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Sliding Mode Control of Permanent Magnet Synchronous Motor Based on Moment

of Inertia Identification and Disturbance Compensation
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Abstract: In view of the negative influence of load torque fluctuation and load moment of inertia exerted on
the control performance of permanent magnet synchronous motor, a model reference adaptive control method has
thus been adopted to identify the moment of inertia in real time. By using the designed disturbance compensation
observer, the load torque value combined with the identified moment of inertia can be estimated, with the observed
load torque converted into the observed current value for the error with the given current value. Thus, the feed forward
compensation of the control system helps to reduce the torque current ripple, thus improving the anti-interference
ability and response speed of the system. Based on the verification of model in the loop physical simulation platform,

it is testified that the control strategy has a good effect on the anti-interference performance and response speed of the
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system, thus enhancing the robustness of the system.

Keywords: permanent magnet synchronous motor; sliding mode control; disturbance compensation observer;

moment of inertia identification; model reference adaptation

1 HIRE=

B

TE LR T, LT T4 52 8 2 0T
BOSZNE, A9 G R ATLI) A S S 5 sl R 6 8 i sl
AT REZ I HALIIE R 817, Hrh s mdosris
Uik A AT 28 X G TR &7 sl v 3 b e 5
KRIEGTHE, W KA— R Tt
SR IBGR RGN & . EH RGP #dish i
AR G P SRk AR e 1,

292k 1 PL a7k % [W] 22 L AL ( permanent
magnet synchronous motor, PMSM ) #Ef ¥R,
il U T S AR A TR B, e YU LN AT LAY
JERGHAERIEOR, RN T LS BE . SR
G, ARG PR & ] BERAF ARG — LB Bk A T A AN
FIFRAE PP Py SR ANE AR S FE i (sliding
mode control, SMC) , AJ LA/ R G S £ sl i 4b
B RGUREAARTEREA 2, HAT ARG &k
AT LAGRAN PLIE T S-AAFE R ER 0 A e 2 4k, (R e A
— M, WURAEE A MEHRIS, PRS0
FGRIRLIA G, FFA RN S PR e [ 3 A 1
g, WS TER R PR [l 2848, AT R 587 AE
THELUHBRRHRI S . TEBErm, RELHK
FFHEAEAWH I TG, A SRR AT RE M
T BRI, Tk BB & AR M e A AR B,
WNSCHR [4] RGN ATRAGEEL, X TR,
THFIHIVER, S ESIA TR ETE:,  Rhss N ik
B, AR GE R L E R AT RE A TR R A LA R
A, AHIEBCA 25 IR 17 38U 5 R i sl 5t i AR A
b, DR 2o % 42 i 22 e WIIMEL ™ 2 e . SCHiR [5-6]
DA B S5 R AE B AR eh S B AR BN
ARl , BT T — P i A I AR R R
BB RS, AT AL e S, s )
I AR S O PR SCHR [7] 48 T RIS
i ( model reference adaptation system, MRAS ) ¥
il 7 AR S M P AR S & 1 S B &, D7
S A5 R WIZOUL I 25 8 S I R L R A DU
TR ARG, T 1 R R G R AR
RE, (EZI I A, AN PR o s 8 il 3R
G SCHR [8] 4 1 — R Hu HLAL S A 1 4056 4
(] S A LI X G B T AR 2457 , - e O] ) 67 280

S

FEUEA TR BRAME I ik, SER 45 R BIZ T T R
GLEHRIL G AT REARA Sl s IR ik [9]
et T — Rt FE AU 25 ) PMSM 2K Rl )ik
FA T it e A 0 1 A UL 5 7 PMSM 3% -7 B B ekt
NI AFAE BRI, AR R AR R b, W
BESHB)HEC R e, NS, SCER [10-11] 4%
K LB BN Ry 181 5 AN AR 1) H ML AR B Sl ik
TP . MERHZE IR ERHE, XSk 5% 3
TR SEI B, AT LUASOM IR B R AT AR RE,
R BURE X F 28 gk o b, R i ok
Uk, HHLETHE— SRR, XTHRALR
BT EIRA AN

