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Rated Rated lightning Rated Normal
voltage impulse power-frequency  operating
withstand voltage  withstand voltage  voltage
1.2/50us 50 Hz
kV rms. kV peak 1 minute kV rms. KV rms.
list 1 list 2
7.2 40 60 20 331066
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Rated normal current: A LQ a, - ‘
Type of mechanism Max. values < :
of material
Max. temperature Max. temp. rise
of conductor (°C) =1 max. - 40 °C
contacts in air
bare copper or copper alloy 75 35
silver or nicke! plated 105 65
tin-plated 90 50

bolted connections or equivalent devices

bare copper, bare copper alloy

or alloy 90 50
silver or nicke! plated 115 75
tin-plated 105 65




www.wikipower.ir OT SRS S8 20 ghasgio HLind S g [ Y54 : 0355 0 led

~

803Y ol aigh olyad &y 5 sl 0T 33 S 423130 15l (S0 Sl 496393 WOTD BB S8l 0 ol

( 400.630.1250.2500.3150):;) a5 ,LeMerlin gerin = & 1o o ol b ,>

il o Dli 3l osee 2l Ol oler bz il el e (D) Jloe! (4 2 *

5ty ,01250KVA jsile,sandl 3 SGg030KW (550 SO L o)l mugw SO sl e
(G5ge,e N=0.95€0S@ = 0.9 )T 0sS aull, g5505,55k 50l 5 4 Jlos! )b ,>5.5KV Jlas!
H5ile gl 5 b (Jlasl ()b >

lo 50l ol

S=v3 xUx I

S 1250
T oUxv3 \/§><5.5_13OA

Hyge 4 Jleel (b >

I

p 630
U x+3cosPn V3 x55 x0.9x0.9

KKAIrms caws o (Isc) powsuo oGS Jlail by

(05 axzl o 0B b2 Jlail i @)

142 4l oy oo y0 KV rms caws o (lin)pos 35k ob g8 Jlail b 32 yigo jlados
(45 axzlye oligS by Jlail iy 4)

KV 53 (layn) Sarobyd obsS JLail (4l 2 oy 3500 o

(05 dxxlye oS by Jladl (s 4 ol (o0 1,05 03 5 50 Sy (gl i)

HZ ccis p(Fr)ils )8 -Y-)

:\)).55 LSA)‘)S oolazuwl Sy90 aS .b)‘.) S92g QLQ.’> ) uwlf)s 9o ‘)!5_4.“

Lyl o 50HZ I8 ,5-)

S el o 60HZ .l5 ,5-2

Oty sl S o eolaiwl S i jobb 4y 1) ilS 18 90 o aS WS lo 0g2g ju HelS i
10,1 gg O, dos-¥F-)



www.wikipower.ir OT i 53 20 shamgio Huisd Sl iy Y59 - 0555 oykost

003 5ll iaigh olrad &y 9 casus )T 3500 S 422 30 59y (SS9 Cals 410399 WO b iy o1

function
isolates
Earning dsconnecter
by isolates (short-clrcult closing
capacity)
Switch y
switches, v
o does not isolate
Disconnactar switch
switches
= e isolates v
Fixed circut breaker
switches v v
et protects
doas not Isolate
Withdrawable circuit breaker
switches v /
—K protects
1solates if withdrawn
Fixed contactor 5
switches
e does notisolate v
Withdrawable contactor )
switches
———_—— isolates if withdrawn v
Fuse
protects
— does not isolate v (once)
v =YES
Different enclosure types
mwm istics - Metal-clad Compartment k-type
- - P SwsS glgil-0-)
L0 B N D] B N
.
External walls metal and always earthed
Number of MY
compartments 23 3 <2
Intemnal parttions metal and indifferent indlfferent
always metal metal
earthed or not or not
Presence of bushings
possible
Shutters to prevent access
to live compartments Y v
Ease of operations
when live v v
Arcing movement within  difficult, but
the cubicle always possible v v

v =vES

AR
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Example 1:
25 kA at an operating voltage of 11 RV
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Dbz d5den s b 03 lugSS Sy o3l el Lig (536 b (o 515 el g 0053(KV) o
s sl b 098 uns BUSbAr zhivy sola g4 wlolp Wb WBusbar 5l s ee U
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2l SN Slakir )Y s
Busbar electrical characteristics

Ssc : network short-circuit power* MVA
Ur :  rated voltage kv
u :  operating voltage kv

I : rated current A

Physical busbar characteristics

S : busbar cross section cm?
d :  phase to phase distance cm
1 :  distance between insulators
for same phase cm
Bn : ambient temperature (6n < 40°C)
(6 -6n) :  permissible temperature rise* °C
profile 2 flat
material copper aluminium
arrangement : flat-mounted edge-mounted
. - . no. of bar(s) per phase = [ .
w5L°.c 9 éﬁl‘:’.éﬁf‘i AT .w.’L! ? Busbar uL.wL’z.a 6‘)‘.’ as
bar(s) of X cm per phase

