4,DSD3)
with pilot supervision.
Pilot Wire Supervision Continuous monitoring of protection
pilot wires
(a) for Translay & DSF7,DSE7 schemes SJA 22215 U.K.
{b) for DSC7 & DSD7 schemes SJB 22215 U.K.
¥ Limited stocks available in Australia
PREFERRED | PUBLICATION PLACE OF
APPLICATION DETAILS RELAY TYPE | NUMBER |MANUFACTURE
Pilot Wire Biased Differential Translay (two element) balanced voltage HHT A4 MF536 U.K.
relay. (HHTA3)
Teed transformer protection — Translay HHTB4 MF244-2a U.K.
relay with quadrature transformers. (HHTB)
For all other Protection Application requirements see ‘“Transformer Protection”’
or ''Feeder Protection’’ as appropriate.
PREFERRED | PUBLICATION PLACE OF
APPLICATION DETAILS RELAY TYPE | NUMBER |MANUFACTURE
(A) SYNCHRONOUS & INDUCTION MOTORS (Above 50 HP)
Differential Protection For large motors — approx, 1000 h.p. and over
{a) High impedance {unbiased) FAC34 or RM5155 U.K.
CAG34 MS5130 Australia & U.K.
(b) Biased induction disc DDG11 MS5115 U.K.
Overcurrent Protection Time graded overcurrent (IDMT) CDG etc. MS5090 Australia & U.K,
Reverse Phase Protection Induction disc reverse phase and undervoltage
relaying. VDM MS3028 UKk
Thermal Protection Thermal replica overload with unbalance
protection. Versions available with inst-
antaneous balanced, unbalanced and earth
units, Versions available for use with
Vacuum contactors. CTM — CTMF RS5171 U.K.

¥ Limited stocks available in Australia




MOTOR PROTECTION (Cont)

PREFERRED | PUBLICATION PLACE OF
APPLICATION DETAILS RELAY TYPE | NUMBER | MANUFACTURE
Undervoltage Protection Instantaneous VAG11 MS5111 Australia & U.K.
Definite Time VAU21 MS5111 Australia & U.K.
Inverse Time — Induction Disc VDG13 MS5113 Australia & U.K.
(B) ADDITIONAL PROTECTION for SYNCHRONOUS MOTORS
Field Failure Moving Coil Undercurrent Relay with separate DBB4/VAT 2231-1a U.K.
time delay units. (DB2 series)
MS5080
Qut-of-Step Protection To protect against damage consequent upon FOS24 RS6161 U.K. %
falling out-of-step as a result of low
voltage or overloading.
Overvoltage To prevent against sudden restoration of VDG11 Ms5104 U.K.
supply on motors where power reversal is
normal and when there is no load on the motor.
Reverse Power To protect against sudden restoration of WCD MS5119 U.K.
supply on motors which will always rotate
in the same direction.
Underfrequency To protect against sudden restoration of FMG MS5088 U.K.
supply on loaded motors where power
reversal is normal.
*Limited stocks available in Australia
PREFERRED | PUBLICATION PLACE OF
APPLICATION DETAILS RELAY TYPE | NUMBER | MANUFACTURE
Backfire Reverse current protection on d.c. breaker when CMG MS5070 u.K.*
two or more rectifiers connected in parallel.
Earth Fault Instantaneous restricted earth fault high CAG14o0r MS5130 Australia & U.K.
impedance relay for rectifier transformer FAC14 RM5155 U.K.
Overload & Short Circuit {a) Inverse time overcurrent for class | CDG11 MS5090 Australia & U.K.
rectifiers, light general or industrial
service.
{b) Very inverse time overcurrent for class CDG13 MS5092 Australia & U.K,
I rectifiers, heavy general or
industrial service.
{c) Extremely inverse time characteristic CTG25 MS5083 U.K.
for class Il rectifiers, CT operated
(1A or 5A) or transductor operated
for d.c. circuit use,
Short Circuit Instantaneous high set units on a.c. breaker, CAG17 MS5118 U.K.
*k Limited stocks available in Australia
PREFERRED | PUBLICATION PLACE OF
APPLICATION DETAILS RELAY TYPE | NUMBER | MANUFACTURE
Capacitor Switching for VAr measuring and stepping control: NJO3 2228-6a U.K.
Power Factor Control (a) Single step type NJO5 2228-6a U.K. %k
(b} Multi step types NJMA RM5141 U.K.%
NJMA 2228-6¢ U.K. X
Series Capacitor Protection Split phase differential balance protection DTCB11 RS5142 U.K.
Shunt Capacitor Protection per single phase bank. Normally used with
definite time delay relays type VTT for alarm
and trip.
Shunt Capacitor Protection Double star bank residual unbalance
(a) Sensitive biased CACB11 RS5143 U.K
(b) Unbiased CAG12 MS5078 U.K
¥ Limited stocks available in Australia
INDICATION, ALARM & TRIPPING RELAYS
PREFERRED | PUBLICATION PLACE OF
APPLICATION DETAILS RELAY TYPE | NUMBER | MANUFACTURE
Alarm Cancellation Check alarm and reset VAK MS5114 U.K.
Annunciators {Flags) Auxiliary flag indicators single or multi- CAF MS5064 Australia & UK.
element without repeat contacts
Annunciator Schemes Multipoint circuit alarm systems MARK 5 S§G283 U.K.
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INDICATION, ALARM & TRIPPING RELAYS (Cont)

PREFERRED | PUBLICATION PLACE OF
APPLICATION DETAILS RELAY TYPE | NUMBER |MANUFACTURE
Semaphore Indicator Mimic Diagram application VAM MS5095 UK.
Auxiliary Trip Relay Multicontact protection auxiliary relays, CAA MS5063 Australia & U.K,
2-6 sets contacts a.c. or d.c., self, VAA MS5063 Australia & U.K,
hand and electrical reset.
Intertripping Receive relavs (d.c.) as follows: .
{Receive Relays) {(a) Surge-proof up to 5 Amp a.c. using DBM4 2215-1 UK.
separate pilot circuit (4kV & 15kV (DBA2)
insulation) shunt operated.
{b) Surge-proof up to 2 Amp a.c. and for DBS4 22151 U.K.
connection in series with the protection (DBS2)
equipment in a.c. pilot circuit
{c) Surge-proof up to 5 Amp a.c. and for DBSA4 2215-1 U.K.
connection as in (ii) (DBSA4)
{d) Interposing signal receive relay VAWA MS5102 U.K.
50V d.c. version immune to Operation
from 110V 50Hz)
{e) Interposing signal receive relay VAA On Request Australia & U.K.
110V d.c. version immune to 250V a.c. Special
Intertripping Send & send/receive relays as follows:
{Send-Receive Relays) {a) Providing intertrip pulse of preset VAWJ23 On request U.K.
duration independent of initiation con-
tact dwell time or an intertrip puise
dependent on initiation dwell time
but with preset minimum time.
{b) Carrier acceleration send/receive relay VAWJ34 On request UK.
to transmit a preset time putse 0.5 to
3 sec, adjustable and incorporates a
receive auxiliary element operated by
VF equipment receive output.
Intertrip Pilot Supervision A.C. supervision of d.c. pilots NSS4 On reguest U.K.
Tripping (High Speed 4 contacts . VAJ13 MS5109 Australia & U.K,
10 millisec.) 8 contacts | Hand self or electrical reset types VAT MS5109 Australia & U.K.
18 contacts g ity VA2 MS5109 UK.
Trip Circuit Supervision Supervision of Circuit Breaker Trip Coils VAX MS5123 U.K.
and fused d.c. supplies.
V.F. Intertrip (a) High Security
Direct transfer frequency shift trip scheme $25 on request UK.
incorporating security checks to ensure genuine
trip tone signals being sent and received
before tripping permitted — tripping time
less than 30 m$
(b) High Speed D12 On Request UK,
Frequency shift system providing channel fail
alarm with clamp & designed primarily for use
with interlocked systems such as high speed
permissive intertrip and carrier blocking
distance schemes. Operating time less than
15 mS
PREFERRED | PUBLICATION PLACE OF
APPLICATION DETAILS RELAY TYPE | NUMBER |MANUFACTURE
Battery Biasing Negative Biasing Unit cD4 DLP0001a{CD2) UK,
Battery Earth Fault D.C. Supply (unearthed). Earth Leakage CME MS5071 U.K.
detector.
Check Synchronising Interlock relays to prevent incorrect closure of SK series RM5165 U.K.
manually synchronised feeder and generator circuits.
Dead bus auxiliary VAG/VAA MS5111 Australia & U.K.
D.C. Circuit Protection Overvoltage
Undervoltage : ., -
Overcurrent 2?3::?2;”;};’\,:::::“' balanced DBA4/DBB4 2231-1a U.K.
Under current (DB2 Series)
Reverse Current
Combined O/C & Reverse Current UK.
Combined over/under voltage protection DBB4 105%331.;:;395)
Frequency Sensitive See Feeder Protection
Reclosing Relays For automatic reswitching of feeder circuit
breakers after tripping by protection relays. VAR MSb5230 UK.
Single and multishot types some with anti- MS5096-5099
hunting facilities, operation counters and MS5107
lockout features for uncleared faults,
Sensitive Measuring {a) D.C. voltage or current measuring
relays having a minimum operating power CMG or MS5070 U.K.
of 3 milliwatts and high continuous VMG MS5070 UK.
withstand.rating of 7 watts.
(b) A.C. current measuring relays as in See
(i) in conjunction with saturating CMU or MS5101 U.K.
CT'’s and rectifiers. CMLT 4F001 Australia




MISCELLANEQUS

APPLICATIONS (Cont.)

APPLICATION

DETAILS

PREFERRED
RELAY TYPE

PUBLICATION
NUMBER

PLACE OF
MANUFACTURE

Test Accessories

{a) Test Plugs for use with drawout type
relay and meter cases and test blocks
(E.E.Co.)

{b) Test Blocks for use with MPB plug to
allow simplified test of meter and
relay circuits.

{c) Tool Kits for relay maintenance and
comprising contact bender, contact
gauge, torch and light probe, spanner.

MPB

MPG

MS5085

MS5085

MS6138

uk.*
uk.¥

uKk.¥*

Test Equipment {Portable)

(a) Overcurrent relay test set comprising
current control indication, timer
impedance matching and contactor
switching circuits. Output range
0.05 to 200 Amps. Distortion 1%. Max.

{b) Distance relay test set comprising all
control circuits, adjustable source
impedance unit and line impedance unit
(1% setting) for rapid dynamic testing
of high speed relay system.

CF8

ZFB

MS3811

MS5228

UK. %

U.K.

Time Delay Relays

(a) A.C. or d.c. induction cup element,
with delay on pick-up, drop off or
pick-up and drop off.

(b} A.C. or d.c. static relays with delay
on pick-up or drop off.

VAT
vTT

MS5080
Ms5128

U.K.
Australia & U.K.

Voltage Regulating

Automatic voltage regulation in a.c. or d.c.
circuits by adjustment of on-load tap changers,
induction regulators etc.

(a) Solenoid element only

({b) Solenoid type with U/V contacts

{c) Solenoid type with induction time
delay element.

(d) A.C. line drop compensator for use
with AVE3.

(e) A.C. Static Relay with inverse time
voltage characteristics with adjustable
dead band sensitivity of £ 0.5 to
1 3.0% and time delay of 30-120 secs.
at 1% outside dead band.

(f) A.C. line drop compensator for use with
the VTJC.

AVB4
AVC4
AVE4

CAD

VTJC

cuc

RM5147
RM5147
RM5147

RMb147

MS5129

MS5129

c cgcc
A ARR

* %

UK.

* Limited stocks available in Australia

HEAD OFFICE & WORKS

25 Princes Road, Regents Park, N.S.W. 2143
P.0. Box 22, Regents Park, N.S.W. 2143

Telephone: 644 4666

VICTORIA

Telex: 20729 Telephone: 82 2212

Telegraphic: ENELECTICO, Sydrey

NEWCASTLE

14 Hall Street, Newcastle West, N.S.W. 2302
P.O.Box 189, Newcastle West, N.SW, 2302

Telephone: 2 5095

TASMANIA

QUEENSLAND

Telephone: 91 6544

164 Elizabeth Street, Hobart. 7000
G.P.O. Box 1063L, Hobart. 7001

Telephone: 34 5133

m Measurements

660 Burwood Road, Hawthorn, Victoria 3122
P.O. Box 187, Hawthorn, Victoria 3122

209 L.ogan Road, Buranda, Queensland 4102
P.O. Box 82, Stones Corner, Queensland 4120

SOUTH AUSTRALIA
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SWITCHGFAR AND AUTCIATIC CONTROL EQUIPNENT

-(reference ASBATCIT2, BS3939.)
ANST

Introduction .

In the desirn of complex control and protection schemes for power
generation, distribution and associated control equipment the use of
standaxd methods of yeferencing devices for similar functions i such
schemes facilitates the interpretation of information presented on
schematic or elementary diagrams. '

The general adoption of a standard method of reforence is to be
conmended but without adequate guidance and access to the- device list
given in American Standard €37.2 inconsistencies can arise with reduction
in the benefito ganined by its use. . .

The device numbering system was originally proposed by the
American Institute of Ilectricel Engincers several decades ago and it
was later adopted by VA (Hational Electrical Menufacturers Association).
It was algo incorporated in an incorplete form in British Standard 108
and is now included in B33939 but ctill without application guidance.
Thepe device function numbers which have beeon developed as a result of
usage over many years, define either the actual funciion the device
performs in en equirment or they moy refer to the electrical or other
quantity to which the device is responsive. Vhere experience has not
been gained in the selection of device numbers and their cuffix letters
(if any), considerahle inconsistencies occur throughout the electrical
industry. The benefits of using such a system therefore decrease and it
is hoped that these notes may assict with the choice of numbers for part-
icular devices hence improve the benofit of the use of such a coding to
pover system and switchgear equipment for which it was primarily developed.

Basis of Sysntem

The basia of this system ‘of Device Function Numbers is that in any

type of control scheme, the same number denotes a device performing the
pame function and by consistent use faniliarity with these numbers
facilitates the iden*ification of apparatus combined with the checking
of schematic and wiring connections and rapid review of the protection
provided where relay co-ordination is involved.

From the customer's viewpoint these numbers identify similar iteums .

from any manufpcturer in a universal manner which is independent of
particular manufacturer's type deaignation.

To obita'n the maximum benefit from such a system, numbers should
appear on all Device Lists, Schematic and Wiring Diagrams, and Instruction
Books. They may 2lso be included in any labels and nameplates related
to principal items of a control scheme,

Since the title of the device number indicates its function
then the number rewains the same although the apparatus performing a
fven function may vary. For example, a master switching device
device No. 1) may be either a contaot making device, a switoh, & tine

switch ox a controliex.

e T R
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6.

7.

- Buffix Letters

When there is more than one device on any complete scheme having the
same function these devices should be differentiated by the addition of
one or more suffix letters, for example : 52 represents a circuit breaker
whereas 52CS 1s the circuit breaker control switch. Capital letiers may
also be used to distinguish associated and auxiliary devices, example,

. 52X 18 an auxiliary contactor used in connection with the circuit breaker

52. Lower case or small letters a, b, ¢, d etc., may be used to designate
circuit breaker or isolator auxiliary switches, example, 52a is an =
auxiliary contact which closes when the main contacts close. Refer to
tebles following the numerical list of devices for suffix letters.

Where device numbers are used on schematic and equipment assembly
drawings, and in conjunction with other numerical reference data such as
Equipnent Schedule or Material List item numbers, it has been found of &
distinct advantage to underline all device numbers, for example, 52CS.

Schenatic Di

The mont beneficial use of a device numbering scheme is when it is
associated with single line system diagrams or fully comprehensive schematic
diagrams. If a manufacturer's type desismation would assist in further
identification, then this can be given briefly in a combined number cone
sisting of the device number which i{s underlined and the manufacturer's
designation written immediately below it, e.g. 51

‘ “ D)

Y]]
The series of numbers and suffixes shown in the following pages may
be applied to most schemes when it is not necessary to distinguish
between feeder and generation equipment. If, however, it would be an
advantage to make.such a distinction then the numbers 1-99 may be reserved .

YLocal.Control

- for generator equipment and o similar scries of 101-199, eto., may be used

for feeder equipment.

Supervisbry or Remote Control

A similar series starting with 201 may be used for supervisory ox
remote control equipment in general cases. If a distinction btetween
machine and feeder equipment is required, then 201-299 series may be reserved
for machine equipment and & similar series starting with 301 may be used
for feeder equipment. .

Application Notes with GEC Relay Type Referencesg

The following notes must be read in conjunction with the device

- number list end are produced to assist in the selection of suitable device

numbers. Common applications are listed with comments and example relay
types are given from the GEC Measurements range where the functions are
clearly identifiable. Whexe the device number definition in the main

list is adequately described and/or common applications are not generally
applicable to modern practice no notes are offered. Letters underlined in
the notes for the first few items indicate the method by which suffix
numbers are often chosen. Refer also to BS3939 for abbreviations for
guidance if helpful.
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IEEE Device Numbers

- and Functions ‘ ; ' ' % .
. For Switchgear Apparatus ' : P
' Manual ard Automatic Station Control A\ .

Cupervisoly Systams
| Associated Telemetering Equipment

pivics “Dofiniion L APPLICATION COMMENTS :
Number and Funeétion
-1 Master Element is the.initiating '-—---"PB Haster Start/st(’p Eush -}zutton
== device, such as a control switch, f, '
voltage relay, float switch, etc., 1CS  Master Start/ Stop Control Switch
which serves either directly, or '
through such permissive devices
as protective and time-delay re-
lays to place an equipment in or
out of operation,
2 Time-delav starting, or clos- Pime delay operate relay, on its own,

N

ing, relay is a device which func-
tions to give a desired amount of
time delay before or after any point
or operation in a Switching se-
quenca or protective relay system,
excep! as specifically provided by
device functions 62 and 79 de-
scribed later.

Checking or interlocking relay
Is a device which oparates in re-
sponse to the position of a nurnber
of other devices, or to a number of
predetermined condilions in an
equipment to allow an operating
sequence o procecd, 1o stop, or
1o provide a check of the position
of these devices or of these ton-
ditions for any purposa,

Master contactor is a device,
generally contiolicd by device
No.' 1 or cquivalent, and the nec-
essary permissive and protoctive
devices, which serves to muke and
break the necessary control cir-
cuits to place an cquipment into
operation under the desired con-
ditions 2nd to take it out of oper-
ation under other or cbnormal
conditions,

Stopping device {unclions 1o
place and hoid an equipment out
of operation.

Starting circuit breaker is s

device whose principal funclion
it to connect 8 machine to its
sousce of starting vollage,

Anode circuit breaker is ono
used in the anode circuits of a
power rectifier for the primary
putpose of interrupting the recti-

_fier circuit if an arc back should

occur,

Control power disconnecting

device is a disconnective device
~such as a knife switch, circuit
breaker or pullout fuse block —
used for the purpose of connect-
ing and disconnecling, respec-
tively, the source of control power
to and from the contiol bus or
equipment.

Note: Contiol powver is considered to in-
cluce suxiliaty power venich supplies such
Spoparatus as small motarns and heatars

in automatic circuitry. Vhen included
in other composite relays or closely
associated with a particular protection
function it is more descriptive to use
a composite number such as 19[2 which
implies an auto-reclose timer.

GEC types t VAT,VIT.

Start relay in automatia scheme.

4/2 Limit timer for starter motor for
diesel sets. GEC type VAT, VIT. ‘

Rundown-to-gstop controller or stop - ' i
relay. GEC type VAA.

Used for synchronous machine or motor
starting circuit breaker or contactor, AN
as distinct from a main or running circuit
breaker or contactor.

Isolating device or switch for control or
auxiliary power but not for power circuit
or mains isolators as described by
device 89.

84 ' Heatexr switch.

GNE Now'ettenpral oun puwser:

Dev.
No.

Definition & Function
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Feversing dovice is used for the
purpose of teversing 8 machine
field or for performing any othér
roversing functions,

Unit sequence switch is used
to changa the sequence in which
units may be placed in and out of
service in multiple-unit equip-
ments,

Rescrved for future application,

Over-speed device is usually a
ditgct-connected  speed  switch
which functions on machine over-
spoed. R

Synchronous-speed device,
such as a centrifugal-speed switch,
» slip-frequency telay, a voltage
relay, an undercument relay or any
typo of device, operates at approx-
imately synchronous speed of a
machine.

Under-speed dovh;e functions
when the speed of @ machine falls
below & predetermined value.

Speed or frequency, matching
devico functions to match and
hold the speed or the frequency of
& machine or of a system equal to,
or approximately equsl to, that of
another machine source or system.

Reserved for futwo application,

Shunting or discharge switch
serves to open or to ¢los2 a shunt-
ing circuit around any picce of
apparatus (excep! a resistor), such
#s a machine field, a machine arm-
ature, 8 capacilor or a reactor,

Nota: This excludes devices vehich paiform
such shunting opclnlvans as may be neces-
saryin the process o/ starting a mackine by
devices 6 or 42. cr their equivalent, snd
also oxchirdes devica 73 funclion which
serves tor the swtching of resistors,

. Accelarating or decclerating

device is used to close or to cause
the rlosmg of circuits which are
used te inctease or 1o docrease the
speed of a machine.

Starting-to-running transition
contactor is a dovice which opar-
ates to initiate or cause the auto-
matic transfer of a machine from
the staiting to the running power

" connection,

A synchronous speed detector, not to be
confused with device 56 which is a syn-
chronising relay for initiating field
application on synchronous motor start-
ing. The latter relay may alco be known
as a "slip frequency relay" but is
usually given the device number S6.

More likely to be a mechanically operated
speed switch rather than an underfrequency.
relay used to initiate load shedding.
Refer device 81 for frequency relays.

May be the speed matching part of an auto-
matic synchroniser. GEC types SV or part.
of type YP.

