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e |[EC 60076-3 (2000): Power transformers - Part 3 :
"Insulation
levels, dielectric tests and external clearances in air"
[3]

e |[EEE C57.12.90-1999: IEEE Standard Test Code for
Liquid- Immersed Distribution, Power and Regulating
Transformers,
clause 10: "Dielectric tests" [51].

e |EEE C57.12.00-2000: IEEE Standard General

Requirements for Liquid-lmmersed Distribution, Power,
and Regulating transformers [50].
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e IEC 60076-1 (2000), 10.2
" Measurement of winding resistance " [1]

e |EEE Std C57.12.90- 1999, clause 5 :
"Resistance Measurement " [51]
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e |EC 60076-1 (2000) clause 10.1: " General requirement for
routine, type and special tests ", clause 10.4: " Measurement
of short—circuit impedance and load loss " [1]

e [|EC 60076-8 (1997), clause 10: " Guide to the measurement
of losses in power transformers " [6]

e |EEE Std C57.12.90 — 1999, clause 9 : " Load losses and
impedance voltage " [51]

[50] IEEE [1] IEC

f1c¢ face

R4R, = R
X1+X2 =




MVA

100

86‘ c

Uccm

m




'UR<<UX

Ucc :Uccm i

I

=/,

=fm
Uec

Z= 7 [Q]
_b

R= 7 [Q]

X =72 -R? [Q]

Z: UCC Z:UCC.\/E [Q/ ]
Ir'\/g Ir
P,

- b R="L [/ |
3.1 12

1 1
S = NN

I
&



°C

(IEEE °C IEC °C)

P =P;+P,
°c/ °C =
°c/ °C = P
°c/ °C = P,

2
I

PL :PLm'(I_r]
m

(IEC) °C
511 [1] (IEEE)

( )
P =P;+P, =Y I}R+P,
P,=P, -Y IR




Ccw
vT

S
I

°C

PL:P1+})¢1m'£

Ir

[51]

‘1] IEC

C
C

[51] IEEE

(1]

0,8
Ps{i]
7

1
v



/ /
[51] IEEE
IEEE

).

£ %

(51]

2w




[51] IEEE [1] IEC ) (

off-load on-load

DC
)
A pre-magnetization
T=2160--%
J
=T
( ) =g
A/ mm?2 = J
20

T= 160~—2 = 3125 =52 min
32

IEC.

%

DC
(] Hz)

CT
CT



°c °C)

_ Eccl2 T Ecc13 ~€cc23

Eeel = o

_ Ecc12 T €23 ~€cc13
€ = )

_ Ecc23 tEcc13 ~E€ccl2
€3 = >

Eccl2 = Ecel TEce2
Eccl3 = Ecel T E¢c3

Ecc23 =E€cc2 T €3




L1

_Pro+Pp3—Pros

2
P = Prio + Py —Pry3
2 =—
2
P Priz+ Pz —Prpp
3=
2
@mR R
@”1
m Im U('(‘
m 1m PL
& Py =
VT CT
Qm Ir UCC @m ]m R
Eee (%) 0, I, P
»
L
P, =P +P,
4 m
MVA> g Om 1
|l
C £ (%)
°C P e




A
(

t/
(
(

%:

A= \/(6x 175% )+ (3%0,5% ) +(3x 0,587 ) = +4,5%

(power analyzer)
% /

IEEE




°C
511 1.

°c/

€x  Exm

°C IEEE

IEEE IEC
°C

IEC

°C

2 2 2 2 2
ng +‘9R = (‘gccm _‘ng )+8R =

S, > MVA)

(< 17%)

2 P 2 P 2
—cem 100 | —| —L2.100 | +| =£-100
U s, S,

Uy >>Upg



(10

1ISO9001

i
f2

[6] IEC 60076-8
Guide to the measurement of losses in power transformers )

(/ Hz)% | %

I+

%

2 2
p Lo =P /s

J

-

P, =Py -P;

[1] 10.1 IEC 60076-1

[51]9

IEEE Std C57.12.90




A/mm?

(- A/mm2

A/mm?2

kg

(x / Hz)

/%

11
S G QO w5



(shift)

2
b U2
Ri
PB=I"-R;
=
:Ri
Pwrr:P_Pl
=P
=P
Peorr =P-Fy
:PU

IEC 60076-8 (1997), clause 10: " Guide to the measurement
of losses in power transformers" [6]

IEEE Std C57.12.90-1999, clause 9." Load losses and
impedance voltage"[51]

e



Uy

A
o | e

& X
o= ﬁ,—ﬁ“ \
I
P 4
5 1 )
- E|
= 1
( = 2
= 5U
= 51
51 - 5U = )
= EI
= EU

525[—5[]:

IEEE

t = K

Uy -I,-cos(p—06)-U, -1 -cosg

Es
U, -1, .cos(p —9)
cos(p—9)
( )o
2 S — 8y )= 0,000291% (S, — 5, )
360%60 1 YT v