ST RO, ASCHE S — Bl AT HRAMER 7
TR HLAIL A PN S B0 sh A AR S R P E T
SRR, R4 A MRAS #H ik, &It
TP IR AE R PRI S AME I &, SEEPRS B
YU B s R S s I 2 b, BB R A 45
SRELAG R I L 370, 5 20 1 Sl e VA o 4 3
Wz, WA, HEH R G TR AT PRME
5, AN kSN, LSRR E B TIAL
o TERTYET- GRS R LW, AR
F18 4 ) SR s o 2R e P HIe e R o i o AR EROAS: T AR
TP R

2 PMSM Hy%=1E8y

N T OB SRR, SR 0 BRI T AE N
vt mEdl, W PMSM FEHESE AL bR 22 T 19 H
FEAFRUNE

. di, .
u, =Rszd+de—t’—coequq,
(1)

) di, )
u,=Ri +L, PR (L, +y,)o

AP g uy i i Lyy L 235 0 AHLLE BRI AN SE
s i LR DA LR

R, NETHLEH ;

w, AHEIAEE

yr HIKBEARE 5 o

XF 2R 020 4 1 (0 K G R A AL R 4
i LieL,, WIAFAERGRHERHE, MLy, SRAET5 N



ST HE SR BN SIS M2 A I RE TR A5 v LIRS A2 55

o511 AVLEF, 4
T=1.5py;i,; (2)
LB sl e
do,
T.-T, -Bo, = PTG (3)
K (2) (3) . T AR
p FRTEL
T, MR
J REE S A
B, R HALA R B R A
o, PR EE

3 BERIEEEH R

TEM RS SRR R G, AR R e
WET 3INEER, e sms s, B s fis
il i,
3.1 BiEEEIERET

FE X PMSM ZEEMPRSASHUTT

X = 60* —@>
dx,  do (4)
xz == o
ds d¢
Kb o W
@ Fy LR
SR Y
v (5)
X, =—@O=-— 2Jf iqo
s=cx+x,, (6)
P e HERBRISE, WREPREAZEME, H 0.
S=cxl+x2=cx2+x2=cx2—3pl//fi (7)

2J 17

MR AT E SR R ShASTERE, T BRI
TIRGEERING:, 51T & b LR R e 50
AL S TRl Y, AR

§ =—k sgn(s)—k,s, k, >0, k, >0 (8)

K k. k ¥R SEG

—kysgn(s) AT 5

~kys MARECEAIT I

= (8) AT, LT SE b M &y, AMLA]
DU Lz S i B iE sh e Re, 8 v LI R
HI5 RGERHRILS

SR R G ETTRR], (R G Z BT
FIAE BT BB PR A B F R IR, 51 HISCHR [14]
HFEEOEIE A, G

lim|x,| =0, k >0, k, >0 (9)

{s' = —k, sgn(s) —k,x,’s;

TERRBOB AT A A B b, A T e iR 22 F
Ji xi, Sk 5 RGURS AL, B RS SE
B, R GUIREE B 112 3 Pl 2 i A
I, R RO R ) B EE TSR, R R
SETH ~k sgn(s) FIASHEEL ~kyel's PRI FE ST AT 5
RGNS T IE Sl R R, 4500
xi BT 0, FEER A E R EIE A 0. i X
Jr GBI, SIS RO AT REHLBU ), XTI
i/ DR S T T )3 B 5 T 5 | R G IR A B
G, MRS RO JE T R

Bear= (7) F1sk (9) , wlfg:

—k, sgn(s) —k,x,’s = cx, — 312)}/]/*" io (10)

q

s (10) A%, T s o A piE
EEER A BT, TR | A E DN
2J

1 R

‘ 3py, <0

32 RREMSW

T UEBA R G AT LA AR B RS R AR A PR

Ak, BREfRIEE shaln] ISR, 1EH
ZEHEE AR PR R

(cx, +ksgn(s)+kx’s)de,  (11)

