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ANPC unexpected level elimination method based on specific
unit switching tube action delay
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Abstract ; The dead time of active neutral point clamped ( ANPC) converters can lead to unexpected level
output and overvoltage issues in the switching tubes, resulting in a shortened lifespan of the switching
tubes and affecting equipment safety. A method based on specific unit switching transistor action delay
was proposed to address the problem of unexpected levels in 5SL-ANPC and 3L.-ANPC converters during
dead time. Based on the polarity of the current and the delay of specific complementary switching tran-
sistor actions involved in switching, all unexpected levels caused by dead times can be completely elimi-
nated. In response to the overvoltage problem of switching tubes in SL-ANPC and 3L-ANPC converters
during dead time, considering the junction capacitance of the switching tubes, the voltage borne by the
switching tubes during the dead time was calculated to determine the switching and overvoltage amount

that may occur. The overvoltage problem of the switching tubes was suppressed by using a parallel ab-
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sorption capacitor method. Finally, effectiveness of the method was verified on SL-ANPC and 3L-ANPC

experimental platforms. The proposed method does not require the addition of additional switching tubes,

and the implementation process is simple and suitable for solving similar problems in other topologies.

Keywords : three level ; five level; active neutral point converter; dead time level; dead time switch tube

overvoltage ; absorption capacitance
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Table 1 Switching state for a SL-ANPC topology
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Table 2 Switching state for a 3L-ANPC topology
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Table 8 Excess of voltage on 3L-ANPC switching tubes

IES B RIS RZHEE BiE/%
P—0OU i} T, E/2 0
oU—P 1 T, 5E/6 67
N—OL iF T, E/2 0
OL—N iE Ty 5E/6 67
0U—OL na T, E/2 0
0L—0U iE T, 5E/6 67
0OU—OL il T, 5E/6 67
OL—O0U il T, E/2 0
S\@) e
o o— [ 4C +1) E
E/4 3C+Cw ) 4
L B2 i SR
E | FE12 Lgyy E ]
T EpR T S
—I—ﬂ'*—
v 4 ﬂ_ 4
T (a) SAHFEE T (d) FEX HL R AR
‘ Thio s Bk A
o— o—
13 E/4+ Au
/2— U
E < E/4 E

O (o) FEX R
BT (hRvE L)

°_ (b) FF B HE R IF] i 3
BAR (BRI HLE)

E2+|Au, , i

B 10 MAREEBEEFBETAERS,(4) S, (3) I#3E
XFFRmEZW

Fig. 10 Withstand voltage change process of S, (4) —

S.(3) switching dead time when the current is

positive after adding absorption capacitors

S, (4)IRZET & TP B R Z B ETEE h R i
1 S, (4) D145 2 58 X Bk 0] 2% & A 495 H 25 A0 FETCH
fEi it 7 sz\Tﬁ\T,u?@EBFE&E%%%M
Auy, Auy, \Au’Tx4 JHE S, (4) REFF R K ZH
P AT BB R T, T T, T, 7R L JE DL
AC TR 25 L TR AE ] 10 (b) bt AR i 25 114
B SHOC R, rT AR B T, T, T, IR
BRI, 7EIR 10 () HHdR it

Tl’il 10(b)tPr”FH KVL 7] L5 2]

- Auyy + Augpy = E/2 + Augy, . (6)
EEI 10(0) iz KCL 7] A5 3



9§41 W W 5 FE TR BT S SR SRR 1 ANPC AN R H S TH B ik 165
et Sk 2% o H ) 7
ZCAusz _ CAum +Cw Auszo (7) ﬂ:?éE'v/nEEﬁcuj‘jl HF,},F‘E%H&LI&EQH CWEX
At At At 200 nF,

A (6) (7)WL AT LTS 2
(3C +C)Auy; = (C+C)Aup,.  (8)
A

C+C.
Au'l‘x3 S

LRt ©)
SRR SR R T, SR BRI Py, T, K37 HL
WA E/2 1] LIS ]

