; ]] /0 l systems: basic considerations

Like leprosy, high voltage was held at a distance
in yesterday's plants. Typically. utility feed came
into a large primary substation outside the plant
proper. The substation housed three large single-
phase translormers and a maze ol secondary break-
ors toeding the many loads throughout the plant.
{n event of a trans{ormer fault, use of three single-
phase unils allowed cutling out a laulty one and
connecting the two remaining transiormers open-
delta. In some cases, a spare single-phass unit
was kept lor just such emergencies,
High vollage haa now moved indoors. More depend-
able equipmenl, grealer degree ol salely enclosure,
beiter engineering know-how made this possible.
Main {eature of this evolution is the shilling of
the point where vollage is lowered to secondary
level. Instead of being done at one point outside

the plant, it's done at many unijt Substaiign, 3
load centers in the plant. There's still o mn"’ L
substation but, unless ulility voltage ig oy,
it's now mainly a switching poinl. Cables
primary substation atill run throughout the
but there are fewer of them and they're
bacouse they operate at higher voliage,
But there's more to modern distribution then oy,
Ing high voliage indoors. This was 0 maijor siep 1, .
for top resulls it must bo carried o iis log;
clusion by cholce ol proper circuit anangemen;,
Available systema, some 11 in number. range Irom
simple radial 10 more complex network hoakups, AL
have lheir place, but the survey on which this re-
port is based shows that three of these find widest
uso. by lar. So discussion here is limited 10 wimpjy
radial, selective-radial and network systems,
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Today’s load-center distribution system shows lower cost than

Regardiess ol the rellabillly bullt Into
prod: | entire op i
of your plant depends on uninterrupted
supply of electic power to tha many
molors, lomps, lumaces, weldern, etc.
Thus, speaking broadly. lunction of your
elecirical disirlbution system ls 1o ro-
celve power at ono or more bulk-aupply
polnis and deliver it dependably to
every electrical davice in the plant.
Comparative Costa. Unliks many olher
advanced methods, carrying high volt-
age to hean ol the plant actually cosis
leas than distributing at low voltage. To
drive this polni home, lel's consider the
case (llustrated by the relative-cesi chart,
upper right on lacing page. Figures ate
based on a 250,000-eq-lt single-iloor
plani. Old methad of supply would have
@ one-line dlagram llke thal af lelt of
tllustration, A slngle farge subsiation
would be localed outside the b

voltage on leedors makes them smoller.

in (his case, iwo primary leedess were
selocted lor the load.center system, This
further increaaes sysiem selectivity com.
pared with old-siyle layoui, Here, by
selecilvily we mean being able 10 main-
toin part of the load In an emergency
such as o primary cable or translormar
lailure, Although skeich doasn't show i1,
use of two primary lesders requires more
clreult pting equk In spite
of this, swlichgear cost runs about the
samoe lor elther system,

Then, while transiormer costa are
greater in the load-canter systom, soc-
ondary switchgear ces! is maierlally re-
duced, since only 15000-omp interrupt-
lag-rating leadar breakars {in cascade)
are neodod {or smalt 750-kva secondary

stations. Shor-circull values aren't &y,

cronsed a1 any exisiing unit subsiations,

But suppose wo had put extra iragy.
former capaclty in the old-style low.
voliage aystom, in anticipallon of load
growth, Load«centor system illl proves

loss cosily to expand, becqure (it & .

pacily can ba bullt up In smoll units as
load grows. Thus powsrsysteam and
plant growth are closely coordintied.
With the older system, a large copita
invesiment must bo made Initially in g
blg single subsiation. Secondary lesden
are addod as needed until limil of sub-
slation capacity is reached. Then anothes
subsiation 18 buili ai greal expense. Ui
oad dooesn't grow, invesimenl is wasied,

In applying locd-center methods, how.
ever, initial investment cun be lower

With old ¥ Mage dls-
tributton scheme, §0,000-amp leader

and long low-volioge loeders would
siring through the plant to serve the
loads. With a 13.2.kv incoming line, this
powar syatem, right ihrough lo final
plug-in bus duct, would cos) about
$100,000 installed.

Load.Center Savings. A modern load-
conter syslem using packoged second-
ary unll subsiotions (see diogram, p 89),
would cost about $83,000 for the same
plant. This is a saving of $17.000, or 17%.
Secondary substotion system has about
3000-kva copacily 1o allow for diversity,
but these subsiations cost only aboul aa
much as a 2500-kva outdoor substation
assembled on the job.

