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Description

A basic Type GFR ground fault protection sy s-
tem consists of a ground fault relay, a ground
fault current sensor and a disconnect device
equipped with a shunt trip device. This dis-
connect device can be a molded case circuit
breaker, a power circuit breaker, a bolted
pressure switch or other fusible disconnect
device, suitable for application with UL Class |
Ground Fault Sensing and Relaying equip-
ment.

Type GFR ground faultrelay s, current sen-
sors, test panels and accessory devices are
listed by Underwriters’ Laboratories, Inc. in
accordance with their standard for Ground
Fault Sensing and Relaying Equipment, UL
1053, underFile E48381.

A Type GFR ground fault protection system,
when properly installed on a grounded elec-
trical sy stem, will sense phase to ground fault
currents. When the level of fault currentisin
excess of the pre-selected current pick-up and
time delay settings, the GFR relay will initiate
a trip action of a disconnect device, which will
open the faulted circuit and clear the fault.

The GFR devices are UL Class | devices de-
signedto protect electrical equipment against
extensive damage from arcing ground faults.

Ground Fault Signal Memory

Arcing ground fault currents are, erratic in na-
ture being caused by the intermittent striking
and restriking of an arcing ground fault. To
avoid the instantaneous resetting of the solid
state timing circuitry every time the fault cur-
rent drops to zero, Type GFR ground fault re-
lays are equipped with a memory response,
which integrates the se intermittent faults
with time using a seven second time con-
stant.

Application

General

Type GFR ground fault protective deviees are
designed to be used primarily on solidly
grounded electrical distribution system's
rated up to a maximum of 600 vaits, 50/60°'Hz,
to provide for rapid clearing of arcing. ground
faults.

When properly applied, the'se devices will
satisfy the requirements for ground fault pro-
tection of service entrance equipment as out-
lined in Sections 230-95 and 517-14 of the Na-
tional Electrical code. Wheh these devices are
added to downstream feeder and branch cir-
cuits as well as theymain service disconnect-
ing devices assuggested in 230-95 and to the
downstream,feeders as required in 517-14,
additionalyproteetion will be provided.

There are tWo basic methods of achieving
sele€tive coordination between different
levels of ground fault protective devices in a
distribution sy stem.

The first method employs adjustable time
delay and current pick-up settings to achieve
selectivity between upstream and down-
stream devices. When properly coordinated,
downstream detection devices will use a
time-current band setting that will initiate a
downstream tripping operation and clear the
faulted circuit before any up stream interrupt-
ing device tripping action can be initiated.
This type of coordination necessarily requires
the longest time delay settings to be placed
on the upstream devices. This type of coordi-
nation is fine if the faults are always
downstream.

The second method is zone selective inter-
locking in a system employing zone selective
interlocking type devices, selective coordina-
tion is still achieved for downstream faults by
the use of time-current band settings. With
appropriate settings, downstream interrupt-
ing devices will clear the faultedifeuit before
any upstream device can operate. HoweVver,
with zone selective interlockingpadditional in-
telligence is automatically programmed into
the time-current coordination'scheme'to
allow for variations in the pre-established
tripping sequenceto allow foralternate loca-
tions of the arcing ground fault. A zone selec-
tive interlock coordinated sy stem provides for
fast tripping of the nearest interrupting device
upstream of theiarcing ground fault regard-
less of the pre- setitime delay settings. With
this type of protectionjthe resulting systems
damage levelis thelowest possible because
the interruptingidevices are allowed to clear
the faultas quicklyasthey can respond.

Zonelinterlaek wiring is only applicable to
Type'GFR relays equipped with zone selective
interlocking. These relays are equipped with
four additional terminals

To'make therelays function in a zone inter-
lecking mode, all relays must be of the inter-
locking type and additional wiring connec-
tions are required. Typical connections for a
main with multiple feeders and multiple
branchcircuits is illustrated in Fig. 1.

As shown by Note 1 inFig. 1, twisted pair wir-
ing must be used for interlock wiring to re-
duce the influence of stray magnetic fields in
switchboards with high ampacity bus sy s-
tems. Interlock wiring must be routed away
from bus bars and separate from concen-
trated control wire groupings.

Upto 50 - Type GFR relays may be wired in
parallel to transmit a single signal to up-
stream device. No supplementary relayingis
required for this function.

Regardless of the time delay setting, any in-
terlocking Type GFR relay will respond near
instantaneously unless a restraint signal ~
which is indicative of a ground fault further
downstream in the next protective zone - acts
to change the mode of operation to the pre-

®

set time delay. On downstream circuits, it is
frequently desired that a short time delay be
observed before a tripping actiomwis initiated.
This can be accomplished by adding a jumper
between terminals@ and0 on the down-
stream relay agjindicated by Note 2 on Fig. 1.
This jJumper should notibe used on any up-
stream relay asjit willidefeat the zone inter-
locking function.

Relay Settings

The exact individual relay time/current set-
tings'will vary between sy stem installations
dependinggdpon the type of protection and
|ével ofiselectivity desired. The Specifying
Engineercan best make the se decisions for
any'specific installation for general applica-
tions, settings as described in the following
conditions may be considered.

Single Zone Level of Protection

Minimum Pick-up: 20% of disconnect rating.
Increase to maximum pick-up setting (1200
Amp) where maximum service continuity is
desired.

Minimum Time Delay: 10 cycles. Any faster
time will invite nuisance trips. Increase time
when more than minimum damage level can
be tolerated.

Multiple Zones of Protection Without Zone
Interlocking

Minimum Pick-up: The pick-up setting of the
downstream device should still be no less
than 20% of the disconnect rating. Succes-
sive upstream settings should be at least
one step greater than the nearest down-
stream device pick-up setting.

Minimum Time Delay: The shortest time
possible should be used on the branch cir-
cuit downstream. Increase the time delay on
up stream devices in increments of one step
or more for molded case breakers and two
steps or more for other slower operating
type devices.

Multiple Zones of Protection With Zone
Selective Interlocking

Establish time/current coordination for multi-
ple zones with zone interlocking. This is done
on the basis that most faults occur down-
stream and that the mostdownstream device
should be set to clear the fault first leaving

up stream devices for back-up fault protec-
tion.

Add zone interlocking to provide fast tripping
of up stream devices regardless of pre-set
time delay for faults in the upstream zones.

Where desired, nearly instantane ous opera-

tion of downstream devices can be defeated
where time delayed operations are adequate.

November, 1988
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Notes:
1. Wiring Should be Twisted Pair, Number 14 or 16 AWG With Maximum Distance Bétweeq Firstiand Last Zones of 250 Feet. Route Separate from Power Conductors. Do Not
Ground. On 125VDC GFR's the Wire to Terminal 8 is Not Used. Only One 125VDC Source shAliowed
2. Jumper may be Added Between Terminals 9 and 10 on Downstream Relays to Add Time Delay per Dial Setting. Otherwise, Relay will Initiate Trip Without Time Delay.
3. Any Quantity-Up to 50-Relays may be Wired in Parallel to Provide a Single Upstream Restraint Signal
4. All Relays in a Zone Interlock System Must be of Interlocking Types
Fig. 1: Connection Diagram for Typical Zone Selective Intetlocking System
Available Relay Types Table/1: GFR\Relays
The GFR ground fault relays are available in GFR Relay Types Catalog Number
two basic types, ie., with and without zone Pick-up Amperes
selective interlocking. Each type relay must 112 [ 5-60 | 100-1200
tbhe rssej( f?llowmlg a t.rlp op.?ratl)tllon..:fhac[lr?f 120Wolf, 50/60 Hz Control
e Ias'c. Vﬁe Le Iijys'savar"a e ‘I’;" | e'h edr Electric Reset with Zone Interlocking. . ... .. ... .. GFR12EI | GFRGOE] GFR1200EI
an electrically held or mechanically latche Electrical Reset without Zone Interlocking . . ... .. GFR12E GFR60E GFR1200E
output relay. The electrically held typeimist Mechanical Reset with Zone Interlocking ... ..... GFR12MI GFR60MI GFR1200MI
be electrically reset remotely — usually ¢iala Mechanical Reset without Zone Interlocking ... .. GFR12M GFR60M GFR1200M
normally closed, momentary pushbutton in 125 Volt DC Control
the control power circuit. In this type, a red Electric Reset with Zone Interlocking. ........... GFR12EID | GFR60EID GFR1200EID
lamp is provided for visual ground fauit trip Electrical Reset without Zone Interlocking ....... GFR12ED GFR60ED GFR1200ED
indication. The mechanically lat6Hed type Mechanical Reset with Zone Interlocking . ....... GFR12MID GFR60MID GFR1200MID
‘ M Otyp Mechanical Reset without Zone Interlocking . .. .. GFR12MD GFR60MD GFR1200MD
must be manually reset by depressingthe
pushbutton on the face ofthe GFR relay. This Setting Adjustments
malnual resit .bu.ttg.n atlso sefVgs ds'@ mechan- Each type relayis provided with two switches
Ical pop-up trip indicator. that are adjustable over the range selected.
The top adjusting knob, adjusts the pick-up
level of the ground fault current. The Bottom
adjusting knob adjusts the time delay range.
After the desired values havebeen pre-set,
the adjusting knobs can be locked in position.
Table 2: Setting Adjustments
Pick-up Amperes Dial Marking® - o
1-12 1 2 3 5 7 9 12
5-60 5 10 15 25 35 45 60
100-1200 100 200 300 500 700 900 1200
Time Delay
Cycles | 10 15 25 35 45 60

