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Open-circuit fault diagnosis of three-level inverter based on Park transformation

REN Xiaohong, WAN Hong, YU Xiao, DING Enjie
(School of Information and Control Engineering, China University of Mining and Technology,
Xuzhou 221008, China)

Abstract: In view of problems that existing neutral point clamped (NPC) three-level inverter fault
diagnosis method needs large amount of calculation and its accuracy is affected by noise and load, an open-
circuit fault diagnosis method of three-level inverter based on Park transformation was proposed. Park
transformation is carried out on three-phase output current of the three-level inverter to calculate average
current Park vector; sliding window is used to obtain a single-cycle current signal, and output current
change is analyzed in case of IGBT fault according to inverter circuit structure; iterative method is used to
determine threshold value of average current Park vector modulus, and 13 kinds of open-circuit faults of
three-level inverter power tube are identifid and located combining phase angle and modulus. Simulation
results show that the fault diagnosis accuracy of the method reaches 98.31%. Compared with traditional
open-circuit fault diagnosis method, the proposed method does not need to learn and train the data of
13 kinds of open-circuit faults, which greatly reduces calculation amount and improves efficiency and
accuracy of fault diagnosis.

Key words: NPC three-level inverter; IGBT power tube open-circuit fault; Park transformation;

average current Park vector
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Table 2 Modulus and phase angles of average current

Park vector in one cycle

wE - OBE/A MA/O || RE S BE/A S HA/O

normal  0.000 003 357.48 Fis 18.78 157. 66
Fa 14. 92 88. 48 Fuy 11. 94 158.37
F. 18. 82 92.42 Fu 15.25 214.79
Fus 20. 96 272.92 Fe 19. 64 216. 89
Fu 14. 40 276.49 Fa 19. 67 31.19
Fi 15.50 331.42 Fu 13.57 23.97
Fio 21.49 328.10

H 2 2 T 2 IGBT 4bF IE # R T L 4
F O, MM T 3607, F—HAFEM 2,3 B WEE
FE1T~21 A ZWL B — B 1,4 8 A E A
10~ 17 A Z [, #H W EMHE L, =37 A, N

Y, :iIm:& 89 A.Y, :ilm:17. 67 A,
27 27

R T IR A Y, WOE B A AR, fE 16,5~
18.5 A M, LK 0.1 A BUA [ B/ B9 i 32 47 52
¥, AT 533 AMREARDEAT 21 Yk At . IF it
R BRI W AR R 25 R AN TRT 6 TR

9r

1 1 1 1 1 1 1 1 1 J

90
16.5 16.7 16,9 17.1 17.3 17.5 17.7 17.9 18.1 18.3 18.5
BIEY,/A

6 BIE Y, B )RR B0l 2 W o iy 5

Fig. 6 Fault diagnosis accuracy of threshold

Y, with different values
ME 6 Al A B Y BE Y, 17,7 A B2
W R R e L IR B T 98, 31 %L BRI T B Y, B
[ERr iR L e
Y, =5.89 A,Y,=17. 67 A N} 1l &2 W 45



86

5 B

% 46 %

e 7 fros . WP IR IS Wi AR LA 3.

T o SRR g —
Fol TR RS 53 2 —
Fa [2]
m‘K Fb4 -——
ﬂ:\( Fb3_ -—
ﬁ Fpo —
ﬂ Fb] ~ -——
& 1:34— ——
Fu3 nd -_——
FaZ - - ——
Fa] L]
nolmal 1 1 1 1 1 1 1 1 1 1 J
0 50 100 150 200 250 300 350 400 450 500 550 (3]
TRPEA
7 WIS gk R
Fig. 7 Fault diagnosis result
3 AL PR B2 W 25 R
Table 3 Partial actual data diagnosis results (4]
12 Wi i SRR BEER
Bli/A gy e SRR BRI
E311] By 1E i
20. 04 206. 27 Fe Fe I
20. 44 41. 41 Fes Fe =
13.62 39. 25 Fe Fu =
2.45 123.18 normal normal = [5]
17. 89 95.70 Fa Fa =
22.23 97.16 Fao Fo &
18. 24 266. 71 Fus Fas =
11.17 268. 20 Fu Fu =
12.63 341. 49 Fu Fu 2 (6]
18. 28 337.74 Fi. Fie f
21.57 148.79 Fis Fus I
15.47 145. 40 Fuu Fu 2
16. 25 198. 25 Fa Fa =
- [7]
M7 AT E S B i 4 43 2 5 1 ) ik 4R
TRAFREMESE.
5 #iF
P T — BT Park AR — T3 AR 2R T L8]
BB BRI T O v 6 AR HLR AT Park AR, 3R
P H R Park O i, R o ) 5 Park & & 9 AH A
FURAE X K A T B R i D SR A AT e o . 5 L4
WKW % 07 35 OB 2 W e i R iR ) T 98, 31 %0, [o7
5 A% 255 ) I B BB 2 W T R LG L 3 O VR O i B
13 Fofo {87 BRL T B 550 B 540 1 A7 2 >0 R e R Rk 2
TIPS P TR S W RCR R R R
£ % 37 ik (References) :
[10]

C1] TR TR, sk, . 5 W B U2 B8t LT .

