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Active Disturbance Rejection Controller of
PMSM for Electro-mechanical Actuator
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Abstract: To solve the problem of low resonant frequency of the launch vehicle’s electro-
mechanical actuator and the decrease of the system’s rapidity brought by the traditional notch filter
algorithm, a differential feed forward control algorithm based on auto-disturbance rejection control
(ADRC) is proposed. The step response and anti-jamming performance of the system in the tradi-
tional PID control and first-order ADRC control methods are compared under the condition that
the open-loop equivalent gains are close to each other. For the case of inputting sine commands,
the system’s tracking performance is compared with input derivative feed-forward(IDF) under two
control modes, which are the proportional and expansion state observer (ESO) and the finite time
proportional(FTP) and ESO. The simulation and experimental results show that the introduction
of IDF in conventional ADRC can effectively improve the electromechanical actuator’s tracking ac-
curacy with time-varying input.
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SEEH E R S DS1103, ) b J5E A 9% 38 33 Simu-
link H 252 WACHS A9 A L5 F 38, 9288 b Y i AR 2%
X4 %l 10k Hz, il 37 PWM o 0B fih % H 0 % kE



%6 M

G2 LU SR . AR G0 Y BE 1 495 40 AE BT S5 6

EralinE o K 10 Fin,
Ziii ‘4} B c
SRS
[ (i)

HOST dSPACE DS1103 | AD

{ PMSM

k< ORE

Increment Encoder

9 REWEHEHMIER
Fig. 9 System hardware block diagram

WL

dSPACE
DS1103

E10 ZHFE
Fig. 10 Experiment platform

SLER R Y R B S8R S B ]

HIE 11 (o ] LU Y AB 58 PT AR HIT B 88 )
g 28.7% , AT ] Ky 215ms; P+ ESO #l FTP +
ESO il F ¥ 76 88 8 &, 1 98 15 B E] 23 5 24 108ms
Al 47ms, S EEER -8 B 11 EE LS 3h
Ry S 11 Fh, A 2 0 1A R L 3K LS O ) L 3% 4 A7 A
HPERBE T E S RPN S, B 11 R
B R AL B J5 7 30 mT DAAR PR bl e 818 45 7 {5 A
0 % 800r/min, [A] PI ¥ i # [k, FTP + ESO #1P+
ESO #8433 /N i 8 8 A s /98 T Bl 5 P+
ESO #5140 b, FTP+ESO 45 T fi% I8 -5 i i) 5 4

T = A S AE R AR R G bk
Bl RE L X 5 I RN 5 1 A% 1Y S g 45 R AT I,
12 Ca) FTCh) 43 53] 2 58 o A7 28 i 5 1) 4 48 i =
Pl 5 20N A 5 il R ) HE R, Y LR 2 B AT
f£ 800r/min Bf, 2N 1 2k 2N » m, &4 PLIE®HI T
()55 S A7 78 551/ min 22 47 % 8l il P+ ESO Al
FTP+ESO # il T i % 3 3 3 73 9 A 8r/min il
Ir/min, SE#ETEN, 1458 P46 T 09§ 3 A7 78

H, 0 i) AR AL A 7 R ) 2 i AL A B oAt 4 65
I PI
FTP+ES ",
<
g P+ESO
S /
B
#/(100ms/grid)
(a) ¥ 3 )
M

i [(1A/

q

h
P+ES V%‘

Ny
l‘TP+ES'8M l i
#/(100ms/grid)
(b) B8 it e Ji2
11 Z=HEHMEEEmE (EH)

Fig. 11 Dynamic response when starting

without load (experiment)

155r/min Z£47 9% 8l . i P+ ESO #1 FTP + ESO
2T ) 3 B s 4 9 A 20r/min Al 5r/min,
O AT AR B S b ), FTP -+ ESO #H T Hof
s ol oy XA AR BT PR B

ﬁ‘ FTP+ESO
E“”""”"""W”"mwm“”
E P+E§O\ /
E N
s |/

\f

Y

#/(500ms/grid)

(a) S fin &5 B B 328 FEE M) E

= hop
2 I
£ ] \ P+ES
O\):/ &xu TR TIRPRTREY U ATTTHDR TR NPV )
= — L i gt el
= FTP+ES
/(500ms/grid)
(b) 32 ) 25 B 1Y 53 B M Sz

B 12 SEh0E 5 S ED A E I B M R (SRED)

Fig. 12 Speed response when torque varing (experiment)