Es=+0,0291%(5; -8y )*tg(p -0, +5y) %



p>>(8; -0y )
1g(p-3;+oy)
Es =+0,0291-(6;, —6,)-1gp %

E=E5+E1+EU %

E=+O,0291’(51—§U)’tg¢+EI+EU %

1

E=+0,0291'(§]1 —§U1)'tg(¢—30)+E11 +EU1 %

2

E=+0,0291'(512 —6U2)'tg(¢7+30)+E12 +EU2 %

= 61,0y
= Ep.Ey,

+ E; [%]

) cosq = 0,005 0,01 0,015 0,02
e AT 1/
15 /[
/ ARD
L / /LS .//
f r/ / 7 //
/ // // // oo
104— . / Ir/4. // ,//
[l A1 Bg5
I /_/ / ,/ - /,,OEIG
/. ,/ ’// L1 ’,.-/
A A A A
./ )/ / // /// 0,1
/ /AT 1 | 1A
// // ~ _—--""FF- |l 0,2
A | ] 05
—— 08
5 10 18
£8 =5, —By, [min]
:E(s
(6;—6y) = s
).
(



P
cos(@ +30) =

— tg(p£30)
7R

- XH >>X1,X2,R1,R2

U 1V W

2U 2v 2w

2U 2v 2w
YIA YIY

POWEREN.IR




.IEC

Hz . MVA
Yd5 : [ kv
ONAN / A
(
O,z = °C

Ryy = | Q 1(1U-1V)HV
Ryy= | mQ :(uU-2V)LV

°C = 6,
°C = o,
C =

o

e,= °C

U Ipn Iy Iz Iy Pn P Pps P
kV A A A A kW kW kW kW
/ / / / /
(
E; (%) Sy min Ey% Sy min

Il +/ +1/ +1/ +/

12 +/ +/ +1/ +1/

13 +/ +/ +/ +/




I1 / +/ (/=1) I+ +] =+

12 / +/ (/=-1) I+ +] =+

I3 / /(1 -1) I+ +] =+1
PLcorr

% kV

5,85 577
gcc =100 =10,64 % Uce =560>—=585kV
s e 552

P =122,67- (577j =134,03 kW

0, =

2 2 2
Pipy =3 AppRpp =3 L Rpp_pp 105 =15 LRy py

2
2 I, 2
Piry =3 TpnRph = 3(%] Rpppi L5 =15 I7R

HV * * [ = | KW
LvV * * [ = | KW

P, =87,10-| 225100 ) g5 74k
2354210

6, = °C

[ kw= °C I, P
I kw= °C I, P
| kw= °C I, P



°C (

P, = 85,74-[235 A 75} ~105,47 KW

J 235+17
P, =48,29-[235+17j=39,26 kW
235+ 75
°cC I, P
—— — — 1000A 1.1
I+ | = | Kkw g ] S
3.1 : :
f ' 1600A 21
25 k\ ' —=o— | 200 kv
I I %125 kv
!F I | 2
: 3.2 1 i
(IEC | I ¥ GODAY
N |
s= | MVA b
U = I kV '
I= / / A -
la
Hz
ONAN
HV/IMV % e,
MVA HVILV %
MVILV %

Se=(Upy =Ury )My =(Iry —Iny JUry
=( - )* = MVA

> 100=375% =S, S,
200

S, (HVIMV)= [ *S. =  MVA
S, (HVILV)= | *S.= MVA

S, (MVILV)= | *5 = MVA
HV/MV
- (
PL= kW -
HV/MV -

S

U, =2 2000055 4y
I 1000
20

Ecc :2—00100 =10%

A




S

Ucc:i:MZZO KV
I 1000

o 20

“200-125

Eee = 2636 ‘% =10%

r

100 = 26,6%

A

UCC =M:12,5 kV
1600

Ece =1122—’55-100 =10%

A
HV

UCC :M =333 kV
600

Eee = %-100 =26,6%

Epe = 26,6~& =10%
Sr
A
- HV/LV
MVA Ucc=hzm.£=8’75 KV
I 1000 200
P, =80 kW
200
80'[3) =512 KW MVA




- MV/LV

MVA U = Se _ 60000 25

cc = =459 kV
I 1600 200
P, =70 kW
200\’
70-[—) =448 kW . MVA
25
MVA Eee
Eeel2 = %
Eeel3 = %
Ecc23 = %
£o = 10+35-30 759
2
fppn = 10+30-35 _25%
2
£, = 30+35-10 —275%
2
I MVA
Puia = kW <+ PL{ZOOMVA )
Pri3 = kW
Pryz = kW
(P3P Py) MVA
Py = 600+512—448 _1332 KW
PLZ :w:%g kW
Py = 512 +448 - 600 ~ 130 KW
Prs MVA ( )
2
13, . =180 EEJ =28 kW
() 200
MVA )










e |EC 60076-1 (2000), Clause 10.1: "General requirement for
routine, type and special tests" , clause 10.5: "Measurement
of no-load loss and current"” [1]

e |EC 60076-8 (1997), clause 10: "Guide to the measurement
of losses in power transformers" [6]

e |EEE Std C57.12.90-1999, clause 8: "No-load losses and
excitation current" [51]
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IEC 60354 (1991) " Loading guide for oil immersed power
Transformers " [11]

IEEE Std C57.12.00-2000, clause 5.11 " Temperature rise
and loading conditions " [50] .

