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P n = p m ( In lIm )2 I 

NOMENAL tfo.JI ~I A....fo ~ Un ~ 
MEASURED U"t:iJ1 ~I ~ U m 

.... ~ . 'I lUll 
Li"""""' J.. ~ In 
U"t:iJ1 j~1 Y'> 1m 
:Gi.ll ;; J~I ~ P n 

:i.....ut:iJ1 <; J~I ~ Pm 

( " ) ~ . 10. ~'l1lli 'I.l * r.) '-"""'" .) • , y 

~ j'1 I ;;...., Jt:iJ1 A....fo ~.>.::..:ll )~ 'II I 11, r..S...?-:l ; .• P"C.I.~.S.I""~~:,,.'.~~~.J..~1 .. -.l;:.?L7 .. ! 
...::.,W..J.\ ( R) 

( " ) ~J ~ .)~'illiy\.l * 
:It-As.,,. ~\ ~\jil\J ~ li.))Al\ ~\.;aJ\J i+r~ AJJ<J ~LWI ' ";i'o'il ~lb ~ .l~ 

, 
~J OPEN CIRCUIT TEST ) NO LOAD TEST .)~l 6-A 4.......t1...l1 ~LW\ - I 
IRON ) CORE LOSSES (,$.l.:!.J:J1 ~I ~u.. ~l ~ ~LWI oli ~\.J.l1 ~LWI 

j.o y4 ~ j.o ~J LOSSES 

loA ~W tY-ij.? <.y> <....ilb:i ~J Pi or Pc 
0~u\l 1.p<"'JJ EDDY CURRENT LOSSES (Pe) ~.)~'il b:.l1,JI.:!:l.l1 ~\.L - , 

.)l:lIl 

I I Pe 
I 

:Gi.l\ ~I' \ i . \ \ . .l.."" . W ElF . I 1Uc1 \~ .. i.Y" . , i.Y' J cr .. ().J.,~ 
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~ & ~j Jp.-J.! .,lilj '-.Jt:i) ~WA ufi.,J ~\ I~ lP w..\lj 1:O)j RATED VALUE 
oyl>\.bll o~ Gj.b. ()<> ~L..:,..l\j Over flux.} Over excition -! ~ l...} lf~~1 ~I 

~ ~ ufo • ..\WI ~ j ~ U""G. ~lj j j~ yS J;l 

ElF::: B x CONSTANT 

(PH ) HYSTERESIS LOSSES ~}I;"ilI ~\.WI " 
P .u' H Y"J;lj 

~ ~I • ~I ¥\.iJI ~ j LOAD CIRCUIT TEST J~l &<> t.....tl.A.lI ~LWI - ':' 
- : uk i> J..,...:;.:i ~ j LOAD LOSSES ~ ¥\.iJ\ .~ j J.=.l\ c-­

Peup ~6..:J\ ~\.iJI - \ 
( Ps ) STRAY LOSSES • ..\ ) ... :JI .} ~y-iWI ~\.iJ\ - 'I' 

tl,JJ~1 olli:. ~.J:! ~l:i..Il ~1-9 

I 
LOAD LOSSES 
FROM LOAD TEST 

PL 

TOTAL POWER LOSSES 

Ps Petp 

cup per stray 

P cup - e R --------------------------------------.. 1 
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Pc= Pi 

PH 
HYST 

Pe 
eddy 



PH - Q2 B 16 F --= K2 E 16/FO.6 ----------------2 
Pc - QJ B2 F2 = K J E2 ------------------------3 

( Peu!' ) 

~ 3 1 ~ ~ :i..h:,.)l., ~I..:.A 3 

~WI ~\..iJ1 c)\:jjI..U • .)yJl 4.J..l C'" l,pjh ~ 4..3lWl =: ~.Jl 
• :i,,;l\:jjl ~I ~ 

\4-b ".) rJl :L;...J..l C""'" 4-u& Y-'-'lliJ STRA Y LOSSES (Ps) O..l.JL::J1 ~LWI - : L;Ut:i 
: ~'J 1 :i..DWl 

L.J..itS " ". oj.? 4.J..l.lie LOAD TEST .Jt.,u:..l 0.0 ~~I ~\..iJ1 ~41- : Jli4 * 
613 0 • f = :L;.. .J.lI1 ~ ..ll.c ~ }}I ~ 3\.S.J1 U-" ~3 ,,,'> JI ~WI ~i...w13 Wl3 "\ r . 

~~ 4.J..l V 0 ".).? 4.J..l .lie LOAD TEST ~I ~u... ~ ~) 

- : J:..II 
) ~)\£3 P eu!' & PSTRAY w. 0.l1y.. 0.0 ufo LOAD TEST .Jt.,u:..Jl.>" ~~I ~LWI 

~ (Jc 1 oS', dO f' Y:l <llhl ~ Y ~ L.S .. .) yJI 4.J.:l C'" :ur..:...... ~..;h! fo. 
:, P L = P eup + P STRAY 

PSTRAY= 630 - 504 = 126 watt 
:. Pstray ( at 20) =126 watt 

P cup ( at 20) =504 watt 

:. PSTRAY ~PL - P eu!' 

