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Abstract

To improve the low tracking accuracy of the traditional sliding mode observer (SMO) in non-induc-
tive permanent magnet synchronous motor (PMSM), an improved adaptive sliding mode observer
(SMO) was redesigned. The saturation threshold function is used instead of the traditional design
function. To improve the robustness of the system and the estimation accuracy of the back elec-
tromotive force, a weakening integral was introduced outside the boundary layer, and the low-
pass filtering was replaced by an adaptive estimation link of the back electromotive force. Then,
the phase locked loop (PLL) technology is used to reduce the estimation error, and the stability of
the algorithm is verified by the function. Finally, the algorithm based on 31 W PMSM experimental
platform is verified and compared. The results show that the improved adaptive sliding mode ob-
server can achieve high precision control of PMSM and meet the stability requirements.
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Figure 1. Relation diagram of rotating dq coordinate system and stationary coordinate system
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Figure 2. Block diagram of the improved SMO PMSM control system
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Figure 3. Schematic diagram of sign function and sigmoid function
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Figure 4. Convergence forms of sigmoid under different x values
[ 4. sigmoid ZEA[E] « B TSRS

JIT LA 638 24 1) i B4 BEAE PRAESCSICE JEE 1) (7 I P AR AR HIR . ARSI U i B 18
HHCT EIEN « fH, PSSO FER. SMO 7, ARYER(6) A0S (1 T RS T 12,
N B THEA B &8 25 i Bl 34l 1B L& sigmoid BRBUEHE 2 S5 IR Z2 Al e, R K

s e e e

S

DOI: 10.12677/mo0s.2022.116158 1683 jé

m


https://doi.org/10.12677/mos.2022.116158

L4 %%

2
ﬁgmom(i) 1+eﬂﬁl—1 o o
T | sigmoid(7, ) | @ T@) @i, + T, WETHPBMMAE: AT, =1, —i, Ffhiitiz
ﬁwmqw 25_
1+e ™
& Hof C e
C hE AL
. . . ~ @O FR@A0) I REN AE, . AE,, L4 2, Hib
Cmin < _E ia _i‘AEa ;_E|iﬂ|—i‘AEﬂ‘ ( )XT ﬁ( )EP = J a B =N
L L L
AEREEF
E, =—d,sing,
AE =E -E
AE, =E,-E,

Hobe . B, WAL RSB AE, . AE, ARHEH IS, &, . 6, A MAR T

A THEM T AT E .
K A (8) gt (3 Fo B FL LA T DR 22 T e«
Gl ]__RiM L8R ¢ ﬂng'(?) (12)
dt]i, | L[Ai AE, | |sigmoid(i, )

L
3.2. HISSBEERY. REMFBEXNREIT
AR ) X Jo U g A i A T R A«
A
S=|.|=|< . (13)
1 I~

S=5=0, RELTHIHEE, ¥AA)WARA)H, FEHURBINFH MR T

/7"\

omoid (T
sigmoid (i, ) )

el

ﬁT%ﬁ%ﬁﬁ%ﬂ%,Eﬁﬁ%%%ﬁ%%ﬂﬁ&ﬁ,ﬂAﬁ%ﬁﬁWf,ﬁﬁEW%ﬁT%%
S|—u)(1
ﬁ%ﬁ%d=¢,¢ﬁﬁ%ﬁ¥;W%%%ﬂu%ﬂL%§i@%%§,ﬁ*yﬁ%ﬁﬁ%@&;%%
BIHISSRORY (|S|— ) FRIELL, BITEREEE S 2t (i 25 fi i 505 BE 1) 22 H 2o 0 M1 95 28 Rt sk A2 5 i
FEAREXT HI SRR BEAT SRR ], WTIAE o =18 I, M RGMAL T IR R0 Z L, f il Hl g5 24CR
AR KABAS, TXHERT LU 555 o SRARYE SEBR 5 DL HEAT HI 95817
N TR EE T, SINEENSE A, BOHHILECR B ERN A, BRSSO SR

H L R T B (22 (-
%%%%MﬁmmME*%%%W%Mﬁﬁﬂuﬁﬁﬁi,ﬁ%%=0&j,%Aﬂ@*ﬂ%:

1684 e RSE TR

DOI: 10.12677/mo0s.2022.116158


https://doi.org/10.12677/mos.2022.116158

LY 4%

E - cos 6, -E
i a = o, DY ¢ : e =, B (15)
dt| E, w,y; sin g, E,
ang IR YS PEVAC 8

Le -6, - g,
dt
de .2 -
EE/’__ .E, —AE, (16)
d. =~ =~ =
m . =E,E; —E,E,

Nﬁﬂ@ﬁﬁﬁ%,ﬁa&%%ﬁ%ﬁaa,ﬁ%ﬁ%ﬁﬁﬁ%%mfoﬁﬁ%%#oﬂﬁ:

%Aéaz—@eéﬁm@ﬁ—zéa

dAE, ——oE E,-AE

EA ﬂ——a)e a+we a Y (17)
%A@:g@_g@

H, Ad, =@, — o, N TFREFNRZ M THE. #iE Lyapunov i8R IGIE AT BETH 0 ik 7Y 3 o7 A0
MEefaeErtE, KA Lyapunov Fa g M JE R 0 R R %L