Auy, = E/2, (10)
R4
C+C, 6 E
Aum bl
3Cc+C, 2 (11)
2C E
Auyy, = Augy - Augy = 3C+C, Dl
FRARRIE 10(b) A7 T, HUFE y  HE 25
Uty = £ + Auy, = E_4c + £ (12)

4 43C+C,  4°
PLE/4 3, A5 T , R AR A AH vy,

4C
e =3g, g L (13)

MR (12) FTE H v, Bl C, 3 RN, B
HETREIET 1, 2 C I 10C B v, 24 1.308,FF
AR o 30. 8% , 53K 2 €, B 200C
I, vy, 9 1,019 JF A HL I H 42 1. 9% Al il 2
BEOR, PR A A ISR/, L €, mT LS,
REME C 200 5, SEBr b C IR EM, A T 1%
TEI FAMHEOR 5 ¢ i ¢ BUe RS s 251

4 FE5IR

NIRRT, 4045 i 3L-ANPC 5L-ANPC
WA 0 AR TR 55 S5 0 A58 R 47 () 0 R S 56 B8
TR RSB SRR 7E R 9 Hhés il . 3L-ANPC
BRI AN, RS MU 5 SL-ANPC 525 F- &
—H, mITREIEBR ], A LA LR R A AR Y
T LA TR

®9 ANPC iEZHESH
Table 9 Parameters of test bench

e HfH
B/ WF 1 600
JERRE N AY 100
PR (SL-ANPC) /pF 158
BEIX T[]/ ps 4

4.1 ZEXEBHBRHFE
$5 5 SL-ANPC . 3L-ANPC 3¥i 45 #8 {j 11 185 50

Kl 11 2 SL-ANPC 4 A AHH i Ry 700, & A
S,(3)—S,(4) WFE X ] BH BR A S 25 oI 4
155 Ty T KAZ HL R DL K s R B, 7T AR
B IX ] A BR A A L 2 i 50 VA EE
-, H T, & Z B R fe Kol 58.25 V, 25 V #iE
{E2Y 133% 5 W O 7 75 Ja AN BAEE S T, 2
[ RIS R A

Ql
i)
Q
<
N
Ql
i)
Q
<
Q
)
Q
<
=
o
«
o 2
- ‘R
<
K|
=g
50t 3
> 4 —> AHHE
s ] 1 AR
=) 25+t 1 H
Sa(3) Sa(4)
-
0.020 49 0.020 50 0.020 51
tls
(a) BEIX [ T4 bR AT
Sa(3)-S.(4) Sa(3)-S.(4)
- HEPRAS3 i ER A4
|
o 10Fsememmmman
= 05! = -
R O ———
N
| lOpesesnnnaa,
2 ost = a4
&) (e = = e s sees =
¥ 1.0
« L EEEEEETTFETTTATEEE
T 05 z —
S Op=====
e
S 05 : S
R Qkemse=
o =2
. .R
< &
K|
=g
2
Sl 5.3) S.(4)
0.020 49 0.020 50 0.020 51
tls
(b) FEX M EREBR G

11 5L-ANPC fi[E iR S, (3) —S,(4)
Fig.11 5L-ANPC negative current S, (3) —S,(4)



