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Abstract: [ Objective] The integration of high-penetration
photovoltaics and high-power electric vehicles has altered the
operating characteristics of power systems, resulting in
frequent wide-range voltage fluctuations. This imposes stricter
requirements on the voltage regulation speed, range, and
capacity of distribution transformers. Traditional distribution
transformers, limited by the high-voltage side, exhibit small
tap steps and slow voltage regulation speeds, making wide-
range voltage regulation impossible. To address this issue,
this study proposes a novel hybrid wide-range voltage
regulation method on low-voltage side based on active
inversion, which connects the tap changer to the low-voltage

side of the distribution transformer to achieve wide-range

voltage regulation. [Methods] To address the challenges of

high switching currents and large conduction losses on the
low-voltage side, an inverter power source was incorporated
into the power electronic commutation branch. A voltage-
current dual-loop competition strategy was employed to
regulate the control signals of the inverter circuit, offsetting
the forward voltage of electronic components and enabling zero
voltage across the mechanical branch. Meanwhile, the
inverter circuit was activated to generate load current, forcing
current commutation from the mechanical branch to the power
electronic commutation branch, thus achieving zero current in
the mechanical branch. This ensured true zero-voltage and

zero-current operation of the mechanical switch, solving the

problem of incomplete arc extinction in traditional hybrid
switches. [Results] The simulation results showed that the
inverter power supply provided zero-voltage and zero-current
conditions for the mechanical switch, enabling arc-free
operation. Compared to traditional hybrid switches, the
proposed novel hybrid wide-range voltage regulation method
on the low-voltage side reduced the voltage regulation time by
at least four times. Moreover, it generated significantly lower
arc energy during switching. After 300 000 switching
operations, the mechanical contacts had a remaining service
life index of 97.2% , demonstrating relatively long service
life, while traditional hybrid switches exhibited a service life
index of only 37.9%. [Conclusion] The proposed novel
hybrid wide-range voltage regulation method on the low-
voltage side achieves rapid, wide-range, and low-loss voltage
regulation.

Key words: distribution transformer; wide-range voltage
regulation on low-voltage side; inverter circuit; zero-voliage

operation; zero-current operation
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Fig.1 Novel hybrid model for fast wide-range voltage

regulation on low-voltage side

ML IR, S 1 ORI &b )45 Y 7T S8 1T, 12 %
IR it ) 267 0 i - EEK SEL 2 WA o g, P 250
JEHLF I RARFDEE AN E 2 (a) Fis , 4G 2
[ I 50K (9 &4 7 4 SCR1,SCR2 LA Bz RC FHZ8 Wi
[, B IR it ) A8 S5 T X 1) 3 T 5 RC BEL AR A
[l e b LS € WAt I A O IS ) ) i e BR
Uit FEL BEL R IR o 5 T A 1 ) P L 5 0 P R UAE
DRI A AR >

008 P 5 S I 2R AR ) 8 U L LA
I B 19 SC B, 3R HL R AR SR A R T R 2
(b) 7 2R IR Buck AR A7 L s 528 S 5% bk
i ¥ H ( Sinusoidal Pulse Width Modulation,
SPWM) Widgds . Hoir, L WIEP IR R, C,) I
1) g o e L BEL e O L, D B 24 P L B T Bk
W A R BCH HLIAL s Uy W B IR

DAk 1 g sk 2 Uase g 4] A 43 4 Sk D 4
WA TTO R WORES . Sk Ui 200 5 4
YR Of L VI HT, HLBOFOC K, .S, #EA
B, SRR/, K 3 (a) BT ; @, I 21, 320
NP EAF S, Tl B 7T 5 K2, [ i gl A2 ey
BN S, SRAEFHL T T S AR A5 HL I R AL
P EE S (S, ) Tl H, g o 3 O S (K2)
¥R RIHUBOTC K, WOITHUBOTE S, sl 3
(b) FI7R 15 S, 54 W T i G PAY 300 A2 W 5L, 26 I