November, 1988

@ All adjustments are in discrete steps.
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Fig. 2: GFR Relay Time-Current Curve
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Relay Selection

General

The specific type and pick-up range of relay
selected is a factor of its intended applica-
tion, which the specifying engineer can best
determine. In general, the ratings may be
selected on the following general basis:

Type of Selectivity

Relays without zone interlocking are best
suited for single level applications where it is
desired to only satisfy the minimum require-
ments ofthe National Electrical Code. Zone
selective interlocking type relays should be
selected for multi-level sy stem applications
where only the minimum amount of sy stem
damage can be tolerated following an arcing
ground fault.

Type of Operation

Electrically held relays will satisfy most appli-
cations where reliable control power is avail-
able following a fault interruption. Where
control power is derived from the load side of
the disconnect device and a visual trip indica-
tion is desired, the mechanically held relay
should be selected. Also, in applications
where the control power is less than reliable
andwhere an automatic reset could af fect in-
terlocking circuitry, the mechanically held
relay should be selected.

Time/Current Curves

The time/current performance curve of a Type
GFR relay has a flat response, ie., the operat-
ing time of any given fault current above its
pick-up setting is essentially constant. There
issome small variation in the lower ranges,
but very little. The pick-up and time delay tol
erances, are +10%.

November, 1988

Ground Fault Sensors

Ground Fault Current Sensors (GFS) are
available in a variety of physical sizes and
current ratings to match the application re-
quirements of the distribution system. Sen-
sors should be selected to match the ampere
rating of the specified GFR relay. The physical
size should be selected to properly encom-
pass the required conductor configuration
with space allowed for minimum clearances
as shown in the applicable outline mount-
ing figure.

Sensors are available with solid cores having
round conductor openings, and in split core
designs with various size rectangular opénz
ings. On the split core designs, one core leg is
removable to permit ease of installation
around existing conductor assemblies.

Ground Fault Current Sensdrstare. special
rated current transformers andimustbe
applied only with Type GFRfrelaysishown in
Table 1. Sensors cannot be used with any
other equipment.

Sensors are insulated with cast epoxy and
can be mounted ditectly toenclosure sur-
faces. Ideallyfthey should'be installed so that
all conductors passing through the sensor
opening are,physically centered in the win-
dow openingMinimum clearances are speci-
fied in the'applicable outline, but greater
clearanees wilhhelp reduce any possible error
signals. Reeétangular configurations are pro-
vided with compensating windings to reduce
petentialesfor signals.

All sensors are provided with integral test
winding for use under simulated ground fault
test conditions. With an input of 1.2 amps into
terminals 2-3, a rated output of 240 MA
should be produced in terminals 1-3 with a
tolerance of +15%.

ApplicatiomBData
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Electrical Ratings

Relay Electrical Ratings

Control Power Required:
120 Volts, 50/604H2:, 0.125 Amps or
125 Volts, Dey0.125 Amps

Test Winding Power Required:
120 Volts,"80/60 Hz., 2.5 Amps

Output Contacts:

UL Heavy, Duty Pilot Rating:
240 Volts, 50/60 Hz., 3.0 Amps Continu-
ousyi30 Amps Inrush
120 Volts, 50/60 Hz., 6.0 Amps Continu-
ous, 60 Amps Inrush
28 Volts, Dc, 3.0 Amps, Inductive Load
125 Volts, Dc, 0.5 Amps, Inductive Load

Zone Interlock, Contacts 8-9:
Output Voltage, 6 Volts Dc
Rated Amps, .01 Amps, Dc

Maximum Dielectric:
Terminals to mounting screw 3000 Volts

Sensor Electrical Ratings
Maximum System Voltage

600 V. @ 50/60 Hz.

Withstand:
Primary Time
Amps Seconds
200KA 0.05
50KA 0.3
4KA D Continuous

® Except1 KA on 12 A. Solid Core Sensors

Dielectric Withstand:
Windings to Mounting Holes: 3KV
Windings to Inner Core Surface: 3KV
Mounting Surface to Inner Core Surface:
3KV

Maximum Error Signal With Bolted Phase
Through Fault:
12 Amp Solid Core Sensors 1.0A @
144A
60 Amp Solid Core Sensors 5.0A @
720A
1200 Amp Solid Core Sensors 100 A @
14.4KA
60/1200 Amp Split Core Sensors 100 A @
15KA
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Ground Fault Test Panel

Thetestpanelis designed totest the ground
fault circuitry inthe Type GFR Ground Fault
Relay along with its associated disconnect
with a simulated, low-level test current from a
location remote from the disconnect using a
separate power source. Provisions are avail-
able to conduct a test in either of two opera-
tional modes: By opening the disconnect or
by not opening the disconnect.

The test panel provides the easiest and most
inexpensive method to conduct ground fault
tests on arepeatbasis. Tests can be con-
ducted by qualified maintenance personnel

during routine maintenance schedules.

The test panel is available only as a flush,
cover mounted assembly under Cat. No.
GFRTP or GFRTPD (for d-c control) as illus-
trated on page 1. Itis provided with
switches for initiating the desired test
sequence, a red lamp to signify a ground
fault trip operation, the availability of con-
trol power to the test panel, sy stem reset

and an instruction nameplate.

Breaker
N

Ground Fault Sensor

& 2

Source

-

N A B C

Current
Limiting
Fuses

)
>1<

Control Power Transformer 120 Volts, 50/60 H2

Control
Fuse

|
Y

Top View

N
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GFR Relay

\/
X

b
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Sidnal,Winding —

Test Windingﬁ

JITT

Load

Relay K1 K2 K3
Normal 0] 0] (0]
Reset X X o]
Test W/O Trip X [¢] X
Test W/Trip [e) [¢] X

Notes:

Contacts Shown in Normal Position

Réfer to@utiine Drawings of Ground Fault Sensor Selected
to'Betermipe Exact Positioning of Polarity Marks.

Twisted Pair-Number 14 AWG Minimum, 250 Foot Maximum
(Do Not Route With Power Conductors}.

When a Control Power Transformer is Used, Always Connect
Phase-to-Phase Not Phase-to-Neutral.
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When a Mechanically Reset Relay is Used with a Test Panel,

Both the Relay and Test Panel must be Reset following either

a Simulated Ground Fault Test or Actual Ground Fault.

Untess Noted Otherwise, Contacts Shown in De-Energized Position.

Use in Motor Starter Circuits Requires Special Consideration, i.e.,

Interruption Capability of Contactor.