166 oW 5 B 6 % %29 &
Bl 12 24 S5L-ANPC 4 A #HH 38 7 B & 2R FEIX
N 1.0 PyEEyT T —— emmmmmn
S.(3)—S,(6) A fs HARR S oslh . — T
[} - - mmmm T
S Opsze---
~ X Q! fmmmsmmmmsmssse=.]
S loFroioe S| 1.0 I - — T
—_ - ) - -
T 05} = —— Q
2 0 I -
N 10Fem===- G
O = === =Ty
PP ==t L L LLLL L .z
N & -~
:0 051l —Ez = é
e et A ‘i
=
= 10— L smssmsmsssE=====] gt
i o T
% -mwmmTa
~ 2 o T.2 §5 3
2R ot R
= EAEEETEERE -100¢
& 1 TiazH3 L
& g . £ ! priie 0.010 49 0.010 525 0.010 51
- FEE (a) }Egl‘ﬂﬁi‘%%ﬁﬁ
o i Ry OL-0U OL-0U
HEPRASL PRS2
- J 1.0 R PEEEEEEEEET LY
0.020 49 0.020 50 0.020 51 S o5l * . — T
s CHRr] SR A A AT
(a) BE X[ B R AT N 1.0 e hmmmmmEen A~
N - o T.
5.(3)-S4(6) 5.(3)-S4(6) g 0'(5) L - I
— PR3 DR ZS4 ®
QI 1.0"'""";':* T % (1)'(5)7------5 o T,
3 o3 E gt 3 2 % S Tt e
e e—re————————— - 100
:| 1.0"""'-"': T \—E —$l
§ 0(5)' -::::I.g---_ &:E‘ 50 EEEEEEEE SN NN
= =
o 1.0 o T. i w 0 u-_w__
= 05f - =T () e mre———————————————————
ch O " s s s s s s s = .= =
= 10 L ST
S 05 = —— S)
< O ===
-100
= 0.010 49 0.010 50 0.010 51
S R tls
. E (b) BEIX B )G
e
gty
- E 13 3L-ANPC IE[@HEi# OL—>0U
= 25 Fig.13 3L-ANPC positive current OL—OU
50) I 546)
0.020 49 0.020 50 0.020 51 ’ N N . .
s 14 23 3L-ANPC 4 A FHHLJN T 442 P—
(0) FEBC IR OU YHery iy B

12 SL-ANPC fA[EHEHR S, (3)—S,(6)
Fig.12 5L-ANPC negative current S,(3)—S,(6)

K13 2 3L-ANPC 4 A AH L3 R 1F B & A4
OL—OU P, ] LA MY, it U) 48 & A= ) AH L e 25
it 50 VRN EE RS- HLAE XA T, K 37 HLE
24 83.35 ViR 50 V B AE 67% 5 b FHXT R 5
e, AR T, o RS KA,

4.2 FERXia)REHBRSEIE

1) B — TSGR B IX [ ST o

$EH SL-ANPC 3L-ANPC #2528 5206 -5 0 T
KA FHYE K& AY IMBG65R057MIH SiC MOSFET,
A E A T AT A TP L S A i KN 1 nF 315 T]
P A FEL 75 250 B 200 nF , BTS20 451 BRI &
FHZHE R 220 nF (4 WL 25 5 DSP #5 fil l E H T1
N H] ) TMS320F28335 St |, 11 5% 78 L R 46 1 47



54 1y A5 T A5 TR E BT R B VE IR 1) ANPC AN EE S 38 B 1k 167

PP RN R B 3 40 FPGA R Xilinx 23 &) #Y FAE I i (] A U
XC6SLX9 ith i, T st A il PWM 155 Ab FRoRFESZY