15CS Governor load-speed Control Switch,

Suicide contactor on D.C. drives but not
normally used for a D.C. field discharge
device on a generator or synchronous motor
as this is usually part of the field appli-
cation contactor or breaker - refer to
device 41.

Traotion, liaulage or mine hoist contml]:er.

Transfer initiating device in an auto-
tranaformer starter.
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20 FElectiically operated valve isa

solenoid- or motor-opcrated valve
wehich is used in vacuum, air, gas,
oil, water. or simitar lines.

Note: The function of the valve may be
indicutcd by tha iescrtion of discrplive
wotGs such 23 “Dra\e” or “Pressure Re-
ducing”™ in the function name, such as

“[lectricslly Operatad Brake Vaive™,

Distanca relay is 8 device which
functions when the circrtit admit-
tance, impedance of reactance in-
creeses or decreases beyond pro-
determined limits.

Equalizer circuit breakor is o
breaker which serves to controt or
to make and break tho equalizer
or the curtent-balancing connec-
tions for a machine ficld, or for
legulalingc-qulpmenl.lnamulnpls-
unit installation,

Temperature contro! device

.functions to raise or 1o lower the

temperature of a machine or other
apparatus, or of any medium, when

. its temperature falls below, or rises

B B

sbove, a predetermined value.

Note: An example is a thermostat which
switches on 2 space heater in a switchgear
assembly when the temperature {2ils to 3
desircd value as distinguished from a de-
vice which is used to provide sutomatic
{ ion b close
limits and vvould be dosignated as 80T,

Reserved for future applica!ionf,

Synchronizing orsynchron- -
ism-check device operates when
1wo ac ciicuits are within the de-
sired limits of frequency, phase
angle or voltage, to permit or to
cause the paralleling of thess two
circuits.

Apparatus thermal device
functions when the temperature
of the shunt field or the armortis-
seur winding of a maching, or that
of a load limiting or load shifting
fesistor or of a liquid or other
medivm exceeds a predetermined
value; or if the temperaturc of the
protected apparatus, such as a
powver rectitier, or of any madium
d below a pred. ined

value,

Undervoltage relay is a device
which functions on a giver value
of undervoltage. '

All types of distance protection relaya.
CEC types YTG, SSRR3V, ztc. .

21R 21Y 218 Phase fault distance relay
elements for Red, Yellow and Blue phases,

21E  EBarth fault distance xelay element.

Thexmostat,

‘& synchroniser or synchronism check device.

GEC types SRA or part of YP synchronisers,
SKA ,SKB, SKB4, SKC, SKD, SKE synchronism
check relays.

Automatic synchroniser with speed

25/1
(and voltage) matcher incorporated.
GEC : Complete type SRA/SV scheme or type YP.

Temperature limit detecting device, usually

direct measuring, e.g. “"Thexrmister". This
{8 not used for bearing overtemperature -
refer to device 3§. Refer also to

device 43, an indirect meazuring or replica
relay used for thermal protection for

trip initiation. ¢y Mofer profection

Usually reserved for A.C. U/V relays,

GEC iype VIG13. If no-volt detection also
required use 27UV and 27HV. No-volt relay, GEC
type VAG. For D.C. (battery) undexvoltage
device BO has been used but now reserved for
another purpose. Use 27 with appropriate
suffix if required. D.C. relays, .

GEC types DBA4 moving coil or VAG attracted
armature type. o

Dev.

No.

Definition & Function

Application Notes
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Rosorved for future application.

Isolating contzctor is used ex-

pressly for discor.necting one cir-
cuit from anothor fer the purposes
of emergency operation, mainte-
nance, of tost.

Annunclator refay is a nonzauto-
matically reset device which gives
‘s number of separate visual indi-
cations upon the functioning of -
protective devices, and which may
siso be smonged to perform a
lockout function.

.Separato excitation device

conhects a circuit such as the
shunt fictd of a synchronous con-
verter to a source of separate ex-
citation during the starting se-

quence; or one which energizes

the itation and ig

of a power rectifier,

Directional power relay is one
which functions on a desircd value
of powet flow in a given direction,
or upon teverse power resuiling
from arc back in the snode or
cathode citcuits of @ power recti-
fier,

Positian switch makes or hreaks
contact when the main device or
picce of apparatus, which has no
device function numbet, reaches &
given position.

Motor-operated sequence
switch is 8 multi-contact switch
which fixes the operating sequence
of tho mojor devices during start-
ing and stopping, or during uther

Q g op

Brush-operating, or slip-ring-

. short-circuiting, devica is uscd

for iaising, lowering, or shilling
the brushes'of a machine, or for
short-circuiting its slip rings, or
for engaging or disengaging the
contacts of a mechanical rectitier.

Polarity device operates or por-
mits the operation of another do- .
vice on » predeterminod polarity

- only,

Usually multi-element series oxr shunt
operated flag relay without contacts
comnonly required in small schemes,
example Buchholz indication or for
mechanical oxr environmental abnormality,
etc. GEC types VAF, CAF. If these
relays also have contacts for audible
alarm and/or tripping functions it is
general practice to use an auxiliary
suffix to the main.device number.
Refer notes on device 63.

Used more commonly for reverse power Or

overpower relay for generators.
GEC types : .

WDG11 reverse powe

WDG12 over power

YOG reverse power

VICD sensitive under and reverse power
Device 67 is not for power relays but
directional current devices.

Could refer to a poaiti&n or limit switch
on a gate or butterfly valve in a liquid
or gas flow line.

Master sequence device in multi-unit’
automatic operation of, for example diesel
or water wheel driven generators.

Could be used in D.C. drives (Ward Leonard)
for the device sensing power flow for brake
control to prevent overspeed operation.
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Undercurrent or underpawer
relay is a device which functions
when the current or power flow
d below s pred ined

value,

Bearing protective device is
one which functions on excessive
bearing temperature, or on other
abnormal mcchanical conditions,
such &8s undue wear, which may
eventualiy tesult in excessive bear-
ing temperature,

Mechanical condition monitor
is a device which functions upon
the occurrcnce of an abnoimal
mechanical condition, such as
vibsation, or scal failure (not in-
cluding bearing temperature which
is covered by Device Function
Number 38).

Field relay is a device that func-
tions on a given or abnormally low
value or failuto of machine field
current. 0* on an excessive value
of the reaciive component of aim-
ature cunent in an ac machino
indicaiing aonormally low ficld
excitalion,

Field circuit breaker is a device
which functions fo apply, or to
remove, the fieid excitation of &
machine. A L

" Running circuit breaker is a

device whose principal function is
to connect a machine to its source
of running voltage after having
been brought up to the desired
spoed on the starting connection.

Urdercurrcat check relcy in fault throwing
switch eircuit to permit automatic opening
of line isolator follcwing remote clearance .
of fault. GEC type -CAU. 37 can also be
uged as a unit by unit shutdown initiation
relay as the demand falls in a multiunit
generation plant. GEC types CAU, ClQ

or Vigilarm Controller.

As a power relay 37 can be used in turbine
shutdown schemes. GEC type WCD. However,
a WCD would not use 37 if it is used as a
reverse poviexr detector often used in
synchronous compensator (condenser) schemes
or high inertia synchronous motor sets when
*fecdback power could be injected into the
supply system following supply line
interruption - this application uses

device 32.

Usually bearing ofl temperature switch.

39VB Vibrafion Mondtor:

Field failure detector of A.C, or D.C.
machine either by monitoring directly the
D.C. current in the field circuit (type
DBA4) or indirectly in A.C. machines by
monitoring reactive power requirements
from the connccted system,

GEC type YCGF mho type.

This can also apply to a contactor for the
same purpose. If the field discharge device
is not physically part of the field appli-
cation breaker or contacts then devices

411 and 41D would be suggested fox Main

and Discharge units respectively.

412, 41b Nommally open and normally closed
auxiliary contacts on for field breaker or
contactor.

Can also be used for a contactor and would
be applied to the finzl contactor in a
reduced voltage motor starting scheme or the
only contactor in & DOL (direct on line)
starting scheme. Starting contactor(s) would
use device 6 (or &4, 68, 6C, etc.) and could
be those for primary or secondary circuits.
Device 42 would be generally reserved for
motor circuits and not used for power distrie
bution and feeder circuite where device 52
would be more applicable.

|
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device tansfers the control cir- '
cuits 50 as to modify the plan of
operation of the switching equip-

ment or of some of the devices,

Unit sequence starting relay is
a device which functions to start
the next available unitin 8 multiple-
unit equipment on the failure or

on the non-availability of the .

normally preceding unit.

Atmospheric condition moni-

tor is & devico which (unctions
upon the occurrence of & prede-
terminad atmosphaoric condition,
such as hazardous explosive &1
mosphere, smoxe, or fire.

Roverse-phase, or phase-bai-
anca, current relay is a device
which fynctions when the pcly-
phase cuirents are of reversa-phase
sequence, or whan the polyphase
currents are unbalanced or con-
taln negativephose-sequence
components above a given
amount,

.Phase-sequonce voltage relay

is @ device which functions upon .

a predetermined value of poly-
phase voliage in the desired phase
sequenco.

Incomplete gequence relay is
a device which returns the equip-
ment to the normal, or off, position
and locks it out if the normal start-
ing, operating or stopping se-
guence is not properly completed
within a predetermined time.

Machine, or transformer,
thermat relay is a dovice which
functions when the temperaturc of
an ac machine armatuse, cr of the
armature or other load canrying
winding or eloement of 3 dc ma-
chine, or converter or pov:er recti-
fier or power transformer (includ-
ing @ power rectifier transformer)
exceeds » predetermined valuo.

Dev.
No. Definition & Function Application Notes
4_3_ Manual transfer or selcctor ¥ost control transfer (or relector) mitches

for "RE:OTE-LOCAL", "AUTO-OFF-MANUAL™,

"AUTO REVOTE-OFF-AUTO LOCAL" etc. would

take this number. A Suffixes A, B, C, etc.
may be required to distinsuish between
several switches on the one control schene.
To maintain consistency for synchronising
functions it is recommended that synchron-~
ising "“ON-OFF" or YAUPO-OFF-MNANUAL", key
operated, control switches should not use
the number 43, but 25CS would be appropriate.

-

This was often selected for D,C. over-
voltage use on exclitation schemes, but has
lately been reserved for new purposes

(e.g. smoke detector - refer device list).
D.C. overvoltage applications would now take
device No. 59 with appropriate suffix letter
if required..

Negative phase sequence detector, GEC types
CDN, PGQA4 for gencrators, part of CLU
motor proteotion relay, alse CAN.

This relay usually detects reverse phase or
loss of phase, GEC type VI (or AEI PRA3).

GEC types VAT, VIT, MJDE4.

Moat commonly applied to thermal motor
protection relays which may also incorporate
other features such as instantaneous over-
current and/or earth fault, ete. For thermal
relay only (GEC type Cl1f21) use device 49

but for relays incorpcrating instantaneous
features use device 45/50, GEC types 013031,
41, I

NOTE ¢ The CMM relays incorporate phase
unbalance (negative sequence) deiection
circuit which would use 46, but since the
relay is basically for thermal and instantaneous
overcurrent protection 49/50 would sufliciently
describe its main function.
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iQ Instantaneous overcurrent, or
ratc-of-rise relay is a device
which lunctions instontancously
©n an excessive value of curreny,
©Or on an excessive rato of current
tise, thus indicating a fault in the
epparatus of circuit being pro-
tected

61 Ac time overcurrent relay is o

== ' devico with either a definite or in-
verse time characteristic which
functions when the current in an
ac circuit exceeds a preceterminsd
value,

A11 instantaneous overcurrent relays for
fault protection could use this number.

- Relays detecting current levels for control
purposes would generally not use 50 dbut

‘may use 37.

S0F instantaneous earth fault, Overcurrent
and earth fault examples could be

selected from GEC types CAG11, CAG12, -
CAG13, CAG14, CAG17, CAG19.

Refer also to notes for device 4.

Commonly applied to all inverse time ’ .
induction dise type relays with 51 bveing
used for phase fault and 51 being used
for earth fault when connected in the
residual circuit of a 3 phase CT group.
GEC types CDG11, CDG13, CDG14 or
- individual centre pole elements of a
CDG31, CDG33, CDG34.

Definite time overcurrent and earth fault
relays are most commonly confined to
static overcurrent relays GEC type CTU14 and

the sensitive earth fault types CMU21 and CTU15, CTU25 of the balanced
amature and static types respectively.

31 is FOT intended for use for thermal overcurrent relays with their
inherent time delay as used for motor protection, or instantaneous
elements mounted* together with inverse time relays in the same case,
For example, a CDG21 composed of ITIT element together with a CAG13

or CAG17 instantaneous element could be designated 50/51 or portrayed
on a schematic diagram as two separate elements in series and
designated 50 and 51 respectively. For the CIG64 3 pole version the
principle is the same but where the centre pole is an earth fault
element with or without instantaneous element the suffix E is
recormended for application distinction, e.g. 51E, 50E/51FE respeotively.
Vhere the centre pole is an instantiancous earth fault element alone
as in the GEC type CDAG relay with CAG12 or CAG14 centre element then
this element would use device 50E. -

The use of 51I for an instantaneous element in the above examples is

not appropriate to the device function.

device 64.

52 Ac circuit breaker is a device

== whish is used to close and inter-

twpt an ac power circuit under

! ditions or to i pt

this circuit under fault or emer-
gency conditions, -

Refer also to notes for

This applies to all types of circuit breakers
at all voltage levels for distribution,

busbar connection and feeder use where the
breaker is prinarily used for distribution
control and fault clearance duty. Where
however it is associated with a motor

having direct-on-line (DOL),reduced
voltage,reactance or secondary resistance
starting the device 42 may be more :
appropriate as it then has a similar

function to a motor control contactox. ) -
Refer to notes for devices 42 and 6. '

?
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s
CB auxiliary devices generally all usc the baric number 52 with
appropriate suffixes as per the following examples

evwitches,

52a, 52b respectively, normally open and normally closed auxiliary

52aa, 52bb normally open and normally closed solenoid or spring close

mechanisn switches.,

52¢ early cloeing (or late opening) auxiliary contact normally in

series with the trip coil.

52d, 52e normally open and normally closed respectively, racking
switches on drawout breakers when breaker is "racked out", '

22X closing control contactor for solenoid operated units or
spring release solenoid for spring closed breakers.

52C ox 52CC closing solenoid or air valve golenoid coil.

52T or 52TC shunt trip coil, 52TR, 52TY, 52TB for direct acting AC
series trip coils if required. .

52CS eircuit breaker TRIP-NEUTRAL-CLOSE control switch. .’

52CS conta.ct of control switch elosed in CLOSE & AFTER CLOSE. :

C,AC

§2CS 5208 52CS other control switch contacts closed in TRIP &
AFTER TRIP, TRIP & CLOSE respectively.

T,AT ~T'  C

If the

control switch contacts are portrayed in tabulation

form on a schematic the letters C, AC, T, AT,

N etc, would then be used

for- the closed position indication lines. .

521 motor for olosing or spring winding mechanism.

* Refer also to suffix notes at end of device list table.

The LOCAL-REMOTE control transfer and synchronizing switches often
required would use 43 and 25CS respectively and NOT 52 plus suffix

designations.

53 Exciter or dc generator relay
= is a device which (orces 1he dc
" machine field cxcitation to build
" up during starting or which func-
tions when the machine voltage

has built up to a given velue.

64 High-spced de civcuit breaker

== is a device which storts to reduce
the current in the main circuit in
0.01 second or less, after ihe occur-
fence of the dc overcurrent or the
Gxcoessive rate of current tise,

Refer notes on device 43,

Depending on how the field forcing condition
is initiated or detected an A.C. or D.C. relay
could be used. A common application is for
initiating coarse control of excitation when
indirect acting rheostatic types of sutomatio
voliage xegulators are used with pilot .
excitera on A.C, generators.

Thie number not now in common use for D.C.
breakers and ie currently reserved for
future uss, Refer to 72 for D.C, circuit
breakexr. ’
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Dev.,
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No. Definition & Function Application Notes . ,
65 Power factor relay is a device Also VAR measurihg relays such ag required

IS

18

I8

which operates when tha power

- factor in an ac circuit becomes

above or below a predetermined
value,

Field application relay is a de- .,

vice which automatically comrols
thu application of the ficld excita-
tion 10 an ac motor at some pre-
determined point in the slip cycte.

Short-circuiting or grounding
device is 5 poiver or stored energy
opcrated device which functions
1o shori-circuit or to ground a
circuit in response 1o automatic
or manual means.

Power rectifier misfire relay is

2 device which functions if one or .

mor of the power reclilier anode:
taits to fire.

Overvoltage relay is a device
which functions on & given value
of overvoltagoe.

Vohage balance relay is a de-
vice which oncrates an a given
difference in voltage between two
circuits,

<= Reserved for future application,

Time-delay stopping or open-
ing relay is a time-delay davize
which serves in conjunction witl,
the dovice which initisies the
shutdovn, stopping, or op..mng

i in an 59-

quence.

Pressure switch is & switch
which operates on given vaiues,
or on 3 given rate of change, of
prossure.

for capacitor switching control in power

. factor correction schemes. GEC relays

_KJMA, JUHE-multistep capacitor control /VOVAEZ~
with or without resetting with loss of supply
feature, NIPA; NJPB multistep control relay

with mechanical resetting feature, BIO3;— -
(}{JOS -single step control relays.

GEC relay VIM11 with or VIM12 without
.point-of-wave switching respectively for
synchronous motor starting schemes. °

Commonly a transmission line fault throwing
switch to initiate remote clearance of a
local fault condition. Can also be applied
to CT buswire shorting relay in busbar
protection scheme, e.g. GEC VAJY hand reset
"tripping" relay. .

Also rectification failure relay.

GEC type .
LI/ 4%
Mewts
CW
For A.C. or D.C., overvoltage application -éu%
with or without time delay feature. Use %f,,,,‘
appropriate suffixes when required.
GEC types VAG, VAU, VIG11. 2-Y.con,
Oofoney

Now for a voltege or current balance relay. I
Typical application is for rheostat follow-

up control in magnetic amplifier types of <o

automatic voltage regulator circuits for 4««/

larger sizes of generators. X' GEC type %‘5 n
Z2

DBB4 usually followed by PSE4 timer Y
device GOBT. Tl\u i woT oﬁf/w{ % balanes llcll'f;b’“
tabe o} Feeder hrvfea‘mn & Vranilay VA it a differenriet

fc%w res e@ed i‘gr futare use but has
frequently been used for "split phase® -
protection of parallel windirgs of some
generators also known as,"transverse
differential™. Use 87 with appropriate
suffix for fubture similar applications.

The complement to device 2.
GEC type VAT, VTT

Also for vacuum relay. Common application
is for Buchholz transfommer gas relay for
0il conservator type transformers or the
tank pressure relay for sealed transformers.

63CA for gas accumulation alarm contact and .
63CS for' gas surge or pressure (trip) contact, -
GEC type 0BG range.

'
Yo.

)
Definicion. & F\}nétion

Appiication ro tea]

- 64

Ground protective relay is a
device which functions on failure
of the insulation o! a maching,
trensformer or of other apparatus
10 ground. or on flashover ol » de.
machine to ground.

Note: This functicn is assigned only 10 8

«telay which detcets the tiow of current

from the frame of a machine or eaclosing
€ose or siructara of a piree of apparatue 13
ground, or dolects a fround on & nurmatly |
ungrounded winding or circuit. W is rot
spplicd to a devico connected in the toc-
ondary circuit o secondary neutral of »
curent transformer, of current transform-
o8, connectod in tho power circuit of

& normally grounded system,

50E

CT group.
OFE

SOCH Instantaneous check relay

‘This number 1r intended for such

© applications as o generator neutral carth

fault detector relay which measures the
voltarge acrosn the loadins resistor in a

. distribution - transfoxrmer (high resistance)

earthing schewme. It is alsc used for a
generator rotor earth fault detector,
excesnive earth lcakage deteetion in
normilly unenrthed battery or D.C. supply
systems, for example unearthed armature loop
of a Vard Leonard system or similar appli-
cation. It is FOT intended for use in CT
secondary circuits when other device
numbers would be applicable. Unfortunately
the choice of 64 for all earth fault relays
is a common misunders tanding in Australian
practice which {s divergent from the
established standard, hence the following
recommendations are made for common earth
fauit relay eituationa.

Instantdneous earth fault often in residual connection of 3 phaso
GEC type CAG11, CAG12, CAG13, CAG14, CAG19. :

Instantaneous f{rame earth fault

GEC types CAG12,
CAG13, CAG14 !

usually for frame earth fault

S50SE Instantaneous sensitive earth fault relay without time delay.

GEC type OMG.
21E

Inverse time earth fault relay usually with residual
connection of a 3 phase CT.

518E Sensitive earth fault relay with tine delay.
GEC type CMU21, GTU15, CTU25.

51SYE or 51C inverse (long time) standby earth or ground fault relay

- for back-up protection of a neutral earthing device.

GEC type CDG12._

51N or 51BU neutral or backup relay usually in the' neutral of a
generator or star point earthing connection of ¢ transformer.
GEC types CDG15, CDG13, CDG14.
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Governor is the equipment which
controls the gate or valve opan-
ing of a prime mover.

Notching or jogging device
functions to aftow only a specificd
number of opesations of a given
device, or equipment, or a spici-
fied number of successive cper-
ations within a given tima of cach
other. 1t alzo functions 10 cnergize
2 circuit periodically, or which is
used 10 permit intermittent accel-
eration or jogging of a machine at
low speeds for mechanical posi-
tioning. .

Ac directional overcurrent
relay is a device which functions
on a desired value of ac ovor-
current firwing in a predetermined
ditection, N

Blocking relay is a device which
initiaies a pilot signal for biocking
of tipping on external favits in a
transmission line or in other appa-
atus under predetermined condi-
tions, or cooperates with other
devices to block tripping or to
block reclosing on an out-of -step
conditiun or on power swings, A

Permissive control device is
geneislly a two-position, manu-
ally operated switch which in one
position permiits the closing of a

s cifcuit breaker, or the placing of -

8n cquipment into operation, and
in the other position prevents the
circuit breaker or the equipment
from being operated.

