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sjEll J-ilt iq d_r :.,*,-.,r*! .2"-.tt .rSt

'jJl .:,U.-. -.Jl -iJl. - r.5ll .L. Lirl \:rl L- - i.:n
LJ

...trd!.gt 3^c riy Jt y/r j). .J-tr-lt 6"e 6j!! o

.-/r ..1 - ,.o alii L 6-rlF c.,li-lrll a;rii ;g-!. .rs .l$l r-e-,p j

,rill) .%1o O" & ) ,.1L1 g).L--e (!:U:r:-l) .rltJf s - \ ,.1-J")Jl El,-- i.$ o

.('. / -l-l rc . - 15 . iJE- Cl
.o-r-ilr Jii k-"-r Jtr sr!.il o-.J,) ;t ,u')t i ri)i ;r-t.; r

ftf..:Jl irl-t-,,,s

i *s :..Jjr--!l :,rtrrll 3r.:i1 .+'r-- i+ <

P: (Safe(v Factor: l.l5) k p n3 ds

n here

p: is the water densir)- at 20 'C - I 000 Kg/ml
d: is the propeller diameter in meters
n: is the number of revolution per second

P: is the theortical Power in Jrsec (watt)
k : is impeller coefficient

:.ra .J e.c;Jt 6:s i+ .i'!.- 
a..,:

where

G=(P/pV)z

G: is the velocity Gradient (s-')
P: is the theoretical power input in (Jisec) (w)
V: is the tank volume (m3)

p: is water kinematic (dynamic) viscosity. (p: l.l4 x 10-3

kg/m.s at 20'C)

Kinematic (dynamic) viscosity : (Viscosity / Density)

fo



Gj$ll JE dl

(TurblentFlow) .-.-,$":,g)l;i()- 6.i-:x (&) :s*-, dr +L, p, "
:,J1 'u5 I . . .. ,-,1e (&) ."+ + si

Rn dzn

L.:.1iy dd ",-! 
,g--lt .JSJI

4s;Jl .:,lt -3 ,-Jt . U. t5 .-Fll 't+ irin cJlL-. !/ijj

where

Rn is the Reynolds number
d is the propeller diameter in meters
n is the number of revolution per second

p is the water kinematic (dynamic) viscosity. (p - 1.14 x
l0-3 kg/m.s at 20'C)

.f.3.i - i-i - ; (tr) ,J :j<i.iii'rl i-.#lr (p) ,'':-ll {i'5S ul! -r+ jJl --.+rr
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:i, v,c Jl i ..,:, L -1lF 4-l ull jje lill aer-
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'-n 1 .. . Jlr- (G-Factor) 4r!l g:s i++

gs:tJJ.rrj L\r 11
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(Parshall .lLi;! ;rtj;!;i (Throttled valves ) a.!' cJL"L^.- Dli -iJ*-rll JrJ i+iii

ili cau.-ll ,J -,,!.r$r.fl Ll.ll .:rri lil - rSJqt+dl Llrll alsi-l iS+l .flumes)

r- \ - ! - I

i

I

I



Gjut J-iJl L-l-.: :u d..; ""-! .5r,-"tt 1St

6i-.!l .:,tu-._r ,r-Jt , rr. t9,J.-,;..i.Jl .L. i.i:: r--rlJss- i-r;tr

iCl ..1..il 
rrc't ;..J1 

e-!r. a.-i ,,F: edl d .i& Jr. Lili rc. ;. r..,)si ' ! -'n

6vt1q!tJ \{+ iJ",-ll

Static Mixer g{r.:U-,Il Jdsjl t-\-t-t
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Floccu lation Ta n ks,-,,. -3.!.li,.;b,rt

irr3Jl gr oiJiJl l-o-r

!=: . ll L_eijt .i' 
"__tr 

tt F-- +i. ;1,-, S-rJt .=-rJt ;il..r ,.rl$t i;LJlo .,,.rj_,,!l

"u #-l.+-.!i JlL -4'a-- -'-i,i:.ll J+-- Ji:i :; ,51 -.:l::5; -,r-1!J

:*.-*.rJ' (Flocs -i''tt1 ').i! ll .f'rj;ll *"; _'-n)i!l -.b-+ J+.,5r .:!':-.r-j:.J-'.li

e-,,*Jl cri-,.-j+ll le -L -,rb -r\i i-' 1€ids .\-13 .. ,: .'Jl, 
C^.+ Yt rr,+ l€ ' r.J 6*ali-r

-!+J-!'9:lL r,+ $.. '-li.ill *-+ Flt uls,ll

.,,,\;-,lt ;rri i-bi i+i i-)-l iL-.,Iyi-$'5*" L) .,,:.Lnil e+te-.i .!it.. :1-"..11 +
Baffeled Channel +;JLi- il3i J .11!'" '-.Si- rr-.a
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J-:ii ''i+J gjitJt ililt 3o',6 ji i,-Lll .J. ..rl .',t- - ,!..Jt :j-rll:ll ,i.;Pil-e ,,:,-Jl
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G:(P/FU''2

G: is the velocity Gradient (s'r)
P: is the theoretical power input in (J/sec) (u )

= Cd A (Vr)r i 2 : Fd Vr where Fd is Drag Force

V: is the tank volume (m't)

;.r : is water kinematic (dynamic) viscosiry. { p - 1.14 x 10-'' kgrm.s at

20 "c)
Cd : Drag Coefficient of Paddle = I .00 for flat up to I .80 for angle
A: Area ot'Paddle
Vm: Ir{eal Velociti of flow of water: 0.45 - 0.7 mis
Vr: Relative Velocity of Paddle to water .Vm ,'Vp
Vp - 2 (2217) r ni60 where n is RPM and r is Cisctance from shaft to
cenier of paddle.

C2.,1&J1,:leiiJl .+A,,.ai

G gStH / trtr

gravity constant (m/sec2)

density of water (kg/ms)
head loss through basin (m)
is water kinematic (dynamic) viscosity. (p = l.1a x 10'3 kglm.s
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H
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(chez_v coefficient ; =79
Ilydraulic radius (m) = wet Area of channeii wet perimeter
mean florv veiocity (ni, sec)
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- ll u'':ll ;.l!Jl 4+Jl drr.rlsl;,:,n-L\l .,lt o L:i,11
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i!.i G1 ;.3 Di ,,Jo LlF. l. - Y . ;,e ,J-Y ,".^)\: ;:. :-.1 ir-.=JJl ,,-i e_i; .,Y . g-o
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.a<-. crLt ^,1 'rr ,l yi ,-\A-ll 'rSj \r g+ o-!l j +lll +r,Ul (Jl d++

L.'1"-Sl -"rl-ii . r") i.!& L).' --ii 's-e 7-;p ^-^.,r;;.--:ll 
,;J.; ;.:-, ,r!

. (.:-,,',illjl) i,til ln l": ilt ,rs --*Jl iDi; rE .,J. .:-E (L.'{:Jl

.n 's'*;! ol.:=9 okc. ;ii:E"), .- ;Yl 3--r

("19rr1t) iiYi iirr...li qI ,.:-Jl a"*" ri-nii .+

(e/e..) ;.+ro in* A " (*f e) iJ<Jr D!4ll r-4u,a: j"u.

(1et-/14i1r1. x ! . . . x (4!,iX .. ', . ''i.e.) d.elr"$ Jtrj 4+.-
(fu*"1 oui &h.) \.ie x

\\i



dJlrll J:ilI t _,, l,J il . . ,"-! "t*Jt 5St

gjl c:',tt="r,r-,ll , U. ^lb -. -.-ill ,1+" +l 6tL* \ir

Reciprocating Pumps (,it3t.r<t) q$Jill srr '' "11

(.'',!,:JSr+l^ - alCy - +r) +tUl .:Lrl-;SJl ,!lt- .E ,''s !l!l ..:.',la*Jl fl\.i i
Ll ck;Jl o:a GJi:i_, zj ,! ri i:i!i LJ .ra_e , cal5 if; eli: 4..J,- &IJ ,.:L;Jl ora-1

;=L ,-.,.! ,--j. ,-c-ii=.3 ,i-; Diaphragm (rlr+r) .l ,:l: -ri .-*rS";:. _ji r'!e ,r+s- &
.€i-r si "lL -rr5 ri r-l r-.<-lb (multiplex) L,,-r-:;ii i.:.-''" ;i simplex

-t ^,S$.,--:1.-4 
l*:r.y 

fn 
1-.S,)l]i j; ,r:. ,,^rtl ,11* tk++ .:.,'r.,-i^li i LnJ

'(Strainer) ,, '-il \r^j.

6Li*:d1 Jl.rl:.1 I -\'-V-t'

:.r.li:lls Oo-._iJt ll Li ;ll-r, U ^r\l lr.t crt-:ll tFil c+

,J.,9lL.qll s$ll .jJ.-Xl

i r -.-t, n l, -Jl 4iiiLl! ei'qeY 'r:r- rl 4.";;i! ,jECl elul ,l_,tll O.! ai,; '.tr\L-!l , ilr. ^''\l $
: JV1S {lir /JtXi., 

,., -.,r !}+jll

('lnl!) 
-

(r,Cly''d dI.,u a.t3i rr' .UJl ;r,-, " (le/e.J k..:r,;i *.ru.rr +,*_..sI ;rr",u iJ"6.. ae,F u,-li
ir ' .:r:..1-.11 ;r i.<li , {,Sie-J Uedl i..jir JJ!- a*J:!r d ,el.r.ll i+t!"Ill rrul i.!i.s

u"!,ilt ;_k+i A-r

,:1s;"j.11, Lr: ^l! .JSilS*Jl r:Lljill \.?\ ,l\r, +sEJl 
"*!"i1 "x+C aIJl !J

.ill ........L)*Sl ',.ril1 &'.,-r jD,"Yb ,-,!ill L!- iju6(1 oLUilb ;'Fl o-;.:,L.

-.9.u k-,'], ii. iyS ,''j-l -,,;;LJ orai.a3 cJr:. 6lrc. i ,J^ k f,L*; ";4;Y 
I ":a ar-"S.,-,

. '. ..^\1 , . -r-.\lg

'i"j_r i--_xi rr r o"1 .-\\ i$+lsJll .ruJl ,=L ht6el i+S,01(J^.rF G.S 5r.$r l$

,r:)l el:.<\l .r.-i 'lf Jl ,e .\l ,i ,tr:tl Ji'rn Ji ,r-+lji^ll Ji L.ir{Sll JLJI .J; _};3 *l
,-n+i -n !r:i U,si ,,.-Lill ""J€+i ir. +$l a!-h 4-F r".-r 

, u ^rlt k*E p+ U;.,t



dJlSt J*-ilt \"-r-,, iu dd "r-! 6'-"tt .rSt

61Jl ot t-- ., ,r-Jl , it. -lb ..,. J.jlll .U. itin r.lt=. irin

Venturi ilJ;t.ll Lrill ri crdb Nozzle ,i!!r Orifice tfill ,J- cltrJl i!1.'1

4-,.,-jS 6L1 .,-r 6114 'UJi L;,'^\l j I.Jx\l L!.lti\ ol+Jl dJ+- ,l k*:--.,

c,l.rlro i.t-l_:,, t_r -\l ,rF + Ellsi,, (Transducers for pressure differential)

a---;aSJl ei\... l ,i +-.ruS,;r"tt ..rbJl ** ,rJc r;,; a.-.;4S oL'u.."- _9i ..1.yr4 91,-L

a'-,',,,:Jl i..,"!il1 ";<+i .r-r dj . . ...(Inductive) ;.5J1 ot- .\l ,i (Capacitive)

*L trUU.,= ,,'!. r {il:Jl \{- ljrll t-ti ;]23:Jl a-c;* c.,|.:l:o .:U.^ll ,,r L;Ji

1.-*E "x+'y (Low level& hi-qh level) .:!!i d.G .r+ "x+i .:Ispbil .jj+Yl

-.-LJl 6. l!-\l .-,Ll.r 6i X a-- r,Sl 6K *-ll a-r.,--ssli 9:srl ds-, '*J!r -111i1 
;.u

& +lrJb Sll .-,l:i.J.tr:S ,-:.,YY-: aF U rJ .aGJ...,ll ,la & # q-U ..-= dl
d.rLs,.;: , y!,6e l:S-)t ,--ar. L,flr di ei a.,-_e1 a-c!l ;yS i: .:.,tj-,.-Jl rlJS, Lr;.'^tl-i

Resistance , r.fJl i-'.;: JJgr .,J. "$Jl d..,ri--,-Jijl 1e'.,-! r'::c. riJ+ orlJl

s:,,ji +,GU ,- !. ,j^ ill ,i 'fh.r-irtor E; Ei .r.....- L -,i Thermometer

,:r c..,Ll --:r Thermocouple L;lr.Jl .:1^lr1) I ri (bimetallic thermometes)

.:'6;Jl LF+ LE^ ett+,t*+- c..,1 ..ii -ii c,[...1] e,! ,,r-l ,'-;,'.,F,.1i .;';S-q.-,,16-31

$-i,6Li , j d.-ii" \*JrS n ^L, ,i ,lrpJl i-- 1: r-lcri ' ^ 4+1 -ll 
"i.J,+ 

1..D- J+5;]l -:l \\:, lb..-, t. . ) Jr -J I r

.k!-y3 l++S.,il 6l''J++ i*.'}L f+.-J l.-Jl a.AJ'-"t

J#L$ll .b-eLi i>E #t o"i:rll o;'j+i tlii

.(Defciential pressure type)ie-.1y;;;li - .,L;Jl 4L,Xl il:l:c e

.(Propeller Tlpe) 15-p,-.11 i-';-ii ,---,l:i-,' o

. (IMagnetic T:pe) ++-i!'';i"ll , u ^:]l 6lrlre c

'(Ultra sorric Upe) os" r- ,JFi 
'.,i--*\i'r ;"'gill ol:i= e

Jiu & a.iljSJl dJl. il u+ JLll r..Jr,- u,p ,,r a$^;r trrs .lLL,! '"jt+i .
.iLJL -"JsJl 

'l+Jl

a



d,rlll Ji-ilI L-r_.r 1_r p*. ,*-! .9r.-":t .,-rSt

iil 6rL-),.-Jl 9. ^lb.-,,..l;]l .L":.r1i3 .:rL- s Jris

E;ll ur$

tI-F. + ri 1$+'s+ j;.ra-e t ,;svl, (Bourdan Tube) -UJl rl:.,'i',.-,
., rl" dJs ji , i',< 

" 
:.,- ,i L_rt-t- i^:g :*x ,y* ,y L-J+s ,'*,J +J6'eti! Ji l6:Jij!

i.rtxJl tp g"tg

,.*W "-x+i 5;: c}iS9 Birletallic :.-;:;Jl ujl*^ii ,i ir-;ll .i ee-r.ilJl 6!lYl 'x;-:

.(Infrared) '!x-r i# L-.:Yi r!.i;; +ll Jl-..tYl .,ro \-1-'. uFl ot;:

.iJ,.4il! UdF

(Obstruction Type) 
";;t-Jl .!* "Jsils+ g!:i t+.,^ , .: --,ll .rS "x.i "* +.Jl ,>-r*r

ls+qJl c{,1iYl +,r; &} .r ..Ln',j{+i 1*--i Nozzle, Orihce, Venture &
(Turbine type) ,--,trr:.'rrr(\l i'+"fl ;,*F,, ,2* ,p ri ;-u1 ',lr"ll r& 4.,',.-xs Jl

. LIltra sonic fo--r.-,3C1 c.,lu ll u+n -ri

;,j;!ig ol+r tl ,.J,i,-a U,,,!1

; r-r,Aij oLl .- !r_r ,J* Lp ri <!; ..j-, i_.:$+ 6:! rrF rF.r &;! o' f.;
c..,LLJl "u3 (High level) s;-5-." ,,-i 

""..,-1, 
(Low Level) ,-c-&.,* g[i a,. '"i$l

(nil .....,'^n )!ii(r i.'.<'. 1,-", L.'t) L "sll . plJi . F"r J+# JJt .-o .J.n\-. . r | .!)