Figh3: Connection Diagram for 120 Volt, 50/60 Hz Ground Fault Relay used with Test Panel

November, 1988
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Alternate Test Diagrams should not be used as a calibration check of
Where desired, alternate test schemes can be the relay. Functional testing only should suf-
utilized for periodic testing of the Type GFR fice.

relay and associated disconnect using a simu-

lated ground fault test current. Two such test  The National Electrical Code under Article

schemes are illustrated in Figures 4 and 5. 230-95-C requires that any ground-fault pro-
Figure 4 illustrates the connections required tection sy stem be performance tested when
for an electrically reset ground fault relay. first installed. The test shall be conducted in
Figure 5is for a mechanically reset relay. accordance with approved instructions pro-
vided with the equipment. A written record of
In each of the alternate test diagrams, the this test shall be made and shall be available

suggested test resistor ratingis50 ohms, 70 to the authority having inspection jurisdic-
watts. Using a 120 Volt control power source, tion.

this will produce a test current of approxi-

mately 200% of the maximum pick-up setting

of the GFR relay. Simulated field test methods

I "OIESI
120 Volts, 50/60 Hz A O‘puonal l Optional o __$ Resel @ Refer to Outiine Drawings of Current Sensor
Control Power Pilot Lamp Test g5 Selected to Determine Exact Positioning
of Polarity Marks.
Resistor @ Twisted Pair-Number 14 AWG Minimum,
Ohms: 50 - 250 Foot Maximum. (Do Not Route With
Signal Watts: 70 Top View Power Conductors).
Current 3 1 L @ All Pushbuttons to be Momentary Type Only
u Test 2 |" GFR Relay
Sensor | | -
(GFS) § — — Contacts Shown in De-Energized Position.
— _— I
® ] 7
a 6 g 13 }—
7 414
2 Optional Pushbutton
“"No Trio”
Optional Ground ol
Fault Lamp Shunt Trip
Fig. 4: Connection Diagram for Electrical Reset Ground Fault Relay With Separate Test and Reset Devices
l — Notes:
120 Volts, 50/60 Hz Optional Optional $ @ Refer to Outline Drawings of Current Sensor
Control Power A ) Pilot Lamp lest. b Reset Selected to Determine Exact Positioning
of Polarity Marks.
Resistor @ Twisted Pair-Number 14 AWG Minimum,
S Ohms: 50 - 250 Foot Maximum. {Do Not Route With
Signal Watts: 70 Top View Power Conductors).
C i i C ! @ Hold Depressed During Test and Until
82::; Test 2 | GFRRelay Mechanical Reset is Accomplished
(GFS) 2 —— F— @ All Pushbuttons to be Momentary Type Only
® - i
A 5 1:25 Contacts Shown in De-Energized Position.
q 1 O | N
7 - {12 _
@ Optional Pushbutton
“No Trip” @
Mechanical Reset Optional Ground
Fault Lamp Shunt Trip
T2

Fig. 5: Connection Diagram for Mechanical Reset Ground Fault Relay With Separate Test and Reset Devices
November, 1988
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Ground Fault Warning Indicator Relay Ground Fault Indicating Ammeter
1 2 3 4
TOGFRPING &9 LOAD &
l:——xza VAC-
@ GROUND FAULT INDICATOR
FOR GFR
Style No. [ 1234067G02
Westinghouse Electng Corperation ]
255P42THMA Made In YSA.
This amméter, can‘be used to visually
monitor thelactualwal ue of alow level ground
This relay can be used toinitiate a remote tcurrre:.ttlr;):h? tilstrrlrt])itlftllt?nhcwc:ltl.;hiz;pnmei-
audio or visual warning of a low level ground N SI tIJIa 'netl'?r 2° tvl sThpa :'1m ? r ! ? s
fault condition. The non-adjustablerelay is ?:3:13 s:IéctederﬁjszI:S;ee\?v?ththz rias)g? €
set to pick-up at 30-50% of the pick-up setting mumgam €pe ratin ofgthe round fault sen-
of the associated Type GFR relay. Thus, a 1P ting of 9 :
. . : sor that'itjs applied with. The ammeter is
warning of a slow progressing, high re- usedin connection with a momentary contact PN
sistance type of arcing ground fault can be Y T
A - Ronn - . pushbutton.
triggered prior to the circuit clearing actions
initiated by the Type GFR relay. The relay re-
quires a 120 volt, 60 Hz., control power source
and.mUSt be. used with a T.ype. GFR re'?y Typical Ground Additional Required Wiring
equipped with zone selective interlocking. Fautt Sensor (GFS) {Not Shown)
X X X ABCN Momentary Contact Pushbutton
The Warning Indicator Relay is a UL recog- o
X R X Twisted Pair Wiring
nized component and available in two k l
types. One type is self-reset following a 4 7 T8
diminished pick-up signal. The other type 1 B o |
requires an electrical reset of control power 2 R &N
normally accomplished by a pushbutton in ] Tywcal =7
the control power circuit. = GFR Relay H7
3 6 13
. . [ 7 12
Additional Required Wiring Typical Warning
(N ot Shown) Indicator Relay I | I | * A Indicating Ammeter
TwistedgRair * =
Wiring 5
1 8 — 4 — Fig. 7: Connection Diagram for Indicating Ammeter
[ 2 | Ely EINO)
3 Typical 10 (, 2
1 GFR Relay [T7] |
L4 | With Zone -4 L
| 5 | Interlock |12}
6] 73]
7 14 Q
Typical Remote
Mounted
Momentary Rushbutton —3 Reset ; :
(Add for Electhical Reset Warning Light
Type Indicator'Relays)
l«—— 120 Volts, 60 Hertz——
Control Power
Contact Closes With Ground Fault Current at Eai N
30-90% of Associated GFR Pick-Up Setting.

Fig{6: Connection Diagram for Typical Panel Mounted Ground Fault
Warning Indicator Relay

November, 1988
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@r#

o

6 f
Output Pawer Control Power
Driver Supply: 120 Volts, 50/60 Hz.

7_L__

l Current Pick-Up Time Delay
| Adjustment Adjustment
i & 8-
Current ]
Current Time
Sensor H Input | e Pick Up Delay
g
|
|
|
I
I !
|
[ i { |
: E ! 1 :
LJ
Terminals 811 Zone Interlock ~ pe————m——— -
Supplied on
Zone Interlock T
Models Only 4

Commaon nﬁ —
Output | 9 }—4#4
10 H
" HF

Zone Interlock Signals

Trip Contacts

@ Dmit on Mechanical Reset Relays
@ Omit on Electrical Reset Relays

Fig. 8: Block Diagram for Typical GFR Ground Fault Relay

Typical System Diagrams

Basic, typical radial distribution system dia-
grams are provided for guidance; refer to
Figs. 8A, 8B, 8C, 8D and 8E.

Two multiple source distribution systems are
illustrated in Figs. 8F and 8H. Fig. 8F illus-
trates a dual source distribution system with
center point grounding as allowed in the Na-
tional Electrical Code under Artical 250-23a,
Exception No. 4. Fig. 8H illustrates a multiple
source, multiple ground distribution systém
with zone differential ground fault semSing
methods employed.

Zone Differential GFP OperatiopPrinciples -
See Fig. 8H

In general, GFR (M1) will‘gperatefonly for
ground faults within Zéne 1,"and GFR (M2) for
Zone 2. Thisincludes ground faults for
feeders located in these péspective zones.

With “M1"” and "“T" closéd and M2’ open,
and with a ground fault in Zone 2, GFR (M1)
will not operate to trip ‘M1 but, GFR (M2)
will operate to trip “T~'.

November, 1988

Neutral Disconnect Link NEC 230-75

Main
e
.el *
¢V_3, .,-l L Neutral
Service Source :
Polarity Marks |
|
|
i
T GFR
GFS A ™M Feeder)
MoQ
Equipment
P Ground Bus
Grounding Electrode ~————
Conductor Main Bonding Load
= Jumper
Notes:

GFP Sensing Method
*Ground Return
Type of Protection
eMimmum per NEC 230-95
*GFP on Main Only
Ground Fault Selectivity
*Marginal: Function of Feeder Rating and Time/Current Curve Adjustability
*Additional Grounding
oNot Permitted Downstream of Service Disconnect per NEC 250-23 (a).

Fig. 8A: Simple Radial System With GFR on Main Only-Ground
Return Sensing



Application Data
29-762

Page 10

Conversely, with “M2" and “T" closed and
“M1” open, and with a ground fault in Zone 1,
GFR (M1) will not operate to trip “M2" but
GFR (M2) will operate to trip “T".