B2 STHEINEIET

Fig.2 Component topology design
B, B2, Tl B I 5 K3, 2 i e B B i 21
W 3(c) B, [FE W H I 2¢ K2, T Sl
BILE W, IER 10 ms Wi PRI K, A&
3(d) iR ; @, BF 2, 38 B FIT 6 K1, o P L BE
PeSEiE AN E 3 (e) in, AR L R S, 12
PER R F AR, Rl VT E S, ; B, B
20, MG S, T8 58 58, Wi K1, OGP 2o 8 =2
AU K, S, #A =i %, Sk b4,
WK 3(F) Fron, B AR ) s 2547 V146 i B 7
FnE 4 iR,
2 EFESEEI
2.1 REERBFHFX

AR SCB10-500kVA %! 10/0.4 kV T

5 R AR E A, AR R AR =2 f i R
Sy
A (1)
Kok Ry 2% B8 M i o AR AN R R T A
(A58 280 BUETE A 1.2~ 1.5,S N2 %0
FER Uy AR AR A5 e,

B k=13, 03 (1) TR A5 5 RS K2 1 S
HHL K 938.19 A WE(EHMHL N 1 326.8 A, [F It
PERERLS R C440P (1) 5 A A8, HERHREA 1 400 A,

RELZ5 A Sz [ S T R A v, B i 7 25 0 P JR R 25
MEMRE R, HSHOUN S AR 284
GERE AT EL R 2 LA R TR AR B R S TR R
A, LR MESRAS R 19 TS50, TR
WA ] 2 ) SR Z AR I 2 50 S 80 B, ABB /2
AW R M C HEFE TR 1~10 Q
0.5~4 wF, AICEFE R=1Q.C=3 pF™>
2.2 FTHEE

ARSCR XL Buck A4 13 48 B B E 17 17 80

I=kx

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



LSRRI, 25 52 4, %5 5

Electric Machines & Control Application, Vol. 52, No.5, 2025 469
3 AESERETHENRE
Fig.3 States of components during voltage regulation
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6 FIEEIEHIER
Fig. 6 Control block diagram of inverter circuit
FE RS PRRT R i B B I8 SO F AT 5 4, DL
SR/ IR DR A B A i XS ok B R A o AT A

il R A SPWM Az i3 75 M 1 3 W {5
S E R PL AR AR A% 38 KA G (s) |
G,(s) G Ui E, e b, = 1.2k, =300 k,, =
1.2 k=300,
2.3 TEHEFE

R TR T R I 2, Uit AR A
FIH TS R B 530, 5 8 R G4 I [FE e
LI BRI, S TR H, g PR AR B O R W, B
Jorik v R, BEL A 8 IR i BR O K0S, DR E TG HL 722 e A%
il Sk 9 LE 04, o U L REL /5 A4 BRI K
INDL AR E . PRI /N5 3k U H B AH < dh
Sk ] A LR H e DL R 2 Pl [l i 1) A5 50 FL BEL L 53K
HHUA ¢, W T U040 i B2 70 T 728 TR 2R IR
], FCHL AR, A 20 b Sk 8] (% 28 20 L AR /DN, il A
VAN, — e BEL{EL Ay H BEL Y R o e BRI 220K, A
SCHERE 1 Q A PR,
2.4 HHFFEEE

A TERE I 75 ZEX AU T 5436 el i i
A RIS R A T B A . B T E AT T
o 0 IR 78 A A H IR R (A Mayr
Cassie HLOIASE AL ) <7 v 90 HL V52 W 48 K7 R g
WA SCE R SRR 7 JEK, JF B T 3h 28
T AR A3 AT AN ZE SR ST R 1 %) LA P R AR
At AR PR R AI LA DG A T A A0 T A A )
A A% H I H SE A SDUHL AR G 2 A ok R i) AR
P, — B, B 322y I e R
FORFERE S E ™ o T AR SO T A BB S
ERHEE TR T 0E, IR &
FE X FEL SIC R BEL A 5 0 1T D 2B AN R L R
R r 5FFEE s AR EOC R, I IEIAF] 10 mm
B, L RS T 055 K o T T 1, SR IL
BRIF W FF A A B B A 1 GQ, I A W, ikt
152 F I B A

r=e™ (10)

3 HESH

A CEPE SCB10-500kVA & 10/0.4 kV T2
fic HL A4S R 4%, IRV B A 2% 10% , OLTC 42 78 i
HL R FRE AR, M4 € 1, 7€ Matlab/Simulink 1
FE =R TR G AR 00 B R 9 e ELABE AR
f5 . AU OG04 43 | G )R] 43 5 i R
40 ms 60 ms, & F AT A% B ICH BEAC S BILARO O