,;F.* *; r--r., oLLJl o:a 6:^.-i'd+t-'11 iii i'-ri &;s ip 4l,- iyt:'._5,-3

.')i;.J!'Hl .s-:i.,- :r:i L.-xS sJLil J) .r1 "-ll ,.2"^c i'.;: ,r.L "11Jt

t
t
I



Sl",ill tLaill

4#,{S.ll CrL,"* ".-itf dt*i

f



e.!ll J^-ill Lr.i:-r dJ "r-! 
,g*Jt iJslt

,-i-Jl ;.ll*-. J-Jl . r.,l. tl-{ .--,. _;Jt ol-.":r;r: g,ll.- - iJr:

eilJ'll d;aill
4#J#ll CrLtl.,€lll JL.e i

i*i::Jt c,tLr. j Lsi.,..Jl 4+ltJ.J{sJl crtsJr.Jl

: -ag:'i ;. r:tt \i .J. {r:ue <.:r<J-- 
" "'*"ll ij11 :,1L-. J -]ijj

'\ -r

s:= nlrill cJll crlsr- -ll dlhj ,=;li r . ..,-if r:!! a.-1'. r' .l l=SL:6 otlr- .

!).!i.nji 'r (5.i aJs_ Jl sJl J-,1 r:.-,...1 ilis j I i;l! ,ra Jr+ ;rs.-'l. -_5 
:'|e_eJ-.lS{ . .

.(Smat Motor Control Systems)

9r: -:.ll olpill .--ri! crtS-pJJ eljj: oYrl oliL crli a-.,51'.--,...1 e.':t:+S oiir- -

.,-rlr-4,(\ . . ;p.

:Lri:.."J1 l*lL.jsjl (:]lsJr.rll ;.djl 
-4.i- 

yl cJ[i..t 
^JU 

\JJ'-rl 6tc].;r ,,.fJS

;rbll e-rJ.: .Jl tr6r)l JJ$ Ji (Jlc (class F) ljr o^.Jl c.,,li l1S_p-Jl c,riL utS

.l rrr 'l jS+ u (class B) JjJl L.-,"1 .+ C_rJl ;,- !i ) 1-4 ir'uLll .id
) ;rL.Jl *-:,.; # 1.c=1)l .;3$ ;i .r.tr lclass H) jp r-...,,1'. gJlr cJl;\.,. cJr(J- ^

.(class F) JjJl .-.'lo + gr"-.Il :r r,-2

(Enclosure Protection) .:'SFl .l-,ii: i-:.-.p - .,.

.,Jt aJ".-JL -;rVt gL- Ji.- dts j\jc J .,,<-.,)-. Jl .:'sJ.-.U i,,.ir, -

-ri IP5+ jga a.-.-l": .:.li T.E.F.C JiiJl tdl al^ rr$ i-rr-, -lt .r'6Ja-ll

.IP44

(close coupled) F+" i'..ii .5i ;r .^ ll iy .r,+^ ,,(J.. Jl ;,l:Sr="U :.. t'!,, -
J- rJSLriiJl c.,,1 !- l;i 

"+-.,ful 
e!- dF.,* JJsl cii--b^ll ,-!+ ,.(Ju

.IP56 +ri::p'sl: (Flood Proof; c3;Jl * ,<.-lt gJl



e.!il J*ill

,I" 4.,,-r+ll &!l1J U-r, (out door) it+Jl g;li ,,'(J.' dll ol5>.-ll 4r-ill+ -
c.,l:weather proofi-rJt &t ,Xrrhl 3dr .r-,,rFi.rr:.-ll .:.',l !-^X

.IP55 Jgii q-.-l'l

;rs L:s:Jl n](J- ^\l _rl-i oLJl eJ.- -,r. r-;" .-,-r .).,: ,ll .:15,-s-ll:., ..1r" -
.1P68 Jgiii i.r.'p .:lj ;JLiJt c-!l ,.

.eui e.L- r-l.J.i.,x.-'-i 'L--\l + U+.r.ll .,,_l .t-li +:.i ij''...ll "ji j +J

IEC i..Jlrjl i. ,,.,rr;tt grli,.baii 't+l tp qt .:t els._.1r gS (t - i ) &+
lP i-ri ^ - tl .r'r.......--;.r 1, (

qL--lr .:,1-JJ IEC 60529 i--^--.i'-rll r-+-r---il I :,L.i-L*Jr .:.. .r -
JlSt.s .r . - rtr i\---j:r l / :--..r-l at-i'r ir Llil ; i!: : rr

tr-p: ls.; ..r*! Ul-.tt .,:St

ijl cJrL- , "--:t 
. ir. ttr.+,jll .t+ i=ri! ci.Lr" Ui

{---?t-.- +94 ) 'O} L--L-- .sJ--i Y rCr

-\+Jl J-Ji- ! !,
r-----.-i, -iQ'

.rlJ aL-i i1,

; r.si ,t-r

.Li-ll tli- izl

irrr; o-t i ;
+\a

-a :,1: ;L--;.1 t3i

.:- J'.si ri

.tiJl LJ'i- 13!

a{rrJ.i vr.i j- (
ilr at-l i3r

,-g3-s 
hm ; ,"sir.r-;

.. Y.'L Lr,-Y Ai,{-) ' a .

-=# 6'=-ll !-.L '4,

ell;j
.:,irts-:lt

tP:-* --t: -Lsi irl

;- ,"si .t*;

i-ti a.:L- i5,

:..-ti\'t ,-.;

t / 
- r't

-+
.1_+_..r, i-; (5,

-Lru;!t -[ ;
I -r",. r= . .^r' I a+j-rri i

-.o"+A ;- ;J:*S ;$..
.-ti {. L..a 6,

.;- .,i..1 ---.1

-_-*, ,rts t-.+--:.'.-r'.-: !l *

e-\ ..,- ---^-s i .--r--; .:,ri rL_--\ t ---; .=r* : lP42 -i L-
- i -:,.r \ o l---.JJj .-Jll4.rJ-i jp oL+-Jl !}-r- J.-: JI

\tl

(

(



eul J-ill

c.rB" 
"& 

eul Jl:.,, iJ',<1 CjJ eGlJl cl-l: O+..,.] 6L.-,ju olS;Jl !-ry ++r

,rl ot ..'"ll ,r.a ji^,lr (rtati Condensation Heaters) 'li;ll j[,.i.f i:'- \l

"''Ur tT ' dl; u;^

,i A otJrr 6ii G-!rs rrr c.ri ,,,i1 k,:G ',+"1-) ,,,!i ,rj]l ols>'.]i al lii .l $c

.(Thrust) L-,;cl ,* C+

. Ji$-j; 4cL\ . . . . . ,.-;Fi ,.- c.li 
"".S 

L,r'r ,J1 
.r-l.Jl c.,Ll*]_, .-^--

',r.j-" i;-*$,...'1 ,,'r: ui3,j)];.,)'i l..,Gj=.:..,1: i.j'";+Si sLS-Jl ,l'i"-l UL.rj
. ,^.i 6r,:t :-. e 4- (Brush Lifting Device) ':ui-.,<\l ,;roil 4sj iG+

JbJl .j-:X , tl-r:il arj-i ul-i .,+ti*Jl 
"'--si!.ll 

.:,1i otS=.$l alrsi-l ilL .,-!

;.:Jl , JLo ,l,'J! , F ,',9S3 ,',i .,.+: r'-iiX aj;s^ilj

.aD,Ji cr^ ,lii.iill a.til -y L;,Jl lbY !$l ,.,u- -n'.r.,6 +1..."= l+ - e

L-r_.: iu di ,-l ,,c-.--tt 
"rStt

6r;rll r,tt^-.-r .-Jl .j_rJb .-J.lll 'E lin 6Us-" ij;i

-A

I

I
I
I

i
I

J

)

KW

(-,J/ -s) i].lisil 'r' 'ii i355 '

(c,t_.:-S- ) a=-Jl Ol:j :;.1e ,rl cs\iJl 'u$il :

(i+E/ !) ai,:^ll ' ;! --'\l dl,.-6 :

(JL) aa.:Jl ,-lsll .e;j:Lll g-rll :

;\+dl a.l=n ::. i;*Jl i.JSl ;o'.r$1 :

&L- .rl _rS.Yl ,r. riYl ,,'iJ +:p (Raled Power) ijiiJl 'rUJl -eri eL$
(Max Power) ,.s\:...,*'r$-i *-..si g- % Y , - 1 o ,;". a-r.ri (Service Factor) L"-:=

.ai;Jl Lj,n-ill ..s:" .rl

rrr OH
P=--;-

lU'Ip

d!s,

o

e

o

o

o
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o
H

Tp

i

\
I

t'
I

1

i

I



rJlJl i r. ^trl L-l ?y p-.; u*.! , c-"Jl ISI

iill 6lL-.r 
"-Jt 

, i. ^t5 -. :Gll "l+ i-G oll.- r,r$

Motor Starting drlsJFd i,!,srJl rq
4L.i. .5Jl &lSJl a[Jl ;1,: .-,1.,'^i O,S1 '+ll ]tr A]r,s]iill ,rlrJl ulrr o] r.re

,i .it-. ^i 1,l!F Jl 11", o'i\l 3$ ei.^.,-: Obr'"_F esY a.L^: *1t, o^*"; p;,,!- Jt

,''!--\l ;iS l:1 Lr*; ,$l -,8 .rbl ..-+ 1''ur, lln &l5ll dul ttr *.+ ,-,- -,Ki

. jluJl c:.., lse iii+ '';G ..=! -ir-
oJ1-_, .ri r.r_i+ ""_x11^ b3r, ;Sa - rJl ^- ', o -F *1 . 

-ei.ll '"J+;- Lltil d"KFl

+ - &- r..r-i{ a.l.r;r i',; eirJt ;'s r:i Lr*== Direct on Line Starting cri-i o{
r!- Jlr i\4ulti Starting e r.'\1 LSi^ ,,!- il ,',r-S ) L.:,.,c dlsr - ollii ,r ,.j;.-.:

,i **, - q:...ll -:.. aFl )$ r!", l*.!r.: !'..:,r11 ;i o,!l uS5..:! ,i etl 4- rSVt

& -,!ilr .-,sl ,"-li .,i'2 lu; e:tJl ;-r -,1j .-=.,inl -i-:4-, ,',lu:J! cJ ql,-r l\.',.;
.a!).=_9 ,,-,-1r .:1.-lL it ]";Li_: ,:lr.S_i e.1i aY-.=^ 

". 
L-y,.,; Lr;ru€<\l ASJ.jl

: a;\l-:i! r.-,Y:'t Jl ;* la;t.,--l !.Se LJFill .arSjF-I ;!rJl o,r iy!3
: ilrLJl u,^ a-,",.,,= iS^l ltt c'rJl ric ,rbJl .Ii. -,,8 Oi ,':-

11.1 = io + /l 2,

. *lil oA c.!E! (J+LJI ,:-+lt,

: +ilJl u^ LJill 4!1s"ll '+l.X li+L /13, ..L-^- p-3

/la, = rl I I ( rt * lr2 
) + J ( X1 + /X20) I

aL v1 ,.:,^-., -,-U:: t ;r -- *;t c;15 1o...;Y 11; -i 11"., ,-F+ /la, 
-='nl .tF dl -J.:'4.\..

. /12, ..-l .-, a,:lJl :iLJl il:'1.-ll ...-,'.",.:'.^ -i oUrii * .ei ;.:i, ,i +i.,,-1-

LEiA+ ' i iJJl ji )j ,j=is+ ' ir rtsi ,i -'-, oi'l-lx n'o:', i'. iLrrl a" iii )J

. -*Y i -io

: s+L. el$i."yl AtiUXl a!,.9J1 e+ d-,b *b
dY}ill l:.tiL Ji 4s,ll r+ r.iuJh ( i

Rotor Resistance Jihll J*hjl # L-eii.

J;hll *;Jl ,:5:p!t oLiL .:l:61 (rJl 
a-"'.r j &;-; Y ;lr3r.ll ,rJ iji.,_)i"rl "ra

-,''!-^\l l:a 6- c,:lS L*.^,g-.Fl on;L.si &,:'"; oi,,'r: Y-e Wound Rotor -iriUl

L'illl ri 3;Jl rr. ,;.ilr dtr ,n-, ) , ir;t 11 rjlJl dl rU+ i+; 6., 'UJl lre .tY



elrr d-ill I._r_.: ir it .. 1 g*-Y , e ,-^ll :3Sll

eiJl 6rL- ", .,-Jl . tr. ^lb ,--.,.lrill .l;. !;i.r c.l}=. ir;,r

-S; e ''i\l r.,,D a'jJl -,1;1;:;J:i ,Jl+ JL' c.r]-r-rr o! f.,1. +"J ,rSJ'L-J.-r (.:1+il1

L5i tl 'il ...1 ._-.1 Y oJl:lty ei[-lt]l rE- -jUl ;1.2-e;l ,] p,. 6l! Lj\--Yl jbiii dn"+
Y l:a_e c,i\l .:ls .!t-r ,,UJl a-l- , ;"ii ,,,-,-i, qr .LeJ.=Yl ,3;fl dS O) qll alLE

.. qrl\ Jl jhll r*:,ji rr .r!r- ll aL> , 
, 
.r:

=rr: 
*.-i ,.oii rJ.;;_ ri j+b (+

iil!,.,UJl r-p ,J-d o-i f-r i€-J.ij:,Jiill .:;tl! ;. t-.i ,i ....1 ',r*.'!- Jl i:r i
.,,'rJ! l:r i,,.a t). -)&a ! !-i--\i; r+i ">"

Siator Resisantce +Eil J-ad ; i*-rii" t -.+
'u"S ,4r.-tt ,.-,:; r"rt^r .,* k .$ ,-+ 

-,;;i! q:L L3G- +,-i + +l,rllt .ia ..rs

.,Fir!

Vl

lv{o lor

I

I

i
t
I
I
,
I

i
i

i

N

R

S

T

,\T
Ruruutr-c

,i.T
Startlig

+lill .3l&J1 ,s aua3[i'a elria\4L p';rj (\-t)dSi
: iigtll "\ t=11 -,^j

.c 'i'l .a'-J; i;:.liill .ll"Jl 'rsl -i
:rJl ,'--., * r,- -r-1i6. , ..:il .:Jl ' re . 

'.^r.r - r-.r
LJ L . .Y . \J V

. q+": ,J"'iJp +n2!11 ,:e ;"c3
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.crill c..,!:"^]l ;iSl ;. .r..,1.i..,\l ,,-iill rr ulilill dlJl Jr'3,J

*L 3 (oU;.tt1 i(;Jl c.,t-::L ,z* ,-e, olS-,1..Jl .rA j -SJl ait L'"r1. .k:lrl

"Jc 
;,L'"X: -.ryrJl LEll 4rl-Jb .SJ! "s 

4J-Ll .Ltii _.,E Yl ,-+ ri!,_/ 
";iJl

,-J +--. ,=ll ,-ijl\il IEC+9170.t61 i-biJill dJtii,.-Fl ,',U. i_: .ai:rr.., a!L;i

: tuts (mctor starters) isll ,:1i]L len-:

!r;Jl ,'. ^- i* _yjl o

.,,1 Jl !ri-r o

_,Sl &-.,; .,s,_-;,_J- rSJt o

. 4.LUl ;}li ,._i,:r-L;ll 1.,-lF c.,i,J+ JalXl rrL; e

isolation qii:ll ,r,a.. d;c J-Hl .
.9+ jk-Jl OA Ol ilt.+ aS-';tt 

"l 
.€+X ,,', i t-si ,','-J Y aJ cl;J Ai,t. -, i'-;:

aF ^+Ul ;LEJI ;*'"-,,la+Yr iiiJJL DrLlJl +L- a.,-, 
lra,3 off t;-llt e JjJl ai-'L- r

jk+l d1; + - jl,:l ;1*l 'LLS - ,'SJl d^'u:is c:YL .rs cl LS ,-.J".iJl +.jl
,rc. ,.^i' r:-!. ,'*".1'lll =:. ,','*,-:l -.iG" .i ,lsE ^;. ,'cri ,',c Off *Jl .-iL. \_ rvr " t- - -

6li.-!Jl ,,, "- ,,),Ji 4+tJ JEil 4,5",-; . ,ii,l- -e.9tj9 A:!Jl &1- J.|2) 1*+ LLr,-""

:rtr:.it=, tEC 0947-3 .rr-t+rr

off load sMich LL' ej+ J^*i a,$'rs- .

on load swtich "l"Jl "l L!.": a$ls- "

motor proteetion ,3;s+jl tl3 6 .
: !5:yl ,jlc IEC 094711 ri+,rLJl qE-, cl.t; L r-^,1:

,E:l&t >r; )\.,i,si Jlr .jLJiSl 4s-., ,erll ;ilrll >-! crllE ,j" lrirl jk+ n
Y - , J. 2- Y I . \!.