Mafor saving comes in cable cosl, as
chart shows. This brings oul the im-
poriance of looking at the over-all ays-
\em in any economic study. A chonge
In one parl may have a signliicant bear-
ing on cost ol another part. Here, high

breakers {in de) would be needed
lor the large 2500-kva substation,
Addi } Savioga. Average load-cent

you need only Install capacity
loc prasent loods plus a small reserve.
Handling Large Loads. In the lollowing
lour pages we'll 1alk aboul cireuit a-

system ‘shows lowar losses than older
low-voltage distribulian. As plant grows,
exiro gpavings rosult lrom load-center aye-
tem’s greatar flaxibillly in handling new
toada In oxisting build o

Wa can lllusirate thie by supposing
\hat the plant we've been talking about

- is axtended so as 1o need aboutl 1200

kva more. Il wo odd this translormer
capagily to the old-style low-voliage sys-
tom, shori-clrcuit curvenis on all previ.
ously installed joeder breakers are (n-
crocsed. Possible shorl-clrcuit duty
would be Increased so much Ihat break-
ors would be (nadequato. and thore'd be
an § di botil +

Easy Exponaion. Conirast foregoing with
expangion o} a load.center aysiem, Here
we merely axtend the two high-voltage
loeders and add (wo new unll sub-

TOOAY'S E(ECTRICAL PRACTICE

g now in use ond soms of the
thinking behind plant decisions on odop-
tion ol one or another system. Bui belors
wa gel {o thal, there are some general
thoughts which apply regardiess of the
spocific system used, in pariicular the
question of handling large loads.

Typleal would be large motors, say
above 200 hp. Such unite can often be
sorved more economicully of voltages
abava 600. Thus they'rs out of ranga of
secondary side of regular secondary unit
substations. {f primary voftage is suil-
able, they may be served disectiy.
Direct from Primary, For example, motors
above 200 hp may feed directly from @,
2400.v primacy systom. Likewise, motors
above, say. 250 hp, can be nerved from
4180-v sysiems and thoso over 1000 hp
trom 6900-v. Motors abave 2000 hp may
be supplied ot 11.0 to 12.8 kv.
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lotw- voltag e layo ul,

here
‘i il ren into cases w
m:.‘ ::ulmdl that con’t be fod prop-

and ﬁexibility makes

distribution

to serve the

answer would probably be L "
1 the 13.8.ky system thsoug

e ‘rcm 1 with a second-

a4
r primary or Y.
. h:l:'o :\lv::.po:ib\e answers. (i, 1oy,
M\m. ona of two molors 100 large
it sscondary voltage {(480-v systema)
* gnd too smail lor primary voliage, bost
bel ln 10 feod wuth mot‘ou legin primary
gte ransiormers.
m:'::rm Logd. Lot's look ot an
sxample—an 800-hp motor na ploml
with 138-by primary. Mosi sconomica .

:.ry v;llaqo ol tho order of 2300 v.

On the othar hond, lef's soy you havo
conceniroled groups of large motors and
an ologtric lurnace, You'd normally leed
them dirsct o! primary volioge but you
can’l becouso it's (00 high-—iovs suy 138,
2.5, or evon 69 kv il IV'a @ vory large
plant, With oxception of 138, these voli-
ages would bo lco high to apply to any

its expansion easter

h for most.
motors, and 13.8 ls too hig

Madium-Voliage Substation. The answer
in this case lfes in an adapiation ol the

Joad.center ideq, Supply big loads or

groups of largo motora from c:epova!n
unit having a y 'egha.
age In tho rango betwaen 24 and 13

kv, A typicol cose is {ound in paper
mills, whare primary voltage is often 138
kv. Here large molots are gonarglly sup-
plied at 2.4 kv through @ 13.8/24-kv sub-
station. Gmaller moters operate at 480 v.
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Here

Today,awlich-

gear is often tho major equipmen) ltem

. In the prlmary subatation where incom-
' ing loeder voltage is less than 18 kv, Clr-
cull breakers ore lhe usual intorrupling
means, operated through inducllon re-
lays and ct's. But toqd-intercupler
switches and high-vollogs power fuses

are the basic elements of a

For connecling
primary and secondary subaiciions,
cable in conduil iy maoitng tough com-
petition since odvent of armored cable.
This new version of low-vollage armored
cable licks cost of condult instaliation
and cable pulllng. 1t offers increasod

hanical ton. Simple hani:

P
hods of splici

may be used. Either way, pa kaging It
\he theme, rathet than fiald assembly of
the separate components.
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col and ter
have been developed lo .llmlnule.the
need lor coally lead wiping of |aints.

TODAY'S ELECTRICAL ACTICE

maodern load-center system

Hoart of modorn
systom is the socondary unit substation.
{1 hae ihree ports. incoming ac-line sec-
tion, translormer, secondary lvl‘lchtnlq
saction. Incoming line may have breck-
ars, junclion boxes. interrupler swilches.
Translormer may be ail, askarol, ven-
tlated oc scated dry type. Sooondar‘yl
soction may have drawoul alr clreul
prookers, malded-case brogters or somo
form o! motor control Incorporated.




