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A = area of the paddle m?
V. = relative velocity of paddle to water (0.45 -0.7 m/s)
k = kinematic viscosity of water
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.. t-circuit categories

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

table 12,2,
Short-circuit Rated operating sequence Condition after
per formance for short-circuit short-circuit toats
category making and breaking
capacity tests
Pl 0 - t- CoO Required to be capable
of performing reduced
sarvice
P2 0 -t -CO -t ~-CO Required to be capable
of performing normal
service

coO

e o m— —— - -

represents a hreaking operation.

represents a making operation followed, after the appropriate
opening time for i{mmedfately, that is without any intentlional
time delay. in the case of a clrcuit-breaker not fitted with
Integral over.urrent recleanes) by a breaking oporation.

repregentg A spectfied time {interval.

It can be seen that the Pl cb has to be capable of a type test

duty 0O €O at it: i1lvimate short-circuit rating, while the P2 cb has

to be capable of a type test duty 0 - CO - CO.

However, the most significant difference between categories Pl

and P2 is that a Pl cb need only be capable of reduced scrvice condit-

ion after the test, whercas the P2 cb has to be capable of continued

normal service.
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Tenperature-rise’

Type of material, iinit (measured by
description of part thexmocoUple)

Contact parts in air (main, control and
auxiliary contactsj:

copper 45°C

silver or silver-faced’ (1)

all other metals or aintered metale (2)
Contact parte in oil 65¢C
Bare conductors including non-insulated colls ()
Metallic parts acting as springe (J)
Mctallic parte in contacts with insulating
materials (4)
pParts of metal or of insulating material in
contact with ofl 65°C
Terminals for external insulated connections 70°C(S)
Manual oparating means:

parts of metal 15°C

parts of insulating material 25°C
0ji in oil-immersed apparatus (measured at the
upper part of the oil) 60°C (6)

*The expression "silver-faced” includes solid silver inserts as well as electro-
lytically deposited silver, provided that a continuous layer of silver remains on
the contacts after the endurance tests and the short-circuit tests. Contacts faced
with other materials, the contact resistance of which is not signifiantly altered by
oxidation, are treated as silver-faced contcts.

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

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

(3) The resulting temperature shall not reach a value such that the elasticity of

the material is impaired. )
(4) Limited solely by the necessity of not causing any damage to insulating ma-
terials. °

(5) The temperature-rise limit of 70 C is a value based on the coventional test of
clause 8.2.2.2. A cb used or tested under installation conditions may have
connections the type, nature and disiposition of which will not be the same
as those adopted for the test; a different temperature rise of terminals may
result and this will have to be agreed.
(6) May be measured by thermometer.
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Losses in kilowat:is at operatiag temperature

No load 1/4 Load 1/2 Load 3/4 Load Full load

0il No load 2. Mo load 2.8 No load 2.8 No load 2.
Askarel 2.8 Load 0.8 Load 2.3 Load 5.2 Load 9.
Siiicone Totai 3.4 Total 5.1 Total 8.0 Total - li.
Pry«type, 150°C 3.2 No load 3.2 No load 3.2 No load 3.2 No load 3.
Load 0.8 Load 3.3 Load 7.4 Load 13.

Total 3.0 Total 6.5 Tpeal 10.6 Total 6.

L,

Epoxy dry=-type 3.2 No load 3.2 to load 3.2 No load 3.2 °  No load 3.
Load .7 Load 3.0 Load 6.7 Load 1.

Total 3.9 Total 6.2 Total 9.9 Total 1g.

L 4
BIL = Basic insulation impulse level.
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Fart Ceoling method

Tezperature class
of insulation®

Maxinuz teanperaturs rise
(°C)

windings (temperature Iise
measured by the resistance
method)

Air, nasurel or forced

mmw >

60

5

80
100
125
150t

Cores and other parts

(a) Adjacent to windings ALl

(=) Not adjacent to windings

{a) Same values as for winding.

{5) The tecperature shall, in
no case, reach a value tha"
will damage the core itsel.
other parts or adjacent
materials

Note. Insulating materials may be used separately or in combination provided that in any application sach:
material will not be subjected to & temperature in excess of that for whizh it is suitable, if operatec

under rated conditions.

*In accordance with IEC Publication 85, Recommendaticns for the Classificaticn cf Materials for the Insulatior.
of Electrical Machinery and Appazatus in Relation to their Therzal Stability in Service.

Tror certain insulating materials, temperature rises in excess cf 150°C may be afopted by agreement between

the manufacturer and the purchaser.’