TH Hshk.2017,43(9) . 1-11.

DING Enjie, SHI Weizu, ZHANG Shen, et al. Top-
down design of mine Internet of things[J]. Industry
and Mine Automation, 2017,43(9):1-11.

Ve B RT3 Iy BILAE 42 5] 78 UL A% B 12 W 5 5 e
T [D]. L #S - VY R 32 K%, 2018,

TAO Xuantong. Fault diagnosis and remaining-life
prediction of traction converter for high power electric
locomotive [ D ]. Chengdu: Southwest Jiaotong
University, 2018.
WANG Y, LI Z, MA H. Comparison of two
diagnosis methods based on switching voltage pattern
for 1IGBTs open-circuit faults in voltage-source
inverters[ J ]. Journal of Power Electronics, 2016,
16(3):1087-1096.

G MR B A AR 5] R e R4S B A R 12 W
[DJ. g 5« B UM 2SR R, 2017,

JIN Lingiang. Fault diagnosis of three-level inverter in
high-speed train with compound faults[ DJ]. Nanjing:
Nanjing University of Aeronautics and Astronautics,
2017,

R B T IR AR 5T 0 0 2 1| 30 1 88 T B 5 2 2 I B
D], BUHB - 7Y B 5 K%+, 2018.

HU Ranran. Research on open-switch faults
diangnosis based on hybrid system model in traction
[ D ]. Chengdu:
University,2018.

BANDYOPADHYAY I, PURKAIT P, KOLEY C.

inverter Southwest  Jiaotong

Performance of a classifier based on time-domain
features for incipient fault detection in inverter drives
Ll
2019,15(1) :3-14.

MRACAL. e F17 S AL HL 1Y %2 51 306 A 4% IGBT 1y e 12
Wi 75 B A5 LD, AR - P g 58 38 R 2%, 2018,

LIN Shuangshuang. Fault diagnosis of IGBT based on

IEEE Transactions on Industrial Informatics,

signal processing methods in traction inverter system
[D]. Chengdu: Southwest Jiaotong University,2018.
F e . AR IR 2 W K S AR R LD 0A R L IR
IR T R A, 2012,
JIANG Shengcheng. Inverter fault diagnosis and
fault-tolerant control[ D]. Harbin: Harbin Institute of

Technology.2012.

WU Feng, HAO Yang. JIN Zhao, et al. Current
similarity based open-circuit fault diagnosis for
induction motor drives with discrete wavelet

transform[ J ]. Microelectronics Reliability, 2017,75:
309-316.

e 5 L TR B AR R R G R Y IGBT 46 8 2k &T
i Jr EFSE[D]. B P H PR, 2016,

GAO Bing. Study on failure evaluation method of



[11]

[12]

IGBT module based on temperature gradient and
statistic characteristic [D]. Chongqing: Chongqing
University,2016.

RARME AR AR VR Rk TN AR e - E T A BT -
25 9 244 B35 1) 22 B SF- 3 A8 i R iz B LD . LD AR R
HRZFEZF M CARB ) .2019,38(1) : 111-120.
SONG Baoye, XU Jiwei, XU Lin. Multi-level inverter
fault diagnosis based on WPT-PCA-NN algorithm
[J]. Journal of Shandong University of Science and
Technology(Natural Science),2019,38(1):111-120.
R & ERE, . = SVPWM AR 8 ki 5
Tl R 55 R 4y EL LT . b a0 32 8 R A A 4R L 2017,
41(1) .78-84.

WU Xin,JIAO Jinghai, LI Qiang. Fault simulation on
vector control system of three-level SVPWM inverter
[J]. Journal of Beijing Jiaotong University, 2017, 41
(1).78-84.

[13]

[14]

CHENG Shu., CHEN Yating, YU Tianjian, et al. A
novel diagnostic technique for open-circuited faults of
inverters based on output line-to-line voltage model
Ll
2016, 63(7):4412-4421.

WANG T, QI J, XU H, Fault diagnosis
method based on FFT-RPCA-SVM for cascaded-
multilevel inverter[ J]. ISA Transactions, 2016, 60
156-163.

KR YRR AT, 25 BT Park 78 f6 04 22 ) 4% £
AR g R A e L] A SRR AU B R,
2014(22) :61-66.

LIU Wei, JI Zhendong, HE Rong, et al.

IEEE Transactions on Industrial Electronics,

et al.

Fault
detection of inverter based on Park transformation
network [ J .
Management Technology. 2014(22) .61-66.

and neural Electrical &. Energy



