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Short-circuit categories

IEC 157-1 has two categories of short-circuit performance outiined in

table 12.2.
Short-circuit Rated operating sequence Condition after
per formance for short-circuit short-circuit tests
category making and breaking
capacity tests
Pl 0O - t-COo Required to be capable
of performing reduced
sarvics
P2 0-t~-CO-=-¢t ~CO Required to be capable
of performing normal
sexvice

S—— e b e

(¢] represents a breaking operation.

CO represents a making operation followed, after the appropriate
opening time (or immediately, that is without any intentional
time delay, in the case of s circult-breaker not fitted with
integral overcurrent releases) by a broaking operation.

t represents a specified time interval. »

it can be seen that the Pl cb has to be capable of a type test
duty 0 - €O at its ultimate short-circuit rating, while the P2 cb has
to be capable of a type test duty 0 - CO - CO.

tiowever, the most significant difference between categories P1
and P2 is that a Pl ¢b nced only be capable of reduced service condit-
jon after the test, whercas the P2 cb has to be capable of continued

normal service.
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Tenporature-xisa -
Type of material, limit (measured by
description of part thermocoUuple)

Contact parts in air (main, control and
auxiliary contacts):

coppar

silver or silvar-faced"

all other metals or sintersd metals

Contact parts {in oil
Dare conductors including non-insulated coils (1)

Metallic parts acting as springs (&)

Mctallic parts in contacts with insulating
materials (4)

Parts of metal or of insulating material 1n
contact with olil 65°C

Terminals for axternal fnaulated connsctions 70°c(S)

Manuval operating means:
parts of metal 15°C
parts of insulating material 25°C

Oil in oll-immersed apparatus (measured at the
upper part of the oil) 80°C(6)

.The expression ‘allver-faced' Ancludes solid silver inserts as well
as electrolytically deposited aflver, provided that a continuous
layer of silver remains on the contacts after the endurance tests and
the short-clrcult tests. <Contacts faced with other naterfals, the
contact resistance of which i{» not aignificantly altered by ox{dat-
ion, nre treated as silver-faced contacta.

(1) Limited nolely by the necessity of not causing any damage to
adjacent parts.

(2) To be specified according to the properties of the metals used an
limited by the necessity of not causing any damage to adjacent
parts, )

The resulting temperature ahall not reach a value such that the
elasticity of the material is impaired.

Limited solely by the necessity of not causing any damage to
insulating materials.

The temperature-rise limit of 70°C i{s a value based on the con-
ventional test of Clause 8.2.2.2. A cb used or tested under
installation conditions may have connections the type, nature and
disposition of which will not be the same as those adopted for the

test; a different temperature rise of terminals rmay result and
this will have to be agreed.

May be measured by thermometer.
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V.Y

- k]
No lcad 1/4 Load 1/2 Load 3/4 Load . Full :icad
Qi No load 2.8 No lcad 2.8 No load 2.8 No~ load 2.5
Askarel 2.3 Load 0.5 Load 2.3 Load 5.2 Load 9.:
Siilicone Teotal 3.4 Total 5.1 Total 8.0 Total 11.9
ory-type, 150°C 3.2 No leoad 3.2 No load 3.2 Nc load 3.2 No load 3.2
Load 0.8 Lead 3.3 Lcad 7.4 Load 13.2
Totral 4.0 Tctal 6.5 Total 10.6 Total 16.4
Zpexy dry-type 3.2 No load 3.2 No load 3.2 No load 3.2 to ;load 2.2
Load 0.7 ‘Load 3.0 Load 6.7 Load 11.3
i
Total 3.9 Total 6.2 Total 9.9 Total 15.0

3IL = Basic insulation impulse lavel.
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1

2

b

4

Pazt

Cooling method

Tezperature class
of insulation’

Maxizua temperature rise

windings (tenperature rise
seasured by the resistance
ssthod)

Alzr, natural or forced

E L BN I

(°cy. .

60

75

80
100
125
1sot

Cores and othar parts
(a) AMdjacent to windings
{b) Mot adjacent to windings

ALl

(a)
{3)

Same values as for windings

The temperature shall, ia
no case, reach a value zhat
will danage the core Ltself,
other parts or adjacent
materials

3|
3

Note. Insulating materisls may be used separiately or in cecbination provided that
material will not be subjected to a temperature in excess of that for whizh
under rated conditions.

in any application each
it is aﬁ.n?uu: {f operated

.u: accordancs with IEC Publication 85, Recozmendations for the Classification ¢? Materials for the .un-c:ﬂo...
of Elsctrical Machinery and Apparatus in Relation to thair Thermal Stability in Sexrvics.