Electrically operated rheostat
is @ theostat which is used 1o vary
the resistanco of a circuit in ro-
sponse to some means of elec-
trical control.

Level switch is a switch which
Operates on given values, or on &
@iven rate of change, of level,

De circuit breaker is used to
close and intenupt a dc power
circuit under normal conditions or
10 intersupt this circuit under {ult
or emergency conditions,

-

1
Govemér and cex."vo mechnngsm only, 'however {
15CS or 15PB would be the centrol switch

or pushbution controlling the governor
reference when speed or load control is
carried out rewotely via the governor
specder motor 654, Speed control reference

- device driven by 65M could use E5R.

Also applicable to the step-by-step device
in tap changer control schemes.

Directional overcurrent and 67E directional
earth fault relays, induction disc or
instantaneous types, GEC type CDD. For
polyphase directional relays controlling
separate induction disc wnits use 67 for
the directional unit, GEC type PCD and

its awxiliary, and 54 for the overcurrvent
units, GEC type CIG. - .

Safety switch or manually operated lockout
device, for example a safety switch located
in high voltage switchgear operating cubicle
and used during maintenance operations to
prevent any attempt to operate a circuit
breaker from an out-of-sight position in
the control room.

Examples are motor operated voltage adjusting
rheostat (or "Variac") for voltage regulatozx,
governor or speed control. N

Liquid or gas level detector for example,
unit bearing oil level, either high level
(indicating water ingress) or Jow level

indfcating oil loss, or both. oo

Used for traction or mill supplies but not
for generator field breaker, which takes
device 41.

| | 44 = . | \ & |
—_— t ‘ i |
Ne. Definition & Function Application Ilotes
) “Load-rosi is used A contactor conmonly used for loading
13 load-rosistor contactor is use resictors on traction systema and mine

to shunt or inscrt a step of load

. Kmiting, shifting, or indicating

resistance in a power circuil, or
to switch a space heater in cir-
cuit, or to switch a light, or re-
gencrative, load resistor of a
power rectifier or other machine
in and out of circuit,

Alarm relay is a device other
than an annunciator, as covered
under device No. 30, which is
used to operate, or to operate in
connection with, a8 visual or
sudible alarm.

Position changing mechanism
Is the mechanism which is used
1o moving a removable circuit
breaker unit to and from the con-
nected, disconnected, and test
positions.

Dc overcurrent relay is 8 de-
vice which -functions when the
current in a de circuit exceeds a
piven value.

Pulse transmitter is used to °

generate and transmit pulses over
a telemotaring ot pilot-wire circuit
to the remole indicating or re-
ceiving device,

Phase angle measuring, or
out-of step protective relay
is a device which functions at a
predetermined! phasa ongle be-
tween two voltegyes or between
two ts ¢ b itag
and curmrent,

Ac reclosing relay is 8 device

which controls the automatic re-
closing and Jocking out of en ac
circuit intornepter,

Flow switch is a switch which
operates on given valuos, or on a
givon rate of change, of flow.

* Frequency relay Is a device

which functions on a predeters
mined valuo of frequency - either

' undor or aver or on normal systern

frequency - or 1ate of change of
{frequoncy.

hoists, D.C. or A.C,, where regenerative
braking is involved.

Commonly used as an audible or wvisual alarm
initiating relay, usually operated from one
or more alarm raising contacts in simple
alarm schemes and for the audible alam
relay in visual annunciator schemes.

Commonly a power operated “racking® mechanism
for drawout circuit breakers.

Mainly applied to mill, electrolytic process
supplies and D.C. traction schemes, GEC types
DBA4 and DBB4 with VAT or VT -timers as
required.

Used in carrier acceleration and carrier
blocking schemes with distance ox phase
comparison protection.

Commonly applied to an out-of-step protection
reley for synchronous motors, example

GEC type F0S24, but would not be applied to
a reactive power measuring or pole slip -
detector relay indicating field failure in

a8 synchronous generator. The latter would
take device 40 ag it would be primarily a
field fajlure detecting device.

Provided relay internal details are grouped within
a nominal outline on a schematic, lettered device
references only need be selected for internal
elements, If not grouped together use 79 with
appropriate suffix. Common GEC types VAR11,
VAR21, VAR22, VAR42, VARS4, VAR1O1.

Now reserved for liquid or gas flow detector
such as generator cooling water flow fail but
has commonly been applied to undervoltage
relays on D.C. glation battery schemes and
this function should now use device 27 with
an appropriate suffix if necessary. .

[

GEC types PG and FIG. °

i
t
H
<
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which controls  the automatic
closing and reclosing of a dc cir-
cuit inferrupter, generally in re-
sponse 1o load circuit conditions,

Automatic sclective controt
or transfer relay Is a device
which operates to select auto-
matically between certain soyrces
or conditions in an equipment, or
perfgims  a  wansfor  operation
sutomatically,

Operating mechanism is the

-complete electrical mechanism or

servo-mechanisim, including the
opcrating motor, solenoids, posi-
tion switches, etc, for a tap
changer, induction regulator or
any piece of apparatus which has
no device function number,

Carrier or pilot-wire receiver
relay is a device which is oper-
ated or restrained by a signal used
in connection with carrier-current
or dec pilot-wite fault directional
selaying. . .

Locking-out relay is an electric- .

ally operated hand or electically
raset device which functions to
shut down and held an equipment
out of service on the occurrence
of abnormal conditions.

Differential protective relay is
2 prolective device which func-
tions on a percentage or phase
angle or other quantitative differ-

ence of two curnrents or of some

other slectrical quantities.

Auxpharv motor or motor gen-
erator is one used for operating
auxiliary equipment such as
pumps, blowers, exciters, rotating
magnetic amplifiers, etc.

Dev,
No. Definition & Function Application Notes f
82 Dc reclosing relay is 8 device Mainly appiicabie ic D.C. traction systiems.

This device ig the complement to device 43, .
the manually operated control selector. As

an example, 83 could apply to a device auto-
matically ¢ransferring a generator set from
peak lopping duty to emergency lioad 3uppiy

duty on the loss of a mains supply.

Commonly a tap changer or induction regulator
complete, whether a.utoma.tically or manually
controlled.

84CS or 84PB  Tap change control switch
or pushbuttons respectively for manual
control of raise and lower funotions.

Commonly a surge-proof (or could be non
surge-proof) intertrip receive relay,
responsive to a transmitted definite pulse
rather than being a voltage or current level
detector, GEC types DBIY, DRS4, DBSA4.

85 is FOP epplied to the pilot wire protection
relays giving unit protection of the balanced
voltage or circulating current types. The
latter are equivalent to differential relays
for feeder use and should, for example, take
the number 87F.

Lockout or master trip relay of non self-reset
variety for machine shutdown or as a circuit
breaker master trip relay operated by protection
relays and when a hand or electrical reset
feature is required, GEC types VAJH, VAJE, VAJX
or VATY. (A self-reset iripping relay,

example VAJS or VAJZ, commonly given device 94).

Can be uscd for eny circulating current scheme
with or without restraint features, or balance
voltage schemes, that provide unit protection
to trancformers, feeders, generators and busbar
schemes, etc. Where a number of unit protection
schemes exist on one project appropriate suffixes
may be required, for example, for those already
mentioned 87T, 87F, 87G, 87B would be appropriate.
GEC types =

_g]_'l_' 1 DDT, DM ox DTH or HHTA4 ‘

F’LI_‘ + HO4, HT4, DST, DSF7, DSB7, DSET or IMW

_E_']_ s CAG34, FAG34, DDGI1

B_@ CAG34, FAC34

BTRE ¢ Restricted Earth Fault Proteotion,

typeas FAC14, CAG14. :

.. ! I
No. Deiinition & Function

1

L 16 | | | |

Application ilotes

_8;9 Line switch is used as o dis-
connecting or isolating switch in
#h oc or dc power circuit, when
this device is electically opeiated
or has electiical aczessories, such
s an ouxiliary sw switch, mag-
netic lock, etc. :

93 Regulating dovice functions jo
== regulate 8 quantity, or quantities,
such as voltage, cuirent, power,
specd, {requency, temperature,
and load, at a certain value or be-
tween certain limits for inachines,
tie lines or other apparatus. .
91 Voltage directional relay is o
—

device which operates when the
voltage across an open circuit
breaker or contactor excecds a
given value in & given dircction.

92 Voltage and power diraclional

== relay is a device whicl permits
or causes the connection of two
circuits when the voliage diffe-
enco between them exceeds a
given value in a predetenmined
direction and causes these two
circuits 10 be disconnected from
each other when the power flow-
ing between them excoeds a
given value In the opposite dirscs
tion.

93 Fiold changing contactor func-

== tions to increase or decrease in
one step the value of ficld excita-
tion on a machine,

94 Tripping or trip-free relay is a
. == device which functions to trip a
circuit  breaker, contactor, or
equipment, or to pesmit immediate
tripping by other devices; or to
prevent Immediate reclosure of a

circuit mlcrrupter, in case it should

h

open al tly even
its closing circuit is manmamod
closed,

25

l% Used only for specific applications

o7 jon individual irctatlations where
none of the assigned numbered

% functions from 1 to 94 is suitable,

Noto: A similor serics of numbers, starting
with 201 instend of 1, shail be u'ed Aor
those device in a

fceder, or other equipment when these ovo
controlled directlly from the suparvusorv
system,

Typical exsmples of such device (uncllont

ngj 205, and 294,

Power sunnly isolator or earthing switch.
Suggested suffixes vhen required are §7L
for Line Isolator, 8911 for Bus 1, 8982

for Bus 2, ete., B9E for Earth Switch.
Auxiliary switches would take suffixes

a and b as in 89a, 89, or 89%a, £9Lb for
normally open and nonmially closed contacts
respectively when the isolator is open.

Commonly an automatic voltage regulator Jor
generator or tap changer uae.

.A relay for detecting correct polarity

between a D.C, machine and the bus before
paralleling, also it can relate to the relay
used to initiate connection and disconnection
of loading resistors in traction or haulage
systems where regenerative braking may cause
rectifier trouble or overspeed of prime movers
of generators., It may also refer to a xeverse
current relay required for D.C. machines and/ox
rectifiers operating in parallel.

Field Forcing device.

Alpo an anti-pumping relay where xequired in
automatic control schemes.
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Induction Disc Overcurrent and Earth Fault Relays -
Types CDG11/CDG14
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. P.R. 521y
.R. p — —
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re————— Z—=" A T !
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i SR .
| e 1 FIG. 3 HG. 4
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ON A COMBINED OPERATION INDICATOR ON A COMBINED OPERATION INDICATOR

FIG 2. SINGLE POLE AND SHUNT REINFORCING UNIT, AND SERIES SEAL-IN UNIT.

SERIES SEAL.IN FIG. 28, TRIPLE POLE .
|
! - [
| ! FIG. §
| | TWO ELECTRICALLY SEPARATE CONTACTS
| | ON A COMBINED OPERATION INDICATOR
FIG.3  SINGLE POLE | — | AND SHUNT SEAL-IN UNIT. ,
P.R.
I ‘ I - -
Y ,I@( : KEY T0 SYMBOLS
: e i ’ } P.R. PROTECTIVE RELAY.
o ! ! S2T  CIRCUIT-BREAKER TRIP COIL ' y
| —— i 0 5 %)
| >R, i $2-1&52-2  CIRCUIT-BREAKER ;
I 1@ p L5t AUX.. SWITCH CLOSES BEFORE ; ALARM .
e
{_ -5 J' - , CIRCUIT-BREAKER CLOSES. L % (ctosts For
—————————————— APPROX.
SHUNT SEAL-IN FiG. 3A. TRIPLE POLE 86 HIGH-SPEED TRIPPING RELAY, 1 Fic. ¢ 0100 SECS.)
86-1 & 86-2  HIGH-SPEED TRIPPING DELAYED SHUNT SEAL-IN -
PR RELAY' CONTACTS. ALTERNATIVE CONNECTION FOR FIG. §
+ ®  RELAY CASE TERMINAL. - - Py
0 0—O—* TR1P 00 NORMALLY-OPEN CONFACT. ‘ '
by = o i 55 KORMALLY-CLOSED CONTACT.
O—0, 00 SHUNT REPEAT e

MECHANICAL OPERATION iNDICATOR.,
{OMBINED OPERATION INDICATOR AND .
REINFORCING, SERIES SEAL-IN,OR o

SHURT REPEAL UNIT. .

]SRN

DIAGRAMS OF CONNECTIONS FOR COMBINED OPERATION
INDICATORS AND SHUNT REINFORCING, SERIES SEAL-IN,
OR SHUNT SEAL-IN & fhount remcat - STANDARD TRIPPING CIRCUITS

(FOR CONTACT ARRANGEMENTS POSSIBLE ON A PARTICULAR RELAY
SEE ORDERING IKFORMATION SECTIONS) :
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RANGE: - 0,1 - 0,4 AP I'Z- RINAS: - 6.8 - 2.0 ap
- ~
AP SETTLIG V. A, BURDEN AT: TAP SETTING V. A. BURLEY AT 3
vapr COrDIES TAP VALLE - VALUE TRMES l'.‘AY‘ VALUE
.
1.0 3.0 10,0 20.0 1.0 3.0 10.0 2.0
o 2 " % 250 0.5 2.4 T .85 260
ots . ' 10 a0 0.75 2.5 15 9 310 -
o2 . ' 1o o 1.0 2.5 15 16 350
- 0'25 2'6 ' 130 o 1.25 2.6 16 130 LD
R . 1.5, 2.7 EIn X4 150 570
0.3 2.6 7 o 530
. . ' 1.75 2.8 18 160 610
0.3 2.7 17 6o o o “ 2.0 2.9 19 180 720
0.4 © 2.8 18 180 68) e L : b
_ * ’ Phase angle at currert setting 61°
Phase angle at current setting 59° 1 sec. rating any tap 9 amp.
1 scc, rating any tap 1L amp. i 3 sec. ratlng any tap 4O azp.
ec. rati: tap 8 amp, : o
'3 sec. rating any tap anp -
- - = 1,0 - 5L,0 P
BANCE: - 0.2 - 0.8 AR TAP SETTING V. A. BURDEN AT:
VALJE TIMES TaP | VALSE
. TiP. SETTING V. A. BURDEK AT: )
Vatus ~nzs AP VALY 1.0 3.0 10.0 2.0
-
: 1.0 3.0 10.0 2.0 O 1.0 2.2 2 - 90 260
. : - - . 1.5 2.4 13 100 3.0
: 1 0.2 22 I3 o9 250 - 2.0 2.4 15 10 420
- 0.3 .2 " 100 310 2.5 25 .18 130 . a0
.0 2.4 15 110 400 3.0 26 . a7 150 T 580
L0 2.6 16 120 450 3¢ N e 2 Y B o
0.6 2.6 Y 10 540 . . 4.0 29 19 ‘190 Cagpr
RN 0.7 2.7 18 150 590 L
6.8 2.8 9 170 610 Phase angle a% current setting (0°
, . i 1 sec. rating any tap 138 amp.
i . PHASE Angle at current setting 61° . . 3 sec. rating any top £ amp.
T 1 see. rating any tap 28 amp. ¢ .
- 3 sec. rating any tap 16 amp. R -
4 . . )
i . ’ .
E . L4
vy i
o .
PRI Y - N PR - [ESEEEIN A e e Tl A
3 VA, €561 3 V.A. R
s . 30 = e/s /s
i R_A;.'GE: = 1,5 - 6.0 AP ) RAXGE: - 5.0 =~ 16.0 8%
' ) ) .
e TAP SETTDNG : V. A. BURDEN AT: TAP SETTING V. A. BURDEY £T:
. VALUZ TDES TAP VALUE VALUE TDES TAP VALE
—_ -
T 1.0 3.0 10.0 2.0 1.0 .3.0 12,9 2.9
1.5 2.2 w oo 90 260 : 4.0 2.3 .l 100 326
1.8 2.2 % ‘90 200 h 4.8 2.6 15 100 320
2.25 2.2 LN 100 350 6.0 27 . 16 130 A5}
L 3.0 2.3 16 120 420 8.0 2.9 19 160 630
N 3:6 2.6 . W 130 420 9.6 3.0 Y] 160 7%
L L5 L2 18 160 . & 12,9 3.3 25 220 800
. 6.0 2.9" 2 210 800 16,0 4.0 3 260 1300
I Phase argle at current setting 56° . Plasa angle at current tetting i9°
HEG 1 sec. rating any tap 208 amp. N ¥ sec. reting any tap 555 amp.
4 1 3 sec. ratirg any top 120 amp. ~ 3 sec. rating any tap 320 amp.
: ¢
i .
§
i = 2,5 - 10,087 )
4 TAP SETDG V. A. BURDEM AT: :
o VALE TIvES ThP VALSE
1
i 1.0 3.0 10.0 2.0
; 2.5 2.5 1, 98 320
4 4 3.7% 2.7 15 120 LLY
| 5.0 2.8 17. %0 220 - .
P . . ' ' %) . . Yo S
6.25 3.0 9 60 63 ‘
t 7.5 3.0 »n 190 no : :
! B.75 3.2 23 210 850 : ; X
i 10,0 . . 3.6 2 240 960
1 . . N
. A - o " -
. Phase angle st current setting 57 .
4 t sec. vating any tap 346 amp. . - N
5 .

3 sec, rating any tap 270 anp,
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1

B
—_— . CDG13 {(Very Inverse) 1,V.A, ) CDGI3 (Very lnverse) 1LV.A,
50 - cla . _ N 50-c/3
RANGE:- 0.1 - 0.4 AP '
. RANGE:= 0.5 . 2.0 Av'P
TAP SETTING V.A. BURDN AT: VoA, BUTOREN
VALUE TG ES TAD  VALUEG aep
1.0 a0 10.0 20,0 . .10 100 20.0
o o ) 765 52 135 : ) 0.5 0.7 6.6 49 M0 - .
012 72 6.7 55 150 : © 0.6 . 0.72 6.8 52 150 -
—~ . . .
. 0.15 . - 95 6.8 59 170 0.75 0.74 7.0 57 . 170
0.2 M 81 7.1 65 210 S : BRK2 0.8 7.5 66 210 Lt
. 0.24 .85 7.5 71 235 La 0.84 7.8 . 72 240 '
6.3 91 8.0 80 280 L5 0.91 8.5 © 82 300
0.4 1.05 9.3 (98" 390 20 7 1.05 9.6 100 400
4 Phase angle st tap seitine 550, S < Phase anote at tap setting value 550
- RANGE:- 0.2 = C.8 AUP
N RANGE:- 1 . 4 A8
TAP SETTING V.A. RURDEN AT: .
T . —VALUE : o TAP SETTING V.A. PUEDET
- RS e TIMES _TAP VALUE : <5 VALUE ©TIMES H
. L0 3.0 100 200 - - " Lo 3.0 T
T . ’ . ™ : .
R 0.2 0.7 6.4 55 120 - ) N i.0 0.81 6.6 )
. . -
0,24 0.72 66 57 150 . 1.2 . . 0.83 7.2 62 200
© 0.3 0.76 6.8 60 170 . 1.5 0.85 7.7 &5 230
- : 04 . © - 0.82 7.2 64 210 2.0 0.92 8.4 78 - 270 -
048 .. - 0.86 7.6 70 230 : : o 24 R 86 . %00
s 06 .- 0.91 8.2 78 270 A . %0 Se Ll T 68 100 30
bl . - . . PR ! .
i : 05 . 1.06 8.0 % 380 . : 40 . 1.8 1.0 1o - 80
i . ) Phase anzle ar tap setting 55° Phase anale at tap seiting value 500
.3
i - . . <
_z -
i .
! .
i
i N
o . b Te o T i
E— . R : RPN A ] 0 BN
RO, e s - .
¥
‘ ¢ ' . s
N . n . . . .
R S SN SR Nonserais .  Neval 0 AU S-S U USSR
. . N | 4
5 R A i ) .
j - : CDG13 {Very Inverse! } V. A, e . CDG13 (Very Inverse) 1.V.A.
i o : 50 - ofs . o 50 - cfs
toR e ‘ . .
" ] . . B " . B .
— o RANGE:~.2.5 = 10 AMP . RANGE:~ 4 = 16 AMES
i ' .
i ’ ; TAP SETTING : AL JEN AT:
: TAP SETTING V.A, BURDEN AT; NaE : V2. BURDEN AT
7? vaLues TIVES TAP VALUE ——— TIMES AP vVaLus
H —— —— — ————— . . — —_— .
*(:‘"}‘ : 1.0 3.0 19.0 20.0 - : - - 1.0 3.0 10.0 _ 20.0
: v ’ : . . °
iy as : 076 6,8 56 wo | B OS 40
o ‘ - . 190 A X . 0.85 8.4 72 240
: ! 30 . 078 7.1 61 . 4.8 0.9 8.9 79 260 .
2 - .
D 375 0.84 7.5 S R 6.0 .10 9.7 93 320
5.0 o, s 8.4 82 290 . i .. 8.0 1.2 1.6 116 400
: v .
. 6.0 v e 91 . e 350 _ . 9 135 135 13a 450
. .78 ) 1.2 iro 120 440 12,0 ) 1.68  16.0 160 530
; 10.0 1.6 14.0 160 %80 ’ 16.0 o 2.3 215 215 780
- » % at tap i c o - 3 .
. ; Phaso angle at tap setting value 43 . v Phase anple at tan setting value 27,59 .
3 1 . . . .
o RANGE:~ 1.5 = 6 AMP . : . S
i : &
! TAD SETTING V.A. BURDEN AT:
- O YaLUE . TIMES _TAP  YaLUE . & ) . . :
i 1.0 3.0 10.0 20,0 . coe " e
e 1.5 ' 0.71 6.5 51 163 T ] ' ’
: .
4 1.8 0.75 6.8 56 170 .
{ 2.25 _ 079 7.2 " 62 210 .
3.0 089 8.1 74 260 ) ’ :
. % 3.6 ‘ 0.98 8.9 65 300 =
: 3 s . o . . Lo ) -
20 . as S 1.1 1.0 102 360 e P : PRR v :
! % 60 T L3 las 123 - 440 i L T T P S
H : . Phaso angle st tap setting value 490 ’ . o, L ’ ) B . C,
; . . - . , :
2 ’ '
N ; :
{ —4: . . : . Vi
B . X . ;
i ’ .
—j - . S - T T T T T e e e e e o oy TR
fooo . . 0 , . W R SRy BrenL
il . AN . ) '
T < : . o - . e e tstos G e el -




