84 TR A S8 IR K A 02 TR R SR IR A T 19 DGA 437 iR 2023,56(3)

T ESE AR B 5D ERAZEIREAMPET R
DGA 7341

Ly, £ &', IR, REKR, £ K, & M

(1. BB RP LARELALLERELERZRE, R® HZ  710049;
2. S ABMARTAENS N, TR M 510000)

OB R A I R UF A S  NH IE EAS B TR R, RAR IR A BN A e R A 2 R R A T A e T
MBI TR . B FLAE 110 kV J DL 2% AR R HE T SER A 470 e 32 70 A8 e 28 VA R SR 0 B (DG A i 12
W 77 4 0T i A 6 2 A e A8 T s A T IS v 7 X I S 4 A R R B R A A S 2 B B O v e AR SO BT
A YR 22 1) P B AU R 0 FH T AR A B R 6 S DA K T 3 ARG S SRF B R SRS « Ll 0 28 ARG L 5 A RH A AT
Fh P VETE 5 P48 BN IE 7T G, 6 L 20 HT T HEAE 200°C F1 300 °C A1 IR A i e i) 48 2 25 0 R 4 2 IR o 4T 4 R AR 4%
ARG T W A SR SEIR S5 R, I8 T IEC = U v A Duval Toad v 90 Fh FIHE J7 i i@ M. 45 SRR W - 1BC
S IAEATIE H T R AR ER A B 1 200 °C A1 300 C AR I #4505 4 58 5 Duval FLI2TE 2 B % T R SR T8 R R 2 i B 1)
SE , ZAB TE LTI B e AT 2052 o A2 S ME R 1 DGA F 8 25 B S5 87 10 R SR T 4 I A — B0, 25T Wi 1)
Duval FI AN TE A TR 5k ot 1 i) (BRIt Pl s 0 0

SRR A0 I A s TR 2L L 5 IR PG 5 VA AR SR BT s R B

HESES:TM214  DOI:10.16790/j.cnki.1009-9239.im.2023.03.013

DGA analysis on ester insulating liquid impregnated paper system for
transformer under simulated low temperature thermal fault
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(1. State Key Laboratory of Electrical Insulation and Power Equipment, Xi'an Jiaotong University,
Xi'an 710049, China; 2. Guangzhou Power Supply Bureau, Guangdong Power Grid Co., Ltd.,
Guangzhou 510000, China)

Abstract: The environment-friendly insulating fluid for transformer has developed rapidly in recent years, insulating liquids
such as natural ester, synthetic ester, and modified ester have become the research focus of new insulating material for
transformer. With their applications in 110 kV and above transformers, the dissolved gas analysis (DGA) fault diagnosis
method of mineral oil filled transformer is no longer suitable for the ester insulating liquid filled transformer. In this paper, a
thermal fault simulation system with temperature difference between copper and liquid was designed to simulate the low
temperature thermal fault. The soybean, rapeseed, camellia based natural ester, synthetic ester, and palm based modified
ester insulating liquids were used as research object, the experimental results of dissolved gas in pure liquid and liquid-paper
insulating system under 200°C and 300°C low temperature thermal fault were analyzed, and the applicability of the IEC ratio
method and Duval pentagon method were discussed. The results show that the IEC ratio method is still applicable to 200°C
and 300°C low temperature thermal fault diagnosis of natural esters and synthetic ester. The Duval pentagon method can be
used to recognize the low temperature thermal fault of natural esters and synthetic ester after adjustment. However, the DGA
results of modified ester are inconsistent to those of mineral oil and natural esters, and the Duval pentagon method based on
mineral oil is not suitable for the low temperature thermal fault diagnosis of palm based modified ester.

Key words: transformer; ester insulating liquid; low temperature thermal fault; dissolved gas analysis; fault diagnosis
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Fig.1 Chemical structure of ester insulating liquids

K HE IEC 60599-2015 b M, A [ 2% $4 i & 7]
3 AR IR P (7<300°C) | F1 iR Hi i (300°C <7<
700°C ) A e A (7>700°C ) , He b i i i #Aili
B 3= 22 F ok K 5 B0 K R VA I O 2 A Y
TH A R SR 2 BT (dissolved gas analysis, DGA) 1
SR 3 I A I e R R SR R R A R P
R R T B B2 N T i OB e AR
JE#% . HEOX T 90 i DGA #4527 i £ 5
KI5 T IEEE C57.104 7 4R 45 7% < Rogers E 4 12
S S ARVEDI L K TEC 60599-2015 1145 H ) Duval
M RS (HR TR A G
Wy E5my Mm A ERKER, EEA R 75
MR SR P2 SR A B 22 57, DRt B T4 9 vl 1