._.nun certain insulating saterials, temperature rises in excess ¢ 150°C cay be adopted by agreement between
the nanufacturer and the purchaser.®
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2

fart

Maximum tesparature rise (°C)

dindings:
temperature class sf insulation A
{temperature rise seasured by the
resistance method)

55, when the oil cirzulation is nacural or forced ron-
directed ,

/ . .
70, when the oil circulatiorn is forced and directed

Top oil (temperature rise measured by
therncmeter)

60, when the transfcrmer is equipped with a conservator or
sealed

55, when the transfcrmer is neither equipped with a
conservator por sealed

- Cores, metallic parts and adjacent

aatarials

The temperature shall, in no' case, reach a value that will
damage the core itself, other parts or adjacent materials

Note The temperature rise limits of the windings (measured by the resistance method) are chosen to
give the same hot-spot temperature rise with different types of oil circulation. The hot-spot
temperature rise cannot normally be measured directly. Transformers with forced-directed oil
flow have a difference between the hot-spot and the average temperature rise in the windings
which is smaller than that ia transformers with narural or forced but not directed oil flow. -
For this reason, the windings of transformers with forced-directed oll flow can have temperat=-
ure rise limits (measured by the resistance method) which zre 5°C higher than in other

transforzers.
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= H (588 )90l | il gaeld faeadl Juda (A-Y) Jgaa

Ky = initial load power as a fractlon of rated power

Ky = permissible lond power ns a Croction of rated povor
greater than unity)

t = duration of K, in hours

01 = temperature of cooling medium (air or water).

Note K, = Sy/5. and K, o= 5,/5,. where G s the jnitial load power,
4

S, is the permissible toad power and Sr Is tho rated power.

valvues of K, For given values of K, ond €

Ky =0.25 [ K, = 0.50 1»:,-o.vo %, = 0.00 |k, =0.90 | x ~1.04
[ 0.5 + + L;_g 1;22 1L92 1.00
Lo 109 100 170 1.62 1 .50 .00
Lt o2 1.50 1.5) .46 1.41 1.32 - 1.00
L= 4 1.34 1.1 1.27 S 1.24 1.18 1.00
t = 6 1.23 1.21 1.18 1.16 1.12 1.00
tm 0 1.16 1.15 1.13° 1.12 1.09 1.00
Eon 12 1.10 1.09 1.00 1.07 t.os 1.00
e = 24 oo 1.00 t.oo | 1.00 | 1.00 1.00

QUAN and ONAF tranalormers: 0‘ =~ 20°C.

flote In normal cycllc duty the vaiue of K, should not be greater

than 1.5. The values of ¥, groater than 1.5, underlined,
apply Lo emergency duties.

The + sign (ndlcatrn that ¥.3 La higher than.2.0.
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Assuming the same seivice lile as lor conlinuoua opcration nl raled power nnd af an
ambient aic temparature of 207 C, the Uansloinicrs may bo subjected lo a load cycle
as shown by the curves below,

’ i o5~ t 0]
L5 - ~<] —-
i4 \~ —
4 \
Om— P —r—
M —— \‘\ P —
? & \\
J S
1.2 = g e ___N‘“\*:&_ —_ e
—
- — \\\‘4
"'\‘ - *
‘ [ —] i
24 o
10 5
iy
e
0.9 -
0.7 0.4 0.6 0.8 1.0 1.2
o — K

The cives are in aceordance wilth the IEC 1ccommendation ol 1972 whidh poimita o
hol-spot femperatuie in the windings of 1407 C,

in which:
Wy = initial toad relered 1o raling
Kz = max, permissible load referred to rating
t = duration ol ¥, in h

Hote:

In certain cazen the penmissible overload oblnined from the above cuives may hn
Hmiled by the ap cehanger and hushings, Therelare, i 3 iz Intonded (o opeinta the
tranzlormer with a load cycle involving ovetloads, the height of the iatter and the
natuie of the lead cycle should be siaied.
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Materfal®

Fire polint

(°c

S{ilfcone liquid
Midel 7131

Cant resin

- KLlass n

360

310

350
+

"For comparison purposes mineral oil is

170°C.

Askarel 1s npon-flammable.

fThene designs are virtually fire proof.

o el W09k 1194 1 Jaiad § )1 ! (p gl d st et (V2-¥) Jan

Material

convective
(rW/m )

-pédiatiqu
ixW/m’) .

