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If critical loads justify uugfouuded operation,

] /c -systems: glouv.lding

There are three camps on this mat-
ter ol neutral grounding. First, and
growing, are those all for it. Sec-
ond, there's a group against it.
They cite belter service continuity
they feel is inherent in an un-
grounded system. Third are engi-
neers who have lived with an
ungrounded system but are real-
izing the advantages of ground-
ing. On a modernization program
they'll stick to ungrounded neu-
trals bul will leave the door open
for a later switch by specilying
Y-connected translormers.

Sound engineering plus solid -
field experience backs today's

In the ungrounded camp

Grounded neutrals boost reliability, safety,

On Y.grounded low-vollage syaloms, as on the
y side of load. unit
tine-t trol calculated voltage 1s {
met either In normal operation or wilh o
ground on one phase. In ungrounded systems,
two ungrounded phazes are at line-to-line
polenlial measured to third phase when it
accidenially grounds. And first lault doesn't
automatically clear. If loull occurs on another
phane, there’s a phase-lo-phasa short,
[ ing H de. When dil! phases ol
an aystom id lly ground in
near-by machines, a tire horard may rosult.
Curret path betweon grounds can include
greasy shavings or other material that could
be ignited by localized heating or sparks.
Impedance of path is high, so cumeni flow
may be enough to start a lire but won't blow
fuses or trip breakers.
On ungrounded systems,

balail

ded

“sputiering”

With so many inlavoral g ded

swing to neutral grounding.
popular method grounds neutral
of a Y-connected transiormer or
generator. Few ground corner or
center ol phase on 3-phase della.

are those who diligently search
oul each ground as il occurs.
aim to keep the system completely
free of accidental grounds. Others
still take the shortsighted ap-
proach of keeping the system oper-
ating with one phase accidentally
grounded. They depend on over.
current protection lo clear the cir-
cult if another phase grounds; in
ellecl, a phase-to-phase 'short,

Most

¥ you ground neutrgly, -
1) Ground at egch :
level; only at source, {2

no part ungrounded, g,:::;
each major bus section I you
can separate thom, (3) Neutrg)
grounding needs three Over.
current devices, one |n each
phase, (4) Most aystoms need
only, two overload relays inr
molor running Protection
whethor or not i1’y neuirgl
grounded. Some need three,
Check this. ($) I primary vol;.
age is belween 2.4 and 138 kv:

there

They

)

consider reslstance grounding.

grounds can couss overvoltages. Cireit
lormed between system capacitance (mainly
cables) and system inductive roactance buildy
-up volicge boiweon phases and ground 1o
soveral limes normal line-to-line, In cases-on
rocord such sputtering grounds led to muliipte
motor laults uniil located and cleared,

Overvollages can stem from sources other
than i d “ontact

liah

g
with higher system voliages, resonance In .

seorion Inductlve-capacitive cireuits (Power,
Aug. 1952, pp 90-82). But a grounded neutral
will hold phase-to-noutral voltage constant.
Equi P fon. G dod systoms offer
betler equipment protection. Relays will de-
lect grounds and clear citcull belore arcing
devolops into ph to-ph: faulis. On pri-
mary voltages of, say, 2.4 10 138 kv, reslsiance
grounding is oflon used to hold down burning
at ground point, reduce explosive eflects,

here’s how you make the best of it

neutrals, how do today's ungrounded aystems
manage? Two things are neadod: (1) topnolch
mainlenance to kesp circull insulati in

det.

the o shows the lault is cleared.
This procedure, of course, isn't proctical in
a modern plant. In lou of it we now have

good shape (2) some practical melhod of
quickly locating grounds before they develop
into phase-to-phase laults,

Thot's just about the way mony lirst-rate
power engineers handle the problem. They
fully reatize di ol an

troubl itfing instrumenta that track down
point of fault on an ungrounded system with-
out shutting off power. See skolch, loit.

Impulse.Detectors. A modorn ground-detector
impulse unit clamps to ungroundod phases
at the maln bus. A signal current 1a super-

syatom. Bul they believe tha!, because of eriti-
cal nature of their loads, demand lor contin-
uous service justifies an ungrounded system.
Lamp-Detectors. Where o simple lamp-de-
tecior i3 used on an ungrounded systom |t
Indicates only that a ground does or does
not oxist, lf there is a ground it doesn't tell
where. The only available way to tind which
branch clreuit is causing tho trouble is to trip
the circull breakers ono alter .another uniil

TODAY'S ELECTRICAL PRACTICE

1 d on tho ded line all the way
down to the trouble point. Then, with a sen-
sitive induction-typs impulse roceiver, the
signal ls traced, oven through motal-clad
swiichgear and eanduit on the grounded line,
The portable detactor unit will even pick up
an impulse as small as hall an ampere. So it
readily indicates the point at which .signat
leaves the powaer line and enters qr&und ~the
laull point. For details of this ground detecticn
procedure, sco POWER, May 1952, pp 132, 133.

rower

equipment proleétio}.

i ';yneml: voltage selection

3 continue 1o climb. Power engineers and
3o 1 equipment come closer to agreeing on
" 5olmges. 80 we move toward lewer levels.
Voltages. Plant safely and local codes enter
main factors are: load size, distance and
1 ratings. Bigger loads and longer distances
her vollages. And, of course, voltage rot-
equipmen! musl malch feeds.