,0 Busbar )l > Sops Sledlbl LSS (gl 45098 a8 )5 Ly «llwy Jolie,s Busbar
5,5 zl5l [IECE0694 o jluslin! ;o v Jauz 511, Leo (il58) (e ool oo 388 Jou

IEC60694 o )lailiw! IV Jguo bl p Lo giul38l
Y-¥Jsas
Type of device, of material and of dlelectric Temperature (8 - 8n)
(Cf: 1,2 and 3) 8 ("C) with €n = 40°C

Bolt connected or equivalent devices (Cf: 7)
bare copper, bare copper alloy or aluminium alloy in

air 90 50
SF6 105 65
oil 100 60
silver or nickel plated in

air 15 75
SF6 115 75
ail 100 60

tin-plated in
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ela
005 006 008 010 012 014 016 018 020

no. of bars per phase k1
2 163 173 176 180 183 185 187 189 191

e
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— e

S oo Sy s p Ll

ela= ——
‘the number of bars per phase =
giving k1 =
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The temperature, 8t of the conductor after the shori-circuit will be:
Bt = Bn + (0-Bn) + ABsc

6 = °C
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o 0.24 « Pz = Ith? « tx
ABsc® —04m8 — —

(Nn+S)2+c=+3d

obisS Jlasl olol zal33l - AB
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HaS bl 6 Sz 6
8.9 g/cm? F e Sl
cadlb (L1.83 QA M L plp s slpaS 202 C pj sles jo sola Cuglie s P
(6 —6,)=50?C

5l el O jle obigST Jlasl 5l oab o)l > o3l

0.24 - pzo ' |th2 otk
(n=S)2-c+3

ABsc =

_ 0.24 - FEZH 105 (EIED)” - BEEE

ABcc
(EXTNY: - KX -

ABcc = 2C

The temperature 6t of the conductor after short-circuit will be:
6t = Bn + (0-6n) + ABcc
=K - I -
= N °C

forl= A (see calculation in the previous pages)
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Pollution Example of characteristic

level environments

IHow o indusiry free zone with very low density of housing equipped with heating
installations

© zones with low density of indusiry or housing but frequently subjected 1o wind and/or rain
o agricultural regions *
© mountain regions
0 all these zones can be located at distances of at least 10 km from the sea
and must not be exposed to wind blowing in from the sea ?

ll-medium o zones with industries producing particularly polluting smoke
and/or with an average density of housing equipped with heatng nstallations
o zones with a high density of housing andfor industries but subjected
frequently to winds and/or to rainfall
U zones exposed to 3 sea wind, but not too cinse to the coast
(at a distance of at least several kilometres) 2

li-high o zones with a high density of industries and suburbs of major cities with a
high density of polluting heating installations
o zones situated near (o the sea, or at least exposed to quite high winds coming
in from the sea ?

Illl-very high o generally fairly small areas, subjected to conductive dust and to
industrial smoke producing conductive deposits that are particularly thick
o generally fairly small arsas, very close to the coast and exposed to mist
or to very high winds and to pollutants coming from the sea ?
o desert zones characterise by long pericds without rain, exposed 1o high winds
carrying sand and salt and subjected to reqular condensation.
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Item Figures  Meaning for protection Representation
it e st o people
Code letter P
first characteristic against penetration against access to
figure of salid foreign bodies hazardous parts with
(not protected) (not
diamater 2 50 mm back of the hand @
(O
‘\Q 1
diameter 2 125 mm finger P b
i
diameter>25 mm tool o e
Q==
4 diameter 2 Tmm wire o
()R
U
5 protacted against dust wire P C 3
6 sealed agamst dust wire 7oL
0
second characteristic against penetration of water
figure with detrimental effects
0 (nof protected)
1 vertical water diops }“{
Z water drops (15 inclination) e
3 ran
4 water projection
5 spray projection
3 Tigh powar Spray projocion
7 temporary immersion
] prolonged immersion ﬁ
additional letter (optional) against access (o hazardous parts with:
A back of the hand
B finger
C tool
D wite.
additional letter (optional ) additional information spacific to:
H high voltage equipment
M movement during the waler testing
5 stationary during the weater testing
w bad weather

A
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thching mechanism

...................

pedulum pivot

relief cone s 1 arming button

support

fall height |

attaching -]
support

specimen

1-b gsa
1P o g IK slbaas b pwolio

K code K01 K02 1K03 IK04 IK05 IK06 IKO7 IK08 IK09 IK10 Y= 0 Jyor
energesinjoles 005 02 0% 05 07T 1 2 F 10 X
radismm " 0 0 10 10 10m 10 % % N W
material ! P P P P P P A A A A
hammer

pdim 4 A

gpighadedd v v /Y

verfical A Y

v Eges

Y
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©Yg8 slge A

Ssgl 5l ib @b o :Hammer pendulum

F8 5l s ol s :Hammer spring

s 3 ($3g08 ,5b 4 B o :Hammer vertical
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0940

