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n solidly grounded power systems, where

separate equipment grounding conductors

are used inside conduic or ocher raceways, siz-

ing the equipment grounding conductor
(EGC) per the minimum specified in NEC Arcicle
250-122, Table 250-122, can result in an inade-
quate ground-fault circuit design. Depending
upon che magnitude of the ground-faule current
and the specific rating or sectings of the
overcurrent protective device, an EGC can be dam-
aged or completely descroyed before an upstream
overcurrent device can clear the fault. Maximmum
thermal damage to an BGC often results from
low-level ground faults, where currents fall below
the short delay pickup setting for the protective
circuir breaker.

It should be recognized that Table 250-122 of
the NIC [ 11 serves only as a guide in determining
the minimum size of an WGC. This is emphasizec
by the note added beneach the table, which scaces
"Tiquipment Grounding Conductors may need to
be sized lacger than specified in chis table in order
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to comply wich Seceion 250-2(d).” Section
250-2(d), states than an cffective grounding path
shall "have the capacity to conducc safely any faule
current bikely to be imposed on 1t,” Unfortunately,
Table 250-122 is often used as the only basis for se-
lecting an BGC. Here we present an example that
iltustrates how selecting an EGC bused only on Ta-
ble 250-122 can result ina ground-fault ciccuit de-
sign that may violate Section 230-2(d).

Sizing of EGC

A feeder circuit showing a circuit breaker providing
overcurrent protection for three, 1/C, 300 kemil
phase conductors is presented in Fig. 1. The long-de-
lay pickup (LDPUY of the breaker is ser at 400 A,
From Table 230-122, a minimum #3 copper EGC
would be required for this application. This is based
on the LDPU setring of the hreaker. The remaining
seteings for long delay time (LDT), short-delay
pickup SDPU), short-delay cime (SDT), and instan-
taneous are not considered in selecting the TGC.

Also presenced in Fig. 1 is a typical coordina-
tion curve for 2 400-A circuic breaker, along with
various thermal damage curves for different sized
TIGCs. The settings for the circuir breaker are as
follows: LDPU = 400 A, LOT = 36 s ar 2400 A,
SPU = 4000 A, and STIT = 0,18 s, Acrual sec-
tings would be dependent upon downstream de-
vices. The thermal damage curves ave based on the
following expression {2} for & capper BGC:
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where
m 1l - che initial temperatuce of conductor
m T2 = the final temperature of conductor
m I = current fow

Wt - tirme thar current Hows < 10's

m CM = the area of conductor in cire, mils.

The individual thermal damage curves along
with their paramerers are identified as follows:
#3 BGC, 23070 T =73°C, T2 - 250 %C, CM = 52,620
i3 TGO, LORS PCl't =757, T2 = 1,083 °C, CM = 52,620
#AM0 TG, 2500°C T =75°C, T2 = 23090, CM - 211,600

330 kemil, 150 °C;'F1 - 757, T2 = 150°C, CM - 350,000

500 kemil, Phase Condueone: TL - 79 90,12 = 150 %,
CM - 300,000

#3RGC, 250 5C, 3001 =75 °C, T2 = 230 °C,
CM - 52,620

An initial temperatore of 75 —

it

1 is vecommended thar FGC thermal
deniage curves e msed 1o evernate the
ddequacy of o gronid cvenit design
once the Hanecuvreat chavacteristics of
the pridective overcivvent devices bave
becn evieblished,

curves for boch #3 BGC, 230 °Cand #3 RGC, 1083
2C MELT lie helow the LI¥L time-current charac-
teriscics for the breaker. Therefore, should o
ground-fault current aceur below 3500 A, a #3
coppet BGC would melr before the 400-A circuir
breaker could operate. 1F the EGC melrs,
ground-fault protection would be lost and consid-
erable damage to the phase conductorsand raceway
system could resule. A #4/0 copper GC would be
required to limit worst-case tempetatures ta 230
oC for all possible fanle currencs, Even in this case,
however, damage 1o the ground-faule circuit
might result if cerminacions loosened upon cooling
to ambient cemperatures, o prevent any chermal

*C was seleceed tnoall cases. Vari- 1000 - —
ous final temperatures were cho-
sen, A final cemperacure of 250°C LDPU
relates to the amount of encrgy 400A
that could cause a copper conduc- I
tor ta loosen ac its point of attach- 3 |