5ilicone 561

Lpoxy resin

1tigh fire point hydrocarbon

53
546

25
361
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Current rating and protection for cables
laid in air with rubber, PVC or paper-
insulated conductors, in accordance
with NEN 1010 (2nd edition), Art. 152')

- . Throe- and four-corn
Nominal | Smgle-core cables?) Twsin-core cables cables
cross .
’:,c :l:::?l Highest Highest S Highest
coppar Current nominal Cunrrent nominal Gurrent nomingl
. R raling vither of ratug enliger of raling value of
conductor .
the fuse (the luse the fusze
mm? A A A A A A
]
R 1
1.5 27 25 24 20 20 16
25 40 35 3t 25 27 25
R 52 50 40 35 36 35
G 05 63 . 52 5 46 35
10 88 80 72 63 62 : 50
16 118 100 96 80 80 (%}
25 150 125 —_ — 105 100
35 185 160 —_ —_ 125 100
50 230 200 — .- 155 125
70 280 250 —- --- 1995 160
95 335 | 315 — — 235 225
120 ams an5s -— - 270 250
150 440 400 — - 310 250
185 500 450 —_— - 315 315
210 585 500 — —_ J85 355
300 570 630 —_— — 125 400
100 730 710 —_ — 490 . 450
500 900 800 — — —_ —_
G625 1010 . 1000 —_ — — —
800 1200 — —_— — —_— —
1000 13G0 — —_— - —_— -—
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Curentiratings and proteclion lor
cables, laid in the ground with rubber,
PVC or paper-insulated conductors. in
accordance with NEN 1010 (2nd edition),
Art, 1531). ' :

Three- and {our-core

Nominal | Single-core cables?) Twin-core cables
_ cables

cross
seclional

area of

copper
conduclor

Highest Highest Highest
Current nominal Current nominal Current nominal

rating value of. rating valuc of raling value of
the fuse the fuse the fuse

mm? A

34
50

65
82

R D) =t oo e
S oumw
anAaano

w
=Y
(o]
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Current ritings and protection for
cables laid in air with
(cross-linked polyethylene) insulate«d

concductors.
Nominal | Single-core cables® Twin-core cables Three- a".d four-care
caoles
cross
[ ul' i ‘ .

e o Highest Highest Highest
copper Current nominal Current nominal Current nominal
conductor raling value of rating | “valun of rating value of~

the fuse . " the'fuse the fus:

mm? A A A ) A A A
15 | 30 26 30 25 25 20
2.5 45 35 10 35 35 25
4 55 50 52 50 a5 35
10 75 63 70 63 60 50
6 100 80 a5 80 80 63
16 136 100 128 100 105 80
25 185 160 — —_ 135 100
as 225 200 —_ - i6S 125
N 270 250 o — 205 160
70 310 - s -— - 25% 200
95 - 400 : : C s
’ -355 T e - 310 © 250
120 4180 400 —_— w— 355 3156
150 550 450 — - 4085 355
185 618 500 - J— 450 100
240 745 630 — — $05 450
300 850 710 — — — —
400 1000 | 800 - — — —_
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Current ratings and protection for

cables. laid in the ground with
sross-linked

polyethylene) insulated conductors').

Tl sty

Mominal
Cross

Single-core cables?)

Twin-core cables

Three- and lour-core
cables

sectional
area of

copper
conductor

mm?

Current
rating

A

* Highest

nominal
value of
the fuse

A

Current -
raling

Highest
nominal
value of
the luse

Current
rating

A

Highest
nominal
value of
the fuse

A

1.5
25

4
6
10
16
25
35
50
0
95

120
185
300

400
500

43
63

a2

103

35
50

63
80

160
200
355
450
500
800
900

1000

.
31
44

57
7
96

163
195
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Current rating in multicore cables laid
in air at an ambient temperature of

25 °C.
Current percoreinA
Number of Rubber or PVC-insulated - (XLPE)-
cores cables insulated cables
LS mum? 2.5 mm? 1.5 mm? 2.5 imn?
G 15 ) 21 18 25
7 14 19 17 24
3 13 18 16 23
10 12 16 14 20
12 13! 15 13 19
It 10 14 12 18
16 10 13 12 17
19 9 : 12 " 16
24 8 11 10 14
3 . 7 10 9 13
a7 7 9 8 11
[

" Ol i pul pllated I
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Direating tactars for e varinlinn In
enblent 1einperatine ercneding 25 °C.
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