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Review of failure mechanism and state monitoring technology for modular
multilevel converter IGBT modules
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Abstract: As the core power device of a modular multilevel converter (MMC), the failure mechanism study and condition
monitoring technology of insulated gated bipolar transistor (IGBT) modules is of great significance in ensuring
operational reliability. Distortion of operating parameters and internal structural abnormalities caused by IGBT module
deterioration will seriously affect the working performance of an modular multilevel converter (MMC). At present, there
are many reviews of IGBT modules status monitoring, but there is a lack of relevant summaries of IGBT module status
monitoring in an MMC. First, the structural characteristics and working principle of an MMC are analyzed. Then,
according to the failure mechanism of power-module and press-pack type IGBT, the state monitoring technology of the
IGBT modules is summarized, and the state monitoring method of the IGBT modules in the MMC sub-module is
supplemented and analyzed. Finally, in view of the shortcomings in current research, combined with the current research
status, the research direction is suggested for IGBT module condition monitoring and evaluation in a flexible HVDC
transmission system.
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method of electrothermal coupling model
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Table 4 Performance summary table for each temperature-sensitive electrical parameter

RS R IE SR R R STHLE 4k i
T R R TR 2 AR S, X S TR
G i} 7 0.345A/C
ki . R TS, SR
/INEELIT S B il -23mV/C
4 TR, 5T
R /4 . T R AR X R B, 5T S
MR, MRS 5l RS R, M
) L R i -10~-2V/C
e g ST IR, I T 2
JEEER 1] ﬁ 2 s/ C W R SRR . S S R L
o B 6 ) 05 0 2L B 57 2 e B S HE AL
I A IR I 1] IE 4ns/C FF 5L B R ], B RR
LR A 2 i 7 Vi(us-'C) 5 L4 P B L RO S R 3 1 T AL
AL i 40 Al(us C) 155, ORI B R B R
”””” BT T TR T T e T IGBT AL 2 Ak 2K RO FE b 2 77 A E M LA S
53 1S BN SRR, [F] IR B A R 3

BB BRI W | |
To = fVer1o) 3

: ! :
L shsemEE |
: 7 |

& 15 BP MRS REE

Fig. 15 Schematic diagram of BP neural network status monitoring

R Ak R g AL SR DAL IR R 22 ST LI 25
SRJE SIS, KA IGBT ) RPN
ARSI 2 AL, B IGBT HIZ IR

SR, AR BESVEASRI IGBT Helk 2 4B
Jrid, T AR B A 1 4 A R
TR RIS RREANN RN ENES S
WELFRIINES &, 32 IGBT HIEAPRS. BT
IGBT fEPEREIBMLILRE T, HAFESHiR a3
AEAS A T R B I R e PRIk, 7 i
A THREA A A SISl N ) TGBT RAS,  # ZEAS
W SN AL 8 BT A K R EORT I 2RI 2%, BRI
AR S HAZSTT R I I RE T il 5 52 41 5
WA T, KRS R . LRI
B BE SR RPIR S M U T s AR PR B R 1) dnfey
EREHE BRI P i R I B R 225 2) AT SR UK 4K
8 AR N B e e I

4 MMC B IGBT &SRS M AF5

BT MMC NEH B RALEHE S, 1IGBT
FEHAMNAE H & W Z L, RIS MMC
hEe R SR LR SR B I H M 7R T AR A B 3
0y WM ERE o H R T REEAE 2 H P A4S IGBT
YRS WM AR Fwt 74 . 36F B IGBT
PR E M7, AR inm . &1
SHTELRSRIN . D28 AN 25 5 W I &5 J7 T i 1
—UERE AL

AN TRV ST (1) &5 R e o o) 1 5 A [R] T 2 S 3 Al Fe o
H B PMI 1) e 3058 FRA L4 %2, 6 PPLBF 7R b .
SCHR[SOTAT PMI 34T 1 R s FE S5, i i A
A1 PRPD B4ttt T IGBT HIZALFERE . SCHR[60]HF 7T
TR RS2 AR {E R PRPD & (1 2 5, 3%
7S BL50 2 TH J30HEL R R S0, 3 i A 2
SCHR[611X A€ FL RN 3.3 kV [ PPI BEEitkAT T 5
PR ERES, AE ERANAS IR S E SN ER T A
W7 RESTHRILER, N R R A S B A 2 R AL
PoREER &, HRAETELZR AT 5 2/ 7£ MMC
b, IGBT 5 IcIER:, HKIT ik
MREE I RS, XN RN MMC JR 8K
HIL7E 22 WA N 2S5 T LAY SrBR[63)38 T &
I PR R (R SRR G P FL R AR, SR =
HABTERL 7 IGBT HIBE R A e i 72, Ha i
RN 16 frn. TR IGBT J& B8 A 1) 45
FO RN . AR ER A A b e R I
HIy, AR, ¥PrSEEiEEsmgt. 4
FLZE 48 FL R PRI, AN BR 4+ = i iy, 5%,
SRS L . I MMC AR5 5 5/ Nk