~ .lie ~ y~ f' Jl...l4,..j]"s ~j>...o 4.J..l V 0 "').J-'>- 4.J,J lr ~u.JI c)4J yL...:J 3 

Pstray (at 75) = 126 [ 
20+235 ~~.I 
75+235 J 

= 126 x255 +310 = 104 watt 

Pcup ( at 75) =504 

W.S 

I 75+235 J L &0 t 2--'15 , 
1314 

4.J.lI1 



=504 x31O+ 255 =613 watt 

Pload ( at 75 ) = Pstr ( at 75 ) + Pcup ( at 75 ) 
:::: 104 + 613 = 717 watt 

(NO LOAD TEST ) ~I.J.II ¥\.9..J1 .)c. ..l..l..;JlI.J ~I fo yl ~F JIi.-. * 
yy. "\. c.::.,l~ £ £ •• :: 4 1..P.' ~I ~ JJ"-" 

WI.J A £ • :: Jj i.,? ..l,!.wl ~I ¥Ii.. 

P =p.:: 840 watt c I 

w;JL:J1 ~ Pc yL..u.:.. y~l.J Pe i.,?-.Jl......=.] -.Jy., ¥Lio ~ ¥LWI .:u ( 1/3 ) c::..J.:jJ 

4 .. !NI 
yy. "\ . ..l..lji, c.::.,l~ £"\ •• -.J~ ~l J~I J...,:....i Ij] - I 

yy. O • ..l..lji' c.::.,l~ £ £ •• -.J~~] J...,:.J Ij) - II 

Y y. O. ..l..l ji , c.::.,l ~ £ "\ •• -.J~ ~l J...,:. J Ij) - III 

- : J=JI 
Pc = Pi =PH + Pe = 840 watt 
P e = Pc +3 = 840+3 =280 watt 

Pe & PH tY> ~.)c. ~ ~~ yy. ..l..l..;Jl1 ) ~I .):iiJ.J JLi.J1 U"1-.J ~ ~ Ij",J 

;; Y' 4- "?'- r:i .l.:!~1 ..l..ljiJl J ~I ..llc ~L..u.:...J;;"""" ~ )lS PH & Pc ..l4:!) r Jl,! -illjj 

~}ho;iJl:.. JS. ~ i.,?..l,!.wl ~I ~ '..lfo.Jl .-.J.illl yL...:.J <.Sy,..1 

~li ..l..l..;Jl1 ,,~c-" ~I fo i.,?1 y y. "\. , c.::.,l ~ £ "\ •• ..: ~.j~1 ~WI ( I ) 
Pcl =280 watt 

PH I = 840 .. 280 = 560 watt 

W.S 13 (5 



- ( 4600/4400 ) 1.6 

(60/60 r 
= 1.0737 

:. PH2 = PHI X 1.0737 
= 560 X 1.0737 = 601.279 W 

Pe2 = 280 ( 4600/4400 i 

::: 280 x1.0929 ::: 306 W 

:. PCI = 601.2 + 306 ::: 907.2 W 
.).) .,11 w\1j ,._11 .. ' w .. ' ~I ~li..·1 \ 

.Y" . C"" -+?-' ~ ~. - U r.? 
Y yo o. ~l .).) jill ~ J c::..,J ~ £ t • • ~t:i .J~I ~1.iI1 4"lWI ~ ( II ) 

PCII =560 ( 4400/4400 )16 X ( 60/50 )06 + 280 ( 4400/4400 )2 

== 624.7 + 280 = 904.7 watt 
.).) .-.11 .. ' w .. ' ~I ~li..'\ I 
.Y"~~ . . ' Ur.? 

c::..,J ~I J .).) j:JI ~ .l.ic ~1.iI1 4"lWI ~ ( III ) 
PCIlI =560 ( 4600/4400 )16 X( 60/50 )06 + 280( 4600/4400 i 

'" ) = 560 x 1.0737 x 1.1156 + 280 x 1.0929 

= 670.8 + 306 == 976.8 watt 

J-AJ :L.~I ~ .J.;-S~I &Iyl J~I w~lu..::.. .).JJ-i (J A ~jlli ~twJI lH~ .l-"-! 