4l 5,80 S0 B 1.2 s )0 43,0 gl ) polie )

i35 1 o (gl ool uilS 8 5 55 il )0 polie =Y

A Upeak (%)
100 .
90 y, G
/ .
50 [ 53
.l / 1.2 s
| T t (us)
10 =
50 us
Standardised wave 1.2/50 us
VP Jyor
Rated voltage Impulse withstand Power frequency
voltage withstand voltage
(Urin kV) (Up in kV) (Ud in kV)
7.2 60 20
12 75 28
17.5 95 38
24 125 50
36 170 70

IEC60694 o )luiliw! wlul y ob 5L y> -
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a5 e )yl Sl gl s aate yolis
24 — 48 — 60 — 110 or 125 — 220 or 250 (V) DC b, &y )
120 — 220 — 230 — 240 (V) AC b, &l Y

il 55 sle gy o b el s S
-15% to + 10% of Urin dc and ac oS J.oj LgLa: dJ) 9 SF 90 61-"’ um 6‘)-.’ -\
:oMSébﬁéLa dJ) W LS')‘? -y

-30% to + 10% of U,in dc

-15% to + 10% of U;in dc
:Under Voltage suus g sla o, 5l -Y

the release unit gives the release unit
: closing an action U
0% 35 % 70 % 100 %
(at 85%, the release unit must enable
the device to close)

BS Jog B osl ol wb le o, J685 o 1S
AEC60694 o jlailicw! wlw! p b ilf @ -
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AEC60056 5,10l ! bl » Jlgko yob s 8, Shas -

(0—t—co—t —co):IEC s lubl 3l » Jlgio job a4 53 adS o Sles

(aib (oo p S0 Bollao)
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O -3 min-CO -3 min-CO S
0-0.3sec-CO-3min—CO o
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disptacement of

open T
position contacts
current flows time .
opening-closing duration >
making-hreaking duration
contacts are touching in al final arc extinction in all poles
poles and order O '
energising of Icurrent starts to flow in first pole I separation of arcing contacis in all poles .

closing circuit

closed postion

o g ) (59 N e Y e e (5 ) e e ey

(3L o 3mMin L15sect 0.3 seC Sae 4 a5 (5,506 oy L)

displacement of

contacts —————
open postion //
current flows g
making-breaking duration > time
opening-closing duration o
remaking duration > the contacts are
reclosing duraton = touching in all poles

—r—
current flows
@

' enmargising of

I fmal arc extinction in all poles

separation of arc contacts in all
poles and order C

ooaning ralaase unit

I the contacts touch
in the first pole

start of current flow
in the firet nole



www.wikipower.ir OT a9 20 shangio Juisd Sl iy [ Y$9 : 03950 ojlet

~

403Y 5l iigh ol rad dr g wiasbus o) 36 oS 42130 55 S5 Colw 490399 WOTA BB by 50 (!

a-F JSs
AEC60056 o jlailicw] Gudo S Hlow ool adad b o3

0 Sl aS Canl eaisS adad by Jlade o s (S o oligST Jlasl adad L >

o ade p e 95 lawgi 0l cnl a5 all (b 3lg o Gl cnl @8 4 ol cenls

YW

Jlail adad L 12) 098 oo o0ld S o Dledbl aliwg 43 a5 SGogs 3 dgo WgS lade -)
(Top) (01355

b 55 4 3525 i Lo 5 e 0 3l ol b o 08l o ooy eidge Sl 5y
(Tr) Current

S0 0 o ey Hlade a5 il 0 20 MseC b plp Sogs s oy SOHZ LuilS )8 (6l 2 Jle
&b aalgs 10msec

&S adad Sge Jlade Ho Wb S o dEC 5 laibisl b gillae

25 (g0 00l (ol @il (b 2 colisS Jlasl CIB 3 Sug y addge e

00 ety ) (S 5 (Sl duoyd ol je 4y oS Jlall Ll oSG0 adlse (b > lude
Ao ,0)

(Dl oo loy e 3l b (%Dc) S09 g el adlge

% DC

A
100

90
80
70
60
50
40
30 _______________
20

10 (standardised time constant)
» T (MS)
0 10 20 30 40 50 60 70 80 0

T~ _t=120ms

¢ — —

(alternating time constant)
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%poc=100+e T .4
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6.3-8-10-12.5-16-20-25-31.5-40-50- 100 (KA)
il g a6 5L Gl b oligS Jlasl Jos jo o S jloe Slisles]

V- Jyor
Sequence % Isym. % aperiodic
_ ‘ component %bc
1 10 =20
2 20 <20
3 60 <20
4 100 <20
5* 100 according to equation
* for circuit breakers opening in less than 80 ms
AR
lac
Imc
t(s)
loc

V-5 s

Making UL»)} Imc
( sS.o.s lsc ) sS;oy).a 4\.6.19.0 s_iu )|..\5.a dac

:WT’JL) QT 6‘14 ‘) ).’) 4.]4.") as -.\.uul.; < s_ig‘by).: ).».C l.a Q)LML 4.0.13.0 M)é :IDC
— (Top+Tr)