—

| j "
(T T R%Rc.
& 16 F1E3R IGBT EER A B B B R B

Fig. 16 Model of the partial discharge circuit of the
submodule IGBT

o ®




-182- Y EE R R

IRRARGE S, AT T MMC FREH b B s dif . AR
i MMC FEEE I DORSRFE0 IGBT & 5 K A&
JRIER TR o 45 B3 W% T e R /N IR ) 38 T
ML, REERS. A% ES, HTRET
HLAE S RE A, B R 28 B ML B8 R R KA
RN TE, X SEBRIN A R T PR

T XL 2 T 3R B S AT R T A A O
MBI L8], IGBT HibipH. 28 s
FEL R A6 0 g 2 RO OS ik [670 %t %ot i
Tok A R SR T - A UM T 5 A 0 e 725 11 i)
B, GINFIRBIED G, R MR/ ZHEN R,
AL T MMC TEiH IGBT RS HUE IS B %
PR, IS BN &AL IGBT IRAES 4.
MMC M T IGBT BHLRESHUIRIM RSt
B 17 FTm o SIZe &k S HH 12 B9 m g 0 o 22 42 11
1E 1.7%Z W, THERS BERT DU 2 T2 ExfF ik
IGBT ARG E R, b, Z 073008 F e
ARG OB LS, D T BME B T
FRAR T WA o AHIZ VAR R R S8 A
BURE RG R RN, H RGN A A,
ANISAESEPR TR RGEARIEL MR, HIRFE R
et rs, B LAZ VI S bR N B8 1A ek —
LAl

R BoRRE |-l « 5,
T s
v Uy [p Vcl
TR BRI S R <_'L_ TR L
P77 ! R

(1]

V(‘kll(} Teen V(‘leo Tee2

17 MMC 1 TR IGBT RHURAS S BTN R S
Fig. 17 MMC bridge arm sub-module IGBT module status

parameter monitoring system

MMC FHEEd IGBT FHLUEAT Lt R ke
RS BRI SN, R I I i o
—¥, WHR[68]HRHE MMC /1 SM I LAEEHE, i
F 2 T i 2 0 G 15 MMC T B IGBT
FIF DR, THE RN B ER R, HE1%h
£ A BESREL SM B4 IGBT RO Th#E(S H . SCHR[69]
P T R T RRISAT S HORNE ) 42 ) SR (1)3&E R A
{257 SM ) MMC #eift IR FEIE I 50, ks

PAFAFEIZAT TOL R F BT 0 84 1 3 40
Feo SCHR[7OMMRHE MMC FAR 25 10 0 fik g i i) A
X, EHAHERF R EIE A TR AN &IT
KA K T A S 2R RS FEU R IR B T, 15 2
MMC & FH A AF (1 RS AT RS Y, 456 48
PR R SR B & T R B F e, JRE X5
200 MVA [JZ1H% B d e TAE, X MMC B8 FERr
PEREAT 74081 SCER[7 1165 M B AL ) BL A
REME, 2B REAN[FR ) SRS T AR I E L, oL
FETF IR FAM IGBT FHT- 15 Th R HFE 1T AR
B HA@Esiee P, (7)o, JHEiFE Al
KWr P FFE 5 =&)AL (9P

Foa =U (D1 (D5(7) (7
I, U,

R)n = f;wEswion i : U_‘;KRgionKTjil (8)
I, U,

Py =fu Esw_off i ) U_‘; Rg_oﬁ‘KTj_I ©)

K. 50) N IGBT M RFAA L3tk £, R
A Ey o By o 7229009 IGBT #UE 24 T 1T

MWAEKE. KWrAEkE; I./1, U, /U 4%~ IGBT
R HIEITHEREG Ky oy Kig o NSRBI
BH R, XIITIERERE SKITREFERONT RE Koy N4
TR TF PFE R ()R R A B — A A& 335
IRK AN A, BTSRRI, BT AR
SEY D) EAFE, AR SR R ISP SRR B

HATX MMC H IGBT A i) 45 i WS DA 72 %
K FH AR A R ) . T MMC [ B B
FEME, BERURIAR T00F FRER e B T
PRIFEA TR . EFXHZIEN, SCRR[72)AR P
MMC RSUEITSEEE, 1 T R EsZ 3
R EARAE S MMC A Th 28 38 1 4 445 TR
5l), AHIZAE R R IR FE K (R 555 TR 458
BT ITIE . SCER[73)2E T H 00 S~ 3%
POREARLTY, $EH TR AT H T N MMC #eii 2%
W IR AR I AR p s P S sk, W 18
Fiw, Bl MMC RGHE1T T SHF SR E
VS R B EIRBHREIE . BWMTIR. R A
DR FHEBRS S

Ha B = MMC 348 RGIHE T 1Z 7156
BRI SM th IGBT Kb 1 45 15 A1 K i) a]
TSR E R, N IGBT BB 57 R FPIRAS
WA A A PR SR T B . SCHR[74]1 04T T A
BOSM IR AR, Rl BT
IGBT BLERT R, =10y (1w,



FHIFDE, 5

2 HESPAL A IGBT AR SO LERRRAS M A A 2508 - 183 -

M f, cosp

Pmu,'u) \
T | S80FTL5H5RE SEREREE
A e
wa(TD) ¢
\ 4 PR
Fw ] (R
AL
AR
R ko
AT;

jmax.

A 4
( dmda )
& 18 FhmK ahfh TRz E

Fig. 18 Flowchart of junction temperature fluctuation estimation
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