1, .
CDG14 (T')’;lr‘«‘:nr-ly Inverscel 1L,V,A, * COG 11 (Extremely Inverse) 1,V A,
.
. 50 -cls 50 clc
“RANGT:- 0.1 - 0.4 AMVD .
- RANGI:- 0.2 - 0.8 AP
. Rl 0.2 2 0.8 AP
TA2 SETTING V.A _RURDEN AT; VAL BURDEN AT:
VALUR TIvES TAP  VALUE TIMES TAP VALUE
' 3 2
~ 1,0 3.0 10,0 20.0 & A 10 0 10.0 0.0
t s . S- ‘0.2 0.36 3.2 .35 140
2 0.1 ) 0.35 3 35 140
. R 0.29 0.39 3.4 39 150
~ 0.12 0.37 3.2 © 38 150 Ly .
9 ; : W 0.3 0,42 3.6 a1 160
: 0.15 0.4 35 a1 160 -
. 0.4 0.48 4.2 47 190 |
0.2 v 0.47 4.2 47 190 |
0.18 0.55 4.8 53 2
— 0.24 053 a8 54 210 ? ° 10 |
0.6 0.6 5.4 72 25 ;
0.30 0.61 5.5 69 250 =0 , |
- - 0.8 72 6.7 77 2 %
3 .40 076 69 80 . 325 O o ° 820 :
R i Phase anplo at tap satring vnlue 41,52 ;
Phase onple at tap settiag 33,50 - . [
- . RANGE:- 1.5 - 6.0 AMPS G
' * f
RANGE:~ 0.5 - 2.0 AVMP - H
e i VA, BURDTN AT: ‘I
‘ V.A. BURDEN AT: TIMES Tap vain: :
-y L oSheeE TIMES |  TAP  VALUE Lo a0 o0 20.0
4 - -
LO 3.0 10.0 20.0 0.38. 34 39 150 |
_ 0.5 0.33 3.0. 35. 140 0.41 38 43 170 ]
5 !
0.6 0.33 2w =0 2.25 0.47 4.4 48 150 [
075 0.38 3.5 . a1 160 3.0 0.58 5.4 0 250 |
. ;
16 0,46 4.3 48 190 3.6 0.67 6.2 70 250
1.2 . 052 a8 55 220 - 4.5 ~ o.82 2.8 " &8 270 .
o 1.5 ©.62 5.7 65 260 : . 6.0 113 105 135 500 :
. 20 . 0.79 7.1 L & 330 .’ Phase anlo at tap setting value 300 H
.E e ’ . Phase gngle at tap setting value 33,59
1 -
T LT R e e T G N B
IR ’ L - B
.. - T - .
g ! ) CN\s i AN s ) N -
* ) - ~
% 3. . 4.
3 . )
CDG14 [Extremely Inverse) 1,V.A, . CDG14 (Extremely Inverse) 1.V A,
" ‘50 -¢ls X . 50 - c/s
4 RANGE:~ 2,5 - 10 AMP ] RANGE:- 1 -4 AMP
N .
. TAP SETTING " _V.A. BURDEN AT TAP SETTING V.A, RURDEN AT:
Yarus TIMES  TAP  VALYUE VALUE TIMES _TAP YALUE
SN L0 3,0 10.0 200 1,0 30 10,0 20,0
! 2,5 . 0,4 3.6 42 160 AN 1.0 0.41 39 a2 160
' 3.0 0.44 4.0 a5 180 1.2 0.44 4.2 45 180
o 3.5 . 051 4.6 50 200. s 048 4.6 s0. . 200
- 5.0 * 0.66 6.0 68 280 2.0 0.58 5.4 € 2350 .
6.0 - 079 71 83 340 2.4 0.65 6.0, 63 - 200
7.5 1.01 9.2 105 440 3.0 ) 0.79 7.2 84 340
- 10,0 1,45 13,0 155 640 ) 4.0 R 1,02 9.4 110 450
ot b . e
= Phase enple ar t2p coting Yajue 20° . Prase anpie at tan soatting value 330
NGE:- 4 = 16 AMP
A= 15 8ME
N . N -
20,0 .
0.56 5.0 58 230
0.62 5.8 64 269 .
0.76 6.9 78 320 . .
0.98 9.0 - " 105 430 W)
1.20 1o 130 540 . .
N . - N
1.6 14,0 170 700 . H . .
2.3 210 250 1000 . i
Ehose pnele ot tap seitog yalus 259 : R
- . v
D .
* .. - - . N )
-y . R Tt P\, e e . ra - - ————
& - . . .
. . .- ! o N K o A,
. « < .




s : CT REQUIRBMENTS FOR

CpGi1, CNG13 and CDGi4

R OVERCURRENT AND EARTH FAULT RELAYS

. .
Because of electromagnet saturation effects with increasing overcurrent
factors, using a nominal 3VA burden "at tap value" as a basis for '
determining element impedance at all overcurrent factors (OCF) will,
in some instances, produce cxcessive CT voltage requirements. It is
therefore more satisfactory to use the actual VA regquirements at any
OCF and tap value combination to be considered.

. By examination of burden curves for various typical taps and OCF!'s,
. it will be seen that no hard-and-fast rule or formula can be.established
. to produce a common output voltage reguirement to suit all possible

relay setting cowmbinations. Several examples of setting combinations
and fault conditions must bz examined and the rcsults of the most
4 onerous case used to determin’ the CT class requirement.

For sinsle (F/F conditions the main CT voltage requirement is based
on a current level ecual to 20 x the E/F element setting and will
include, in the burden, the loop lead resistance of the CI-to-relay
connection pilots.

For 0-d fault conditions the current level used must equal 20 x 0/C
) Telay settirng and since 2 CT's and 2 relay elements will be involved,
; it is only necessary to consider one relay and half the loop lead
resistance of the cennections.

Now as VA = 122 then Z =

"ol

Ignoring the ‘effect of phasc angles of the voltages across each burden: -

CT cutput _ °

volts sum of volt drops across all burdens in series,

" lead burden inclt_lded.

of burdens, in ohms, ‘

. = current level chosen x (sum .
. ; ’  of each element + lead burden).

i - - ‘
BT LT Ay T e VA -
; ' Cm : " E/F 0/C
SRR fee. Vor = E/F tap x OCF [(E/F v R (TR
i pxample 13 CDG31 3VA nominal burdem, 2.5 0/C setting 0.5A E/F setting,

_ $-E fault condition (no high set elements),

- Assume an OCF of 20 for E/F setting, i.e., fault current of
*.20 x 0.5A, This is equivalent to an OCF, for the 0/C clement
: settings of %__g x20 = 4. .

{7 *Refer to VA burden tables or impedance curves for values at
= .. - the appropriate OCF to include in the CT voltage output
2 - formula. : : ’ .

Note however, that as we are considering oniy the CT output
voltage and not the kneepoint voltage (V, ) the burden of the

I SR s

V.
R “ CT secondary winding in ohms is énitted kp from the formula.
. . \ . N

Lead
Burde

]

L

-2 -
. Burden of Burden of
= ine o8 arder
) Vor 20 x E/F setting E’F relay 0/C relay + Lead Burden
n N 260, e . 20 fr. _—
- VCT = 0,5 x 20 307 + 0.2325 ohms < ———-——-3000 o 5.6 ohm:

i

| 0 [ 2.6 + 0.2325 + 0.0373]
~ = 2.8698 ohms

28.7 volts {(for 20ft. Lloop lead of 7/.029)

To illustrate that the actual VA requirements at any given OCF produce a
more economical OT, coasider that if the burden was based on 3VA “at tap
4 value" and the assumption that the impedance remains substantially constant
up to 20 x tap value then,

40

pr g -
v =10 22 + B2 4 ,om]
cr 0.5 2.5

10' 12 +. .48 + 0.0379
= 12,5173 ohms __1

125.2 volts - an unnecessarily high requirement.
RESTEMAATA

for 104 0/C setting and 2 Amps E/F settine (f~E fault conditicr

2x20 |22 4+ o0.025 - 0.037%
ot

. Example 2:

Ver =

it

40 x 0,5123

-

20,5 volts

! for 10A 0/C setting and 0.54 E/F setting (¢~E fault conditicn
e g 260 60t
R . v..=0.5 x 20 |20 + o0.035 + 0.0373
y U . Yer : o

=10 x 2.6723

LY

= 26,7 volts

11
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Example 4:  for 10A 0/C settine and @@ fault only

Ignore E/F relay

- %0 ., 0.0373 '
Vm, - 10 x 20 [-2—052 + ——-2‘—'] .
= 200(.034 + .01865)
= 200(0.04265) . S -

= 8,5 volts
If this was based on 3VA "at tap setting"” then

V.. =200(.03 + 0.01865)

cr

= 200(0.04865)

= 9,7 volts

Exerple 5:  2.5A 0/C settine and ¢-@ fault only

’ ;f v ,;f _cr

v

=2.5 x 20 [-3-?‘—2 + .9.-&3.7_3] AEHEI
' 50 " R

"= 500,128+ 0.01865)

©. = 50(0,14665) )

o= 73 volts

If this was based on 3VA "at té.p setting" then
Vor.= 59(.48 +_' 0.0‘1865). ) .

", = 50(0.49865)

"= 24,9 volts B

. -q -

The most onerous cases for 20ft. lead loop and based on actual VA
burdens require:

. 28.7 volts for E/F condition and .
8.5 volts for phase fault condition

Hence, the minimum CT class required would be 10P30 for E/F conditions
and 10P10 for 0/C conditions only.

In practice, and because the lead barden is usually unknown at the time
of job design and other considerations that must be allowed for such as:
relay burden tolerances, it is usual to recommend 10P40 or 50 for 0/C

and E/F relay, and 10P30 for 0/C only. Where lead burden is within the )
bounds of the examples above 10P30 and 10P15 could be used. However, to
allow freedom' of choice between 3-0/C relays and 2-0/C and E/F
copbinations, one does not generally recommend using less.than 10P30

in any metalclad switchgear situations.

L5

Effect of Burden of Lone CT Leads

For 300ft. loop of 7/.029 having burden of 0.56 ohms the results of the
above examples becomes \]

Example 1: 2,54 0/C + O0.54 E/F: V., = 33.55 volts

T

It

Example 2:  10A 0/C + 24 E/F: v

cr 41.4 volts

Example 3: 10A 0/C + 0.54 E/T:

VCT = 31.95 volts
" Bxample 4: 104 0/C and £-0 fault: Vop = 60.8 volts

200 x 0.31

For "3VA at tap setting": VCT

i

62 volts

Also if lead loop is reduced to the following:

200ft, : VCT = 42,1 volts

180fti: VbT =‘38.9 volts
100ft.: V.. = 23.5 volts

cr

- Beamole §: 2,54 0/C and g-f fault: V.. = 20.4 volts

CT

TFor #3VA at tap setting": VCT =50 x 0.76

38 volts
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' The most onerous casé for 300ft. loop leads and based on actual VA

burdens require: 41.4 voélts for E/F condition and 60.8 volts for

phase fault conditions, Hence, we would require 10P60 CT's and the best
best loop length that can be tolerated with commonly reLormrended 10P40
would be approximately 180ft. locp of 7/. 029

I+ will be seen above that for E/F conditions the effect of the CT
lead length is small compared with the burden of the E/F element, but
for g-¢ fault conditions the effect of the CT lecad length can be quite
considerable.

CDG61 2VA Relay Tncluding CAG13 Hirh Set Flements

The addition of CAG13 elements has a minimal effect on CT reqﬁirements '
as-shown by typical impedances as follows:

10 - 40A unit: .7VA at Towest tap

-7

12 aiete

0

OO

-

= 0,007 ohms

Since the relay is spring controlled and has no taps, the ohmic burden
(ignoring saturation effects) is substantially constant for all settings
for 20 - 80A unit:
s 07

0?.

(=]

|83

: = 0,00175 olms ‘-

Adding these levels of impedances to those in examples 1 - 5 above have
negligible effect on the VCT figures.

¥here a CAG12 or CAG14 E/F elements are used as in CDAGS1, the 1mpedances{”

will change with the taps selected, but again, the effect is relatively

small,

For CDG23 1VA Nominal Burden

ﬂi.EXamDié 1t

0/C and E/F combinations similar examples are worked as follows:

e

2.5A 0/C + 0,5A E/F settings (no high sets)

wuoa 140

A \' =

M.

104 (

100

‘15,57 volts

o

+ ‘0.12.f+ 0.0373)

PR sr

'/ (for 20ft. loop leads)

Example 2:  10A 0/C + 24 E/F

cT

I3

v =482 + 0,016 + 0.0373)
A

)

12,13 volts

Fxample 3: 10A 0/C + 0.5A E/F -

P
i

op = 10(1.4 + 0.121 + 0.0373)

15.58 volts

Example 4: 104 0/C, B-@ fault only

l;‘;o 0.0373
V., = 200(22 4 el
cr 200° 2
= 200(0.03315)
= 6.63 volts

Fxample 5: - 2.54 G/C setting, ¢~g fault

= 5oLy + 20075,
507 c.

'4.33 volts

The most onerous condition would require 10P20 SA secondary CT's for
E/F conditions and 10P10 for 0/C only.

For 300ft, Loop Leadsﬁ

'42 The following examples are given:

.

. Example 1: . 2,54 0/G and 0.5A E/F settings

=208 volts

i [ : ..
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‘Example 2: 10A 0/C and 2A E/F settings
Vcr = 33 volts
Fxarple 3% 104 0/C and 0,54 E/F settings .
VCT = 20,8 volts
Example 4: 10A 0/C and 0.5A E/F settings ) -
i Vop = 58.9 volts
=7
for 200ft. loop “Vor =" 40 volts
for 150ft. loop VCT = 30 volts
Example §: 2,54 0/C setting and §-g¢ fault ‘
VCT = 17.4 volts
The most onerous E/F condition would require 10P35 5A CT's and for T
"phase fault only 10F60. R
! {
For CDG34 combinations the burden conditions are similar to those for
CDG33 and would produce approx:.ma.tely the same results. .
AR B
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- " CDC & CDD OVERCURRENT RFLAY CHARACTERISTICS
In accordance with the requirements of BS142, relay characteristic
- curves are usually only plotted between the plug setiing multiplier
R limits of 2x and 20x, However, for certain grading studies it is
useful to have en estimate of nominal characteristics of inverse
, time relays for Plug Setting Multiplier factora of lese than 2x. el
The following tzble sets out, with check figures for 2x, the relevant =
figures for each Time Multiplier Setting for each of the CIG types e
" ecommon to Australian practice 1 . T

3VA & 1VA CDG14, CDD21 o o : ”
, 1 CDG13, CDD23 CDG14, CDD24
— R 3 Sec. TMT 1.3 Sec. IMT | Very Inverse Extremely Inverse
. oo TeMaSe | 0. PeSaMe | PuSoHe . P.SM. L PuSML T L
B 193x 1.51 2.0x 103x 1053( 2.0x 1o3x 1.51 2003[ 1.31 1.5:: 2¢0x
o 110 | 33.0(18.0(10.02 [11.2 6.7 (3.9 |87.0[43.0/17.0 | 117.0 | 51.0[1T.2 - .
e 10491 30,0 7.0 9.1 | 949 [6.0 13.4 | 78.0[39.0(15.3 | 103.0 | 45.0/15.6
: 008 S 28.0 15-0 8.1 8-6 502 3.0 7000 3400 13.5 94.0 40&0 13.8
B 0.7 - | 25.0 13.0| 7.1 | 7.4 |4.4 2.5 |61.0/30.0(11.8 | 84.035.0{12.0
1 0.6 | 21.011.5| 6,0 | 6.1 {3.6 |2,1 |52.0{25.0{10.1 | 74.0|30.0/10.,2 -
(o 118.0(9.6] 5.0 | 4.8 {2.9 [1.7 [43.0(21.0| 8.4 | 64.0|25.0| 8.4
— 104 14,0 | To6 ] 400 | 3.6 |22 [1.31 | 34.0{17.0| 6,6 | 51.0|20.0| 6.5 -
o 1003 [ 114015461 2,9 | 2.4 [1.5 |0.94 |25.0{12.01 4.9 | 38,0 |14.8| 4.8
0.2 7.00 306 1.9 - 1-3 0088 0058 17.0 7.8 3-1 2500 9o2 3'0 ’
_ 0et | 2.7 (1.5 0.83 | 0.50/0.38/0.26 | 8.0| 3.5 1.42| 9,40 3.6| 1.19
" Bxtension of CDG11, CDD21 curves beyond 20x &t TM.S. 1.0, .
L PsSo!\!.
3* 25x 30x /x| 40x

2,00 | 1.84 | 1.72 | 1.62

0,93 | 0,88 | 0.83 | 0.80
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i TAP CURRENT AMD TAP POSITIONS ON PIUG SITTING BOARD FOR CDG OVERCURAENT RELAYS
T 0025 0.0375 o-05 O0-0625 O0TE OOEIS O-f
Setting PREFFRRED Taps in Amps  €Da/3 coait STANDARD (BS5142) Taps in Amps
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Attracted Armature Relays
Types CAG11,.12, 13 and CAG17
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ATTRACTED ARMATURE RELAYS

Measuring unit with choice High-set relay with continuous Measuring relay with variable
of two settings. setting adjustment. pick-up and drop-out levels.
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A typical hand-reset relay.

Here are some of the classes in our range

A.C. or D.C. relays
Multi-contact relays

Plug in relays

Sensitive‘ measuring relays
Slugged relays

Semaphore relays




.CAG11

Measurements

INSTANTANEQUS OVERCURRENT RELAYS

Types CAG11, 12, 13

These relays are attracted armature units designed
for instantaneous phase or earth fault protection,
instantaneous high set overcurrent protection, or
definite time overcurrent protection when used
with a timer. The relays are of simple and robust
construction and have a positive action without
chatter.

According to the type, the relays have settings
which are fixed (CAG11), variable in seven equal
steps (CAG12) by a plug tapping bridge, or
continuously variable (CAG13) by a knurled knob
against a calibrated scale. Relays type CAG31,
32, and 33 are respective triple pole versions.

Instantaneous high set overcurrent relays are used
to rapidly clear heavy short circuits which can
occur near power sources where inverse time
overcurrent relays have the longest time settings.
The instantaneous relay trip and alarm contacts
are parallelled with those of the inverse time over-
current relays.

CURRENT SETTINGS

CAG11 Fixed settings up to 20 amps a.c. ord.c.

CAG12 10-409%, 20-80% or 50-200% of 0-5,
1.0or5 amps a.c. (C.T. ratings), adjust-
able in seven equal steps
30-120% of 5 amps a.c. (C.T. rating)
adjustable in seven equal steps
80-320% of 5 amps a.c. (C.T. rating)
adjustable in seven equal steps

CAG13 100-400%, 200-800% or 400-1600%

of 0-5, 1-0 or 5 amps a.c. (C.T. ratings),
continuously adjustable

. CAG13 relays are also available for d.c. operation

with a setting variationof 1: 2 up to a maxlmum
range of 20 to 40 amps.

A.c. relays are available for use on supply
frequencies of 50 or 60 Hz.

CONTINUOUS COIL RATINGS

and Up to approximately twice any current
CAG12 setting

CAG13 Single contact relay; up to twice
minimum current setting
Double contact relay; up to 1-5 times
minimum current setting

Short time ratings are considerably higher and
heavy fault currents can normally be passed for
the duration of the tripping time.

CAGIzAFI? 8 Ne

IS 8 0125 (5175 2 gqmp

Type CAG12 relay in size 1 drawout case

BURDENS

CAG11 A.C. relay; 0-BVA at setting current
D.C. relay; 0-1 watt at setting current

CAG12 0:-7VA at setting current

CAG13 Single contact a.c. relay; 0-7VA at
lowest setting current to 10VA at
highest setting

Double contact a.c. relay; 1-4VA at
lowest setting current to 18VA at
highest setting

Single contact d.c. relay; 0-1 watt at

lowest setting current to 0-4 watt at
highest setting

These figures are applicable to all setting ranges.

CONTACTS

The relays are fitted with self reset silver/copper
alloy contacts. CAG11 and CAG12 relays have
one normally open and one normally closed, or
two normally open contacts. CAG13 relays have
one normally open or two normally open contacts.

.
o
<
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CONTACT RATINGS

Normally open contacts are rated as follows:—

Make and Carry
Continuously

Make and Carry
for 0-5 second

Break

1250VA with 7500VA with
a.c. maxima of 5 amps maxima of 30 amps
and 660 volts and 660 volts

1250VA with maxima
of & amps and 660
volits

1250 watts with 7500 watts with
d.c. maxima of 5 amps maxima of 30 amps
and 660 voits and 660 volts

100 watts resistive,

50 watts inductive,
with maxima of 5 amps
and 660 voits

INSULATION

The relay will withstand
2.5 kV 50 Hz for one
second between all termi-
nals connected together
and the case, between all
terminals not intended to
be connected together
and 1-25 kV 50 Hz for
one second between all
normally open contacts.

The ‘make and carry for 0-5 second’ rating of a
normally closed CAG relay contact is 3750VA
with maxima of 15 amps and 660 volts.

OPERATING TIME
0-010 seconds at 5 times current setting

OPERATION INDICATOR

A hand reset operation indicator is fitted as
standard.

