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Short-circuit categories : '

HEC 157-1 has two categorles of short-circuit porformance outlined in Temperature- rise limitotions / Thermal ratings

talrle 12.2. . - T B s IY_ Yy —
! | U ol ae sy AW ol Sl e oleys (YY) Jsad ! oy
; 51 e O- COes Jlzsl Je padt J PI o I5Y1 2 L
Short-ecircult Rated operating sequence Condition after ot bl e s,u0l W P2 . 1Y 25 L2 clal.i al Ly 45000 ad)
performance for short-circuit short-eircult tests : oo C c
category . making and breaking ) - s $ 1 i ol il ¢ o\l 0O-Co-Co
capacity taste | °-“LU'CJ’LJ > S «I P2, Pl - oy st G
]
P1 0 - t- CO Required tc be capabls add Uy b udis o U‘J"”JLE"\.“ "“"'J"""u'l“' il 4 0s5
of performing reduced . ) .. I
sarvice ' ;,l-,tldjﬁjlujbaﬁJ‘,f_,.:.nl,_,.ln_,.:l-!ws-:‘-'i-’ P2 24 5 Ly
P2 O-t-CO~-t ~CO Required to ba capable . o0 doollad | 228 oy 5,0 s S LaeN 4 ii-“ilx..q-.;t.‘.US Ty
o of performing normal el € ad i A 7 o’
e - Bervice - bl g ol sl gy
Y] repraesents a breaklng operation. ]
€O represents a making operatlion followed, after the appropriate .1 01 - 1.2 3 ol i ool ozl .,u.;_,{::.;‘““ u’ .i.i-:ilk.;-q’!{ -
opening time (or immediately, that ils without any intentional S ol JL"‘”CL"AJU' ST
time delay, in Lhe cnse of a circult-breaker not fltted with

. . 3 - g5 i, 8ol LYl
Integral overcurrent releases) by a broaking operation. S e Lpde YL RS Jow UJIJ‘"‘JI“‘UJL o P Sk

t tepresents a specified time interval.

. izl
It can be seen that the P1 cb has to be capable of a type test . . e _
Iy e Yp IEC QLL#IAM:)'JJ'IQJau, tL‘_,J\.}l 33dom ( ¥-v) JJJ_J_-' dAsu
duty 0 - CO at jts ultimate short-cireult rating, while the P2 cb has .
to be capnble of a type test duty 0 - €O - CO. wlhe! Jl g3 ¥ ol iJ|,J-|3_-g-J:u.itLi.‘-’j§1 ol 1ol sl
However, the most significant difference between categories Pl . . ol i”l.-gdlsqu.‘:ﬂjf J_;Jl”
and P2 ts that a I'l cb need only Le capable of reduced service condit- ]

fon after the test, whereas the P2 ¢b has to be capable of continued

normal service.
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: Teopotaturd-cise
Types of matarial, 1imit {oeasured by
description of part thermocoliplae)

Contact parts in okr {maln, control and
auxiliary contacts)s :

copper . A5*C

sliver or allvar-faced’ t1)

all other matale or sintered metals {2}
Contact parte in oll 65°C
Bare conductors including non-insulated colle 1}
Metallic parts scting as springs (2}
Hotallic parts In eénncta with Lnsulating
materials L}
Parts of metal or of i{npulating material in ‘
contact with ol) &5 C
Terminals for extsrnal insulated connections 70*C(S)
Hanval operating means:

parts of metal -15%C

parts of {nsulating matarial -1
Gl in oll-immeresd appArstus {measured at the
upper part of the oil) 6o C(6)

“the expression 'sllver-faced' includes s0lid silver Linserts za wall
ap elsctrolyticslly deposited silver, provided that a continuous
layer of silver vemalns on the contacts after the endurance tsats and
the short-elrcult tests. Contacts faced with cther materiala, the
coptact resistance of which is not significantly altered by oxldat-
ioh, Aro treated as sllver~faced contacts.

{1) Limited sclely by the necesalty of not causing any damage to
adjacent parts.

{2) To tre spoeified according to the properties of the metals used and
Limited by the nocessity of not cauveing any damage to adiacent
parts. - . .

(3) The resulting temperature shall not resch a valus such that the
elasticity of the material is impaired.

(4) Limited solely by the necessity of not causing any damage to
insulating oaterials.

(5) The tsmperature-rise limit of 70°C is a valus basesd on the con-
ventlonal test of Clause B.2.2.2. A cb used or tested under
installation conditions mey have connections the type, hatiure and
disposition of which will pot be the sams as those adopted for the
test: a different temperature rise of terminals may result and
this will have to be agreed.