IEEE Std C57.12.90-1999, clause 11 " Temperature rise " [51]

IEEE IEC ( temperature rise test )

(‘heat-run)

( hot spot )

( - MVA

(temperature rise )
- ( gradient) (top oil)

IEEE IEC

IEEE I[EC
IEC.
IEEE



Oxs Okt Ouil max

[51] [2]

;l\(h)C" max
G)D Mess BKF -
—. 1 - —“goll =
N =0
'
[ . * | ¢ O 46,
K 2| winding
| l (:)0 | av (:}CIJ
g z
BKF\
0, O[C)
( = @oil max
( ) = 4 @oil max
AByi1 max = Ooitmax — Oy
= @a
= @Cu
( ) = 46,
( ) = Okg
( ) = Ok4
= @oil—av
= e,
= C
= 1,2
- = g
1] [2]



P, +F

IG :k . 1,.

UG:k . USC



. [51]

21 )

T: T
E"; “““““““““ 11
D—Erﬂ— 1y e
DO W

Eraghin o e (1o
DT sy fie = B bogiah

P

= T123

= DAS
= PC

=TT
bDcC = B
= VT
= cT



DC ( - ) T])

DC
LV HV
LV
( )
DC
DC
(DGA)
[201] [2]
[51] [2]
( )
[51] IEEE

dm3



(AN)

(AF)
(cooler) (fan)
46 ;1 max
AQoil—av
( )
IEEE Std C.57.12.90 [2]4.2 IEC 60076-2
[51] 11
(2] K
% / [51] IEEE
( ) K
[2] IEC 60076-2 C

2By,

A Uoil max

Ty




ONAN
ONAF
OFAF
ODAF

IEC[2]
/
/

X

|EEE[51]
/
/

oil-max @Uj]_av
.[51] Ox4 Okr
)

oil-max

2] ( ) Ok4

‘[2] IEC

1
@m’l—av = /2 (@oil—max + @KA)

' [51] IEEE

@oil—av = @oil—max -! /2 (@KE _@KA)

A@ail—uv = @oil—av - @u

ON ( -

oil-max

@oil —av [5 1]

@oil—av @KE - @KA
OFAF )
Oy Oxg ( OFWF

(- - )

40,

oil-max M

46, - 46, [E;JX
oil-maxN oil—max M | ZLOL.
PM

Piot = 46

oil-max N
AQoilfmaxM

- X

(2] %

I+

.[51]



A@oil—max
I, Ig
( - )
o ty &
5 Sl 505 Py +Ry |
Fen
Pkv¥]4
Ty thl
I, 4 7
~160-2 -
T 21605 [s] t )
J
= TO
LV HV = g
=y = n
A/mm?2 = J
- - - g
K - - & = 1
= 2
( ) _
= 3
( ) AC .
) DC
LV HV
A
AC
OFAF .
[2] IEC AC
[50] IEEE
[2] .
[51] IEEE Std C57.12.90 . [51]
AC




R
‘-\r. L H“‘
\
v AR,
ARy ¥ ———
'\ AR:
g
| f
LAt A [ A | N N .Y
about 10 - 20 min
AC = Ry
= R’W
/ -

( Data Acquisition systems )

/
)AC
/
(IEEE) Ovit—av = Opit—max —0.5(Okg — Oka)
(IEC) Cvitl—av = Ovit—max _0’5(@oilfmax -Oky)
@Cu
RW * *
@’Cu =——(235" +Oc )-235
Rc
() = O
( )ew = Ry
()6 = R
IEEE 2345*
225 (234.5) 235



8= @,Cu _@nil—av(lr)

@oil—av( Ptot)

40¢, = @oil—av(Ptot) +8

40,
Ji y
gr_gM[Z]
= Ir
= It
=g
=8m
1] 21 = vy
OF ON /
oD /
.[51] [2] + %
(
LV
(hot spot) -
[11] [2] -




I

A®Hot—sp0t =AO,i_max T & H

[2] IEC 60076-2
[11] IEC 60354

[50] IEEE Std C57.12.00 . °K
°C

121



°C
°C

(Montsinger)

K °C
L [11]
([2150])
[52] [11] (
°C
/| K F
K °C
( : )
IEEE .
T ©:
AT 40

POWEREN.IR




| R

TT

L1

°C

[2] IEC
K

°C:

P+ h

+ =
.[15] [2]
. [15]
Iy
p.u.
TT
T
TT
T
TT

AU

S
[”TT +ur STT]
T

1=100-

(1-Upp /Uyp) = AU



70

2]

70

C1

IEC 60076-2

_ SmT +15m0 . A®oil—max
Ty = ( )
Bt 60
= TO
= mT
= mo
kw = Py
= A@m’lfmax
K
:ONAN MVA
mr =32t my =7t

P, =110kW A46O,;_pux =54 K

0

110

70

. :5,32-9—15,7‘ 54 22 h
60

TT
"1!- - = ql2

| ]

| I

I |

I |

Lirradt
1o, 2k
= UI’UZ
= Il



AB i max K14 ; bgs oy
e g pfe A O max

/ —
! -
xf AG ~ AP
/A A
!
/ AG
/L nol
~
- 1 CYTI — -
AO At | oAt | At | At tihl
= At
= A@1,2,3

2]

[51]

J a

P.+P(

Su

P,/ P; Hz Hz
Hz % -

e

T

fr Pj+Pa



[51] -
IEEE Std C57.12.90

Wikg < - -
W/lkg >

( Wib) Wikg
( Wib)  Wikg
( +PR)
(c ) cc ([ K)

AC
. W/kg
/ °C Wikg
/ K
( )
*[ = K
+ = K
Wilkg > - -
[K/ ]
A0, = @oil—av(Ptot) +g
460,
) .
P B .
) I, (g) .

@oil—uv(Ptot)
4 @Cu g

AC



MVA

ONAN YNd11 + */ / kv

e = 1 %

[ w yP,= | kW Py= | kw

S=k2.5, - (Feey 1102 .75-(22) ~ 8,52 MVA
100 100

P, +P,
k:\/ >+ Py :\/256,5+53,5 _110

P, 256,5
Ig=k-1.=110-656=722A (LV )
% -
t=0
A A
(1 MvA I MVA)
HV LV

HV) [ °C Re= [ mQ

L) [ °Cc Re= | mQ



Opit—av(1,) =

5) @oil —av
6) 4 @oil —max

°C

= / (@oil—max + @KA)
= Opit—max — Gy

@oil—av
4 @oil—max
A@oil—max

A@oil—av(Ptot)

=/ (Bvit—max + Ok )
= @oil—ma.x _@a

I K( K

=l (1+ 1)-1

)

| K




Ry [me2]

- R, =689.4m()

] [
680 - _\T\ N

B

870 ] - |
660 \-..,_‘___“ |
B50 \ﬂ‘
540——

- | | | t[mir

0 1 2 3 4 g 0

MVA HV

HV

it ] Ry M€
/
/
/
/
/
/
/

- /
[ mQ
| °C [ mQ= R,
689,6

Ocuny =m(235+18,5)7235=843 °C

gny =Ocu _@oil—av(lr_) =843-223K
HV

AOcuy =&y + A it _au(pror) =223+409=632 K
( K= )

LV
| mQ=R,
°C | mQ=R.

OcuLy = %(235+ 18,5)—235=84, °C

21v =Otuy ~Ooit—an(1,) = 841-62=221K

A@CuLV =gy +@0i[*aV(le) = 22,1+40’9 =63 K

( K )



ODWF MVA

Lv HV AC

( )
P, =P +P = + = kW (
fot =70 7L J(1U-1V:HY
tf ] Ry [MQ]
) [ °C = 2] /
/ °C = @oilfmax /
/
)A@m’l—max: / - / = / K /
Otranry= | (14 1)z [ C ;
AByw= | -1 = | K /
( ) /
/
/
I,= A /
/
/
) | °C = o /
/ °C = @nil—max /
/
)A@m’l—max: / - / = / K /
Oit—ar(1,)= [ ( 1+ )= 1c°c /
/

AByw= | -1 = | K




Ry [mE2]

8200 \
810.0

800.0 \
20.0
780.0 \\
770.0 P
M
7800 B
t[min
0 2 10 12 14 16 18 20
MVA HV

[ mQ
| °C Re= | mQ
821,479
(o) = 4 235+21,7)-235=75,0 °C
Cutlv = =203 ( )

gy = @'Cu _@oil—av(lr) = 75,0—45,7 = 29,3 K

HV

A@CuHV =8 HY + A@oil—av(Pw,) = 29,3 +37,1 = 66,4 k

CH,
CoHg
C,H,
CoH,
CO
co,

[34] IEC 61181

(K )

~ Y~~~
—_— — — — —

[34] IEC 61181

*



Il 11 mva

Hz

£( * /)l | | kv YNynod5

OFAF

( )

| kw

Potat =F0 +Prr1465/146,5/40MVA)