V:%sz,s;tOo (12)

= (9) A= (12) AfRAfE3
V=s§= —s(k] sgn(s)+k2xlzs) . (13)
M k>0, k>0, s-sgn(s) =0, x; =0, HLaPL
B3 <0, BIBIFRETIR S ] LRSI E

4 A FMEI N T

h T B RGBT B RE RN 5 R R ESE
PE, ABFTER PS4 T3 R
TIPS, AR A sAMER Iy, X R G T
Pz, LI/ MEsI s r ksl , ImseBixs £45¢
FREVERERI SR TN RGBS TERERY N . ILRSEHY
RETTFEAT

X =Ax+Bu+Df | (14)

A x HRGURESAL R

u PR AL

SRR B

A, B. D ¥y FZEOHER

WA BB R 22 AT FoR Tl



56 i = R B |

NS

2022 4

e=f—f, (15)
X FORPRBL ;
e NAREN A R 2%
HE— RN, A B sha f 1A
b, BIf =0, st P i g JEATHEs, s
R I 5 RA

A

f=—kD-e=—k,Df +k,Df - (16)
s &y AR AMEULIN A5 25 R
= (16) FRAK (14) , AT45:
f—k,x=—k,Df —k, (Ax + Bu). (17)
I FIA AR Z = f—kox, ATLAEEG
RASAE I x HEH TOMTEE, mtn] A 2SR
A, AT R ARG AR AR . 3
CIEZN/ 1R
{Z=—k3D(Z+k3x)—k3(Ax+Bu),

o (18)
f=Z+kxo

TEFEHI RGN, T RGBSR A AR,
XTI, E— RN, a2
JE ] ZMEANTERY, R — 2P S A 7 el AR
HEEM AT, BT, =0, K HUHLBES A
TFHEA IR, WK (3) nl 2l pn R

l
2J 1T (19)

Az=T, -ko,, IHA -B./J=a, 3py; /2J=b,
=1/J=d, {EHXN T (14) PRYREOEE 4. B I
D, XA (14) 2R (18) AYHESIRIE, ] UfEH
PMSM (4R Bl M LN & (1 b U F

bz e ko) =22 v Bo, |,
J 2

S>7Tm

(20)

A

TL =z +k3(1)mo

AT, Ay A I
Pl AMEF R 2 4 A AN 1 7R

— Zpy, —

' R
B + > - ®—>
s
A
@ | +
+

B 1 MR ER N ER S E

Fig. 1 Structure diagram of disturbance compensation

torque observer

HY T 07 0 LA B 45 SR AN B L4 5 e O i A
IRRA5E, ORI Fr) 67 2 o e i A M L IRV Sy £
IS AM AT B RE e BAMERLT N, 4
Al (11) , ATAE P s r i

i;=iq+iq’=% ;(cx2+k1 sgn(s)+kx’s)dt+ kT,
(21)
A, &k WFGEILINAME 25, H k>0,

HixC (2) s S HURZ M C R, TS

kW EL 2/(3pyry) o

5 HEHREPHA

DN 2R G sh B 2> Bl T A9 P 3 A2tk e 2k
FARESUE , AL, el R G4 il LA IR R Y
SO, EAERR RGP T I ERESE s . SR hnaE
HEAS BE 2 B o R Sh IR R R . AR SCR A
MRAS I HERIT A TE L BN R G e s 1B &, MRAS
ZER I DLIE 2.

