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Research Status of Dissolved Gases in Natural Ester Insulating Oil

LIU Hongling, TIAN Keqiang, LI Jipan, GUO Qijun, WANG Weiling
(Heze Power Supply Company, State Grid Shandong Electric Power Company, Heze 274000, China)

Abstract: Natural ester is an environmentally friendly liquid dielectric with high fire point, which is mainly used
in power equipment such as transformer. Dissolved gas analysis (DGA) is one of the most effective ways for
transformer fault diagnosis. At present, there are some research results on the monitoring of dissolved gas in
natural ester insulating oil. In this paper, the research progresses of the dissolved gas in natural ester insulating oil

were introduced generally, and the key problems that should be paid attention to in the future application of natural
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ester insulating oil were pointed out.
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Tab.2 Gas content of soybean based natural ester under thermal fault
LN 250°C  300C  350C  400°C 450°C 500°C 550°C 600°C 650C 700°C
H, 183 242 453 448 14 578 92 064 449 630 951 663 1898615 5336773
CH, 9 18 36 163 5427 32265 426 389 2555117 5176221 15591 740
C,H, 321 404 495 896 12 584 46 790 518002 2666376 5163518 11721018
C,H, 2 3 9 59 12 620 66 570 549 371 6377429 13599997 37426253
C,H, 0 0 0 0 0 0 0 3573 8213 33 494
co 138 250 388 1267 159834 846321 4476588 8535474 9782953 15715859
co, 528 565 660 1324 150631 663328 3110067 5863817 6839063 9506162
& {H/(mgKOH/g) 0.026 0.049 0.084 0.328 9035 >10 >10 >10 >10 >10
3 RAFRRREELRNASESE SR CHfiL /L)
Tab.3 Gas content of rapeseed based natural ester under thermal fault
ZYEES 250C  300C  350C  400C  450C 500C 550°C 600°C 650C 700°C
H, 212 295 323 609 10 075 66 135 283 072 775334 1697857 4206957
CH, 47 127 113 281 3987 29 064 368 510 2650547 6970984 14354645
C,H, 3068 2930 3203 4527 11401 47 501 451072 2848721 5891928 12718750
CH, 9 54 42 107 5824 52 620 481 941 6844115 17030156 34413530
C,H, 0 0 0 0 0 0 0 3338 35836 48392
co 589 1 460 1451 3352 97494 679896 3716079 6317808 7906603 12585097
Co, 587 968 995 1888 63558 532926 2718221 4227107 4609595 7895977
R {4/(mgKOH/g)  0.078 0.095 0.124 0.403 5424 6839 >10 >10 >10 >10
R4 THRLHNABESHEE (B s pL/LD
Tab.4 Gas content of mineral oil under thermal fault
YIES 250°C 300°C 350°C 400°C 450°C 500C 550°C 600°C 650°C 700°C
H, 0 61 65 66 308 635 3415 112 760 1349 634 7248 321
CH, 15 32 77 82 281 1135 14 060 525596 5562060 18288865
C,H, 0 9 9 17 181 606 7688 403 924 2989 009 7135061
C,H, 0 0 2 3 26 502 8254 528 885 5156563 15505 831
C,H, 0 0 0 0 0 0 0 0 1506 4140
Cco 23 89 156 173 220 256 166 478 5458 12 096
co, 392 451 540 553 699 653 866 4524 51091 121 840
& {E/(mgKOH/g) 0.010 0.010 0.010 0.010 0.011 0.010 0.010 0.047 0.048 0.048
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Tab.5 Gas content of natural ester and

mineral oil under electrical fault
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Tab.6 Dissolved gas in insulating oil of

natural ester transformer

AR R RREEARW S BIT154% 0 BIFTI0R

H, <1 71 52 11

C,H, <1 26 61 63

CH, <1 1 22 22

C,H, <1 <1 15 0.9

C,H, <1 <1 0 0

co <1 17 60 53
co, 9 154 200 308
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RS AR 90% B AL, iR 7 i . IR 7T LLE
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Tab.7 The 90% percentile dissolved gas in insulating oil

of natural ester transformer

5E KREHE mlfRZER  KEE SR ELR
RARMG  FFEERARER  RARERPY  FERARER

FEA &/ 4378 476 180 38
H, 112 35 35 41
CH, 20 25 12 7

g CH, 232 58 20 4
/WL/L) cH, 18 16 12 5
C,H, 1 0 1 1

co 16l 497 400 199

AW Duval = M EVE A TBESE . BN 440
HHO R SR IR R I 7 vk 3 SR GBYT 17623—
2017 R ISR i v o TR R SR ) o BT
77 ¥ T AR SE DL/T 722—2014, iZbx L E 20 #7 H
W 77 v 3 AT P AREAE SR VR B = LU ARV
4.1 RAFRELZHPSEDSERY

BEAT AR T e DN 7 S e R A T R
O, SR RECIETT T 3 FhOR SR B 48 Sk S 1 AP
W4 2 ¥ Ostwald P11 5 £ (R AED , /45 T S
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EWEFL T 50°C T K I FE R S FF B R AR I 4 2 1Y
SRS B H B8 T VK GB/T 17623—2017
Bt S F R E B IR A 1 v, e 4 2R ok 8
FoR .

#z8 SOCTRAEFSAMRMBEAINSANEAYE
Tab.8 Gas distribution coefficients of dissolved gas

components in natural esters at 50°C

#i %%
Mk H,

)

CO €O, CH, CH, CH, CH, 0O, N,

K&
JEXK 0.060 0.108 1.136 0334 1.417 1.765 1.876 0.105 0.121
R

B
FK 0058 0.102 1.226 0.332 1.454 1.761 1.686 0.160 0.103
IR
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Fig.3 Duval triangle 3 of natural ester insulating oil
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Tab.9 Duval triangle boundary value of

three insulating oils for transformers

T H T R EHERIRER AT R AR TR
TUT2 20 43 52
«(C,H)%
T2T3 50 63 82
DI/D2 23 25 20
(C,H,)/%
DT/T3 15 15 —
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