1111 wmva
Ps = kW I MVA
pp =l + - )= |kw
P, =l ( + - )= [ kw
Py =l ( + - )= | kw

Py1a65/1465/40Mv4) = Pri+Pra + / [)* Py
= J+ (] 1)
= | kw

( kv) MV
LV

o, = | °C

O il —ma = /°C

ABpipmae = | - 1 = K( K

Oyit-av(p,, ) =1/ (/+ )= 1-°C
K

A@oil—av(Pw,) = / - / = /

( JHV MV

.MV

I.= A
e, = | °C
@oil—max [ °C
AB e = | — 1 = 1 K
@nil—av(ln) = / ( / t ): / °C

A@()il—av(lr) = I - = K

/

HV




LV

= 1
= 2
= C
- )
(
R, =2024 m(}
.\\
.\
\ ‘\
\[Ri.= ]9.16 M0 il
| 11
i
/ -

(HV )
Ocuy = 1 °C

Re = ( <°C I mQ)
gHV = / - / = / K
A@CuHV = g+@oil—av(Ptot) = / + / = / K
MV
( JLv
LV MV ( MVA )
. HV
1 = *( 1 1)= A
r(40MVA)
A
e, = | °C
@oil—max: °C
A@oil—max = - / = /K
@oil—av(lr) = / ( + ): °C
A@oil—uv(lr) - / = / K
(Ry = | mq) LV
OcuLy [ °C( °C Rc= | mQ)
gLV = / - = / K
A0y = g+Oiayp,)= 1+ 1 = K
Bsit—av(1,) gLy
- LV
MV % LV %
LV
[2] IEC
R;, LV
- R’

w



19/16
O = 17771

A0cuy =8+ Opit—avipiory= 1 (1 )+ 1= [ (])K

I=1,3
Ny
/
() N, (common)
HV
)
A
( ) (
P, /Py
) (
A
(N, N ) (
Ny Ny )
N, N, (N, )LV (

ool 35l ghonilyi

ekt il gl

= K

= 11234

= Nig3a
L= -1
Iy= I3.N3/Nj









e |EC 60076-1 (2000), clause 10.7
"Measurement of the zero-sequence impedance(s) on
three-phase transformers" [1]

e |EEE Std C57.12.90-1999, clause 9.5
Zero-phase-sequence impedance" [51]

[1] IEC 60076-1
[50] IEEE Std.C57.12.00
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e |EC 60076-5 (2000) , Power transformers-
Part 5: " Ability to withstand short-circuit " [5]

e |EEE Std C57.12.00-2000: "IEEE Standard General
Requirements for Liquid-Immersed Distribution , Power ,
and Regulating transformers" [50]

e |EEE Std.C57.12.90-1999 , "IEEE Standard Test Code
for Liquid-Immersed Distribution , Power , and Regulating
Transformers " clause 12 " Short-circuit tests" [51]

[50] IEEEStd.C57.12.00  [5] [1] IEC60076-1 5
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e |EC 60076-10 (2001) Power transformers -
Part 10:"Determination of sound levels" [7]
e |EC 60076-10 Power transformers-
Part 10-1: Draft: " Determination of transformer and
reactor sound levels" — User Guide [30]
e |EEE Std C57.12.90- 1999, clause 13 :
"Audible sound emissions" [51]

[1] IEC 60076-1
[50] IEEE Std C57.12.00
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e |EC 60076-1 (2000), Power transformers — Part 1 ,
Clause 10.8: " Test on on-load tap-changers" [1]

e |EC 60076-3 (2000) , Power transformers — Part 3,
Clause 10 : " Insulation of auxiliary wiring " [3]

e |EEE Std. C57.12.00 (2000) , table 19 and clause 8.2.3:
" Dielectric test for low voltage control wiring, associated
control equipment and current transformer secondary
circuits, on Class Il power transformers"

[11.[3] IEC

[50] IEEE I
" S|

[9]

/1]
(on-load )

i IEC



( coarse or

reversing change-over selector)

[3] . [50] -

AC

-[3]
[/ kV rm.s

(3]

kV r.m.s
[50] IEEE C57.12.00
[/ kVrm.s

AC










e |EC 60076-1 (2000) Power transformers- Part 1 General [1]
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IEC 60076-1 (2000), Clause 10.1.3: Power transformers — Part 1
" General " [1]

IEEE Std. 57.12.90 1999 , clause:10.11 " Insulation resistance
tests " [51]
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e |EC 60076-1 (2000), Clause 10.1.3: Power transformers —
Part 1 General , " Measurement of the dissipation
factor (tan &) of the insulation resistance capacitances" [1]

e |EEE Std. 57.12.90-1999 , clausel0.11: " Insulation power-
factor tests " [51]
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A

Acceptance criteria for PD test 127

Acoustic absorption coefficient 258

Analog impulse peak voltmeter 188

Analog impulse measuring system 187

Apparent charge 121, 123-128, 132f, 143-148, 152
B

Background sound level 252-254
Back-to-back method (Temperature rise test) 201, 212