—— @i

J

BENEL

B2 MRAS &#E
Fig.2 MRAS structure diagram

W& 2 Bis, MRAS 3 #4024, A4 Al
B, SRR L R e p BT LA
AR, o, FR, EFRRNERHPHARS; &
NERHEPBERIESELR, 1 o, FR, EFRR
P HBC AR R, A ] RN S B RS
1B IR &, e /ERIHNAE LA S,
TR —A> A IE AL SRR Y, SEBUX RGUEIA 1Y
SER IR ERHER

BT N RGERAEFW, % PMSM 12 8l B 7
BYRUACAL B, 80000 B SR RO I 2 AT, ) =1 1)
ZIB BRI RN

o, (1)=o, (1-1)

T(t=1)-T (t-1)=J 7 ;o (22)
[RIFE, =2 W 2R B EL TN
T(e-2)-1,(1-2)=s 2= =0a172) oy

T.

S

RAGRERAESAR LR T AL R, fE—4>



51 LY, %

ST HE SR BN SIS M2 A I RE TR A5 v LIRS A2

57

RAESEIIN, R T A e nl IZ AN, B
INARFEAAS B T (=1)=T(+-2), 7= (22) Fl
(23) , A[f5H MRAS By N

o, (=20, (t-1)-o,(t-2)+b()AT,(t-1), (24)
K b(0)=T,1J;
AT (t=1)=T.(t=1)-T(t-2).
[FEE, MRAS [ a] JEA AR
0 (D220, (-1~ (t=2)+b(-D)AT(+-1),  (25)

K w () ¢ B 2 S e ML S LI

n(0) 1 t B2 SR H ML S 1) S

by(t=1) PR A

51 H Popov i Fe E IS I TH BRI, S
SR FE N R A R A,

AU
1+ B[ AT, (1-1)] :

K e(r) HHEEMMIRZE, H e()=w()-040);

B R BN 1 55 S5

FEAGH] by(r) J5 . FIEIL J=Ty/b(0) THHAS H 5 ol
I J

6 HERLYHEFEWIE

T BE R AR, @i Matlab #5 4
D ELASTRL, FFfiE B MS320F28335 %I DSP S %0 A
RULER SRR 55 U1 TR IE

FER LY V- 6 Tk FH 1 PMSM (1 HL RS 5

bg(t)zbg (t_1)+ﬂ

(26)

£ 1 %A PMSM WIS H K EUE

Table | PMSM parameters with their values

Z K ZHUE
HERE UV 36
HE LI /A 7.5
e )% PIW 200
WXt 44 p 8
2R HLJER L/mH 0.9
ZRFLBH R/ Q) 0.33
BERE n/ (r e min™") 3000
BERM T/ (Nem) 0.637
B g (kg « om’) 0.189
TR 2B B/ (Nem=s) 0.000 08
FREEE P, /Wb 0.009 6

TEARSLYF A, Sy AU B i &8
WA gL Es ABZ+uvw, 2 500 PPR, 4K FHLIG
PUALA B CRdaxt s, RTERITHT 2 s, Je4hE
3m/2 WIHLAABE,  DATH BRI v A B O 25 . FE RS9
15 V-5 DA R AR FASRL A3 an el 3 FniEl 4 pios, i
RO FEHHERIANE S Fin .

AL S ) 5 T

KBTI LR
P LG T &

B3 EARXWAEIBFE

WFE 1 iR, Fig. 3 In-the-loop physical simulation experiment platform
C28x
IRQ! HLGRAT: . gl
ref Interrupt fj% %ﬂ;#ﬁjﬁ%ﬂ
. " ) K2 PW Mt
R e R —
function() -
B ¢ demand e iq_ref i
1100 k1 ib =N
T Q0 - o= —IDC Ia ref ==
WA DC_laf—{ =
SMCEFEFefl MR
aa[ PC_Kp g
SeRL UG | G Gt QEP[ {5} —{ QEP speed | —~ < ELGUI
- VA5 P
100 Fi IDC Ki iq rel mA| f—m oo
Send_GUIdatal | Get_GUldatal
AHLE L EAE
n
SRS L frp <k T |
-- : y
MW S i = q -‘_]— Y
SR A Wazs L R 1 R ) Wm
<&f—{TL" Win RN
RO
VA ML 25
B4 ERILYHFEKRE
Fig. 4 In-the-loop physical simulation model