For properly co-ordinated main, tie and
feeder interrupting devices, the feeder relays
will always react to clear a downstream
ground fault prior to operation of either the
main or tie devices.

Zone interlock wiring between upstream and
downstream devices can be included as
shown. For this scheme, no cross interlocking
with“T" auxiliary contacts is required.

This scheme may be expanded to additional
alternate sources as long as interrupting
devices are available to isolate any potential
ground fault on each side of the fault.

Neutral

Service Source

~—— ¥

% F1)¢-_j F2)¢-——1

* | [cer| > | |cFR
™ [N /2
A

Sl

—

—F—F
<
GFs 6FS
L _ F2
1 Load 1 ‘h Load 2 I
Notes:
GFP Sensing Methiod

#Main-Greund Return
«Feeders-Zero Sequence
Type of Protection
o Two Level for improved Service Continuity as Suggested by NEC 230-95 {b)
Ground, Fault Selectivity
*Time/Current Coordination Between Main and ownstream Feeders
Feeder Trips Before Main for Downstream Faults
*Additional Grounding
*Not Permitted Downstream of Service Disconnect per NEC 250-23 (a)

Fig. 8C: Simple Radial System With GFR on Main and Feeders-
Ground Return Sensing on Main

Alternate Sensor Location GFS
Main, M
— e s
"-[‘—i—r It th »*
P o
; ’—; J Neutral
Service Source :
I
N
M
Feeder)
0_1
- Load
Notes:
GFP Sensing Method

 Zero Sequence
Type of Protection
o Minimum perNEE,230-95.
 GER,on Main Only
Ground)Fault'Selectivity
*Marginal; Function of Feeder Time/Current Curve Adjustability.
*Additional Grounding
®Not Permitted Downstream of Service Disconnect per NEC 250-23 (a).
®Must Not be on Downstream Side of Ground Fault Sensor

Neutral

%

i
|
i
]
Service Source : x
L Jors
M

Notes:

_L Load 1 }[—1 Load 2
GFP Sensing Method

*Main and Feeders-Zero Sequence
Type of Protection
*Two Level for Improved Service Continuity as Suggested by NEC 230-35 (b).
Ground Fault Selectivity
¢Time/Current Coordination Between Main and Downstream Feeders.
o Feeder Trips Before Main for Downstream Faults.
*Additional Grounding
eNot Permitted Downstream of Service Disconnect per NEC 250-23 (a).
*Must Not be on Downstream Side of Ground Fault Sensor

Fig. 8B:” Simple Radial System With GFR on Main Only-Zero
Sequence Sensing

Fig. 8D: Simple Radial System With GFR on Main and Feeders-
Zero Sequence Sensing on Main

November, 1988
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Service Source

—o—

'~
4 L‘FLUaM u Load 2 J

Note: See Figuze, ) for v 9
Interlock Wirig Details

Feeder Zone ————she—————Main Zone

Notes!

GFP SensingMethods

* Main-Ground Return

sFeedens-Zero Sequence.
Typeof Protection

$Two Level for Improved Service Continuity.

®Zone Selective Interlocking for Mimmum Arcing Fault Damage
Ground Fault Selectivity

oTime/Current Coordination Between Main and Downstream Feeders.

s Feeder Trips Betore Main for Fault in Feeder Zone

*Main Trips Without Pre-set Time Delay for Fault in Main Zone
*Additional Grounding

*Not Permitted Downstream of Service Disconnect per NEC 250-23 (a).

Fig.8E: Simple Radial System With GFR on Main and Feeders-
With Zone Selective Interlocking

Service Source
Number 1

Note: Control Power Must be Common to M1/M2/Tie GFR Relays

a I; a |
l ’ ¢ L ——a(m2
Neutral Disconnect

Service Source

Number 2
I__. GFR Trip
WM T T
M2 M2

Notes:

GFPSensing Method

®Tje-Ground Return
sFeeders-Zero Sequence
Type of Protection

*Multiple Level for Improved Service Continuity
 Zone Selective Interlocking May be Added for Minimum Arcing Fault Damage. (See Figure 8G).

* Mamn-Ground Return With Polanties Arranged to Avoid Neutral Unbalance

/T& Bus 2 ‘

——————— ————f Neutral
)% Trip = T
GFS GFS |

l{*——'*&-*gﬂ n I T || F2><__-_j|
= P ors Fs ¥ = & =
T TP GFS GFS E~ Tie GFS (T ™ F2

F1 e F2 L—
Equipment Ground Bus o
— %
Load Load

Ground Fault Selectivity
*Time/Current Coordination Between Main, Tie and Feeders
¢ Feeder Trips Before Main or Tie for Downstream Faults
oTie Trips Before Main to Sectionalize Main Bus
*Additional Grounding
*Any Additional Grounding Points Must be Avoided

Fig. 8F: Dual Source System Using Center Point Grounding (NEC 250-23A, Exception No. 4)

November, 1988
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GFR GFR
M M2
8 l9fmo]n 89 [10]M

GFR
——— - Tie

SRR

3@

Notes:

c|g

4]

I

o
— P —

U|g

N

]

HE®)
-

Typical Bus 1 Feeder

! Typical B2 Feeder @ All Interconnections Shown

Should be Twisted Pair

@ Additional Feeder GFR's May
be Added in Parallel on Either

GFR
F1

AR EE *

BER
L Tie F2

— a
1 = @ B> 8[9]10[1] Bus 1or 2.
—““ @ Add Cell Switch Contacts When
¥ Tie is Drawout Construction.

! L @ Steering Diodes
(Similar to IN457)

Fig. 8G: Special Zone Interlocking Wiring that May Be Used With Dual Source System Using Center Point Grounding (See Fig. 8F)

Service Source Service Source

Number 1 Number 2
114 Il
¢ Polarity Marks p
74 Z Z7
11} x il *
f v, X
GES * GFS
MTA . . . WM2A
N/ GFRT ]
Tri GFR Trip
) i ok vﬁ-%ﬁw
!/ zs| § * . IS I
rip v np
Zong M1 * L—ﬁ ————————— [~ TES Note@/__(;_s—"_ ——————— T’ - 25! Zong M2
Z8I x aro N 7 == %
Phase v 28 W M8 v S
e x X
Note Neutral T o __ L Note
@ Equipment GroundBus [ @

1

Fe——  Note (D) F)e—— Gt
o

R g "
28I 28|

\—{ Load 1

Feeder Zone

Notes: @ Zone Interlock Wiring Should be Twisted

VSN ul pajulid

*MainsZkeeders-Zero Sequence
Type of Pratection

#Zone Differential for Fault Area Isolation.

Pair.
GFP Sensing Method Ground Fault Selectivity "

(@) Control Powerfor GFR M1, GFR M2 and T

¢ Time/Current Coordination Between Main and Downstream Feeders Within Zone
o Feeder Trips Before Main/Tie for Fault in Feeder Zone.
*Main Trips Without Pre-set Time Delay for Fault in Main Zone.
*Additional Grounding
*Not Permitted Downstream of Service Disconnect per NEC 250-23 (a).

Should be Supplied From Common Source.
 Twarkevelfor Improved Service Continuity.

*Zone Selective Interlocking for Minimum
Arging Fault Damage

@ This scheme may be expanded to
additional alternate sources as long
as interrupting devices are available
to isolate any potential ground fault
on each side of the fault.

Fig.8H: Multiple Source, Multiple Grounded System Using Zone Differential Sensing

Westinghouse Electric Corporation
Distribution and Control Business Unit
Electrical Components Division

Pittsburgh, Pennsylvania, U.S.A. 156220 November, 1988
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New Information Type GFR
Mailed to: E, D, C/1908/DB Ground Fault
Protection System

Trip Indicator Turn Screw to Adjusting Red Ground,Faultyllamp
Lock Settings Switches

1 WESTINGHOUSE GROUND FAULT RELAY TEST PANEL

iy oS - o TESY WITHDUT SERVICE (NTIRRUPTION

3%

Red ané bmvar
s S s 3. Relesse Stiectae Switi
i 8 tmn;f’m mn\;« “pins Sprisg rétuces s Nermal®.
oxph Caaft] omp Tards - ;
SomELa v Tao JESE Wit SERVEE WTCARVPTION

: E . Depress and hald Graun Fault Lamp,
o Brawiad Fasie Canditins, 2. Turn Sesecter Switeh to"Test” [Huld ons sesinsl.
% pwitel e Hesgr [Hoid s vesont) Sinaner/intennpte
THA Nelsans Selefiae Switc : Red and Ambec 81

[ Sping et es ta Numal” . Tuse Ssiectér Switeh id ene 3

4 Revet g cfdn Breakerdinterrapter, Ked and Ambyc Lamps Tarw 08"

g § . Beiease Selexta Swikch.