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



LSRRI, 25 52 4, %5 5

Electric Machines & Control Application, Vol. 52, No.5, 2025

471

PTEEESHNER 1 fin, B 7 Wb Em
+10% £407 18 o 72 e oL 728 R 28 A9 i i H R
FLE AR M0 2 AH R R R AE R 326.6 V, T8 R J5
AR H A0 PR SRR A5 HL R 110% , B 360.9 V5
R S AV R FEL 378 AR 9 R IR Y 110% ., B HR
75 R A R R R A R IR AR S
TSk W IEH Y
F1 HEERSY

Tab.1 Parameters of simulation model

SRR S
e L /K V 10
A/ He 50
B ﬁa :// QF ;
O/
YR L,/ 7
M R R,/ Q 0.5
IR M EA Cp/puF 100
BRI U)o/ V 50
HURIFX 43 W B[]/ ms 40
£ I R[]/ ms 60

E7 BLRTERAHEE BREE
Fig.7 Output voltage and current waveforms of

distribution transformer
3.1 WA XREFBRR.FBIENE
K18 4 1=0.042 5 s BFDI4 , HLAR S 56 1 HL 3L

WOE B HA GO, VI B v BLAOT ¢ K
FEH 7L 300 OC K2 DG T BT ¢ K,
e R FRIF O KL Sl , K, K, AT
TEAF Bl AR R I 5 BT AR, AT LA D H DT 3 DT
AT OC S, | S, 5 22 F) H 308 A8 L 5 7= AR iy
JE B A, FE T ehE, BB 8(c) rl M, =
0.042 5 s B, HL 46 3 = % v () i AR HR IR A
7028 FL I R | (R RE L A5 %) 3 U FRL I, 30 ol 17 2
P 7 R o 400 ) Pl R O S B S, B HL R OT,
AL, 0=0.112 5 s B, S, S, [] A 3 A5 o 5 =
A= JINFLTAL , 7 A8 PR IR 40 o P T R O S B
S, FHLL T,

8 LA ST B FR K T B
Fig.8 Current waveforms of mechanical branch
P19 Sy atfi 78 ri 058 14 L, P A2 ) 195 00 LA B LR S
FEOYHL R IE . B 9 (a) AT, 7E 0.042 5 ~
0.082 5 s I B, HL 7 JF 56 K2 538 Jf A7 /6 5 1 J K
ek, 30542 FL USRS R 1 T G A S5 08 s o R A 7 B B

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



XUPRTE, , 46 - 5 T8 R0 28 180 2L TR AT P 0 5 ek 81 sy 20T
LIU Qinglong, et al: Research on a Novel Hybrid Wide-Range Voltage Regulation Method on Low-Voltage Side

472

Based on Active Inversion

W, S, FHESIE, WA 9(b) firas . AR, 76
0.112 5~0.172 5 s BT BE, S, FH RS,

&1 10 A HLAM S B8 HL I | H I 1 S 3 T K
Kl, S, fE1=0.042 5 s BFWrHF  AF7E 1V BHLIA of
iy, HoR i Be B Re SE N i it a1 . 7R B8
JE AR ZI UM G s i R B B T /N 0.2 vV
4 FL R R, 32 FH T R G v 4 B O 156 i ]
EAER T F A ), BRI R,

B9 #X &R ERTE
Fig.9 Voltage waveforms of mechanical branch

3.2 EIERE

AR SCHIT AR 1A T A Y i % S5 I 98 B e, O
T AL GRS 2 OLTC 4548 T H 728 s 4%
N, 23Sk 9 25N T BB YRR, 10 kV A
JE A AR &R A 3k [A] 8 40 i — Ml 1.25% U 5%
2.5% Uy, TSSO SAR 0 5 e 38 He A 2, S8 4
HLR A LS E N 10% Uy K LA B 2 6] 3R

