55 50 % 45 4 ) I 5 B 3 4% Vol. 50 No. 4

2024 4F 4 A Journal of Mine Automation Apr. 2024
NXERS: 1671-251X(2024)04-0159-10 DOI: 10.13272/1.issn.1671-251x.2023090089
R m= N ERMERE H RSB s 7 iEm R
] 3 R

e BcA K% MR 2R JE5 100101

R AT MBI HFEAZN S AT REART YT TEAIR T AAMNEGEZREELOR, T8
AR o, R T AR IE AL R, A AT AR AR H AR R A okl REUR M R B, R T —FF
AT o5 B R A8 09 ik 5 A A8 3B AN RALIE B oy ko R0 iRl AL R W R 5 A e T AE TR 6 L R R AKIH =
R JESOK, FILT AR =R RSO AR R . At 3 AP A T ok Ry gy X(H A A b S
RE AACESEAE AAN LU MAARE, LAAYES TLRE; AAS A L A(AMTF, AL ES TR
EOHAT T ARGE I Feds B R AT R, SH B AT AR R B R KA E ¥ vk, AR T AR A RBUETL B, A
S I A T R AR, SR B S, BRI AR A, AR EY: D £ 02 s Ay R b meh ks A
fBAB36 3 (SC-IAPD) . %, Bk F #4875 X, 2 89 SC—IAPD %354 7 ik A T #4575 X, 2 #9 SC-TIAPD W% 64 1%,
dzdl 7k A THAB T X 169 SCIAPD L R 454 7 & 69 A A M B & RSk A6 £ 1~
1.5V, BLAA X AR A A48 o, 3597 A sk ) A B R0k 3, BB E AT T AR A BT e AR AL, @ AR AW
FHRMAEIUT, AT 485 X 2 49 SC-IAPD w3589 AL 35 4] 7 ik A B ik SR 51 R T AL, SSILBOR a9 dp ), B 8
RE W BRAE S A B AW BAHR . MAETEBRRGEILT, A THEASF X 1 49 SC-IAPD w3424 7 ik s ib &
W ISR, B BRI R E L VAR, R E B E S E 6 M, K T 487 X 2 49 SC-IAPD
W IR GG Tk M AR, FIR R A D AR EA, LA ke T ok b R 6 fERS 4R O i AR
BE A 2] LA 69 & RSO, AR T =k R 6 FRAR AR B 7 ik A AR e R AUk 7 d 2R B AE AR A A R R
HORE A, Q RER LG, BRIz h ik Rk i BN B RN, BIB K E S, RERBTME,

R M Mk BB HARERE; ZRBESUE; 2R LE; sukivdl; 4

& 7255 TD611 SRR AR A

Research on decoupling control method for single-phase cascade H-bridge rectifier in coal mine scenarios

LIU Shiyuan
(College of Applied Science and Technology, Beijing Union University, Beijing 100101, China)

Abstract: In response to the problems of secondary voltage ripple on the DC side of single-phase cascade H-
bridge rectifiers during operation in coal mine scenarios, such as grid side current distortion and capacitance drift,
this paper analyzes the causes of secondary voltage ripple on the DC side of single-phase cascade H-bridge
rectifiers and proposes an optimization control method based on an independent decoupling topology with unequal
split capacitors. This method effectively suppresses the secondary voltage ripple on the DC side by overlaying
twice the power frequency voltage on both ends of the capacitor to counteract the secondary voltage ripple. A
study is conducted on parameter design and control strategies for three decoupling methods based on constructing
secondary voltage (DC split capacitor with unequal capacitance values and equal DC voltage components; DC

split capacitor with unequal capacitance values and unequal DC voltage components; DC split capacitor with
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equal capacitance values and unequal DC voltage components). By analyzing the influence of parameters on the
amplitude of secondary voltage, the optimal parameter range is determined to achieve effective power decoupling,
reduce capacitance values, and lower equipment volume and cost. The simulation results show the following
points. (D The split capacitor IAPD (SC-IAPD) is added at 0.2 s, SC-IAPD circuit control method based on
decoupling method 2, SC-IAPD circuit optimization control method based on decoupling method 2, and SC-IAPD
circuit control method based on decoupling method 1 all control the DC side output voltage ripple at 1-1.5 V. This
indicates that the symmetrical half bridge decoupling circuit can effectively suppress DC voltage fluctuations and
has good decoupling performance when load changes. (2 In the case of light load switching to heavy load, the
optimized control method of SC-IAPD circuit based on decoupling method 2 can quickly follow the changes in
load, achieve ripple suppression, and have stronger load carrying capacity and better decoupling effect. In the case
of heavy load switching to light load, the SC-IAPD circuit control method based on decoupling method 1 can
better achieve decoupling performance, controlling voltage ripple within 1 V. If we consider minimizing the
capacitance value, the control method of SC-IAPD circuit based on decoupling method 2 is more advantageous.
The experimental results show the following points. (D Before the sudden change of load, both traditional control
methods and decoupling control methods based on secondary voltage can effectively suppress the voltage ripple
on the DC side. However, decoupling control methods based on secondary voltage have better effects in
suppressing voltage ripple, resulting in smaller voltage ripple on the DC side. (2) After a sudden change in load,
traditional control methods cannot maintain the stability of the DC side voltage, resulting in significant
oscillations and loss of stability.

Key words: coal mine power grid harmonics; cascade H-bridge rectifier; secondary voltage ripple; split

capacitor; ripple suppression; decoupling
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