. 100 Eoc ) 400ACE |
ment after ic had been hoared due o 500 kemil
to a faule and thon cooled hack o | LoT NEG | Phase
ambient temperature [3]. A final ? Conductor
remperatute of 1083 *C estah- ‘—
l‘ishcs Tllf_’ thermal damage curve 20,000 A SC
tor melting a copper conductor, 10
For the 350-kemil BGC and the
500-kemil phase conducror, ther- 500 kemil

L . ® Phase Conductor
moplastic insulation was as- 2
sumed, with a cemperature rating =
of 130 °C {2]. Ocher possibilities l
exist for selecting final tempera- -
tures {41, [5Y. The last curve as-
sumes that we Lave a #3 BEGC
inside a merallic conduic and that
50% ol the fault current recurns ECGs
back to the supply on the conduit 350 kemll, 150°C

- “ 0.1 #4/0, 250°C
rather chay che TG, '

TNoferring to Fig, 1, there are in- r
HMarolag. b Hhercd \ \- 13, 250°C, 50%
tervals of faule current where the \
final temperacure of u #3 IGC con- L — #3,1083°C, Melt
ductor can exceed boch 230 °C and #3,280°C
1083 =C before che citenic breaker 1] ! + 0 : : T .
1 10 100 1000 10,000

could operate aned clear the fanli.

X100 A at 480V

For ground-fault coerents tess than
3500 A, the theemal damage

Fig 1, KGO thermal damage covpes,

1FEF Industry Applicatinns Mogazine w May/June 2000 m

|
I
I
|
|
|
|
|
|
|
I
I
|
|
|
|
|
|
|
|
1
|
|
|
|
|
|
|

|
|
|
|
|
|
|
1
|
|
|
|
|
|
|

|
|
b
|
|
{
|
!
|
|
|
|
|
|
|
I
|
!
1
|
|



Selecting an OGC based only on Vable

250122 can vesult in a growrd-fanly

Circnil design that iy be in violation
of Section 250-2(d),

damage, a 350-kcmil BGC would be required.
This assumes thermoplastic insulation with a tem-
peracure rating of 150 °C. The size of the BGC, in
this case, was calculated using che thermal damage
cquation by setcing T1 75 °C, T2 = 150 °C, I =
5800 A, ¢ =105, and solving for CM.

The above example represents a worst-case sce-
nario by assuming chat all ground-faule current te-
turns back to the supply via the EGC rather than
through a conduit or raceway. Furchermore, it was
assumed that scparate graund-fault proteccion was
not usee.

1000
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.
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L ECGs
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lidg, 2. Groawd-fuult protection included,
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In cases where a separate TGO is installed ingicde
1 mecal conduir, as much as 50% of che
ground-faulc current can return back co the supply
via che conduit inscead of the TGO 6], This would
reduce damage to the BGC under ground-faul
conditions, T'o evaluate the adequacy of a #3 EGC
in this ¢ase, consider curve #3 LGC, 250 2C, 50%.
‘This curve was ebtained by replacing T 'by 2 in the
expression for the thermal damage curve, While
this curve lics above #3 BGC, 250 °C, indicating
that less damage would result from a faule current,
ic still lies below the rime-currens characresistic of
the circuit breaker for ground-faule currenes less
than 3500 A. Once again, therefore, for
ground-fault currencs less than 3500 A, damage to
the ground-faule ciccuic could resule,

In cases where sepatate ground-fault protection
is uged, sizing che BGC based only on Table
250-122 provides sufficient protection for all but
the highest levels of ground-faule current. This is
lustrated in Tig. 2, where che same feeder cireuit
is presented, bue ground-faule proceceion has been
added. It 18 now seen that ehe cime-current charac-
teristic of the ground-fanle-protection curve lics
helow the theemal damage cutves for the EGCs ex-
cept near naximum fault conditions where #3
NGC, 230°C falls underneach the proteccion,

This arricle has adldressed the issue of sizing the
BEGC hasced on thermal damage considerations
oaly, Other considerations, such as voltage devel-
aped on equipment during a ground faule, have not
been addressed, In addicion, the provection al-
forded the gronnd-faule circuit by other upstream
overcurrent devices, such as fuses, could he evalu-
ated in similar faghion,

Conclusions

It is reccommended that EGC thermal damage
cutves be used to evalvace the adeguacy of a
ground circuit design once the time-currene char-
acteristics of the protective overcurrent devices
have been established. This would be particularly
importane 10 cases where separate ground-fault
protection is not usced.
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