.,,1r_ "u ll.tsJt J^Jl Juj 4^p Jll"i e.:,e ne .).i

i-,fu d:Lncl 1,1c ,ls ,-5i ^I! e iL:Sl 4jS^,.rJl Ji^^ll )i-n;rLj J.4+l!Jll jl.€..t EJ.=.4'r- r-Yl .r,

ru OLJ L-r-lrJl ,''!\l ,r.i ellr-, ,-llr- ll &L{l itJl JS 4-+ 1.J\:^i '"Jr' ,r1=

'olaJl gl; Jkl! ,J! 9:3,r :i 6:ll J.Yl 'L'Jl 6Lu ''J'4+-r: cp 3E;)

\TT



el.,ll tJ-itt \-l iu Cr"i o*! , c-.-ll iJs.ll

iil 6rL- "J ,r-Jl i. ^lb .-',. Jill .tr i-.,l',: 6lL- . \rii

,,s.:Ejl Jui.'ir qiLjiSY *>i '";"L aSll g:t s.rt3 , i-,1J1 cer L li! ,'S"r-r

d= 4+Jr gE;! dpl ,-!2j.r,l-.r. I 4r"15;1_e oGlJl ,lj' JU€-,J LE^ L-E .:YL

.lKn-r....dFl oUL

.a-s. lll o\=Jy !t63jl .:]ur\, , +!dl & : i+,Jl 'o3r- ^'oj**i r

.a;l!,Jl .r-lA a:_1_.,!l-e;.u:^ -i'3\!3 oli aj*+i '
aLJl ;rLt,1 D^ 4J1!rl (i

ac,1r. ^\l ; L,.i;l <,,+,tJl .rr'1rt-.,:1 -i+i !j] JJI ;:L; u:1*,rb L,. trfl ha

pl i:..1 ,jo.('6rl a.LJt ti;.+; LLJI ;jt; c..,YL= r,; ctjli .r JV cs"*- ;-r:
:q!.:}1 4-.,..,sJ1 c,ti.-!rJl U O_iS L UU, ;--.lt ,1.,:t!, .::jJl -,,!i1 e}.a rla-,!-.,;Jl 

"ra

.,.-.,U.6Y I ++!): !\!l L,..: ,-i*-ji o

aul ol:Yl .,! ui,,Jl ++s j-i1 Y ,',;-., \---Jl -*t -":!'= a.:.Jr LE:!-F r

.t'\,p
h€t ort6-1J} e-ul ,,!- Jl C,.l gJl -,;^!l , ;-,=5'tU i Jri-xll :; ql!-Jl .

.aJ-\iJl r.':,-" +-.;i p. -tii;:=!'eli r,^ lsi Lr_rJl ;* G\ll

.Ul ri r.,r+ gl-:iJl :'-, r*il:; "
Lr.:-j z.a*,t,,.J1 J^yl . ,rlr--11 (FLC) &'6J L!"Jl 

-)1J',\ 
,,,.L" 

6_}.): \_r:l .

",!- Jl c,l,L'-, i'y\, cr!,- JA L.S &lsi 
"LJl l'* r^ i.r-'rS.g)u-;l

L.. -.ri s

{.+-.: !E; J:G^l dllrr {iL^ii gJlii}li\l a* .'!il lr.:\\ L}"Jl 6rLj +)-J elisj

JjiJl ,-\ Li --r --")-,-Jl 
..6+'lJ .J]c i,iJl ij}^ '',r-',r L+;]l +c j*il p; ,L"-ll

r :- a, r$ lo , e\ Jl , e +1=., . -g)l-,Jl .-i^^, .,+-+ 
"<-rJl 

;:'ll .rjfi6 ":i.il ..r;. ,1l:Lv \_, t: ta, ! v-J -

L,-r"-iJl ju--x 
,_J^isJl L[Jl J,-,3 ":ril Lr. ^, ,rL-.\\ &lsll dt-jt Jli ]" .,.."+

.,!r \l c.l:\+ L-J (53 nI.
Lj- ll dl -uF +=f 

"+F 
r

"UxU- ,L,- .-i'L;l ,',- Jl /Bimetal ,Ii:.,.-\ 11,: '-.r,J,<\il ',.,, i ,3.,
--Ll\-"',r(+J'=

ilr: :io .dl 'ulr= -.t -l,i: uF ,J=Jiill ,n\'\J ,-.-L! I ;il! ,o,ls ,,-i,Jl

OIJI ,=iii .,-LYl Jp:r'll .!^J ,L- J\+ -tV :s_r 63.r.,.r LrJl _elt +:t- ul.>
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el,ll J-iI Lv-.,: ?u !d u*! Lt"Jl trsl

gJl c,U*l .r-,Jl ' i. tb ,--,.rill 't :.riri dJlL-. iriti

jtill .t!: a+r ,''r- (, r-r,*ll) , pJl , .-,lj , jU)l )--r'll , L-,.r O*^ -1l$a- Lv. - \sr tv I I

J,.-i,.,+..++:..!l 'rltJl Jl+ si o--,+ 
lral .s-L!'l "-!Jl tI:^ tl& ud+

. L,r-- 'll -rFll 
',:],r- L.-r. ,i. J.Jl dl,-l LCI u"n 4l JiJl 6JLi J"-ic

a;snii .p-. o!\s g:-! 1"r; . if, , i, 1<ll

,..,!.,11s g:-) L-.:i , -_r:.. Jt *-r al; 1+i !.ii + .jJ! -"Jrrj ,fb L-.r3.J

a-'..;ll .j:Li :1lJI Jijlil d:Ll r:.-'..J d ("r"-';. .).;.1,:ji :;11,6-e) a,jrXl -r:.-"
.ro dh..l oruJ i-..^-t -.,1ug.1 

+)ijl J:,-j A:.,^J :l*i! t-.',ti .-.,;l 'r', ..,! 4 ,i
.U .rr aS+lI+.J.S: . :tilX! ,:'uJl aE .'aic .E u+ t*tt ,"n J4 JlFl
_.r',^.c.jltigr-l I-.,ri"aF,i,,-<ll a;6orJr .J^Jl ;:L,,r)'l 

3! 
.,-',..1 ;.,VU!

.!ii3!

d:Jl cri ,1 -.,1

'+ &l.r$ uj.i diJl ;:$ 9\-.,1 e-.+ Di !-.tt iS> c:., iL;^ ol;i r.)

L lil ,.t.r -.JilJl Jt-n ;i r.) 1e r<\, gi,:i e:r i^Sl Ul- i,li.lll cs-,.11

;r!-; ,:'*--J!.+=Jl ,,i=iiYl ,jLJr .1lirL +"j'.F i:li-Jl 6irr:lll ,rA 6j#i-l

ci-ar 1b:! irLJ.^'.'. i3)E IEC 6D(47 ar-rJal au,.-lJl r,!- r Li^Jl

: j)tS;-rr!J! !!,Jl ".rL; dJ\",]JrJ

Class 10 c.',i*.L.jl

''ir-^'ll is-. '{ cri k# !i Y Ji ,.:,1.1:.-L-iU.-,.1:- c.',,*I-Jl d" t.lJj lrA

'oF \' ,-r'

Q1355 !Qsrrrtl\l
,!rJl 4S-,r o4 e*j $i +.r Y .rll ;Li:--.:jil .---1; 6l*:\,Jl .x 3Jl l:o

.a+E Y. ir
Class 30 oQgl

''U-Jl ,'sr- '{ c.ri kts +}Y -.ll sLb.i-J.l '.' ti" c.,\,,L;Jl L)^tll lra

.+E f . 
",.

,.-.,-i,ll Class ll ri d[i.:i]l '+ Lxj * l^J cul+ Le-,:i ,:!- ,] oL'Ut'
I . ,-ll

, L)-.r 4llJ

I

I

I

I

E
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6,.l.,ll ;l-ill L_u ! f-- ,r-! ,._*.tt .,rslt

ijl .1L-u,.-Jl . u.^tL...ill 'l;"!6n6rL-^idn

'.JslJl "d ._j!F L!" qtl3lt (+

oL lrli ,'r-"sj dji '.JilJl -},..i afE 
"* !1!-, jk.. gV r.N c,bJl , :H l-erl.iiJ

tr''+,.11 a.-., ai J+ a=JE ps oli Jl' .:.,!E gY C.*Jt Ll.oill ,rl\i(J J1.'^1<l

: llirll ;j*+i if-i ,. ..ee,:ill

,. J.,jnl .

L-J+SII Clbcll I

6'(J--ll 4Jir"Sl eLrJsii -L liil-Lrl 3&..,^ '"j{+Yl :r; ;i ,;S+ LS

.'"j;lil 
"-r.--.,]-,.l,..,^ U" **rr]rffi 

!

,i \t- OJ , LCI "i ir=tt c.'I.+i e+= -'!- il ltir .r3 ,',!-:-,ill ,l ,iir.r,.r--;,,Y

J-3 o!:+ S):Jl ll ,n 1,,,:J alLll ,- ,_+j) a.D.-l p;)Ul Lx OF; ,5L+.'qr .. \-l
,-+"t -".!i .,- ol )..:+ "+ 

.i,_"- LD-- y" I r;l Dr . -^ , ilil .+ , ;S+ )_r .(L-!, ,re
qti_j j,-,|i"$l ,l rr-, .t rL:i-. I ,J.:! +:ts F 9"; qt5:lt '";x+i q$!r,j6.+ dJb GL-il
uu+ a++ $!_;rt .J^ )oi t,.,;t<', ,.,rs 

"I.:l.tt --"Jl + l+lr i.-tr clsrJl
. ),"iJl

Ivlagnetic circuit breakers ir"rLtt: 'r;<31 4lpl t

c,!F,-Li,-_r,'.::i<J 6l)Lell j*..S + --+fji-,.j.-, jk+ *l'+lFl .:e d.ris-,

Ft .r^.-rxsr ,-r r.lr -ti LL- + "lj,_r JBI # i.-- rJr: G3 a+ 4Jl.'.,11 ,ih.ll ;i
'J'5ll '!r+

gi & Cr e+ ,'.j-, t'i .E + a.l.os; sr -- (J..,- ,..!-J+Sl 3LlCl c;-;i.: i-;:',-;

CLlJ:l]i ,-d-'i LJ 
,*s . ai)ll ,.--,tiCU ,:"1,i. U- t L; rrrll aJrti i. :tL;il &!jj.Il 

"*
.):rJl -,8:; a;'r^= *! u.f-:cllSFl 4i1*J l.,.-.:Jl

(Switchgear) 4$t,Jegl .lljrill olu-e Y-t

,,\\i<:.i Lt.^\l-r lLJli u"Ellr -sll jlt "(.r E1;{ ( eli3Jt ) ,:Utr e1i!'";a*i "U;,
.\C Ar.,Jlj LrLJt ci'.,.r5 nr ik .J1, 1.e+.--; e. 6LnJlr a;.-Yl .i 4;.+..,

\ ro



e.lrl jLill L-r., ry 
i.: . -. u*! .-"*-tt 1St

6i..2Jl 
c,tt--., ..j-=Jl . .J ^lb -. -rllt .tr +i: .:llsa \.;ii

:c.,1 * \l oU .n-Ij ,sI Lj!

( Metal enclosed ) C**Jl 6'1"'ot c,,tJ rt+.illl ;i{+i - i

iLlS .u.S: ..l.Lj! .1.-J. s-_.Jl.= (s.jr,- -;t)i LLh i-"+11 ,l,G-iiil rx-.i q+:

.kl i>.-,,Ul .:r)i.-!l !r' dji--.,.-Jiil

(Metal clad) ;rdl dui=*jl.ii.h J*":llll+i -e

l(tr-j aL-i.. Cuhicies ,',!--. ^i6 gJil: ..--.,ityS^il !.lrS. j '*+ + .,Jl ;ir;.-iifl '.joi o",
: IJJL a;.31 i';;SJl g^ rJSl U-i:. ' ,],u ^i " r_r-. _r ,5olr.-r , r-;;Y q , i, -_r . ,__.,* e !-

.lJrxll ',Jills 
r--.,i. rl C 

riill t ilj+ ]r'i .5L af...-ll sL Sll -

..=--.i--)ll Ci:dll .r^ 6-21J1 i)l eiHl *L aL-ll 51y<j1 -

(Circuit breakers) c1!JJ rtrrtl eLlg -+

(Indoor circuit hreakers) lli,tr 4J. Jdl J!ill gb$ -.

6tJl r.-:, +"=- OF l+= 6L -u- Jil::i d$l {-hh ..s- JiX ,^..J *Jl 6lt:,ll 
"+_r

.;ih- Jl LrJl &!_rll .r. b_)-- _r t1-Jl .-iilsr;.jjY!j _,LYl_i

( Outdoor circuit breakers) L.;u As.;d| ;rltl euls -"

t,;Jl &!Jl &.: *L'+l! a,-"S:-,:-r',;J1 ,!r-.)l uJ ,,:!.\t-J 
"Xl 6f!!t ,4-r

,i

\ 11
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c.Jrl J-ill 1., ir d.,j ,*.! "".--tt 
qrst

6r;Jl otL- u ,,+.ll , U. ^t1, -. -.,ill .l+" irii: ltl.- ii;

(Switches) G+Ul-c

'rl;L\l d=j s,Jssll JtJrll Ji.,-ir rLJJ +,-j .L '9:li aJ<,uK1.,!+-:: ",;a;i ,=+-:

.;$.- 4J,-j -"jil ":il| c.,]2$ 
"1".: ".L 

t-Ji '9:133 +9'14Sl1 '"1"1-:ll;:EJl

(Disconnector or Isolators) Lfl"ul CFaG -i

e:; il,:I" tuL* Open Position edl C+, d ,FL '1'S,r.',ISJ" .J.n ,t+.ji ''ra;i .+_,

4-!- -'€Sl 
'oJ:lil &, C .rL _,,.\! 

-,J;hll &E i'-"S-_i a''iJl 'e:Jl r,c .,-,,J+Sll Jr,;:ll lrJ

aA d++- (t::^\'L * .fi) u* '.€+ )Ul r1$l aA u$. ,i No load LJ^=xl ilL .,g

.4+ ir ji t i,5 JS G* Lp "{-Jl u;s

(Circuit breaking) {;!"di rhi - 6

,r, Esjl UlJl !,..ill 6!16 J,-il ].€iJril ii,;L, le .:^. ^:l U$ (cbs) rtjlll ellJ .j_F.

