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Ground Fault Protection

« Ground Fault protection is essential for safety of
personnel and equipment

* The degree of protection depends upon the device
selected.

* Ground Fault Protection Devices
« Ground Fault Circuit Interrupter (GFCI) — People Protection

* Ground Fault Protection of Equipment (GFPE) — Equipment
Protection
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GFCI Protection
« NEC Article 100 — GFCI Definition

« A device intended for the protection of personnel that functions
to de-energize a circuit or portion thereof within an established
period of time when a current to ground exceeds the values
established for a Class A device.

* Note: Class A ground-fault circuit interrupters trip when the current
to ground has a value in the range of 4mA to 6mA.

F.T-N
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Ground Fault Circuit Interrupters (GFCI)

*  Monitor the difference in the current returning to the breaker versus the current leaving the
breaker

« Typical use a Zero Sequence Sensing method (single sensor)

* If an unacceptable difference is measured, the device trips and interrupts power to the load.
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GFP(E) Protection

 NEC Article 100 — Ground-Fault Protection of Equipment
Definition
« A system intended to provide protection of equipment from
damaging line-to-ground fault currents by operating to cause a
disconnecting means to open all ungrounded conductors of the
faulted circuit. This protection is provided at current levels less

than those required to protect conductors from damage through
the operation of a supply circuit overcurrent device.

F.T-N
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NEC Levels of Ground Fault Protection

Gr

ound Fault Requirement

Protection Level

- GF

P

Required on Service Entrance
Mains 1000amps or greater with
more than 150v to ground

Up to 1200 amps

*  ~15-20 amps are minimum

Up to 1-second delay

« GFCI

Personnel protection - Required
when in vicinity of water

4 to 6 milliamps
No time delay
Class A
ANSI/UL943 Listed

EF.T-N

- GFPE

Equipment protection

6-100 milliamps
No time delay
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Examples:

Services — Art. 230.95

Art. 210.8 — Areas near
water, outdoor, roof,
garage, kitchen, crawl
space

Art. 555 — Marina receps

Art 426 Snow Melt / Deicing
equipment

Art 427.22 Heat trace

Art 555 Marina
Feeders/Branch
Circuits/Shore Power recep



Ground Fault Protection 215.10 — Feeder Circuits
(Similar requirement in 210.13 Branch Circuits)

« Ground Fault Protection is required on feeder disconnect
switches, in accordance with 230.95, where:

« System voltage is more than 150V to ground, but not exceeding
600V phase to phase

 Rated 1000A or more

* Exceptions:
« |If ground-fault protection is provided on the supply side of feeder.

This typically applies to 6-disconnect rule systems without a single Main. Only Health Care
systems (Art. 517) require GF on Feeders as well as the Main.

F.T-N

CovempgBesiondwi © 2020 Eaton. All rights reserved.



Three Methods of Sensing Ground Faults:

Ground Fault Sensing

1. Residual Sensing

2. Zero Sequence Sensing
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Figure 1.4-7. Residual Sensing Method

. Utilizes individual current
sensors for each current
carrying conductor

. Relay / Trip Unit sums

Figure 1.4-6. Zero Sequence Sensing Method

* Al current carrying
conductors route through
a single current sensor

° Current sensor sums

3. Ground Return Sensing

Main
R o
|
Py *"rr/ Nautral
Servica ._‘?’,f +—F JI_
Trans"mmer\'_ ™,
= Sensor {7 GFR | b )
g A | Typical
— round Bus Feadar
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Mzin Bonding f'— f

Jumper - 4

" // /{ Typical
Grounding  Eguipment AW Load
Electrode Grounding
Conductor  Conductor

Figure 1.4-5. Ground Return Sensing Method

. Current sensor placed
around the actual ground
return path

. Current sensor reads
actual GF current
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Ground Fault Protection - Residual