Basic Lightning Impulse Level (BIL) 26, 30, 107, 162
Basic Switching Impulse Level (BSL) 27,162
Buchholz-relay 89, 99, 109,171, 203
Burden of instrument transformer 70

C

Capacitive impulse voltage divider 184f

Cathode ray oscilloscope 187

Chopped wave on the tail 21,27, 163-165, 188, 192
Class | transformers 26f, 30, 1071, 111
Class |l transformers 26f, 30, 1071, 110f
Clock number of vector group 42f

Coaxial cables 123, 183-186, 193
Compensation of capacitive load (Applied voltage test) 101

Compensation of capacitive load (Induced voltage test) 113

Controlled resistive impulse voltage divider 185

Core-type transformer 231-233

Corona gun 128

Corona shielding 109, 160

D

Damped-capacitive impulse voltage divider 185

Damping resistance (Applied voltage test) 104

Damping resistance (Impulse test) 177, 180, 184-186, 190
Data Acquisition System 341, 39, 208, 219

DC source for resistance measurements 34, 37,39

Definition of Partial Discharge 120, 140-143
Definition of relative short circuit voltage 57

Definition of Sound Intensity 257

Definition of Sound Power 256

Definition of Sound pressure 256

g



Definition of tests

Definition of voltage ratio

Defintion of short-circuit voltage
Dielectric test requirements (IEC)
Dielectric test requirements (IEEE)
Digital impulse measuring system
Doble Insulation Analyzer

Doble test

Duration of the induced voltage test

E

Eddy losses (no-load losses)
Electron avalanche

External electrodes

F

Faraday's law

Form-factor of voltage

Frequency response analysis (FRA)
Front chopped wave (front-of-wave)
Full wave test

G

Gas-in-oil analysis (DGA)
Gauss's Law

Graded insulation

Harmonic analyzer
Harmonic content of the no-load current
Hysteresis losses

|

ICM system

Impulse circuit earthing

Impulse generator

Impulse peak voltmeter

Impulse voltage distribution across a winding
Impulse voltage divider

Impulse voltage transfer

Instrument error correction

Interdependence of load loss and frequency
Interdependence of load loss and winding temperature

14

43

56

25

26

188
278-280
277-281
113

82f
142
99

81

83, 93

243

21,163, 166
163-165

204, 220, 243
65
27, 30, 96f

266
267-269
80, 82f, 92f

134f, 151f
194

167, 177-178, 180-182
187f

198

184-187

188

69-72

60f

60



K

Kelvin (Thomson) bridge

L

Lightning impulse withstand level (LI)
Lightning over-voltages

Load sound

Long duration AC test (ACLD)

Low Frequency Dielectric spectroscopy (FDS)

Magnetic asymmetrie
Magnetostriction
Marx generator
Meggohm-meter
Montsinger’s Law

N

No-load sound

No-load type (Zero-sequence impedance measurement)
Non uniform insulation

Non-graded insulation

o

Ohmic-capacitive mixed impulse voltage divider
Ohm's Law
One hour level

P
Peak factor of voltage

Peak voltmeter

Phase Resolving Partial Discharge Analyzer
Phase-angle error (instrument transformer)
Piezoelectric transducer

Polarization Index (Pl), (Insulation resistance measurement)

Post-established short-circuit
Power Analyzer

Power factor (Definition IEC)
Power factor (Definition IEEE)
Precribed contour
Pre-established short-circuit
Protection sphere gap

g

34, 36f, 39

25-29, 162

21,23

249f, 255f

251, 106, 108, 110, 114, 126
272

89
173, 249

272-274

249, 256
231,233
26, 108
27,30, 108

186
34
30, 107, 110

83

98, 104
129, 152f
65, 68, 70f
133

273f

239, 244
34, 65, 83, 269
276

276

257

239, 244
100



Q

Q factor
Quasi-integration of the PD current impulses

R

Ratio measurement (special vector group)

Reactor type (Zero-sequence impedance measurement)
Recurrent-surge oscillographic method

Relative ratio error

Repeated dielectric tests

Resistive impulse voltage divider

Response time

Returm voltage polarization spectra (RVM)

RIV-method

S

Schering Bridge

Schering-Alberti Bridge

Self excitation

Series Resonant Systems (Applied voltage test)
Shell-type transformer

Short -circuit method (Temperature rise test)

Short duration AC test (ACSD)

Short-circuit type (Zero-sequence impedance measurement)
Spectrum analyzer (PD Measurement)

Sphere gaps

Spheres

Standing time

Starting transformer (no-load loss measurement)
Starting transformer (short-circuit voltage measurement)
Surge arrestors

Switching impulse wave form

Switching impulse withstand level (S)

Switching over-voltages

Symmetrical short-circuit current

T

Temperature / temperature rise

Temporary over-voltages

Theory of symmetrical components

Thermal time-constant of transformer (Temperature rise test)
thermal winding time constant