J,,n ,J , LJi-ill :.,. ;:LJl ;,lFi 'Ut) uJ l\ri .. ll '--]l ,,, - '"rl' C.tlili , it,i,
& .,s --"nJl ,;Jl 9 '*-,1-.1 ,:ll";'#lJl J,.i r.,e;:lrill (ulFl) 

"r*St 
*"ai

Fr &t*J:ll (.J,.i r+ )rFll ,lrri-t'J,)+sll '.Jihjl ,'53 _.rEJl e^.,J +',J:lil etli
. ill J! llrXl l+r,r,r-.-ijl

al"ill "rA l.' G.a -'+i ;l .l_rJl F rE "LrS 
ji""J JJI $ .5]'nl -),.]Jl eto,

ijG 1L,'-1i lrA ,j!.: ,rJl U'Al Jl .l--,-rf '+"' aS"J ! a.) ,',1-,-. , ,E q!\- .,jJ ir-il
''" ..,1 i'. *; .r- ilr-ll .:J ,'S-.., L ....,,6i iiiii ,& , 'i -1,6 -ra.L::Ll 

 -^Jiul . .J .51 J4.. -,_
'i'ransient )..ruUt 2r---.li-Yl ++ lJ^.+ l-, .l 'r-' 13 r*i-:Jl ;r! : o'.i:lt 6,lr

. (recovery voltage

(High Voltage Switchgear) crlLJl t#I dJi,.U 6l-Lo \ -Y-t

,',Il..:'j.ll al" 4eJ^-,,Jc .r-f ;i -iUt .Li;X ,-ljijil ',j*+i oLj 6;i; ,=s =.e!
(4.-rrtt t rB d ;r-e.-d) +.'ll 6Yr--r ,!nl eLF 'lr-i+ e^-i Cubicles '' !,,rJl-ri



elJl J-iI t , :J d-,j ,*! ,".--tt rrsl

6i;Jl c.,t' - u,.-Jl , 9.^lb +_.,.:Jl ,l+ irn 6ll=" \r;i

,:l:lr;-Yl & 6^ .o.-r-t!, ,rlill .:c*i Llj-J idNl ,-t'y++xu u+r: Jl at-yt,
.a-Cl 

"* 
i^.._.,\J!r 4Jii-il cJ"\sil , tbl.i ,-1.-! Lil.ll

.rii'!b: metal clad ir*.,g-J3-..ri metal enelosed q,..,u e H- drli dr1-r\ll d,Si

,,s 6o!i (-"-,.- ,i; ')r;. ,J ,':rl .i\L$l 4.-;i .j1,4! -.rli.ll c,Y-r.- ;1 rtr- Jl .1;iii

lra :L-i 4+S^j J'1,, ,,':J -o_,jbll *ly tFi eJ.+ s-r .iill Lrri-,Jl ol.r oL,Il ajt
: +,,:Vl r-i6j!l i'L 

"t*-r:tt irl,,^i ;p, gtLi.ll

I

s-, !-r.5*

.,F_i, ,- -
.,'!,--!l alr.'',, ,''r'6.11 ell ;* ei:.ll alLl .-,+ 6EL-ei iil.r gL-li 

a! 
rir..,1 -

r,,- ..\l li.l t\il ..1 BULK oil c.b. g-Jt ,:;.;,.,-_Jt c.,l:."yl:Jl Cl$ alt (J3 -
'!5-lrl

IUin. oi low ,',itt iJG. 
-. Magnetic air cb q:!a-.ll 'r .+lrill ellill 111^ j -

' siiYl ','- il as,,..P a:il; oil c'b'

.,riiYl ,..- ui ..-!.)11 .----I Ll .lrr: .1 ,t'+ 4rF 4rti]i +lcl ilL ,=+ -

*lr.tt ;.,- ,r-''..,-,) \4guwn cb i-nJt 3lt c-r ylerf1 C.r.tr Lj1-,:*1 ilt .,3 -
',j1" ;.6:1iJJ &--ill JL;!J 1.Ei ,* ",.,1,,i: 

LLU r-,=._,6- ,"i"lll reJl ;*
.tu\r,Jl C gj.',tl lra 6E-l $

dXir e'Cl ,-ai-rr\ 4d-il , !-;.r1 ;t;! ,ll cl_:*-! Ll ,',lr*+ Jltt e.b -

"l-r.!l o.o, .- .,r\ 4l15ll -"r:lil +!-,! ilt A i-,.rllJl olzi;iY!; oLtr;t1 o5-y

.Clull J+i"l'r€lj-. a. -:,r3)l ,',!.:tt 1).i sF rrA;1i.^i\! 6ra !1

(lnterlocking & Padlocking) d&Jb 
gLJl\ -\ -r-r

,Jr-r:11 gr, ^a J ,l-r!l .b L.,i' i..-lar 4,.,.',-J+Sl ot3Jl ,..pYl cl+,:il| Lt Si:X

!i.r-.,pe..r\\:,-.ue_!.r*::J;Lj,;5il;.:rJ:r":;:



eul J-il| 1., ir t.'i "t-! .o,.-"tt .rSt

6s=!l otL-._r,.*Jl ' u. t1, ,-,. _.:dll '$ !ii: ot.L^ -rrin

6i a" sht JA ,.,- .lr ifHl Clbill a.11.1 61-rrll fd e*. j .LtJl ,J3!l ,,,tul1

.1.,1r.1 ,:LrJJl !,r_i ,,,?ir 1a.iil-) t$J ;J,-r," ;;S t .i,,i l+ig,i_ri t{+.." Js"J Y ell}ll
+ L.- '$Ul o!!.Il Jl L!.-Jill ol;i a;l"j k--A .J. r+ +r'- Shutters a;L-

,'"! Ld:rll ,'.,!r{.-'U & r+ .F &J1,.; k+ r.,:Bl dJi-:,ill '"_F rr" -.,li.\l Clly ..,--

.:,,r-\L,Lslt 6t , ^1\ ,lill ;u!l ;u-:"t r)..:yJl p. e;; ,,, rBbJl ..A ,jln

(Types of circuit breakers) rytrtl ple g$i Y-\-Y-6

=" ,.J'*l ftll .J llsi-Yl e;L:Jl 3l-;)l

Oil circuit trreak-er .n'ii 'tiir .c-bE -i

: ,-Jl ,i-,
Bulk oil c.b. r-il LJ +K -r:& Jl* Cll-E -

Minimum oil c.b. e'',Jl rlli rE C.t1-6 -
. r. , . i.")> iJjc .rlFr !+; {;iii" 4.-. tJ aJ *--r.rlS;;,:+ q CtlFl ".u .rs .,r', .'r,

alt:, cL,._,!l nrg dXr 

"t 
+_x +:)s oL-J.Jl uLp i--_rr t tr_,,) .:' oti gldl l:.r r+-.3

c,l-i:r)U c.i:L;SlYl e-J Lrlr- d1,'--.rr,)l #q d+- ;,-,-,S! -.;=.-u:,-Yl ..,. <,,r<. J
'L-jS L3s ii.:- cl*.Jl! ar,l': 

,i'u..ll LDi ,_rir+gi lliji Li^-. .--! ",,.,.j1 
\+l ,Fl 4-,=..!l

f-li JLLl Llilr oL*")Jl -iI;,.,1i , 'rl cP i,Fil Lit: ;.-,,!Gll +lj^"il .r-r J-:ll-r

.r$l et6 .p-:Jl :o tsS ir'";J arc control device .r.'.-ES')l u"J"ll .,s

(Magnctic air circuit breaker) c,*+ui.jl ._#udl -'Ldl *E -+

r€--+ lJo luJl ..',t.-J ,;_xSl ,-ru"j.I l+ Jlo ++ 3. *; 4I& LJ'E: j ..l"ir

-;l++s LJ dlll Jl ,J-l.-rri ,:S.J jrFi-Yl ,---,tdt ,",,.U 9gr Y F A^r -'::J! ,-l-G-xill

L*Jill *-S]t ;i ,-*_rill .x 6,j-l.Jl ,J=Jil.j tL. :13^ rJ. .-. lriill rls"Y L, s.-ESll ,#rll

JibJl 'Ji.+ 61 r i\l LFr ,.53 i:iJtll L,)i+ C^:ri ']s..',J u*'rrtsll ,1"":J-J- J '-_..'l_xSl

dr.ll IJA jU"i lil: .,.,,J*Sll u"rill 4^-.! ,*dl .e:. giib d\- ,jr ,rJ' ': .ru5;11

'\ rl



,rtJl ,t. ilt I.r,"r #..-3 ,-! .9.r"-"tt 1St

iiJl d,U="r,..Jl iJ. lb,-)ll .1+ e.,ii 6lL-. \'ii

,J,:. jlA aii.', aj1;,! c;J. .F (_r*"i I .. r,rs,,s) i-x.:Jl +,r-;as.ll o!15.11 iJl- jr
.o.;aSJl ueill i.r--.ril r:t*")Jl .ii."i ;!*

(Vacuum circuit breaker) si,-,!.ll JlxI *E - +

cjr-l ,'r-qs_, "lCi l* tJ- 4U1- nL+ Jj -S--. ;lc3 gl'l:3_elt lu ,r.i .:L"J.J| ,',,.3_r

.,l' -L',il1 lrI rr--lj.. ",+l .J ASll '"_r= +>Y! C-H r!,--lt 4r'*+ 4t+ 6L*}il
, rlr- i]l .j--F) i ^J].€ll_, 

,]r-i.]l , '*).Jl ;a i.l**- ;-pr'- olr.:r.= cr-.,! ",r f*eJl
:31.!.o c), .,- s"-'rJiii 6!1fu1 ,lri r;-,

. i'u.=.il , J=lr , .s\S ,.-., s: r-9.=. _, --9\-r

.4.'l-\jJl u"JJl Ll.- ,ti.rl -
..J..J+S| L","il1 j ",+tli. fJ *.-:, -

Lj)Jl '"J.\ill J, eX. ,-b_r .-i. cl \ \ *:= .x+ll a. ). :3rs Li upJlll 6t* .t_rS-r

;1*5 .Jr,.s;'ES ,r.bi 1_e:J1 
1.4 ,-:i=,*r 6f!!t o. u;-r.Vt gqVt a ta:f.,:." ,J. ct'r6Jl

J.+ ldtc. r#lilJsr (t) .}i.,s re-*)Xl i_rr;l\ iJ,Ul -"_$l ;:Lil r+ J+= _r$il cLi
,Ji J) e,i.: Y l.di CIbill lrsl JLn=ll .,L ol.'Jl UJilr ,Jii"Jl ej;Jl :S'5rrrr .,s

4','i .!^ r_r+J dc ..++ &-> aJJ LJ1*i=! =.:,1 Y; 'i ,19;,-iJl J'"D gli;.t9,-
. tJ rr_L-{-^t

(Sulphur hexa fluoridc . SF6 - cb) djHl Jlirll eLl! -.

A;Sb O-ilt 3.,:. JL];)J.iiE -rnlj Ji^Li.ll ,',u<\l ,,uJ! p,:L j\. .,.le d--.,,,-,J

;Ull hdr o-,u-ll ,',itt,ljrll # u"n;l Ll-,..-} ,! r dlr- L;:- '-,-i _11;Jl ,rii ",
i\ill a.JL oUrli tir$. cs.-E$l u"Fl _.,L-" .r, i..!1 \l '"-FJl ,:l:-,;sJYl .r1 ^'. I a,,"-\-t

i!.iiJl -tjrFll aE i",ir s.,JCl L,r*rill ,:_rr- r+ JjJl ;3i ;rLil i->" JJ g:.:u l.:ey

jlXl LJk iili r.irs5 i {r:lt (SF2 & SF+) a.=.r.: 
"!Yl 

a;:.r-Jnl .-r!1ll uFLi^)

C!"tl o]). .r" t ,-r! y ::c gL-i Di et!il| o" tll lrd as+ dllr ,rl".r SF6 Gl,:Yl

.a.., ilLiil e[)l ,+;.: J.) o+t-.:t 6-er'"-.;l:ll J.-3 6yt' .,s

\f.



'rlJl , Lill L, ir d-,.i ,r"-! .6,;--tt .1rSt

ell cl1L..r , F.ll , U. ^lb c.-r. >ill o!-.4+r: 6lL- ^ irln

SF6 A-,rUrt -,r\ilt ghE

IV
.n,iill 'Lill r!6

III
li.-ill Jlj:ll eLt!

II I Gil.r*ll rbill ehli uolJ.ll

.J!3ll etb,l 14rsr &LJl glYl crlF o+ i,i-.:lL (t-t) d;+Jl Lr+:

cidr li,il C Ls!""Jt Ju ehl$ gl_e.,i c+r fu])ri" (r-t) t'r &+

cP Cltill .41 " '.1-,
,r.n ,.L ,L ,Lnll .,!ii
kJ aJs.]J;Jl/l ,uU
rrill uln LIE ii4

ri !.!jJl +Bl .. L"s

. ';, .iilr

i,ll-

&,lLr +lilr a--r
_,t+ltL+..,tj"] ,..,r
)lFl q$;r )LJl

uiJ*SJI LJ"Jd!

.Jl ic (;Jl,sl)
.J' _,ljjl ; +-]r
ot-)Ul .iji-

.Cujlr j Lr\j;l

LlFr Djr! 6rr''r*l

4+-!" 4+j,rlil ; .iill
C!3++l;.,i,.
;JIJ,j.ll;rJe \

ss L.JJI 6rjj,I
J!11&rslr Ll-Jr

.e.Lu! JiiJl

L[-i].I ,J-J! rl}i]l
i-o.!rr J+- Jlr
&L"l i.:,ii,.ll

(4.. j!:l >_iptu

irl-* G-L -'i! ,J-1':

),? ,Jj.l; J.- r.

+rlll ,+ i.rlr,.
-.riJt gj +.,

J; i; \ '.,.
LLJI ;r.: -!-;,

.@1J]
uu ,J.- wJl
;-! v+il &r

; qj. i,i. Ll,il .nir

diir .++lilir 
"l+:i-Jl

i.ils3 LJ*L 4+)+

-iJl
il-llll +lrill 4X- j

I{JLJI uLi ,,.- "l\

L;ro ,Si i'F

'- :-!l ,.rl'':-
,rlj )+ J jl-
;rl)lJl eu!

( lr.uCll .r"CD
qI; Jlsi oF
ilrt c.tur Jc

I'ii ;)li

cj f_terll rJ-.nr

usl'-*.!l\l
+lS ,Bd 4L+

J;J

i"- 4li cllr G.lr

anl. Jr .n

dli!,.JLli i-. Lill 6ti-l!l
.ry d^\ r-i;-j-; L.l; r:l- t ' ',
.:ri-:iJ...L -. Jtlll .-'j. ;u

CiiJill o- tli i{ jJrJl !+JiJl d"{-
-;;"--=..:i ; ri=lr- r-:...r

o,iii 1;- :rr .-.::J1 iJ* ,i LJii
L_,.-* cr (.i,L- ) ;:^r Js ,r.,,. -t
bid Pir.lltlli *.:l :j'|-:Yu,-l+ iiill

;,L!j crJt--, (,-,,.J Di) &!i
.Ei ,rrs lJJr ;,;- ,)i j.J,.r d.,- ill
, j l+i 6 'Jl 

, j; r,-Jl +llilllJ-, j
.- ll . 

" 
i- 4IJi .i i,-,r Jl .!r .Al

;J+Jl 6ll+ll i-
cull i..Li a.l ;f
;JlJ'i.ll tNJ irta
;J, dLdi ;r-l

.:lii 4r. e+ lJAr

Current _rl+jl cJr-

I .J.-' ChoPPing
..J.r "t+ 

r-. y.
Voltage surge

(FlJ-]l iJ4

_rtrcl;-1ct-j
Inductiye.i=

Current

.) =-5 ,-it--i
L.JJIorJjJl
Capacitance

G<ils,^ll rl! " Il

; .>il! Ljr .iJrd.li
qi--rj l].l:e!-rl
!t!,risl;.r. -

,u'-rJJt i,ljc )J

9, .r-JS: iit-l.il 6Llli-
ALiL a-rlr dl

JGjL i,:Lill . :. Jl

iiulr rrr (J+ "Jl
(J,,!.;r-L.)J;r.j.LJl
Drr,..lL11.4LEll

s]c ir'eJl etlrJt

Li;4lL4r. ' '
.:uJt -i c)r-jr

.J-,- ri 4l ,rA
r,i. ls .,i,. " ,-)5 _.2'

Cl,! ." "rsilX
)! qi..)t ,lrllt
dlJ !)l_;ii "dJ.

llr:ll iE
.:rlr Cl"lJill
6t*)-]!

Jsl r+rJ-lt

\t]
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e.lrr J-nr 1..:.., ! e-; ,*! ,r*Jt r-rsll

6s-rll ,:i.L-, *-Jl , U. ^llr el.l;ll .!^ 4lrii all.-. i,in

I q.,tjarl .ltjtt gLE
SF6 fjull -rL:]. I eLE

IV
,n 'lill 't 

ill rldi
Itr

4jJt Jt+.lt gLti
II U4lJ.ll

!!l-r. j ,.,i .jlt ;S_;
dI-{-J & Jl

Jlj &J'.lr i-. ("
*r& JuitrJ .14j1

i,L-s] ,SI
rJ_rS1Jt JilJi iiJl
a-1" &Jt ;r"r .59
ur_ts ,1J_Ir Jr L,'J_ ).

-rj,-.,]i -S+1j-yt !:lt
,JjlJl ir; j_.4-,

.rr+ CL-".I i*

,j,ts.iis,-tl*Jlill
:ir jrill ,:l!,il i,.1r-Y

nLF Jl C,:.j rr<i!

!1 ,',,rJ,(]l-,-,tj,<ll
\{.*r--3^i + ;rAr

L.L nl. :J. iI-lJ,
+Ell !J:lr

ill]s j;rrr-jll dF
^jiJl ,. $l ,\i.ll

u"j!]l nJ]- D:
i:li- s! ,Jrrn(l

e" l.i"rji" u-xjl
-r,ly 

r-1; )-1 j;iJl
, r^1.: i.;--:.!l r .t-

.c.lill

ris=yl
i,-jiJl ;r+
. ,J,Cl .l)li LjrJl

(;Jlrll) ,J+_xsl
+r )-, !* *rls

l+l ir,11,..,.-au;,..]
,!15r,I

JJ ' 
'',rill 'r<r'

o,u.3.._.2S-ly.9e_1

,=+-xSlc,.:Plt

qj@ !: : er+
Jq=Ar:',rr:

.,t jl r*.,

l:r 9. r_p

OSJJ Gr.l,Jl

crll lr* i-t-i.