Residual Ground Fault Residual Ground Fault

4th CT .
(Neutral Sensor) detection

Circuit Breakers with ot  Breaker measures

Integral Ground Fault
use a Residual Ground Fault all currents eXCth

scheme internal to the ’_ for ground fau|t
breaker

(Because the neutral does current

not run through the breaker, o “ ”

a 4th CT must be utilized "A‘ny leftover” or
and wired to the printed “residual”’ current

circuit board via a terminal
block on the side of must be ground

the breaker) current

Circuit Breaker
(With Integral Ground Fault Protection)
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Ground Fault Protection - Residual

Residual Ground Fault

Circuit Breakers with
Integral Ground Fault

use a Residual Ground Fault
scheme internal to the
breaker

(Because the neutral does

not run through the breaker,
a 4th CT must be utilized
and wired to the printed
circuit board via a terminal
block on the side of

the breaker)

HF- If 3-wire load (i.e. no

Printed L-N 277v loads)

Circuit

S , « No Ground Fault

e Sum of currents =0

 Ground Fault
* Sum of currents >0

Circuit Breaker
(With Integral Ground Fault Protection)

NOTE: Imbalanced current between the phases does NOT cause GF tripping. Only

E;'[.N current that takes an alternate path back to the source is calculated as ground current.
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Ground Fault Protection - Residual

Residual Ground Fault

Circuit Breakers with
Integral Ground Fault

use a Residual Ground Fault
scheme internal to the
breaker

(Because the neutral does

not run through the breaker,
a 4th CT must be utilized
and wired to the printed
circuit board via a terminal
block on the side of

the breaker)

F.T-N
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Unbalanced neutral

_ 4th CT return current
(Neutral Sensor)

Circuit Breaker
(With Integral Ground Fault Protection)
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If 4-wire loads (i.e. L-N

277v loads connected)

Unbalanced current
between the
phases returns on
the neutral. (i.e.
around the breaker)
Additional neutral
sensor required

No Ground Fault

e Sum of currents
(A+B+C-Neu) =0

Ground Fault

e Sum of currents
(A+B+C-Neu) >0



Ground Fault Protection - Residual

Residual Ground Fault
4th CT
(Neutral Sensor)

Circuit Breakers with
Integral Ground Fault

use a Residual Ground Fault

scheme internal to the F

breaker 1 Printed

(Because the neutral does Circuit

not run through the breaker,

a 4th CT must be utilized

and wired to the printed

circuit board via a terminal

block on the side of == k= =
the breaker) IO A

Circuit Breaker Neutral sensor
(With Integral Ground Fault Protection)

F.T-N
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Ground Fault Protection — Zero Sequence

Zero Sequence Ground Fault Zero Sequence Ground
Fault detection

N N—_ » Like residual,
agnelic currents orset,

: measures all currents
therefore . . . To Main Device

Window CT - Shunt Trip except for ground

experiences ' fault current

* Net current through
the CT should be
zero.

* Anything > zero

Bus Bar{ indicates current is

taking an alternate

path back to the

E.T-N source.

Evong i Wncwis © 2020 Eaton. All rights reserved.

Window CT:

no current




Ground Fault Protection — Zero Sequence

Zero Sequence Ground Fault

Window CT:

Magnetic currents offset;

therefore . . . To Main Device
Window CT - Shunt Trip
experiences |

no current

Bus Bars

F.T-N
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Zero Sequence Ground

Fault detection

Allow much more
sensitive GF
protection than
residual sensing
Normal condition is
zero current flow to
the relay / trip unit
High resistance
grounding systems
typically require zero
sequence sensing for
fault tracing



Ground Fault Protection — Zero Sequence
Shielded Cables

All connections to ground {Such as shielding) —
must be carried through the ansformer
and solidly grounded on thellnad sidejof the CT
as shown. Use #6 wire with 600V insulation.

Switchgear Terminals
— 9

Power Cables
Ground
Cable —
Shieldson o .. = " Zero Sequence Transformer
load side | -+
of CT

—
_—
- - -

Lead, armor, conduit, Interstice ground conductors,

and so on. Must be terminated and solidly grounded
on the load side of the current transformer.