E 10 HZEER BERERIHBBKE
Fig. 10 Locally enlarged view of current and voltage

waveforms of mechanical branch
10% F R MR R, 51 48R 4 20 OLTC A He, A 3L
JITHR AR T 0] 5 T ) R AR i) 8] 1 P 1] 222 R 08 4
LA AR ORI TR R R R R B A DGR
DUER-IREEEDN € Y NCN CNG VA 2 S S
WA NS FE AR R R B R AR T R
3.3 HINIERE
fGEi 330 OLTC 5 ZEHLMOT & B i
TR AE N, — & 1A L HICFE, s, f8 3t 3 7% b AR R oI
GRALFRAFAE , AR N0 g FL 3 R R i 1 A S
LTRSS N T o 31 4 L S R S S
Az SRR L, 4 A ALk Sk A9 05 A i R HIAIL
PO S U 8 v A ) L IR S AL A ik Sk
R ] i, FE I H IR i Sk 450 4G Aol
Ko 55 i YOTBr i s I RE T35

E, =f2u(t)i(t)dt (11)
o u(e) (o) A AP S B R R 5
t, F3 A A HIGE 1 ERSZ

SR PRI Atk Sk 60 % i SIRE B A LA S F
RIAAE I, n U Wi ATLAR finh Sk 1) 31 2% £
R B R

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



LSRRI, 25 52 4, %5 5

Electric Machines & Control Application, Vol. 52, No.5, 2025

473

Earv - iEi
pP= . (12)
et Y E, W n YIRS AT AE L
E,. APLAE I ¢ ) & ok BE & B (H, A SCHR
40 kJ,
KT HEAFRIRE R OLTC Wy % 12
K HLBR ik =k A FH 5 A OS2 W), AR SCXHE SR iR & =X
OLTC #4774 H A4, i Cassie H 9IRS 750 45 4]
HIUA T 5 0 38 W e 1 | B 1380 70 O SR HH e I B¢
A DTSSR 1 Y T8 i R AR R — 2
TEHL TR 20 (1 =0.045 o) Y4, BRI E
G 11 FrzR  H T AR R AR A YA A
PRATA )4, I EF R AR [A) 249 A 458 s

B 11 YRR
Fig. 11 Current commutation waveforms of

mechanical switch

% 2 NAEGEIR G AL RN A SCHT 5 B B IR
A AR A PRk B 1 81 1 A5 B A 1) 4 ok 8 o
Az 1 L SIRE i LA S AL fih Sk 100 90 4% ol ] 3 i %
oo AN [R) D0 48 i 2 7 AR A R IICRE AN (], fRL R
W {EL IR 220 (90°) DI 48k 7™ A A HE O fiE e K A%
®2 ARBEXFRNMARLERFG LR
Tab.2 Comparison of mechanical contact service

life between different hybrid switches

REIEER/]  RIAE A e P/%
PIESES
30° 60° 90° 10 J7¥K 20 11K 30 1k
G RA
o 0.044 80.086 30.1172 79.3 58.6  37.9
ALY
ARSI 5

T 0.00130.00320.0067 99.1 98.2 97.2
I 3R] e A2 750

GriR A A B B IR i 0.082 8 J; A
SCHT R A 1 SF 2 e I RE 5 R 0.003 7 T, SRR
iR AR RN 4.5% , AN R Al B FE 2
11 30 TTIRFF T Wi J , 15 e iR A R IF 5C 1Y)
Tl Al FH 7 A PR B R 37.9% |, LA FF ZEEAT AL
R i Sk P G A A4 A8, ) 0 A T AR ST 4R
VA R ABE AL T G (9 F A 1 FH A A 48 50k 97.2%
fipl Sk BB IR A A | TG R A T 4

4 5iE

AR SO T — Tl 2R Y AT ) R 5 5
A AR Y R S s vy i 3l A B S 43 B A5
FCIHER, S000F T oS50 A Rk R R
458,

(1) 25 A AR F A 38 4 A5, 27 EE PR X
B S i PR AR S R OLTC A4 PE 32 1 7 397 5
TRA AR DR 58 W8 AR T R AR T
I R 06 2 o 3% A LA 56 B A 7 A L B
THTLAME , SCEIAUIT ST HL 1 | ol T 1540
TRA 2R HLAR ik Sk 75 IR A8 JES 44 ) 15T, A5 20
KT B R AR R RS A