¢ 100=100.e ¥

lac
O\
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=

|sym =

lasym? = 12ac + 12Dc

lasym = lsym\/1 +2( %Dc )2
100

e

1 e
oS oo LSl Lo g (Top)d5 msec L ceul ol o 5L oley Blos b oS Jlaw S5 (sl
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Rated TRV Time Delay Increase
voltage value rate
(Urin kV) (Ucin kV) (ta in Us) (td in |is) (Ucl/td in kV/|is)
T2 12.3 52 8 0.24
12 206 60 9 0.34
17E 20 72 1 0.42
Ue=14+15- Y2 .U =1715U |8 13 0.47
V3 08 16 0.57
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SIS b a5t sl 2V3 Uy )
Rl s, 25V3 U, v
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Rated TRV Time Rate of
voltage value increase
(Urin kV) (Ucin kV) (t3in ps) (Ucfta in kV/ps)
7.2 18.4 104 0.18
12 30.6 120 0.26
17.5 45 144 0.31
24 61 176 0.35
36 92 216 0.43
Va3
Uc=1.25-+25 7 Ur
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Rated TRV Time Rate of

voltage value increase

(Urin kV) (Ucin kV) (t3in ps) (Uclta in kV/}is)

7.2 184 104 0.18

12 30.6 120 0.26

175 45 144 0.31

24 61 176 0.35

36 92 216 0.43
:IECGO e

Uc=1.25+25¢ g Ur %

u;i"““’ - _ o — - ) o B e u—"

5o le as o)l

e G s gl
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Rated current Breaking current for capacitors
(A) (A)
400 280
630 440
1250 875
2500 1750

3150 2200
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Insulation Test at 50 (60) Hz Impulse test
rms. value
Between turns (4 U+ 5)kV
49 pu+5=31kVat66kV
(50% on the sample)
increase time 0.5 us
Relative (2 Ur + 5) kV (4 U-+5)kV
to earth 2Uur+1=22U-+1)=0 49 pu+5=31kVat66kV
14kV=28kV=0 increase time 1.2 us
1kvis t 5git
»
1
LJ—Q.C [1-18 0 Ll Ao
el Jloy bl cod Dliuas (b )0
Tan Gl
A-F Jyix
0°C Installation
Instantaneous ambient Indoor Outdoor
minimal -5°C -25°C
maximal +40°C +40°C
average daily maximum value 35°C 35°C
4 -7 Uy
Average relative humidity Indoor equipment
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Rated Rated short-circuit Rated current in continuous service
voltage breaking current
Ur [kV) Isc (2Y) Ir (A)
36 10 400

[3 630 1250

2 1250 1600 2500

10 1250 1800 2500 3180
72 3 400

125 400 630 1250

16 630 1250 1600

2 630 1250 1600 2500

40 1250 1600 2500 3150
12 3 400

128 400 630 1250

16 630 1250 1500

25 630 1250 1600 2500

40 1250 1600 2500 3150

50 1250 1600 2500 3150
175 [ 400 630 1250

125 630 1250

16 630 1250

25 1250

40 1250 1600 2500 3150
24 [ 400 630 1250

128 630 1250

16 630 1250

25 1250 1600 2500

40 1250 1600 2500 3150
36 [l 630

125 630 1250

16 630 1250 1500

2% 1250 1600 2500

40 1250 1600 2500 3150
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Order of magnitude  Manufacture
ksi
Ksi < 100 standard
100 < Ksi < 300 sometimes difficult for certain
secondary characteristics

100 < Ksi < 400 difficult
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Normal values of the rated voltage factor
Rated voltage Rated Primary winding connection mode
factor duration and network earthing arrangement
12 continuous phase to phase on any network

neufral point to earth for star connected
transformers in any network

12 continuous phase to earth in an earthed
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HW 25elm | 25...30 1255110 110|150 195]123| 80| 80 |36(40|75]10]2,8]23
HW 30e|m|30...35(2900130[130[170(235]154]| 98| 98|40{45|87]10]3,0|26
HW 35e|m| 35 3301140 1402002751192 122122 |44|49|97|11]3,2|27
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°C s

Gle LK |HD 603/EC 90
(PROTOTHEN-X) |60502-1/DIN
VDE 0276-603,
HD 604/DIN
VDE 0276-604,

HD 602/1EC
60502-2/DIN
VDE 0276-620,

HD 622/DIN
| VDE 0276-622

suasisse B |HD 603MEC ' 70
PVC 3ile 60502-1/DIN
"~ |VDE 0726-603

IEC 60502/
DIN VDE 0271

Basic uni
(\ I « length - I, (L) metre m L
(J D A ass m ki kg M
time t second s T
electrical current | ampere A |
thermodynamic temperature’ T kel K 8
L o quanﬁtyl;#mtenalw n mole mol N
light mtensdy 1, {le) candela cd J
GlElaa.  Additonal uniis
- angle (plane angle) oy radian rad N/A
6/1 0 kV solid angle 2 .(0) di 3 N/A
12/20 kV Common magnitudes and units
1 8! 30 kV Magnitude: space and time
S— g th L{L) L metre (m) centimetre (cm). 1¢cm = 10°m —