E:T-N
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Resistance-Grounded Systems

Characteristics:

« Connected to ground (earth) through a
fixed resistance

*  Produces very low currents on first fault

*  Enough to allow alarming and fault tracing, but not
enough to cause damage

*  Typically 5 - 10 amps
« Maintains continuity of service under first
fault

* No overvoltage issues under fault
« Eliminate arcing line to ground faults

« Can only feed loads at one voltage
*  No L-N connected loads

« Higher first cost vs. solidly grounded

F.T-N

Powering Business Worldwide

Phase A
Phase B

R Phase C

Resistance-Grounded Wye
® Phase A
A ? Phase B
Phase C

Delta With Derived Neutral Resistance-
Grounded Using Zig-Zag Transformer

© 2020 Eaton. All rights reserved.

Figure 1.6-3. Resistance-Grounded Systems




Pulsing High-Resistance Grounded System

 Pulsing Circuit for quickly
locating faults L

« Current Relay “51G” Detects ‘
Ground Fault; Alarm Sounds —
RESISTOR

 Pulsing Function Enabled By PULSER
Operator or automatically

e Contactor “C” Pulses

Resistor & @
E.-T-N
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s ondnge © 2020 Eaton. All rights reserved.
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High Resistance Ground System - Fault Detection Using
Clamp-On Ammeter

e Clamp around each 3-
phase circuit and look for
pulsing readout on ammeter

* Continue downstream of
circuits with pulsing current
to next panel

* Repeat process until reach
faulted branch

E:T-N
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High Resistance Ground System - Fault Detection Using
Clamp-On Ammeter

AMMETER

AMMETER

F:ll o
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Ground Fault Detection Using Fixed Zero-Sequence CT
And Ammeter

« Zero-Sequence CT and
Ammeter in Each Feeder-
Breaker Cubicle

* [ndividual Ammeter on each
feeder breaker cubicle
indicates pulsing current

« Requires separate ammeter
* No remote monitoring or i @

annunciation

E:T-N
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Ground Fault Detection Using Fixed Zero-Sequence CT
And Trip Unit

« Certain trip units can
accept zero sequence CT
input

« Ground alarm sensing of
the 5 amps the flows
during fault

. Grounded circuit
annunciates ground alarm
condition

« Can be remotely
monitored across comms
or annunciate with relay
output

E:T-N
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Ground Fault Detection - Motor Control Center

» High Resistance Ground systems limit
ground current to 5 — 10 amps

* For automated fault localization, Zero
sequence CT and additional overload

relay module required — . ~"
« Allows quick identification of faulted | - e
motor circuit Faul
Module
Process is not interrupted Overload Relay Indicates
- Takes additional space in the bucket faulted circuit
E:T-N STATUS
Bl F T O FRB (FAuLD)

Ol
@O0 (=
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Ground Fault Detection - Motor Control Center
Pulse Detection

« High Resistance Ground systems limit
ground current to 5 — 10 amps

*  HRG systems with pulsing circuits allow
for simpler fault tracing

* Pulse detection algorithm recognizes = e,
the ground pulses of a Pulsing HRG |

\
e

L2

Motor

System Leads
* No zero sequence CT, additional
hardware, or additional space Overload Relay Indicates
required! faulted circuit
’ 77 7 7 E:1-N ST
Ground pulses . ‘ @ .CIB:OCIn;i o 2
fsl.r?/;?el_r:nRG @ Alarm

— 000 =
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Ground Return (Source Sensing) Ground Fault Detection

Service
Transformer

Main Bonding
Jumper

Normal phase
Main current flow

N>

I Neutral

h

/ h Typical
Equipment 4W Load

Grounding
Electrode
Conductor

! *—
_; Ground Bus

Typical
Feeder

Grounding

G d fault
Conductor roundiad

current

F.T-N
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Ground CT is place
on the neutral to
ground bond of the
separately derived
source.