V:%(é§+éé+é\)§)>0 (18)
AR T4
dy_gdg g de . d.
—V=E,—E, +E,—E a 19
dt agt e A P @ (19)
F 2 (19) 1 A S(16) T 75
d — =2 =2
av_—AL(EaJrE,,)so 20)

3 Lyapunov £2 52 PEIE B S5 BE AT &0 A5 1 AT U 233 /R AR e PEER .
3.3. PG AR

ISR PLL BRI SEHL B U R AL B Al S, FL IR A &I
SERMIBIA AR AT R IR s - IR RIERAR LU A8, X T IR IR G 2 A SCRAT 2 — 4> US
MR AT, Hoba ¥ 7 AL B A TH A IR EGE B AR X S AR & AR 1K) S i B 35 22 AR HEAT WS 5 AT
P& S8R
NEWTE, 2 c=dy,; HRE@)ME 5 [FRREE 5 T3 A K R ah % 20
AE = —éa cosée - é[, sin ée

=5sing,.0, —ccosd, -

sin G

“ R 21
_csin(07-4)) &
<(0d)
DOI: 10.12677/m0s.2022.116158 1685 e RSE TR


https://doi.org/10.12677/mos.2022.116158

L4 %%

B s

&

.>
A
BRI
+

TN
S

> 1/s

IS

PRSI

E J
L >

cos(ée) -

sin(ée) -

Figure 5. PLL estimation block diagram of speed and rotor position
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Table 1. PMSM parameters of 24V 31W
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Figure 10. PMSM improved adaptive sliding mode observer control platform
10. PMSM B R Bi& MR HENN =TS T &

4.1, FEIRRERERRMENR

B S AT gt Y 1 A I A U 2 6T LA Gt P AR N 4 %o B - SORN A A T PR A K
SEOG, SRR E SRR I T VR BAE Z SRR A . FEA LI TR WL LA 38 3, Bl LAUE B 3000
r/min, 7E 0.025s I, % HNLEE 34T 28 (% 31 2500 r/min, UGS b S 06 o 6 76 5 AN 1A B IR PRI AE
T30 IR E NS HL A E T 1000, & {EIESE Y 18, BUHIA PI 28k, k $iEF 3 (i H A

IR R E ). PIMEIRL F LR Al fn R 5] 11

36001 3600-
3200} 3200
. 2800F 2800
g +
£ 2100 ’ﬁﬁmk\ & yq00f N
,E 2000f [ 3080 %?2000, 3010
4 ] &%
Fol| S AAAAAAAN e AN
® 00 3000 & 12007 2000
Sl Ly VTV Ll TV
a0r Bl 25r — st
0 2920 1 1 1 | eea. QA'%{E 4(X)7
0.015 0.0151 0.0152 0.0153 0.0154 0.0155 -+ 2990 L ! L !
400 ‘ . . ‘ . . ! ‘ 0 0.015 0.0151 0.0152 0.0153 0.0154 00155 | === e
0 0005 001 0015 002 0025 003 0035 0.04 0.045 0.5 400l . . . ) ) ) ) )
I Til(s) 0 0005 001 0015 002 0025 003 0035 004 0045 0.05
() LG L2 (b) etk 3 R B I 35

Figure 11. Speed tracking and local zoom under dynamic switching speed
11. EhiSYIREER TR IRER N B A E

HT Pl 10 gAY it SR A0S B PRI DB S O A I 8 ) e i R e I TR iR 22 AN 0.01 s,
HOREE SEEL AL A BRI, R AR GE T BN 28 7 0.025 s s e Fll Msh S Uep & ML — B3, R4
FIEHREC ™ # - Ho BRI 0 RSO TR &L, R G B 48 iR 22 2 /03B F) T 42 rimin, T
SCHE Y [ S TSI 25 R 3R 2 N 5 rfmin, WL FEONFE, WBCED, BHREED, MBS
S, otk 5 RN 2 G TR e = 1 8.4 fi%, B S m IR EE . RIS RIS T 303
I FIEHIR . BT LA R 18 I RO N 45 70 0] e ) BR B R 0 P S R 34

RS

)

DOI: 10.12677/mo0s.2022.116158 1689


https://doi.org/10.12677/mos.2022.116158

L4 %%

4.2. BEF(LERERERMENR

T 12 APANE I AE R 45 e B RS LN B AL B A T A TR ZEXT L, k2
ML RIS EMNERE; BOgRkTrrEMiHE, BEMmERX el L EE Y, St HIEN
VRO 28 152 ZE BN, AT B A o

o [ e TOhRhLE, —— B TTBLE
I R T TR TR TR T TR TR T [N TR T LT
; /1 /1 /1“/1 Ry
S 4 i .fl :‘; .I :‘: ,-'1 :'! ,-j :': :': ,-': :;' ,-'J ::' :; -':‘ ; :‘:
W
P g / 4 3 ! / i / V 4 i ; ! § i / /
0 . 3 i H { H 7] A i i 3 H 3 H H
0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05
. HrE
3+ |
2
<
| o
0 — iliﬁj
(; 0.005 0.01 0015 0.02 0.025 0.03 0.035 0.04 0.045 0.05
() fLRIERM 5 700 B R %=
el [ e W Sl —— Wer it b ||

L

||
MR
NARRARARA RN

(b) CCdE R (3 S U N 5 e 1A B O SR %
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Figure 13. Comparison of position estimation waveform and estimation error
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