'1'\ ,Vo .J\.#>. 'II ;-.1 ->?-! "JY:>- 4.:;...J.) -:u\S, J .J:l-!-'ll ...:...J ~ 4,;..0 '1' 0 ;;.J.l.9 W ~ , , Iii J~ 
J~ .J:l-!-'l':t l J~ 0~ We \Vi, n ~ J;.=:i11 .J~l ~ (' \.;;i .".11 -.».'-"':tl j ~j>..o ~.J') 
4.:;...J') '\ 0 .llc. ~I ~ J o;-.lli.ll ylu..::.. y).h..ll j (w ~ i i ~\.j i.J-o ) '1' , A, i '\ J-A 

• w\.SWl ~j>A 

J~I ~L....4i: 'lIJI 
( lii.;. ';! I 't::u) H V '1..llJ ';! I ..:\..;,. ':t I 4... t:iJI .h... .' W ( , ) .J. ,~ • I.,f-' • '-F" J J YAu" .. 

R flV =( Rab + Rbc + Rca )+ 3 

= ( 0.4002 + 0.4006 + 0.4006 ) + 3 = 0.4005 n 
L.V r.?~t:ill ~ ~J':tl 4...j t:iJI.h...jl.o U"y§ ( '\' ) 

W.S 13 16 



( ) 

R LV =( 13.12+12.39+13.65) + 3 = 13.08 m n = 0.013 n 
-: ..::.~ 

()o fo,\ 4J ( c. S ) 0'1 cill~.J H.V :\...Jlio ()o fo. ~\ L.V u\.ili :\...Jlio 0\ b';/ - , 

( C.S)HV 
l...9.lL. \ .. 1- J . -- II .. . .. ~II r lY'.. . ~ ~ r' L. V , H. V .,r Rca' Rbc ' Rab (":I"" -

.J\..;h ii I ;;.:I~ (,?'H.:I -"'" Y' ~I.J [ ( \" ) rJ.J ~ ~.,>\I.ill 1 

J .- . II ..::.1 !..tAl . wl!i ~ .j. . ... 

~.l:!~1 -¥\.9..JI ~ .l;>-""; ~.J " 4..:". jii..JI ;; Yb.ll " NO LOAD TEST .J\..;hl ()o ( , ) 

Po = POI + POz + P03 

= 10.235 + 4.8308 + 4.348 = I 19.~~~k~V I 
( , ) rJ.J ~ J.=.)UI J\..;h] ()o 4-:lk Jy.=JI f; PO} , P02 ' POI ~I.J 

J\..;hiil • .:I~ ~ ~ <./'.J 

LOAD TEST .J\..;h] ( " ) 
~.".;.., ~J.l '1". Vo <./'.J ~~I ~I..?-l .)y:.. ~.J.:I,ljc PL .l;>-"";~.J 

PL = PI+ Pz + P3 

( " ) rJ.J ~ J.=,..\I J\..;h) ()o 4-:lk Jy.=J1 f; P3 ' P2 'PI ~I ~ 

= 0.2057 + 0.01572 + 0.0189 = 0.05488 m w = 54.88 k w 
.~ yL.....:... f' jl., <Li19 'V"\, 1 i o).ll. .Jy., f'1~1 .ll,e. ~~ (PL ) ~I oiA 01 ~ 

tJ)WI ()o cill~.J ~I '1" A. "\ '1 y..J J..?-" ()o .Jli> J~,ljc ~I 

PL ( at rated) = PL ( at measured) x 

[ 
12 

P (at rated) = 54.88 218.69 + 
L 176.34 ~ 

= 84.41kw 
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Pcup =3/2[(218.69)2 x 0.4005+0.013 X(1312.2)2] 

= 28.73 + 33.783 = 62.514 k w 
l.Jc li.J4c P stray o..l ) .. JJ\ ¥liJ\ ufo '\;k- J 

Pstray = PL - Pcup = 84.41 - 62.51.4 = 21.896 k w 

Pstray = (at 21.75) = 21.896 k w 
Pcup = (at 21.75) = 62.514 k w 

-: ,.;'-J.1S. "\, V 0 0-0 'i ~ '\ 0 "J .. P" 4.J..l ,ljc. 4-!b J ~\ .1l, J.!~ r Y:U 

:. Pstray ( at 95 ) = 21.896 k W [235+21.75 Jl 
235+95 

= 21.896 x 0.78 
= 17.035 k W I 

Pcup (at 95) = Pcup( at 21.75 ) 
[ 

235+95 J 
235+21.75 

= I 80.352 K wi 
li ..;I yJ\ 4 -.J..l ,ljc. 0,li y,.J\ ~ cill~ J ~jl.. :L;.. -.J..l '\ 0 li..;l? :L;.. -.J..l ili. PL yt....".". ~ L...S 

