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Information about: Measuring quantities:

Load and operation conditions — voltage (HV), current (HV),
tap changer position

Transient conditions - peak values of voltage (HY)

Thermal aging /Hot-spot calculation —

temperatures and current (HY)

Condition of insulation and oil -

H, in oil, DGA, moisture in oil,
humidity of air in the conservator

Efficiency of cooling system —

temperatures, velocity of oil and air

Leakage detection -

oll level

Condition of bushings =

comparative evaluation of tap voltages

Operation time of pumps and fans —

circuit state of pumps and fans

#3.1: DRESE R R HRE R

Measuring quantities: Sensors:

Voltage (HV) - Potential tap device at bushings
Current (HV) —» Current transformer

OLTC position ... monitoring - BCD signal ... Tap Guard 260

Peak value of voltage - Peak value sampler

Temperatures - PT100 devices

H, in oil -» Hydran, GE, ...GAS-Guard 8, Siemens

Moisture in ol -

MMT338, Vaisala

Humidity in air of the conservator —

HMT330, Vaisala

Velocity of air and oil -

Calorimefric devices

Oil level -

Oil level indicator

Ol pressure —»

Oil manometer

Circuit state of pumps and fans—

Binary contactor signals

A 3.2: VRESREY R AR TE'%EIEHEH[E@”&%%
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Bushing Monitoring
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Flow Sensor
EGE

B/ 3.16: TAVESEI RV FRI ) D

Moisture in Qil
Vaisala, MMT338

Humidity in Air
of the Conservator
Vaisala, HMT330

B 3.17: CRVENER Y TR 65 Vo1 B R
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Gas-in-Oil-Sensor
GE, Hydran201Ti

' 3.19: TABVEERTY R AR 0 ﬁjﬁ

19



3.3 [ EESR Y B

¢7ﬁﬁ?ﬁl§+§{;l/ rﬁ,ﬁ%ﬁﬁ%‘ﬁﬁwﬁﬁﬁj A=t ﬁj ( Dr Stefan Schierigr =)
e A PR B R R R A

RIS gt e ﬁ'%?&?li[“’ﬁég'J BT 3.3.1~3.3.2
3.3.1 THIHERE IR Y ) BIRCE

FEEE TS J?ffﬁj o IR J?ﬁﬁéﬁ% RS ST IR Tt
] Jl%l'fﬁj | S P BEI AR - IR IR Z%*JJ%ITFJ%’TTE?F‘%J B
_JJI:%}J]'T‘FJLL['EEJ%EFL[%E\JJ‘: ) %—p%ﬁﬁﬁ fiflfj%ﬁ’t/?&ﬁfﬁi[[[bl%i@?ﬁ%]ﬁf@ i H: Fj’ﬁgz
o [ FRVRSIgERY 5T 0 BN RS I

il I%%Z@EL’*‘ EHT I%I'TFJ g ?’Tﬁ};@%"%ﬁ » USSR ATR T ﬁzﬁg?’ﬁgxﬁ}?ﬁ
By 3 A T gj@%—p%ﬁﬁ@% "7 e J?ﬁﬁ?ﬁ}ﬁ%@ VIERE RO
T e ”Fﬁ (‘Stray Capacitance ) > ¥ P70 % 5 b 1 08 L 5% (SREH 9%
Ferroresonance > f% RLC F=) - & PRy > FT;%— ] f*’jﬁ'l?ﬁ%“) Jl%ﬁﬁj o

FPHE D T RS B A T SR B R
%Eﬁ“ﬁﬁ%%ﬂii@/ ’ J‘Jﬁz—jfﬁ‘[%"ﬁ%ﬁﬁﬁ AT - T R B R ﬁ'?ﬁ?’ﬁ?@%ﬁ%
ﬁIJFA',FI’ %f?“%‘ﬁ’%‘[ %48 (Induction Voltage Regulator » fiJ#i IVR) ~ ¥f| i FErpiey
(Compensation Reactor » i Ls) ~ FERH [RVESHN (Testing- t ransformer » i TTR)
%ﬁ’ﬁ?@%’é‘@apacitor Divider » R ESH) ~ HEMFESH (Tested- transformer »

[ TR) = ?ﬁﬁ%(Current Meter)=T23-24] -

MR .
SORVA 1 @2000KVAGIE
3.3KV/3, KVH00% K/
"\
LS j s
TR T EEAERE AR
N

ﬁ%\' 3.20: rﬁfjﬁ&%ﬁ?wﬁ‘@ﬁ 1 VAR AR

1

20



3.3.2 rﬁq%ﬁ%ﬁwﬁi@ﬁ e | (3]
rﬁgj?hfg%:{ EHURE | R AT Qﬁln P (v[lﬁi321 3.29) -

3.22: T EESSR R ) VAR R (R

21



f3.23: TEESERVEEY ) VAR R

3. 24: TSR B Y | AR

22



"
i

1t
i i
romwro | (NS

/ Doy
)