(microns must ne monger be used,
instead the micrometre {um))

area A (5) [k metre squared (m?) are (a): 1a= 10°m?
hectare (ha): 1 ha = 10* m? (agncur. meas. )

volume v 12 metre cubed (m*)
plane angle o By N/A radian (rad) gradian {gr): 1 gr = 2n rad/400
revolution (rev): 1r=2nrad
degree(®):1°= 2xrad/260 = 0.017 453 3rad
minute (}: 1'= 2x rad/21 600
= 2908 882 « 104 rad
second ("} 1" = 2x rad/1 296 00D
=4 848 137 - 10° rad
solid angle Q. (w) N/A dian (sr)
time t T second (s) minute (mn)

hour (h)
day (d)
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‘Name Symbol  Dimension SiUnit: Comments
name (symbol) and other units

Magnitude: mechanical

force F LMT? Newton 1N =1mkg's’

vieight G.IR.W)

moment of the force MT LEMT Newton-metre (N.m| N.m and not m.N 1o avoid any confusion
vith the millinewion

surface tension %0 MT? Newton per metra {N/m) 1Nim = 1 Jim?

work w [2MT2 Joule (J) 1JANm=1Ws

£nergy E M7= Joule (J) Watthour (Wh) 1 Wh=36-107J
{used in determining electrical
consumption)

power P L*MT* Watt (W) TW=1ls

pressure 01 LT Pascal (Pa) 1Pa=1Nim*

p {for the pressure in fluids we use bars

{bar). 1 bar = 10° Pa)

dynamic viscosity 1.1 LTMT! Pascal-second (Fa.s) 1P=10"Pas (P = poise. GGS unit)

hmetic viscosity L*T7 melre squared per second (m¥ls) 131 = 10 m™/s {St = siokes. CGS und)

quaniity of movement P LMT? kilogramme-metre per second p=mv

(kg.mis)

Magnitude: eloctricity Jgu=

current | | Ampare (A)

slactrical charge Q T Coulomb (C) 1IC=1As

electrical potental v L2MT2 Valt (V) TV=1Wa

slectrical field E LMTH Volt per metre (V/im)

electrcal resistance R [2MTH12 Ohm {2} 10=1V/A

electical condudivity G L2M'T*F  Siemens (3] 15=1AV=1g"

electrical capacitance [ LEM'T*E  Farad(F) 1F=1CN

electneal nductance L LEMT2H Henry [H) TH= 1 Wb/A

Magnitude: electricity, magnetism

magnetic induction B MT-H Tesla (T) 17=1Whbim?

magnetic induction flux D LEMT=H Weber (Wb) 1Wb=1Vs

magnetisation H .M Ll Ampere per metre (A/m)

magnatic field H L Ampere per metre (A/m)

magnato-motive force F,Fm | Ampare (4)

resistivity ) LEMTEr2  Ohm-metre (£2m) 1 pem¥em=10° 0m

conductivity i LEMITIR  Siemens per metre (Sim)

permittivity ¥ LEMITYR Farad per meire (Fim)

active P L*MT> Watt (W) TW=1Jds

apparenl power S L*MT* Voltampere (VA)

reactve power Q LMT3 var (var) Tvar=1W

Magnitude: thermal

thermodynamic T 8 Kelvin [K) Kelvin and not degree Kelvin or “Kelvin

temperatura

temperature Celsius to 8 dagree Celsius {(°C) 1=T-273.15K

energy E L*MT? Joule (J)

heal capacty C L2MT28"  Joule per Kelvin (JIK)

entropy S L*MT=&"  Joule per Kelvin (JK)

specific heat [3 L*T2¢" Watt per kilogramme-Kelvn

capacity [Vf(kg.K])

thermal conductwity A LMTEg! Watt per metre-Kaivin (W/(m.K))

quantity of heat Q L2MT? Joule (J)

thermal flux o L2MT? Watt (W) 1W=1ls

thermal power P L2MT? Watt (W)

coefficient of thermal hr MT38" Watt per metre squared-Kelvin

radiation (Wm2K))