Y.y -



e 1 580 30kl | i ld 5 )1 1 G 2 g £l ydl agaa (A<C) Joam

L3

far<

)

Maximum temperature rise

Windings:
temperature class of insulation A
(temperature rise zeasured by the
resistance methced)

wnen the oil-circualation is natural =r forced non-

w\
direczed

70, wnen the oil circulation is forced and directed

Top oil (temperatuse rise measured by
thermcmecer)

60, when the transfcrmer is equippeda wiZ™ a conservator or
sealed

. when the transforzer is neither equizped with a
conservator oor sealed

wn

5

Cores, metallic parts and adjacent
naterials

The tezperacure shall, ka no case, reachx a value that will
dapage the core itself, other parts or adjacent materials

Note

The temperature rise limits of the windings (measured@ by the resistance methicd) are chosen to
give the same hot-spot temperature rise with different types of p1il 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 in transformers with matural or forced but not di-acted oil flow.
fcr this reason, the windings of transformers with forced-directed oil flow can have ntumHm.ni
ure rise limits (measured by the resistance methed) which are 5°C higher thanm in other

transformers.
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K, = initiat load pover as a Cractlon o( rated power
K, » permlzsible loiid pover ns a fraction of rated powor
greater than unity)

¢ = duration of X in hour %

0a = temperature of cooling medium (air or water).

Hote K, - 5"5r and K, = 5,/.';r where 3, 15 the jnltlal load pover,

3, i the peemicsible load power and 5, 13 the rated pover.

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

Ve =0,25 [ Ky~ 0.5 r.',-o.m K, =0.00 17, ~0.9 ‘K.-I.OC

= 0.5 . + 1.93 1.9) 1.69 1.00
~ 1.0 1.00 1.70 1.62 " 1.50 1.00
- 2 1.59 1.53 1.46 1.41 1.32 1.00
LI | 1.34 1.3 1.27 1.24 1.18 1.00

" 6 £.2) 1.2t 1.10 1.16 1.12 1.00
"~ 0 1.16 1.15 1.13° 1 2 1.09 1.00
" i2 1.10~ 1.09 1.00 1.07 1.05 1.00
. w24 1.00 1.00 1.00 1.00 | 1.00 $.00

CUAN and OPAF trannCormera: 0‘ - 20°C,

fote  In nowmal cyelle duty the valua of f; should not be greater

than 1.5, ‘The values o K, groater than 1.5, underlinad,
apply to emnrgnncy duties. -

Thae + 3i9n Lndicaten that K, &3 higher than 2.0,
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Aastmlag g samag snivico lita as for contfious operation ot rated power and at an
anineng ai fomperafore of 207 C, the trensiosmers may be subfecled to a lund cycle”

as shown by the curves talow. L5
¢ ‘2 » f 05~¢ (U]
K RPN —egen
y iy \ ;
L4 S, N O
x S SRR ey S .
? s \\
R I B e b T e ._.‘__‘k\ PO W DURTIIION DU
bt Sanndend SN ]
' e
—== RN
n Y 5
1o ~ - -
-y e
LY}
0.8 3
0.2 0.4 9.5 0.8 ‘10 .t

B e N 4 '

The cinves aie by accordance with the 1CC secommendation of 1972 which primila o
bol-spot temporating in the windings ot 110 C,

i which:
Ky = Initial toad cofoaed to eating

Kz = max, perimissibie load relerred to rating

U= duration ol Ky Inh
Hole:
In cerlain eazer the panmiszible overlead abinined from the above ciives may he
timited by e 1ap chaoger and bushings, YPhetelote, i | Iz Inlonded to opetata the

transfonmer with a lond cycle involving gvertoads, the height of the latter and the
natute of the lead cycle should be stated.

U Juadllat it sl aitlie K, K| g 8%l giaiafyrc) JSa
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Hatecial® Flre point (°C)
Llicone 1liquid 360
Midel 7131 310
Ant tesin 350

L

*For comparison purposes mineral oil 1is
170°C.% Askarel ts non-flammable.

1"l'heae designs sxe virtually fire proof.
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Fpoxy resin

Material convective - radiative

{(xW/m ) kw/m) .
SLlicone 561 53 25
High fire polnt hydrocarbon 546 361
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Deslgnatiosn Yecior Vector diagram

Wiring dlagram @
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@ " tho noutrol ls Inougm out, the fottor “H* musl bo addad followlng he syn-lml fos tho h.v.
ot “n*

@ Itis assumod that windings nie wound In the samo sense.

g that ‘of the Lv. winding; 0.g. L.v. naulial brought oul = Yyno,
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¥ind of cooling medium Synbol
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Current rating and pratection for cables
laid In alr with rubber, PVC ar paper-
insulated conductors, in accardanca
with NEN 1010 (2nd edition), Art. 152')

