5534 %55 4] (N G S T A S <} Vol. 34, No. 4

2022 4% 4 HIGH POWER LASER AND PARTICLE BEAMS Apr., 2022

TEDH B A

WA TR ERBHIE RS TRES

R, IR, NERHA, L K, & 4«
(75 ¥ 38 T K2 MRk 58 AR 2B, 8L 610031)

W OE: T S BUHUAOR 5 B R L Dk AR A, SR FH BT T R T P ML R Bl BB E R £ PR T e B ok B 5k
02 0 8 R AR 7 o BB T — PR L A R I R R R AL R R G, MR T b B e A TR - B I A A o
i FH T R sl R 45 G I BE S TED RS W (4 PID o ST vk SE B TG B Y b ) G R AR W . #2577 JEF Simulink
HIR G0 BB, B6E T 7 SR AT AT, IR T FPGA TR RS2 06 - 5 o 0y 0 RS2 06 25 SR 45 3 I, 308 JC I B O
HL ALK 2 K 2k B 50 RS ff 42 1 TR ) E ) T 2R 08 4T, TE 50 ms 5 ) ) 1 PN e B0 AR BE R ) 180°, H ] 45 il i B 1y
o7 R B 0% 25 RV 7 A ) A R 5 R 25 1/ T30,

KGR TOR B A AL T R R TSR N s B3 T g R 2 AR 1T R )

hESES: TP271 MEARES: A doi: 10.11884/HPLPB202234.210162

Position process control system of miniature brushless DC motor

XuRui, Wang Bangji, Liu Qingxiang, = Wang Dong, = Weng Hong
(College of Physical Science and Technology, Southwest Jiaotong University, Chengdu 610031, China)

Abstract: To achieve beam scanning of mechanical phased array antenna, the miniature brushless DC motor is
adopted to drive a helical antenna element to rotate to a predetermined radiation phase. A new micro brushless DC
motor position control system is designed. A proportional sliding mode surface super twisting algorithm controller is
constructed for velocity control, the position PID controller combined with velocity profile strategy is used to realize
the intermediate process control of the rotation. Establishing the control system simulation model in Simulink, the
feasibility of this scheme is verified, and the control system is constructed on an FPGA hardware experiment platform.
According to the results of simulation and experiment, it’s indicated the micro brushless DC motor can drive the
antenna to follow the preset velocity profile curve accurately, and the rotation angle reaches 180° within a 50 ms
control period. Both the position tracking deviation in the intermediate process and the residual error at the balance
position are less than +3°.

Key words:  brushless DC motors, second order sliding mode control, velocity profile strategy, FPGA

AU 7 4 1) K 2k SR T MRUIE R 2 A7 S 5 S B0, (08 AR H WL 45 3R 2l 52 o 5 MR8 R 2k BT AR I, el it L LY
LB e 52 B OK 2 BP0 36 A 57 9 42 o, DA T 5 R R 2 0 SR 9 41 4 5 43 O R ML o) AR G AR DL BROR 45 31 K 2k
9 T L AT 23, B B PR B L SR DR T ) R A S MO B2, T B R HILARUAR P2 P ) R B PERE . 25 AR SE
TR B AL ( BLDC) HAT /AR | A 73 i L w280 L v R DI A e e 4 ) P O S A, ] T R
2R AT HORS B A2 AR A 3RS ER o J0 R T F LA B ) AR A B R A R I E A e L BRI, T
BB AR E AR 7 B0 Hh 1] P i R B A R 20 .y 1 SE Bk 28 F b, — T T 205 MU R B o 75
H AT LU T 92 AR RS s 47 2R 53k, 55 — T 181 75 80 56 2 0 £ 2 o Bk A ot — A0 B v 46 8 2% 90 ) W 7
P I 47 T RS B2 A0 0 A SCRE T — ol B K 5l K 2k B TC 5 8 ) RO T i L H ML A ) AR, S LA
T - R I 4 ) 8 P T R 4 A, R P 45 R ) TR SRS ) PID 8 ] B 0k S B B0 7 B A v ) AR

* GRS EEA:2021-04-20;  1EIT BEA:2021-12-24
HEEWB: MR E AT L RHm A
BREAR:T A, xurui_work@163.com,
BIE1EH: T4k, bangjiw@163.com,