A4

Yra 10595 o)l.o..f:
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V-2 Joox
acceleration foot per second squared ftls? 1 ftis* = 0.304 B mfs?
calory capacity Brtish thermal unit per pound Btullb 1 Biu/lb = 2.326 - 10° Jikg
heat capacty British thermal unit per cubit foot degree Fahrenheit B, ’F 1 Biu/f® °F = 67.066 1+ 10* Jim* °C
Brdish thermal unit per (pound degres Fahrenheit) BtullhF 1 Biuflb."F = 4186 8 « 10° J(Kg."C)
magnetic field oersted Oe 1 Oe=T79577 47 Aim
thermal conductivity  British tharmal unit per square foothour.degree Fahrenheit Buw/fi2h.F 1 Bru/fiZh °F = 5.678 26 W/(m2.°C)
energy British thermal unit Btu 1 Btu = 1.056 056+ 10°J
energy (couple) pound force-foot Ibfift 1Ibfft=1325813J
pound force-inch Ibf.in 1 Ibfin=0.112 985 J
thermal flux British thermal unit per square foot hour Btu/ft’.h 1 Biu/fh = 3.154 6 Wim?
British thermal unit per second Btuls 1 Biu/s = 1.055 06 - 10° W
force pound-force Ibf 1Ibf=42448 222N
length foot ft,' 1fi=03048m
inch (1} In." 1in=254mm
mile {UK) mile 1 mile = 1.609 344 km
knot - 1852m
yard & yd 1yd=09144m
mass once (ounce) 0z 10z=28.34959"
pound (livre) Ib 11b=0.453 592 37 kg
linear mass pound per foot Ibift 1 Ib/ft = 1.488 16 ka/m
pound per inch Iblin 1 Ibfin = 17.858 kg/m
mass per surface area  pound per square fool Ibif2 1 1b/f2 = 4 562 43 kgim?
pound per square inch Ibiin? 1 Ibfin = 703,069 B kgm?
mass per volume pound per cubic foot Ibife 1 Ibfft* = 16.018 46 kg/m®
pound par cubic inch Ibiin® 110/in® = 27.679 9 » 10° kg/m?®
moment of inertia pound square foot Ib.ft? 11b.° = 42.140 gm?
prassure foot of water ft H20 1ftH20 = 298907 - 10° Pa
inch of water in H20 1inHz20=2490 89102 P3
pressure - strain pound force per square foot Ibfift? 1 Ibfift = 47.880 26 Pa
pound force per square inch ! Ibflin? (psi) 1 1bfin® =5294 76 - 10° Pa
calorific power Brish thermal unit per hour Btu/h 1 Btuth=0293071 W
surface area square fool sq.fi, fi2 1sqft=92903« 107 nf
square inch sq.in, in? 1sqin=54516+10% m?
temperature degree Fahrenhait ) °F Th =83 (q °F + 453 67)
dagree Rankine % R Te=84q°R
viscosity pound force-second par square foot Ibf.sift? 1 Ibf.sfit? = 47.8680 26 Pa.s
pound per foot-second Ibift.s 1lbfft.s = 1.488 164 Pas
volume cubic foot cu.ft 1 cuft=1ft=28316 dm®
cubic inch cu.in, in® 1in®=163871-10%m’
fluid ounce (UK) fl oz (UK) floz (UK)= 28413 0 cm®
fluid ounce (US) fl oz (US) floz (US) = 29573 5 cm?
gallon (UK) gal (UK) 1 gaz (UK) = 4.546 09 dm®
galion (US) gal (US) 1 gaz (US) = 3,785 41 an?
o f2in=11
@ fyi=38in=3A

% Or ps.1.” paund D02 per square (nch

T = lemperature kefwn with ¢°C = 89 (°F - 32}

097 =59°K

* Apart fram mass of precious metals (sifver. gold. v example) where the carat is used (1 carat = 3. 110 35 107 kgl



www.wikipower.ir OT i 53 20 shamgio Huisd Sl iy Y59 : 0500 0 Lot

003 5ll iaigh olrad &y 9 casus )T 3500 S 422 30 59y (SS9 Cals 410399 WO b iy o1

a2 Jad
o ,lustew!

m International Electrotechnical Vocabulary IEC 60 050

m High voltage alternating current

circuit breakers IEC 60 056 :béﬂ&h‘ e|93| QL“'B S, P DY

m Current transformers IEC 60 185

m Voltage transformers IEC 60 186 \ - \ * st.\?
m Alternating current disconnectors

and earthing disconnectors IEC 60 129

m High voltage switches IEC 60 265

m Metal-enclosed switchgear for alternating
current at rated voltage of over 1 kV and
less than or equal to 72.5 kV' IEC 60 298

m High-voltage alternating current
combined fuse-switches and combined
fuse-circuit breakers 1IEC 60 420

m High-voltage alternating
current contactors IEC 60 470

m Specifications common to high-
voltage switchgear standards IEC 60 694

m Calculation rules
in industrial installations IEC 60 909

m Derating ANSI C37 04
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Theme
asymmetrical breaking
capacity on faults
across the terminals

IEC, ANSI

ANS|

50%
with cumrent
derating

oo lasbiw! anslao -Y-V .