: ,.;'-J.1S. .. 0 

PL LOAD LOSSES ( at 95) = Pstray ( at 95 ) + Pcup ( at 95 ) 
,-

PL LOAD LOSSES ( at 95) = == I 97.387 k W 
i~~~------l 

17.035 + 80.332 

I"-~ 1(;0 (a' Pc + ~"'.L...) --;;"2 ~~ 
..... (aPncos0+a PL+Po) 

x 100 

w. S 13 /8 



a = % of the full load 

at 25 %, 50 % , 75 % , 100 % 

~I~~:a~ 

LOAD LOSSES: PL 

N .L LOSSES: Po 

;; .)iSll J..1.,u, : cos (} 

PL = LOAD LOSSES ( at 95 ) ........... = 97.4 K W 

cos 0 = P.f = 0.8 
Po= 19.414 K W 

Pn =RATEDPOWER=25000KV A 

11 = 100 -
r= ( 1 i x 97.4 + 19.414 L 1 x 25000 x 0.8+( 1 i x 97.4+ 19.414 

-I x 100 

I 

=100-(116.814+20116.814) xI00 

= 100 - 0.58 =1 99.42 % I 

~_--1 

~ I Y.'-H ,dE) % \ • • :U..,..,..". J '10 .) y. ~.)..l ili. J~I '" us: yL......o. f> ..)j ufo. ~l.bU 
l.J-o 'J..l..!..»!-"I \ Vi, i £ .).uo)-fJ ('1~4J.hji " \ ,Vo ")...>-=>- ~.)..l ili. .)~'11 1:U 
;; I ~..l ~ ..ll cill,X; J.=11 l1i\". lo\..WI - ·~\I 'I \.._ ':11 '. ,'; . 'I l1i\1 W I~I .) Y. ..) . .) J .) _ y:> (':"""' (.5"', U:lY"-'"' c-o L)""'""-' .)., - (' 

~I ~ lJ.o '\ .#-11 ..)jc I~ JS.J w'j..lL....JI ('I~H ~j>.o 4.)..) '\ 0 

TAP CHANGER 

Voltage regulation ~I ef¥i : ~\!i 
~I &..:..ll; t.i..ll 4.....:..li ,,- '1 • .1,· ,'I l.uo.wi \ - J. - ·'1 • ~I - .L,-. u .' '.' l,? .J-' " ~ <.? ~.) <..S""'" ~ <.? ' r::--- YY 

~I ('.:Ie ..)jc ~I .)c. L. ~ 
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) 

Regulation -f V 02 - V;tJ 

L V02 J 
x 100 

"1 > . U '-',l'>-

V 02 ::: ~I r~ .ili:. l# yt:;ll * 
V ::: ~I .ili:. ·t:;ll,. , 2 .. l#Y..,...,... 

down % regulation ~ W:lpl I~ J 

: ~')]I YOJ y..l W:lyW ~liA <wI ~ .yk. w.Jk:WI yo I~JI 

Regulation 1_ ~: -V ~ x 100 

a ~I ).ll..- \ 
JruJI o.ili:. J,..:y(,?':oll POWER FACTOR ( cos 0 ) J.=,ll ;).J..l.! J..,1..u.-" 

PL " J.=,ll ~\.i. " ;) ~I ~\"w1 ).ll.. - r 
( UK ) J~ % IMPEDANCE ).ll.. - i 

. :\...,:;')]1 :\j)WI wu...s.JI o~ .(~-; . .. .. r--J 

8 U % = a [U, COS 0 + U, SIN 01 + a'ill %COS~~+ U, %SIN Q~-~1 
. . 20~ J 

I P F . \:i...;) ..lA\1 I I..u. . . « . L..ili:. ~ \.bJI;; L:;," 1 age . y:. .J U'" u.,..., f' .. .J i' J 

lead P. F r.ill..;; .J..lA\1 J..,1..u. ufo. L..ili:. r~ ~I ".JL:;,'l1 J 

PERCENTAGE IMPEDACE VOLTAGE UK \:;,>Sy ~ Ux ' Ur ul).ll..ll L.I 

W.S 13 /10 



Ur% = Ph x 100 

Pn 

PL :::: Load losses ~ 
Pn = Rated MVA 

Ux 0/0 

Ur 0/0 

. 75 o).? 4.J..l..l.lc 0.8 <\J • .J~I J..,k.<> JY"-"': JIia 
Percentage voltage impedance = 9.9 % = UK. 

: P. F = 0.8 
COS 0 = 0.8 ,Sin 0 = 0.6 

Ur% = rIo x 100 = 
PN 

W.S 

95.33 x 100 
17500 

0.54457 % 

. WI 3. cd '\ 0,11 :::: P L J..,:JI ~l.i., ).li. 3 

. .):!-!Ai wI~ ~ \Y,O:: J~I oy.93 
J..,\.S.l1 J..,:JI ..l.lc ,. - II _. \.:. .,'; I.li. ~I . ~~.J. 

