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Abstract: To address the issue of uneven thermal stress distribution in power devices under in-phase disposition
PWM (IPD-PWM), an improved carrier disposition PWM strategy is proposed. Aimed at enhancing the reliability of
converter systems, this strategy leverages the concept of carrier reconstruction by optimizing the dynamic distribution
ranges of modulation waves and carriers. With a focus on balancing the switching losses among submodules, the
mechanism by which the modulation wave range influences switching losses at varying modulation ratios is analyzed in
depth. The results of Matlab-PLECS co-simulation thermal modeling and experiments on a seven-level converter
platform verify that the improved strategy achieves balanced thermal stress distribution in power devices while
maintaining output harmonic characteristics identical to those under the traditional IPD-PWM. Consequently, the

N . overall lifetime of the converter is significantly extended.
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Fig. 2 Traditional modulation strategy for CHB
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Fig. 14 Comparison of thermal indexesfor system junction
temperature fluctuations under three modulation
strategies at high duty cycle
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Tab. 3 Comparison of system lifetime under different
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Fig. 17 Comparison of thermal indexes for system average
junction temperature under two modulation strategies at

low duty cycle
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Fig. 18 Comparison of thermal indexesfor system junction
temperature fluctuations under two modulation strategies

at low duty cycle
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Tab. 4 Comparison of system lifetime under different
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Fig. 20 DC-side bus voltage fluctuation
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Tab. 6 Comparison of system lifetime under different
modulations with DC-side bus voltage fluctuation
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Fig. 28 Comparison of switching timesat high duty cycle
TSR R IR AT I, LA 1 8
SR ¢ ETHIZER T, SESRIEEIAT, LI
FIWTEk Y IPD-PWM {EB i A i L iDLk Ak
W, ERE 29~K 31 s, th(6) AL, AT X
THAIIEE K, I E /R 1 3 ARk
ASHRHISAT FZERRAYEHFRIIE . Hoh &l (a)h
AT, (o) W INFABS , AT LUK BT



55 4 1]

BEE, . ETHPEMRGIR H AR i SRR T SR 335

AR B AR 1 RN B2 S,
A 2 RS T2 48 IPD-PWM,

30

(a) ZhERAL He T (b) DB S5
B 29 BhHZTILTRTHERGE IPD-PWM ZiRE
Fig. 29 Junction temper atur e measurement under |1PD-

PWM and cyclic load at high duty cycle
W

ir—al
. |

«
LlC

35.9 C BEE

456 °C HER
T ..
(b) T 5
E 30 SaZFLITRTHERGEEESFEHLENE
Fig. 30 Junction temper atur e measur ement under

head-to-tail modulation and cyclic load at
high duty cycle

3.2

0 ,';2. b3)17:19:93 !m oll-} m';.o 17:21:26 J‘b
(a) AL e (b) T 5

B3l B4t TR THERGSEIFERAATERNE
Fig. 31 Junction temper atur e measur ement under
non-head-to-tail modulation and cyclic load at
high duty cycle

AR A AL L 8.

*8 BEATHIRTHMERED
Tab. 8 Junction temper atur e fluctuations at
high duty cycle

2R S ZERIE A O MR(T)IHE, 51 ILEE 9,

£9 BHTLIRTHEMILE
Tab. 9 Comparison of lifetime at high duty cycle

PEH 7= PIEARE N /IR i %
IPD-PWM 3.11x10" —
HEHES 7.22x10" 132.15
e EHES) 5.30x10" 70.40

W AEREETERR/C ARSI/ C ATIC
IPD-PWM 38.6 494 10.8
HEH 35.9 45.6 9.7
e EHES 36.3 46.5 10.2

M 8 FE UL, f£48 IPD-PWM JCit & th %
A0 T S 1) ST 45 205 R A 2 T AR e T 1 4 1R IR
SNERESE s A SCHR Y 2 Ffrike el sl SR mes mT LA
R R25 TR RIS BRI 25 e 2l , A Bh
FARTAR TR T, B R AR AR . KT

PSR TOLT, e EEHES R T $  20A e
FEE G AR S IPD-PWM $£7F 132.15%,
I B HES AL 5 IPD-PWM 27} 70.40%, 7%
T A A ) K
4.2 HERMBLIEE: K4S

HARTEFMAE, LA 0.4 I, AAFTSC
G187, A&SE IPD-PWM FA ) 40T AR, A F
RPN AR 2 Sl BOCH B A , iR RS
FEHES , BRI A, e 3 A
BT B, s 32 Fis . RIS TAE458
IPD-PWM, FHH 1 IFHSCIRECH 0, R4
NI 220K . A 2ElER, AEE BHS T+
B ] SR ot 4 A ] o

14

P Bl s
12
121

101

8_

FFRIKEL

1

0
IPD-PWM

I RS
32 RAZELE TR THFFRRET L
Fig. 32 Comparison of switching times at low duty cycle
SIS, X 2 FhE ST 3 ASTREHE ) oA
FEE AT, AP 33 AIE 34 P Tl
23 VR, EL M A A A, s R HES IRl
TNAH e o A LU SRR, SRSl
AR TTAZSE IPD-PWM | T8 ) 7341 BN 416
- IIAS IR LG T YRR L R, Rt T
FEVEREAR, AERias AT ar AR,



336 i, T

I 55 24

(a) ThAAL ﬁ%m (b) ThEAEM )G
B 33 KA TR TH{EIRGE IPD-PWM ZRE
Fig. 33 Junction temper atur e measurement under |PD-
PWM and cyclic load at low duty cycle

(b) PG
B34 RAFLLTRATHEARAZIETREHTIE
HiRNE
Fig. 34 Junction temper atur e measur ement under

(@) AR e iy

non-head-to-tail modulation and cyclic load at
low duty cycle

AR E A5 IR AL L 10,

£10 RESTHTRTHERES
Tab. 10 Junction temperature fluctuations at low

duty cycle
PR ASRETLER/C BB SEIE/C ATIC
IPD-PWM 40.5 51.5 11.0
A1 RS 352 44.7 9.5

a5 5 a5 iR B s A (6) 5 ()it
B, R 1L,
F11 RESHITRTHEGLE
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