(2) AR SC I HRAER HE A0 37 A5 784 R 552 B 5 i
P, KRG, 1 I 8], 514 5t IR A 2 8 A
RUMH L, VAR (R 204658 T 4 4%,

(3) AL E HEASE YOG V) e 7= A= A R I B o
BN AR GER A A AR ALY 4.5% , 41T 30
TIRIF IR, A ST BRI () AL ARG ke Sk 451 #E
TR/, A P8 B 97.2% AL SR & T 56
AR BUNN 37.9% |, 5 EAT il Sk FORG S 4R 4

ARSI 4R TR A AR 0 1 2% B % 51
PR T AR R, (B S B TR o | AR
FL YRR 0 R85 A AR DA B B 24 o 2R i SR i R
A ) R IR o] HL KRS R | 5 SR A 5 g 5 £
T REAREROFRLAR | [FIE i — B4R T R G m] Sk

Flzs R AR
F G VEE 75 BAAFEAE R 25 v 2
All authors disclose no relevant conflict of

interests.

13 STk
X PRI AT T WF5E et Bl o3 B 5 18 S0

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



XUPRTE, , 46 - 5 T IR0 2 18 U TR AV 0 5 it ) s 7 2 T
LIU Qinglong, et al: Research on a Novel Hybrid Wide-Range Voltage Regulation Method on Low-Voltage Side

474

Based on Active Inversion

G o R AT IR R BRI S
BAIE, EARAEIEAT TSRS A 1R SUETT M F
@, X R SR OGN S48 5 IR U B S5 18
%o I IR B E T B4R 5L
The research design, data analysis, and paper
writing were conducted by Liu Qinglong. The
experimental operations, data collection, and
verification were conducted by Fu Yubin and Bo
Haiwang. The literature review, paper revision, and
language polishing were conducted by Wang
Yonghua. The key research guidance, paper review
and revision were conducted by Liu Xuandong. All
authors have read and approved the final version of

the paper for submission.

[ 1] AR, BER, SR/NR, 2. S lRe S A U IR

DCIER RSP ()] RS I RE TR, 2020, 36
(12) . 75-82.

REN J, XUE C, ZHANG X D, et al. Research on
regional power grid balance containing energy storage
and distributed generation [ J]. Power System and
Clean Energy, 2020, 36(12) . 75-82.

P2, s, RIAH, 5. REIRFAL N Ak AL
AR Sas AT e R R AR [ T]. R
FE AL TR A4, 2023, 43(1) : 99-114.

HE Z Y, YANG J, WU Y N, et al. Investigation on
the future AC and DC combined operation form and
development trend under energy transition [ J ].
Proceedings of the CSEE, 2019, 43(1): 99-114.
PREF, ¥ 8L, Baiig. BRI B b iy b [E 45
FreeRE B R 5 B[] R E LT
P44z, 2020, 40(17) ; 5493-5506.

CHEN G P, DONG Y, LIANG Z F. Analysis and
reflection on high-quality development of new energy
with Chinese characteristics in energy transition [ J].
Proceedings of the CSEE, 2020, 40 (17). 5493-
5506.

KROPOSKI B, JOHNSON B, ZHANG Y C, et al.
Achieving a 100% renewable grid ; Operating electric
power systems with extremely high levels of variable
renewable energy [ J]. IEEE Power and Energy
Magazine, 2017, 15(2) . 61-73.

[ 5] J™aE2s. BreeIR 4 r LR R a3 ST o i

[10]

[11]

FE[J]. BHLEERIN T, 2018, 45(6) : 109-116.
YAN B L. Development trend and test evaluation
research of new energy vehicle motor [ J]. Electric
Machines & Control Application, 2018, 45(6) ; 109-
116.

b, R, XERE, UG KBRS

Ptk ml sk ms: (], LS EF N, 2023, 50
(7). 89-94.

CAO S, WU X, LIU J Y, et al. Scheduling
optimization and control strategy of optical storage
combined power generation system [ J]. Electric
Machines & Control Application, 2023, 50(7) : 89-
94.

RAL, Bk, Mk, &5 ARSI
RN LR T]. TR AR, 2017,
36(8) : 45-55.

SONG D D, CHENG L, LIN Z F, et al. Summary of
the application of power electronics technology in on-
load tap switches [ J]. Advanced Technology of
Electrical Engineering and Energy, 2017, 36 (8):
45-55.

