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ABSTRACT: The work aims to apply super twisting sliding mode to motor control to better cope with environment
changes to solve the performance change of permanent magnet synchronous machines (PMSM) under traditional PID
control due to environment changes such as sudden load change, heavy load starting, and frequent speed changes. By
adding adaptive proportional term and integral term to the original super spiral sliding mode algorithm, faster convergence
speed and stronger robustness were obtained. Then, a new supersaturation coefficient was introduced to deal with the
overshoot problem caused by the introduction of the integral term. In the simulation environment of Matlab/SMULINK,
the proposed model was built and compared with the model built by the traditional PID control, super twisting sliding
mode control and proportional term improved super twisting sliding mode control. The result showed that, the proposed
method improved the stability and rapidity by 33%~91% and 27%~76%, respectively when the environment changed. The
super spiral sliding mode controller optimized in this paper has higher robustness and faster rapid convergence, improves
the performance of the system, and can effectively cope with the sudden load change, heavy load starting, and frequent
speed change problems mentioned in the previous article. It makes the PMSM proposed in the work more conform to the

requirements of packaging machine.
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Fig.1 Second-order sliding mode surface



- 200 - f1 %% T 72

2022 4£ 10 A

AT At — B T B Bk, W IR i R
( Super-Twisting Algorithm, STA ) AN B4 B A 1]
B R AE B B By N — bR LY
STA AN :

172 .

Lf] =—a|sl szgn(bj)Jru2 @)

u, =—psign(s)+¢

A, s MBI E; o, BN STAREG o K
Peah,

fExt (2) . als| RET STA KSGERENY
YERS, B2z b i B e RE R , 145 o HARY
M ) AT S5 B ARk (R PR S T STA 1Y
WSS FBE AR R, AR SO A LU AR 43T, 48
Tl A R SR AN T

u, = —0{|s|l/2 sign(s)—ks+u,

u, =—pPsign(s)—k,s +¢

A ks MBI ks AT H kL ko>00

TR T TR Iy

s=m, -, (4)

Xelr: @ NS U

i (1) f= (4) 743

3)

—t—w+—= %)
g (3) A=k (5) 15204l i b
2] (Ea)ﬁLﬂjﬁLaM”2 sign(s)+
i =3 J J
Py ks +[(Bsign(s)—k,s)dt

21 BREMESH

R L, EX (6) P, R o B ki kR
DU 45t
av fr ks k>0,
{4ﬂk2 > (8B +9a’)k!
)X B e A BIR o T7] A W S8 It
Bt — A AL -

(6)

(7

Z,=s
. )
z, = | Bsign(z,) —k,sdt
K (6) "THEN:
zZ, = —Cl|Zl|]/2 sign(z,)—kz, +z, )
z, =—Psign(z,)—k,s
PEERZE — YR Lyapunov PRV (z,,z,) = ETTIE ,
BHR & =[ |2 22, |, TURSEXERRIE AR

4p+a’) ak, —a
M-| ok  @k+kE) -k (10)
-a —k, 2

AR — A s T LR V (g, 2,) B i sk
TEE HAR I TEAA , B zi=2,=0 AMEALFT 0T, B LA

i (HE[R <V () < A, (11} (11)

X €]l = 2]+ 2 + 23 R S MBULE IR
X} Lyapunov BRECR 5155 :

V(Zlazz) =£TH§+§TH§=

1 12
_TgTAg_gTBf ( )
||
Qp+at) 0 -a
A i A=% 0  (k+5k)) -3k
-a =3k, 1
(B+2a%) 0 0
B= 0 (k, +kl) —k,
0 —k, 1

W 4>0, B>0, AV <0, TEHE o, B k.
ky W LR 2 BB B0 ASHEUE B -

as f k~ k>0, (13)
4k, > (8 +9a’ )k}
, 1
V< Wﬂ {1 = Auin {BY (ST (14)
1
wat(14), e,
VI/Z X
MW<ML<%£4 (15)
R, 753
1/2
V'v < _ ﬂ’min {H} ﬂ’min {A} V1/3 (x)_ ﬂ’min {B} V(x) (16)

T LR TREE, AT LIAR AV (2, 2,) REMSAEA FRAT
IA] P S 071,
2.2 BEMZMETNZIT

AR 2.1 W HNER, LR ks 51 ARISHER
WIE, REAHE k>0, RE MR E AR 22 FIH W,
(H2 2 RGNS SR BT [, LA s<1, kys 43T
F0, o AT T R R 1R 0 7 7 AR 0
als|” sign(s), WA FAIE B 18 . Ny T bl
AT, s SRR F1IE BT &[5 s
MR (6) 25N

B 1 2 .
—w+— |t+als| St S)+
B el sty

s s 4 Bsign(s) —ysi

N

. 2
lq =
3pnl//f

(17)




