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Fig.1 Position of different codes in code space
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Table 2 Data related to code 011 and

corresponding fault types
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Fig.2 Variation of data related to code 011
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Table 3 Data of low-temperature overheat fault

c(Hy)  ¢(CHy) ¢(CHg) ¢(CHy) ¢(CHy) — fhfazen
11.90 1240 590 13.60 1.03 IR 33 4
37.97 3094  7.87  23.00 0 I ek i 4
46.00 4200 9.70 27.60 1.03 I T A 4
60.00  60.00 16.00  40.00 0.30 [REEUE
8720  73.18 27.14  56.88 0 G I 3 A
100.00 95.00 24.00  70.00 0 I ek 3 4
11040 11200 3250  80.80 0 IR IR A A
12000  120.00 33.00 8400 0.55 I iR A A
160.00  130.00 33.00  96.00 0 IR 3L 4
181.00  162.00 70.00 132.00 0 IR 3 4
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Fig.3 Results of linear regression analysis
for low-temperature overheat data

In(c(C,Hg))=0.926 5In(c(CH,))-0.8913, R?>=0.900 1,
P=2.84x107
In(c(H,))=1.022 6In(c(CH,))-0.0164, R>=0.9872,
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Table 4 Data of arc discharge fault

In(c(Hy)) ,In(e(C,Hg) )
In(c(CHy))

c(H,) c(CHy) ¢(CHg) ¢(CHy)  c(CH,) Bl friy
23.00 5.80 1.00 3.10 3.62  HIKHE
38.60 7.30 1.80 11.90 15.60 wifAgH
17.01 13.76 3.07 39.57 26.59  EAEMCHL

150.00 27.00 3.60 63.00 90.00 i RERCHE

138.70 50.80 7.70 55.20 96.00 i REHCHE
157.00 91.00  16.00 145.00 73.00  HUIKELH
1027.00 185.00 17.00  271.00  399.00 A
1590.00 400.00 46.00 1015.00 2292.00 A
135030  602.76  46.10  705.61 896.69 i HEHLIE
20271.00 1660.00 133.00 2782.00 1824.00 HAEAH
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Fig.4 Results of linear regression analysis
for arc discharge fault
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In(c(CHy))=1.0511n(c (CHy))+0.2101, R*=0.9476,
P=2.11x10"°
In(c(C;Hs)=0.8134In(c(CH,))-1.1893, R*=0.9843,
P=1.67x10""
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Table 5 Data of high-temperature overheat fault

c(Hy)  ¢(CHy) ¢(CHg) ¢(CHy) ¢(CoHy) b2 sy
1130 2460 12.70 59.9 2.80 itk
96.10 10620 3640  189.5 1.82 itk
98.00 123.00 33.00 2960 16.00 i iEid A
37.00 149.60  39.10  262.7 0.60 itk
99.00 173.90 5740 377.1 1.70 =i 4
46.00 180.70  49.00  325.6 0.70 w5t A
105.00 24190 8590 511.1 2.10 I
164.00 244.00 103.00  497.0 830  fidad
17290 334.10 17290  812.5 37.70 ikl
41421 510.13 288.23 14324 8.45 ik HA

~ y=1.0684x-1.0027

f; 8 y=1.0295x+06147  R7=07877
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3 5 , , , , R*=0.8963
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Fig.5 Results of linear regression analysis
for high-temperature overheat
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Table 6 Data of partial discharge fault

¢(Hy)  ¢(CHy) ¢(CHg) ¢(CHy) ¢(CoHy)  Wbm2s iy
15499 181 046  0.14 0 Sl i R
16239  3.13 142 0.87 0 Jeh B T L
87.30  6.50 520  1.10 0 Jrd il H
8371  8.07 5.18  3.04 0 IR YN
22550  17.60 840  3.00 0 S i R
48500 3500 29.00  6.00 0 k9 &N
650.00 53.00 34.00 20.00 0 S H
832.00 69.00 5830 14.00 1.1 S i
1256.00 80.00 62.00 38.00 S i R
1950.00 159.00 102.00 60.00 0 k9 &N

.1668x-1.0033

. y=1
y=0.6634x+3.8792 R0 0.975

R*=0.7958

y=1.2165x-2.0857
R*=0.9432
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Fig.6 Results of linear regression analysis
for partial discharge fault
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Table 7 Slope of fitted relation line between

ethylene and methane and between ethane
and methane for different fault types
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Preliminary study of undefined three-ratio code in DGA
SONG Bin',LIU Zhixiong',LI Enwen', WANG Guoli’
(1. School of Electrical Engineering, Wuhan University, Wuhan 430072, China;

2. National Engineering Laboratory for UHV Engineering Technology (Kunming,Guangzhou) , Guangzhou 510080, China)
Abstract: The fault type of three-ratio code 011 is not defined,aiming at which,the DGA (Dissolved Gas
Analysis) data are collected and sorted out,and the data related to code 011 and its four adjacent codes
in code space are analyzed and compared. Results show the relationship between the logarithms of fault
gas contents is linear. Further research on the relationship by the linear regression and hypothesis test
shows that,the linear relationship among methane,ethane and ethylene is obvious while that between
hydrogen and hydrocarbon is less obvious. The fault type of code 011 is preliminarily and qualitatively
discussed based on the content of fault gases and the results of linearity analysis.
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e b

(L% 59 T continued from page 59)

[J]. IEEE Transactions on Power Apparatus and Systems,
1981, pas-100(2) : 594-607.

®AR M % 2EATE R E R 4H (E-mail.:
happyqin2012@126.com) ;

BT (1983 —), %, A E LA L
BIEE R @ AR E 2RI R B
HE A RGALR]

EEERN,
M (1954—), B AR HA I HEAE LS
BB A R e i AT AR e R AL
BB (1990 —) , 4, 7T R HRIRA B £ BT R A AR i 3,

GIC reactive power loss calculation based on U-I curve
for single-phase autotransformer
LIU Lianguang',QIN Xiaopei'?,GE Xiaoning'
(1. State Key Laboratory for Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University,Beijing 102206, China;2. State Grid Hebei Shexian

Power Supply Company,Shexian 056400, China)
Abstract: Since it is very hard to accurately calculate the reactive power turbulence caused by the GIC
(Geomagnetically Induced Current) for the whole power grid,a method is proposed to calculate the GIC
reactive power loss of single-phase autotransformer widely used in UHV and EHV power grid,which builds
the analytic model of ¢-i curve based on its U-I curve and nameplate parameters to calculate the reactive
power increment caused by the GIC. The proposed algorithm is suitable for the engineering calculation to
assess the GIC influence and its effectiveness is validated by case study.
Key words: U-I curve; i-i curve; single-phase autotransformer; geomagnetically induced current; reactive

power loss