CASES

CAG relays are available in drawout (D-type) and
moulded non-drawout (N-type) cases as follows:

Relay Case Types and Sizes

CAG11 (single-pole) 3D 1D 3N

CAG31 (triple-pole) iD 1D 1D (Horiz)

CAG12 (single-pole) iD 1D IN (Vert)

CAG32 (triple-pole) 1D

CAG13 (single-pole) iD 1D 1IN

CAG33 (triple-pole) 2D 1D 2N (Horiz)

CAG13 relays can be accommodated in the same
case as an inverse time relay type CDG.

Maximum Overall Dimensions

Case Height Width Depth*

in. | mm in. mm | in. mm

310 .. .| 6% | 154 | 63t | 170 | 722 | 198
1D .. .. 9+2 (233|631 | 170 | 73 | 197
N L 48 | 118 |43 | 105|431 | 115
iN (Vert) .. 6 |153 |43 | 124 |5% | 130

N (Horiz.) 4% 124 1 6 153 | 5% 130

*Add 2 in. (61 mm) for maximum length of 2BA terminal
studs. "

Dimensioned drawings of case outlines, panel cut-
outs and mounting details are available on request.

Type CAG13 relay

All cases are finished phenolic black as standard
and are available for flush or projecting mounting.

Relays for use in exceptionally severe environ-
ments can be finished to BS.2011:20/50/56 at
extra cost; standard relays are finished to
BS.2011:20/40/4 and are satisfactory for normal
tropical use.

The drawout case offers many advantages
including ease of maintenance and testing. The
case is fitted with a contact which short circuits
the current transformer on withdrawal of the relay.
A filter is fitted to equalise pressures inside and
outside the case without admitting dust.

INFORMATION REQUIRED WITH ORDER

Relay type

Current setting

Current rating (C.T. secondary)

Supply frequency

Number and type of contacts

Operation indicator and inscription if required
Case size, type and mode of mounting

Our policy is one of continuous product development and the right is reserved to supply equipment which may vary slightly from that described.

GEC Measurements The General Electric Company Ltd

St. Leonards Works Stafford ST17 41X England

Telephone: 0785 3251 Telex: 36240 Cables: Measurements Stafford Telex

Publication R-5078A

067750 GSP Printed in England
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Measurements

INSTANTANEOUS OVERCURRENT RELAY

Type CAG17

The type CAG17 relay (triple pole CAG37) is a high set
instantaneous overcurrent unit with low transient over-
reach and a high drop off/pick up ratio.

Because of its infinitely variable sstting and immunity to
offset transients, this relay has special advantages for
protection of transformer feeders and feeders connected
to high MVA sources.

Where lines are fed from high MVA sources, the impedance
of the line causes a sharp reduction in fault current as the
distance between the fauit and the source increases.
Conventional instantaneous overcurrent protection gives
good discrimination and economy on these lines, but a
relay set to detect symmetrical faults at the far end will
overreach and cause tripping for offset faults which are
outside the protected zone; the overcurrent setting must
therefore be raised in proportion to the overreach of the
relay, with conseguent loss of coverage for symmetrical
faults at the far end of the line.

The CAG17 can be accurately set to cover all feeder faults
up to the transformer secondary bushings, and ensures
correct discrimination at high speed under maximum
offset fault conditions.

OPERATION

The relay consists of an attracted armature unit, a setting
potentiometer, an auxiliary transformer and associated
components.

The attracted armature unit has three windings, one of
which is tuned to the supply frequency by a shunt capacitor.
The inductance of the winding varies with the position
of the armature, and by correct choice of tuning capacitor
the pull characteristic is made to follow the restraint
characteristic closely and give an improved. drop off/pick
up ratio. .

Because the initial armature pull is derived from a tuned
circuit, the relay is insensitive to d.c. and will respond
only to the a.c. component of an offset waveform.

CHARACTERISTICS

Current settings are continuously adjustable between
200%~800%, 500%-2000% or 1000%-4000% of the
current rating which may be 1 or 5 amps (C.T. second-
ary) at 50 or 60 ¢/s.

Transient Overreach—less than 5% for system angles
up to 80 degrees on any setting. The overreach is
considerably lower for smaller system angles as shown
overleaf.

Type CAG37 relay

Drop off/pick up ratio—greater than 90%

Thermal Rating—the relay will withstand:

Minimum setting current continuously, subject to a

maximum of 20A.

BURDEN

200/800% version 500/2000% version

l‘0~64 VA 1 011 VA 01 VA {002 VA
I !
|
i

25VA | 8.0 VA | 25VA ;8.0 VA

At rated current

200% | 800% | 500% | 2000%
,

At setting cutrent

CONTACTS

Two pairs of normally open self reset contacts are provided.
Each pair is rated as follows:—

Make and carry | Make and carry

|
i
|
{

continuously l for 3 seconds Break
1250 VA with { 7500 VA with 1250 VA with
- maxima of 5 amps ;| maxima of 30 maxima of 5 amps
3-C- 1 and 660 volts | amps and 660 and 660 volts
| volts
]

1250 watts with ‘ 7500 watts with | 100 watts (resistive)
maxima of 5 amps! maxima of 30 50 watts (inductive)
and 660 volts | amps and 660 with maxima of 5§

] i volts amps and 660 voits

[

T LR TR L AW
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STTTTT CASES _
23 ; , . .
°I 4 | : 4 Single pole (CAG17) and triple pole (CAG37) relays are
Y 3 { i // supplied in a size 1 drawout case available for flush or
= i { | G. "~ projecting mounting and finished phenolic black. B
§ 2 i i ‘/\\N.SET‘N Alternatively, units may be mounted in the same case as
ol i ,,—:I: l MAX. SETTING| | I.D.M.T. relays. Both cases are available for flush or
- _-=:_—-=:E:-——60° —7?6:1'—*“ k 20° projecting mounting.
40 50 SYSTEM ANGLE Relays for use in exceptionally severe environments can _
o . y be finished to B.S. 2011 : 20/50/56 at extra cost; standard
Variation of overreach with system angle relays are finished to B.S.2011 :20/40/4 and are
satisfactory for normal tropical use.
70
g -
60 3
§ \ o § (23* 8 et DOUBLE-ENDED
g 50 \ ‘ r(’7°) . (174 /CASES ONLY
o} L e —
el »
£ 40 r J
% :
F 30 ; i\
Y] : : L "
Z 9 : i' MAX Biven
& 10 [ : 3" MAX
8 P?INlMiLIM OFFSET 76)
0 : J Case outline details
0 ] 2 3 4 5 6 7 8 9 10
MULTIPLES OF SETTING CURRENT
Operating time/current characteristic "
A
TtV 4m INFORMATION REQUIRED
8 .
T4 V¢ WITH ORDER
C -
T Vin ) )
Single or triple pole (CAG17 or CAG37)
IDMT - —
ALARM  TRIP g C) OVERCURRENT Current setting
RELAYS
I G I C A I CO FA CI E 3 T Frequency
- P k- A 4
CT. - .
TRIP CIRCUIT <°_J g._j g...E? CON%'Z%%'NG Case finish and mode of mounting —
CIRCUIT AR A ! I
ISOLATOR =

o
S|

Y
|

NOTE: ALL THREE ELEMENTS é ?“ -

ARE IDENTICAL. ONLY
ONE IS SHOWN.

Typical connection and application diagram for CAG37
relay (delete connections to terminals 5-8 and contacts
A and B for CAG17 internal connections)

OPERATION INDICATOR

A hand reset operation indicator is fitted as standard.

Our policy is one of continuous product development and the right is reserved 1o supply equipment which may vary slightly from that described.

GEC Measurements TheGeneral Electric Company Ltd

St. Leonards Works Stafford ST17 4LX England ‘)-
Telephone: 0785 3251 Telex: 36240 Cables: Measurements Stafford Telex

Publication R-51188 -
087530GSP Printed in England
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High Impendance Differential Relays
Type CAG14/34 and FAC14/34
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Al

Type CAG14

When circulating current protection schemes are sub-
jected to heavy through faults, the sudden, and often
asymmetrical growth in the system current can cause
the protective current transformers to approach or
even reach saturation level. Because of the variations
in the magnetising characteristics of the transformers
a high unbalance current may result.

To ensure stability under these conditions, it is modern
practice to use a voltage operated, high impedance. relay,
set to operate at a voltage slightly higher than that
developed by the current transformers under maximum
external fauit conditions.

The CAG14 relay, used with a stabilising resistor,
is designed for applications where sensitive settings
with stability on heavy through faults are required,
and is recommended for balanced and restricted earth
fault, bus-zone and certain forms of differential pro-
tection of generators, auto-transformers, reactors and
motors.

The total impedance of the relay and series stabilising
resistor is usually jow enough to prevent the current
transformers developing voltages over 2kV during
maximum internal faults, but in some applications a
non-linear resistor is required to limit this voltage.

Types CAG14 and CAG34 relays are single and triple
pole, respectively.

CONSTRUCTION AND OPERATION

The relay is basically a standard attracted armature unit
of simple and robust construction. The operating coil of
this unit is connected in series with a small choke and
capacitor, forming a series resonant circuit. These com-
ponents are energised from an auto-transformer which is
tapped to provide seven current settings.

The relay circuit, tuned to the supply frequency rejects
the harmonics produced by C.T. saturation. A slight time
delay on operation helps to provide stability on heavy
external faults and is obtained by allowing the auto-
transformer to saturate above the relay setting. This
limits the current supplied, and the attracted armature unit
operates only on the slower part of its time-current curve.

STANDARD CURRENT SETTINGS

5-20%, 10-40% or 20-80% of 05 or 1 amp (C.T.

secondary)
10-40% or 20-80% of 5 amps (C.T. secondary) at 50 or

60Hz, adjustable by plug setting bridge in seven
equal steps.

OPERATING TIME

0-025 second at 5 times setting current (see curve
overleaf).

Type CAG34 relay

BURDEN

0-9VA at current setting on lowest tap
1-OVA at current setting on highest tap

Current Transformer Knee-point Voltage

The knee-point voltage is defined as the point on the
magnetisation curve at which a 10% increase in
excitation voltage produces a 50% increase in excitation
current. The minimum knee-point voltage (Vk) and
maximum excitation current (le) are calculated as follows:

Vk = 2if (Rs+Rp)
Is - Ir

le
n
where If = equivalent secondary pilot current of

maximum fault current

Is = effective fault setting expressed in secondary
amps

Ir = relay setting current

Rs = C.T. secondary winding resistance

Rp = maximum loop lead resistance between
C.T.'s and relay

n = 3 for restricted earth fault protection on

delta windings (3 C.T.'s) )
n = 4 for restricted earth fault protection on
star windings (4 C.T.s)

n = 2 for machine or transformer differential
protection
n = number of C.T. groups forming the protected

zone for bus-zone differential protection

STABILISING RESISTANCE

Externally mounted continuously variable resistors of
400, 200 and 50 ohms for 05, 1 and 5 amp C.T.
secondaries respectively are supplied as standard. Non-
standard resistance values and non-linear voltage
limiting devices are available.




The approximate valuc of series resistance (Rsr)
required to ensure stability is calculated as follows:—
Vk VA
Rsr= 2 Ir
Ir
where Vk = minimum knee-point vcltage
VA = relay burden
Ir = relay setiing current

CONTACTS

Two pairs of electrically separate normally open self reset
contacts are provided and are rated to make and carry
7,500VA for 0-5 second with maxima of 30 amps and
660 volts a.c. or d.c.

An attracted armature auxiliary unit (VAA) can be
fitted in the same case as type CAG14 relays, to provide
an additional four pairs of electrically separate contacts
in any combination of normally open cor normally closed
hand or self reset.

Standard auxiliary voltages are 30, 110, 125 and
220 volts d.c. or 110, 240 and 440 volts a.c. 50/60Hz.

OPERATION INDICATOR

A hand reset operation indicator can be fitted to the CAG
unit or the auxiliary unit as required.

CASES

Single pole relays (CAG14) are supplied in size }
mouided non-drawout cases ($N) or size 1 drawout
cases (1D).

Triple pole relays (CAG34) are supplied in size 1
drawout cases only. Cases are finished in phenolic
black as standard, and are available for flush or pro-
jecting mounting. )

cr— e A
l-_ — ] m -{‘";—-‘ 8
<+ 1 x )\/L ..rI , c
3 3 STABILISING
ALARM TR{P L 1 < RES‘STORS
) 1) 2] 3 4f s] 63T Lol
NOTE.. PR ‘ﬁ,ﬁcr. SHORTING
'ALL THREE R = |3 TC CONTACTs
ELEMENTS ARE '.'r pl'ey —]
IDENTICAL. ONLY 4o o0 “
ONE 1S SHOWN _;T L'." |
- B == "

§§ s

Internal and external circuit diagram for unbiased differential
protection for generators, reactors and synchronous motors
using type CAG34 relay.

INSULATION

The relay will withstand 2:CkV 50Hz for one minute,
between all live parts and earth, and between ali
circuits not intended to be connected together. It will
also withstand 1kV 50Hz for one minute between all
normally open contacts.

N R T R R AR T d ]
; | | OPERATING CURVE FOR CAGI4 RELAY | !
fL e eeeen
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£ EREENEEEE !
Clol 1 V1213 a3 67,8 ]9 M

_‘ 1 MULTIPLES OF PICK UP——a | | 1 1]

Time/current characteristic

The drawout case has the advantage of ease of main-
tenance and testing, and is fitted with a filter which
equalises pressure inside and outside without admitting
dust. A contact is fitted to short circuit the current
transformer when the unit is withdrawn from the case.

All cases are finished bright black as stan:ard. Relays
for use in exceptionally severe environments can be
finished to B.S5.2011:20/50/56 at extra cost: standard
relays are finished to B.S5.2011:20/40/4- and are satis-
factory for normal tropical use.

Maximum Overall Dimensions

Case Height Width ‘ Deptn*

ins. | mm | ins. mm|ins. mm

1D 9% | 233 | 622 | 170 ] 73 | 197
3N vertical |6 | 153 I 43 | 124 l 53 | 130
Stabilising 1% ins. (41 mm) diameter X 102 ins.

Resistor {273 mm) long

*Add 2 ins. (51 mm) for maximum length of 2BA terminal
studs.

Dimensioned drawings of case outlines, panel cut-outs
and mounting details are available on request.

INFORMATION REQUIRED WITH ORDER

Relay type (CAG14 or CAG34)

Current transformer secondary rating

Frequency

Current setting range

Auxiliary voltage and contact combination of auxiliary
unit (when fitted)

Operation indicator and inscription (if required)

Case size, type and mode of mounting

-

Cﬁ
i

Our policy is one of continuous product development and the right is reserved to supply equipment which may vary slightly from that described.
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High Impedance
Differentiol Relay

FAC

100 125
| FACI4RFIIAS

N* 2879190




High speed operation
Wide range of settings
* Simple application technique

Determinate operation and stability
performance

Compact robust design

Type FAC

FAC3ARFIIAB
N 2879190

e m"’ " ('s §

When circulating current protection
schemes are subjected to through
faults, the sudden and often
asymmetrical growth in the system
current can cause the line current
transformers to reach saturation. In
this condition, variation in transformer
magnetising characteristics can cause
large ratio errors with a consequent
circuit unbalance and maloperation
of the protective relays.

To ensure stability, it is modern
practice to employ high impedance
relays set to operate at a slightly
higher voltage than that developed
in the worst theoretical case of this
condition for a given through fault
current. On a balanced earth fault
system for example, this is when one
transformer of a group is saturated
whilst the others remain unaffected.
The saturated transformer presents a
low impedance path in parallel with
the relay and limits the voltage
applied. On internal faults this

25 50 75 100 23 50 i3
25 3 . .

c

limitation does not exist and voltages
of twice the settings are easily
reached.

Type FAC relays provide high speed
differential protection for various
items of power system plant including
generators, reactors, busbars, motors
and the individual windings of power
transformers.

The single element version, Type
FAC14, is applied when protection is
required for earth faults only.
Applications for protecting power
transformer windings are shown
typically in Figure 1.

The three element version, Type
FAC34, provides both phase and
earth fault protection. A typical
application for generator protection
is shown in Figure 2.

An external ‘Metrosil’ unit having a
non-linear resistance characteristic is
provided for each relay element, to
limit the peak voltage appearing
across the secondary differential
circuits under internal fault conditions.
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Relay

The relay measuring element is
basically an attracted armature unit of
simple and robust construction,
supplied from a bridge rectifier.

By means of a number of resistors
connected in series with each element,
the relay setting can be varied within
each of the two alternative setting
ranges available, by selecting a plug
position in a seven way plug setting
bridge.

A capacitor is connected in series
with the operating coil to make the
relay insensitive to the d.c. component
of fault current. The setting voltage
can thus be calculated in terms of
r.m.s. alternating quantities without
regard for the degree of offset
produced by the point-on-wave at
which the fault occurs. A reactor
connected in series with the capacitor
forms a resonant circuit tuned to the
relay rated frequency.

External ‘Metrosil’ units
Single element or three element
‘Metrosil” units are provided with
single element or three element
relays respectively.

The type of Metrosil characteristic
differs for each of the alternative
relay setting ranges.

The nominal characteristic for a
Metrosil unit is conventionally of the
form V= CI¥, with the voltage (V)
and the current (I) specified in d.c.
quantities for convenience in some
applications and also to facilitate
testing in manufacture. The constant
(C) and the index (8) are nominally
fixed for a particular Metrosil design.

For a.c. applications a modified
equation V'=0-84C (1')# can be used
to determine an approximate a.c.
characteristic, where

V' = voltage (V r.m.s., sinusoidal)

1" = current (A r.m.s.)

Details of the alternative ‘Metrosil’
designs used with FAC relays are
given in the Technical Data section.
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Setting ranges

Rated frequency
Operation time

‘Metrosil’ characteristics

Either 25V to 175V in seven equal

25V steps, or 25V to 325V in seven

equal 50V steps.
The operating current of the relay
alone on any setting is 19 mA

nominally.

50 Hz or 60 Hz.

The operation time characteristics are

shown in Figure 3.

Relay setting range

Nominal characteristics

Cc B
25V to 175V 450 0-25
25V to 325V 900 0-25

Each characteristic is shown graphically in detail in Figure 4.

Thermal withstand ratings
Continuous ratings — Relay alone

Setting range 25—-175V

Setting range 25-325V

Setting Continuous rating Setting Continuous rating
Vv X Setting V Vv X Setting V
25 2 50 25 2-0 50
50 2 100 75 17 128
75 2 150 125 1-7 213
100 2 200 175 17 297
125 2 250 225 17 383
150 2 300 275 1-6 440
175 2 350 325 16 487

Continuous ratings — ‘Metrosil’ unit

(Standard, with single 6 in. disc per element)

‘C’ Continuous
Characteristic rating (V)
450 225

900 400

Short-time rating — Relay alone
0-75A for 3s
Short-time rating — Metrosil unit

Metrosil arrangement

c

Characteristic

Short time rating

Standard (Single 6 in. 450 22A for 3s

disc per element) 30A for 2s
900 17A for 3s

30A for 1-5s

Special (Each element 900 22A for 3s

comprising two standard 30A for 2s

C=450 discs in series)

Special (Each element 900 30A for 3s

comprising two special
discs in parallel)

The ‘Metrosil’ unit is the limiting component with respect to short time rating.

5



Where higher ratings are required,
special ‘Metrosil” units can be
provided with more discs in parallel
per element, to suit a particular

application.

Operation indicator A hand reset operation indicator is
fitted to each element as standard.

Contacts Two pairs of normally open self-

resetting contacts are provided on
each element as standard.

In three element relays the contacts
are connected in parallel, as shown in
Figure 2, or brought out to separate
case terminals if required.

Other contact arrangements, including
hand resetting contacts, are available
if required, within the limit of 20
terminals total. An auxiliary follower
element is included in such

arrangements.
Contact ratings
Current Make and carry Make and carry Break
continuously for 3 seconds
a.c. 1250 VA with 7500 VA with 1250 VA with
maxima of 5A maxima of 30A maxima of 5A
and 660V and 660V and 660V
d.c. 1250W with 7500W with 100W (resistive)
maxima of bA maxima of 30A 50W (inductive)
and 660V and 660V with maxima of
5A and 660V
Insulation The relay will withstand 2-0kV r.m.s.

50 Hz for one minute between all
live parts and earth and between all
circuits not intended to be connected
together. It will also withstand 1kV
r.m.s. 5B0OHz for one minute across
open contacts.

Type FAC relays are suitable for use with 0-5A, 1A and 5A current transformers,
at 50H or 60Hz. Since selection of the optimum relay setting is based on the
loop resistance of the secondary circuit, there are advantages in using current
transformers with either of the lower secondary ratings.

The current transformers used in circulating current differential protection
systems must be of equal turns ratio and have reasonably low secondary
winding resistance. The knee-point voltage is defined as the point on the
magnetisation curve at which a 10% increase in excitation voltage produces a
50% increase in excitation current. For use with type FAC relays the knee-
point voltage (V,) should be at least twice the voltage setting, thus

V=2V, actual.

The required voltage setting (V) is calculated using the formula

I
V. = = (Rot+2Ry) volts
n

where Iy = Maximum primary through fault current for which stability is
required (A r.m.s.)
n = Current transformer turns ratio

R.: = Current transformer secondary winding resistance (ohms)



Rw = Resistance of each lead between the relay and current transformer

(ohms)

A value of Vj is calculated for each current transformer circuit in the differential
system, and the relay setting finally chosen (V, actual) is made equal to, or
nearest above the highest of these calculated values.