B4z H19W

BRI, e BT U SR A A R R A P S HLAE - 201 -

1) HRGARELIEH BT, A

s<1
sign(|s| -)=-1
27 (éa)+£j+a|s|msign(s)+ (18)
i = J J
' 3p, “a
s+ [(Bsign(s)—k,s)dt
0!|S|1/2 sign(s)+k|s| " s> 0:|s|1/2 sign(s) o
2) HRGURS T BT mn, 0.
s<1
sign(|s| -)=-
. (— L] |s|l/2sign(s)+ (19)
i= J
! 3pn
+[(Bsign(s)—k,s)dt

0{|s|l/2 sign(s)+ k|s|a s> 0!|S|”2 sign(s) o

I A & R PRI , O824 1T ¥ A T
i SR T S R T I, R R AR R TR,
N TV R P T R R A T 4 1) 8 9 HE 5] DL
Kl 2,

*+
_@7
[

A

al-|"sign()

K e )

> Bsign()

L—> K,()

P 2 kot MR T Ak R o A5 A
Fig.2 Block diagram of slip mode speed controller based on
improved super twisting

2.3 i AHRIET

WA 2.1 TRER], I ks %I/\ﬁiﬁ%ﬁ»ﬁﬁ%
A, RERIIE k>0, REERRREMESIA 2 Z B .
{HJE7E PMSM JR it e, UM AE2 51 E R
Ge AR R RGO T XA, 1R
GirpoI BT A R, BTN

y =1l+tanh[ A, —i,,) | (20)
e AHIEWEG 1, 52 3 PRI FT A% P

LI l jﬂxiwﬁfpm):ﬁ’]% A FL Y s tanh
SR TE Y] PR, y=1+tanh(x) A1 y=e* i) BREON HE 1S

WL 3.

3.0

25} /

20r it

y 15¢F

1.0 -

05
— y=1+tanh(x)

- - el

0 1 1 1 1 1
-1.0 0.8 06 04 02 0
x

02 04 06 08 1.0

Kl 3 y=1+tanh(x). y=e* M eRELEE
Fig.3 Function image of y=1+tanh(x), y=¢"

L AR 3, 7T LA B y=1+tanh(x) LA y=0 Fl y=2
fERWES, Y4 x B FHRIEHER, y T o0, Hlaik
PR AL G2 B8 BRI

ImABtfmRzEUs, X (17) &R

po_2 [£w+T—L]+a|s|msign(s)+
T o3py, I\ T

1)
kl |s|a-sign(‘s‘_1) s +J‘(ﬂsign(S) - kzysﬁt]

Mo R i, 22 1) Y 2 (R 0 KR o, BIVid A
A, AR XU IE DT s B PR,y AT 0, MR
R RN s 0 Fi RHAERE, BN A,
R KR 1E 1) pR HCE 7 1, %Veﬁ;f“ﬂnﬁ’i{%ﬁ
U3 I R BB OREE ko A . S hM ARk A BIE,
Tuxlﬁlﬁﬁéﬁﬁﬂfﬁiﬁﬂo

A (21), £330 E A4 48 0 st H iE R
A2 EE % ( AMST-SMC ), AMST-SMC N #HE
K UL 4,

—5@2—{ al-|"sign()
o ol g"ﬂ“)()[

Kl 4 AMST-SMC 454 HE ]
Fig.4 Structure block diagram of AMST-SMC



+ 202 -

(-

2022 4£ 10 A

3 ETF AMST-SMC By PMSM 7 &
K5 H

HT AMST-SMC f) PMSM F5HIHEK ULIE 5, #3
K 5 7F Matlab/Simulink FR45 o2 a4 1 1) 07 B4
A, SCHORR AT DUR 3 A sz gl LU I i i [ 25 # sl AL
ARRB T, KX AMST-SMC #4734 .

1) kg g % 7R [R) 25 HL sl AILFE TA o B AR 45
MBS, B EYLLUERE 1 000 r/min 2535 3,
1602 s IfFAZREHEE 10 Nom, 7F 0.3 s B 25 280
10 N-m, PASSIE AMST-SMC #14 T K i & 4

2) Sk g X ARG [R5 B S HLAE TAE bt 30 A0 A 38
JR AR, Bt ALLL 1000 /min 2R 5 Nom 53,

P

PLEHIE AMST-SMC #4550 K 47 1471 205 2 g

3 ) R X K i [m] 20 H Sl ILAE AR oA B Y
T, B HLLL 500 r/min 25805 5, 7E 0.2 s BF4
FEFE S ZE 1000 r/min, PLIKIE AMST-SMC i A
TN R A sh A PERE