58 WMo Tk R R 2022 4
% HAs ATy, AL A A AR 0.11 Nom; 24
iz ! ] U E I IREEAE O 0.22 Nem,  JHAR L IRESTE 10 s i)
= S E z N
o ‘ﬁﬁmgﬁﬁ$mwg W r A AR 0.33 Nem,
3 g 800
@ 4¢ 600}
, ; i 400}
Park [ Clark| 1, 200}
3 B "’“AJ;Q —
B | e R RN ¥ E E o
. Z 200}
J %
B o —400r
e —600F
5 EHRGREEE 800y
Fig. 5 Block diagram of the control system ~1ooo
~1200

6.1 FHBNIREHIRLIE

TE 05 FLIUE AT AT AT, BRI RRAR AT b BN
Hh RGUE IR A IR REE, st T R 3
P R AR R, YIOR R 38 R 45 R0
AR HER A S R RS A AR AL, RIES,
FEFE A 1200 r/min BTEOL T, H#EUE S, 0Bl
A p1E, B p=0.1,0.5, 1.0, 2.0, XFHHLIEITH D)
PR HER, UERAEZ B TP L X7 gl 15 i HER
B, AR gs R Al 6 firs .

0.5

0.4

0.3

0.2

J/(107kg * m?)

0.1

B 6 ARG RBMEINREYHART
Fig. 6 Moment of inertia identification waveform under

different gain coefficients

IIHTIEL 6 FiT 7R AN RIS i 28 K00 e sl it i iy e e
PG EL AT RIS B S DY g 2R BOR(EL R,
Feah B BEAR RO FE AR, ASid - R HER H
SR A BRI
6.2 HHFEENEESWNEXS LS

P 7 s D 0 LT AR R A St R e S A A
P Z, 151 8 7 o (1 EL BT AR sl Mz L 25 i L)
{HAALHIZR

AL EREES, 28005, WL R AR
FEAIEA L (UL 7) ATRURE 1, s

4 6 8 10 12 14 16 18 20
t/s

B 7 HEERBNEERNETL

Fig. 7 The curve of torque detection value of the torque sensor

1200

550

800330
600f
40
200

=1

ot

7/(10N « m)

-200[
—4001
-6001

800, 6 8 10 12 14 16 18 20
t/s
B8 HEHMEINE R ME T4k i 2

Fig. 8 Curves of observed values of the disturbance

compensation observer

H Pl 8 TT AASHAL, UL I 25 00 00 39 ) e Ry
0.33 Nom, UEBHYLSIAMEWLIN &5 X 17 30 A A 2 A H
A I B ERERAMEERE T

TESEHG SRR, K L 25 A8 LI 5 S B rr) HH R
e I 280 2 U H 5 0 R B, TEfE R
TEE RIS OLT . 0l & i 1 £ 28550 ks X UL 25
RATRKHIE I . 1445 B e (BN, ZR ST
JERCER LD 4 Bk 5l Rk JRE AR 5 T s {EDBRCRS, R
238 e O o JRE e, OLI(EL ) BE SR B N IR, &,
AT e — AR B i L
6.3 FAENIERESH

HRALR IS 800 8, TR BEE R OL T, ek
BUBH LA TR, RIHHL ERSE TS, 4 plik
SE 1200 r/min BT ERE; 1247210 s (i, RANK
/N 0.22 Nom Y TAETIHE; AT 2 14 s I, Rk
/NH =022 Nem B Sz 1) S8R 181 9 B Ry T
ARNEOLT , NSRS AME S S AR S R S AT