Senses actual ground

current returning to

the source

Ground current is
sensed by relay or
trip unit

25



Ground Fault Protection for Multiple Separately Derived

Sources

Systems fed
from multiple
separately
derived
sources make
add to the
complexity of
GF sensing

Example:
Main-Tie-Main

E-T-N
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N AAA_/ Power

Power

NAAN

Transformer Transformer Y
It 1|
C—C
L0
Neutral Neutral
T Sensor Main Sensor Main # ]
Main Breaker 52-1 Breaker 52-2 Main
Breaker ) Breaker
52-1 — l 522
Phase A, T Tie Breaker Phase A,
Phase B, 52-T Phase B,
~ Phase C tlf Phase C
T Neutral Neutral!
Neutral Sensor
T = Tie Breaker 52-T % +=
Typical Sy Typical Sl o
Four-Wire) [l o] ) Four-Wire) [alyy o] )
Feeder | |[E| ~ 2 52-1 52 TT -2% | Feeder UEN T
I’ T a a I T I
Four-Wire Load 27 T T T 7 Four-Wire Load
Trip Unit Trip Unit Trip Unit
Main Breaker Tie Breaker| |Main Breaker
52-1 52-T 52-2




Ground Fault Protection for Multiple Separately Derived

Sources

Neutral return
current from
unbalanced
loads has
multiple paths
for returning to
the source

Solid neutral
bar running
through the
gear

E:T-N
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Normal Neutral Current

N AA_A_/ Power

\ Transformer

Power

NAAN

Transformer[ : Y Y
1|

l_lt—“.
A Neutral sensor f'—j
3 eu does NOT Neutral [
Main T Sen{ account for all Sensor Man| % Mai
Breg Breaker 52-2 ain
Breaker ) ¢4 neutral return reaker Breaker
52-1 current . | 52-2
Phase A, T Tie Breaker Phase A,
Phase B, 52-T Phase B,
" Phase C \‘JF Phase C
Neutral . Neutral !
Neutral Sensor
T = Tie Breaker 52-T % +=
Typical Sy o Typical Sl o
Four—Wire) als o D FOUF-WTFED a >__,__O_D
Feeder | |[E| ~ 2 52-1 52 TT 52-24 | Feeder UEN T
I’ & a a a ¥
LT [ 1)
Four-Wire Load 27 T T T 7 Four-Wire Load
Trip Unit Trip Unit Trip Unit
Main Breaker Tie Breaker| |Main Breaker
52-1 52-T 52-2




Ground Fault Protection for Multiple Separately Derived

Sources

Ground fault
current from
unbalanced
loads has
multiple paths
for returning to
the source

Can lead to
ground current
routing through
the neutral
sensor

Desensitizes the
GF protection

E:T-N
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>  Ground Fault Current
A N AAA_AL Powgr Power AAAL/
Tran]former Transf m‘e;Q/-\N_\
@ Ground current )
eyl flows through Neutral
Main T Sen{ neutral sensor Sensor Majn| # Mai
Breaker ) Breg §0 it would be Breaker 522 Braela:-]kar
52-1 | interpretedas | U 52-2
neutral current T
Phasbt—; Tie Breaker Phase A,
Phase B, »L 52-T Phase B,
| Phase C Phase
€ Neutral 1€ YE‘\ € Neutral
Neutral Sensor
T = Tie Breaker 52-T % =
Typical Sy Typical Sl o
Four-Wire) | als, o D) l FOUF-WiI'BD a >__,__O_D
Feeder | |[E| ~ 2 52-1 52-T®  52-29 | Feeder UEN T
& a a ¢ a ¥ I
! o~ I I I N Y
ur-Wire Load T T T T Four-Wire Load
i’ Trip Unit Trip Unit Trip Unit
Main Breaker Tie Breaker! (Main Breaker )
52-1 52-T 52-2




Differential Ground Fault Scheme

Differential (or
Modified
Differential) Ground
Fault schemes are
used on systems
with multiple
separately derived
sources

Connect together
multiple GF (or
neutral) sensors in
a way to accurately
account for ground
current in / out of a
particular “zone”