neers no longer consider 4.16 or 13.8 kv
1o have around. Greater salely of to-

o

hut three
quipmen
int to hig
x;fq! of usinql
power engt
100 dangerous

3

9% ol many vollages available for

primary distribution — 24, 4.18, !3,8 and
69 kv — has its place, But teday's think-
g points 1o twas 416 kv lor planta
‘having © supply transtormer and/ar
railing capacity ol 10,000 kva, or
and 138 kv whate there's a supply
mer and/or generating capacity
i':ld;lgl'n tva, or moro. So lor range be-
twr sither ol two voltages may be
*noxt sconomical. (n choosing, don’t lor-
1 your plont will probably grow.
While 4.16 kv migh! possibly be slightly
loss oxpensive now, il plant should re-
*quire sizable expansion 13.8 kv would
"be more economical.
24 or 4.8 kv? With all lactors Included
'~ awlichgear, molora, storters — costs
ganerally lavor 4.18 kv. In addition,
there’s greatsr allowance lor expansion
.t 4,16, In small plants (say 2000 kvo)
dilieranilal may be small bul In larger
plants (up around 15,000 kva) saving

may be needed.

a 24-kv systom.

can be savera! dollars por kva for 4.16 kv.

Foedor costa usually dlp as voltage
rises. Daia tor @ modern armored high-
cable primary-feedor layoul points to a
saving ol about $1.00 per circuit kva per
1000 {t, for 4.16 over 2.4 kv, Operating at
12.6 olfors an additional saving over 4.16
ol about $0.50 per circull kva por 1000 {1,
where individual circull loods can be
opt in the 3000-kva range. Cost ol ter.
minating may delract {ram economy of
13.8 kv il average longth ol runs is low
and there are many amall loads or sub-
stalions pet leeder,
be carried a1 higher valtage: fower linea

Al 4.16 kv, awilchgoar lor a given in-
terrupting capacity costs less than at
24. And in a €.IB-kv system, it a 1200-
amp broaker Is neoded. a moro oxpen-
sive 2000-amp job would be required in

Whal about expansion? Largest metal-

day's equipment, both in inaulation and mechanical
enclosure, makes high voltage nothing to lear.
Primary Voltage. Here higher levels mean lower cost,
greator llexibility and expansion margin. Savings in-
crease as plants spread oul and loads ge! bigger.

On the secondary side, apparent advantages of
‘higher voltage point to making itas high as possible,
up to limit of 600 v. Actually. 480 v is becoming ll?e
byword lor new load areas because ol ready avail-
ability of utilization equipment forit.

igher voltage levels ojfgr economies, flexibility for expansion

clad breaker for 24 kv Is 150 mva max-
Jmum interrupting roting. For 4.16 kv,
maximum is 250 mva. This aliows a
much larger system withoul synchro-
nizing buses, current-limiting reactors,
or other meana ol cuiting fault current.
dary Voltages. Today's practi
puts spoilight on 480 v: torward-looking
powaor ongincars soldom lind good rea-
son for selecting 240 v, Costwise, 240-v
systems run higher than 480: heavier
curront means larger cable, breaters.

1t usod to be argued that 240 v is re-
qQuired for areas with heavs sleciric tur-
nace loads. Today most large lurnaces
can operaie directly {rom 480 v, Even
though a slzabla portion of load is at
240 v lor small lurnaces, iU's seldom
-aconomical to adopt 240 for general dis-
tribution. Setect 480 and step It down 10
240 lor specialized loada. Anather point
lavoring 480 v 1a ease of getling 277 v
tor plani lighting (sae pp 122, 123).

Bul mote kva can
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Elsctrical modernization plans may involve: (1) replacement
of some unsale or obsolete part of the sysiem. with litile or
no expansion of capacity, or {2} expunsion 1o boest capacity
lor growing loada. in sither case, biggest gain can be made
by changing 1o o load-center system and higher voliage.
Bost Approach. Start by laying out a complote idea! power
sysiem of type and voltago desired. Plan it as if you wero
building the entire plant new, Then seo whal modilications
. of the plan are noeded lo use servicaable existing equipment.
- From thon on. ovary step should be based on tho Ideal plan.
Too olten, power enginsers spoil good intentions by leiting
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In modernizing, present vollages needn’t limit you,

the existing selup influence tuture plans too greally. This is |

TODAY'S ELECTRICAL PRACTICE

416 0r 128 kv

higher ones can be worked in

especially bad il the old system {sn’t tight lor plant conditions.
Higher Voltage. Always check this when expanding or
modernizing an oxisling system. Converting o low-voliage
systom o a higher voltage is a simple procedure. As sketch
shows, It maerely requires addilion of a bus-tie transfermer
between the buses. Then expansion can be to higher vollage
as |f lower voltago aystem didn't oxist. Old low-voliage and
new high-voltage aysiem can be tied in several other ways.

Many planis using a 2.4-kv aystom are {acing expansion,
yei want lo hold onto 2.4 already insialied. This can be ‘donn
by working in a 13.8-kv system to sorva new leads and also
areas of 2.4 kv through appropriate tranalormers.
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