Soring reruras 1o
. Hejazse Sroend Fault Lamp.

Rexst 2nd close Break

RESET
NORMAL

KMol Pasitine.

CsetecToR
NP 235P036HOIC

SIS AR

Test Panel

Ground Fault Relay

Solid Core Type

Removable Link

Typical Ground Fault Sensors

Removable Link Type
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Description

A basic Type GFR ground fault protection sys-
tem consists of a ground fault relay, a ground
fault current sensor and a disconnect device
equipped with a shunt trip device. This dis-
connect device can be a molded case circuit
breaker, a power circuit breaker, a bolt ed
pressure switch or other fusible disconnect
device, suitable for application with UL Class |
Ground Fault Sensing and Relaying equip-
ment.

Type GFR ground fault relays, current sen-

sors, test panels and accessory devices are
listed by Underwriters’ Laboratories, Inc. in
accordance with their standard for Ground

Fault Sensing and Relaying Equipment, UL
1053, under File E48381.

A Type GFR ground fault protection system,
when properly installed on a grounded elec-
trical system, will sense phase to ground fault
currents. When the level of fault current is in
excess of the pre-selected current pick-up and
time delay settings, the GFR relay will initiate
a trip action of a disconnect device, which will
open the faulted circuit and clear the fault.

The GFR devices are UL Class | devices de-
signed to protect electrical equipment against
extensive damage from arcing ground faults.

Ground Fault Signal Memory

Arcing ground fault currents are, erratic in na-
ture being caused by the intermittent striking
and restriking of an arcing ground fault. To
avoid the instantaneous resetting of the solid
state timing circuitry every time thefault cur-
rent drops to zero, Type GFR ground fault re-
lays are equipped with a memory response,
which integrates these intermittent faults
with time using a seven second time con-
stant.

Application

General

Type GFR ground fault protective devices are
designedto be used primarily on solidly
grounded electrical distributionsystems
rated up to a maximum of 600 volts, 50/60,4z,
to provide for rapid clearingfof arcingyground
faults.

When properly applied, these devices will
satisfy the requirements for ground fault pro-
tection of service entrance equipment as out-
lined in Sections 230-95 and 517-14 of the Na-
tional Electrical code. Whenithese devices are
added to downstream feeder and branch cir-
cuits as well ag,the'main service disconnect-
ing devices as suggested in 230-95 and to the
downstreamyfeeders as requiredin 517-14,
additional‘protection will be provided.

There are,twie basic methods of achieving
selective coordination between different
levels of ground fault protective devices in a
distribution system.

The first method employs adjustable time
delay and current pick-up settings to achieve
selectivity between upstream and down-
stream devices. When properly coordinated,
downstream detection devices will use a
time-current band setting that will initiate a
downstream tripping op eration and clear the
faulted circuit before any upstream interrupt-
ing device tripping action can be initiated.
This type of coordination necessarily requires
the longest time delay settingsto be placed
on the upstream devices. This type of coordi-
nation is fine if the faults are always
downstream.

The second method is zone selective inter-
locking in a system employing zone selective
interlocking type devices, selective coordina-
tion is still achieved for downstream faults by
the use of time-current band settings. With
appropriate settings, downstream interrupt-
ing devices will clear the faulted circuit,before
any upstream device can op erate. However)
with zone selective interlocking,’additional in-
telligence is automatically progr@mmed into
the time-current coordination scheme 't
allow for variations in the pre-established
tripping sequence to allowsforalt ernate loca-
tions of the arcing ground fault. Azon e sel ec-
tive interlock coordifiated system provides for
fast tripping of thé nearest interrupting device
upstream of thef@rcinglground fault regard-
less of the presset time delay settings. With
this type of protegtion;the resulting systems
damage levelis thelewest possible because
the interrupting devices are allowed to clear
the fault as'quickly as they can respond.

Zone interlockwiring is only applicable to
Type GER relays equipped with zone selective
interlocking®These relays are equipped with
four additional terminals

T o make the relays function in a zone inter-
leeking mode, all relays must be of the inter-
locking type and additional wiring connec-
tions are required. Typical connections for a
main with multiple feeders and multiple
branch circuits is illustrated in Fig. 1.

As shown by Note 1in Fig. 1, twisted pair wir-
ing must be used for interlock wiring to re-
duce the influence of stray magnetic fields in
switchboards with high ampacity bus sys-
tems. Interlock wiring must be routed away
from bus bars and separate from concen-
trated control wire groupings.

Upto 50 - Type GFR relays may be wired in
parallel to transmit a single signal to up-
stream device. No supplementary relaying is
required for this function.

Regardless of the time delay setting, any in-
terlocking Type GFR relay will respond near
instantaneously unless a restraint signal -
which is indicative of a ground fault further
downstream in the next protective zone - acts
to change the mode of op eration to the pre-

set time delay. On downstream circuits, it is
frequently desired that a short time delay be
observed before a tripping action(is initiated.
Thiscanbe accomplished by adding a jumper
between terminals 9@and 1@0n the down-
stream relay asfindicatéd by Note 2 on Fig. 1.
This jumper shouldipot besised on any up-
stream relay asdtwill'defeat the zone inter-
locking function.

Relay Settings

The exact individual relay time/current set-
tings wilhvary between system installations
dependingiupon th e type of protection and
leviel of'selectivity desired. The Specifying
Engineer can best make these decisions for
any specific installation for general applica-
tions, settings as described in the following
conditions may be considered.

Single Zone Level of Protection

Minimum Pick-up: 20% of disconnect rating.
Increase to maximum pick-up setting (1200
Amp) where maximum service continuity is
desired.

Minimum Time Delay: 10 cycles. Any faster
time will invite nuisance trips. Increase time
when more than minimum damage level can
be tolerated.

Multiple Zones of Protection Without Zone
Interlocking

Minimum Pick-up: The pick-up setting of the
downstream device should still be no less
than 20% of the disconnect rating. Successive
upstream settings should be approximately
200% greater than the nearest downstream
device pick-up setting.

Minimum Time Delay: The shortest time pos-
sible shouldbe used on the branch circuit
downstream. Increase thetime delay on up-
stream devices in increments of 10 cycles for
molded case breakers and 20 cycles for other
slower operating type devices.

Multiple Zones of Protection With Zone
Selective Interlocking

Establish time/current coordination for multi-
ple zones with zone interlocking. This is done
on the basis that most faults occur down-
stream and thatthe most downstream device
should be set to clear the fault first leaving
upstream devices for back-up fault protec-
tion.

Add zone interlocking to provide fast tripping
of upstream devices regardless of pre-set
time delay for faults in the upstream zones.