During internal fault conditions, the relay and ‘Metrosil’ current and the
magnetising current of all connected current transformers is supplied from
fault current. The primary operating current is given by :

Iop =n (IR+ NIH)

where Iz = Relay operating current and ‘Metrosil’ current at setting voltage,
as given in the table below (A).
Iu = Current transformer magnetising current at setting voltage. (A)
N = Number of connected current transformers

n = Current transformer turns ratio
Setting range V 25 50 75 100 125 150 175
Nominal A'0-:019 0-:019 0:02 0-023 0-027 |0-036 0-053
Iq
Limits A 0-018- 0-018-0-018-0-019- 0-:020— 0:024- | 0:033-
0-020 1 0-020 ' 0-023 0028 '0-:039 0:060 '0-095
Setting range| V |25 75 125 175 225 275 325
Nominal A/ 0-019 ' 0-019 '0-020 |0-022 '0-024 '0-031 |0-044
Iq

Limits A 0-018- 0-018-|0-018—|0:019- 0-019- | 0-022—  0-028-
0-020 |0-020 10022 |0-025 ' 0-033 0:048 0-076

Should the natural effective operating current after applying the above formula
be lower than desired, it can be raised to the required level by adding a shunt
resistor across the differential relay input circuit.

Type FAC14 (single element) and
FAC34 (three element) relays are
supplied in size 1D and 11D drawout
cases respectively, shown in Figure 5.
Both cases are available for flush and
projection mounting and finished
phenolic black as standard.

Standard relays are finished to
BS.2011:20/40/4 and are
satisfactory for normal tropical use.

Relays for use in exceptionally severe
environments can be finished to
BS.2011:20/50/56 at extra cost.

The standard relays in either case size
have single terminal blocks (numbers
1 to 10). Cases with both upper and
lower terminal blocks (numbers 1 to
20) are required for special contact
arrangements.

The outline dimensions and mounting
arrangements for the external
‘Metrosil’ units are shown in Figure 6.

Single or three element relay
Setting range

Rated frequency

Contact arrangement

External ‘Metrosil” short-time rating,
if non-standard

Case mounting



Figure 5 OUTLINES: RELAY CASES

Figure 6 OUTLINES: EXTERNAL METROSIL UNITS
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L NOTES ON COORDINATION OF CAG14/CAG3L RELAYS

WITH T REQUIREMENTS

General Requirgments

On full differentiel and restricted earth fault applications,
it is common to supply each CAG14 element with a 10 - 409
settings range based an the CT nominal secondary rating, to
set the reley on the 10% tap and adjust the stabilising
resistor to suit the application. Other settings may be used
if an advantage. . : . : -
Vg = IR, + 2R) and Ve 32y, »(fefer nate 1)
. . Is - Ir
e N
For stability at relay setting: : R
v, =" IR drop of resistor + IR drop of relay
VA
va . Ve - YA
= Tt I xRupan L R z
T 7
-
VB = Voltage setting for relay and resistor combination
Vk = minimum knee-paint secondary voltage
Ie = maximum excitation current at relay voltage setting (Va)
If = the equivalent CT secandary current for the maximum ]
through fault-conditions considered e
R,y = the CT secondary winding resistence
2R = "the maximum loop lead resistance (RL) between CT's
u and relay . . -
I = the effective fault aetting experienced in secandary_":umm
8 amps where CT's already exist. -
VA = the relay burden at setting (approx 1VA)
I, = relay setting im amps
atab ™ stabiliaing resistor setting in ohms
n =

No.of 75 1n parallel per ralay elemant.

-

IR

Notes |

Te

2.

3.

"OQl

‘5.

A factor of 2 is provided in the Vv
speed to the relay operation.

For transmission element
feeder, reactor and auto

fault current based on th

equipment.

F?i rotating machines and in the sbsence of an
I, is derived fram the CT ratio and the machin
contribution to an external Ffa
reactance (X") of the machine.
be made from the initial value o
direct on line start (neglecting

If CT's are teing specified and a given
required then the maximum excitatian cur
voltage setting must be specified.

is required then, in addition to providing the CT
the ratio and Vv formula, it should be stated that
have the least “possible magnetising current consistent with
economical design’ The resultant overall primary sensitivity

in this latter case should not exceed 30%
.down to 15 - 20% may be achievable with th

K formula to give adequate

protection such as busbar, short
transformer differential etec., I
is derived fram the CT retic and the maximum through

e MVA fault rating of the protected

f

y other criteria,
e current ’
ult.Jtis based on the subtransit

For motors, an estimete may

f current obtained from the
magretizing inrush).

primary sensitivity is
rent permitted at relay
If an economical CT size

Waker with

CT's shall

but generally values
e relay set at 10%.

ys with existing CT's it ig
ising resistor setting claculation
ering to ensure that an appropriate

m adjustable resistors will
licqtions respectively.

wilith maximum
peak, shunt Metrosils

If 1t is proposed to use the rels
recommended that a stabil
be carried out before ord
value of resistor is supplied. 1In the absence of s specified
resistor range, 50 ohm or 200 oh
be provided for 5A and 1A GT app
Metrosil Non-Linear Resistor Application
If the voltage across the CT terminals V
through fault current, exceeds 2500V
should be applied. From Mattheuws text book on CT's:
Vp = 2J2\Ik(\lf - Vk) where,
vp’ = CT peak voltage ¥ 2500V
_Vt = fault voltage across CT terminals
i.e. .= IF(Rct + 2Rw + Rr) where,
,Rr = -total resistance of relay + Rstab

- Generally, 8 6 inch

(152mm) diameter Metrosil with a constant

C = 450 should be satlsfactory. If in doubt, full detalls of
the application should be submitted for comment,

~

EOR2D1077
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TYPES CAGI4 & CAG34

TYPES FACI4 & FAC 34 :
HIGH IMPEDANCE RELAYS

FCR DIFFERENTIAL PROTECTION

APPLICATION NOTES

Publication R-5776

THS AFPLICATICN OF HIGH IMEPEDANCE RIIAYS

The application of tke CAG14 ard FAC14 relays to thze proveciion of machires,
. power transforzers and bus-ber installaticns is based on tre kigh impedance
o woltage differeniial principle, requiring stability fox any iypa of Zzuls
occurring outsice the protected zone and satisfactory operation for faults
within the zcne.

A high impedance relay is defined &3 a relay or relny circuit whose veltage
setting is rot less tran the calcuiated zaximum voltaze woich can appear

.. across iis tem_d.nals weder the assigned maximum through fauli current comdition,

CT.(A) CT(®)
~ —> ) RROTECTED o —=
‘___J i UNIT . | 1_' F
| e
Zma Zms =
Rera Rera :
48 Re
gy - et
7 1 A
" R
RELAY
[2Y YV eg
Ri R

.

FIGURE 1.7

It can be seen from figure 1 that durin
“current chould circulate between the c.t. secondaries and
- tzet can flow through the relay circuit is ket due 10 &ay
c+te outputs for the seme primery current., Negnetic saiuraiion will reduce

g an extermel fault
t. s b

CLF the outrut of a ¢.t. exd the mosi erirecz case of errcr will be 12 one cot.

1s ccmpletely saturated exd the otner unafZected., This conditicm can be
eprroacted in bus bar installeticns, due to the multipliciiy of izfeeds end
extrexzely high feult level, but is unlikely on zechizcs or puwer iranzlorzers
due to the limitation of ithrough fault level by the protected urits Ixngedance,
and tke Zact that the coxparison is rmade between a limited nucber of c.t.'s.

Hovever it is this exireme case which is comsidered and for it e c.t. &% one
end can be considered fully saturated with iis magretising impedence Z13 sherd

.+ elreudted, the cot. at the other erd being unaffected delivers its full curzent

_output which will then divide between the xyelay end the soturated c.t. This
. “. divisicn will be in the inverse ratio o 2 RETAY CIRCUIT and 2am + 227, and
obviously if Rrmray CIRCUIT is high compared wiih Bop, + 25; thex the reley
will be prevented Zrom undesirable operatiocn as most °f the curreat will pass

~s . - through the saturated cot., - . . - . ) -
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To express the current transforrer requirements for this type of protection it
is thex necessary to calculate the voliage appearing across the relay circuil
V2, equivalent %o Ip (2gm + 23p). ST : :

maxiznx through fault secondary current.

. Where Is = ) .
Rem = cuTrent trenslorzer seccndary winding resistance,
By = radcoun lead resistance from the current transTormer to the-

Telay iapping point,.

Then to ensure satisfactory operation of the relay undexr internal fault
cenditions the current tronsformer knee point voltage should be not less than
twice tte relay voltage se%iing l.es Vg » 2VR.

Zze kmee point voltege of a current trensformer merks tho upper limit of the
roughly lineer portion of the secondary winding excitation ckaracteristic and
is defined exzetly in British practice as that point on the excitation curve
a 103 izcrease 1n exciting voltage produces e 50% increass in exciting
current, :

where

The curTent transforzers should be of equal ratio and magnetic characteristics
axd o' low r2actance construciicn. In cases where low reactance c.%.!'s are
zot aveilable ernd high reactance ones pust be used 1t is essentizl to use

in tze celculatiorns Por he veltage setting, the reactance of the current
Tansferzer erd express the cumrent transformer impedance as a complex number
In tze Zorz 30D + (XL azd also to emsure that the exclting dmpedance of the
«%. 15 large in comparisen with its Secondary ohmic impedance 2t the relay
veliage setting,

tne CAG14 is a current calibrated relay with setting renges of @

3 = 0.1004 o

3 - 0.,2004 oL
0.4CCA oo - N oo S
- 0.80CA ' . Co : . e !
- 2.004 s

4,004

erd wit: o fixed burden of approxizately 1VA 2t setiing current, 119 irpedance
varies with tke setting currest used and therefore to comply with the
deZiniticn for 2 high impedance relay, 1t 18 necessary in mosi applications

%o ntilise an externally mounted stabilising resisior in series with the relay
ccil,

""" Trhe sitarndaxd ratings of the siabilising resistors norzally supplied wita the
relay are 4C0, 2C0 axd 50 ohms Zor 0.5, 1.0 and 5.CA current trensformer
geccndaries respeciively., In applicaticrs such as busbar protection, where
higrer volues o2 sizbilising resistor ere often Tequired to obtain the desired
elay voltzra getting, pon gtandard resistor values can be supplieds ,The

stacdard resistors are wire wouxd, continuously ad justable and have a continuous

rating of 120 watts. '

H

The recomzended relay current setting is usually determined by the minimum
. Taull current avallable for operction of the relay and whenever possible it
.. 820uld not be zreater than 3C7 of the minimum fault level, . .

APPLIING TUT CAC14 - o , .

The relay effective setiing is also determined by the numser of curcesy
transicrmers in perallel with the relay and is given by toe expressicn ¢

I = N(I +nl
? ( R )
i where N = current tramsformer ratio.
IR = relay settinz current,
. ® = puober of current transformers in parallsl with the relay,
Ie = current transformer exciting curwent a2t =he relay voltage

setiing.

The required valus of stabilising resistor o be used with the relay for 2
given application can easily be calculated onca the relay voltage and current
setlings are kmom. It is given by the expression @

R = B i
ST I avd
Iz Ip
where v = relay volitage seiiing. .
Ii = relay current setting.
Vy. = relay volt-azmperes burden,

- APPLYING THZ FAC14

As the FAC14 is a voltage calibrated relay with setting renges of 25-175V
or 25-325V 1t is inherently a high impedances relay requivirs no extermsl
resistors.

. Its operating current for the warious voltage settings is as £dllows, (includin
~ the metrosil current) : .

{Setiing Volts | 25 50 75 100 125 150 175
1, @A 19 T 19 20 23 2 3 53
Setiing Volts | 25 75 125 175 225 275 325
I, (mA) 19 19 20 22 24 31 44

The relay effective setting can be calculated in the seme manner as deseribed

for the CAG14,

&

i



i ! i ! i
! { ; i

) i |

‘L R | ! ! . . X Page - .
o § : : N : , - L For satisfactery applicaticn o2 tha nom-linzar resistors tra characterisgi.
T 07 YITROSIL NOY LINTAR RISTSTORS w CAGY ks 3 , 2 T
US2 C2 SITZCSIL NON LINZAR Rig G1% - sbould be such that 1t complies with the following requiremenis :
/ the maxi{mum throuch fawd rrent r “cireuit . . ' .
¥aen the m....xi...;n tazouh fault current is lixni.Eed by the protected ¢ : 1) A% the relay voltage setiing, the metrosil current is 25 low es possibl:
*. . . dzpedance such as in the case of generator differential ard power transformex e : v e ; . N
. : ~"but no greater tkan approx. 30mi r.m.s. for 14 curreat trensformers and appm
resiricted eerth fault protecticn, it is generally found unnecessary 1o use . 10024 T m.5. for BA cu.:'rent tremsformors ¥
N Lo R - . - - s . AR
;  metrosil pon-linear resistors, However, when the maximum through fauli - R R . ek
st o T eurm igh such a bar protecti 3 clways advizable to use B R C e . e ) C . . .
gusreat 1s higa such as 1a bus-ber protection, it is clways advisable ¢ 11) At the caximm secondary currens, the metrosil cui-o2? point should not

roz-linear registors across the relay circuit (relay axd stabilising resistor !
in order o 1linmit the peek volizge developed by the current transformers under i
inverzal Zawlt condidticns, $0.a value below the insulation level of the current '
vTeasiorZers, relay and intercanecting pilots which ere rorzally desigrzed to
B w.iassand 3CCOV peal, A Zormule ihat cen be used to determine the approximate
voltage developed by a current transformer under intermel fault conditions is ] )
si”fﬂ by tke expression : : ) © . For secondary currents up to 1004, the type 6C04/52/F with a constani of

. P A 20, 0.
vv' = 2\1 2 VK (Vf - VK) ; . ) 6 /74 B :

' ’ Tor secondary th 2 5004/53/® with tant o
wiere V., = peek volizge developed by the c.t., urder intermal fault 630/728?3 Ty currents up $o 15Q4, ths type 5COA/S3/? witk e ceasiant of

be greater ithan.1500V r.m.s. or 212GV peak.
The metrosils normally recomm ended Zor the CAG14 are as Zollows

.- Por secondary currents up to 5Q4, ft:be typs 6CCA/S1 with a coastant of $CO.

z conditicne,
© Vg = current trensPormer knee-point voltage. T '
USE OF }METRCSIL NON~LINTAR RESISTORS - FACI4
Vf = rmaximum volis thai would be produced if the current transe ! =
- —~ cat ! I P . s R R . N
§°‘—fr_asid not saturate and it were equal to Iz (Ror +‘2.‘,_, + . Due %o the high impedance of the FAC14 relay the use of a shunting meitrcsil
5D T AR is always recommended and the type 6004/S1 with & constant oF SoC Zox
. secondary current levels of up o 504 rum.s. ig supovlied 23 & standexd For
e wirem th h Pauld d - 5 : Y TmPpLscs seStast. SOl
w. -re“If = rayim 2 'Fr:ouén feuls seccndary current. higher seccndary current ratings, metrosils similar to those specizied oo 4
- £CT = curTent Transforzmer gsecondary winding resistance, ) C4G14 are recommended ¥
A7, = mexdzum Jead burden from curzent trensformers v . BN
t0 relay, S : DR
- Bgp = reley stibilising resistor. S TYPICAT EXANPIE OF CAG14/FACT4 AESLICATION
83 = relay ohmic impedance at the relay curreat !
seiting, : Tre corrsct epplication of bigh impedance relaying czn best be Llustrated by
i taking the cese of 1000 XVA power lransiorzer of ratio 11kV/4i5V for whlex
. . o ] - » ‘ restricted earth fault protection is reguired ca the L.V. winding,
_¥hen ibe velus given by the formuls 13 greaver thaxn 3000 volts pesk, the use
.., 0% non linear resisiors i3 reccmmended. These non-lineer ‘resistors are . . : . o
. efZectively coznected across the reley circuit on phase to neutrel of the &£,C0.. ' Y Powzr TRAMSFORMER i
“¢ Jluswires azd cerve tle purpose of shunting the secondary current output of the w0 i R ) . . 1000 kYA ’ / .
. curzent “rangllrrer Iren the relay in oxder to prevent the curreat trznsformers ) o : Iy Xe52, 215V 150a/3A .
Deing Irlven inlo saturation end theredy producing very high end peaky secondary p o — . e AN
volieses. : . ' i N : : o = | X—
. : N da'e!
———
Toese non-lineex resistors ere externally mounted and take the form of an-ulex \ — 1 | X—
discs, of § inches dlazeter end approx. §" thiclness. Thelr operating character . . ’ | , l— ' |
istles follow tke expression : b E o - T ‘ { .l ) X_
- o ) ’ i % : . - ‘g» $ k . . . | . l >
= z2:19% _ SR o S N e &I
g : . R .
wier ¥ = . peak vclts applied to the metrosil. o - . oL C et il NGT = 03 ohms coce ) LiRer . ‘2‘-
_ X =  comastant of trhe metrosil, : o . A Lo RL = 004 0hms . ({,\
©. 1+ I ‘&  current through the metrosil. This current has en r.m.s, value g Tt T P g : \;%
<. e . of 0.52 times the value given by the sbove formula, This is e ‘FIGURE 2 _J 1 .Q_L_,_ R
‘ due to the fact that the curreat waveform through the metrosil § —_—— 1 o h
e is rot sinusoidal but appreciably distoriad. : - - % =
R . The power transformer full loal current = —1—9&:—1—0—3. = 13954
. - SN . ¥3 x 415
— ) ) . . R ) through fault level (ignoring scurce impedsnce) = —-—120 X 1385
A ca T A > o . M . - AU CRN . e ] . L S TP S e et s e . B .
e e = - e AP SN




proete T et e S - v e 2 - }

Roe b P28 ';

+ e Tke required relay voltage aetting, assum...ng one c.t. to sat &ate_
" I, (g + 2Rp)

i = 27900 x -1—5% (0.3 + 0.08).

PR T

= 35-3v. : . ;j
4 507 setting should be used on the PAC14. -

- A co- -

EESISTCR FOR THE CAG14 , ¥

Assuming that the relay effective setting for a solidly earthed povier transforr i

. iz aperex. 307 of Zwll loed, we can tasrefore, choose e relay current setting ¢
207 o2 5A f.e. 1A, On this basis the required value of stabilising resistor iy

4 : : ;

35.3 1 Aadeldd UL et . iFE 7 i

< & © T A ¥ dn VL .0 S e f LI b

Bgp = 5 - 1z CAGTT e T ' A I

/ . Eaned 134

- P ‘”,- b A3 i
= 34.3 ohzs ‘ [

iii) CUTRINT TRANERCEVER DOQUIRIENTS FOR TES CAG14 AYD TA014 W

The minirum current transformer kmee point voltage VK = 2VR' 5

ST Requirizg 2 x 35.3 70.67 for the CAG14, .. O A U

u

end 2 X 50 = . 100? ”o“ +..e FAC’M. i

"‘h° ezciti:w cuz"‘er.t %o be dmwn by ‘th° eurrent t*ﬁ_'\s*’omers a.t the rc..ay " V
voliuge settinz = I, - I . 4
- n i .
; - - cg = 2% 5 ‘
voere Io = relay eflective gsetting = 105 = 1395 x 500 1.44
'R'- ‘s relay current seiting, ‘
- = =22 1 5 - 1A for the CAG14.
1C0. .
= .20-“A h fcr the ‘?n(‘14 (*el&y a.:d'x.zc;‘bi'c':s;il)

n = nuzber of cur*en'b ‘!:rz*_.s”cr..ers in pa**al..el with the reley = 4.

3
i
§

2 C';‘h:re:o:e for tne CAG14 the current transformer exciting current at 35,5V =
- 4 -1 = 0.1A, . o

4 . ST : bl

axd Zor the FACIL 28 50V = 1.4 = 0.02° = O.346A.
P

“externally mounted, should be connected across the relay ard ©

T RRATR T S ESARETT T T EAR LT T SRS T 0 e i - s e [

IR

A -.;ICATIO‘T 0F METROSIL NON-LINEAR RESISTORS F0R THDL CAG14

If the peak voltage, appearing across the relsy circuif, urder maxi=un interral
favlt conditions exceeds 3000V peak tken a suliable "o_.-li*:aﬁ re:ﬂ ster,
abilising resister,
in order to protect the insulation of the current tra..s:’cz:e-a, relay a:.d inter-
connecting pilots. In the preseat case Ihe peak voliage can be estizated by thé
forzula

T, = 22 Y (V,-V)

ERRP : s N‘,'rbLfA e . - . . )
where VK' = T0.67 (assuzed velue). In practice tkis skall be the geiual
. current transformer knee point voliege, obtained frea

curreat transforcer mmeu.....‘c* on cuTvVE.
,) o e

(o 5+00573.,.;+1)
[N

._2_
v = 27900 x 1500

= 93 x 35.68
= 3320 volts.

Therefore substituting these values Zor Vg and Ve in the above Torzula it can
be seen that the peak voliazge developed by the curreni trexsforcer is @

VY, = 2 [2x 70,6x (3320 - 70.8)

= 2.82 x 8.4 x 57
= 1350 volta,.

This velue is well below the maximum of 3300 volis peek apd the
- metrosils are required with the relay. I on the cther hand f the
" Vp given by the formulae had been grester then 3CCOV pesk, a nca ineav' Tesi to-
. would have to be comnected across the relay circuit and the recomzended meitrosil
" type would heve been chosen in accorda._ce with the maxirnn seccndery cusrent
’ o’ 27900 x _5 = 934,

: 15C0

i

Therefore the metrosil reference would have been the 6004/S2/2 with a cemstent
o2 620/740. .

. Attacl‘ed are ske*ches of the varl ous epplications 2or high impedance relaying
for incorporation in the leaflet.
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Transformer Differential Protection Relays
Types DDT32 and DTH31/32



DDT

MMeasurements

Type DDT

The type DDT relay is a medium or high bias-slope
differential unit designed for protection of two-
winding power transformers over about 1 MVA
rating against internal phase and earth faults.
Basically the relay is an induction disc unit with a
pair of bias or restraint coils (in addition to an
operating coil) to prevent operation by external
faults. Types DDT12 and DDT32 are single and
triple pole versions respectively.