5,3) S5,4)
53t )
AT _fg \./ [/T Ch1&Ch2:(7:5 Vidiv)
X ?g I ‘ /T'_, T, Ch3&Ch4: (75V/d1v)
:| 10fssmanncn %8 — ‘I }T'_z J T.z\ Ch5&Ch6:(7.5 V/div)
= - - Ts | - R e
g% eI 0 mf na Gusasns v
TN [y e T, @W
RIRCUEEEEEEE — gngL:{MM_
3 o A TP B | Vg memmmmeyones vy
2 0 -20 erezeeees
= 10 - £/(2.000 ps/div)
g 0.5¢ mmmaTa | (a) FEIX. (0] B BR BT
i---------------------------' S.(3) S.(4)
_ 2 100 '?.5" e T. 20 K
\F': -5 :... = 1 m=mmm T _10 L \/TM T,
,‘]3 MILEEERRER] S jusssssssssnnm 20 . . - - ! , ! - -
3 H . ,'-—} TR T iy S <
&/ s HEH R 20 F . R
0* _10 } .z\\‘ 2~
. 50 20 | T, ! T, \f
\5 -10 i )/IV’ T T } V i N ' T
o 25 a 80 Ta2 \ —
20 T~ — ; ; 0 0 : n n
o - I
8.625 8.630 8.635 8.640 8.645 8.650 #(2.000 ps/div)
‘t/s _ (b) FEX AR BRE
(a) FE X 5] B BR AT
_ FEX E 15 S5L-ANPC fifBi% S, (3) —S, (4) £
| 10 EEEEEEE>
aQ - o T,
3 0.5 - p—— Fig.15 5L-ANPC negative current S, (3) —S, (4)
= 0 - EEEEEEEEEE s e e e e
N 1Op=m=mmme experimental
[s] 0.5} put e T.3
T.) - : mmmm Ty
% 0 EEEEEEEEEESEEEEE .
% (1)2 | o T2 | 5.3) 5,6)
g Y O ;
® 108—............................< _%8 LT LT Ch1&Ch2:(7.5 Vidiv)
K E = ?r _%8 \ LT L-Ts  Ch3&Chd:(7.5 V/div)
& ==y
:‘E S)EeEssssssEEENEEEE s EEE S _%8 Tr.z\ T.z/' Ch5&Ch6:(7.5 V/div)
=P 0 _%g Vi Tus/ Ch7&Ch8:(7.5 V/div)
_ s - _gg M\'% Ch9&Ch10:(25 V/div)
o LT G T o FR AR
257 1 = i R R Y B o F-Cln 1425 VAdiv)
0 ] t/(2.000 ps/div)
8.625 8.630 8.635 8.640 8.645 8.650 (a) FE X [l RS B T
tls 5,3) 5,6)
(b) FE X B B JR S |- [,
_%8 \/ 1.3 /T,3
514 3L-ANPC fi[E Bt OU—P 20
T, T
Fig.14 3L-ANPC negative current OU—P _%8 2= §
-10 i [ T
%8 /VIT.Z
15 1 16 4351k SL-ANPC % i B 3y st 80
-20 Va I
— —
AR F AL S, (3)—S,(4) .S,(3)—S,(6)1H #(2.000 ps/div)
BRAEDK [R] i A SE R 2550 507 FOEEA AR B (b) FEIX LG

FVFR R 7 IR, A AHAR R S i A |
T, &% RS> ik 60 V 5 58 v, & R it R
25 VI 140% 5 132% , 5S40 M 25 1 133% 53
Jof AR 5 25, A F A s TN IR BT experimental

16 SL-ANPC fi[EEiR S, (3)—S,(6) Xk

Fig.16 5L-ANPC negative current S, (3)—S,(6)



168 Bl 5 % #l %=

17 & 18 43558 3L-ANPC i Hi HL 3 A R,
A AHEEE S A OU—OL , OU—P 314 5 48 X [7) 5
HG I SE IR 2SR, 5 0 FLEEACAH R . 1 AH R 7 vk
B, &4 OU—OL I , 50 X ] 4 RS 2R e
S I FHAFN 5325 5 AN 3 SR O [ R A ke, R A
OU—P YIit, T, A& 32 L3k 87 Vil 4 it i
50 V 1) 74% , FIIR S B 45 R 67% 423k, 7
WRE O TR AZ H A3 A0 T

(0]0) OL
20
8 Ty LT_, Ch1&Ch2:(7.5 V/div)

-1 e 7

2(8) T, I/T,Z Ch3&Ch4:(7.5 V/div)
-1 = L

2§ T, -} ', ChS&Ch6:(1.5 V/div)
I%o IV Ch7&Ch8:(d5 V/div)

| |

_68 =5 VT.I

78 --------------- Ch9:(42.5 V/div)

BT S S ey

£/(2.000 ps/div)

(a) FEX [A] R BR AT
20 ou OL
T, — T,
Iy £
20 T C-————'T
_18 2 —™ a2
20 .
8 /T’“ Sl
-1 - tr—
120 /VT.1
X
~68 =
78 Tal
-100 i