E-T-N
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N AAA_/ Power Power AAAL/
Transformer Transformer Y
It 1|
C—C
L0
Neutral Neutral
T Sensor Main Sensor Main # ]
Main Breaker 52-1 Breaker 52-2 Main
Breaker ) Breaker
52-1 — l 522
Phase A, T Tie Breaker Phase A,
Phase B, 52-T Phase B,
" Phase C \‘L Phase C
T Neutral Neutfal !
Neutral Sensor
T = Tie Breaker 52-T % =
Typical S ss— o Typical > o
Four—Wire) alss ol | l Four- 'V|re> NS D
Feeder | |[E| ~ 2 52-1 52-T®  52-27 | Feeddr ! ’,_— -
I’ 4 a a ¢ a ¢ I
v I I I A J
Four-Wire Load 27 T 7 Four-Wire Load
Trip Unit Tr|p Un|t Trip Unit
Main Breaker Tie Breaker| |Main Breaker
52-1 52-T 52-2




Modified Differential Ground Fault

« Ground fault sensors (or neutral
sensors) are tied together in a )
“bridge” with different polarities to 1x | loFs2-1 1 lorsza [ O ]| lors2a f e s2-2| «
add or subtract current readings I e gz Lg-q |
for a given “zone” 7 g Wl o7

-« Only the OCPD’s for the given F‘T— . e
“zone” see the current amount of ‘ Ll *
ground current - | v .

« In this example, for a fault on A- = ikl .
Bus, only the 52-1 Main and 52-T 1.)( -
Tie see the ground current A\

« Total ground fault current = 1 pu

« X =unknown ground current flowing
through the B-bus path

* 1-x = ground current flowing through
the A-bus path

DT 52‘1 = |GF—52-1 + |G|:_52_'|’ - f‘I‘X}I + X = 1

DT 52-2 = lgpspz — lgpsar =X —-Xx =0

F.T-N
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Modified Differential Ground Fault

il

Powering Business Worldwide

White Paper WP027003EN

Ground fault isolation with loads fed from
separately derived grounded sources

Introduction

Ground fault sensing detects current that flows
between a source and a ffautted) load traveling
on gther than narmal current canrying canductors
using one of ssveral mathads.

Figure 1. Common Ground Sensing Schemes

Source ground sensing

f the neural to ground bond at the source is
accessibie, a curent sensor can be installed

to measure current flowing through that band.
Depending on the model of protective device,

it may be reconfigursbie to reuse &n existing
input [perhaps the neutral current sensor input)
a5 3 “source ground” input. Neutral curent

can still be calcuiated by inferance (becaus

A+ B +C~G = N). This method is a cost savings
because the need for 2 fifth input point on 3 AW
system is eliminated. Tha Eaton Digitrig™ tip
units use this method

Residual sensing

f all current

assumed ta only travel over
nt-camying conductars, then at
any instant in time, the current flowing from
the source to the Ioad must be balanced with
current raturing to the saurce fram the load,
thus completing the circuit,

EF:-T°N
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Therefore, by summing instantaneous current

measuraments on ach of the normal cument-

carying conductors, the sum of those currents
z2r0. 1f the sum is nat zero, then current is

flowing between the source and the load fro

somanhars ohar than thess conductors, that s,
ground path

This is a commean method of detacting

‘ground fault using & circut breaker because

2ach conductor i already provided with

nt sensars.

Zero sequence sensing

e residual sensing places current sensars on
ch candsctor individusll, in the zero sequence
methad, ane sensor is placed arcund all currant-
carrying conductors of a particulr bus. Of courss,
this method requires the extra current sensar and
an extra input point on the protective device o
MEaEure this XT3 SENS0r BUT can provide Supenar
sensitivity to low-level ground faults.

Multipoint ground sensing

When a ground fault accurs, the o
Hom the'paint of the ful bick 1o me source

via the ground phase, fourwire
Bk rriod P o e
mare than one source-to-ground path. These
Tl peihs parmit he Funent Tewing fram th
fault to divide between the sources. Any individual
protective device, therefore, anly sees a
of the actual ground fault current. This can result
n raduced clearing times, excessive arc fissh, and
mproper selecive coerdination:

Figure 2. Two Grounded Sources with
Unswitched Meutral Allow Ground Fault
Cment ts Circulste

Solutions to this problem include using fourpole
breakers {to switch neutrall, or grounding only
ane source

Ground Fault Isolation Whitepaper

© 2020 Eaton. All rights reserved.


https://www.eaton.com/content/dam/eaton/products/low-voltage-power-distribution-controls-systems/switchgear/low-voltage-switchgear-documents/white-paper-groud-fault-isolation-wp027003en.pdf

Generator and Transfer Switch
Grounding

TN
EF.
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Standard 3-pole ATS and Generator neutral NOT bonded at the gen (not
Separately Derived)

s GFF |-y . STANDAY —-.