FAH, RULER, EFEF, S BRSO EITC
AR MR IR KR ]]. & EH A,
2022, 58(3) . 171-180.

WANG L, YUAN H Y, WANG J Q, et al
Development status and prospect of transformer on-
load tap-changer technology and fault diagnosis [ J].
High Voltage Appliances, 2022, 58(3) . 171-180.
THY, ZRRH. AR AR B9 L T A T kR
RUREE 2R (V] Iy R GRS Rl
2020, 48(16) . 171-187.

WANG H, LUAN J X. Summary of power electronic
evolution of transformer and its influence on voltage
stability [ J]. Power System Protection and Control,
2020, 48(16): 171-187.

REL, FHE, FWR, % ARPRREG A
IR TAERR RS oE (], Wy H 3 ki
£, 2020, 40(3); 208-213.

SONG D D, DONG B, LI P C, et al. Different
electromechanical hybrid on-load tap-changer job
characteristics experimental study [ J]. Electric
Power Automation Equipment, 2020, 40 (3). 208-
213.

FAER, 755, FiA, 4. ET IGBT MR As
JEARA BR R RS Ht Ko [J]. il A
BEBss, 2018, 38(7) : 35-42+67.

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



HAL

HEHINE, %524, F5H
Electric Machines & Control Application, Vol. 52, No.5, 2025

475

[12]

[13]

[14]

[15]

[16]

[17]

ZHOU N C, SU Y, WANG Q G, et al. Parameter
design and analysis of IGBT-based on-load tap
changers for distribution transformer [ J]. Electric
Power Automation Equipment, 2018, 38(7): 35-42
+67.

KRIPME, SR8, TARTT, 55, JET a8 Y 70 B
AP AR B B[ 1], B R G S
i, 2019, 47(7); 135-141.

SONG K S, MAHZ, WANG HF, et al. Design of a
segmented rapid voltage regulation model based on
thyristors [ J]. Power System Protection and Control ,
2019, 47(7) . 135-141.

EHER, Xg, e, 5. T EGITRME H F
SR B ERC R AR RS (V] mHRER,
2022, 48(5) . 1987-1996.

WANG C L, LIU C, YANG H, et al. On-load tap
changer distribution transformer based on hybrid-
[J]. High
Voltage Engineering, 2022, 48(5) :1987-1996.
Jrig, i, BREZR, & IRG AR RS A
PRI SRR S S S8 [T, Mo i R
2019, 13(11); 61-68+82.

FANG J, FANG M, OU G D, et al. Parameter and

switch cascaded H-bridge structure

structure design of hybrid on-load tap changer for
distribution transformer [ J]. Southern Power System
Technology, 2019, 13(11) . 61-68+82.

LR, RRsE, M, . —FET B, AR
TR TR G MR R ()], BT H AR,
2021, 36(34H]2) . 688-695.

GAOY C, LIANG D L, LI D W, et al. A hybrid
distribution transformer with H_ closed loop controller
[J]. Transactions of China Electrotechnical Society,
2021, 36(S2) ;. 688-695.

BRIT, 224, BBl BT d Al
AREARA R EE ARV T]. A AR, 2021, 58
(2): 30-35.

CHEN P, LI L, YAN S K. Research on on-load tap-
changing technology of distribution transformer based
on power electronic devices [ J]. Transformer, 2021,
58 (2): 30-35.

TPHT, B, ShiER, 5. FEHIT T
FERIRETSE[J]. AR, 2023, (1) 6-10.
JIANG D Y, YANG X, HAN Z J, et al
Experimental research on the switching process of on-
[Jl
Materials, 2023, (1): 6-10.

load tap changer Electrical Engineering

[18]

[19]

[20]

[21]

[22]

[23]

[24]

TR, M, B8, % RIS A O
TP ERIR[T]. P E AL TR 2240, 2022, 42
(18) : 6893-6908.

WANG S W, LI P, LI J Z, et al
transformer vacuum-type on-load tap changers [ J].
Proceedings of the CSEE, 2022, 42 (18). 6893-
6908.

F R, FEEL, BN, AR I T HORTEA
ST R AT 1], RRAE S, 2021, 51
(6): 73-80.

GAO G Y, DONG R, XIA X Q, et al. Study on

Overview of

power electronics application in on-load tap changer
[J]. Electric Drive, 2021, 51(6) ; 73-80.