5510 UL, %

ST HE SR BN SIS M2 A I RE TR A5 v LIRS A2 59

AR BILEG JUXT 7 FLEE 2R

2400 1250, D) ?t‘)'b"
D — (DR
v QAN M.
2000F 1 200fmmbemm A A
1150 ~
teoor
0. 11 12
12001 D
= 200l 1320
B 1 260t
400F 1200——=o
1 140——=
0 13 14
~400, 6 8 10 12 14 16 18 20

t/s
B9 MRl SR M T 148 SR 20 A YRR X L #h 2%
Fig. 9 Comparison of torque mutation speed under

two control strategies

M9 AT LIE Y, EA Pk MER 56 R 5
o, MR AR, AL A 50~90 r/min (1)
RIS E TINS5 2 s Ae A BRI B 45 5 1A ok
FENNPE S AME R 0 R G rh, 4 i HLES V5 A
T/ NE] 20~30 r/min B, {UFFEE 0.5 s 2247l APk
BN E L, LT L, 2l SR ME IS Y
R B R4, JF HRE PR 2258 e, HhAn
PeaMzry e Ny SR, BB Rt T RE AN
M o, 3R
6.4 EBHEIERRTHH

EERAIMRTRAEIT, AByUmzE e
T, (AEL R R . B bl B
Boela, HHYLEEBE R 1200 r/min, 7€ 10 s B,
B 1200 t/min F+E] 1 500 r/min, 8774 14 s B,
PR AL N 1 500 r/min ZEF% % 1 300 v/min, JrfS
SEP A IS RN 10 PR .

2 800

2 400—1 330 @ — @ﬁﬂ#ﬁfj}?l‘{%",
1 500] — @Rk ME.
2.000r7 450 @

16001 400—7G

—400 . L . L . \ .
4 6 8 10 12 14 16 18 20

t/s
10 PSR TR ERTN ALY L ESE R

Fig. 10 Comparison of actual speed change response under

two control strategies

MIEL 10 Fr7s 05 BLSE B 25 R rhal LUE R

PLBAMERIS, RGN R, RG2S 1.5 s
A RERE RIS E R TSI MES, RS
FRg e 1y SR R B e, R IR A, (HR A B
R R L

7 #5iE

ABEFEBI T — R S IR AL AR B kb £
WLINAR , R B e S B S S 358 = # e
R — P AT IEAMER T, LAY 5 A A AL
AR O R R, AMEEE R R G, DU/
RSN, e RGEMTENERE. e YR
FARERW], BTt iofe shiitm e LRt ah wh el
D25 REAR X SR AR A T, 51 A TR
F e R ZR e o A JEE PR, pT TR R o, BT A
LSRIDRER i

S0k

(11 5% K, R . kT 5 209 3 b £ i PMSM T
ISR PERIBESE 0] HEPURS A S fein THoR,
2020(7): 104-108.

QI Ge, XU Fubo. Sensorless Control of PMSM Based
on Load Disturbance Compensation[J]. Modular Machine
Tool & Automatic Manufacturing Technique, 2020(7):
104-108.

21 & &, £ L&, x1 B, 5. LT IEEOIN 6 Y K

1 ) 20 HL LG A SRR TR E 5T (0], T Tk R
2FHt, 2020, 34(6): 1-9.
YU Xin, WANG Bing, LIU Kai, et al. Research on the
Sensorless Control of Permanent Magnet Synchronous
Motor Based on Sliding Mode Observer[J]. Journal of
Hunan University of Technology, 2020, 34(6): 1-9.

Bl B, £ I, X B, S SRR R G

LI 85 F) 73 B T) A0 AL R (0], T8 Tl Ry
#e, 2021, 35(2): 15-22.
YAN Weiping, WANG Bing, LIU Kai, et al. Sliding
Mode Control of PMSM Based on Improved Load
Torque Observer[J]. Journal of Hunan University of
Technology, 2021, 35(2): 15-22.

(4] SREABY, i, 9k M9, S5 KELR AR AT

HEAILAL BT [1]. ISR, 2017, 54(10): 94-
98.
GUO Mingming, YANG Ruifeng, ZHANG Peng,
et al. Optimization Design of Disturbance Suppression
Control Method to Permanent Magnet Synchronous
Motor[J]. Electrical Measurement & Instrumentation,
2017, 54(10): 94-98.