103
122, 124, 1431, 149

48

228, 231-234

246

43f, 53

27

184

188f

272

121, 124,127, 149

277
44

100, 113, 116

102

233

202

25f, 106, 110, 114, 126
228, 231-233, 235
134f, 137, 158

104, 118,190-192

99, 160

109

94

72

99

165f

05-27, 29, 162

22

240-242, 245f

200, 211
22

226f
213

62, 207



Three Transducer Detector (TTD)

Three winding transformers {load loss measurement)

Three-wattmeter method

Three-winding transformer (Temperature rise test)
Time domain polarization/depolarization current measurements

Transmission factor alpha
Trigatron

Two-wattmeter method
Typical PD pattern

U

Ultrasonic detector (PD Measurement)
Uniform insulation

Unloaded transformer (Theory)

\"J
Vector group and phase displacement
Voltmeter-ammeter method

w

Winding hot-spot

Winding resistance

Winding resistance, temperature dependance

Z
Zero-flux current transformer
Zero-sequence impedance (Definition)

155f

63, 75-77
61, 67, 92
221-223
272

197

180

61, 67, 92
130 -132

126, 150
26, 28, 110f
80

42, 44
34-36, 39

209f
32f
32

65
227f






Standards

International Electrotechnical Commission (IEC)

(1]
2
(3]

4

IEC 60076-1
|EC 60076-2
|EC 60076-3

|EC 60076-4

IEC 60076-5
IEC 60076-8
IEC 60076-10
IEC 60137
IEC 60214
IEC 60289
IEC 60354
IEC 60542
IEC 60616
IEC 60722

IEC 60726
IEC 60905
IEC 61181

IEC 61378-1
IEC 61378-2
IEC 60050-421

IEC 60060-1

IEC 60060-2
IEC 60060-3

IEC 60071-1
IEC 60071-2
IEC 60270
IEC 60790

IEC 61083-1

IEC 61083-2

(2000)
(1993)
(2000)

(Draft)

(2000)
(1997)
(2001)
(1995)

(1982)
(1987)
(1993)

(1997)
(2001)
(1990)

(1989)

(1994)
(w.i.p.)

(1993)
(1976)
(2000)
(1984)

(2001)

(1996)

IEC 60076-10-1 (2001)

IEC 60651

(2001)

Power Transformers - Part 1: General
Power Transformers - Part 2 Temperature rise

Power Transformers - Part 3: Insulation levels,
dielectric test and external clearances

Guide to lightning impulse testing of power transformers
and reactors, see also [14]

Power transformers - Part 5: Ability to withstand short circuit
Power transformers - Part 8: Application guide

Power transformers - Part 10: Determination of sound levels
Bushings for alternating voltages above 1000 V

On-load tap changers

Reactors

Loading guide for oil-immersed power transformers
Application guide for on-load tap changers and Am. N°1(1988)
Terminal and tapping markings for power transformers

Guide to the lightning impulse and switching impulse testing
of power transformers and reactors

Dry-type power transformers
Loading guide for dry-type power transformers

Impregnated insulating materials -Application of dissolved
gas analysis (DGA) to factory tests on electrical equipment

Converter transformers - Part 1: Transformers for industrial applications
Converter transformers - Part 2: Transformers for HYDC application

International Electrotechnical Vocabulary. Chapter 421:
Power transformers and reactors

High-voltage test techniques - Part 1:General definitions
and test requirements

High-voltage test techniques - Part 2: Measuring systems
High-voltage test techniques - Part 3: Definitions and
requirements for on-site tests

Insulation coordination - Part 1: Definitions, principles and rules
Insulation coordination - Part 2: Application guide

Partial discharge measurement

Oscilloscopes and peak voltmeters for impulse tests
{withdrawn in 2001 and replaced by [28])

Instruments and software used for measurements in high-voltage impulse tests -
Part 1: Requirements for instruments

Digital recorders for measurements in high-voltage impulse tests -
Part 2: Evaluation of software used for the determination of the parameters
of impulse waveform

Determination of transformer and rector sound level - User guide
Sound level meters