R, 2, w0k, . TEMRG ARSI
TFRIEINTT 2 W 0 BB 5e [T ], RS,
A, 2014, 40(10) ; 3156-3163.

LIANG G S, YAN K, GAO F, et al. Study on
simulation and experiments of method of extinction
hybrid on-load tap changer in transformers [ J]. High
Voltage Technology, 2014, 40(10) : 3156-3163.
Pdse, VTR, B, F mRESRAESYE
PRI IR KRBT ]. A AR, 2024, 50
(2): 451-466.

ZHONG J Y, SUN G L, YANG B X, et al. Research
status and prospect of high voltage vacuum circuit
breaker [ J]. High Voltage Engineering, 2024, 50
(2) . 451-466.

RAA, W, FIERE, 45 DLRIR G A 80
JFRRIMA AR R 1], mE A, 2020,
46(6) ; 2164-2175.

SONG D D, DONG B, LI P C, et al. Arc current
transfer process in hybrid electromechanical on load
tap-changer [ J]. High Voltage Engineering, 2020,
46(6) : 2164-2175.

BTG, BRER, 24, 4. IR A
A BT HTT A RAON 5 JAEFE )], P&
SRR, 2024, 58(7) : 129-138.

SHAO Y H, LV X L, LI ] Z, et al. Simulation study
on the risk of structural failure in separate type on-
load tap changers during are faults [ J]. Journal of
Xi’ an Jiaotong University, 2019, 58(7) . 129-138.
XK, EFM, B4, . 8 IR E TR a4
A IGBT SR v ek v i SC s i 24 [ T ).
FHLERAR , 2020, 46(8) ; 2654-2662.

LIU X, WANG L T, LIANG G S, et al. Key

influencing factors on the turn-off transient voltage

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



XUPRTE, , 46 - 5 T IR0 2 18 U TR AV A 5 it ) s 7 2 T
LIU Qinglong, et al: Research on a Novel Hybrid Wide-Range Voltage Regulation Method on Low-Voltage Side

476 Based on Active Inversion
overshoot of IGBT in the module of high voltage DC Establishment of intermittent reignition arc model and
circuit breaker [ J]. High Voltage Engineering, analysis of intermittent arcing ground faults in
2020, 46(8) : 2654-2662. distribution network [ J]. Power System Technology,

[25] XIBEEH, T, bR, 5. FARNR AN W 2024, 48(5) : 2207-2217.

FEER AL BT S T OUT W ERE AT [ ] M4 (28] ‘R, by, Wk, 55 RS R A
R, 2024, 48(12) : 5149-5158. BHBAEEAES T [T]. B AL TR 4R
LIU X M, YU X C, CHEN H, et al. Optimized 2016, 36(1) . 18-30.

design and full operation breaking performance ZHU T, YU Z Q, ZENG R, et al. Transient model
analysis of resistance capacity hybrid DC circuit and operation characteristics researches of hybrid DC
breakers [ J]. Power System Technology, 2024, 48 circuit breaker [ J]. Proceeding of the CSEE, 2016,
(12): 5149-5158. 36(1) . 18-30.

[26] R&EL, TokM, #E, % HUEH BT

BT R RIT SRR[T]. mEEEAR, 2019,

45(7) : 2141-2149.

SONG D D, DING L. W, DONG B, et al. Design and Wk B #7.2025-01-04

research on the improvement scheme of purely e EIE P H 199 . 2025-03-03

mechanical on-load tap-changers [ J]. High Voltage TEE TN .

Engineering, 2019, 45(7) : 2141-2149. XIPKIE(2000-) , 55, A0 5 A B 5T 1) A HEL R JBR

[27] 5Kki%, FEHRE, RANTE, S5 BCH R0 ] ErE AR BB ginglongliu@ stu.xjtu.edu.cn;

AR (1) 2 37 45 W I 42 b 3 o R A A AT A 5
[J]. BPIEAR, 2024, 48(5) : 2207-2217.
ZHANG B, ZHOU S P, WU X X, et al

W EVEH KUEFAR (1981-) 5B T+ 08, BF 5 Jr 1)
A1 R S VAT 5 T 482 5 e
FA&  liuxuand @ xjtu.edu.cn,

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