Bl 3.26: TFESEY RV VERFF R

23



J3.27: THEESRYEL S | VAL

—

B3.28: MRS BB Y | VESRI R (R

24



3.29: T FERIEEIRE PRI

3.4 RVESERIE S fR o) Ak i

AP TR P g EIAEE) 2 T (Mr. Gemoth
Dobianer £7) » 7 HEAR IS 111 50 65T AT PRCRD R o

TR I 1R 3 AT HHRHFCR 7] - B 3.4.1-3.4.2 ¢
3.4.1 TRMESRIH T AR R RCE

VS RS S | S OB (91011 < SR A S - A
PR ) (UASTRRATR] 50 et e 2 T S = RRATRI l,@ﬁ@ﬁ(v[l[ﬁi 3.30)53 eyt
&= FHHR(C0) 0 DA HHR(CO:) 0~ B S(H) Y P VSE (CH) o AR ART A6 ()
W1 3.31) 50 ey i o 5 PG~ Tek S TR~ TeR]25-30] ¢

FPHEY DRRESERA SR ) AT S 77 ] mobile Gas Analyzer i
T 322 7 ISP 5053 5 (2 Y TR AT A - 1)
4.1 gﬁ]ElEJ °

SRR G T B LT - e T sﬁ?ﬁ#ﬂm@: £ B 5. CH
CH: ~ CHi ~ Clfs ~ CHs ~ CHs 5 1000ppm » H 6 £ G145 o+ 1%~ €0 £ 0.19% ~ C0: *
1%~ 00 ¢ 30% ~ No © 67% ™ (Z% 56 Ho ~ C0» ~ €O~ CH: ~ CHs ~ CHe ~ G #5100 ppm »

25



ST AR

(1) RPELVETHZ T TEC 60567 [T * B [ e i |

(2 J}ﬁi‘%‘%@ THo~ O~ N~ CHe ~ CO ~ CO2 ~ GHz ~ GHe ~ CoHe ~ CsHe ~ CiHs ©

(3) &) IEEH%‘?‘E"@Q& CoHo ~ CHs ~ CHs E5 0. 1ppm 5 CO ~ CO2 ~ CH+ £% 0. 2ppm 5 CsHs

CHs 85 0. 5ppm 5 H: £% Ippm 5 02 ~ N2 £% 30ppm ©

(4) F3FreaE kg ¢ 0~100000ppm Fﬁ%ﬂﬁﬁ%%} ’ *%@%Ti%ﬁ% (FA'[)J‘H“J °

(5) sifrfs [ EEr 100 ml(f’,)”ﬁ °

(6) si AT 30 i?%(ﬁ)J‘H‘J °

(70 BIZ0 R RRLFANCHR P HIRG - JETEN T A 20kg - 2 IR AT

FOBPFIERE) 7 7350 93 o AR R R

E@*J%ﬁ%ﬁ%{fﬁf : }'Elinﬁﬁﬁﬁjf’\ﬂ\ 2 A E Jlﬂj s i Sa B U 2~200mbar § ’?J]*i
P sE 0. Imbar » ﬁﬁﬁ%ﬁﬂjf 1R 3:] W3 6 fl JE:_'I?#{“?EJJ T’:fla‘su_
= IR EIES -

[ SR < R R T (S 2D SRR (S 70
R b e I

3.3 TR R

26




ﬁ%&' 3.31 AP ARVEER ;%IJF]@HJ{E;

27



TR e R o Il 3P COpfE! 3.32~3.35) ©
TRBESES 1S 5T AT 0 R RCED > I RAP (O

A 3. 33T 50T AT B A

28



[l 3.35 3 i AT R ot

29



3.4.2 TRVESIRIFED T AR 5 R A

TR Y A AT 6 RG] T PR 3.36~3.39)

gy P ..'i;'i-

ﬁgﬁl 3.36: MRMESEEIH AR T ATRE N ,F.B_Fa],

ﬁgﬁl 3.37: F@E{ﬁﬁiplﬂl;’ﬁ%ﬂﬁ P ,F.B_Fa],

30



B 3.39: TRRESERIF 53 ST ATRER

31



- PR IR

T St 7 5 2 IR S T (e [y

SRR U3 g}%;ﬁg 'bgﬂfﬂfﬁﬂ% TPV B - REFE R

= B SRRl ) o P SRS SRR s - SR
e o

¢%E[U%H§yﬁ r?ﬁm P‘F%I@B%ﬁﬁ  DRMVESR O R, TR
ARl 15 PR TAT Sy o AP i L SR SR SR B %5 ﬁ'?ﬁﬁﬁ%’**%’#ﬁ’ RNENE
TR o

AEEHPESN o F IR F 2 LA ﬁiﬁ'%ﬁ et e

32



[1]Kuffel, E., and Zaengl, W.S., “Highvoltage engineering” , Robert Maxwell,
M.C., 1984.