:~I 

13 /11 



Ux% = ~ (9.9 f- (0.54453)2 

= ~ 97.7 = 9.88 

" J..,\.S.\\ J..,:J\ " 1 = \..Uc.\ , •. 1\ • ,\.:.,., , :i......::.W\ :t.bh..oJ\ . . ~.·:Iw a j . t:" ~ ~ ~ <Y":ly-u .J 
L'lu% = 0.8x 0.54457+0.6x9.88 +_1_ [0.8 x9.88 - 0.6 x 0.544 f 

200 

=0.435656 + 5.928 + _1_[ 7.904 - 0.32674] 2 

200 

= 6.363656 + [ 7.63726 ]2 
( 1 200 

= 6.363656 + 0.291 = 6.655 % 
-:~:llS ufo. U ~\ ~..b~\ ).ll.. u\ <.51 

u1..,sV\"'I'=\\ ••• xi,i oo 

\ . . 
4 ... bh..oJ\ ~ r\~4 ~m J J..,:J\ Yz J~\ ~ ~ ~\ ~..b ~\ ~ y\..,.".:".l.fi.o.aJ 

. Yz ).ii..; a 1Jc u-O:lyJ.\\ t:" 

J..,k... J w\..ll.Jl ~jI.o '\ 0 ;;)...>"" 4 j..l ~ &\)\ J~ ~\ ~ ~ y\"""':'" u:l\ l.fi.o.aJ 

.~J 4:1k J~\ f> ~\ j;l..l\.iJ\ r\~~ J..,\.S.\\ J..,:J\ ~ P.F = 0.8 Oj~ 

PL = 97.384 J..,:J\ ~\.io 
UK = 11.022 % 
a = 1 
P.F = 0.8 
Cos 0 = 0.8 
Pn = 25000 KVA 
Sin 0 = 0.6 

Ur % = rl, = 97.384 x 100 
Pn 25000 

= 0.3895 % 

W.S 13 /12 



Ux -1 (11.022 i - ( 0.3895 ) 

=-1121.48448-0.1517 

= 11.015 % 

i1U% = 1.0 [ 0.3895 x 0.8 + 11.015 x 0.6] + ( 1 ) 2 [ 11.015 x 0.8 - 0.3895 + 0.6]2 
200 

= 0.3116 + 6.609 + [ 8.812 - 0.2337 f 
200 

= 6.9206 + 0.3679 

= I 7.288 % I 
.: i1U = 7.288 x 11000 

100 
= 801.68 V 

.: AU :: 18~~!.7 I VOLT 

4...J..'lJ • ,1\ ;;...J..'l.9 J-.l.t.....i.ic J.,\.SJI J-.:J4 ~I ~ ~I ~ t.><>\.i:,.jYI )..'li. 01 LSi 
<.y> '\ ;; ybJI ..i.ic ,~.l.b J % V, Y. M ~)..'li. ~ c.::..J ~ A • , ,V <.S" will..\.l ~j>.o '\ 0 ;;) y. 

-11 

. Tap changer 

lo:..L~L , 
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lJI PAUWELS TRAFO BELGIUM 

I 

,,,,,ru; 0124015 FR.313103 
CLIENT: Schneider Electric 

MVA: ONAN :200NAF :25 

lEG I values at 25 MVA 
TYPe: ORF 25/140 Pos. Uk% 'KIKVV) PO(kW) 10(%) ..•.. " 

YNynOd11 1 11.7 ,~'u, >I' uUf' : 

F';;nIlAnc" : 50 Hz 9 11.1 99 21 
Pos High I Low 17 10.7 

U volts I amps lamps lamps U vons lamps lamps lamps 
1 72600 159.05 198.81 11000 1049.7 1312.2 1 11.68% 104.8 
9 66000 174.95 218.69 9 11.02% 9704 19041 0.26% 
17 59400 194.39 242.99 17 110.61% 116.2 

No load losses , transt. : 15000 I 100V 011 .: 10 1 5A 

Voltage U1 U2 U3 U(V) 11 12 13 I A) P1 P2 P3 Oew: 10 :%) 
9906 387 OJ ~8~ 
10450 ;69 O. 12~ 

., see 1 008 soe 1.3! s le 9414 0.26~ 

1 552 8.6! 23459 0.66~ 
., 110%) 1: !100 21.1 8 28367 1.61% 
LoaOlosses no , vOltage vOltage trans. 800G oov cu nt transt. 300 I SA 1(0 1= 21.7' 

Pos. Ul U2 U3 U(V) 11 I 12 I 13 I (AI P1 I P2 P3 Pk,W 
1 see 6578 see 154.25 see nrinlnlll 55! 
1 8478 . 1.81 929 
9 see 5865 see 1.34 see i48 
9 7274 1.69 144 
17 see 5142 see 1.38 see 