1/(2.000 ps/div)
(b) FEX [AIEIE R fa

17 3L-ANPC IE[EHE OU—OL L1
Fig.17 3L-ANPC positive current OU—OL experimental

2)) FL I FE AU X ) S B

SL-ANPC 1 3L-ANPC % R H# )2 & + I
R AR B FIAHZ B R =X, A fEM R &
AT X 9 ) 3T R AR DX T R R S5

PHHIE m B0, 8, BHNAR 2 kHz, I il i 4 %
50 Hz, 119 4 SL-ANPC SEIX [m]@UHBRATIE 1) T, |
T, RS2 B A A E PR 0 DA S A R S P
MO, AR, VAT fE A A i 2%
LR A4 A A RS R R s i
BT, 88 T, K37 Fi e 80 Tid 104 185 50 5 Tz FH )
N TR, IR S A, 1820 S 3L-ANPC
B DX [ A I %) S o 45 2R 9 [ A ) 45 B A

%529 %
ou P
20
—18 T, T_j_,lChl&Ch2:(7.5 V/div)
jg L .1‘ Ch3&Ch4:(7.5 V/div)
zg T ST, Chs&Ch6:(7.5 Vidiv)
I%O vk "?Tt Fz“_,mmﬂmmz
—98 Vg Ch7&Ch8:(45 V/div)
—
1 0§ A Ch9:(42.5 V/div)
1/(2.000 ps/div)
(a) BEIX [a) R bR AT
(0]0) P
20 = e
18 Ty~ - T, .
20 r—
18 T.z/' _._7T.2 e S——
20
18 LN
128 P
—60 \an
8 d
-100 Vo

£/(2.000 ps/div)
(b) FEX [RIBIE R S5

E 18 3L-ANPC fi[E R OU—P LI
Fig.18 3L-ANPC negative current OU—P experimental

5,3)—5,6) S5,6)—503) 5,254 S#—S3) 5,03)S4)
R HHIER MR MR R
80 [ I i A A

& i
t/(5.000 ms/div)
(a) FEIX [R)REH B Al

(2 Aldiv) (10 V/div) (10 V/div)

VTa 2/

N TN 1L

d
Ta2?

v/
(2 A/div) (10 V/div) (10 V/div)

C]

I/

£/(5.000 ms/div)
(b) FEX A1 bR SR

S5L-ANPC #iEEE + HiEBHEIEH TR
12 L3 B SR 06
Fig. 19 Dead time problem elimination experiment under

5L-ANPC PS + PD-PWM

23]
e

N T 2P UE SR FAE I 7 AN 2 52 M i S A
TR IEVERE , X Lo PR 00 T B S i o A T I
et A 21 Bz, al DL HY i i el i i 22



55 4 1 W 45 < 3 TR BT SR SR SER £ ANPC A0 B P BR 7 12 169

AK
OU—-OL OL—-0U OoU—P
WRERE BBEGR WIS WS
~F 4[N W NS
s:‘ I VT-I ‘”‘l lPVIT-I
R |

I 1
(TTTTTPROT,. TR

V./
(3.5 A/div) (35 V/div) (40 V/div)

=~ #/(2.000 ms/div)
(a) FE X [A] BT R AT
~. 140 Vi VIT-I
8 —d -
5 | '

-20

7

-7

an

vV /

a

(3.5 A/div) (35 V/div) (40 V/div)
2

1/

#/(2.000 ms/div)
(b) FEX A1 RR I B S

20 3L-ANPC i 48 =& &) T 5L X 03 iH Bk L 36
Fig.20 Dead time problem elimination experiment under

3L-ANPC PD-PWM

1.00 ) 51X el B kAl [ sEX WS m

8

Rat

& 050

jm

0 9"700 150 200250300350 200450500 550 600 630 700 750 800 850900950
FZ/Hz
(a) SL-ANPCHi i H JE 1 4 A
4.00 ) SEX R R mE A

