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Difference analysis of gases produced under thermal faults between
vegetable and mineral insulating oils
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Abstract; To investigate the difference of dissolved gases under thermal faults between vegetable and
mineral insulating oils, simulated thermal-fault experiments were conducted for camellia insulating oil,
Envirotemp FR3 fluid, 25# mineral insulating oil and the paper-oil insulation systems at the temperature
of 90 — 250 °C and 300 — 800 °C. The dissolved gases in oils under thermal faults were analyzed using
chromatography to obtain the components and percentage contents of the specific gases as well as their relationship
with the temperature. The experiment results show that the main dissolved gases under thermal faults of the
camellia insulating oil are H, and C, Hg, and that of the FR3 insulating oil is C, H; ; for the mineral insulating oil,

the main dissolved gases are H, and CH, under thermal faults at lower temperatures (< 300 “C), while those are
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CH, and C, H, at medium and higher temperatures (=300 ‘C). The identification of different types of specific
gases under thermal faults between vegetable and mineral insulating oils suggests that suitable methods of
DGA (dissolved gas-in-oil analysis) for specific type of insulating oil should be developed in the fault
diagnosis of transformers.

Keywords: vegetable insulating oil; thermal fault; dissolved gas; paper-oil insulation; chromatographic

analysis; mineral insulating oil

A i IR T 2R G 0 R A S 4y, S AT R AR B e D 4 T R T SR 7R AR R AR T RE &
A R 45 SO R L P 46 2% ) 5 | R o A T 2, iR aUAE R A HLh 4R 48 2% R G AR AR R AR s AT
PR b2 B G R B W 255 M T 5 e 2 o % ik R0 4 % 4R 1) 2 AR O B Bl R 3 o Rk e L TS SR R
Py s 25 T 1 DN ORIV AR AV B 5 | R A0 T 25 IR 08 R BB 0 1) P R M G o8 . D I, R T T AR TR S IR
ALOBAERBE, & W 2 P AR e % 50 2 W o o s R SR 4 Bt (DGA, dissolved gas-in-oil
analysis) ™ I HOBEIE AR BT VAR IR B A AR i DG A 12 TR L R R R R I R T v Y
DA S I A B R L 22 PG A TR TN AT 4 G AR TR RS S BR 2 W R4S T T2 N .

UTAE R L HE W 4 25 T DRV A5 0 SR I A R v AR 8 G S L JRORE T A AR R T IR AR R
AR AR AR IR AR A B2 W g AR BN ALY L BT A 2 S ) 4 G AU A I 25 R L AT
SR 0 P 4 20 AE FE 2R 10 DGA 2 Wik U A B EL3E I FH T4 90 26 i 28 TR 28 b 55 B R 14 A 40 446 2%
T AT R0 AR R 25 PSR T I I SR B 5T L A8 B AR A Ay i RO R S A R SR S TR Y 4
S 78 e 2% 1 AR W T T .

SC eI A AR ) 26 T S T A % T PR RRE S B L A BT 2 A [ 2 TR o 5 3 A T s e RO AR L
25 S5 O ST IS TR E AR A6 S0 AR TR AR Y DGA B2 Wi 7 vk B A 4

1 TLWHE

L1 XERALE
e HCSE 0 A KGR A4 LU ZRF 2 25 VR FR3 28 il CUREE TR 290D L 25 & 4 W 246 G I A e 4 1 4K
i ) 7 S 06 i LR E AT PUAL B P S 2R A SR R0 T 90 C S TARAR P TR 48 b7
A5 PR BE VS H G WU R Sl R 2 B He b AR B L 150 1A TR 1 45 S 4R 43 IR A AH I 48 2ol b, IR
40 CE 2 THRAT D ERE 24 ho il s il AR 4s ke . 38 1 i S sk T 4% 28 246 i ) S A TR S v SRR
1 HBRASRGEENERTLRASHEY

Table 1 Fundamental physical, chemical and electrical properties of the insulating oils
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(20 CY/(g+em ™) 0.90 0.92 <<0.895
B (40 C)/(mm? + s D) 39.9 32~34 <13.0
153/ °C —28 —18~—23 <—22

N /°C 322 320~330 =135

Rl /(mgKOH « g 1) 0.03 0.013~0.042 <0.03
LA E (2.5 mm)/kV 70 73 >35
A RBAEFE L (90 CH/ % 0.88 2 <0.1

AR /Q + m 1X10(90 C) — 7X 101 (25 C)

AR A HLHE (90 °C) 2.9 — 2.2
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Fig. 1 Sketch of transformer thermal-fault-simulation unit
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Table 2 Heating duration of simulated thermal fault tests

iR 96 R/ °C 90 120 150 200 250 300 400 500 600 700 800
58 5[] / b 168 168 168 2 1 /2 1/12  1/12  1/15 1/20 1/24
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Fig. 2 Percentage content of dissolved gases in various oils under thermal faults below 300 C
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Fig. 3 Percentage content of dissolved gases in various oils for paper-oil insulation under thermal faults below 300 ‘C
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Table 3 Contents of CO and CO, dissolved in oils under thermal faults below 300 C

£ 3I7EN EUEe STHEAIA PRI 2 /°C CO/x10°° CO,/X10°
90 49.3 1111.2
112 3t
200 68.8 1149.6
90 24.2 918.9
I FR3
200 29.5 542.7
90 15.89 800.5
Wy
200 85.4 781.4
90 65.3 1.837.0
L1 25 3t
200 1157.2 17 883.4
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1M 4R 4 2% FR3
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200 327.9 8 192.8
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Fig. 4 Percentage content of dissolved gases in various oils under thermal faults above 300 ‘C
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Fig. 5 Percentage content of dissolved gases in various oils for
paper-oil insulation under thermal faults above 300 C
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Table 4 Contents of CO and CO, dissolved in oils under thermal faults above 300 C

% 4% 5 2 % Jh 2 Al P R I B/ °C CO/X10 " CO,/X10°°
400 74.64 2 664.4
P S
700 1854.30 10 517.3
400 434.60 2 430.7
il FR3
700 1553.30 8 945.1
_ 400 250.80 2 038.8
91
700 1797.90 9 845.1
400 160.20 3 628.4
Pyl
700 1792.40 12 481.1
400 171.50 3 536.2
AR 4 2 FR3
700 1487.30 21 527.1
400 190.30 3160.1
i
700 327.90 43 957.3
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