.LuJl ,lc :'!;;
Ab'-: -rl ,J,.'

ilrilJr dlj.sl

,n .1-r,l LJ'-i
L: .:ll ; '.rt-11

J1J"S e$
d. il.-i.

,'i- ,.,lJt c,lrE

..JJr . l

il-+ rrar +l!1
6ljUll +Ji6 GID
,-;-.il ec rrr -.,

u,il e.-Jr \ljll
-.,$ ,,S r ,;-xs
'.rrr.Gll iil,j. Jj
rj C+ arc-chute
nLr-J . JD Ii-;
Lrfi e- ldl-;
rul ,J JIE)I ul
L" 

c5'L!1.1 vsiiis:bil
.iiislr ; !;r;

!J- ;J+Sji 4J.Sll

iiinJl ari.tiJl,lj{..ll
;JiJ.j.ll ,it; u.

i.rll-,JrF JLj
r.l;ll +-P Jl

3-; ,j-i-i .:J+-,_e

lU n*ir L'diYr.
.,lcl

(Jj d>jiil
J.tJI LDi J'iir
4+ (i) (Fault)

ejiJl];;il

6rjtc &*nj (e)

(e)
'- t':t :' l.i

c!r-ill

aE
yt c'.i

cJ-..--r

&-.r r,l- r: (.,)J-{- &"-

q ) LE=!-J I +
i-l,l-i 6ljti +lJ )r
6lj1'; uU LI-,.i)j
inLJr (jlFY!

(JLJI Di tlJl
4$ r+r 

"l .rj-i
&!l d-&l rr"

,.i-l.i.ll r.-dJI(
III {+Jdr

,-!-,Jl '"-r'- -,,!L
"i'i Y d+- 4k-

Ji jLj;lJ iLr,! :!_y

J.r* di u- stjti

" ' ,jJl LIL--:."J

,J,I+rctrLj

... aI+- !Jn"" " i
,.) jDr (dj
+F!LJ!
.&!r

',+Jl [i-r-ilU
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e.Ul J*ill l._u i_r #*r ur"-i isJ"Jl r3SI

g-.!l c.,tu- u,r+Jt . ,.^t5 q,/ll ,1+ i9; c.,lt... ir;,i

SF6 4jtiJl .J$l 6bls
IY

,n,ijll ,L:lt rltl
u

.n.'Jl ,Lfll tlG
II I sll.r{Jl Jtill ebi #l.rEJl

L illlu 
+rrrx

rjt )l&.J+

6uul-rrllF
lil& Jl $
!J^,-,^,li "l

(:lu! ; e.tlrdl
&!rjj,J-:!

_t: Lr-4$r srj -c!
,,.l .j ir! +)!liljtil ;rLll i.X-

+ ,{fjl Jjl *.llr
cs-ii 6L*)- 

' 
-iir

.f-pl urr= iLYJ
, !+; ]:i= Js--r

Llrlr-ill uul@ lll.l

r'F' ur)x +j
i-i- jr u^ilr
4'l"dl 6t'-Jl
ar ) 4jlj 4l!1.1

Li),ti J)-t ,lJAl
L.-l_F!) I *Jl

i_!=jr.,rEtEx
Je,*j) 4!Liil i.!l
ifuUr"Lqd , Si-
JsDl,Yl ,r!i}

jJl!-ll 6LJL^ 1

uF +lr''ll 'ra
G,:lriil Fi*
,,iLt*-,l.!

Jti Liii A;r si-
2.ie rjs i:tu ;_1rr

lrC :*-* JJSi .]rj-

'lr=l ej.lr dl )l e Jl
;_ts,-.1 q: L.u
;1'l/ .s. . -J .a-Jni.
ai- i i!^i l+rr,-;

jL:ll r]J .)J a-l:-L lFJ
.'.-.i- clLi-l 

a 'i i "-jj

4,6. I &l-rin 4ljl-

ar+llXI c.ttjlt ,j l;:;:.jjl tulrJr J.,5
c. +sJ<r.ll ,lj+>l (+!lj;.il!lr &
;rlJ,,i..ll j .slr jl-{sr sL.Jlt L--r

.]FYr;,'l irl J>-)lr Jjr-ll r-rrr
! J!.ll FlXl Glc .ij-Yl hA LL- ':.i.r-r
i-lll aj- j i,.ra;l-s ,ri 1_ri_+.,

Gr Lls ;+r. J-i-, &-: JJ-)  5urJt

4rrll i nlri- o-r are L nlrE c,Jl
ii- Gr 

,,\,"JJr 6.Jl _Jrr- t:L..r .a:-;-jl
_, 'sJr rl,rr'.Yl ; i+jl .1lrllr +lj,-ilr i!! LliYlr J.i rucl ,Ji * rKi
(Jl r.+ r:si _,1-n41Yr ; riYr Jl €lj=j

.nrJl( 6J *;ll LliYl

tuLJt (D

':.r-:il

,,e-)-rFl u' od
ai+-ll ,rA 'l;.l;i , """:Jt ;-,
,ri. , iiiiJl .9r-!
,. *.ill ^tl Al
',:,.,I1 -14 l-Li.i,i
i-_,:ll ejS: u.,

!iaj:-!r UJ cl r'rr *
.ilur

;tS":" dJ:l i-;,r .,. 
-Ei 

j JL.[ LJ-iJl

e-ytJ :u.Jl .e ,i,""ll ELEJI ai- ;.Li-l

dJ+i iJ ;.:t- 6->4 J.+ ,il:,. (!.)
Post- Liul
iauit

1

4*- rJl e1-: Y
qr- /jl Yl rr_6i.

.lJ+tJ ,Jj. pt!-l
ij'L' ; ;=61i,<;"lt

:*ti J snil dl,i.ill
Llair 431! alls ljr

iJt-

JiSr

'- d "L.r*. r
i!l(-' -ijr.l:il

Glrjllr Lrr"fl ,-Li.xJl

i-LiYlj ''6j- JEi

a-r )r "il=(Jl! I cllj!LlJ- .i-'r-;.li
r. t.il -ii-

Jt->."il .)l.iJ
L:lrJE d A-L

iil,ill adJl
tulJl ursr

; ir.rlrsl lKi
+x cllriil i.!-

4]4sJ ! \)lr{ 4.JrE

Jjlil c!-! ir,,iii
elur,

i+-Jlijlr
jjSrfr J*-iil!r

.=^ii.i ,",!&'".K
.i . -iii .,Jl .rlri

'!'-l'')

i iu" f-iJl ,:a r3;i
Li .aiinl elrJ r ill=
ilfi.ll cllFl ax- j
a.!--.IS,,rsis,,'-,,n
',u$ rr,r i i*lr

G-iJ) J..dl 4+r.tl

etinl rlll il6.+

6li tllJill ijl=

,nQ,'FL"r;r.i
, " Jll i' , i*lJl

.af;:",-.4ri.:

J+,iXl 61115-l

':t: ^rJt (j)
i.LlsjJI 4+)Yl
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!lJl , r. ^6tl t r-.: i, ,, ^. -r ,*-! .9u- lt "rSt
,-iJl 6U.j,.-.Jl (-!"ll.,-,ill .L. iiii3 irl}sj \.;r,
Ir

SF6 4 
jtiJt ..r!'ilt 6Lti

ry
(JiiJilll JL,:ll eu.l

m
+^jllJB:ll gri

II I qil$ll J*r eLli uolJ.ll

Integral fault-
making
earthing
facilities

-r>t@ii9

lnjection'test

I- ll .r

J:'.;ill ,i-r*
4Jr'*ii &l Al .L:i-b

..{lU C!l-.i 6ri a:_lsj
.tiil .i zti!. u--Jl
i.Jil iel i -lr . -i.Jl

Jl.- I Jsir u; )ill
YJ ")-{- uJ,Sj r,JrJl
Jj ++t- ejun ,_r:$

c,L"{- ri &.!l-LilF
,.usir &!r i=ds-

,.(r n..i,. r.l'
,!9!q!J-=4'

4!--J "Ll-rii

lLln Lr:r_J_)i 6l
Jr--l ua ,n d ,L1sl

-.+? -,+ra, 
-,9;Jl 6Jil.:ll nF

;.,.Er Lli)! U.ir
| ,:rl. , s5, .- il

II
iiutll c.tiFr ill= j

-.-rrr Uj €tE )
i-: :r=, jt

iiL4r ri ,,.- "il

.rr uA i u"r
,J kj. cEi "jdlil1ill cllriJl il\=

.-,.x

*..l c!"-:u ,-,F".r
:r "tlii r;-)lt
.r;, ,*)t 9.U4
ri 6,._r.I LIJ^
;-iL<-l 61,+"

. il.ll Llap , r.i +

+rr ri_r-,f! r o. j,,:]r +u t-r, Jl eE 
j

Ji-ill u.+L J Jil]i)rr,,-c dr.ij
a!L

.r-ll!JJ+J tj Swirch-gear J+,iiil 1!JF-
Ll.lr leili j 6),1s]l 6L-rrl JF rL*

i,-i ,ire) LJli it"i LA* t )
L i ,:'. .6tl... ,Liill Jt! * . ,l<-\
, E-rXl iD -J  rsll+rll dlt^il .L
:cl_j cl,rl clF,.i:ll cDE +-J!1 .l'

i.lK- 61"{- , 
, )( j + rx .ir_}J iils-

,l ;rr;31 ,:."<i ;E o-LliL gL ,-u-r-
j -.rl.Jr Ji otiti-N crJai fli rlsjJrr
J"i ,-S J rrlJ cl)=X J-j'l '-*. r iI-
6t= J +i: n ru ",s tu Jl &.!

&.t..! i'jt" JIJJ, : L..IJJ'.J+$i Ll,i-iill
gAXl JtLi- . r+iJ ..iJl J-c G+

(H.\) (Switchboard Construction) sJbll t'i--tll .,! crb'Jrlll pEi Y-Y-l

,..r ^\l L,. C!i+ iA+. ir,- ,-F} ;* 1a:" G Js^6 l")ll ir ::c ar a--jJ ,Js ;,_Ss

LkJ, ;lJb ,LrJl g. .rbii 4.=Jl :-r_r_r e^\ ip Ll+ Y el^- u..,li rr$l .,-t ,,y-Jl
qE at*- .,,!i.J 4j1j J! ,-Li.i]l ,,-)l.J idijl nUl+-Y!..,,r aF 1.6ji r-S ijt#l
il^lJl '!-)l 1.15 ;i orlr--r ,rk-tt qi:Lt ip Ll; i-Jr-1'-, iJ,-u ,r;s ,':-r a+i

.aJiJl LJi,h c-* 6LiJl l...,.- J+ gr.,,)l l3i:i. ge o.rrs., \iJ\

i!l- ;:\,. Ult &1.S1 aili- rrrsytJ+Sl ,lj,--r:rl .:+ .*Ul cr" g-lt Ol*i ,-lgiir

1i*-,,+ il"=" (Self Aligning) Lr' tl ,-r. t: gll rr^ d"1ll In D*g 6i ,,,,-',, 1.*L*

i$;lqJl lr;Jl JL;1 c.rlrrlll .r, i, 'r'"t \l i.:rll a^ 4S,'-- 1+l+ ,Jl^r i-',-p i:-;U:

. ttri-:,:]l ;P 11.) l Lrt " \ 4itJ+Slb
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e.!.ll d-ill r., iJ d.,-i er"-! ut Jl l_Fl

iJJl 61L- :, ,r+Jl ' ir' ^lb ,-;Jl .\;. Arii] 61L- ! .r.,rin

(Low voltage switchgear) LraiAi.rll .Li.bll L\ii.i! crh*4 Y- Y - t

f.-r IEC ' 
l-,_reSll 4-$.rll i.-rll crlilL:-\ ,_d"l{iJl L;-.]l al,"Li 6lr,. clli ^!,^ C-r--i

.*--,.., *Xb L;LJI c.,li-p U$ \":Fil: l{.ri..ij , ;"ii!Jl L:. ^l\ ,11'.\l &ty e^;
: gAJ \.€J J:'Y I

Short circuit categories ',lillll '*6 (6ti.lt) (it" (i)

Method of shont circuite tests

LjJl o]rrillr;rjFl a.=.;,: ,J iliiJy! r-,!r* . (6)

Temperature - rise limitations / Thermal ratings

&,,!ill gtE;i a-t ,j.-'i,..-r "jlil y; ):1 oEi .1. u1-;, (r-f) j_r5..ll g-j
,,i 1^,,# 4l -"JilJl ,-il ,.,,i- 

";i 
::. O- CO .*y ;Eij ,L 'uSi +J P1 olrYl

cr- ,-tq-,Jl ,-bBb O- CO - CO ,r-- jJ -,$:) oL 'r.r:t 'l Pz .bYl zji Jlr''\l etrr

;LniYl :'-r .IJl -l' '2$il d ,-,.l.<. P1 .n 
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\ to



e.Ul Ll-ill r.l ! +d er-! a;_r.-ll r-,5ll

ijl 61L-.r "-Jl 
, , t5 urll ol+ Aril 6\l: \r;r.

;jlJ! "a6 
ptrl ,iLii ( r- t ) J-e+

Short-Circuit Cateoories
IEC 157-1 has h4io categories of short-circuit performance outline in lable12.2

Short-circuit performance
category

P1

Rated Operating
sequence foi short-circuit

makng and breah4g
capacity tests

Condition aiter short-
ciicuit tests

Required to be capaDie
cf pet'ornrinE reduced

seniice

Reouired to be capable
of peformrng normai

service

Represents a breaking operation

Represents a making operation follolved. after the appropriale opening time
(or immedrately, that is without any international time delay, in the case of a
circuit-breaker not ldted \,vith integral olercurrent releases) by a breaking
operation.

t Represents a specifled time ;nterval

+-j)-r IEC 'j.,'.:'.-b- lr+ ""'UJl a+;.l d 2ls:-,Yl :-e:- (i-i ) JsqJl :q
,li,-.Yl r! .j;Jl c,l!'l ,J! ,J.gy 61"J.^li ilrJl a.-.;:,;31J;Yl ei wl:

\rt!irr
. LJir^--^.4! DjJ +,!t

L
C

\ {1
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"JSl

iil 61L- ir,r-=Jl , '9 ^l!, +-,ilt .tro$ 6U* +in

TSAe of material description of part
Temper-ature-rise
limit (measured by

thermocouple)

Contact parts in air (main. control and auxillary contacts):

(r)
45'C

All other metals or iintered metals

Copper
sih,er or sillver-faced

Contact parts in oil

70" c

Parts cf insu latins rnaieriai
Oil in oil-immersed ap-.,2131x5 {rneasured at the upper part of the
oil

IEC c,ll.i.a!l ti+h elrsll L.t2r C lli1.2!l r3:r ( t-t ) &+

Bare conductors includin non-insulated coils
Metallic al1s actin r!DASS s

(2)

65'C
(l)
3)

(4)

65'C
Metallic arts in contacts with insulatin nraterials

Parts of metal or of insulating material in contact rvith oil
Termilal for e.r:temal insuiated connectic;rs

Manual operating rneans

Paris of rretal 15'c
2s" c

60" c (6)

The experession "silver - faced" includes solid silver inserts as well as electrolytically
depostited siiver, provided that a continuous layer of silver remains on the contacts after
the endurance tests and the short-circult tests. Contacts faced with other materials, the
contact reaictance of which is not significantly altered by oxidation, are treated as silver-
laced contacts.

1 . Limited solely by the necessity of not causing any damage to adjacent parts.
2. To be specified according to the properaties of the metals used and Iimited by the

neceaslty ofnot causing any damage to adjaccnt parts

-?. The resulting tcmpsrature shall not reach a value such that the elasticitv of the

rnaterial la impaired
4. Lim jted solely bv the ncceasiti, of noi causing any damaee to insuiatin materials

5. Tl.re terrrperatu!-eriae limir of 70" c is a value bassed on thc conventiolai test a C.B
used cr tastcd under instailation conriilions may have c.onnection the type, hature
ar-,d disposition of which wiii not be the asmeas those adopted for the test a

diiferent temperature rise of terminals ma.v iesuit and this will have to be agreed

6. IVIay be measurcd by tnerrnorneter.

\ TV
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Full Load

oii No loaci 2.8

Askarel 2.6 Load Load

o loadN

Silieone i Total Total 5.1

Load

Total ari

5.2

),L

i 1.9 |

dry-type,
1500

Epoxy dry-

type

)-l No load 3.2

Load

TotalTotal 4.0 T otal

No ioad 3.2

'I0.6 | Total

J.2.