Where desired, nearly instantaneous op era-
tion of downstream devices can be defeated
where time delayed op erations are adequate.
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ﬁ:. Time Delay Input
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Notes:

Typical Main
GFR
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v
n
v

WL
] 9]
Dl GFR :_[]L

] S — & £

[ — S £

£

g ]
] R ] 5
- | 9 | - 1.9 |
R O @
e L ]

Typical Branch
GFR's

1. WiringShouldbe Twisted Pair, \umber 14 or 16 AWG or Larger WithMaximumDistarice BetweenFirstandLastZonesof 250 Feet Route Separate from Power Conductors. Do Not Ground.
2. Jumper may be Added Between Terminals 9 and 10 on Downstream Relays to Addifime ‘Delay per Dial Setting. Otherwise. Relay will Initiate Trip Without Time Delay
3. Any Ouantity-Up to 50-Relays may be Wired in Parallel to Provide a SingledJpstream RestraimtiSignal.
4 All Relaysin aZone Interlock System Must be of Interlocking Type

Fig. 1: Connection Diagram for Typical Zone Selective Interlocking System

Available Relay Types

The GFR ground fault relays are available in
two basic types, ie., with and without zone
selective interlocking. Each type relay must
bereset following a trip operation. Each of
the basic type relays is available with eithep
an electrically held or mechanically latched
output relay. The electrically held typeiust
be electrically reset remotely - usuallyviaa
normally closed, momentary pushbd@tton in
the control power circuit. In this type, a red
lamp is provided for visual ground fault trip
indication. The mechanically |latched type
must be manually reset by depressing the
pushbutton on the face ofithe GFR relay. This

manual reset button dlso serwes as'a mechan-

ical pop-up trip indi€ator,

Table 1:/GFR Relays
GFR Relay Types

Catalog Number

| Pick-up Amperes

|2 5-60 100-1200

Electfic Resetwith Zone Interlocking ................. GFR12EI GFR60E| GFR1200EI
Electrical Reset without Zone Interlocking ............ GFR12E GFR60E GFR1200E
Mechanical Reset with Zone Interlocking ............. GFR12MI GFR60MI GFR1200MI
Mechanical Reset without Zone Interlocking .......... GFR12M GFR60M GFR1200M
Setting Adjustments
Each type relay is provided with two switches
that are adjustable over the range selected.
Thetop adjusting knob, adjusts the pick-up
level of the ground fault current. The Bottom
adjusting knob adjusts the time delay range.
After the desired values have been pre-set,
theadjusting knobs can be locked in position.
Table 2: Setting Adjustments
Pick-up Amperes Dial Marking®

1-12 1 2 3 5 7 9 12

5-60 5 10 15 25 35 45 60
100-1200 100 200 300 500 700 900 1200
Time Delay
Cycles | 10 15 25 35 45 60

@ Al adjustments are in discrete steps.
Relay Selection

General
The specific type and pick-up range of relay

selected is a factor of its intend ed application,

whichthespecifying engineer can bestde-
termine. In general, the ratings may be
selected on the following general basis:
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Fig. 2: GFR Relay Time-Current Curve
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Type of Selectivity

Relays without zone interlocking are best
suited for single level applications where it is
desired to only satisfy the minimum require-
ments ofthe National Electrical Code. Zone
selective interlockingtype relays should be
selected for multi-level system applications
where only the minimum amount of system
damage can be tolerated following an arcing
ground fault.

Type of Operation

Electrically held relays will satisfy most appli-
cationswhere reliable control power is avail-
able following a fault interruption. Where
control power is derived from the load side of
the disconnect device and a visual trip indica-
tion is desired, the mechanically held relay
should be selected. Also, in applications
where the control power is less than reliable
and where an automatic reset could affect in-
terlocking circuitry, the mechanically held
relay should be selected.

Time/Current Curves

The time/current performance curve of a Type
GFR relay has aflatresponse, ie., the operat-
ing time of any given fault current above its
pick-up setting is essentially constant. There
is some small variation in the lower ranges,
but very little. The pick-up and time delay tol-
erances, are =10%.

Ground Fault Sensors

Ground Fault Current Sensors (GFS) are
available in a variety of physical sizes and
current ratings to match the application re-
quirements of the distribution system. Sen-
sors should be selected to match the ampere
rating of the specified GFR relay. The physical
size should be selected to properly encom-
pass the required conductor configuration
with space allowed for minimum clearances
as shown in the applicable outline mount-
ing figure.

Sensors are available with solid cores having
round conductor openings, and in split core
designs with various size rectangular opén-
ings. On the splitcore designs, one cofe leg'is
removable to permit ease of installation
around existing conductor assemblies.

Ground Fault Current Sensorsiare special
rated current transformers and,mustibe
applied only with Type GER'relays,shown in
Table 1. Sensors cannot be used with any
other equipment.

Sensors are insulatédwith cast epoxy and
can be mounted directly toenclosure sur-
faces. Ideallyfithey'should be installed so that
all conductors passingthrough the sensor
openingare physically centered in the win-
dow opening{Minimum clearances are speci-
fied in theyapplieéable outline, but greater
clearapces Will help reduce any possible error
signals. Rectangular configurations are pro-
vided with e@mpensating windings to reduce
petential efror signals.

All sensors are provided with integral test
winding for use under simulated ground fault
test conditions. With an inputof 1.2 amps into
terminals 2-3, arated output of 240 MA
should be produced in terminals 1-3with a
tolerance of +15%.
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Electrical Ratings

Relay Electrical Ratings
Control Power Required:
120 Volts, 50/60#z., 0.125 Amps

Output Contacts:

UL HeawyDutyiRilot Rating:
240/MV0lts;50/60 Hz., 3.0 Amps Continuous
120Walts, 50/60 Hz., 6.0 Amps Continuous
28\Volts;Bc,3.0 Amps, Inductive Load
125Welts, Dc, 0.5 Amps, Inductive Load

Zoneilnterlock, Contacts 8-9:
Qutput Voltage, 6 Volts Dc
Rated Amps, .01 Amps, Dc

Maximum Dielectric:
Terminals to mounting screw 3000 Volts

Sensor Electrical Ratings
Maximum System Voltage

600 V. @ 50/60 Hz.

Withstand:
Primary Time
Amps Seconds
200KA 0.05
50KA 0.3
4KA® Continuous

@ Except1KAon 12 A. Solid Core Sensors

Dielectric Withstand:
Windings to Mounting Holes: 3KV
Windings to Inner Core Surface: 3KV
Mounting Surface to Inner Core Surface:
3KV

Maximum Error Signal With Bolted Phase
Through Fault:
12 Amp Solid Core Sensors 1.0 A @
144A
60 Amp Solid Core Sensors 50 A @
720A
1200 Amp Solid Core Sensors 100 A @
14.4KA
60/1200 Amp Split Core Sensors 100 A @
15KA
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Ground Fault Test Panel

The test panel is designed to test the ground
fault circuitry in the Type GFR Ground Fault
Relay along with its associated disconnect
with a simulated, low-level test current from a
location remote from the disconnect using a
separate power source. Provisions are avail-
able to conduct a test in either of two opera-
tional modes: By opening the disconnect or
bynotopening the disconnect.

The test panel provides the easiest and most
inexpensive method to conduct ground fault
tests on arepeat basis. Testscan be con-
ducted by qualified maintenance personnel
during routine maintenance schedules.

The test panel is available only as a semi- -
flush, cover mounted assembly under Cat.
No. GFR TP as illustrated on page 1. It is pro-
vided with a selector switch for initiating the
desired test sequence, a red lamp to signify a
ground fault trip operation, an amber light

to indicate the availability of test power to the
test panel, and an instruction nameplate.

The assembly requires a 120 Volt, 50/60 Hz.
Control power source for operation. The total
maximum burden on the test panel is 300 VA.

i

to Determine Exact Positioning of Polarity Marks,

{Do Not Route With Power Condugters).

Phase-to-Phase-Not Phase-to-Neutral.

@ Refer to Outline Drawings of Ground Fault Seasor Selected
Twisted Pair-Number 14 AWG Minimum, 250/Foot Maximum.

@ When a Control Power Transformer isUsed, Always Connect

@ When a Mechanically Reset Relay is Used With a Test Panel, Both The Relay and:Test Panel
Must be Reset Following Either a Simulated Ground Fault Test or Actual Ground Fault

@ Unless Noted Otheiwise, Contacts Shown in De-Energized Position.