OPERATION

The relay is connected in a Merz-Price con-
figuration to corresponding matched current
transformers on either side of the protected trans-
former. The C.T. secondaries provide a through
current in the relay restraint coils which produce
a continuous torque on the disc in the contact
opening direction. The differential of the C.T.
secondary currents flows in the relay operating
coil.

Under normal load conditions the C.T. secondary
currents are equal and no current flows in the
operating coil. If these currents become un-
equal due to a fault in the transformers, the
resulting differential current energises the opera-
ting coil which produces a torque on the disc in
the contact closing direction. The contacts close
when the ratio of the differential current to the
through current exceeds the slope of the relay
operating characteristic determined by the turns
ratio of the operating and restraint coils.

The bias slope is chosen so that the relay is
insensitive to unbalanced external lead burdens
which normally give a lower ratio of differential
current to through current than an internal fault.
In addition a fairly high bias slope is required to
prevent maloperation by C.T. differential currents
arising from:

(a) tap changing on transformers giving mis-
match of the C.T.s.

(b) different C.T. ratios and hence saturation
levels giving differential currents under
through fault conditions.

(c) magnetising inrush giving secondary
currents in one set of C.T.’s only.

To prevent maloperation by magnetising inrush
the relay function is delayed by a selected time
until the initial current peaks have decayed to a

fy4 &,
WO /1y 4 K, ek K,

K% ;g!, ] M W Ky

Type DDT12 relay

tolerable level (determined by the percentage
bias).

The minimum operating current of the relay is
determined by the tension of the disc control
spring and can be adjusted by rotating a knurled
moulded disc against a graduated scale.

CURRENT SETTING

40-100% (adjustable) of 0-5, 1-0 or 5-0 amps
(C.T. secondary) 50 or 60 c/s

PERCENTAGE BIAS
20%, 30% or 40% (selected by taps)

The percentaged bias is defined at the minimum
spill current
x 100

. 5 _ spill current
current setting (40%) as through current

OPERATING TIME

0-10 second to 0-25 second (adjustable) at 5
times current setting (see characteristic)



BURDENS

Bias coil Operating coil

| Burden (C.T.) at

rated current
Bias ‘—% Current
‘ 50 c/s 60 c/s setting 50 ¢/s 60 c/s

20% | 02 VA | 03VA

Burden (C.T.) at
current setting

40% 0:6 VA | 0:7 VA
30% 0:356 VA| 0:4 VA |

| 100% 3:7VA | 45VA

40% | 0:4 VA | 0:5VA

Operating Coil Impedance

At the rated current, the operating coil impedance
does not exceed 0:182 ohms and is 0:08 ohms at
saturation.

Current Transformer Knee-point Voltage

The knee point is defined as the point on the
magnetisation curve at which a 10% increase in
excitation voltage produces a 50% increase in
excitation current. The minimum knee-point
voltage is calculated as follows:

V= 2I; (R, + R, + R,) (star connected C.T.’s)
or Vi =(2/V/'3) I, [R, + 3(R, + R,)]
(delta connected C.T.’s)

where I, = Maximum fault current
(C.T. secondary amps)

R, = C.T. secondary resistance (ohms)

R, = Lead resistance between C.T.'s and
relay (ohms)

R, = Impedance of one half of relay bias
winding (ohms)
__bias winding burden (VA)
2 x (rated current)?

AUXILIARY UNITS AND OPERATION
INDICATORS
An auxiliary attracted armature unit with a hand

reset operation indicator for either shunt
(seal in) or series seal in is fitted as standard.

Standard Coil Ratings

Voltage operated (shunt) auxiliary units are
available with nominal ratings of 30, 110, 125 or
220 volts d.c.

Current operated (series) auxiliary units:

M;T:?eunT jzpaerrna;xsng | 05 second current ‘ Coi.l resistance
(two taps) rating in amps in ohms
0-1 and 0-3 18 and 22 9:2 and 241
0-2 and 2:0 22 and 92 6:0 and 0:125
0:6 and 2-4 92 and 188 0:29 and 0031

Other coil ratings can be supplied for both types
of auxiliary unit.

Contacts

Two pairs of electrically separate normally
open self or hand reset contacts are fitted and

DIFFERENTIAL CURRENT (9% OF FULL LOAD)

will make and carry 7500 VA for 3s with
maxima of 30 A and 660 V a.c. or d.c.

CASES

The relays are supplied in drawout cases available
for either flush or projecting mounting and
finished in phenolic black.

Standard relays are finished to BS.2011:20/40/4
and are suitable for normal tropical use; relays for
use in exceptionally severe environments can be
finished to BS.2011:20/50/56 at extra cost.

The drawout case offers many advantages
including ease of maintenance and testing, and is
fitted with contacts which short circuit the
associated current transformers on withdrawal of
the unit. A filter is fitted to equalise the pressure
inside and outside the case without admitting
dust.

Maximum Overall Dimensions

Relay | Case Height ‘ Width ‘ Depth*

i | 3
n3 mm | Ins

mm ‘ ins mm

| | |
DDT 12 | g2 | 6w | 3
(Single Pole) ‘ 1D ‘ 9+% | 233 | 64 | 170 ‘ 7% | 197
3D [y ‘
DDT 32 ‘ (Vert) 20% | 524 | 61 170 | 7% l 197
(Triple Pole) ‘
3D | 23
| (Horiz.) ‘ 9 1 235 | 17§ | 454 | 7% ‘ 197

*Add 3 ins (76 mm) for maximum length of 2 BA terminal studs.

Dimensioned drawings of case outlines, panel
cut-outs and mounting details are available on
request.
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DIFFERENTIAL CURRENT (% OF FULL LOAD)

OPERATING TIME (MILLISECONDS)
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FAULT CURRENT (TIMES FULL LOAD)

Time current characteristics at 30% bias,
time multiplier setting 7-0

INFORMATION REQUIRED WITH ORDER

Relay type

Current transformer secondary rating

Frequency

Trip circuit (series seal in or shunt
reinforcing)

| | _

=3
[

10 15 20 25 30 35 40 45 50
OPERATING CURRENT (AMPS)

Differential circuit impedance characteristic

Trip circuit current (series seal in)

Trip circuit voltage (shunt reinforcing)
Operation indicator inscription if required
Auxiliary contacts (hand or self reset)
Case finish and mode of mounting

55
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UNIT
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DISC UNIT

Typical application and internal circuit diagram of type DDT32 relay with series seal in

EARTHING ARRANGEMENTS

Although notincluded in the diagram, it is assumed
that secondary C.T. and/or V.T. circuits will be
earthed as necessary in compliance with standard
safety requirements and determined by the switch-
gear contractor or user. If in doubt, please consult
GEC Measurements for advice.

Our policy is one of continuous product development and the right is reserved to supply equipment which may vary slightly from that described.

GEC Measul‘emeuts The General Electric Company Limited of England

St. Leonards Works Stafford ST17 4LX England
Telephone: 0785 3251 Telex: 36240 Cables: Measurements Stafford Telex

Publication R-5116D

108050GSP Printed in England
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The DTH 31 and 32 are high speed
biased differential relays designed for
use with large three phase power
transformers to protect against internal
faults. Biased to provide stability
during heavy through faults, the

relays utilise second harmonic restraint
to prevent operation by normal
magnetising inrush currents produced
when the transformer is first energised.

According to type, the relays are for
use with two winding transformers,
DTH 31, or three winding
transformers, DTH 32.

In addition DTH relays can be

used effectively for the protection of
auto transformers and large generator
transformer units where high speed
clearance of internal faults is required
of the differential protection.

Extremely low burdens are achieved by
the use of input devices which convert
current to voltage (transactors). Static
circuitry is employed throughout, and
a single attracted armature unit
provides the output. The relays have
the advantage of small dimensions

and increased reliability over
electromechanical equivalents.

Ideally, the CT primary rating should
agree with the protected power
transformer full load rating, and with
the transformation ratio. This ensures
the secondary currents flowing in the
interconnecting pilots are balanced
and matched with the relay rating.
Consequently, for a 60 MVA
star/delta two winding transformer
ratio 132/33 kV the CT ratios are
selected as follows:

132 kV winding full load = 263A
33 kV winding full load = 1050A

Therefore transformation ratio = 4

The calculation assumes that
interposing CT's are not used.

Using standard primary current
ratings, and a differential relay rated
at bA, the ideal CT ratios are:

132 kV side: 300/2.89A, with
secondary windings delta-connected,
33 kV side : 1200/5A, with

secondary windings star-connected.

When the main CT’s on both sides of
a star/delta transformer have a bA

or 1A secondary, those on the star
side of the power transformer

should be star connected. Three
separate single phase star/delta

Tyupes DTH31
und DTH32

interposing CT’s should be used with
a suitably matched current ratio so
that the pilot currents are balanced.

DTH 31

Figure 1, Block Schematic Diagram
shows a typical application with a
three-phase, two-winding transformer.

Input currents I, and I, from the

power transformer line CT's are added
vectorially in the centre tapped restraint
bias transactor T1. Three taps in each
half of the transactor primary enable
bias settings of 15%, 30% and 45%

to be obtained. The output of T1 is full
wave rectified and smoothed to obtain
the restraint bias voltage level Vg.

The centre tap of T1is connected to
the differential circuit which comprises
transactors T2, T3 and current
transformer T4 connected in series.

A tuned circuit, which includes the
secondary of T2, is arranged to
resonate at the 2nd harmonic
frequency. The output of this circuit

is rectified and smoothed to obtain

the harmonic restraint voltage level V.
In addition, outputs of transactor T3
and current transformer T4 are
rectified and smoothed to obtain the
differential voltage level Vand the
high-set voltage level V respectively.

‘The greater of the two restraining

voltage levels Vgand Vis detected
in one comparator and compared in
magnitude with the differential operate
voltage level V in a second
comparator stage. When the operate
voltage exceeds the restraining
voltage by more than a preset
amount, the second comparator
produces an output to operate the
common relay drive circuit. The
highset voltage level V operates the
relay drive circuit if the differential
current exceeds ten times the rated
current.

DTH 32

Figure 3, Block Schematic Diagram
shows an application with a three-
phase, three-winding transformer.
Because current reversal is possible,
the three inputsI,, I, and I, cannot be
added vectorially. Consequently,
inputs to the DTH 32 are fed to
separate transactor/rectifier circuits,
and the d.c. voltage outputs added

to produce a bias voltage Vg. All other
circuitry is similar to that of the

DTH 31 relay.
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@ : T2 2nd RECTIFIER | ecay ! =
i "g ?SSQADOMC gg%owwc COMPARATOR DRIVE :3 ARMATURE |
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| i NUMBERED REFERENCES !
: | INDICATE CASE TERMINALS :
|
b O o m———————ce J
A B C
Current ratings L L L [ ‘ 1 ‘ I l 1
1A, 2A or 5A each at 50 Hz or 60 Hz. 04
“ CURVE A 30V dc AUXILIARY SUPPLY
Current settings o \ P AAUKARY S0ppLY
Operate — Differential current is | N
greater than 15% of rated current ~J
(fixed). 50 <
Bias—15%, 30% and 45% adjustable N
by plugboard taps. 0 \\\ A
. N — o
Thermal ratings i NG
The relay will withstand twice rated S ——
current continuously, 40 times rated
current for 3 seconds, 100 times a0
rated current for 1 second.
Limiting value, 170 times rated
current. The limiting value must not be L
exceeded and can be withstood INSTANTANEOUS SETTING
for a maximum period of 0.25 seconds. pr - -
1 1 15

Operating times

See Figure 2

For differential currents above twice
rated:

Less than 45 ms for auxiliary supplies
of 110/125V d.c. and 220/250V d.c.
Less than 60 ms for an auxiliary supply
of 30V d.c.

DIFFERENTIAL CURRENT (X RATED)
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Stability
The relay is stable for through faults
of up to 15 times full load current.

Highset

The highset circuit operates when
the differential current exceeds 10
times the rated current.

CT requirements
Star connected and delta connected
current transformers must have a

knee point voltage given by
Harmonic restraint

Operation is prevented when the
second harmonic content of the

Contacts

VK = 4OI(RCT + 2RL)
Two pairs of normally open self reset

differential current exceeds 20%. contacts rated to make and carry where
Burdens 7500 VA for 0.5 seconds with maxima Vi = Current transformer knee
of 30A and 660V. point voltage (V)
DTH 31 Auxili I I _ | d (A)
1A rated relay —0.33 VA per phase at V;‘&:é:ry supply = relay rated current
e oy —1.00 VA per phaseat 30 110/125, 220/250V d.c. Rer = resistance of CT secondary
' winding (ohms)
rated current. Current consumption unoperated
DTH 32 15, 34/39, 37/42 mA. R, = resistance of each pilot from

1A rated relay — 0.39 VA per phase at the relay to the CT’s (ohms)

rated current.
5A rated relay — 1.2 VA per phase at
rated current.

Current consumption operated
39, 44/51, 41/47 mA.



CASES

According to type the relays are
supplied in two pole double ended,
or three pole single ended, drawout
cases. See Figures 4 and 5. These are
available for flush or projecting
mounting and are finished phenolic
black as standard.

INFORMATION REQUIRED
WITH ORDER

Differential relay type DTH 31 or
DTH 32.

Relay current rating: 1A, 2A or 5A
Supply frequency 50 Hz or 60 Hz.
Case finish and mode of mounting.

Figure4 DTH 31 SIZE 2D VERTICAL CASE

Figure5 DTH32 SIZE 3D HORIZONTAL CASE

More detailed dimensional drawings and mounting arrangements with panel cut-outs are available on request.



Our policy is one of continuous product development and the right is reserved to supply equipment which may vary slightly from that described.

GEC Measul‘ements The General Electric Company Limited of England
St. Leonards Works Stafford ST17 4LX England
Telephone: 07853251 Telex: 36240 Cables: Measurements Stafford Telex

Publication R-5157D
058060GSP Printed in England
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6. Directional Overcurrent and Earth Fault Relays
Type CDD21



CDD

Measurements

Type CDD

The type CDD21, 23 and 24 relays are directional over-
current protection units with inverse, very inverse and
extremely inverse time/current characteristics. The relays
are respectively identical to types CDG11, 13 and 14
described in publications R5090, R5092 and R5093 except for
the addition of a high speed directional unit. CDD relays are
available only as single pole units.

An auxiliary seal in unit and a high set instantaneous over-
current unit type CAG can be accommodated in the
same case.

The relays are used for either phase or earth fault over-
current protection when directional characteristics are
required in addition to inverse time/current characteristics
and are suitable for protection of ring mains, parallel
transformers, transformer feeders and parallel feeders.

The directional unit is a high speed four pole induction cup
‘movement with current coils (connected in series with the
operating coil of the inverse time relay), voltage or current
polarising coils and a pair of contacts which are connected
across the shading winding of the inverse time unit. The
inverse time unit will not operate until there is current flow
in the correct direction for tripping when the directional
unit contacts are closed to short circuit the shading
winding.

MAXIMUM TORQUE PHASE ANGLES
Phase Fault

30° or 45° current leading. The relays are normally in-
tended for a 90° system connection and this will result
in system characteristic angles of 60° and 45° respectively
where the line current lags the phase to neutral voltage.

Earth Fault

14° current lag for resistance earthed system or, 45° or 60°
current lag for solidly earthed system using a 3 phase V.T.
tertiary winding for supply to polarising coil.

OPERATING TIME

The directional unit operates in less than 10 milliseconds
which is small compared with the overall operating time
of a CDD relay.

COIL RATINGS

Current Coil

0:5,1, 2 or 5 amps a.c. (C.T. secondary)

The rating is selected as close as possible to the centre tap
current setting of the induction disc unit.

The maximum continuous current in either direction for the
relay is limited by the coil of the induction disc unit given
in the following table.

Operating Coil Tap

123 4‘5‘6‘7
i
|

Max. continuous
current 453713227 ‘ 262422

(times current setting)

Voltage polarising coil

53:5 or 110 V a.c. (continuous rating 200 V a.c.)
Current polarising coil

Where there is a power transformer with an earthed neutral
the voltage polarising coil can be replaced by a current
polarising coil (available with ratings of 05, 1, 2 or
5 amps a.c.) which is fed by a current transformer in the
neutral line.

BURDENS

Current coils

\
Relay CDD21 A CDD23 | CDD24

At minimum setting | 225 VA | 1:0 VA 0-6 VA

At maximum setting } 75 VA ‘ 6:0 VA i 6:0 VA

Voltage polarising coils

9 VA or 4-5 watts (110 V a.c. coil)
3 VA or 1-5 watts (635 V a.c. coil)
Current polarising coils

1-0 VA at rated current
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* DENOTES RELAY
CASE TERMINAL

Three CDD relays connected for phase fault

protection (voltage polarised)

DIRECTIONAL DISCRIMINATION

Down to approximately 1% of normal voltage with from
1 to 15 times rated current

Down to approximately 3% of normal voltage with from
0-4 to 40 times rated current

A J@au
Tig " LT2
A
TIp BT
c e
E % ETM Y2
AUX. SUPPLY
ALARM | TRIP
|1 21 3 4i 6| 7, 8 9| 10}
D, U
T T T \.%—JJCT
|r CUPUNIT | SHORTING
| current | CONTACTS
| COIL |
L |
=74,
S S '
IVOLTAGE
POLARISING
leoi — |
e
Ty

SHADING
COIL

DISC UNIT

Internal and external diagram of CDD relay for
earth fault protection (voltage polarised)

VOLTAGE
75 1% RATED VOLTAGE

MAX. TORQUE ,~~
KICHE 10% RATED VOLTAGE

oy

\

RATED

CONTACT ¥oliagE

OPERATING ZONE ~

| [

MULTIPLES OF
RATED CURRENT

10 20

23
X

N

NON OPERATING

ZONE

Characteristic of directional unit with 45°
maximum torque angle

o1 1)
(|70)j (”‘_(1784)
@ «l oy

I
DOUBLE-ENDED
\ CASES ONLY

2" MAX
(1)

Drawout case outline — size 1%

EARTHING ARRANGEMENTS

Although not included in the diagram, it is assumed that
secondary C.T.and/or V.T. circuits will be earthed as necessary
in compliance with standard safety requirements and deter-
mined by the switchgear contractor or user. If in doubt, please
consult GEC Measurements for advice.

CASES

The relays are supplied in a size 1% drawout case available
for flush or projecting mounting, finished phenolic black.
Relays for use in exceptionally severe environments can be
finished to BS.2011:20/50/56 at extra cost; standard relays are
finished to BS.2011:20/40/4 and are satisfactory for normal
tropical use.

INFORMATION REQUIRED WITH ORDER
Relay type

IDMT relay data (see R5090)

Details of instantaneous high set unit, if required
Maximum torque angle

Polarising coil rating (voltage or current)

Current coil rating

Case finish and mode of mounting

Our policy is one of continuous product development and the right is reserved to supply equipment which may vary slightly from that described.

GEC Meamments The General Electric Company Limited of England
St. Leonards Works Stafford ST17 4LX England

Telephone: 0785 3251

Publication R-5089C

Telex: 36240 Cables: Measurements Stafford Telex

048050GSP Printed in England
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7.

Reverse Power Relays
Type WDG11, WCD11




CDD

Measurements

Type CDD

The type CDD21, 23 and 24 relays are directional over-
current protection units with inverse, very inverse and
extremely inverse time/current characteristics. The relays
are respectively identical to types CDG11, 13 and 14
described in publications R5090, R5092 and R5093 except for
the addition of a high speed directional unit. CDD relays are
available only as single pole units.

An auxiliary seal in unit and a high set instantaneous over-
current unit type CAG can be accommodated in the
same case.

The relays are used for either phase or earth fault over-
current protection when directional characteristics are
required in addition to inverse time/current characteristics
and are suitable for protection of ring mains, parallel
transformers, transformer feeders and parallel feeders.

The directional unit is a high speed four pole induction cup
‘movement with current coils (connected in series with the
operating coil of the inverse time relay), voltage or current
polarising coils and a pair of contacts which are connected
across the shading winding of the inverse time unit. The
inverse time unit will not operate until there is current flow
in the correct direction for tripping when the directional
unit contacts are closed to short circuit the shading
winding.

MAXIMUM TORQUE PHASE ANGLES
Phase Fault

30° or 45° current leading. The relays are normally in-
tended for a 90° system connection and this will result
in system characteristic angles of 60°and 45° respectively
where the line current lags the phase to neutral voltage.

Earth Fault

14° current lag for resistance earthed system or, 45° or 60°
current lag for solidly earthed system using a 3 phase V.T.
tertiary winding for supply to polarising coil.

OPERATING TIME

The directional unit operates in less than 10 milliseconds
which is small compared with the overall operating time
of a CDD relay.

COIL RATINGS

Current Coil

05,1, 2 or 5 amps a.c. (C.T. secondary)

The rating is selected as close as possible to the centre tap
current setting of the induction disc unit.

The maximum continuous current in either direction for the
relay is limited by the coil of the induction disc unit given
in the following table.

5‘6'7
|

Operating Coil Tap| 1 2 3 ‘ 4

Max. continuous | ‘ ‘ |
current | 45 ‘ 373227 26 24 22

(times current setting) | |

Voltage polarising coil

635 or 110 V a.c. (continuous rating 200 V a.c.)
Current polarising coil

Where there is a power transformer with an earthed neutral
the voltage polarising coil can be replaced by a current
polarising coil (available with ratings of 05 1, 2 or
5 amps a.c.) which is fed by a current transformer in the
neutral line.