Load I i3.2

No load

No load

\6.4

Losses In Kilowatts at operatitrg tamperature

ll2Load 3/4 LoadNo Ioad ll4Load

l6 No load 1e No load 2.8

2.3 Load0.6

No ioadNo load ).-
I

Load3.3 7.4c.8

No load 3.2 No load 3.2

Load 6.7 LoadLoad 0.7 Load 3.0

Total3.9 Total 6.2 9.9 Total 15.0

3.2

Total
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llJl , L-ill L:l.s d.i {J*Y Lc.t-.ll frsl

g-il otJ.'-, ,r=Jl .jFb ,-.Jill ,U" lil otL- - irin

&t+:t alg..:: ilplt L;r or gB:;!l ctr+ (v-t) &+

Windings (temperature
rise rneasured by the
resistance method)

Air, natural or
forced F

H
100

125

150+

Cores and other afts

| (a) adjacent to windings All
(a) same values as

for windings l
I

I

(b) the
temnerature shali,
in no case, reach a

value that will
damage the core

itself other parts or
ad acent matertials

(b) Not adjacent to
windings

1 2 3 4
Maximum

temperature rise
('c)

Parts
Cooling
method

Tesperature
class of

insulation
A 60
E 75

80B



e.lrl J-ill Ly-,l i_r .l*r ",*! 
.9- tt .rst

6!Jl .:,tt^- -, ,r-..tl u -t1, -. -,l.il "1+ 
4+n cll}sj +in

2I
Maximum temperature rise ("C)Paft

65, when the oil circulation is natural or
fcrced (non-directed)

Windings:
Temperahre class of insuiation A
(temperature rise nieasure,i by the
resistance method)

70, when the oi1 circuiation is forced and
directed

c,Jtd;-L,yill 6tE.cJl il>l! t;r d ttrdl r3s (A-t) ds+

Top oil (iemperature

measured b,y thermomrtcr)

Cores, metaiiic parts and adjaeent
materials

60. r^,,hen the transformer is equipped with
conservator or sealed

-55. when the trarsformer is neither
<i rvith a consen ator nor seald

The temperature shall, ir no case, reach a
value that will damage the core itseif,
other arts or ad acent materials

Note:
The temperature rise limits of the windlngs (measured by the resistance

method) are chosen to give the same hot-spot temperature rise cannot norrnally
be measured directly. Transformers with forced directec oil flow have a

difference between the hot spot and the average temperature rise in the
windings which is smaller than that in transformers rvith natural or forced but
not directed oil florv for this reason, the windings of trarsformers with forced
directed oil flow can have temperature rise limits (measured by the resistance

method which are 5"C higher than in other transformers.

(Loading Guide) €XJrr4X,!--:tl i$r t\-Y-f

.-S, ,tsi L:Jl ,;q-J;-. 4-ll !l 'ulr- L--ri Llnll ' t'JHl *r=i ..+:

I{-', a.,-l-ill oGlJl j!,-;)l:1 oyrr ;-er la;i g}.,3 ;i ,--Jl os rr^ill sYr--X

c..,l:=_eJl p*i: j+l: ,js^.,r .1<+ 6-rJt .:-;:Jl ge:,r alL= 'J-i LJJI ,',!pjful ...'--,

.).',-rxlJb- .: a513qi,tq:-la:u ,l
i-.;: i:" ii;*^ lrL ,"--, a-., e_:,^Jl ;1,.31 'U".1 -,9,l ,l+-31 

"-tL.x,.-:,rdl
,J k+ "t"+,;ll ) ,!Jl ajS.ll -"jill aF d-rYl ,Jll^_-ll :.,;r )p.Gll L-r'rlr-
oleL:iJ s) :i6^ll 'uriil ,E=: ,i -,:"X afu .+= (dgri:ll .srUl e;!l

.'o$lr

\ 01



e.!il J-ill l.-r-,, 'u f-,-., er-! t+-Jl ::Sl

irJl c.,rL-u,=Jl , 9.^Ib,.-,.!l 'U /+in.lls. \raii

.u ,;e r_:r"Jl3 (>S" i-r^ i-._.F oY. 
.,a_r) ;rlrJl .r-zgJl "t-3 '0,'!> i-s=;: .usi -

4.-)r,',-i L)..11 4k Cs.i *sl}!)l j"Jl all! at{ a-)li -r-J,',Jrf + i+i]l

.,J.i ;,lo i--::.-i cl"Jl alL . j )^Jl lra *:nr 
"t 

i'"-11.,=

.&lsll a[Jl , '.ug ,',-1 ').1 .. i'.-] 6Yrs-ll JF,-i uJl 6l'qJrL',ll ,J +) -
"-.rl-r- 

L.-.rr ; dl .)E Yl d l:ii ;r,J,tl l*'3! 'urJl eL:;i. JgJrll oL.,
.aill , L-i J)i t*-Jl dl

..,'1!,= ;.^;: r:c ,'.i;rl J ;)J i;l .:rY-r=^ll _i.'.,"-=.,Jt *),J: (1 i) -iJ ij$l .-g+ -

't o\ ' \-,!..L s;Jt t-.!

K Initial load power as a flaction oi rated pwoer
Permissible load power as a ftaction of rated power greated

than unity)
Duration of K2 in hours
Temperature of cooling medium (air or water)

K

c.;Jl uj i}J'd."jl .itj:-.! J+::il jlr (c-() &+
1

2

T
g,

Note

Kr
Sz

(S 1/ S,) and K2 - 52/ S, where S 1 is the initial load power
Is the permisable load power and S, is the rated power

Values of K2 for en values K2 and t
Kr:0.70

t=0.5 + l+ r.93 r.69

t.89 i.80 1.70 1.50 1.C0

1.59 1.53

I.J+ 1.3 1

1.23 1.2r
1.16 1.15 1 t?

1.10 I r.ro
1.12

1.0c

1.00

r.09 1.00

1.00

1.46
1a;

1.41

| -z+

1.32

1.10 I 1.09

Kr = 0.25 Kr:0.50 Kr :0.80 Kr = 0.90 Kr = 1.00

1.00

l-r

1.10

t--2
t-=4

t:6 t.t2 1.00

t:8
t: i2

1.00

i.07
i.00

1.05r.00
L00t =24 1.00 1.00 1.00

ONAN and ONAF transformer : O^ : 20 'C
Note Il normal cyclic duty the value of K2 should not be greater

than 1.5. thevalues oiK2 greaterthan 1.5,

emergency duties
The + 519, indicates that K2 is higher than 2.0

underlined apply to

I

I

I

I
l

i

I

i

l

r.83

1.62



e.Ul J-ill

;',i;r sJji J: dJl5jl -$!Jl Ll,j-ll j-g.i \_61 rjr-', ;S^J G+Ul dl'rn ,o.,_S g,

LDr 6sr d"+ JFJ i,UlL ll iiiJl lriJl s.:.: -ri i:,,- i1.-l .-rs D- e::.-.

UEill r+dl ri' kl, k2 i.,+ iii*U s* a-J +2t.r' .iLr a+,-.:.e .!r
.(^_r l.Js.i)t L!^- --,\l,-.!,F\

Assuming rhc same senicc lifc as fo: continuoi,s cpcraticns aI ratcd pcrr'6131d 31 311

allbient air tempcature of l0' C. rh. it"r-sl'omlcrs urav be subjec::d :; l !c,ad cvcle as

showu bl lhc cur. cs bclo'i. :

L-l-, iy ts--;,-.,*-! 1gJt qrSt

ijl c,lL- :l .,-Jl U. ^lL ,-JJl .11. Li6 crll^- - iJ;x

I r -l

l t)

0.b i) ii llr I;l

')

L2

t)

r .,1 ^ -l-{1 ,

:
I

!

,!

,]

I
r) J 01

I{t

The cutr es air in accorCarrcc r,,-irh thc iEC rcct'rrrmcndadon cf l9?l .r hich prrnirs a hot-
spor tenlp.taturc ia thc \indioqs oi 1'10' C

KI
Ii]
I

Note:
ln certan Cases the per::issiblc or edo:,:1 obtained fronl the ab:', r' can es nral be limitcd
b'. tbe tap chalgcl and bushin15. thercfore if it is urtende<i ic cpera ir1 the Trarrsfi.ltner
uith a load q clc inr,oirin-q or,eiioais. rhe i,reight of the latt<r artd the lature ol rhe load
cvcle should bc stat.d

t CB^rjJl ,'.!ril e.ilji.Jl irojl ,jo kl, k2 lEi r3*.:t .;.:. (A-t) dS

(Fire Resistance) dJ.,sJ L3iir 1-r-t

,ji ,=* ) elli ,;(: ,i-FX LriL (+.,,-lt ,-'Cl l:c ) tJr"i-llj ar[.lt o)3Jl ;+;
ai;ll .,.!!l L.> d, ) Jl,i:i) iLi::!.9^11 ,+J ri ; ';-., c3$)J +l! ;g' rpl elir

b)l $e e+Jl .J.Ut -+-*l ( tr-u .. ric ,:'€11 L.aF lirie;:Ul -,p-Jl dli-) I l^ $c

hichIn rr

inirial load referrcd to rarurg
ma-t. permissiblc load rel-erre<i ro rating
Cul:iioo of !i] in h

i

()



e..!rl J-ill trr: t-.: .*-! ,O*-tt 1St

!-,;rll c,ll-_e , --.-ll . U. 15 ,J- J"j,ll .1,. 'it ciLr. ir;--

a:._.p .r.-li dr Jl.',S ,rl'i ;r1.Jl dlni)l ;J.ij O:s Oi-r {.i-F,[ a.]Ul r--rii" -)rg.Vt *s
.A-Lp- r.',-_r+ ,-pL u+ 4l L\J--i ,;i .i' J.'t ,L'J la1l! Jr--il OS+ ul>

rl-,;"! :+ ) +:.1 urL.lt rt ^lt ,_i"+J Jln:Yt :l.ii (t .-t) p_,r J:+Jl ;1**,, -
H J_.,;*Jt t:. k+ J.'.',.S.!-,1s .-,..., a& & e..;:,_r ( i.1;Jl + l*iJrE.sl:,rr<ll sr].,<J-ll

aji$l eLll ;r].ht ,r,"-y1 i.:=Vt .,,rri elli rJ.l .(,,--.,$.rt ' -'lrLc, ulnE,. I .-S"l Lr.ll

4iJU^ sc (r,-A)l ,-'!B..Jl aiu)t dlli,-,c 6IJl rtilt3:pl ..A .3b-Y'?iii:ii:.iJi
.a_'ll;i!t

r+- rJ. , ;rit o:i e.p Lb '>*'.e a-lJi..il ;:r. lJ ;'Ldl ;. ,,,-L,:Jl qlr.. -.,pn -
.-ru! a-t .ll -;'V5.1L,.-- ; 'u"a:-i 

",.:- 
F a,. J&-ll l:e ,'rF-_: c.,,Y3Jl .9_rL a,;|L. ,

jrBJl "\l eljJ-Yl ;U .j;-l+ .J+ LrJl -.;.sJl s9.rJ L,:;" 
-'.s,,-_r 

i^r.ll d t$i iryr
.JFIU iJ.s,Jl ct e -llrt!-li + jqr_Jrr! d-j.$ll J='jEll c13J! u-:S^ll crd+l 1.r,,

. +--,=X u_ri;Jt :l3Jl ,;+J i:';3SJl ":r dI (t \-i) i_.r cL'rll a.;r,_,

&.AJ LsiLlt r!n,l *rrl dbniYl ;!ii (\ . -t) &+

Class (ll -t
+ Fcr comparison purposcs mineral oil is 170"C Askarel is non-flammable
+ These dcsigns are virtualll, lire proof

&-slJ LJii.Jl rr3*Jl .tr+j 6.2yrji ;x oaliiil €Irr. # (i t -t) pt &+

Material* Ilre point fC)
Silicone liquid 360

Midel 7l3l 310
350Cast resien

: CohVaetive
(Kilm) Radiative(Kw/m)

53 25Silicone 561

546High fire point l-rydrocarbon 361

Epoxy resin

'\ ol



e.lrl d-il1 l.-r-., I,r dd.,;..,iY LrJ"Jl "JSll

ijJl 6lL-, ..-Jl , ._, -lb 
=-rXl 

.!- a;in.:,ll- ir;r

(Connections) cDl*.aJill l,-l-t

JE- 4l-j-a1it ,-.ri.iij.qll L:, \l ,.,i1^ ,y'; ejdt 6YJ-J LjBl 6\.!Ll1 tL-JP f:
-b .;l-i--..:t .;S..9 qF:- elJj3 r-bL:.!l ili6 L# Lrc titiil ,_;"..rL a+ d "*-l 

(Y;

. 

"g:LYl 
.e . \l

L}i+ *j= (A) Ufr +L..-ri jLJ! L;.;l! ..-B q+-r iJ:lsd! 6UIJI i*.-; -:
..-n):]l 6$i!Llt uj)j

61 ,r-l! : <.-Jl .-,-t at++ 4-.D, J '.+ JVts L-! alJ.a-)'l 4,,1'*1l! J-ij+-r:ii

,.- q+'c'1" rl Dy11 :I.-.:ilI _F-:; ov 11 , DySor Dy7;.,.iut,4ts.,'tr

.CL,fl (5J":. + jlsYl

,ru'-ii ,rs-ii u._AYl d-ij..,.-- ,ll J irl,-:)!.i-"e--yJl "ra 
(1-t) js;jl ,rr..,;

1 " .\^..6=-

a.-. _eJl :.-;, J.-Y I 4.-i.5 Jul k--:fl ,-al;Li u-L=ll a"-t^.ll iia r,)S;Jl lu *:
.i-cLJl .'..,.-,,1ti. e.:, 'li1t 4J. I L;-iijJl liJI c.',iL d LII^JI

(,"r'.:^tl u: ' tl) +,;Lu! (;l..t t=-:11) 4-!l:u)l c,,Ul^ll +-.!1 
",r 

a-!i! -,E;j
iS*ll ,-,t ', i,i ill aS, .; it-r t1 ,SJ r.-!r ,J_i,,- ,l '-: ..1 ilt .,.s ,.i^ai ,ii J+
Yle a.=;j! ;.!)-. u--d l+ 6YJji e+"+ aDS,.ri ,,,:l .F :'l-e cJ-i,-- i.* JiSi ,r.f.