E ; _L/.--' SENSOR GEMERATOR "

= p——— _
Utility service=  3_ PRI Senerator source =
Separately Derived & .~ 5-%;- ' Sep y

- : " 7 \Derlved

3 L~ 1-POLE

/ ;En ’ Tﬂ'iﬁ'ﬂllu1slg£ R \‘"'“—"/
. Neutral is NOT bonded

Neutral is bonded to
ground at the service

to ground at the
generator

E:T-N
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Standard 3-pole ATS and Generator neutral NOT bonded at the gen (not
Separately Derived)
Normal Neutral Current

s GFF |-omy N STANDEY —-.
o ; ;/.--" SENDOR GEMERATOR ™
3 L]
Only path for _ i GEERATIR 1.
neutral current is & i
through the neutral -
sensor E Ll TRAGI ER
£ SWITCH
ok i
— i I
i et
Results: :
- Correct detection of GF ,
1

EHCLOE

‘I'Er ENI’.‘LEISLIRE )‘-‘I ":

HNa s 0

To LOAD

E:T-N
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Standard 3-pole ATS and Generator neutral NOT bonded at the gen (not
Separately Derived)
Ground Fault Current

GFF |-y STANDEY —-.

o} — | - SENSOR GENERATOR
=
Ground Fault i i E
current travels 5 T
back on the ground = 4 J
conductor and £ L M| ]
around the neutral 4
sensor W
Results:

- Correct detection N
of ground fault
condition

Line — Ground Fault

E:T-N
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Standard 3-pole ATS and Generator neutral bonded at the gen (2
Separately Derived systems)
Normal Neutral Current

GFF |- N STANDBY ——.
{ - sENSOR GENERATOR

Generator source =
Separately Derived

GEMERATOR —f.

Neutral current can MOUSING |

return through the
ground path AND
around the neutral
sensor

95

UTILITY 1NORMAL] SOURCE

Neutral is bonded to
ground at the
generator

Results:

- Possible nuisance
tripping of the GF
protection during
normal operation

E:T-N
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Standard 3-pole ATS and Generator neutral bonded at the gen (2
Separately Derived systems)
Ground Fault Current

GFF |- N STANDBY ——.
§ -~ SENSOR GENERATOR

=

GEMERATOR —f.

Fault current can Fritit

return through the
neutral path and
thru the neutral
sensor

T

UTILITY 1NORMAL] SOURCE

Results:

- Some GF current
flows through the
neutral sensor

- Desensitizes GF
protection

- Violates NEC
because neutral is
grounded at two
locations

Line — Ground Fault

Ma s a8

To LOAD

E:T-N
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Standard 4-pole ATS and Generator neutral bonded at the gen (2
Separately Derived systems)

k)
Y

Ground Fault Current g 550

GROLMD '=,

- GFF [rrey STAMDEY —- JIJHI-'-"EHH_" :
= : |~ SENSOR GENERATOR -
g —rpi_‘ |

- Fault current can i CENERATOR .

only return through PN

the ground path z—w ‘

- Neutral current 5 ”iﬁg:’i“

only has single L [

path since neutral
is switched

Results:

- Correct sensing of
neutral and ground
fault current

- Meets NEC
because neutrals
for each system are
only grounded at
one location

E:T-N

Powering Business Worldwide

Line — Ground Fault

CHe 2
TD LOAD
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Single service, Gen(s) not separately derived, Multiple 3-Pole ATS

|  Normal Neutral Current

GFP
-j
!
i LB

Neutral current can
return through multiple
paths (any ATS).
Amount of current to
flow depends on the
impedance of each path.