~ 17 6299 1.99 

oC )= 2.Eo 
High Low 

pos. Phase UV I \) ! R (ohm) R (ohm) Phase I • (mV I I) !R "I 
1 11 - 5.0 0.5083 U -2VI 
1 11 -1 5.0 0.5095 0.5094 L.V. J-2WI 13.08 
1 l' , - l' 5. 0.5105 :v-2W 
9 lU -lV 4.0020 10 0.4002 2U -2V 
9 lU -lW 4.0060 10 0.4006 004005 2U-2W 

_9 1V-1W 4.0060 10 004006 2V-2W 
, (\17 lU - 1V 5.0800 10 0.5080 2U-2V 

.. j 17 1U -lW 5.0910 10 0.5091 0.5091 2U-2W 
17 1V -1W 5.1030 10 0.5103 2V-2W 

; to 950G 

Pas. 1 9 17 
I' 21.75 95 21.75 95 21.75 95 
. RI1I2 H.V. 30203 38820 Watt 28730 36926 Watt 45093 57958 Watt 

RI1I2 L.V. 33787 43426 Watt 33787 43426 Watt 33787 43426 Watt 
Stray losses 28990 22555 Watt 21891 17032 Watt 19062 14831 Watt 
Load losses 92980 1104801 Watt 84408 97384 Watt 97942 1116215 Watt 

r ~ 0.372% 0.419% % 0.338% 0.390% % 0.392% 0.465% % 
11.672.0/0 111.672% -."10 111.016% % % 

111 .678% ,11.679% % 11.021% 111.022% % % 

IHigh , tests 
, test ) test i (5000 V) 

140 IkV H.V,.Iearth + l.V. 1 min I 22000 IV >4000 Mohm f I.V.IL.V. 
28 IkV L.V.leerth + H.V. 1 min FrAnmmr.v 100 1Hz 5000 Mohm 
28 IkV TERT.learth 1 min Time . 1 irl)in. >3000 Mohm L 

·r :~. M. R M""4.~ - Pe.+rtJI"\. f) a:. . ,/'7 J t,/lt; c%:g, >5000 Mohm H,V.~ 

P T--G 'i'" - 0 

>5000 Mohm L.V.IT IT 

f:.j; ~ Ab~-~ >3000 Mohm TERT .Iearth 

Sd.'MIiJ&... t:\ec.1-ric Ii,!)" Val;'" AM ELECTRISCHE PROEVEN 0_ ~ 

date: 10.10.01 ~..-1- --' Trala: Declerck ~ 
\Z- .\e;;' 



\, 

,I.:)ver-Exltation Curve. 
Product; Power Transformer. 
A Ih:;able standards: lEe. 

Client: Schneidor -
Orrler number of client: 
Client specification: 

Clienl Document No. ,- -' 

Serfal number{s): 0124015 
Number of units x Rated MV A: 1 x 25MVA 
Rated Voltage HVIL V (kV) 66.0 /11.' 
Rated frequancy (liz) : 50 
Vectorgroup: YnynQ.j.d 
Number 01 phases: 3 

Transformer 0124015 is designed to withstand folowing overvoltages (VoltIHz -limits) as fimtion 
~~: . 

C 
D 

~ 
t> 

145.00 

1411.00 

135.00 

130.00 

Ul 125.00 
1: 
~ .. 
.. 120..00 

115.00 

110.00 

I--

1\ 

--

105.00 

0.1 

I Rev.: 0 

'\ 
!\. 

" "-

. -

I 

.. .. - .. 

• 

" ' .... ...... 
.............. ---....... -.... _ .. 

1 Tim e • Minutes 10 

~-
\'"l.'io'C\ 

• 1 - Date; 04·0kt~2001 

• 



High voltage: 66000 V 
Low voltage: 11 000 V 

PT (3 
ELECTR!SCHE PROEVEN 



II PAUWELS TRAFO BELGIUM 
VOLTAGE RATIOS + VECTORGROUP 

TRAFO: 0124015 FR0313iO: 

CLIENT: Schneider Electric 
MVA: ONAN :20 ONAF :25 

Standard: IEC 
Vectorgroup: YNynOd11 C= 1 

Pos. Pos Ul U2 Ul'CIU2 UV/uv VW/VW WUlwu 
1 72600 11000 6.600' 6.618 6.618 6.619 
2 71775 6,525 6.541 6.542 6.542 
3 70950 6.450 6.465 6.465 6.466 
4 70125 6.375 6.389 6.389 6.390 
5 69300 6.300 6.312 6.313 6.313 
6 68475 6.225 6.236 6.236 6.237 
7 67650 6.150 6.160 6.160 6.161 
8 66825 6.075 6.083 6.084 6.084 
9 66000 6.000 6.007 6.007 6.008 
10 65175 5.925 5.931 5.931 . 5.932 
11 64350 5.850 5.855 5.855 5.855 

.';) 12 63525 5.775 5.778 5.779 5.779 
13 62700 5.700 5.702 5.702 5.703 
14 61875 5.625 5.626 5.626 5.627 
15 61050 5.650 5.550 5.550 5.550 
16 60225 5.475 5.474 5.474 5.474 
17 59400 5.400 5.397 5.397 5.398 

f,) 
Approved: ~. M. Et ,,!~Q.k.&Pefro(,he-vnV Co. 