,-Jr ir* LJ" aS-'.j,I !.;ll .J.-r-l :i a:pl,r.L .:YjJi ,rA ,iLn ;i ,:S+ I .:t"

.t.-F,



e,.l!l cJ.-itt l"_.1-t iy i*1 ,"-! ,. "-.tt 5St

6:-rJl oll"-3,.r-Jl ' U.^t5 -.,;,i]l ,h Lljl 6lL-- irln

Code Conrtection
Symbols Connectionc

PruttaIy
rffdlxg

Seco4,ilary
mnfirt

Prirnarv
wirdixe

Second:rr
wnrdug 

-

0

Dd0
B

A

A

A

A
B

J-
B

A

C

C

C

b

A
b

+
{

a c

a

a

c

c

ABC

u4
ABC
Lt-t
ABC

u4

ebc
E4
abc
u.tabcantE

Yr4

Dil
B a

h
a

h
a

,1

A

A

A
BI
Bt

C

C

C

"1

a-,[

ABC

u4
ABCtff
ABCltl

tUtabc
mabcErUUIabc

B

A C
B

eIc
B

A C

t

b

Y
h

T
b

a

ac

II
Dyll

YdII

YzII

A

A

B

A
B

A
BI

C

C

C

b\-.
ll
b

c
a

h

"S"

ABC

u4
ABCul
ABC
t.'tt

abeilIabc
u4ebc
ta-cE4

5

6

Dv5

YL5

Y*

Dd6

Y5'6

Dd

ABC mahc
rnahc

u4
ABC
l-'Lt
ABC

u4 a c

gnill o*E" s.i ehii*ll 4riEll 4+s:"Jl 3rcJLa+-^ (s-t) iS

(Terrainals) ,!-sll .:,-!\c-, ! l-Y-t

Fiil) ,r^ -ir= 1,.,4 ,i. J.,Y3J1 *-i u-aiii^il L; '\! ,r+-:Jl o!k, A;S] -\:JV

.r+',-JL dJ-,i.sl rr).,-J. ,.-!.i r.4i Lj 4,-i -il 4-cJ,..* ,-;.-9...-: ,=J-*;t
c.r\15 ;r''r ^ .r-,rL .l' aF O1 t-l ES o-:Ui L: :X ,-!.-- ;i! 6Li€t\ a-.j..llL -
ci-n-,lSl.3_r''r.^ _,i , .rr!! ll_rraj! Jtl! L: :ll c-J-,lS alt j $jLsll, '!".
uit"sjlJ a-1.,1! rtli ,i ,,,t= ,:tj ,'Ls5 P.V.C ri XLPE cji-,ls llt *! ;IJA

-^ .r.- ll .'') r-a

(



ellt d..i]r l"_u ;: lt.. ^r "r*! .ln-.:t lSt
6s;Jl .:.'t u- I ,tsJl ' ij). -lb (J. Jill .u 4Jin 6lL-. il;rl

(Cooling) crte=Jl rr;S \ Y-l-t

4++.6J1 r-rJ.=YI (tt-t) ,.st,I:Jl i.t*-...r Lr:.r..,^11 rli'rl in-.Al lirL o1,Jl , !)n
..:r;r:.ll a-r,r;t *L +.JY rll 'r;* S L 'rr... \l

Cl-Yl ji ;,+ 19J! -.,+;ll ,bd1+ .:',ilJl rrj j"r-,- .r ,JS: 'JiJl 6F i.+i

&--:- o. ,-jr,=-lL LJ- \ ,bcl! .,jj;,!--.,1 Liirii,',;- J_#t ,-,ii-l ot;U i..,..LJl

(A.N.) 
'L+l'+ 

4i++ '+1+ 4{iil o-o , l,-rr 3L::Y! z},:rJl

,1 '-:)J '!;4-:l *-Il 
.:LiiJl e.^ irFi 

"l'ji,l) 
JJi5 ji g.r, i.iii Jrii.r,'ll .rl'. ,,,riij]

:,;+i1 c.):,-.ojL-j_, ;,],lJl --.,1r .il r-;iJ .ri:; crU.Jl ..:^ .3,s tlJ" '19 al 'i'...1

.1A.F,) g9:^ll ''ydL 
4-LJJI o:a e!;ri., L:* a+_,r-)]

\ ri,ll ll \-i ...ir cllr-, 4rtill 6Yr,-=Jl .lt .-, , ,,6UJJI .+La O+ L \r\1 ,jli^J

;e .rY;Jl 'ul> L. -.,r gLl:;j a..1t c+ a$+U;i i.=e* 
"!+;;r e" " !+lt+ **+:":t

(AN/A}-) 4iJUl ,rA ,r-.;_e 6.rliJl la:;o-

;rVt u-Xi o- rl,',-a. tl \r1 .1 ,,,ij 4iF Lj:ul ,j',Jr^tll 6Y-Jl ilL Gr

,i 4,l-i Jli,-L'..1.',Jl a:* -:rj:!i., '..-iJ! gtX! stiLil :r-.;,n ii.,r.t, i -',L

1,;9 ,-,)ll i:l ;L: ,-,ir\l ""* .+: 1,.-J,L tr.'rr',\ tujl .-+;,._^;Jl ,:1 ;\Jl LIL

',Jl ats lrb ONAN cr" oif. .l' iiljll ,+Yl ,F 
'!-*e.11 

tr.$ Lp 1. ^Ji !r++t

Dl-r L l{ii , "S-..,J ONAF ;rS ,li,\l a--} Ot- t;sJl .b-€ll &-.4 +. .>+

ijt Gr &tJl ef- ;r, ,lrull iJ i,S,6l,"iri i.>j2a J:: :i ,:') C-,',J6;EJI

eilr..r.3 ONAN / ONAI r*i* i-*;jil ' D:tj :p.a r- ;. e!i-,,.11 ; 
'.!-s 

:.5Jr 'orLj

.i-1* i 
='t 

, LJI rp,si'+1 'ort., tS+

i-r-r C tU"y t, cl-9.=ll Al:,-'rr\l .,L.p .,lc'"rol--! ai-;- il \-l..,l r,9,

.OFAI e+l +t,;&,lt ;U .lrull 1s.l

'li'\l .rJ i++J.ll 4-i,-,tll aF Jls! .i'e.el r o' ' 6!ral 61i ,-:YFl ill. #
i,llill lrd.e.rUl CLll rr.,'.i\l ;UJ +J! -,5i ,-x et- J) eEr ONAN

OEJI O.!.,...,L+,,,jrUi al 
r:.iL Ll dl;)lel.Jl IJA .,L d..r,,.--ll OS-,J,

-ei .*-;Ul J d.-+ als ll utr-i ;l ,jliill ,+i a.1-" ;)=L-ll ,'.J\l ,J-^-3

\11



e.!l J-ill l.-r-,, 1: 6d ur-! ,9-*--tt 
"rSlt

6s;Jl .:tu^.-r ,r+Jl , , ^t5 ..,. JJI 'U. ilin &lL- Iir

i.+ {+ C+, .,ll iisL;1 .r ., -\\ L r:.r ... .\l ,rl h\ i-ELJI 'li,\l e !>$ ,l 'l'-L
llk 

"+ 
l-{+ i.dsll ,lrEr .r.ri,\l 6,1d ij altst .+E "} (Banks)ot r.

e LJI e bli oa 4ej,.-.-^,-'i 6-LlF JL=ll ,''qr\l ,,-r 1A]j: ...q1UVt ,t ,r:-l
\u:\l ,-,il +;"s-L :J;','16 .;4,i .51- J--.:-ll g--,',jjl ;.i..!-. (i-\,Y) a-'-,s- rll

.c.,YrJt.r,-tJl

&{re,rl 61.9a*l r.J+,ll iiJJ"h .,ie fuY$ j3x.15 -:*:ia*dl 
^+tl"+dl 

J-..;+Vt 1t v - t ) pt rJ:+

Forced (Oil not directed)

Forced - directed Oil.

(Ventilation oitransformel gnclosure) eisraii c.sL t-.s4: t r-r-t

.-,.n $c *,iei 
-o;1,,1= 

-.,i- ': dl .j.i ;i ;-:r -* .-!L" ..jS^ gJil: -i-.1 ---:.!l 
6!F ii

.:..,)3J1 j"' ;lEy ts-:slJl;*, elll *i: . l,.rtll '!€ll j tE *il eJ! ,...1^ glJl

oYrJl d'..,;o a,r,c..i -:ic Lll c,t,-,:.- 
-,,1il1 J^c e---r ;Ec)l d iqill ,aq 'rijr 6i

.;r3:-- ;,Fl a.=.:'r ,rlr ;:tJl "- arS O)

t*J) als;. J" :.Jl .,f ,'Uill ,*l 4:x, g:\-* al 
r:-i-i ,',!t:^. dr* 4ljb-l J.. ,,':-,

.jrJl ":r 1t:, , ol:i '"e liS ,Jc ' &l ) rsll a--,.rtll 4i;sll ,--,.!x^" i.r*-r'ubJl a-=.;

:E;i .r. ;;IiJI k"1i p e.+ Lr

t:

r
D

&lqpalKind of Coolins medium

o

L

A

It/ineral oil or equivalent flammable synthetic

insulating liquid

Non- Flammable synthetic insulating liquid.

Kind of Circulation

Air

Gas

Water

NNatural

\ 1r



e.lrr d-nl L_r_r ry tsd,*-!,s- tt 1St

ijl ,:U-.r Lr-*ll ' U. -lb ->ltt .t:+ iJi.il o1L- - it.n

:;Yl *L , l:fr',r oYy=.jl , U:\'.,!,.11 a-r._-;: ,rr ;rL;Jl

Lir--x iJsI ililr -i

(e-r; .l+:) !'5a:ll ct-r;l qiLJl a-=I.*!l -,-r

.1tJ6'.!i 2..!! cj-.=:Jl c..,LG i* ,i',-;.tl a.,*i,ll a.iLJl -+

;99$ C.L jilll Ii r-s-!i 1 ^o-.- J-S a-."-*:Jl J-lsr i.ll ;'i.lt t;Jl
.k; ds^i '* .,-.,.Jii ,',Fl ."--:3 4^ l;jl
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Durotion of short-circuit (seconds)
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,_,lJt , L-ill L-u i,t -,; ,*-! ,-rr"--tt 1St

eil .t)'=.r,,-Jl ' u'^t5 -.>ill .1;":+inolL-' irin

crJLJ+Sl +lJill 1!:4 o- [

L$* t -s-t

aI-^l Lrri.ll aiJl -,8 Lbl ,t,Lll +ir: c..,U=.- +yl4-)'us:;s 4J-) Dl"l

i$'!i=,) 'LJaS 
J", il=" cLl! di=e ,1',;'.''U.!+.\.,;aS;,-. Jlr,r^.r)s,i1*Jl

. ,"rJl I,G--xx ajnLill ]€',LJ;:.=^.il r-r" [i V i,; +;,

q.UU-- Vt \j,#i Lh.s.'U$ Y-e-t

'"-x+Y !j diE-:.^ii ::. , 'o--i lrgi-ri ',,..lii i9-:i .:..,1i ,+LrJsSl 'J\-.',\l ai--- eiJi1 c.ri ,,'i;

.A.LJL AIIJI

+tJ+Sll '.Jt*rll i.[-o €rlr+J JJe !'-o-t

,-!i +".i ,"i e-iti ..-.,.:oll ,1r. a;i! aJ"=- ,l+3 4J'-i'"J6rJl ,.r-tln=. )i irrL.\l 'rjlll i!,!
4.-1., \l ;1-!^r ,ly,-i]ll ;9.i:-i aJ:L-iry I a+-Ul 

"x 
iii!'"ll ,-ii-- Lq ',L1\l cl.s3 ;.. :.r"

.4-liJl

"ul-.Fll 6rs3 etS.r"J LJIJLJI &LiElCl t-o-t

.$;Jl ol .-', r./ !t'5Y1 L;UJI 'rjd! : '1ril1

.LlgYr !cL-2: UJJJ

(turbo charger).,-s-r+ obA dF,-: g. :3!3 i--,;^; &d'+;,., ,FJ" ;)e-/ .4: : r:!-dl

..:. gll oL pl,i, crar :U- Jl ..:l ';$ .!* ;i .E t r,Jdl, L-

. t;i;^ll e!*r9 ji lil.UliS : ;;1:'J I ;";:,.,

V -i-.),= _ri , i. Ll _rLniil + 4-=[.]l 4-u!'"J.,ill 15J dJ[!A-Yl ,--nj



erJt d-il1 l"_r_., ! ld ,*! , 

"*-tt 
rrs.ll

g;Jl otL-..r ,..-..ll .n.^lb-.l.&ll .1r^cixotL-" +iii

6F;l -r:._e ({ .++-.) (fl_rlJt Lii.+..- t/ 4ill\i:.rS- tll ioJ,- }.i: N i-:S- 111 q-:p-

4Ll"^ll'+ f+) ,r,*St ill ...U"5i

_r.* H,
60

:.r-.'Y K .:r'io-l.]! i.'j1,

Yd r ". . :=; rlrlg 1 . . ,-.'^ ,-fi c..,1<JJ

JJ I . . . \.+ irlqjS 1r. . ;. :.l.rr!<, r. . ar JSi

yJ vo. s5 t o. . .r" _.,.6j

JlJl t- - 6lir.L o-o- t

u],-ll etJA riL

.,,!- Jl '"J.,! ;* .,19i e',--i <i;r:/',' . . v .llr+ '!dl 41"Ii.:" J$: -

.Jiljl ;ldl ,..!n pli,.jr- 
'l,all 

:=L :;9 -
\-JJ'

1-o ,'' ,-+ Y fi6* J* ;. i --!: ('l urbo Charger) rtp: el*l ;rs.Li ,l *', .l .::o -
.dl-^-.ll 

"!A 
::'L 4. "J*-; ,15

,''lri.!^! 
"]i. ,;] 

orL;)'e i)^l ))). {+l^. r+ 4!,;r+ .!Jl ;-'*^;.)+-y d"; + -
.,,!Jt eL-:_e;3

f



-lJl , t. -ill \.r-,r i; ll .. ^1 a*-! , t"Jl r3sll

g.,lll c.,tt=.j u=Jl , 'u. ^lb ,-1r.i)l ,!, tuiji 61L- - i:iii

,4_pll prb

u+ .;Lul L.LJ (Silencer oi."< '"\) ,'y . -\l ,-aii-; a:LJl _x-!_rJ , c-,Fl i;Jl ;tc!p

,i it^tt '!r"iLl=a^.frLjj+).,:= '+Jl i,!=:..=.-,,;,:CJdJ,rJ-!l !r-._r +lc

. eL"-i]l .r. oL.-1lLr

.a*\ " d.p ,-E., Y i.i1 . . .: J*:arJ 4lli :|;. .ei -,"- 1 ':.+ arUl _r-F ,,L er+ ui +,+ -

gE: t *-t' p:*Jl ;9-!-e. ,J":.-,;r'*,JJj .i-- .]..l.: l:LJl -;-..\i" ls;,r 4 ri ,,., -
.--:u.Yl ;i ;!alt ,i l"lt5Jr lss!;ir 

-,.c,

, +iiiir a-.,j,Jl e.L!e:Jl ;* Jji.,.n 
o[ o J] "Y. ;. {.,,jj* t+."i -i dU! j-F 4+U -

.;U="Y I u^ L€+L=J ,1GJ*ll

-$llLJ{j

,-J %r i* ..1,.,s-r;l !r+'o\l\l i le''li ai ''':- r tl,;'11 
glr'r J+e 4'J{+ l'LnaYl ','iJ -

r51 -'r! rrlr:\l 'or.s, i=1301 atl*.-:J ,+r'll c,r idJl 6,!Jl +"r )J'qJ\l cD[*i-l o ok\ 
:

.J,nJli fuU.:lb ,l,,;,-ill uLJ.,-\- _r+ 416, ei;ll
.- oYA ;L,';-=.i:b uJl fu-# (J.L i!il--\l ,,,r, -

4'f-tt ;-r5

'rUJl r,e Lss ,-L !'.t-! . o1'., :4 J;',i + e^---. 6"6*_*j ..,j t:,$l !2p clJ=l e+ -
. L)+-ill o! $.

.i oA J ,oc ;.,; r-s.;EJ!; ali$l s:ldl 
"11^'9]F 

,.:L.-;.,cH ,-!rtll Olq ,i *-.': -

,',,+S r-:.o . -L LLs"--ll ,'\\rr Y JA.S '. t o . il ',Yo r'rr qpJl ,E '^i t jF ,i .*-* -I r> , I tt.