[32] IEC61083-1, (2001)  Digital recorders for measurements in high-voltage impulse tests -
Part 1: Requirements for digital recorders
(33 EC1083-2  (1996)  Digital recorders for measurements in high-voltage impulse tests -
Part 2: Evaluation of software used for the determination of
the paramneters of impulse waveforms
[34] IEC 61181 (1993)  Impregnated insulation materials - Application of dissolved gas analysis
(DGA) to factory tests on electrical equipment
[35)  IEC 60052 (2002)  Voltage measurement by means of standard air gaps
|[EEE / ANSI Standards
[50) C57.12.00 (2000)  IEEE Standard General Requirements for Liquid-Immersed Distribution, Power,
and Reqgulating Transformers
B1]  C57.12.90 (1999 IEEE Standard Test Code for Liquid-Immersed Distribution, Power, and
Regulating Transformers
[52] (C57.92 (1981)  Guide for Loading Mineral-Oil -Immersed Power transformers up to and
including 100 MVA with 55°C or 65°C average winding Rise (ANSI)
[53] Std4 (1995)  IEEE Standard Techniques for High Voltage Testing
[54] C57.12.80 (1978)  IEEE Standard Terminclogy for Power and Distribution Transformers
[55] ©C57.98 (1993)  IEEE Guide for Transformer Impulse Tests
[56) C57.113 (1991)  IEEE Guide for Partial discharge Measurements in Liquid
Filled Power Transformers and Shunt Reactors
[57) C57.123 (2002)  IEEE Guide for Transformer loss measurement
[58] (C57.98 (1993)  Guide of impulse testing techniques, interpretation of
oscillograms and failure detection criteria
(9] S14 (1983")  American Standard for Sound Level meters ‘(Reaff 1997) ISO Standards
[70] 180 3746 (1995)  Acoustics, Determination of sound power levels of noise sources using sound
pressure - Survey method using an enveloping measurement surface
over a reflecting plane
Books
[100] D.J. Kraail,G.S. Schemel, F.M. Wegscheider: Die Priifung von Leistungstransformatoren.
Buchverlag Elektrotechnik 5001 Aarau/Schweiz 1983
[101]  IEC multiingual dictionary of electricity, 1983
[103] R. Richter: Elektrische Maschinen: Dritter Band. Die Transformatoren, Birkhéuser Verlag, Basel, Stuttgart
[104] W. Niirnberg, R.Hanitsch: Die Prifung elekirischer Maschinen, Springer Verlag, Heidelberg, 7.Auflage, 2001
[105] G. Bertagnolli: Short-circuit Duty of Power Transformers, ABB Trasformatori, Legnano Milano) Italy, 1996
[106] Hochrainer, A.: Symmetrische Komponenten in Drehstromsystemen, Berin / Géttingen / Heidelberg, Springer 1957
[107] Roeper, R.: Kurzschlusstrome in Drehstromnetzen. Siemens, Erlangen 1964
[108] J &P Transformer Book, 12th edition, Newnes, Oxford, Boston,
Johannesburg, Melbourne, New Dehli, Singapur, 1998
[108] [. Konig, Y. Narayana Rao: Partial Discharge in electrical power Apparatus, vde verlag gmbh,
Berlin und Offenbach, 1993
[110] E. Kuffel, W.S. Zaengl. High Voltage Engineering Fundamentals, Pergamon Press, Oxford,

Mew York, Toronto, Sydney, Paris, Frankfurt, 1984



[111]
[112]

G. Lesch: Lehrbuch der Hochspannungstechnik, Springer-Verlag, Berlin, Géttingen, Heidelberg, 1959

W. Schnorrenberg: Spektrumanalyse, VOGEL Buchveriag Wiirzburg, 1990[107]
Roeper, R.. Kurzschlusstréme in Drehstromnetzen. Siemens, Erangen 1964
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portable ultrasonic detector
corona gun
PRPDA -Phase Resolving Partial Discharge Analyzer

DGA

strength

Ferranti effect
gradient

applied
superimposed
additive

starting electrons
time integral
PD—measurement

withstand

reproducibility

Highest voltage for equipment
top oil

off-load

PD-free

non-shielded

measuring tap

overshoot

power analyzer
magnetostriction
data processing
polarity
pre-magnetization

peak



characterization
testing transformer
starting transformer
Regulating Transformer
type test

ACSD

temperature rise test
ACLD

induced voltage test
Applied potential test
special test

Ferro resonance
resolution

sound power

registered

shift

compensation
flashover

digital data acquisition

temperature rise

constant spectral amplitude density

Prescribed contour

power spectrum amplitude

RIV-meter

fan



phasor diagram

other

charge storage

Cooler
routine

de-trapping

rise-time

Standing time

low-voltage recurrent surge generator

to gate out

enhancement level

Lightning Impulse Withstand Level
Switching Impulse Withstand Level
sound power level

Basic lightning Impulse insulation Level
sound pressure level

Inductive

coarse or reversing change-over selector
Data Acquisition Systems

interleaved winding

common winding

bifilar winding

quasi — integration
quasi-peak detection
sound intensity

normal sound intensity



integrity
field emission
measuring surface

principal radiating surface

chopped wave
form factor

scale factor

design

impulse capacity

major insulation

triangulation
power frequency
cut-off frequency
sound pressure
active

band—pass filter

wide band pass filter

test code
Montsinger law

voltage crest

solidly
subtractive
coarse/fine

on-load-tap changer



quadrature controlled
cross-coupling

solidly

chopping gap

time resolved

medium

specification
psophometric

r.m.s

chopped wave on the talil
Front chopped wave
wall wave

full wave

hot spot

core-type

weighting
tap position
rated withstand voltage

reduced voltage

Radio Interference Voltage (RIV)

flashover-voltage
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