/'«- .?, ,;m( !Z~'t J \ PTG 
&.:1. £",.,,4.4 Abu-g;{1 Sc.~ t.ke:kiC- ELECTR1SCHE PROEVEN (j ,.",B 

~0- HiJk.VoIt.u,e. Pauwels Trafo : Declerck ~ date: 10.10.01 
" 



AI PAUWELS TRAFO BELGIUM 

EFFICIENCY AND VOL TAGEDROP 
TRAFO: 0124015 FR.025B/01 

CLIENT: Schneider Electric 
MVA: ONAN :20 ONAF :25 

Power: 25 MVA 
High voltage : 66000 V 
Low voltage: 11000 V 

No - load losses: 19414 W 
.. 

Load - losses : 97384 W 
Impedance voltaoe : 11.02 % 

Load Powerfactor = 1 Powerfactor = 0.9 Powerfactor = 0.8 
1/4 load 99.59% 99.55% 99.49% 
214 load 99.65% 99.61% 99.56% 
3/4 load 99.61% 99.56% 99.51% 
4/4 load 99.53% 99.48% 99.42% 
5/4 load 99.45% 99.39% 99.32% 

Voltagedrop (V) : 109.6 V 619.1 V 801.8 V 
Voltagedrop (%) : 1.00% 5.63% 7.29% 

~zrov~:~~. M. tI Ht:UIQ.1.... / fi7rDC!t.e""';uJ2 Ca· I «.... I 
~ .'/rfIt"-{(J. t., . P T !..lI 

:.3.r.;;·~. c~ Abu-~ • Sc.I.-mJtA... tke\r;c.\ ELECTRiSCHEPROEVENY 

~ H~LVoJ~e. 
#~. ~ 

date: 10.10.01\1 .. lo.:} PauwelsTrafo: Declerck' 



FR.0272101 

PAUWELS TRAFO Rapport d'essais - PrOfschein - Test certificate 
GENT 

Beproevingsverslag 
MVA: 20125 TYPE: ORF 251140 Hz: 50 Nr. : 0124015 

Kortsluitingen - Pertes en court circuit - Kurzslussveriuste - load losses 
CHAN1 

V12 
I1 
Pi 

V12 
I1 

';"1 l,) 

V12 
I1 
Pi 

6. 5840kVrms 
153.89 Arms 

O.02i63MW 

5. 8696kVrms 
175.92 Arms 

0;02057MW 

5. i464kVrms 
197.91 Arms 

O.02358MW 

CHAN 2 

V236.5756kVrms V31 
12 153.94 Arms 13 
P2 O.01563MW P3 

V23 5.8615kVrms V31 
12 176.08 Arms 13 
P2 0.01572MW P3 

V23 5.1389kVrms V31 
12 198.22 Arms 13 
P2 0.01939MW P3 

CHAN 3 
. 

6.5734kVrms FU 
154.92 Arms I 

O.01871MW P 

.5.8637kVrms FU 
177.02 Arms I 

0.01859MW P 

5.i415kVrms FU 
199.01 Arms I 

0.02231MW P 

PTa 
ELECTRISCHE PROEVEN 

TOT. 

6.5777kV /l 
154.25 Arms 

0.05587MW 

5.8650kV 9 
176.34 Arms 

O.05488MW 

5.1424kV /1 
198.38 Arms 

O.06528MW 



FR .0272101 

PAUWELS TRAFO Rapport d'essais • PrOfschein • Test certificate 
GENT -

Beproevingsverslag 
MVA: 20/25 TYPE: ORF 25/140 Hz:50 Nr. : 0124015 

Nullastverliezen • Pertes a vide· Leerlaufverluste • No load losses 
CHAN1 CHAN 2 

V12 
IlU 
Pl U 

V12 
Il 
Pl 

V12 
Il 
Pl 

9. 915kVrms 
1.1758 Arms 
5. 8250kW 

10. 461kVrms 
1. 7480 Arms 
7. 3286kW 

11.022kVrms 
3.701 Arms 

10. 235kW 

V23 
12 U 
P2 U 

V23 
12 
P2 

V23 
12 
P2 

11.570kVrms V23 
9.214 Arms 12 

15.330kW P2 

V12 12.122kVrms V23 
11 21.912 Arms 12 
Pl 22. 256kW P2 

9.904kVrms 
0.7817 Arms 
3. 2934kW 

10. 449kVrms 
1.2278 Arms 
3. 9272kW 

11.010kVrms 
2.7735 Arms 
4. 8308kW 

V31 
13 U 
P3 U 

V31 
I3 
P3 

V31 
I3 
P3 

11.560kVrms V31 
7.455 Arms I3 
5.814kW P3 

12.113kVrms V31 
19.310 Arms 13 

6.513kW P3 

CHAN 3 . 