V=V Jgo
IEC
30%
without derating

insulation level:
impulse wave

imposes chopped waves
for outdoor equipment
115% Uw/3 s

129% Uw/2 s

short-time withstand
current peak
value

2.7 lsc

2.50lsc at 50 Hz
2.6elec at 60 Hz
2 T+lsc for special cases

Transient Recovery
voltage"

around twice
as severe

elactrical endurance

4 times K.S lsc

3 times lsc

mechanical endurance

1500 to 10 000
according to Ua and lsc

2 000

motor overvaoltages

no text

standard test circuit

il o IEC o bl 5 15,5 10% Sy JEIANST ool o i

Uc

E2
R%AN &g S 31 e 750 ol T S

¥
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NEC s fuibin! lla —
a5l KV ey (Up ) Lo 55 o
36-7.2-12-17.5-24-36 (KV)
SANSI 3 10! Gollao -
b3ty Comd 0isS )l &8l o a5 o la ) K 3Ly oo S5 DS S5 0l

YV Jgax
Standardised values for Ur (kV)
class (kV) Umax (kV) Umin (kV) K
[ndoor equipment 4.16 476 3.85 1.24
7.2 8.25 6.6 1.25
138 15 115 153
35 38 23 1.65
Outdoor equipment 155 1
25 1
35 1
1Ol jugexd 20U 5L g adaw
. IEC o lasliwl b gillao -
F-V e Jgax
According to IEC
Rated Rated lightning Rated power frequency
voltage withstand voltage  withstand voltage
(kV) (kv) 50 Hz 1 mm (kV)
7.2 60 20 ’
12 75 28
175 95 38
24 125 50
36 170 70
A Upeak (o/o)
B
/ =
/ s
50 < s
1/ 1.2us
7 t (us)
101} :
50 pus

Standardised wave 1.2/50 us
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: ANSI s lasbewl b gllas -
0=V Joox
According to ANSI
Rated Rated lightning Rated power frequency
voltage withstand voltage  withstand voltage
(kV) (kV) 50 Hz 1 mm (kV)
Indoor equipment
4.16 60 19
72 a5 36
138 05 36
38 150 80
Outdoor equipment
155 110 o0
258 125 60
150
# A Upssk (%)
£ 100 :
90 7 \
70 ,/ t'_
f// "
s0f—/ \
10] / =t
M. Yoy S

P ool ol ol

EC o, sl b gollas -

400 - 630 - 1250 - 1600 — 2500 — 3150
L ANSI 5 il b gllas ~(A)

1200 — 2000 — 3000 (A) o e o] polie

sl awsyle ol polie

0ligS loj SQ 50 pglie b 2
HEC o lusbewl b gllas -

5o, be o] polie
6.3-8-10-12.5-16-20-25-31.5-40-50- 63 (KA)
L ANSI 5 sl b gllas -

af
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12.5-20-25-31.5-40 : 3l Slppss slp -)
(KA)
(2B Olpezs gl =Y

PV Jgo
Class (MVA) Breaking capacity (kA)
I at Umax Kl at Umin
250 29 36
350 41 49
500 18 23
750 28 36
1000 37 46
1500 21 35
2750 40 40

Ty A Oy 0w Lo g oligS ylo) 50 b o Sy
AEC o lasteat L gollae -
5wl obigS loj yo palie Sy slo b >

}:’.)‘b 50 LJAA:’[S)é )O 2.5 Isc -\

3,260 58 52,61 -Y

LJ"B Q)‘}A ).) 2.7 Isc —V

:ANSI o lslbeal b gollas -

hass,lee olisS loj 5o polie Sy Sledl >

“'.'“.’.)"b 2K u_iu ﬁéu.a )é 2.7 k.lsc —\

)U9 ).;9A Lg.)l.&o )O 1.6 k.lsc —Y
:jlxo oS Jlail yloy oo s
NEC 5 sl b gl -
a3 L1 5l ole loy ow ]
ANSI s st b gollas -

asb361 5 el ole oy Saw oy

16yl sl Ol ylow 9 Ol jugd o9 g é.la.‘} Y c.s""‘; 5Ldg s

- |EC Q)L.\Jlﬁw.:‘ L d.’Ua,o—
:)’| S Q)L,.c Lg)b.la.é‘ C;U..\.a 6‘)‘.‘ @L:.n )LJ5 -\

0

[ Yra :o')"jﬁ o)Lo..fb

~
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:allde: 250) (v) L 125)—-(220 L24-48-60-(110
ok 5
120-220-230-240 (v) aC b ,> 00

by Oga b Jleel 5L Y
(-%15) G (+%10) x U,

TRVELY é.la.e LsLb dJ) st.g -

:‘1,.3)‘& ac QL’)} 50

(-%15) & (+%10) x U,

:M)‘Q dc QL’)} 50

(-%30) & (+%10) x U,

:Under Voltage suus ahé sla o iz

the release unit gives  the release unit
0 % 35 % 70 % 100 %

(at 85%, the release unit must enable
the device to close)

L L gillae -
) el Sl gl last Sl o sl aibis 5ty -
24-48-125-250 (V) dc b,z o
120-240 (V) :ac ul.:):- PR
V-t Jeos