[51 sk R, X W, 2% BT 0O ES A B sh



o Lk

2022 4

[10

ety R o U A 8 Rt N i
39(1): 52-56.

ZHANG Cong, LIU Gang, LI Guangjun. High-
Precision Control for Inertia Momentum Wheel Based

2013,

Disturbance Observer[J]. Journal of Beijing University of
Aeronautics and Astronautics, 2013, 39(1): 52-56.
LUE&E, ZTH, BTE, % . T Popov B fE
WA PMSM BB (1] RHEPLEAR, 2017(3): 12-
17, 44.
LIU Minceng, LI Guangtian, YANG Zimao,
Research on PMSM Speed Optimization Algorithm
Based on Popov Criterion[J]. Large Electric Machine and
Hydraulic Turbine, 2017(3): 12-17, 44.
FETF, R, 55 Uy, 5. KEER:Z LA &N
VA B A UL BRI ST (). L S AR, 2012,
16(1): 45-49.
WANG Zhiyu, WANG Changsong, QI Xin, et al.
Study on MRAS Sliding-Mode Load Torque Observer
Based on PMSM[J]. Electric Machines and Control,
2012, 16(1): 45-49.
SRBESE, PN 1, B w0 R A UL
8 73 TR] A0 WML R4 1 (D). v B AL TR oA
2012, 32(3): 111-116, 8.
ZHANG Xiaoguang, SUN Li, ZHAO Ke. Sliding
Mode Control of PMSM Based on a Novel Load Torque
Sliding Mode Observer[J]. Proceedings of the CSEE,
2012, 32(3): 111-116, 8.
BUBTEH, W, B #h, 5F . SOl BN G K
iR A LR B [0, 5 B 5480, 2020, 49(6):
708-713, 721.
ZHU Xinyang, ZENG Guohui, HUANG Bo, et al.
Vector Control for Permanent Magnet Synchronous

et al.

Motor Based on Improved Sliding Mode Observer[J].
Information and Control, 2020, 49(6): 708-713, 721.
X, EBR AT SF, SF L KGR AL Sl

[11] JBimn&, XInZ,

[12]

[13]

[14]

ARSI OB (7], HEHURS A S in T,
HAR, 2016(7): 45-48.

LIU Hui, WANG Zhicheng, HE Ping, et al. Researches
on the Key Technologies of Online Identification of
Inertia of PMSM[J]. Modular Machine Tool & Automatic
Manufacturing Technique, 2016(7): 45-48.

XUGEML . AR ] 25 AL Sl B o 7
PR BITY (1], US55, 2017(4):
29-32.

GU Li’ ai, LIU Lijie, LIU Xiaofan. Researches on the
Key Technologies of Online Identification of Inertia of
PMSM[J]. Machinery Design & Manufacture, 2017(4):
29-32.

VE B KR R AP H AU T A i R e BT ALk
[7]. HUBE S il TR, 2020, 49(5): 42-46.

XU Ke. Design and Optimization of the Fuzzy Sliding
Mode Speed Regulation System for Permanent
Magnet Synchronous Motor[J]. Machine Design and
Manufacturing Engineering, 2020, 49(5): 42-46.

X W KRR L RS R G (0], 3
FHUGE, 2017, 34(7): 302-306.

LIU Pan. Simulation on Position Tracking Control for
Permanent Magnet Synchronous Motor[J]. Computer
Simulation, 2017, 34(7): 302-306.

SR, B T, AN J1, S KREIRE R L AR
SERVRE RGBS R (0], R AL T R,

2011, 31(15): 47-52.

ZHANG Xiaoguang, ZHAO Ke, SUN Li, et al.
Sliding Mode Control of Permanent Magnet Synchronous
Motor Based on a Novel Exponential Reaching Law([J].
Proceedings of the CSEE, 2011, 31(15): 47-52.

(AL, BAHE)