.,;!Jl :gF , ,-:^!: .,;;i- L-9 ,ri ;t-.,

L-.-.,r-s, '"{<l e,Jto\.. d}^.}lr iUrJ r+Ul 'j''ll #-"UJl +--.-;: ef ,ri .*.* -

.lgLis e.:!5 r.Jill ,E



e.lrl J*ill l.lJ iJ d-,-i s*-! ,g'-Jl r-eSl

^:JI 6lL-.. -.Jl -"JI. ,-,]ll ,L- i,ix 6LLv \.;iiLr

ilL,rs,-jpt.c Jl ql ..r u- irs t"+ 9eY.o I 9e..1 dp arilll UiJl olJ^ i--r- -

.4+ -!i'"F "':^ ,.1:i:-t

.:r rJl i.,lrr *ll-1.l" d c,l-!l q:=3.t ('"F ,i +,,:. ; ";t "E a.,.- i.,.!: -

r:6Jt ptj.J r-o-1

"*g-i! 
iu^Ajjl

,e cj-Sl c!--iL .,,\r.-'\1 4.r1r:<L 4;^+ , r+ -rr 1.{--- .rrSJ iu6 ,:'..]F .rl :iri ai+ -
;:'-.:,. t,.-...,.Ji11 Ji J"rll , . - elli; al-j" ).:, -ir-,-+ 

C,.',"-. l+*i ,.r.j t-"r-i ;r".t

'UJ4'!l

6)-Lsill d;o J+ +i]+lt +Jl t\ri.,r Yr elt*^Jl , '\. ^\! C!!i ,r- r;i;\l ;!- C...J -
.y!l e.4.ril+^1$l

d,c ;ri+ LdrJl ,.s1 , \ 
-,,;sl,., 

ajt +,eYl el- "Li 
,: il\l c.,'llj!! ;-is. Oi .r.],u -

.U LjNl i-,.LJl 4.=LJl .,F!: sc u;"JYl CL",J""i ,'L,Sr iFiJl asll

allil '-t'"-r'
.a;l , t+; ,:!.,.. J+V c; r_i, ,',:-i t-,,; ..:Fl ,,-\ i)s-'^ -

'.'lFlL-'{i -:-!' -
. ,. r+iil ,.:ie -

'61.8 i',' "bjl','-'"r iF! JLi ;"*; ^1'-: -

.:+*\l o\-,!Jl ,Ji i|^iJl .--,t"$Jl u. :;rrrl J"l L,:1'rsS crt:.:- -

."r"tll ri ,,,\^\l _ii (D{-^ F) e.l''-ll , .r ^\l +:J1 .r;!Jl ,--,"GJ eu -

cj4JEll adA:1l

.:\y\l c,ls>- -,+- i.+!l ,',bJl t..j -

.jpi &1s.; ,rlrJl c.,1L-\ , -,+"1:" -.,Ui a.J' LJ+ ) :g;Jl 3t-:. -1!e !,.- -)-b. JU.ii -
.-)}*bJl



c.Ul LlL-ill L_r-,, iu r:.i ,r-! l'r_r,- tt .-rstt

gjl 61L'"r r..,-ll ' '9 ^lb ,--,. rill 'l;" :+in 61L-. \ix

i-=.;: .r:li-J iJt ,rs cJJr(-,:y-.eJfi a>-- ,r. -,Si +.1 ilL ; J+-!,^ll -2U;i .rt5 -
..",hJl

au-ill
:y;Jl ;n= .:,L;ul_2 ;lri tr- .j ,,,i :,i .ll ry;ll ..-ll en 51- uJl C..--, -

. tltll .i1- . -,
.f , .f .t+! 4r(L ,ft- t ,-:l=-:.,;Jl -:r; -

*; .-iil 1",; .gi ,t ,i-, t .-.nJ al,-- 1 .r-. ---r ra \ :.- '";+S.ll .--..:S,.r-Jl :;-,1 --,1 !/

.,,L- Jl .-)L;, ,r-\ Li.,i-:iii e\i]i .-sllXl e{-fl lllr.n-i _ti , ijirtl

. 6!j.dl

oJlrtl r+ eli V-6- f

t'l.,er-)-t ;\! 'rlil ' !'!^ ;Jljj e+ ..',;

2ri .+ c.,lS-r= X (iS;,-Jl o.9:1..,+t lJ*) il:LJ<S -
. J+syl '+rli c..,lj c,'S'p^!j I-r; '^t1 opL -

Ht-rl*s'1h$ rq
: +L;ul ,ra tl \-1 I$c 4,J1ll lLiiill t6. L-l,p

r iS.:rll crlrir-.it ,p le:ii<', a-!il a,j]*:ll cr.! --,)11 gruli .:i: a:+:l c-,L;Jajl Lj*:6 -

"'-5g^r'6

Jri,i ;c'lls_, ',-r4 i ,J:it^X , oYA 
':\yn .15,=. J+E ,:]F L.-.r: cs'-t )i ,-- -

'':L-"+l

. +Slji c6:tr.; .--.".2r'tii e,;1 .J+,--9"t r" LJ.l.sj dr-,lS jll^,l-l --'-j -

r.,lSJ=- LE..:i ro ,H 6L-,tLJl js-iJ .t\ill dJljlSL ;aue c.,L..)r-t$ jJ.=L: ,IrG5 iJIJ -

. c,lsrJl djiS ,l-ii drLJll.i\l , 
',=j! prr cr:]l f*Jl -,,F1 .l-r (Jll 4iL:YL , 'i\ ill



e.!rl d-il| l"r_,: r: f:d gr*! , e-"Jl :3Sl

6r-rll ol.L=.j ,.r--ll , ,. ^t1, .--l.,l.ill ,lJ. ir:iri 61L- ir.i

-\-sr",a.tl e!g\ fl.rYl rq

:i!r-.,1u1 ":l ll \-:,...1 :.,c,jYl ttrl .rrb
eLlru (_y_r.f) ,!jA .t;L; j^ '-/-s \ 1 Jl '-r-s v 

",r ejA ,!o L:..^ ;q -
'#+ LF.-; .-rc drLL''--e c!:

c...,!,-::c;,;:=lrJl '"JJl j'el+Ui4xl .Ldl L^s]tL,!jJl nL.!-,,+-DjSOi -.! -
.6"Sl^X;:,il 1S*i Ej.4 "-Jl ls ,r-j, ,Jrii .Li^lj, ,j..|,=Il L:.i, i-,1:Y i

,i -,-;+! U4 
"t-^,: .,ll: si,.rsl i+Sh (1-*r"ts,) ..-;-jr 'I.r+il 

J+l ; Lli* + -
. jYr*Jl ri ,'*", r5ll

.;LJ*S dl;4,j"+ +i;=" ] "!.,A 
]iL; _pr q.- -

(Automation system) #i"SUt is!ill etEj 1-t

:a=J;ll 1-LYl ;,,-'r:Jl o.rc PLC e-j-l q+ill -<-:ll U'")+ f'}: e..i q,c-oi.:

.t\:.i...-\L;611 aglJl ,i '"LJ;ll 
o

iF-ilr ,U! ,i 6;'.ul & cJlirYi -,x+i c

.c.,l2UJ c.i-e-s-e Protective interface 
".++ 

dF LJ.n,=Jl "!t'{l ol:'-e o

4JSJ'"jl ,..r'Jl -".-jr Jr,.-:Yl aU; sL t'A c;.Jl PLC e--p^ll -;lJl -<''.-n o

. a;S,:ll ;:---_e

.(e'il -Jl iL-b *;rli ,jliJl ri) .r:'i Jt u,-lJl Jr+iii e^1ij o

. i,';luj,i J;-.SJ oJ+ oJtr_, I '-rS ah": s:Jl e-Fil i1l ..'; o
.ols:Jl iS-,= r:rlj:L._e Solenoids +$r,Ut aUIJI_, c,lol;)l eB- e Jl ',;6-*i 6

',-.-.,1,,\.'J! +ll .Un 4-.,tlr r 4+eJl LN! ;L;Yl ;s interface Jl o

PLC e{+All q3hsJl fsLjl
.:LJl qlii J!'1-l' slii,,.Jl aJtJ ::rt:SIYI iJtJl ol:=3 PLC Jl a,ir..,

LJ.l1 ,_3-l ,S-:tl j!e: ,-r ,'',--, E 'Jue <11 ',rlrJl ,.-r U'J Y alrill "r{+ 4liJl

6r-e;fli , j 4!..: ! a-i.r ,,, "- ,L*j + 1+^ L-;+S $lr ,,'*- eD-L a:lu<
l-\: r.



c.iul J.-ill L-l iu x,'^.: ,*! ,E --tt grst

iJil .lJ-="r L.-Jl ' U. ^llr -. -rill .!. i*iii c-,lL- - lrin

rsJl dijj ,,-u!t ,is-tt e.ult l.5ilrJt +dr J:6Eir .a.,,Js!t aJEJt

, tui- rrtl'J Iq5stjt"ru

pLe ll L+Jr:

4-,slr r ,=-i9il1 drjl j ,<-',\l JL.i .rs a-.::s" irrr-,<! ill a,. ,Jlt PLC -ll

e-1j;4 c..lig 
"t 

*j,.l d aj:i.:L,JJI u. a-:^+- PLC ll \lr, .i--,lt -Jl crl:\-"ll

: !.s'{

jl=Nl c..,1:=_, g!).. ;* J$ t'e+'! 6r*_-- ;l '"JrL- PLC ii ,I,.J., j(e o

,Jr;-:,::t all_r., 6lFY'_r

',!!..'ir -u.!..,- L.,:) 0..,*'6.11 i-rclr. Jl a+Jl .i Jl,i PLC Jl .:--;^ * .

Ljilsi!,+-,J*S]l ,ci\l o*, -rFl ,,j i.- ,;r'- "i9L , qr .aleUJi!

(larJ-r

+Jl G:Ur 1JLJi.-;.{ l"}.r}{ d,:',iJ.*;i. PLC Jl ;ir L+'!, "

ri. ,+-:J! 4i+.". asJ'- i-F dl- cs-J* dl eE : ) ,Ji(.j,l.J qjS,,rliYl

, \:G-irb ,'j!1tl

.,*,t,lYl ,-,r,rs.. Jill

cx o.,-xSil r!*Jl e---i;+-Li ++r '-r& ij{j -Jo :;,, PLC i cr-LYl ,,,j(j\l

:e J1., *-;i :i...',. ,j;,"rl a;:,-., ;:=, fF; ,l3FJ "lr-i ,'i=: al 
,-: .L ;,: rJl c:a

,!. ,.1 i .\lll
..\+*...r.r.r-.6-)L_./\Jr

ePt, dtrAll

dF,Jl ('.!J\-',ll i..lU u.L)! L+ a.".* CPU ,J-sl lei'L"ll '"r=r ri el\"Jl
.-r,:tt,_il "i:! eUl rrry , +L\Jl : c "\l ,u C) arL.;j ,Jsl 6J,iiX &lJl 6-LJCI

:1'JtJt

'6-l's*ll i ..ji[Jl 'el:l '
& o{ C^ ,J-!^ i,,,', ..:lLni. Yl ir L-r+" aJ--!.J', PLC ll el:i o,+,i-;3: i.!. F '

.PLC 11 & ,Lii ,s3^ LK+,i eLc -tt

'\ 1r



e.ul d-nl l.l l-, r:-.; u*! ,6*.]l Jlsll

i-jll 61L-.r ,.,-Jl , U. lb 
-. -.,Jt .!- i,in .all.-. +in

& ,Bl ,n\\(r 
e.EJ+ll+ Ll+,.:lb 4l-ry1 aiEsll ,Li:i ,l ,ill , 'uL 6. i,rul =.

..:t:lr.Jl Lr.'^ ,-!l:-l ;i 4.+!J dtll
qcL- ol. * , SCADA rli-ilb 4-,s]rJl C-) q-i a.!,ii e^ .i:t3:t !

.(..."ii
Firmware cD: ,.r {;6: c.,tJL- ;:. ,i r'!, .9p. dL ,-iU_Jl ,ra ++ ,iJ+

,i +-:it 1'r}j rjitr ts;..-. t5.J* + (Roivl IG !,6 *:ll -.Jst!l |)r .t e1r)
.QJl ,Jy-11 rrij..."^il as"; )i PLC -.ll .-i:Ur ROM a.=-,J.]ll .rA , U"'u .-#lri

f:ii,ld! 4,=trll ;JslJl

ai.iY i a'dJ , r+Lji]l 
A-l"-9.: turS^ii dr''*j!nll ,>-F3 . r--i-\5 i-.-E"i ;_Siiri _{-,-y e+

: ,-1.rS i ..:it lL:+ll ells-r

+ i.^.,i. i.llJl ,r.o "rAr . J+l=ill g$-:1i i_e: '\.ri lglJJj $.r c.,1 ,\,- r

al_x 
"+ 

1.{.lsi-) dE:ll ;,J:.1_, CPU 4Js!l iJ\.l ;:=_:4l=-!.j,, l.+li"Jl

. iililJl &Ll<\l ,i a-,lit:.li ,'l,r::',^\L c..,',,l:i\l Lr 1:Jl l:,e .r-,-.1 .41:

Jlj .r-:...J1 .gl Lt'^ i!.)'5 i.s+,-S]; "):,-:,3.]1 
,l.,jGi .,rii :- ,...,Lrt" r

.i:rE drl l<\l c:e_e l\(! ..... Li ^\l #: _,k!Yl LJiLu 
"+ 

+lulS'Lrp*;

!f." $' j dLJl i.t-l,l i{ir-3 _t:,.^; ,_}\: e:Ft 1 tJ;rii ;r,,.- j_ei5 "

.a-tJiJl u.-.j
,jJnJl # si Ui: ;i .6^r *:l,r (Bit) u-t1 cja "JslJt (Js (J-L'JI ":-ll ;l
.,.St .i t-i,= '\ 1\ 3Lls .,.(i] L-.:,-, -.-- .ir. Jl D-:a ^.^.'.i n., '\ .i G-:r \ J I v) l- 1,

.a!r"+ lo.2;. r+ +,ii -.i c..,t-XJl aF Ljsr (G,r-r. A) +!
\.\r. :4Js '\ : i^ls rls \);.x +s'c;) -,JElJl f--.re ,+;jl p,
oU!,Jl gl: ri 6.i:;t ";Sl. .," ,-fs 

".l. d++ xJl 1:a3 c+1+ Asl! ri (i.lS
: PLC ll J'#lJl a* -gej .l 

r:.r 'l j,,--r

kJ) J-:.:!t + .Jl '"Jsl!l) RAM 3elt .- ,-,]><lJl ,i 4+Jt '#tJt E

$ e- 6 lrr<\, la-Lrn dllS: '-,!slJl ":a u.l.rr:=^ ;e.lri OS^,J .(S!r-
slslIl ,," r 

":Jl 
lre .',li j ,,^r .( pUnJl rdl ,'r ; $,1:) a;i;,:]l :a-=r v Lr e, f et \r- I' I

i-,lis o1-ti :.J.Jl ,',!<lrll 
al 

''r',.,1 p, , 'erll ub+ _,lr-^S i-,-2lLi..Jl eE :
..:,l-,LJl .',.,';:] dlrs. --.lJl --,in.JYJ. L. '

\1i



e.!rl Lj--ill l"_l:u p.; ,,*! .r,-Jt 5St

g;Jl oll=.j ,r-Jl GJ'.-J! ..-,JJl .!" i.ii: c.rlL-. r i

C" (-rt!^ -)+Jt grilt d,F'"Jsli) k-:tJE-- + .Llill e+ s+Jb 4ill -"JSl$l .

.,'r!<lrJl LJ. tJlll hA g;r.-.l liA 6r$l , S^r^r . a;r;Jl {: rid

;rr-.rll ot !+ll &1S eJ Yri ei:+ '-,,!<l:Jl ,.,1. tlt t:a + LESJI '"rtl

L9Jp Ljll ,l ,-:..L dJJ:-e pLC Jl c.jl"\s-,) .r. _,,$i LlrLr al 
,i:.L 1rr\.

3!l .-r a!s:x) a.-.;ss .J,Ly ;i (EPRolVl 3!l cr" ,',f<l:.11 ,j!) A;+*.ii.Jl

.(EEPROT\4

4\!l ji ,l_r-;ll ,.,e-!tr ;F ',lSliJl ;pll l:a d* - $_r

aiLll -r i;,i- )t
PLC Jl Jilr i.611-.:l + *lb n S ;rc rl 6)\5 u^,- Le-F 6-[:Jl ";Slr-y

, e.^\j_)ii !;Slj , r.,- ^ c.,) L os; .g!i;r\i -";Si: Li . ',Jslll '::; ;:=, L!ii: _Ji

.On board memory ,r-;J PLC \l c.,t15 + &ls:i

(Discrete l/C; :t ;- ,9]1 c-,1;LDJ e!:Yl / j'srYl c.,l.s-,

PLC Jl ,J+.-^ri ...p:.i.r- JsJl obL:N (l/0) elraYl / .jE"Yl ol:*, 65;
Jl , i-,c.]t.ll 1LJ! "9 

interface .:tu! clJ:; !.1,. ^tl l€1i:l C- 'o-x:il+,^

:,=J1tlS ,lc ,K+ dii.,_. 7-srt :i U 6!ilt / JEJII c..,lr=_e 4-,.- PLC

,=.+lLJl CUI p^ olzl;ll 
"b-3,J!a-) 

c!:j interface Jl LiJ.- _r .

ClJl Cl a2\ '"n dJu.iyl F (i.tt....cJ9*Ct >.!r_i , c.,L-+-)

.(d1... otrl, , glLitl , J:,i.iilr Ljill '"j+i Gi sJD '=.+JlJl
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