Nominal | Single-care cables?) Twin-core cables Three- 2:{",:"1‘"{0”’
cross ST
secti c'
::;:g; Highest Highest ] Highast
“Current noininal Currant nominal Current L nominal
coppar . : . .
conductor]  MNY valun of rating value of rating, valun of
’ . the fune the luse ' the fuse
{ mm? A A A A A A
1.5 27 25 24 20 20 16
25 40 -35 N 25 27 25
« | s 50 40 35 15 5
5] 65 63 52 50 - 16 5
10 5] a0 12 (1% 72 50
16 118 109 56 20 80 63
25 150 12% - — 105 100
3s 145 160 —_ — 125 100
o0 230 200 _— ——- 195 . 125
70 260 250 - - 195 10
g5 335 315 - — 235 225
120 315 ans — — 279 250
150 440 100 — — 310 250
185 500 150 — - 348 315
210 505 500 — —_ ns ans
300 670 630 — — 425 400
400 191) 710 — — 150
500 900 goo — — — —
629 1040, 1000 — — — —_
800 1200 — — — —_— -
1000 1360 _— — — —_ —
Gdll cilaawmy CdGatad | —YYVY -
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Currentratings and protection for
cables, laid in the ground with rubber, -
PVC or paper-insulated conductors, in
accordance with NEN 1010 (2nd edition),
Art, 1537),

Nominal | Single-core cables?) Twin-core cables Three- and four-core
cables
cross
sectional . y '
area of Highest Highest Highest
copper Current nominal Cur.rent nominal Current nominal
conductor rating value of. rating value of raling value of
- the fuse the fuse the fuse
om? A A A A A A
1.5 31 35 30 25 25 20
2.5 50 50 an 35 35 35
1 65 63 50 50 45 35
G 82 80 G5 63 57 50
10 110 100 90 80 76 63
16 . 145 125 120 100 100 80
25 190 160 — — 130 125
35 230 275 —_ — 155 125
50 205 250 — —_— 195 160
70 350 315 — — 215 225
a5 420 400 — —_ 295 280
120 4180 450 — — 340 315
150 550 500 —_— 385 355
185 625 500 — —_— 430 400
240 730 710 — — 480 100
300 . 835 710 _— —_— 530 500
100 095 a00 — — 615 500
500 1130 1000 —_— — — -
625 1300 —_ —_ _— -
800 1500 — —_ —_ -_
1000 1700 —_ _— —_— - b
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XLPE Saby aly jad| duutat cafulSU jualt ke (15-5) J22

cables laid tn alr with
(croas-linked patyethylene) insutatad

slogdt A Basally

Currant ritings and protectidn for

conductors.
Mominal | Single-core cables Twin-cora cables fhreo- ‘1":' four-cora
canles
cross
seational
e of Highest Highest Iighest
""l.‘l"“' Current nominal Cuiranl nominal Currerg [ “mominat
(‘-ﬂ.ﬂ('\lc}(M raling value of 1ating valun of rting |- vatue of
tha fuse tha heze the fusz
men? A A A A A A
15 0 25 30 25 25 20
25 49 35 10 a3 33 25
a 55 50 52 50 a5 25
10 15 G3 0 (£% ) 60 50
R 100 an a3 1ty 0] 63
16 135 0oy 15 109 105 )
3B 195 150 .- — 135 100
i 22% 200 — - 165 125
50 270 250 — - 2058 160
0 310 J1s —_ - BS 200
95 A00
ans — - Ji0 200
120 4180 100 —_— — 355 L
150 950 450 — — 10§ 355
195 61S S00 -- —_ 150 100
210 145 Gl0o - —_ S0S 450
Joo 250 no — -— - -
100 1000 800 — - — -
%- — - - e Coa o e
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Current ratings and protection for

cables, lald in the ground with
' ross-linked
polyethylene) insulated conductors').

Mominal | Single-core cables?) |  Twin-core cables | THT€2- “"gi““""co"’
cross cables
seclional . ;
area of Highest Higheat Highast
capper Cl!l'.ft!l‘l vominal Cutrent naminal Current naminal
conductor]  734N9 salue of raling value of rating valn of
the fuse the fuse the fuse
mm? ) A A A A A
S 11 35 an 25 3 25
?5 63 50 a8 a5 41 35
1 ) nit 6 50 57 50
R .t A i G3 72 63
0 1387 s 1t 100 96 80
iR 182 160 151 125 126 100
2% 0 ) - 163 128
15 290 250 - 195 160
50 360 ns —_ 245 200
70 440 8 - - 310 250
95 530 450 - — 370 315
120 600 500 — - 430 355
150 (2311 630 — 185 100
185 790 710 — 510 450.
240 920 800 - - 60O 5
300 1050 900 — — 670 G30
400 12410 1000 - 715 10
500 1420 — - - — -
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Bikes g jad | il Basnie Rssakanill S VASH Sl iicida (=) Jyaa
A Y0 laal ! lauglt§ )12 3233, b PVC 9t XLPE

Currant rating In multicos e cables lald
I nlr al an anbient temperature of -

25°C.
Current par coreinA
Number of Nubber or PVC-tnsulated (XLPE)-
cores cables insulated cables
b5 run? 2.5 mm? 1.5 mm? 2.5 nin?
G 15 21 10 25
7 14 19 17 24
8 |3’ 18 16 3
) 12 16 14 20
12 1" 15 13 19
14 10 14 12 18
18 10 13 12 17
19 9 12 1 16
24 8 1" 1] 14
30 7 10 9 13
37 7 9 8 1
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