Results:

- Correct sensing of
neutral current for Main
Breaker GFP

- Feeder Breaker (2"
Level) GFP may not see
all neutral current

- Can cause nuisance

ATH-3
tripping of Feeder GFP if ' k 3 |
T

settings are too low <=

- Same condition can also [ ]
affect GF Alarms when on T
Emergency Source ¢ ‘ Tf

TG0 LOaD
EF.T-N
A
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Multiple Services, Gen(s) not separately derived, Multiple 3-Pole ATS

lerp

Neutral current can
return through multiple
paths due to multiple
ground points and ATS.
Amount of current to
flow depends on the
impedance of each path.

e
1l CELLIT ﬂ'ﬂ'q:)
F )

Results:

- Multiple neutral ground
bonding points create multiple
paths for neutral current and
ground current

- Can cause nuisance tripping
of GFP if settings are too low

- Same condition can also .
affect GF Alarms when on : I
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Multiple Services, Gen(s) separately derived, Multiple 4-Pole ATS

Neutral current can only
return through the
correct neutral sensor

Results:

- NEC compliant (3 separately
derived services)

- Correct sensing of neutral
currents and ground fault
currents
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Transfer Switch and Grounding Options Summary

« Use 4-pole anytime the generator is separately derived (bonded at the gen)
Recommend 4-pole anytime there are multiple utility services
« Avoid mixing the use of 3-pole and 4-pole ATS
*  Exception: Only need 3-pole if feeding only 3-wire loads
« Consider future expansion — If new service is likely to be added, use 4-pole ATS

«  Overlapping neutral switching is not necessary or recommended
History, testing, and modeling shows that neutral switching does not produce appreciable transients

Overlapping neutral can cause nuisance tripping due to momentary connection to both separately
derived sources

* Number of generators typically is irrelevant since they are typically all separately
derived, or none are separately derived

« Take care to balance loads at all ATS to minimize problems
Limits neutral current flow
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3-Pole and 4-Pole Transfer Switching Whitepaper
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3-Pole and 4-Pole Transfer Switch
Switching Characteristics

Abstract

‘Whether to, and how to, switch a neutral connection when transferring a load between two separate three-
phase sources is a topic of fraquent discussion [1][2][3][4][5][6]. Should a three-pole or four-pola switch
be used? |f the neutral is switched, should it be done in an “overlapping™ way to insure that during the
switching operation the neutral connaction to the load is always maintained? Is there a way of
successfully using three-pale switching devices on a separately derived (that is, source derived) system?

Thare are many issues fo consider, and those issues have been, by and large, covered adaquatsly in the
previously referenced fexts. However, what hasn't been covered in those lexis is the exact guantification
of two key problems.

1. How much circulating neutral current is created when using overlapping neutral switching transfer 3 - I O | e a n d 4 - p O | e I ra n Sfe r
switches and,

2. How large are the transient overvoltages produced when switching a neutral in a non-overiapping

. . .
Switch Switching
Tha first point focuses on accurate GF sensing when using overlapping neutral switching schemes. To

understand this issua we first axamine a system that has only one grounded source. By definition, all
ground current must flow through that single ground. Placing a sensor on that grounded connection

. .
makes it easy to capture and measura all ground current. By convention, a single-point grounded system ‘ : h a ra Cte rl Stl CS
with multiple sources is called a *non-separately derved system”.
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Figure 1: Regardiess of which source is energized, a ground fault on a single point grounded systom always returns
fo the grounded source.
GF sansing bacomas more difficult when multiple sources each have their own grounded conductor and

when the neutral conductor is not switched. In such a case, ground current can flow through multiple
paths. This complicates the ground fault sensing schemea. Systams with multipla grounded sources are

E T N called “separately derived systems.”

Powering Business Worldwide

© 2020 Eaton. All rights reserved.


https://www.eaton.com/content/dam/eaton/markets/healthcare/knowledge-center/white-paper/3-pole-and-4-pole-transfer-switch-switching-characteristics.pdf

Questions?
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