Distribution Systems

Tre pewsr distribution 1n threa phase low
vcltage sysiems can be three or four wire
distributicn. Tha three wire distribution
can be sarved from gither delta or wye
scurces. but the four wire disrribution is
ootzines from wye source only. Fig. No. 1
s=owms Thrze wire distribution with delta
scurce 36 Fig. No. 2 shows three wire

distribution with wye source. It is signifi-
cant on M3 No. 2, that the wye connec-
fion ci a wransformer secondary does not
necessznly mean four wire distribution in
switctz22r. This is worthwhile to note

irur wire distribution is quite
zssumed when the transformer
seconazry s wye connetted. The low volt-
age sysie™ is three phase four wire dis-
trouticn ooy if @ fourth wirs is carried
1roug switchgear and single phase
je 205 g7= connected to feeder breakers. This
fourmn e is the neutral bus. The neutral
bus is coonscted 10 the neutral of the wye
connectzs wransformer secondary as
s=zwm on Fig. No. 3. Tha stendard neu-
trz] bus cepscity is one half of the phase
bus cuent carrying capacity but full
cepaci utral busses are zlso available

ur wire systems can be ground-
~curded in service. Generally
where s-2 source is delta connected it is
ungrounizd, but in some very rare cases

it is grzunded et one corner of the delta
er 2t §>— 2 other point. When the source
is wye coanected it can be grounded or
ungrouncsd and when grounded the
grounc g is at the neutral. When low
+ems arg grounded they are
solidly grounded. However

z.y the grounding is through 2
resistcr. Three end four wire solidly
grounced sysiems are shown an Fig. No. 4
and 5. ~1 present the new installations are
mostly dly grounded or ungrounded
fow v tzae systems with a definite trend
toward 12 increase of the solidly ground-
ed sys-2~s. An ungrounded low voltage
system is a good operating system if it is
equipzed with a ground detection device
and if 1~2 pperatars and maintenance
crew g2 wrained to locate the initial
ground zad clear it as soon as practical.
The graundad neutral system results in 2
ground currant as soon 2s any ground oc-
curs ¢ 2 phase conductor and if the cur-
rent excesds the setting of the protective
device it wiill operate and isolate the fault.
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Need For Ground Fauit Protection

If the magnitude of all ground currents
would be large enough to operate the
short delay or instantaneous elements of
the phase overcurrent trip devices there
would be no problem in solidly grounded
systems, Unfortunately this is not the
case, because low magnitude ground cur-
rents are quite common. Low level ground
currents can exist if the ground is in the
winding of a motor or a transformer or if
it is a high impedance ground. Low level
ground currents may also be dug tc an
arcing type ground. The arcing type
grounds are the source of the most
severe damages 1o electrical equipment.
The lower limit of the arcing ground cur-
rents is unpredictable and the magnitude
may be considerably below the setting of
the breaker phase overcurrent trip devices.

Since the breaker phase overcurrent trip
devices cannot provide fast protection
against low magnitude ground faults there
is a need for an additional protective de-
vice. This additional device is not to oper-
ate on normal overloads and it is to be
sensitive and fast encugh to protect
against low magnitude grounds. It is also
important that this additional ground pro-
tecting device be simple and reliable. The
Westinghouse Amptector solid-state trip-
ping system including an optional “ground
element” will assure good ground fault
protection.

The Ground Element

The ground element of the solid-state trip
is part of the Amptector and is in addition
to the usual phase protection. The ground
element will trip the breaker with time
delay when 1.0 ampere or more of input
current is applied to its terminals. The
ground element is equipped with a con-
tinuously adjustable time delay with cali-
brated marks at 0.22 — 0.35— 0.5 seconds.
The above mentioned input current can be
provided by:

(a) Residual connection of phase
sensors with residual current connect-
ing 10 ground element terminals. This is
the Westinghouse East Pittsburgh Low-
Voltage Switchgear standard ground
protection system. Based on the above
mentioned 1.0 ampere pickup this as-
sures a ground tripping sensitivity of 20
percent of sensor rating. The standard
ground element pickup is non-adjustable
and it provides good ground protection
for normal applications. Howaver for
special applications 40 — 60 and 80 per-
cent of phase sensor rating pickup
points ¢an be fumished.
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(b) External ground sensing current
transformer directly connected to ground
element terminals. This is cne of the

~ umgue features of the Westinghouse
-Ampteetor. This means that this ex-
ternal ground sensor will trip the breaker
on grounds without the use of external
refay and without the apphcation of a
breaker shunt trip and external power
source. The lower the CT ratio the more
sensitive the ground fault protection.

Ground Fault Protection Application
and Coordination

In well designed systems the continuity of
service is very important. For rehable
service continuity selective tripping is ap-
plied between main tie and feeder break-
ers and the downstream protecting devices
for phase to phase faults. Similar selec-
tive tripping is desirable when breakers
trip on grounds. The application of ground
protection on main breakers anly may
assure good ground protection, however
it will not provide good service continuity
because the main brezker will rip on - ——-
grounds which should have been cleared
by feeder breakers. When the switchgear
itself feeds the loads directly the applied
ground protection must be such that on a
load circuit ground the associated feeder
breaker will trip first. Therefore for proper
protection and for good service continuity
main tie and feeder breakers all should

be equipped with ground protection.
Ground protection is not required for non-
automatic tie breakers having no phase
overcurrent protection.