-

DGA A COAEH . T Bl skyu W g4
G R AHISAT 5 B O 1A S AL S IS AT R
AL SR T AT R0 o B W T 2ok A 5 AR TR 28
(RIS AT YES, SLI0 =5 Wt FORBEADL R 1R A S
W B BN, HE A BT TSR
WA C A 2 3 1E S 56 = Al B on R SR TR AN A R g
ol s R R 7 AR A 2E 4T BF 9T, MJOVALEKIC
5 WANG Z D &5 K & L R SRR FR3 34T 1
300~600°C 1) FA i i A5 40, 25 S 3% B FR3 £ 300°C
A1 400°C T 1 F ZERHAE S AR~ C,H,. CO #1 CO,; D
HANSON Z0505%F K 536 | Sk 36 7 T R 25 18 7 5
RARBR AT T AR, R I =35 47 th
KEH COFCO,, KEFEFEAFIRRIREEH A KR
CH, 7™ A, T o TR 25 A6 KT 2 R SR I v 1) H, A1 CH,,
ERias Ca-mE Ry 2 RO NITE T
SR HEAT R B B, R I K SR T 408 25 A A B
TEPE KR CO R CO, R A~ KGR
SR P AR R R EERHIE SR N CO, AT CH o W T
J s , WANG X F S5 50 B KR # i &
FSCHE P AR ) 32 BRSSO C L, [RIB AR B T4
% ) CH, 1 C,H,; P PRZYBYLEK 2509 8 57 1\ Jy
C,H, 5 C,H, & & B g il A s 1) & ZAR RS
Mo H AT OO R AR T B SR IR D, [
I [ P A0 S 3G = LA (O IG  #Ai Be A JL 3 E AF AE
(1% B v A2 I B4 3OK 2 ok A i A R v ) 4
G OB, B A WA AR R 88 48 2 450, AN Rg
Wt S B AR 1 4 26 % 3R G AE AR BRI A7 AE 1A
7 i B A

AU ZHIEC 62332-1-2011 R AECO¥ i T % &
R e L 222 () AR R AL R G, SR IR B R A AR R AR
TG RL, BR824 0, I 45 % &
20 N T IEBE 9 300°C A Al B se s . DLR T
FERIREE SERFFERARMS « 1L FOAT 3 K AR B L & B
RIS AR 22 o4 P T 408 2 WO A T 5, 6 b AR AR TR
A5 L 200°C A1 300 C AR A KR T 1 7= SURFAIE , 43
T G 248 25 0 R 6 SIS 28 2% YRR 35 41 4E 3R AR 16 R
RS S I 45 B 22 57 o 0 EUAS 3] M 25 s 25 4 2%
T P SRR AL, 918 TEC = HU A ¥ A1 Duval T2
REIE R . B DK 3R R ARES B, B 9T il
e A5 DL 2 B A7 FH A L 28 B BU B S [ B = SRR AE
ORIYAVS

1 RIRASPEIR UL L

L1 AR E R RERTEE
Xt BATR 5 ol 48 25 AT IR T A4 Ao (0 A5 401 5 55
EEI A = 5 75 23 7 K G AE R AR TR FR3 LA 1Y)



86 LRSS - A2 4% B A0 0 0SB R R GBI A B R 1 DGA 2

PR R SR RAPO . 5 K K4 0F R (111 B FF 2R R
SR 1 RDBMidel 2 5] (1) Bl Midel 7131, H 4% AE
MF B A 3 2 A1 RO 2 A AR 7= 1 AR A 2 ok i
PFAE. W20 T4 KRR KR S & &4
e PG REA F R R, 256 ) K
F SCHR B MR 2, R 1 FH T S PR SR 4 2%
TR A ER AL B8, L Hp 3 B R SR TE 48 2 (1 T 1
IN SIS 300°C o HT TR SRS A A GG PR A X 43

IR T ERR, EAHA S R . RS
(T st 2058 e e T R 25 S T S v 5 DT b — R 3 R
Boe B8 71 ) 7 V2R e 3 R AR IR PR IR M R SR
fifi FH AR 46 2% 4% N 4% S0 4% 35Hc, 3 W 2 4 K N
50%.

R EERBEROERBUERE
Tab.1 Basic physical and chemical properties of

ester insulating liquids
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Fig.2 The thermal fault simulation system considering

temperature difference between copper and liquid
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Fig.3 Heating system and high-temperature solid insulation
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Tab.4 The relative percentage content of key gases at 300°C
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Fig.5 The relative content of key gases in synthetic ester
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Fig.6 The relative content of key gases in modified ester
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HeH C,H,/C,H, CH/H, C,H/CH, #ikz
o 200°C 0 0.34 0.01 Tl
KRG IR IR
300C 0 0.46 0.14 Tl
" 200°C 0 0.85 0.01 Tl
PR e PN
300°C 0 0.78 0.35 Tl
N 200°C 0 0.30 0.013 Tl
LK R LR
300C 0 0.62 0.63 Tl
) 200°C 0 1.46 0.59 Tl
R
300C 0 4.76 0.58 Tl
200°C 0 38.54 0.56 Tl
Qe
300C 0 4.12 0.20 Tl

x6 BERRRAUEZRERZTHIDCGAFIELER
Tab.6 DGA results under oil-paper system

et C,H,/C,H, CH/H, C,H,/C,H, I
. 200°C 0 1.08 0014 T1
KGR IE
300°C 0 2.21 0.50 T1
» i 200°C 0 0.90 0.01 Tl
S B R SR B
300°C 0 3.59 0.33 T1
i X 200°C 0 0.89 0.02 T1
LI 2R R AR .
300°C 0 0.99 0.19 T1
X 200°C 0 1.78 0.15 T1
s .
300°C 0 1.52 0.63 Tl
A 200°C 0 2.21 1.82 T2
B .
300°C 0 1.90 0.24 Tl
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Fig.9 Duval pentagon diagnose of insulating oils
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