Voltage Voltage range (V) o d ol Jlesl 5Ly -Y

Motor and closing release units

48 Vsc 36 to 56

125 Vsc 90 to 140

250 Vsc 180 to 280

120 Vac 104 to 127

240 Vac 208 to 254

Opening release units

24 Vsc 14 t0 28

48 Vsc 28 to 56

125 Vsc 70 to 140

250 Vsc 140 to 220

120 Vac 104 to 127

240 Vac 208 to 254

15
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NEC skl b gollae -
50Hz 1, ol Luils 3
: ANSI o jlastesl b gollas -
60HZ L ol ob uils,s
ol g 50 oligS Jlail adad s yd
&S oo e |y o,lize L %50 s ANSI 5 lastea!
WS e ey i 5%30 < IEC s st
O oo Al o5 %30 Jlode a5 Blge 0 Jg 05h o a8 ,F a5 0 %30 jlade o,l50 %95 o
Sl o0
D9l ol %50 51 55,5
e 59 2l (oo gl S ey | Lo (S0 e adad 5508 Wl b o lailil 9o e o
Al o %10 Ll S e 1l S) o liel oy drlone 90 L3 0,05 3925

ANSI: lasym = Isym \/(1 + 2 A?) = 1.22 Isym (A = 50%)

IEC: lasym = Isym \/ (1 + 2 A2) = 1.08 Isym (A = 30%)

S olo S e gl a5 ) 0gd cum p) ialel 5 g wub oligS Jlasl adad sla ioles]
D (0SS oo ada8 80 msec | S

1 1..()..“\_.(.'.
2 20

3 60

4 100

5* 100

o0 plil 1) adad Jos 55 & jgay aill o8 Wl S0 s

b 5y e S Le jo el oligS Jlasl ol > il

&S adad cal o Jlasl 5y jo 15 obsS Jlasl by aS a4 e K slass 40
v
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maxi symetrical current _ rated maxi voltage
rated short-circuit current rated voltage

Cils peles woads ools Wb 5y o |, MVA s ol adad 508 G Lo cpl plo

Joges 5l Merlin Grine 8,5 sl (Ko jloe lp a5 ail oo 5 (om0l oLl oL >

S=11 fp)b 2

184 ratio S
17 Asymmetrical interrupting capability = S X symetrical interrupting capability.
16 Both at specified operating voltage
1.5
14
13 B : =
Symetrical interrupting capability at
1.2 specified operating voltage = 1.0
(B L e |
1 |
L B
0 05 1 2 3 4 cycles
0 0.006 0.017 0.033 0.050 0.067 seconds
f “A. I JB""
Sequence n’ current broken % aperiodic component -
1 10 50-100
2 0 <20 Jgox
3 60 50-100
4 100 <20
5 Kl to VIK <20
6 SltoV 50-100
7 KSlto VIK 50-100
8 electrical endurance
910 reclosing cycle at AS| and AKSI
1 C-2s-0atKIl
12 rated Isc duration = Kl for 3 s
13114 single phase testing at Kl and KSI (0.58 V)

45 590 2Bk Yo Gl 14 L sl b obgS Jlasl alad ol

oSl 5y 5o o linel adad & : |
Reclosing . ,s:R

Vmax
K=Vmin Wy e re K

lasym

Merlin Grine ¢S 5 sla S e sl =1.1 5 b oo S

Isym

A
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%50 1l il suo s 5 lsc=40KA
lasym= 1.1 x 40 KA = 44 KA
Y _36KA

44

| = =
VM [1+2x(50%)2

1.22

:ANSI g IEC 5 ,lailiwl 90 ool polio Gallais

VY -V g0
According to IEC
Rated Rated short-circuit Rated operating current
Ur (kV) Isc (KA) I (A)
3.6 10 400
16 630 1250
25 1250 1600 2500
40 1250 1600 2500 3150
7.2 8 400
125 400 630 1250
16 530 1250 1600
25 630 1250 1600 2500
40 12560 1600 2500 3150
12 8 400
125 400 530 1250
16 530 1250 1600
25 630 1250 1600 2500
40 1260 1600 2500 3150
50 1250 1600 2500 3150
1756 8 400 530 1250
125 630 1250
16 830 1250
25 12560
40 1250 1600 2500 3150
24 8 400 630 1250
125 530 1250
16 630 1250
25 1250 1600 2500
40 1250 1600 2500 3150
36 8 530
125 530 1250
According to ANSI -
Maximum  Rated Minimum  Rated Rated -
rated short-circuit rated shortcircuit ~ operating 50
at Umax at Umin
Umax (KV) Iz (kA) (kV) Le (kA) E(A)}
475 18 35 24 1200
29 3.85 % 1200 2000
g 7 19 1200 3000
825 T 23 25 600 1200 2000
7 76 30 1200
33 6.6 41 1200 2000
5 a3 56 21 1200
98 4 a7 1200
iE K pk) 1200 2000
19 66 43 1200 2000
b1 15 % 1200 2000
ar 11.5 48 1200 3poo
55 CE) 58 2] 500
18 12 23 1200
3% 12 [3 1200
56 12 73 2000 2000 4000
258 54 12 2 500
i 12 pZ] 1200
3 7] 23 3% 1200 3000
3 24 57 1200

13
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Standards 0°C Installation
ambient instantaneous indoor outdoor
IEC minimal -5°C -25°C
maximal + 40°C +40°C
maximum average 35°C 35°C
daily value
ANSI minimal -30°C
maximal +40°C
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