043001-1



weOoW s 5 Ol TR

P, 7 Simulink B8R J7 S HEAT (7 ELURIE, I HE FPGA 8 (FF- 5 BEAT S50 00k

1 RGERERR
1.1 REHEH

Toh B AL E AR RGN 1 PR o JCR B HLE A Bl 3R G R K 2R T, IS e AR G B 2
S A5 S %) B - RN R AR R o HA ] H PR FPGA RS 45008, 3K 3 rL [ rh — A 300 A8 8% 32 4 il L I 1Y) 2%
T, s = A R IR S ML B, SR AR EL TS 5 2 ADC SRAE T M A S5 B . 43R 2R 48 R O e st s IR 5
TG i) B3 ALY, 92 5 A R TN R Dk Bl o RS 4 T P B AL B L R BRI B ER = AP B, P i
IR PRl 5, 8 5 0 SR FH L 451 9 1T -6 BB 08 — B i R i il 2% AR R0 R e G i, B IR R A & T R
T 5% W 119 PID 42 il £ LA S 30X R 26 BT 5% 6 5 0 v ) i R 4 o

helical antenna
FPGA three-phase inverter
I current |
o . _ . . lcontroller! =
O] velocity | position | @ velocity | !
profile controller| controller| SVPWM
strategy A @,

/

[==Cm

S povees
QEP |«

Fig. 1 The position control system of BLDC motor
1 T A LA A ) R S

12 FEEIRZMEEEGES

R LR BT By AN AR RO it 0 107, [ I 75 2 A R R G B Rk . B I A IR O vk R — Pl R
PR 7 1%, MLCAR Gt B I BEOR B 1 5 B M D080/ 1 32 5 A0 IR o 3 2 B o 05 R P 0 A R e Bk
(STA), H B O 53k Rk 50 O

k
" = /llslo'ssign(s)+TCZasign(s) (1)
=0
St i MLV ERHL s 2 T R 50 s 030 signe) /R 5 B8 7, IR 0 S0 0 B
s WML FEE IR 2% . 1 T BLDC M BURISE HL D4/, 72 0T H D50 A 1 BB T S T /o B
HISEIR, X STA #E4T 1 B, SR F—Floki B M A it s A i D7 vk n = (2) R .
s =ko(w" —w,) (2)

K ko A LB REL, 0<ky<1; o*} BAnSEH#H; o, I LPREEH . $2R H2(2) ikt e s 09 IR R B IE FR o Lb ]
7 T R M HE B 1k (PSS-STA), A Fl o BY BB YE BBl o] DUSE 33 M B R G0 Y Lyapunov R SRS,
1.3 {0 & TR B & TE o 1 OR R

G Fil T3 AL A o R R SR 4 KRR A TT G sl R A () 20 o R A% G R AR BT 12 1 SR m v, STk [1-2]
i) 3 FEL AL A B K 2 BT (1Y) 5 58 A M) I B[] ANt o LR 81 5 R A T R, SR [4] B2 i 1 sk B ) i 42 o O i, (R
U T AL R R4 ] . SCHR [15-16] B3t 7 —Fh s PEre i LA B R 58, Z R G i i i i pl
B i T o 2 B 3k H bR L 6 158 22 BN, AL R MR 2R 5 v 4 BE 45 O SIS S ARCR o T SR g
S M 2 O i, 1 2 g5 T BRI R TR AR A AR Y S T A 4, B R vy, SRR RS ) T )
B B, 0k S RN B AR B i A& H AR & .

o7 B AR G AT 5 5 1 4 ] SR I Y PID #5468 (VP-PID). JEF &1 2 iR AR SCHE T —Fh R o0 S JE AL
2R Ty, AR AT R AR AL E O, S A 2 i B[R] £, 55 e N A] g [ E , A) BB EE v, 5
H 00 B 0" R L1 0C R, i [] ra ML e AN [ B A o7 B i) AR 7 B AR 4 — 8 R R o S TR AL B il 2R AT 22 B 22 S )
g 6, 5 HRALE 0 XR A

043001-2



YFOBE: WO B LA B R A I AR

v/(r-min")
01(°)

0 A toety t 0 A to-ty t
t/s t/s
(a) trapezoidal velocity profile (b) S-shaped position curve

Fig. 2 Trapezoidal velocity profile and S-shaped position curve
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Fig. 3 Model design of VP-PID controller and PSS-STA controller
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