@ Use in Motor Starter Circuits Requires Special Consideration, i.e. Interruption Capability of Contactor

Source Current Control Power Transformer 120 Voits, 50/60/Hz Top View
N A B C Limiting Control 1 | 1| GFR Relay
F N
5 uses Fuse i o |
@ = & H
Breaker I _12_
Ground Fault Sensor X 1 6| g_]}_
7 14
O >3 l
(GFS) 2
3 b 3 T 2 .
Contact Position M | Signal Winding —
- E 1 — Y Test Winding— YV
=3s 2 Y
= | = al - =8 3
2 |a=s =238
Sl g|8g|8£E ®
= =588 J__ [ MS
=2 2 -— -
& I l I I = [ ! ] 2|34 ] 5 l Sl 7 ] 8 I 9] Contacts Shown in Normal Position
S1I|{x|O| O o] Y I
s 2o x| x X Load
ssixlolol o E ! 2
4]0 x| X X ct;:ggs e ] R ) Ground Fault |
s x[x[ o 0 L 1 I
6 0|0 X X 3
s1| oo x | X ) VL
8/ 00| O X ], Ground Fault SSZ_ﬁ St 7& :
S9| X | X| X [o] Lamp Contacts _ 2 J
Catalog No. GFRTP Test Panel
Notes:

Fig. 3: Connection Diagram forGround Fault Relay Used With Test Panel
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Alternate Test Diagrams

Where desired, alternate test schemes can be

utilized for periodic testing of the Type GF
relay and associated disconnect using a si

R
mu-

lated ground fault test current. Two such test

schemes are illustrated in Figures 4 and 5.

Figure 4 illustrates the connections required

for an electrically reset ground fault relay.
Figure 5 is for a mechanically reset relay.

In each of the alternate test diagrams, the

suggested test resistor rating is 50 ohms, 70
watts. Using a 120 Volt control power source,

this will produce a test current of approxi-

mately 200% of the maximum pick-up setting
of the GFR relay. Simulated fieldtest methods

should not be used as a calibration check of
the relay. Functional testing only should suf-

fice.

The National Electrical Code under Article

230-95-C requires that any ground-fault pro-
tection system be performance tested when
first installed. The test shall be conducted in
accordance with approved instructions pro-
vided with the equipment. A written record of
this test shall be made and shall be available
to the authority having inspection jurisdic-

tion.
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Notes:

@ Reter to Outline Drawings of Current Sensor
Selected to Determine Exact Positioning
of Polarity Marks

(@) Twisted Pair-Number 14 AWG Minimu,
250 Foot Maximum. (Do Not Route With
Power Conductors).

@ All Pushbuttons to be Momentary Type Only.

Contacts Shown in De-Energized Position.

120 Valts, 50/60 Hz Optional Optional [7,_ _ _ __ge
Control Power A Pilot Lamp Test N
T[ Resistor __j
b
& Ohms: 50 .
Signal Watts; 70 Top View
—%—0: £ 1
Current 1 Test _2“‘ GFR Relay
Sensor = -
(GFS) 2 I -
® = — 7]
|| gll_
€ | 6] 13 |
7 T 14
@

Optional Ground
Fault Lamp

Optional Pushbutton
"No Trip”
Shunt Trip

3 a

Fig. 4: Connection Diagram for Electrical Reset Ground Fault Relay With Separate Test and Reset Devices

!

Notes:

@ Refer to Outline Drawings of Current Sensor
Selected to Determine Exact Positioning
of Polarity Marks.

@ Twisted Pair-Number 14 AWG Minimum,
250 Foot Maximum. (Do Not Route With
Power Conductors)

120 Valts, 50/60 Hz Optional Optional
Control Power A’) Pilot Lamp lest
I Resistor
$ Ohms: 50 _
Signal Watts 70 Top View
g C ]
Curent ! Test 7] GFRRely | ]
ensor — —
(GFS) g I |
© ] — 7]
g 6 f: 13
7 414

@ Hold Depressed Ouring Test and Until
Mechanical Reset is Accomplished

@ All Pushbuttons to be Momentary Type Only

Contacts Shown in De-Energized Position

Mechanical Reset

Optional Pushbutton

‘No Trip” @

Shunt Trip

Optional Ground
Fault Lamp

_ra

Fig. 5: Connection Diagram for Mechanical Reset Ground Fault Relay With Separate Test and Reset Devices
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Ground Fault Warning Indicator Relay

Fauit
For GFp
Stvle No,

LU TTEYY

This relay can be used to initiate a remote
audio or visual warning of a low level ground
fault condition. The non-adjustablerelayis
setto pick-up at 30-50% ofthe pick-up setting
of the associated Type GFR relay. Thus, a
warning of a slow progressing, high re-
sistance type of arcing ground faultcan be
triggered prior to the circuit clearing actions
initiated by the Type GFR relay. The relay re-
quires a 120 volt, 60 Hz., control power source
and must be used with a Type GFR relay
equipped with zone selective interlocking.

The Warning Indicator Relay is UL listed and
available in two types. One type is self-reset
following a diminished pick-up signal. The
other type requires an electrical reset of con-
trol power normally accomplished by a
pushbutton in the control power circuit.

® The amber lightturns ““On’’ only during a test sequence.

Ground Fault Indicating Ammeter®

This ammeter, can'be used to visually
monitor thelacttahwalue of a low level ground
current inthe distribution circuit. The amme-
ter, suitableyfor semi-flush panel mounting, is
available in threé@’styles. The ammeter scale
rating selected must agree with the maxi-
mumtampere rating of the ground fault sen-
sor that'itis applied with. The ammeter is
used in connection with a momentary contact

Additional Required Wiring Twisted Pair Typical Warning Indicator Relay
{Not Shown) k Wiring

1 8 '——‘ 4 — 5

2 ) 3 O

3 GT;D;G' 10 T 2
——1 GFRRelay 3 —
| 4] With Zone 114 y !
L 5 | interock |12}

6 13

4

Typical Remote Mounted
Reset Warning Light

Momentary Pushbutton
|Add for ElectricalReset
Type IndicatonRelays)

120 Voits. 60 Hertz.Control Power ————

@ Contact'Cleses, With Ground Fault Current at
30:50% of Associated GFR Pick-Up Setting

Fig¢6:“‘Cennection Diagram for Typical Panel Mounted Ground Fault

Warning Indicator Relay

pushbutton.
Typical Ground Additional Required Wiring
Fault Sensor (GFS) (Not Shown)
ABCN Momentary Contact Pushbutton
Twisted Pair Wiring
k
' : 1 T8
, 7| (5
3 10
2] Typical EFN
F— GFR Relay |——
5 12
— —
3 6 13
7 14

I l I I |—®i‘lndlcanngAmmeter

Fig. 7. Connection Diagram for Indicating Ammeter
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l Current Pick-Up Time Delay
! Adjustment Adjustment l
| ° | o H
| I |
Current T
Sensor Input < Current Time QOutput Pawer Control Power
P Pick-Up Delay Driver Supply 120 Volts, 60 He,
|
|
| [
|
|
| I
' ! }
Terminals 8-11 Zone Interlock
Supplied on
Zone Interlock I B B
! Models Only L

[0 H
[

i

Zone Interlock Signals

Outpu
Input
Timed
Input
. NoTrip

Trip Contacts
@ Omit on Mechanical Reset Relays

@ Omit on Electrical Reset Relays

Fig. 8: Block Diagram for Typical GFR Ground Fault Relay

Typical System Diagrams

Basic, typical radial distribution system dia-
grams are provided for guidance; refer to
Figs. 8A, 8B, 8C, 8D and 8E.

Two multiple source distribution systems are
illustrated in Figs. 8F and 8H. Fig. 8F illus-
trates a dual source distribution system with
center point grounding as allowed in the Na
tional Electrical Code under Artical 250-23a,
Exception No. 4. Fig. 8H illustrates a multiple
source, multiple ground distribution system
with zone differential ground fault semsing
methods employed.

Zone Differential GFP OperationsPrin ciples -
See Fig. 8H

In general, GFR (M 1) willleperaté only for
ground faults within Zone 1hand“GFR (M2) for
Zone 2. This include§ ground faults for
feeders located inthese sfespective zones.

With “M1”* and “T" closed and “M2"' open,
and with a ground fault in"Zone 2, GFR (M1)
will not operate to trip *“M1"’ but, GFR (M2)
will operatetotrip “T"".