B /%
N
8

”nnﬂnnh

0100 150 200250 300 350 400 450 500 550 600 650 700 750 800 850 900 950

FZ/Hz
(b) 3L-ANPCHi Hi B F I B #r

B 21 RiRiEKSH

Fig.21 Analysis of current harmonics

5 & ¢

TR0 T 5L-ANPC 3L-ANPC #E X 45 3K f A
%%%%u&%a@ﬁ o He ) 8, I 7 il | 43531
AT, 78 R AEAFTESE X ORI 2R P RS D 46
B, ARl L AR P DA S 2 S D030 BRPIR S ) XA A2 BT
FERENVESATIER , 58 2 THBR T SL-ANPC W fEAE

AN S B v P 1 TR R, 0 T T S A8 3 e Tm) L,
?%#E%%H&%@%F%ﬁﬁ%%%%%ﬁé R /SIRES

JCts BRI OCAE , A1, JHL ) B Y S 3 Rt il
PIT B TR DA AR PN AR AR, £ ECA S

Ui

HARLR M, PR I vk ] i B D) e A AR R AL

DXAN YT B R P LR T A8 7R 2 v s R 0 T )

[ Al

2 % X k.

(1]

(7]

(9]

[10]

NABAE A, TAKAHASHI I, AKAGI H. A new neutral-point-
clamped PWM inverter[ J]. IEEE Transactions on Industrial Ap-
plications, 1981, 17(5) : 518.
FOCH H, THOMAS P. Multicell converters: basic concepts and
industry applications[ J]. IEEE Transactions on Industrial Elec-
tronics, 2002, 49(5) : 955.
BAKER R H, BANNISTER L H. Electric power converter; US
3867643A[P]. 1975 -02 - 18.
EATENL, i, SRR, 4. ZHSF ANPC 848 Hh s T
BEAFF BN/ SVM AZ I 1], E g HL TR,
2016, 36(13) : 3598.
HU Cungang, RUI Tao, MA Dajun, et al. A space vector modula-
tion scheme for three-level ANPC inverters with neutral-point po-
tential balancing and switching loss reduction[ J]. Proceedings of
the CSEE, 2016, 36(13) : 3598.
HU Cungang, YU Xinghuo, HOLMES D G, et al. An improved
virtual space vector modulation scheme for three-level active neu-
tral-point-clamped inverter[ J ]. IEEE Transactions on Power Elec-
tronics, 2017, 32(10) ; 7419.
BARATER D, CONCARI C, BUTICCHI G, et al. Performance e-
valuation of a three-level ANPC photovoltaic grid-connected invert-
er with 650 V SiC devices and optimized PWM[ J]. IEEE Trans-
actions on Industry Applications, 2016, 52(3) . 2475.
BIAER, XS, REEE, 45, =P ANPC IR PR 255 53 A
FEERIBETEL )], RIS AR, 2016, 30(5) « 722.
HU Cungang, DENG Na, LU Yin, et al. Research on loss distri-
bution balancing for three-level ANPC grid-connected inverter[ J].
Journal of Electronic Measurement and Instrumentation, 2016, 30
(5):722.
ABARZADEH M, KHAN W A, WEISE N, et al. A new configu-
ration of paralleled modular ANPC multilevel converter controlled
by an improved modulation method for I MHz, 1 MW EV charger
[J]. IEEE Transactions on Industry Applications, 2021, 57(3)
3164.
ko, =RV RE R S LIRS R G P [ D]
Kk . RIEAZEARAY:, 2023.

K. ZHPFERR A L R AR [ D] BUM . BT



170 GRS T O ¢ $29 &
YLK, 2007. (15 S+ ARhide, 15 76, %5, — A U o 0 T 02

[11]

[12]

[13]

[14]

JEONG S G, PARK M H. The analysis and compensation of
dead-time effects in PWM inverters[ J|. IEEE Transaction on In-
dustry Electronics, 1991, 38(2) . 108.

FIRHL, B, MGE B R R AR SR B DX RO 9 4347 5 T
Br[J]. d=H T2, 2012, 18(6) :1081.