9. 899kVrms 
1.1585 Arms 
4. 4409kW 

'10. 441kVrms 
1. 7312 Arms 
4. 7729kW 

10. 993kVrms 
3.703 Arms 
4. 348kW 

-

FU 
I U 
P U 

FU 
I 
P 

FU 
I 
P 

11.525kVrms FU 
9.321 Arms I 
2.315kW P 

12.064kVrms FU 
22.284 Arms I 
-0.401kW P 

TOT . 

9.9062kV 
1. 0387 Arms 30 

13. 5592kW 

10. 450kV 
1. 5690 Arms '!r 

16.0287kW 

11.008kV 
3.392 Arms e 

19. 414kW ~oo I 

11. 552kV 
8.663 Arms 

23. 459kW ~or; 

12.100kV 
21.168 Arms 
28.367kW 1'101. 



THE DUVAL TRIANGLE 3 FOR MIDEL OILS 

ppm CH4 
ppm C2H4 
ppm C2H2 
~ 
t::==m 

100 

%CH4 
%C2H4 
%C2H2 

0.0 
25.0 
75.0 

Fault I.!:I D:.:..1 _---.I 

ENTER 

The triangular coordinates calculated above can be plotted in the graph below to see visually with more I' 
Also, to follow the evolution of the DGA point with time in a transformer. For that purpose, print this page 
An electronic version of this graph is in preparation. 

%CH4 %C2H4 

o 

100 %C2H2 o 



THE DUVAL TRIANGLE 3 FOR FR3 OILS 

ppm CH4 
ppm C2H4 
ppm C2H2 ~.

O 
40 
o 

100 

%CH4 
%C2H4 
%C2H2 

60.0 
40.0 

0.0 

F aultl L:. T:.:..1 _---' 

ENTER 

The triangular coordinates calculated above can be plotted in the graph below to see visually with more ~ 
Also, to follow the evolution of the DGA point with time in a transformer. For that purpose, print this page 
An electronic version of this graph is in preparation. 

%CH4 %C2H4 

o 

100 %C2H2 o 



THE DUVAL TRIANGLE 3 FOR SILICONE OILS 

ppm CH4 
ppm C2H4 
ppm C2H2 ~

o 
15 
35 

100 

%CH4 
%C2H4 
%C2H2 

50.0 
15.0 
35.0 

Fault l!:1 D:=.2_--.J 

ENTER 

The triangular coordinates calculated above can be plotted in the graph below to see visually with more r 
Also, to follow the evolution of the DGA point with time in a transformer~For that purpose, print this page 
An electronic version of this graph is in preparation 

%CH4 %C2H4 

o 

100 "" %C2H2 o 



THE CLASSICAL DUVAL TRIANGLE 1 FOR TRANSFORMERS, BUSHINGS AND CABLES FILLED WITH MINERI 

ppm CH4 
ppmC2H4 
ppm C2H2 B·j3 

0.3 

° 0.43 

%CH4 
%C2H4 
%C2H2 

30.2 
69.8 

0.0 

Fault L.CIT.;:.3 _--,I 
ENTER _I 

PD = Corona 
D1 = Electrica 
D2 = Electrica 

T1 = Thermal 
T2 = Thermal 
T3 = Thermal 
DT = Mixtures 

Note: the Duval Triangle 1 also applies to load tap changers of the vacuum bottle type, if normal operation does not ir 

The triangular coordinates calculated above can be plotted in the graph below to see visually with more precision WhE 
Also, to follow the evolution of the DGA point with time in a transformer. For that purpose, print this page and plot mar 
An electronic version of this graph is in preparation. 

%CH4 

o 100 

100 %C2H2 o 

% CH4 % C2H4 % C2H2 Fault Color Date I Hour 

DELETE SELECTED RESULT DELETE ALL RESULTS HI 



THE DUVAL TRIANGLE 3 FOR BIO TEMP OILS 

ppm CH4 
ppm C2H4 
ppm C2H2 
~ t:::==m 

100 

%CH4 
%C2H4 
%C2H2 

0.0 
21.0 
79.0 

Fault ""I Dc::.2_--" 

ENTER 

The triangular coordinates calculated above can be plotted in the graph below to see visually with more ~ 
Also, to follow the evolution of the OGA point with time in a transformer. For that purpose, print this page 
An electronic version of this graph is in preparation. 

%CH4 %C2H4 

o 

100 %C2H2 o 


