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Abstract: The vegetable insulating oils are substitute for the mineral oil in power transformer. Vegetable insulating
oils has higher flash/fire point and biodegradability than conventional mineral oils. In this paper, we investigated
the dissolved gas analysis of vegetable oils. In the experiment, | had to accelerated aging under the same
conditions mineral oil and vegetable oils. Accelerated aging proceeded to about 100% of the life of oil-filled
transformer. In addition, we performed gas analysis of insulating oil of accelerated aging progress. The experiment
results of the five gases was measured with the exception of Hydrogen and Acetylene. The mineral oil and
vegetable oils gas is generated in a similar tendency depending on the accelerated aging. As a result, vegetable
oils, can be dissolved gas analysis by method such as mineral oil.
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Table 1. Loss of life due to the accelerated aging. Table 2. Bond dissociation energy corresponding to component.
Accelerated Aging Cycle % Loss of Life Bond
Molecular Molecule Molecule Dissociation
190 Cycle 66.3% binding (A:B) (A, B) Energy
240 Cycle 83.7% (kd/mol)
300 Cycle 104. 6% CaHe H, CH 547
(Acetylene)
C-H CoHs H, CoHs 1475
(Ethylene)
22 ¥R, AEN HAQO 1N M2 Cafle H, CaHs 414
(Ethane)
20 REsk HE Hg0 RApe meA st ey 2 956.5
A (paraffinic hydrocarbons)?t UZENA &stii CoHa
(naphthene hydrocarbons)2 JA=c} E3dh Ak cc (Ethylene) 2CH; 719
e oz wrekE(aromatic), o|2317|(ethylene)S i CaHs 2CHs 366.4
geink AgRE FAOIN 7188 285D 7He 2 (Ethane)
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Table 3. Fault indicator gases.

Fault gases Key indicator Secondary indicator
Hydrogen (H2) Corona Arcing, overheated oil
Corona, arcin
Methane (CHa) g .
and overheated oil
Acetylene (C:Hy) Arcing Severely overheated oil
Overheated .
Ethylene (CzHa) ol Corona, arcing
Ethane (CzHs) Corona, overheated oil
Carbon monoxide Overheated Arcing if the fault
(CO) cellulose involves cellulose

Overheated cellulose,
arcing if the fault
involves cellulose

Carbon dioxide
(COy)

Table 4. IEEE Std. C57.104 Ver. 1991 vs 2008.

IEEE Std IEEE Std
Gas Status C57.104 C57.104
- 1991 - 2008
Condition 1 35 1
Acetylene Condition 2 36 ~ 50 2~9
(C2oH2) Condition 3 51 ~ 80 10 ~ 35
Condition 4 > 80 > 35
Eh AAR] Folof] st {F7EA WA Qe F
wafgls, Alshils, JaRs) e 5 4 Ak
ollghg-ol A 200°C o]stof| Ao AR EoivtAE
3571, COz, COOlDfl TR 257 AERRA
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Table 5. Fault indicator gases.

Dissolved Status
K Condition  Condition Condition  Condition
ey 9as 1 2 3 4
Hydrogen
100 101~700 701~1,800 > 1,800
(H2)
Methane
120 121~400 401~1,000 > 1,000
(CH4)
Acetylene
1 2~9 10~35 > 35
(CoH2)
Ethylene
50 51~100 100~200 > 200
(CaHa)
Ethane
65 65~100 101~150 > 150
(CaHe)
Carbon
monoxide 350 351~570 571~1,400 > 1,400
(CO)
Carbon
dioxide 2,500 2,500~4,000 4,001~10000 > 10,000
(COy)
TDCG 720 721~1,920 1,921~4,630 > 4,630
* Condition 1 TDCG below this level indicates the

transformer is operating satisfactorily manner.

* Condition 2 : TDCG within this range indicates greater
than normal combustible gas level. Any individual
combustible gas exceeding specified levels should be
investigated.

* Condition 3 : TDCG within this range indicates a high
level of decomposition. Any single combustible gas
exceeding these levels should be investigated immediately.

* Condition 4 TDCG exceeding this value indicates
excessive decomposition. Continued operation could result
in failure of the transformer.

* TDCG : The value does not include CO,, which is not
a combustible gas
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Fig. 2. Accelerated aging insulating oils-mineral oils.
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Fig. 3. Accelerated aging insulating oils-vegetable oil(FR3).
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Fig. 4. Accelerated aging insulating oils-vegetable oil(Biotran).

Table 6. Diagnostic methods due to reference standard.

Reference Standard Diagnostic methods

IEEE Std C57.104
CO,/CO > 7, normally

-2008 [5]
CO,/CO < 3
IEC 60599 - 2007 [6] strong indication of a fault in
paper
CO,/CO > 10
CIGRE CBIP cellulose overheating
Publication N0.295 CO,/CO < 3

cellulose degradation
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Table 7. CO2/CO ratio due to accelerated aging. 2. AAXQ] Fstof whel YAl = 7TAS CO,/CO
o Accelerated aging ulg BAHe o Ao sty MPPoRK Boo} Al
190 cycle 240 cycle 300 cycle 24 AALSI e AFAHL /AL & 4 9lon,
Mineral oil 11.96 341 3.37 oo} 2 A WHI Foll TR AEY A9
Vegetable oil 6.18 169 159 AP EE UET + AH
(FR3)
Vegetable ol o - Ando R, HAXO Agtof ofsf WAYE]E 7pAX]
(Biotran) BO] R4 AoH Fgo] A J1ES A2y "
Qo Ag Jhs3 AL & 5 Atk FMHeR 8%
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