BURDENS

Current coils

Relay ‘ CDD21 | CDD23 | CDD24

At minimum setting | 2:25 VA | 1:0 VA | 06 VA

“ 6-0 VA

At maximum setting ' 75 VA | 6:0 VA

Voltage polarising coils

9 VA or 4-5 watts (110 V a.c. coil)
3 VA or 15 watts (635 V a.c. coil)
Current polarising coils

1-0 VA at rated current



VOLTAGE
Z5o 1% RATED VOLTAGE

R Jml—
Y —% MAX. TORQUE ,-~~
I RELE T 10% RATED VOLTAGE
ALARM _TRIP g § é . \ .
CIRCUIT CIRCUIT vgﬁiDE
raUen CONTACT ¢
3 gt OPERATING ZONE ™
—3 & J / RM%JLT!PLES OF
- ATED CURR
RIgR2S ED CURRENT
2 - 2) 4 10 20
e
L ¢
13 B "
s s i 4 N
CURRENT  POLARISING NON OPERATING
COILS colLs

®* DENOTES RELAY
CASE TERMINAL

ZONE

Characteristic of directional unit with 45°
maximum torque angle

Three CDD relays connected for phase fault
protection (voltage polarised)

DIRECTIONAL DISCRIMINATION

Down to approximately 1% of normal voltage with from

1 to 15 times rated current gLLr 13"(29) 61"
([))an ztxg approxima:jtely 3% of normal voltage with from (I%)ﬂ ‘”.—_(|7B4)7 )l
‘4 to times rated current 1 |
P <)
| AN
| DOUBLE-ENDED
[ CASES ONLY
A e \
Tie T2 141"
5 362
Ty YT ( | )
C e !
E é é T4 Y12 L
AUX. SUPPLY 2L’7M7/;JX
ALARM | TRIP (51)
li li 3‘ 4\1} Gv 73 8 9* l;L Drawout case outline — size 13
T - | C.T.
I [cupuniT —}?) SHORTING EARTHING ARRANGEMENTS
| CURRERT | CONTACTS Although not included in the diagram, it is assumed that
| CcolL | secondary C.T.and/or V.T. circuits will be earthed as necessary
| E in compliance with standard safety requirements and deter-
to ob | mined by the switchgear contractor or user. If in doubt, please
- - — consult GEC Measurements for advice.
e 4 | ( N
R
{VOLTAGE N\ CASES
POLARISING The relays are supplied in a size 1% drawout case available
Cg"‘—______ 4 for flush or projecting mounting, finished phenolic black.
r e Relays for use in exceptionally severe environments can be
} 7N finished to BS.2011:20/50/56 at extra cost; standard relays are
—‘(—H ) finished to BS.2011:20/40/4 and are satisfactory for normal
| tropical use.
| 3
[ :‘/ INFORMATION REQUIRED WITH ORDER
| z%/’I\LDING Relay type
| PR IDMT relay data (see R5090)
DISC UNIT Details of instantaneous high set unit, if required
Internal and external diagram of CDD relay for l\/laxilln.um torque‘angle
earth fault protection (voltage polarised) Polarising coil rating (voltage or current)

Current coil rating
Case finish and mode of mounting

Our policy is one of continuous product development and the right is reserved to supply equipment which may vary slightly from that described.

GEC Measurements The General Electric Company Limited of England

St. Leonards Works Stafford ST17 4LX England
Telephone: 07853251 Telex: 36240 Cables: Measurements Stafford Telex

Publication R-5089C

048050GSP Printed in England



Type WDG

Type WDG11 relays detect reversal of power flow and are used
to give time graded IDMT protection against ‘motoring’ to
diesel and gas turbine driven alternators and to large pass-out
turbo alternators, when the ‘motoring’ power available is
greater than 6% of rated power. For condenser-evacuated
sets, where the 'motoring’ power is less than 3% of rated
power, the more sensitive polyphase relay type WCD is
recommended. Reverse power protection can also be given to
interconnected feeders. Relays suitable for phase-neutral
(type A) and phase-phase (type B) connection are available
with either standard or sensitive settings

Type WDG12 power relays detect power increases. Typical
applications include the separation of power systems when the
flow from one system to another exceeds a safe value and
time-graded IDMT protection of unattended generating plant
against overload.

A single relay is sufficient for balanced conditions on three
phase, three or four wire systems, but a relay must be
employed on each phase for unbalanced conditions. A triple
pole relay WDG31 is available.

CONSTRUCTION AND OPERATION

The relay is basically a wattmetric induction disc movement
and seven equal taps are provided on a small auxiliary current
transformer to obtain the desired power setting. The relay
measures true watts down to 50% of normal voltage and 0-5
power factor.

Adjustment of the time setting is made by rotating a knurled
moulded disc against a graduated time multiplier scale.

TECHNICAL INFORMATION

WDGHAFISB2A0

NO 785497

" 120 240 360 600 720 840 W
- v AT

Type WDG11 relay

WDG

Relay WDG11 type ‘A’ WDG11 type ‘B’ WDG12
Application Reverse power Reverse power Over power
Connection Phase to neutral Phase to phase Phase to phase
Maximum torque angle 0° 30° lead 30 lead
Frequency Hz 50 60 50 60 50 60
Guirent:cailirating lors Tors 1ors 10r5 Tors 1ors
(C.T. secondary) amps
Voltage coil rating . 44 11 1
(V.T. secondary) volts 635 240 665 110 0 5 0 15
Single » . . . o o
phaseiwatts 6-42 24-168 6-42
Sensitive
Settings 3 phase — — — 18-126 | 72-504 | 18-126 | — —
5 amp watts
rated :
% Single . _ _ . _ —
relay phase watts 30-210 | 120-840 30-210
Standard
as:::se = = — 90-630 | 360-2520 | 90-630 450-1800 450-1800
Voltage coil i g X .
VA at rated volts 106 90 13-9 10-5 13-9 10-5
Burdens I ¢ irent coil | Sensitive 115-04 "135-03 | 115-04 135-03 | — —
VA at rated
current Standard 3:5-0:07 4:5-01 3:5-0:07 4-5-01 0-14-0-003 0-18-0-004

‘For settings of 1 amp rated relay divide figures given by 5



THERMAL RATING

The relays will withstand twice rated current continuously or 20
times rated current for three seconds, and 110% rated voltage
continuously.

AUXILIARY UNITS AND OPERATION
INDICATORS

An auxiliary attracted armature unit with a hand reset
operation indicator for either shunt reinforcing or series seal in
is fitted as standard.

Standard coil ratings

Voltage operated (shunt) auxiliary units: 30, 48, 50, 110, 125,
220 and 250 volts d.c. at a nominal burden of 3 watts
continuously rated or 110, 240 and 440 volts a.c. at a nominal
burden of 3-5 VA continuously rated.

Current operated (series) auxiliary units:

Minimum operating 0-5 second
current in amps d.c. current rating Coil resistance
(two taps) inamps d.c. in ohms
0-1and 0-3 18and 22 92 and2-1
0-2and 2:0 22 and 92 6:0 and 0-125
92 and 188 0-29 and 0-031

0-6and2:4

Other coil ratings can be supplied for both types of auxiliary unit.

Contacts

Two pairs of self or hand reset contacts in any combination of
normally open or normally closed are fitted which will make and
carry 7500 VA for 0-5 second with maxima of 30 amps and 660
volts a.c. ord.c.

INSULATION

The relay will withstand 2-:0 kV 50 Hz for one minute between all
terminals connected together and the case, together and 1-0 kV
50 Hz for one minute between all normally open contacts.

CASES

The relays are supplied in drawout cases, and can be either flush
or projecting mounted. Standard case finish is phenolic black.
Relays for use in exceptionally severe environments can be
finished to B.S.2011:20/50/56 at extra cost. Standard relays are
finished to B.S.2011: 20/40/4 and are satisfactory for normal
tropical use.

CASE DIMENSIONS

Maximum overall dimensions

Relay = Case Height Width DePﬁh*
e Yoom | T, lrom |l Jmm
wgg}; 1D 9%, 283 6'%g 170 7% 197
WDG3 D 9% 235 177 454 7% 197
~ (horiz) ¢ 8 A

*Add 2 in. (61 mm) for maximum length of 2 BA terminal studs.

Dimensioned drawings of case outlines, panel cut-outs and
mounting details are avilable on request.

EARTHING ARRANGEMENTS

Although not included in the diagram, it is assumed that
secondary C.T. and/or V.T. circuits will be earthed as necessary
in compliance with standard safety requirements and
determined by the switchgear contractor or user. If in doubt,
please consult GEC Measurements for advice.

DIRECTION OF POWER FLOW FOR OPERATION

A ==
B < f
Pi P2
S152

CT SHORTING
1
? Lg A conTact

S
|

SHUNT 1

I
REINFORCING ‘oL
UNIT

RECTIFIER FITTED
ONLY FOR A.C. SUPPLY

DISC UNIT

Typical application and simplified internal circuit diagram of
WDGT11 type ‘A’ reverse power relay with shunt reinforcing.
Alternative V.T. secondary connection for type ‘B’ relay is
shown. Overpower relays are connected in the same way but
will restrain for power flow in the direction shown.

OPERATING CHARACTERISTIC
OF OVER-POWER AND REVERSE-
POWER RELAYS TYPE WDG

v
o
z
[*]
v
w
o

|
w
£
=
(Y}
Z
=
<
«
w
o
o

POWER—MULTIPLES OF SETTING VALUE

Time/power characteristic

INFORMATION REQUIRED WITH ORDER

Relay type

Power setting range

Current (C.T. secondary)

Voltage (V.T. secondary)

System frequency

Trip circuit voltage (shunt reinforcing)
Trip circuit current (series seal in)
Case mounting

Our policy is one of continuous product development and the right is reserved to supply equipment which may vary slightly from that described.

GEC Measurements the General Electric Company Limited of England

St. Leonards Works Stafford ST17 4LX England
Telephone: 07853251 Telex: 36240 Cables: Measurements Stafford Telex

Publication R-5124D

108050GSP Printed in England
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WCD

(AN Measurements

Type WCD

The type WCD power relay is a sensitive polyphase
induction cup unit intended to provide reverse or under
power interlocking. When a turbo-generator set is shut
down in an emergency, there is a risk of overspeed if the
circuit breaker opens before the steam valves are com-
pletely closed. Even if these actions are simultaneous,
steam trapped in the casing of a large turbine may be
sufficient to cause overspeed. A sensitive power relay
retains the generator on load until the onset of ‘motoring’
and then operates to open the circuit breaker.

To prevent operation due to power swings when the
machine is being synchronised, it is desirable to employ a
definite time delay unit (VAT).

CONSTRUCTION

The electrical quantities are fed to windings on the eight
poles of a laminated stator with a central fixed core. The
moving contact is carried on a cup-shaped aluminium
rotor which turns on jewel bearings in the air gap between
stator and core. Only a small travel is needed to close the
contacts, and with the low inertia of the rotor and unusually
large operating torque, a high speed of operation is ensured.

CHARACTERISTICS
Current Rating 1 or 5 amps (C.T. secondary
at 50 or 60 Hz
Voltage Rating 110 volts at 50 Hz or 115 volts at
60Hz
Thermal Rating The relay will withstand twice rated
current continuously or 20 times rated
current for three seconds and 110%
of rated voltage continuously.
Less than 0-5% of rated power at unity
power factor and less that 1:0% of
rated power at 75° phase angle
Operating Time 35 milliseconds at 5-0% of rated

Sensitivity

power
Directional The relay remains unoperated at
Stability forward powers of over five times
rated power.
BURDENS
Burden at rated current and
voltage (VA)
Phase
Current Voltage
Red . ‘ 65 9:0
Yellow .. ‘ 36 ‘ 9:0
Blue .. \ 28 180

AUXILIARY UNIT

The induction cup unit contact energises an attracted
armature auxiliary unit (VAA).

Contacts Upto four pairs of electrically separate self reset
contacts in any combination of normally open or normally
closed can be provided. Each pair is rated as follows:—

Make and Make and
carry carry Break
‘ continuously |for 3 seconds

1250 VA 7500 VA
with maxima ' with maxima
of 5 amps of 30 amps

‘ and 660 volts and 660 volts

1250 VA with
maxima of 5 amps
and 660 volts

a.c.

1250 watts | 7600 watts | 100 watts (resistive)
| with maxima | with maxima| 50 watts (inductive)
of 5 amps of 30 amps | with maxima of

and 660 volts and 660 volts| 5 amps and 660 volts

d.c.

Standard Voltages 30, 110, 125 or 220 volts*d.c. at
3 watts. Other voltage ratings either a.c. or d.c. can be
supplied.

CASE

The relay is supplied in a size 1 double ended drawout case
which is available for either flush or projecting mounting
finished phenolic black.

Relays for use in exceptionally severe environments can
be finished to B.S. 2011 : 20/50/56 at extra cost; standard
relays are finished to B.S. 2011 : 20/40/4 and are satis-
factory for normal tropical use.
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Current rating

Voltage rating

u“&

Frequency
L Auxiliary supply voltage
ii’ff-—] Number and arrangement of auxiliary contacts
BfMXX Case finish and mode of mounting
(76)

Case outline

Our policy is one of continuous product development and the right is reserved to supply equipment which may vary slightly from that described.
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WCG

Measurements

Type WCG

The type WCG definite time reverse power
relay provides a sensitive and economical means
of detecting motoring conditions in diesel
alternators and back pressure turbines. Faster
clearance times can be obtained for lower values
of reverse power than are possible with inverse
definite minimum time delay relays.

Basically the relay is a high speed induction cup
unit (type CCD). On a reverse power condition
the contacts close to energise an auxiliary attracted
armature unit (type VAA). The contact of the
attracted armature unit initiates an electro-
mechanical timing unit (type VAT) with contacts
for alarm and trip duties which are independently
adjustable over a given time range.

RATINGS

Current: 1 or 5 amps (C.T. secondary) at
50 or 60 Hz

Voltage: 110 volts (V.T. secondary) at
50 or 60 Hz

OVERLOAD

The relay will withstand twice rated current
continuously or 20 times rated current for three
seconds and 110% rated voltage continuously.

MAXIMUM TORQUE ANGLE

When connected as shown overleaf, the relay
develops maximum torque when the applied
voltage lags the applied current by 30°. This
corresponds to unity power factor on the system.

SENSITIVITY

The relay is directional down to approximately 1%
of rated voltage with 1 to 15 times rated current
or down to approximately 3% of rated voltage with
0-4 to 40 times rated current. The nominal power
setting is fixed at less than 3% of the rated single
phase power.

A.C. BURDENS
Current Coils: 1VA at rated current

Voltage Coils: 9VA at rated voltage

OPERATING TIME

The standard definite time delay unit is
continuously adjustable from 2 to 10 seconds.
Other time ranges are available covering from
0-5to 120 seconds.

AUXILIARY SUPPLY

Standard auxiliary voltage ratings are 30, 110,
125 and 220 volts d.c. Other voltages a.c. and
d.c. can be accommodated.

D.C. Burden: 13 watts on operation

Satisfactory operation is maintained at between
50% and 120% of rated auxiliary voltage.



CONTACTS OPERATION INDICATOR

Two pairs of electrically separate self reset A hand reset mechanical operation indicator 1s

contacts in any combination of normally open provided on the definite time delay unit.
or normally closed are provided.

CONTACT RATING

Make and carry Make and carry
continuously for 3 seconds Break

1250 VA with maxima | 7500 VA with maxima | 1250 VA with maxima
a.c.| of 5 amps and 440 | of 30 amps and 440 | of 5 amps and 440
volts volts volts

50 watts (resistive)

1250 watts with 7500 watts with 25 watts (inductive)
d.c. | maxima of 5 amps and | maximaof 30 ampsand | with maxima of 5 amps
440 volts 440 volts and 440 volts
INSULATION
The relay will withstand 2kV r.m.s. 50 Hz Fully dimensioned drawings of case outline,
for 1 minute between all live parts and earth and panel cut-outs and mounting details are available
between all circuits not intended to be connected on request

together. It will also withstand 1 kV r.m.s. 50 Hz

for 1 minute across open contacts.
INFORMATION REQUIRED WITH
CASE ORDER

The relay is supplied in a size 1% drawout case s
which is available for either flusfw or projecting Clurrent rating
mounting finished phenolic black as standard. Supply frequency
Relays for use i_n exceptionally severe environ- Operating time range
ments can pe finished to B.S.2011 : 29/_50/56 at Contact sombination
extra cost; standard relays are finished to o
B.S.2011:20/40/4 and are satisfactory for normal Auxiliary supply
tropical use. Case mounting

—_— DIRECTION OF POWER
FLOW FOR TRIPPING
" T2 T1

P i

C

V1 v
AUX 9 2

ALARM TRIP SUPPLY

i

— CONTACT
— G \

fﬁ.*?
N @ e | : >

N
DOUBLE-ENDED
CASES ONLY

C.T. SHORTING

AUX UNIT ¢
VAA g

Typical application and internal circuit diagram Case outline

INDUCTION CUP
UNIT CCD 2" MAX

Our policy is one of continuous product development and the right is reserved to supply equipment which may vary slightly from that described.

GEC Measurements TheGeneral Electric Company Limited of England

St. Leonards Works Stafford ST17 4LX England
Telephone: 07853251 Telex: 36240 Cables: Measurements Stafford Telex

Publication R-5106A

098040GSP Printed in England



8.

Field Failure Protection Relays
Type YCGF



YCGF

Type YCGF

The type YCGF relay detects loss of field supply
or reduction in the field current of synchronous
generators beyond the stability limits of the
machine.

Loss of field supply to a synchronous generator
can be caused by a fault in the excitation circuits
or by incorrect opening of the field circuit breaker.
‘On loss of field, the machine operates as an
induction generator excited by reactive power
drawn from the system to which it is connected.
This could result in instability of power in the
system and overheating of the rotor, especially if
the machine is of the cylindrical rotor type without
damping windings in the pole faces.

The circular mho characteristic has its centre on
the —X axis of the RX diagram and is offset from
the origin. This offset is adjustable so that
undesirable operation of the relay on power
swings or loss of synchronism not accompanied
by loss of field, is avoided. The diameter of the
circle is also adjustable, independent of the offset.

To avoid mal-operation due to synchronising
surges and transient conditions, the relay is used
with a simple definite time delay relay type
VAT11 and arranged to initiate alarm, tripping or
load shedding if adverse field conditions persist
longer than a safe period.

When used with generators designed for line
charging which can operate at rotor angles in
excess of 90°, the diameter of the circle character-
istic must be set small. At this setting, the
impedance locus of the machine, on loss of field,
can enter and leave the relay circle characteristic
at intervals depending mainly on load conditions
prior to the fault. To ensure correct operation in
these conditions, it is necessary to use a type
VAT51 time delay relay. This arrangement is
standard for turbo-alternator sets installed by the
Central Electricity Generating Board.

CONSTRUCTION AND OPERATION

The relay is basically a low inertia, high speed
four pole induction cup unit of simple construction
having operating, polarising and restraint coils.

With the relay connected as shown, the phase to
neutral field impedance of the machine, in terms
of secondary ohms, is measured. If the field supply
fails, the locus of the machine terminal impedance
moves inside the relay characteristic and the
contacts close immediately.

® YCGF

VG ARIS Lk

7B

RATINGS

Current: 1 or 5 amps (C.T. secondary)
at 50 or 60 Hz

Voltage: 110 volts (V.T. secondary) at 50 Hz
115 volts (V.T. secondary) at 60 Hz

SETTINGS

Circle diameter

1 amp rating: 25-250 ohms adjustable in
5 amp rating: 5— 50 ohms 5% steps

The value usually chosen is the direct axis
synchronous reactance of the generator.
Offset

1 amp rating: 2:5-20 ohms adjustable in
2:5 ohm steps

5 amp rating: 0-5— 4 ohms adjustable in
0-5 ohm steps

The value usually chosen is half the direct axis
transient reactance of the generator.
»X

=R R R +R
} FIXED OFFSET YARIDUS

OFFSET SETTINGS

VARIOUS CIRCLE -
IMPEDANCE

SETTINGS
FIXED CIRCLE

IMPEDANCE

X SETTING X

Characteristics of type YCGF relay



rm ;

TIME DELAY
SEAL IN UNIT

1@ 29 3 4T 54

15

¢ INDUCTION CUP
UNIT

Typical application and simplified
internal circuit diagram

BURDENS
Voltage circuit: 5:0-7-7 VA at 50 or
Current circuit: 1:7-2-8 VA per phase J 60 Hz

The burden depends on the relevant ohmic setting
and the magnitude and phase angle of the load
current.

CONTACTS

A light duty normally open three-point contact is
fitted to the induction cup unit and is rated to
make, break and carry for 30 seconds, 10 watts
inductive or 20 watts resistive with maxima of
250 volts and 5 amps d.c.

INSULATION

The relay will withstand 2 kV, 50 Hz for 1 minute
between all circuits not intended to be connected

)

together and between all live parts and earth.
It will also withstand 1 kV, 50 Hz for 1 minute
between normally open contacts.

CASE

The relays are supplied in drawout cases available
for flush or projecting mounting finished phenolic
black as standard. Relays for use in exception-
ally severe environments:can be finished to
B.S.2011:20/50/56 at extra cost. Standard relays
are finished to B.S.2011:20/40/4 and are suitable
for normal tropical use. A filter breather is fitted
which equalises the pressure inside and outside
the case without admitting dust.

CASE DIMENSIONS

|
‘ Maximum Overall Dimensions

Relay | Case | Height ] Width Depth*
i ‘ins.!mm ins. | mm ins. | mm
|

YCGF | |

and ‘1D‘9|-:'g 233 | 6+ | 170 | 7% | 197

VAT11 | \

i ‘
VAT51 | 2D ‘16% 422 | 64+ | 170 732 197

*Add 2ins. (51 mm) for maximum length of 2BA terminal
studs

Dimensioned drawings of case outlines, panel
cut-outs and mounting details—are available on
request.

INFORMATION REQUIRED WITH ORDER

Current rating
Supply frequency
Case mounting

Details of definite time delay

Our policy is one of continuous product development and the right is reserved to supply equipment which may vary slightly from that described.

GEC Measurements the General Electric Company Limited of England

St. Leonards Works Stafford ST17 4LX England
Telephone: 07853251 Telex: 36240 Cables: Measurements Stafford Telex

Publication R-5103A

067950GSP Printed in England
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Typical Protection and Metering Recommendations
for small generation systems at 3.3kV and above
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C.T. Connections and Neutral Displacement Detection
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