66 S L S A 2018 4F 11 H

REE P-HESO Hil FTP+ESO X Wi F 5 il #5178
T R G0 M ER AR g AR PERE BT BRI 45 0 1 K
BRI R S5 X L . Se il i ALAE JC IDF #4217 5
TERER IR X 45 € R B B AT e Ll T 3 U4 4l s AL
IBATTEA IDF 46 AT . K 13 /TLUE L P+
ESO #& il F J& IDF B Y R 15 % 2% 4 £ 530r/min, A
IDF B /) B 2 1% 22 08 /N £+ 10r/min, H & 14 7] L)
Fi,FTP+ ESO # # T JC IDF B i B 2R 1R 25 R
+430r/min, A IDF W} # BB &5 1% 22 38 /) 5 51/ min,
A= N VN NS 6 R T SR € =T )
INF 78 B 25 7 1 B EORS FE  R ] FTP A+ ESO 45 il
J7 AR P+ ESO £ i 07 xCa) DLk 21 51 g (9 45
R BE

1000r/min
Y
a

e
e
JCS
St

t/(100ms/grid)
B 13 P+ESO #E# TERERIEZAER MBI (R

Fig. 13 Dynamic response of tracking Sine reference

using P+ ESO control (experiment)

1000r/min
«—>

5A  500r/min

1/(100ms/grid)
B 14 FTP+ESO #= #) T IR ER IE 3% 45 7E B B9 30 25 M R (SE38)

Fig. 14 Dynamic response of tracking Sine reference

using FTP+ESO control (experiment)

5 #ig

AR SN L B i Bl ML AR ) s R Bk AT T
FEEM T LT HNE:

DI T —F 3T ADRC #3053 1 Bt 5 1l 4
o RUFAT B B[R] B 491 42 ) 0 477 Ji bR 25 00 25 LA
P& UN G N0 E R NS Bl D 4L PO R s |
fa) AR AL FH 7 1 [R) 25 H ML A R 35 1k B RN Bt 46 1k
HEAT T 05 B 505 .

2) M fd PI 454 5 ADRC (9 M8 B4 52 b &
S, P ZR 48 B A R IR AR 25 . BE X
AT AE BE OL. 5 1N N A TR R L T BR T
AR 22 . 38 Ik B A AT R B 06 IE , 3R W% T ik
AT DA o A ) I R 6 1) B e 3 v R R B
i R G IR BEHE T T 50 |

W5,

&% ik

1] skprde, #gd, skJRsl, 5. RAIE T B3 R
AR v e 5 el s aFse ()], S MUE S B,
2017, 4(2); 41-47.

(2] akrde, dak, skJkBl, % . KUK MEREMN KM
kARG R IRGRLT]. SMEAM S M, 2017, 4(D):
14-19.

(3] 4Bvie, BRME, 3580, &5 . (18 AU b 2 2l 2k 1y
B REALEE R )], SRR AL, 2013, 41(12): 57-60.

[4] @Atk 248, 5h, % e S50 s e pLE
AR PRI ], LS Hl 2= R, 2009, 13(1) .
128-132.

[5] XA, Ruib, k. & . SWAIRILRSEE
WOHE N SEE R RS EH, 2013, 42
(4); 449-456.

(67 AR, AR, 2508, % . WBca il ikom 7 2 3 il
PR AR AGEEHRO]. BT HARZEMR . 2009, 2411 .
41-47.

(7] YR, ¥, J7FInEE . kWA IR 25 d AL A o R Se 0
PRI BT HEH AR, 2009, 24(9) . 71-77.

(8] ®Whntys . AP E AR bR 62 F £
Pl AR M. dbat . [P Tolk AR, 2008.

9] XGERI, ZEtttfe . 3 K0 [ 25 e HLAE B 3 1 5 %h
epy AP a L0, P E R AL T R AR, 2008,
28(24); 118-123.



55 6 4] F, S 4] S ML A 7K T ) 26 AL LAY A BT A4 ) 67

[10] Li S, Xia C, Zhou X. Disturbance rejection control RGiAHH¥M . 2013, 25(1): 115-119.
method for permanent magnet synchronous motor (14] SkBIA, BwRMAE, TRE, 5. B30 REHLE ekt
speed-regulation system[J]. Mechatronics, 2012, 22 AoudisEhpro ()], B & 5, 2013, 21
(6):706-714. (9): 2457-2460.

[11] LiS, Liu H, Ding S. A speed control for a PMSM u- (150 gk, BRI . K W) A5 H bR 2 2 S0 1 BEM A
sing finite-time feedback control and disturbance com- Peswl )] Bl HANH . 2013, 40(8): 57-60.
pensation[ J]. Transactions of the Institute of Meas- (161 WRME . BT A Podh s il A w7 25 B AR R &R g0 i
urement and Control, 2010, 32(2): 170-187. 52[J]. WML, 2013, 46(12); 51-54.

[12] Ztife, THEZ . JEotmmb g 5 HIM]. C17] 53k, ®&OGH, ke, % . K#EEFE LRIl S 80%

[13]

ot BR2E A, 2013,
T, WE, REK . MHLA IS N )]

AP RARL)]. B TR AR R, 2013, 28(3):
27-34.