{6) Hay be measured by thermometer.

e
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2 Part Maxiotm tenperature rise ('3)
uwanu..mam" 55, when the cil nwuunwmn»on is natural or fozced ron-
temperature class ¢f insulation A diracted

V.o

(temperature rise measured by the

registance method) 70, when the oil circulatjon is forced and directed

Top oil (cemperature rise measured by 60, when the transformer is equipped with a conservator or

therocmetar) . sealed
53, when the transferwer is neither equipped with a
conservator nor sealed

The temperacure shall, in no case, reach a value that will

Cores, metallic parts and adjacent
damage the core itself, other parts or adjacent materials

materials

The temperature rise limits of the windings (measured bv the resistance method) are chosen to
give the same hot~spot temperature rise with different types of 0il circulation. The hot-spot
temperature rise cannot normally be measured directly. Transforzers with forced—directed oil
flow have a difference batween the hot-spot and the average temperature rize iz the windings
which is smaller than that ln transformers with natural or forced but not directed oil flow, -
for this reascn, the wirdings of transformers with forced-directed oill flow can hava temperat-
ure rise limits (measured by the resistance method) which are 5°C higher than In other

Hote

\

transforxers.
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X, = initial load power as a fractlon of rated power
. 7 permissible lond power as a Cractlon of rated powor .
gpreater than unity)
t = duration ol K, in houvrs
0, = temperature ol cooling medium (air or water).
Hote K| = SJ/SI' ad Ko S:/Sr where 5 Is the '1_nil.l..'|l load power,
5

?

is the permissible load power and 5. 1s tho rated power.

valves of K, For given values of K, and ¢

L~ 0.5
Eoe
L= 2
TL = 4
t = 6
Lt~ 0
L= 12
t. = 24

K, =0.25 }1I“U.SU1R|"0.70 Y."‘O.BO I".l"'(].‘."U K."'l.OL
+ + 1.92 1.83 1.69 £.00
l_F_]_E “I_‘E(_). 1.70 1.62 " 1.50 1.00
1.59 1.5) 1.46 .41 i.32 1.00
1.34 b3t 1.27 1,24 1.18 1.00
1.23 1,21 1.18 | 1.16 1.12 1.00
1.16 115 113° 112 1.09 i.00
.10 1.09 1.08 1.07 1.05 i.00
1.00 .00 t.00 | t.00 | t.00 1.00

OHAl and

lote In

OHAF trannlormern: 01 -~ 20°C,

normal cyelle duty the vaiun of K3 should not be grreater

than 1.5. The values of K, greater than 1.5, underilined,

an
Th

ply to emergency dutlen.

2t sign indleaten that ¥, La higher than 2.0.
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Assuming e shimo seavice lite as {or conlinuous operalion ot taled power and al nn
ambient aie tlemperaline of 207 G, lhe Leanstormers moay Lo subjecled lo a foad cycle

as shown by the curves below. . '
2 1 08«~1 (D
15 - »-;_: ——
- rr
g ; : N AN
] \
—_—r—
K, —--..4,___‘. N .
—r————
LE 1~ = = \ —
|
2 —— \
f:'!\_‘ h
-—-_‘""--... o
u — 8
10 ] S
u
b
na o
0.2 0.4 0.6 o8 1.0 1.2
— - K

The cirves aie in necoidance with the |EC 1ecommendalion of 10972 wihich poumitn a
hot-spol lempetalne in the windings of 140° C.

in which;
Ky = Inilial foidd iefenred lo oating
Kz = max, perinissible load relerred 1o rating
I = duration ol K in h

Nole:

In crrlain eases e peonissible overlond ohininnd hom the above cirves may be .

firmitew) Dby e tap changar and bushings, Thereloie, 01 s Inlemdesgd (o apeisln thn
banslotmed with o load cycle involving overteads, (he haighl of Ihe laller and lhe
natume of he tload eycle shautd be siniod.

U ol Gl bl AL | el iy Ky Ky gu e gads (v-1) ysa
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laid in air with rubber, PVC or paper.
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Currentialings and protection far
cables, laid in the ground with rubber,
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cables laid In air with
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PVC or paper-insulated conduclors. in
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- Centrifugal Pump Lexicon (K S B)
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- Pump Handbook,Mc-Graw-Hell Book Company

- CATERPILLAR GENERATOR SET, Apphcatmn and Installation
CATER. Engine Division

- Compressed Air and Gas Handbook,by Compressed Air and gas Insulutc
New York

- Wallace & Ternan Chlorination Manual,Design of Municipal Water T.P.
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- Ecken Felder I, w.w Principles of water Ceyality Management, 1980.
- Culp, G.L and Culpm R L. New Concepts in water Purifications 1974.
-ELIASSEN, R.,and E.A CASSEL"Design Factors For Effective Settling
of Coagulated water”, Water Works Eugiﬁcéring, November 1957.
- Design and Operation Data an Rapid Sand Filtration Plants in the U.S.
and Canada "] ournal of the Amerivan Water Works Association July,
1956.