Neutral Disconnect Link NEC 230-75

e

*
L ~ Neutral

Service Source

1
|
|
I
|
Polarity Marks |
|
|

P
B GFR
GFS * o Feeder)
MoQ
Equipment
-— Sround Bus
Grounding Electrode ————™~
Conductor .
onducto _L Main Bonding Load
= Jumper
Notes:

GFP Sensing Method
*Ground Return
Type of Protection
o Mimmum per NEC 230-95
*GFP on Main Only.
Ground Fault Selectivity
*Marginal; Function of Feeder Rating and Time/Current Curve Adjustability
*Additional Grounding
*Not Permitted Downstream of Service Disconnect per NEC 250-23 (a)

Fig. 8A: Simple Radial System With GFR on Main Only-Ground
Return Sensing
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Conversely, with ’“M2" and “T" closed and
"M1"” open, and with aground fault in Zone 1,
GFR (M1) will not operate to trip ‘M2 but
GFR (M2) will operate to trip " T"".

For properly co-ordinated main, tie and
feeder interrupting devices, the feeder relays
will alwaysreactto clear adownstream
ground fault prior to operation of either the
main or tie devices.

Zone interlock wiring between upstream and
downstream devices can be included as
shown. For this scheme, no cross interlocking
with “T* auxiliary contacts is required.

This scheme may be expanded to additional
alternate sources as long as interrupting
devices are available to isolate any potential
ground fault on each side of the fault.

Neutral

Service Source

SN

GMﬁ F1)4-_j F2)<--— .

X | |GFR| >k | |GFR
GRIGINGETS
Q4 I

T Tt

GFS GFS

. F2
Load 1 }L—{ Load 2 ]

=@,

||}

GFP Sensing Method
¢ Main-Ground Return
sFeeders-Zero Sequence
Type of Protéction
 Two Level lor improved Service Continuity as Suggested by NEC 230-95 (b)
Ground)Fault Selectivity
*Time/Current Coordination Between Main and Qownstream Feeders
sFeeder Tnps Before Main for Downstream Faults
*Additional Grounding
eNot Permitted Downstream of Service Disconnect per NEC 250-23 (a)

Fig. 8C: Simple Radial System With GFR on Main and Feeders-
Ground Return Sensing on Main

Notes:

GFP Sensing Method
o Zero Sequence
Type of Pratection
o Minimum,per‘NEC)230-95
*GFRyon Main Only
Ground Fault Selectivity
eMarginal; Function of Feeder Time/Current Curve Adjustability
*Additianal Grounding
eNot Permitted Downstream of Service Disconnect per NEC 250-23 (a).
#Must Not be on Downstream Side of Ground Fauit Sensor.

Alternate Sensor Location GFS
Main M
)l\ o ¢’\ L
1o &N -
' 4 3 Neutral
Service Source :
]
L] GFR
M
Feeder)
‘ 1
1| Load

N

. Neutral

Service Source

Notes:

GFP Sensing Method
*Main and Feeders-Zero Sequence
Type of Protection
o Two Level for Improved Service Continuity as Suggested by NEC 230-95 (b)
Ground Fault Selectivity
eTime/Current Coordination Between Main and Downstream Feeders.
e Feeder Trips Before Main for Downstream Faults.
*Additional Grounding
*Not Permitted Downstream of Service Disconnect per NEC 250-23 (a)
*Must Not be on Downstream Side of Ground Fault Sensor

Fig: 8B:“ Simple Radial System With GFR on Main Only-Zero

Sequence Sensing

Fig. 8D: Simple Radial System With GFR on Main and Feeders-
Zero Sequence Sensing on Main
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t‘——— MaifyZone ————
Service S §
ervice Source ~N
Py
GFR ¥
b * 27
a ¥ F2
28
o 1
m ors
[
2
Note: See Figureghfor A @
Interlock Wiring Details. ) Load 1 Load 2 g

Notes:

GFP Sensing Methods

* Main:Ground Return.

 Feeders-Zero Sequence.
Typelof Protection

*Two Level for Improved Service Continuity

®Zone Selective Interlocking for Minimum Arcing Fault Damage
GroundFault Selectivity

oTime/Current Coordination Between Main and Downstream Feeders.

o Feeder Trips Before Main for Fault in Feeder Zone.

*Main Trips Without Pre-set Time Delay for Fault in Main Zone
*Additional Grounding

*Not Permitted Downstream of Service Disconnect per NEC 250-23 (a)

Fig.8E: SimpleRadial System With GFR on Main and Feeders-
With Zone Selective Interlocking

~

Service Source Service Source

Number 1 Number 2
Note: Control Power Must be Common to M1/M2/Tie GFR Relays.

Trip GFR GFR Trip

| VTR o T T —/

| N l M1 M2 —[ W2 ‘

! = Tie ) ! 4

a
M1 Y ———— ] l . | e —— (M2
Tie Neutral Disconnect g
Bus 2
Neutral /E ——————— i Neutral
3 Trip L —
GFS GFS E: |
| »H T i | F2 Je] -
GFR I s X oFR e oFR
T v GFS GFS (A Tie GFS (T ™ F2
F1 Tie (_ F2 L‘
. Equipment Ground Bus N
L — %
Load ft Load
Notes; h
GFP'Sensing Method Ground Fault Selectivity
o Time /Current Coordination Between Main, Tie and Feeders

® Main-Ground Return With Polarities Arranged to Avoid Neutral Unbalance
=Tie-Ground Return.
o Feeders-Zero Sequence
Type of Protection
*Multiple Level for Improved Service Continuity

o Feeder Trips Before Main or Tie for Downstream Faults

Tie Trips Before Main to Sectionalize Main Bus.
*Additional Grounding

eAny Additional Grounding Points Must be Avoided

*Zone Selective Interlocking May be Added for Minimum Arcing Fault Damage. (See Figure 11G).

Fig. 8F: Dual Source System Using Center Point Grounding (NEC 250-23A, Exception No. 4)
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i
M2

gl9fw[n

__j ML gR 1 M2
:_ 2 Tie 3 —
® | 89 w]n ® |
Jie Tee Tie T
s j’: b 7 E A A
! |
Typical Bus 1 Feeder | |
L v ' L—— 4 o—__ Typical Bus 2,Feeder
e 68
A L _Tie F2
83 Lo 1t +®© 1 F—O— N e Te [T
i
U
[
> <

Notes:

@ All interconnections Shown
Should be Twisted Pair

@ Additional Feeder GFR's May
be Added in Parallel on Either
Bus 1 or2

@ Add Cell Switch Contacts When
Tie is Drawout Construction

@ Steering Diodes

Fig. 8G: Special Zone Interlocking Wiring that May Be Used With Dual Source System Using Center Point Grounding (See Fig. 8F)

Service Source

Service Source
Number 1 Number 2
1 1
¢ Polanity Marks P
74 } 7
1 x it ES
ors i : ¥ip crs
M1A ¥ ’ v M2A
_ — s
Tri GFR - GFR Tri
M1><———p—7 Il Note (3) | Mz et 49""2
"= T 5] | [
L Trip Trip J
ZoeM1 | —1-IN 1t ~ W)~ G| Tu - Zone M2
SE & X 209 N 4 e 28
| 1 Phase . v M28 \’4 Mg v - 4 _
Note Neutral T hote
@1 e T
Equipment Ground Bus )

X
N

- o (D
{
< '

Feeder Zone

Notes:

GFP Sensing Method
*Mains/Feeders-Zero Sequence
Type.of Protection

Arging Fault Damage

Fi
81—~

—-{ Load 1

»Two Level for Improved Service Continuity
#Zone Selective Interlocking for Minimum

Ground Fault Selectivity
*Zone Ditferential for Fault Area Isolation

—- — Not
F2 ﬁ: g oe@
% GFR
i F2
281

O]

eTime/Curient Coordination Between Main and Downstream Feeders Within Zone

e Feeder Trips Before Main/Tie tor Fault in Feeder Zone.
eMain Trips Without Pre-set Time Delay for Fault in Main Zone

*Additional Grounding

*Not Permitted Downstream of Service Disconnect per NEC 250-23 (a)

Q)
®

Zone Interlock Wiring Should be Twisted
Par, Refert0 4.2.2.1

Control Power for GFR M1, GFRM2 and T
Should be Supplied From Common Source.

Refer to 5.8.3.6

Figu8H: Multiple Source, Multiple Grounded System Using Zone Differential Sensing

Westinghouse Electric Corporation

LowVoltage BreakerDivision
Beaver, Pennsylvania 15009
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