YU Zhaokai, YAN Gangfeng, LIN Zhiyun. Dead-time effects a-
nalysis and elimination for voltage source inverter [ J]. Control
Engineering of China, 2012,18(6) :1081.

R, KT QT L, A BT R T R T T H B Y X
A DC/DC AL ey (1] RHL T AR 2 4R, 2023, 43
(5) :1950.

GAO Na, ZHANG Yu, GUAN Qingxin, et al. Five-level active
neutral point clamed dual active bridge DC/DC converter[ J].
Proceedings of the CSEE,2023 ,43(5) :1950.

FYUR, XU, T8, 4. —Fh L@ 19 ANPC-SL 048 2%
FECRBRT )], IR, 2021, 55(10) : 87.
LU Kaier, LIU Zhan, WANG Xu, et al. A method for eliminating
dead-time effects of ANPC-5L inverter without sensor| J]. Power

Electronics, 2021,55(10) :87.

[16]

[17]

[18]

TR R B R i PR e [T ], P R AL AR 24, 2022,
42(17) . 6410.

LIU Jilong, LI Kefeng, XIAO Fei, et al. A simplified equivalent
SVPWM strategy for active neutral point clamped five-level invert-
er [J]. Proceedings of the CSEE, 2022, 42(17) : 6410.
RIS, AW, B AR R A R T I U 2 D0 AE X )
RMSWESELT]. B A S kA, 2006, 26(1) : 13.

ZHANG Wenyi, TONG Weiming, YANG Lemin, et al. Research
on dead-free control strategy of specific harmonic elimination in-
verter [ J]. Electric Power Automation Equipment, 2006, 26
(1) 13.

Kok, DSP #1h SPWM i 2% £ 5 IX. 7] AL 14 A 5%
B AR T K2, 2007.

ik, XA US, BRI, . SL-ANPC i A8 25 28 0ok L R
SRR RN ], B AR, 2021, 19(6) : 129.

HUANG Yangtao, DENG Jinyi, CHEN Min, et al. Analysis and

D]. %

suppression of device over-voltage in 5L-ANPC inverter [ J].

Journal of Power Supply, 2021, 19(6) : 129.

(E#EF 157 W)

[20]

[21]

[22]

W KR, R, Zdpte. SCEEITFIRMEGE IL Buck 28 e 28 AR BT
A I SCH R T[T ], W D ROR Az, 2014, 29
(6): 181.

YANG Yugang, QI Lin, LI Longhua. Analysis of output ripple
voltage of essential safety for interleaving magnetics Buck convert-
er []]. Transactions of China Electrotechnical Society, 2014, 29
(6): 181.

T, A8 52 4 ARG AR OB ) DC-DC A8 4 4% L 90 e, B
AR D]. Jbat . dby Tk K2, 2023.

BOKTE, E55, ERE, . HREMERR G R Wik S R hE
T BAGYERETFM TR [ )], BARAFR, 2020,45(S2) :867.
ZHAO Yongxiu, WANG Qi, WANG Yao, et al. Criterion of in-

trinsically safe and ignition capability of inductor-disconnected-

(23]

[24]

discharge in explosive environments [ J]. Journal of China Coal
Society, 2020, 45(S2) : 867.

i DRV, TR, AC 2 4 v AU RE ST AR 1G B8 Pk 20 A7
RHAFTZ2AIE]]. ATHEARSR, 2022, 37(3) : 676.
MENG Qinghai, TIAN Yuan. Analysis of potential hazards of an-
alog energy storage components in the intrinsic safety circuits and
their intrinsic safety criteria [ J]. Transactions of China Electro-
technical Society, 2022, 37(3) :676.

BT, XIRAR, T, &5, JET %A AL Y Uk
SR I BT TE[ ], B T2, 2017, 45(5) : 1078.
ZHAO Yongxiu, LIU Shulin, WANG Meng, et al. Arc resistance
modeling of inductor-disconnected circuit based on safety spark

test apparatus[ J]. Acta Electronica Sinica,2017, 45(5) ; 1078.
(% # . REH)