The necessary coordinated tripping is not
easily accomplished when the switchgear
feeds into downstream sub-distribution
panels which do not have ground protec-
tion. If full selective tripping is required
the downstream protecting devices should
also be equipped with ground protection.
If not. the system designer will face a
coordination problem in obtaining seleg-
tivity between the low pickup and fast
tripping switchgear breaker ground ele-
ments and phase overcurrent protective
devices. This is a very difficult problem
because of the time-current tripping char-
acteristic of the phase overcurrent protec-
uve devices. When such coordination is
desired the ground element pickup could
be increased in order to ‘'desensitize” the
standard 20 percent ground fault pickup.
Taps at 40 — 60 — 80 percent of sensor
rating can be used. It is obvious that when
the ground element pickup is set for ex-
ample at 80 percent valuable protection is
lost for low magnitude arcing ground cur-
rents. If higher ground element pickup is
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Ground Fault Protection Application
and Coordination, Continued
attempted to achieve coordination with
fairly large sized downstream phase de-
vices the ground protection setting ap-
proaches the characteristic of a short time
phase element and the ground protection
will lose its rue meaning and not provide
the expected protection.

In view of the above it is evident that
properly applied ground protection requires
ground elements as far down the system
to the loads as practical. For best results
downstream molded case breakers should
have individual ground protection. This
would result in excellent ground protection
because ground elements of switchgear
and downstream breakers having similar
tripping characteristic can be coordinated.

Coordination between switchgear breaker
ground elements and downstream branch
circuit fuses is not practical. This is due
to the basic fact that the blowing of one
phase fuse will ot clear a ground on' a
three phase sysiem. The other two phase
" “ses will let the Ioad “single-phase” and

/0 continue to feed the ground through
e load as shown in figure 6.

The following provides guidelines for
ground fault preiection.
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Figure 2. 3 Wire Distr.bution, Wye Source (Ungrounded)
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Equipment Available for Protaction

Main Breaker

| Tie Breaker

i Fdr. Breaker

Notes

When ground detector shows that a
ground exists correctiv2 action must
be taken atthe earliest possible shut-
down., However, experience indi-
cates that this attention is not
always possible. Therefore most un-
grounded systems cperate with one
phase grounded through the first
uncleared ground. A ground en an-
other part of the system, dus to fault
impedance. would probably resuit in
low values of current which would
not operate @ breaker phase trip, and
would produce fire damags.

Lamp type ground |

detector or ground
detecting voli-
meters without or
with pts. If pts. are
usedaground alarm
relay can be added
tor remote or local
aktarm,

Amptector
‘DS ground
3IW pratection, 20%
of sensor rating
pick-up. .50 sec.
tirme delay.

See SK %1 & ¥6

Arnpteciorn

‘D8 ground
IW  protectin
20% of sensor
rating pick-.o
.35 sec. time c2-
lay.

Amptector

‘DS ground

3W protection
20% of sensor rat-
ing pick-up .22
sec, time delay.

1 6522 SK #1 & 56

With propsr main-
tenance this syse
tem would result
in the minimum
disturbance toserv-
ice continuity.

Ground fault pro-
tection on this un-
grounded system
would trip the
breaker when the
second ground oc-
curs and current
exceeds the 20%
pick-up rating.

Probability of very high ground cur-
rent and extensive damage nowever,
nozmally these high currents are not
obtained. Grounds are automatically
isolated and continuity of service is
interrupted.

Amptector

‘DS’ standard re-
sidual ground pro-
tection in 3W sys-
tems and source
neutral CT. feed-
ing into Amptector
in 4 wire systems,
20% of sensor rat-
ing pickup, .50 sec.
time delay

See SK. #1. K3 &
%6,

Amptector
‘DS’ ground TN
or 4W {as rz-

tection. 20% of
sensor  ratng
pick-up .35 szc.
time delay

quired} fautt ¢-o- ¢

Amptector

‘DS ground 3Wor
4 (as reguired)
fault protection.
20% of sensor rat-
ing “pick-up ~.21°
sez. time delay or
BYZ current trans-
former feeding in-
to above amptec-
tor with 10 amp
primary pick-up
SeaSK $1, 428
%6

This is the most
common system in
use today and as
long as it is not
necessary to co-
ordinate withphasé™
devices down’ the
line it will give
very good main
bus  and feeder
protection.

ko Foms
System | Advantages
Un- Minimum disturbance 1o serv-
grounded ice continuity. Curments for
(3 Wire) the mziority of grounds wilt
be limited to capacitance
charging current of the sys-
tem. Can gperate with the
first ground untl itisremoved
during a regular shutdown.
Grourd proteciion for an ungrounded systern
Sold ! Psyczlogically safer. Prac-
Grounded :© ticalyy results in good con-
! tnuit- of service. )
Isolation of faults avtomatic
through  grouna  protection
sysiem no overvoitages due
l to feroresanance or switch-
ing.
¥ "9
High i Ground faultcurrentis limited.
Resistance , Ungrcundingcanresuitinhigh
Grounded valizgss dunng switching and
{3 Wire) ' thisis correctzd by high resist-

ance grounding.

Sketch 1.{*)
Residuc! Main ond Feeder Breaker
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Vary sensitive detection is required
to detect the limited fault current.
Since overvoltage due to switch-
ing isn’t prevalent an ungrounded
low voltage systems high resistance

grounding is not required,

Sketch 2.

Same as for un-
grounded except if
ground alarm relay
15 used connect re-
lay across ground-
ing resistor.

Zero Sequence Feeder Breaker

Same as for ua-
grounded.

Sketch 3.

Same as for un-
graunded.

Source Neutrat Main Breaker
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This system is very
seldom used and is
not recommended.
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Nota: For double endad sacondary unit substations ground fault protsction should be as indicated on sketches
%2 and § 5 howeaver Tor this type application the East Pittsburgh Works Low-Voltage Switchgear Department
snauld be consulted for the actual bill of material to be used. The application becomes rather complex if single
prase to neautral loads are being served.
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Sketch 4. 3 Wire Double Ended Unit Substdtion Sketch 5. 4 Wire Double Ended Unit Substation
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