R T RN SE S B AR, SCHIEECT L AR 4
WAy vl %% ( Proportion Integration Differentiation,
PID ). MR e B4R &% ( ST-SMC ). LU i3t i itk
T B s 2% ( MST-SMC ) 1 %) BRS5256:, PID
SHERCR . k,=0.2. k=30; ST-SMC ZHEHCN .
0=600. =100 000; MST-SMC ZHEH N : a=600.
=100 000, k=30; MST-SMC ZHEH N : a=600.
=100 000, k=30, k,=4 000, A=1, PEHL KL R
RIS EOLE 1.

qu +q0
Y
m—:@a MS[;/ISéL —Es:turator @—» PI ﬁ» >
@ Iy Parki¥i 25 SVPWM :) =AY
Q> | P >
I %
iy ia » i,
i, | Pt || Claricei (< b
Y
VR
El 5 3T MAST-SMC Ay PMSM #5 HIHE R
Fig.5 Control block diagram of PMSM based on MAST-SMC
£1 KMESEHNSH 3.1 THXW
Tab.1 Parameters of PMSM ) L
TEARB LI, SelAREH 1000 t/min 258880, 7E
b Vg1 0.2 s FPR- 71282838 10 N-m,, 7 0.3 s B 71282808 10 N-m,
N FEZESILE 6, WAL MO B REFE AR Y, B
2E T HLBH R 2.875Q MIE 4.
A L, 8.5 mH T 2 A 6a A, ZEBHJE R AT, AMST-SMC
AR A 0.55%, HAESR) PID #5H146/N T 98.4%,
q WL L, 8.5 mH WA MST-SMC /N T 93.7% . 7P 14 77 1
TRy, 0.175 Wb AMST-SMC HJETIR A 0.01 s, HUALSEHR) PID IR T
90%, HXALAY MST-SMC tRT 28.6%. TERAPERE T,
W% p 3 AMST-SMC HFaZ5152% 4 0.019 r/min, HALSH) PID 5
B 48N T 91.2%, FRPLA MST-SMC 4i/N T 57.8%. &
HahiiE J 0.003 kg-m? ’
ST em SRR | PP RS HERE T, AMST-SMC
B R 311V AT PID fl MST-SMC,, X UiiH7EZs 85 shih, AMST-
- SMC ReRSEIREERE, JHHEIED, Kt AMST-
FHJE 2% B ON-m-s

SMC AT HAbXH O AT 25 B8 SR



Fa3zk oM BRI, e BT U SR A A R R A P S HLAE 203 -

®2 THIBWEIEEBEIIEREER

Tab.2 Performance index of motor at start in variable load experiment

P 5= BRI /(r-min ) T R T /% T B 7] /s FaZSiR22/(r-min ") AR /(N -m)

PID 1351.444 35.144 0.046 0.217 7.537
ST-SMC 1 088.391 8.839 0.017 0.05 6.042
MST-SMC 1061.236 6.124 0.014 0.045 5.547
AMST-SMC 1 005.553 0.555 0.01 0.019 0.574
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Fig.6 Waveform diagram of variable load simulation
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Tab.3 Performance index of motor in load increase simulation

il gy el P /(r min ") BRI E/% PR RRASIR2E/(rmin ) AR AT I 1) /s
PID 927.292 7.271 0.031 0.317 0.034
ST-SMC 976.256 2.374 0.016 0.05 0.004
MST-SMC 982.666 1.733 0.012 0.043 0.002
AMST-SMC 982.823 1.718 0.008 0.027 0.001
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Tab.4 Performance index of motor in load reduction simulation

2 75 2K e SR H/(r-min ") FeHUB /% PR RRASIRZE/(rmin ) RS I A /s
PID 1 072.604 7.26 0.032 0.315 0.038
ST-SMC 1 024.281 2.428 0.015 0.052 0.004
MST-SMC 1017.837 1.784 0.012 0.043 0.002
AMST-SMC 1016.93 1.693 0.008 0.018 0.001
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Tab.5 Performance index of motor in load start simulation

P )5 = B (B /(r-min ") OB IR /% I il /s FaZSiR22/(r-min ") B4 IH/(N-m)
PID 1360.102 36.01 0.047 7 0.096 8.168
ST-SMC 1 068.14 6.814 0.016 4 0.064 6.345
MST-SMC 1 040.229 4.03 0.013 9 0.055 4.698
AMST-SMC 1 008.221 0.822 0.0115 0.029 1.441
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Fig.7 Waveform diagram of load start simulation
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Tab.6 Motor performance index in no-load variable speed experiment motor

il 77 5 A AR/ (r-min ") e AU /%

P45 ] /s FaZSIR22/(r-min ") AR /(N -m)

PID 1152.016 15.202 0.028 5 0.203 4.038
ST-SMC 1 028.016 2.802 0.009 5 0.078 2.561
MST-SMC 1 035.692 3.569 0.008 8 0.063 4.986
AMST-SMC 1 022.636 2.264 0.007 8 0.045 2.365
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Fig.8 Waveform diagram of no-load variable speed experiment simulation
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