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Three-phase PWM Rectifier Voltage Control Based on Improved Single Neuron PI
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(1.School of Electric Power Engineering , Nanjing Institute of Technology , Nanjing 211167, Jiangsu , China;
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Abstract: Aiming at the problem of large output voltage fluctuation and long recovery time of three-phase
pulse-width modulation (PWMD) rectifiers when the load changes, an improved single-neuron gradient learning
control strategy was proposed. Due to the poor adaptability of the traditional PI controller parameters when the load
changes,a single neuron PI control was adopted in the voltage outer loop,and the gradient descent method was used
to adjust the weight parameters online. In order to avoid falling into a local optimal solution during the solution
process; a stochastic gradient descent algorithm with restart function (SGDR) was used, and cosine annealing was
used to change the learning rate of the weights to improve the convergence performance of the algorithm. Through
Matlab and hardware-in-the-loop simulation experiments, the dynamic response performance of the voltage outer
loop of the three-phase PWM rectifier under different control algorithms was compared and analyzed. The results
show that the three-phase PWM rectifier controlled by the improved single neuron PI algorithm has smaller voltage
fluctuation, faster dynamic response and more stable operating state when the load changes.

Key words:rectifier; voltage outer loop; single neuron; gradient learning ; cosine annealing; load perturbation

= AH WK 5E ] (pulse-width modulation, PWM) A IR R

2024 Vol.54 No.5

e i e WO R AL S AT S B, AT A R G
PP AT 9 L S R 000 R 7 3 0 D AR E
(DRVIESISE 4 ST F R W € o SR R B Ve SR
PN IZ T, 62 T IR A BE TR F ] P
RE M T AN BEF BT RETR A SR RE (e I
AT A R, L H R G ARE S8 A7 A PWM

XUPH B ol D L2 b g B0 5 52 B, 76 =4
PWM & i a2 ] ) iz (Y (B AL 58 PT S #L
SR TOUEE R EIN, Mzt rIRES &
HAE A, AR AN BERE 2 SER R4 o 10 _E R 1)
R, [l N Ahape s g | AR 22 I 24 R il S5 e AR
TEXE PLAE i 48 BEATOUAL o STHRI41H 14 58 PLIA 1Y

ESAR TLE A ARRFEIE 444 (BK20201034) ; VL4 HC HL B EH R 5208 45 BRI A7 h.0 (XTCX202002)
VLR e A ARRRFIFFE I 3 H 5542 (20KTB470028) 3 1 5t T RE B RHIF S 3545 (YKJ2019115)

{EERAN: Z 7 (1990—) , 5 11, i1, Email : shertown@163.com
EREE X5 (1996—) , Y3 - 7E 1L, Email : 1824648149@qq.com
20



Ak 5 R R AN 2 T PLE AR PWM 0% 32 b & 45 44

WA AR 20245F H 54K H 5

v 1 A5 SRR LA LR AR A AR ] B 22 ) 2%
BEATHER ARYE BRSSO PLB R L, AT
ARAF HEAL A R G RE 5 SCRRLS Ml FH UUER AR £ 7
o o AN ] 8y i A2 B BRI , of PT S Bk
FIPUAEIE , 16 R LSR5 TR A5-51) R4 7T 5 STk
[6WE ARG OL T, B AN R F a5 3%
Xt FL S R RE (R HEA T BRI , AT R0 RF T A% 48 PT A il
TS EUNRERE TOL I P A IR

YRR SR B ) — R B 5 0k, Biph 2
JC PTHETEEIR K i R JC AL %5 R 42
TREB A AE AR G JC A U R AL AR USRS R
N {HHCE = A PWM A G R R R T T
fR I S A IFFE o R T fife bk PLAZ 45 L A5 AR
O3 Z R A B 0 A A A TR, A SCHe H
TR B 28 TOH R A AT B F T A R SR R
MAICHRA B E5 TR AL, Sl RIAUE
9 3 DO R, 51 AR KR O 27 o) AR AT
B IR BN AR ROR

1 BFHER R d ) ok

1.1 = PWM ZEii S8 &5

B 1k =M PWM 3% i % 5 H B S 25 4
HA B, B, E WA = A 56, 0,0, A =
AH LI U, 2 3t Bt A B3 P 5 Lo 2 i
BT FELJER s R A A2 T A i B S R4 HL B 5 € oA N
HL 255 R B 2 B

VT, j VT, J VT,
g

E, L R i

b

R i

vrjﬁ} VTUB}VT,]B}

N

K1 LAY

Fig.1 Main circuit structure
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Fig.3 Equivalent control block diagram of voltage outer loop
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Tab.2  Experimental results during load switching
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Fig.9 Experimental waveforms during load switching
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