[2]Greenwood, A., “Electrical transients in power systems  , Second Edition,
John Wiley & Sons, Inc., 1991.

[3]Whitehead,S., “Dielectric breakdown of solids” , Oxford at Clarendon
Press,1951.

[4]Gallagher, T.J. and Pearmain, A.J., “High voltage measurement, testing
and design” , John Wiley & Sons Ltd., 1983.

[5]Gallagher, T.J. and Pearmain, A.J., “High voltage measurement, testing and
design”, John Wiley & Sons Ltd., 1983.

[6]Kacher, A.J., and Nieschwietz, H., “Broad and narrow band PD measurements
on power transformers”, 5" International Symposium on HV Engineering, PRG,
paper 41.09, 24-28 Aug. 1987.

[7]Haraldsen, S., and Winberg, K., “Investigations on different partial
discharge location methods on power transformers”, CIGRE, paper 12-09,
1968.

[8]Ryder, D.H., and James, R. E., “Corona testing of power transformerfs”,
Elect. World, P.96, 24th Jan. 1966.

[9]Viale, F., Wind, G., Fallou, M., Leroy, G., and Wendling, J., “partial
discharge measurements in transformers and their interpretation”, CIGRE,
paper 12-12, 1968.

[10]Yoshihiro, k., and Satoru, Y., “partial-discharge measurements on
high-voltage power transformers”, IEEE trans., PAS-88, pp. 1187-1194,
1969.

[11] “Methods of measurement of radio influence voltage (RIV) of high-voltage
apparatus”, Nat’l. Elec. Mfg. Assoc., New York, N. Y., NEMA Publication
107, 1964.

33



[12] Widmann, W., “The measurement of partial discharges in transformers” ,

Bull. Assoc. Suisse Elec., 58, pp.1001-1009, 1967.

[13] James, R.E., Phung, B.T., and Su, Q., “Application of digital filtering

[14]

[15]

techniques to the determination of partial discharge location 1in
transformers” , IEEE trans. onElectrical Insulation, Vol.24, No.4, Aug.
1989.

Su, Q., and James, R.E., “Analysis of partial discharge pulse
distribution along transformer windings using digital filtering
techniques” , IEE Proceedings-C, Vol. 139, No. 5, pp. 402-410, Sep. 1992.
Harris, F.J., “On the use of windows for harmonic analysis with the

discrete Fourier transformer” , Proc. IEEE, Vol.66, pp. 51-83, 1978.

[16] Krautkramer, “Ultrasonic testing of materials” , Springer-Verlag, New

York Inc., 1969.

[17] Fredrick, J.R., “Ultrasonic engineering John Wiley & Sons, New York,

[18]

[22]

1965.
Harold, R., “Acoustic waveguides for sensing and locating electrical
discharges in high voltage power transformers and other apparatus” , IEEE
Trans. on PAS, Vol. PAS-98 No.2, pp. 449-457, Apr. 1979.
Kawada, H., Honda, M., Inoue T., and Amemiya T., “partial discharge
automatic monitor for oil-filled power transformer” , IEEE Trans. on PAS,
Vol. PAS-103, No. 2, Feb. 1984.
IEEE C57.113-1991, “Trial-use guide for partial discharge measurement
in liquid-filled power transformers and shunt reactors (draft ANSI)” .
Sacha, M., “Detection and location of partial discharges in power
transformers using acoustic and electromagnetic signal” , Second Edition,
Sierke Verlag, Gottingen, 2006.

IEEE Std (C57.91-1995, “Guide for loading mineral-oil-immersed

transformers” .

34



[23] IEEE Std (57.90-1993, “Standard Test Code for Liquid-Immersed
Distribution, Power, and Regulating Transformers and Guide for
Short-Circuit Testing of Distribution and Power Transformers (ANSI)” .

[24] IEEE Std 259-1994, “Standard Test Procedure for Evaluation of Systems

of Insulation for Specialty Transformers (ANSI)” .
[25] IEEE Std C57.104-1991, “IEEE Guide for the Interpretation of Gases

Generated in Oil-Immersed Transformers” .

[26] ASTM D2945-90, “Test Methods for Gas Content of Insulating Oils” .

[27] ASTMD3305-84 (Reaff. 89), “Method for Sampling Gas froma Transformer™ .

[28] ASTM D3612-90, “Test Methods for Analysis of Gases Dissolved in
Electrical Insulating Oil by Gas Chromatography .

[29] ASTM D3613-87, “Methods for Sampling Electrical Insulating Oils for Gas
Analysis and Determination of Water Content™ .

[30] IEC 60599, Second Edition, 1999-03, “Mineral Oil-impregnated electrical
equipment in service-Guide to the interpretation of dissolved and free

gases analysis™ .

35



