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Current controller design of permanent magnet synchronous motor
based on indirect adaptive robust control
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Abstract: This paper addresses the problem of non-ideal back emf minimization in permanent magnet synchronous
motor (PMSM) and proposes an indirect adaptive robust control (IARC) with the robust recursive least square (RRLS)
adaptation law. Based on the adaptive robust control (ARC), the least square adaptive law is synthesized in accordance
with the motor model and then a correction factor is added to enhance the robustness of the adaptation law. Therefore,
a better estimation of non-ideal back emf can be obtained with IARC. The stability of the system with the proposed
controller is proved. Based on the PMSM model with non-ideal back emf, the current controller designed by IARC holds
the better performance of tracking error and disturbance suppression than that by direct ARC. Finally, the effectiveness of

the proposed method is demonstrated by the simulation and experiment.
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PE, g6 G R il RO e il 1 1 08 B i
il (adaptive robust control, ARC) /7 ¥AE7Efal il ZGu 5]
BETH A 52 B M K e iER). YaoZE K ARCH. A 7E B
2k LI B A R, I EUAH AT s i 2ef SR U012,
R ERARC T 9 H 3 A B4 R R R 25 B,
Bt BAiZ 5 v AR AE BB B & N & # 5 fll (direct
adaptive robust control, DARC). SZFrH HL i 38 P R IR
R 22 AN Ak G AL B R S S5 BN, RIIEDARC T
TS B I S A LA THE. BRI R ZE Xt
3 N BE B 52 R, Yaofi HY (8] $2 B il N & A 5
il (indirect adaptive robust control, IARC) /5 7%. IARC
RHE RGUIRS TR HIE N, S5 EREAZ
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PSR T BiE R, FEEE NS E RS
FSCHSS i AR AN — B, BRI T AR .

DRI, 10 A EFEAR S L 38 T/ T 1) PR R A% ) A8,
AR SCR H — B T 6 # B /N 3 (robust recursive
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2 PMSM A& B A % i 7] 7% 4 i& (Model of

PMSM and control problem formulation)
21 FAARE AR K W B PMSM & (PMSM

model with non-ideal back emf)
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2.2 ARCHEREZM T (Analysis of ARC)
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- 13
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Fig. 1 Control scheme of ARC
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3 TIARCH] H# I 5 % il 4% B¢ i (Current

controller design based on IARC)
3.1 RRLSHIEME BT (Design of RRLS adapta-
tion law)
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Tl RGHPRE TR A ERNAE. %7575 5DP
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AR 20 (1) AL 8 B R AR Ry, Al
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yp = Li — i = 10+ A,

. A a7)
Jp = ¢10.

H20(17) AT y, Al T 22
E=0p—yp =0 — Aq (18)

RHER8) AT LABE TH /s SR BEE SO, R
J2 H T Y R AEE RN B A, BN TR 22U
HEFEZHANTHRZ ISR T AT, DA
i ZE W SR e MEAE A AR PR IRLS Bk 22
FEAESHUE TR ZE. R, AR —FPRRLS B,
DALY rh Bt Z 85 fili v (R 2.

SIF 1 WAAN x nhFERE, b2 n x 14§
Hlm . O A, 8§b, dz53 N A, b, x I L. Wi
Az = bH(A+8A)(z + 6x) = (b + b), N

Y
ond(A)|— + ——
5] Uy oy
Izl pap 1
1—C0nd(A)W

Horb: cond(A)FRN REUERE I RAEEL ||| 2 RRR
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5] F URIRLS 59 JR 3 ] 40, 3 RA18) TR
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NEEBIEHE THMEIET N Or || 204550 A BT A
. oo (k) iy, () 23 5l 03 5 o T RIS 0L
By, RN ZIP RS

e (1) Yp(1)
d=| : |, V=] : |. (21)
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XT2(20) KA r 15
Or = (8T® + \I)1oTY,, (22)
w
Q71 (k) = D + \K)I. (23)

MR R 5] 2, AT at2) ML bR X
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Q(k)p (k)" (k)
U T memew O Y

TEA SO, IR HL 3 R BV AR R 2 5T LA
SRR AL AR R 5 22, T DA
A5 U R P TE TSR0 1 R HE 5 .
B, 8 TE B — FUTEE HO B 73R (k) = Ko,
JUREAB BB TEFREERT Ao,

W B AR R, TTFRRLS H:y

Or(k +1)=[I — XQk)]r (k) +

K(K)[yp(k) — ¢ (k)0r(k)], (25
/\I:FI
K(k+1)=Q(k)p(k + 1) x [T (k + 1)Q(k)
ok +1)+1]71, (26)
A N\ AT LB Morozov i 22 [ FE FH —2H B 2k i
i)l
1670 =l + S0l < Agu. @7)

AR L, J9 B 2 5 HHE [0 T, = L

SN

A 0 Or| < 0
Proj(fg) =<{ . 1Or] < O (28)
Omsgnbr, [Or| > O,
PRk, Z%ftiitor A
Or = Proj(fr). (29)
3.2 IARC#HF ¥R 5 M1 (Design and analysis
of IARC control law)

3T RRLSH TARCHZ il £ £ 30 5 DARCH A,
T EERAEA R, RTS8 B 0. 5
TTARCHHLREH I 2 HE B an 2 .

P ) h R 4D T B Gk 20

u(k) = um(k) + us(k),
um (k) = 2q(k) + ‘P(k)TéR(k)a (30)
2
ugy (k) = —ks12(k), usa = —h—z(k).
EM

AT IS B2 HERE T R B EOR BIE A R 48
RIS S A AR E .

EHE2 AT HRIEROANIRE Q). 11T
ARBCRAE T, SRS (30) A1 H & N4 (29) )
TARCTE I EHHC Y A I 4%, 2 :
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Fig. 2 Control scheme of current loop based on IARC controller
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[ UMR/ME TR L T2, T AR 2 fa IR R Sel 3R,
YIHLAEAEUINAZSARZEIT, FEh HUH LY P R 20 7T DL
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FRIEEACM 22, IHb 428 o A A SR 5 7 o A

h2

Ugy = ———2,

dem
o uge FIFLEN AN
h = 1"||0min

(33)

- 9max|7

BN IR ER R ZE R I 5 4510 AR,
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24+ kgz =0,

Dy FERER R 2L T
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PMSMI N 5 e A 5. fESLPr R Girh, T liAe

AR S AR AR A 3R, PMSM SR N 545 ] g tH A7 1

WAL 22 7 SEBR £ Gt %I AR 22 AN A7 AE B AT DL,

THFR ST LA S LS.

25 b, B 215IE.

4 PiEMERER 5 5P (Analysis of simul-
ation and experiment results)
NESIE AR SCHE H 2 T TARCI FE I 42 1 #5% 1 ]

AT AL, 1 S8 d W B2 7R PMSM HL A 5

A, AR 2 0t SR LI I, R TR. 2R

J&, 2T 20 (DI PMSMAERL#HAT #6128 i, FFE

MATLAB H1 S BRI

(34)

* 1 7 A& APMSM A%
Table 1 Parameters of PMSM in simulation
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PR AR $2 ) 2% B vt 7 vk, 4 BB AR R 4t
rpeEy P i) 8%, DARCH il 2% AITARCHz il 2%, 1%
Hilgs S Hdn R

1) PHZHi#: Wil tbil Rk, = 0.3, B 2
ki = 0.03.

2) DARC #&#ill#s: 31 EFE 26T us = —ksgz,
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Fig. 3 Tracking error of current
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Fig. 4 Online estimation of parameter K
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Fig. 5 Online estimation of parameter K
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