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A practical fault diagnosis method for series-connected battery packs

based on principle component analysis
YANG Qifan,DUAN Dawei, LI Nan,ZHANG Yuliang, MA Hongzhong
(College of Energy and Electrical Engineering, Hohai University,Nanjing 211100, China)
Abstract:In order to ensure the safe operation of electric vehicles and energy storage systems,the research
on fault diagnosis for battery packs has attracted much attention. Aiming at the problems that the current
diagnosis methods of battery packs are relatively scarce and not practical,a practical fault diagnosis method
based on PCA (Principal Component Analysis) is proposed to accurately identify the battery cell fault and
connection fault within a pack. Firstly, a non-hardware redundant cross-mearsurement topology is proposed
to measure the batteries and the connecting plates with different number of sensors. Then, the variation
characteristics of measured voltage in the pack are analyzed and the fault features are extracted by intro-
ducing PCA. In order to ensure the adaptation of PCA model,the idea of integrating PCA real-time mode-
ling and fault diagnosis is proposed,and based on this,a complete fault diagnosis scheme is designed. Finally,
experiments are carried out to verify the proposed method. The results show that the proposed method can
reliably distinguish the battery cell fault from the connection fault, accurately detect the battery cell fault
that cannot be detected by the threshold method,and is robust to the influence of state of charge,state of
health and temperature difference. Field operation data also confirm that the proposed method can effectively
avoid false alarm.

Key words:lithium-ion battery;fault diagnosis;battery pack;PCA ;cross-measurement
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Stator grounding fault location method of turbo-generator based on
geometric relationship algorithm
PEI Liqiu', YANG Hongtao',ZHANG Qixue’, LI Huazhong’,XU Linbo’,WU Lijun',CHEN Jun™*
(1. Fengtai Branch of Huaizhe Electric Power Co.,Ltd.,Huainan 232131, China;
2. NR Electric Co.,Ltd.,Nanjing 211102, China;
3. Zhejiang Energy Group CP Lid.,Hangzhou 311100, China;
4. School of Electrical Engineering,Southeast University, Nanjing 210096, China)

Abstract: A method of turbo-generator stator grounding fault location based on geometric relationship algo-
rithm is proposed. According to the fundamental wave potential distribution characteristics of large turbo-
generator stator windings,the potential vectors being connected in sequence are approximately equivalent to a
circular arc on the plane,and the corresponding central angle is defined as B. Meanwhile,the zero-sequence
voltage of stator and the winding phase voltage are mapped to the plane when the grounding fault occurs.
The geometric relationship between the fundamental potential from the fault position to the neutral point
and the phasors such as the stator zero-sequence voltage and the winding phase voltage is established.
Combined with impedance characteristic parameters of zero-sequence circuit,the fault angle 7y of the neutral
point to grounding fault winding bar is calculated, and the ratio of angle y to angle B is calculated, which
is the grounding position. The proposed method is verified by the simulation test and the field grounding
fault case. The verification results show that the proposed method is simple and effective,and do not depend
on the injection stator grounding protection, which can greatly improve the diagnosis efficiency of generator
stator grounding fault and shorten the troubleshooting time.

Key words:electric generators;stator grounding fault location; geometric relationship;central angle; simulation
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Fig.A1 Voltage curves under Federal urban driving schedule
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Table E1 Label of false alarm points with different additional threshold

€ bR
145 152 155 220 221 222 223 242 243 244 245 246 247 248 249 250 380 381 382 383 449 450
0008 479 480 481 642 647 698 699 1046 1050 1053 1105 1136 1172 1333 1334
145 152 155 221 222 223 244 245 246 247 248 249 250 380 381 382 449 450 479 480 481
0009 642 647 698 1046 1050 1053 1172 1333 1334
0.010 145 152 155 221 222 247 248 249 380 382 449 450 479 480 642 647 698 1046 1050 1053 1333 1334
0.011 145 152 155 221 222 247 248 249 382 450 479 480 642 1046 1050 1053 1333 1334
0.012 145 152 155 221 222 248 249 480 642 1046 1050 1053 1333 1334
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Fig.F1 Voltage curves and contribution of ygpg under battery cell fault
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Fig.F2 Voltage curves contribution of yqpg under connection fault
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Fig.F4 Voltage curves with different SOH
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