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Abstract

In the permanent magnet synchronous motor direct torque control (PMSM-DTC) system, the rota-
tion speed and position information are usually obtained using mechanical sensors, but they oc-
cupy the cost of the motor and are difficult to work in complex environments. To address the
above problems, this paper introduces a model reference adaptive algorithm is introduced to
track the motor speed and position to achieve non-inductive control of the PMSM-DTC system. A
new approach law is introduced in combination with sliding mode control to improve the model
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reference adaptation, and a simulation is built for verification. The results show that the PMSM-
DTC non-inductive control based on the new reaching law used in this article can effectively track
the motor speed and position, saving the cost of the motor.

Keywords

Permanent Magnet Synchronous Motor, Direct Torque Control, Model Reference Adaptation,
New Approach Law

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5]

TE 7K G [R5 B ML B B2 55 Hi 1 I (PMSM-DTC) R4t H, % 5 B AL I 88 3R 15 H LR S T
FE. BRI, IXFE ARG I T RGN TRV A, 0] BT BRI 4G W A . o
Il A B A AL B 2 A DA R FRLAE R AE RO, B8 SEIIRT AL S8 R 3 1~ B PR AR BRI
NI G T AR RS A, SEIE BT T ORI 7 R T RE s 1], T G 5 AR Lk A% 2%

TR, S B — R s S, B I AR (1] [2] [3]. RS i SO
F[4] [5] [6]+ $ABIMMEE[7] [8] [91+ F HRZAS WM ZF[10] [11] [12]55, DASEILEE iy (P RE A R B2 . H
AT AL, Ko [R5 LI T B AT T KR W, MK, %5, BITI[131%5 AXH L4 MRAS
RGMBCERRIIAT S0, A BB ORI R ¢, B T 8 THS Y, (HER)E ey
MR WAE BhASTEREAS 22, MK EE, T, ZHEMAB[14)% N GE i o AR sh B 47 I, ¥t 7 W sh i
MIZS(SMDO), FFXTMME BT A, RIEm R EHEE. B, BERER[15]3E H — iR e —
g R N e VA =R S e IS W R/ ST 6 B N o < A 16 P DN~ ot = R
SO AR EL, SR RE I, 1R RSN ERE, (HAEX TS RGBT A R A
AT Z G 1 S B 0 )8

Xof R SCRRIE TS i, A T ARIE PMSM-DTC R GU(E (R RE R AP sh BN GE I TEE T, SR8
PP, R H —Rh o B R R 2 1 3& B (Improved Model Reference Adaptive System, IMRAS). B 4G5I A
MRAS BB T RO B RS, FARIE R B0 a0, Bt T — 00 TR BB Y IMRAS W
MEF T PMSM-DTC #%;.

2. PMSM-DTC RZ R

AKWERD L —F 2 28, e ARZRIERI R R R SE, 0 /K R rE HLEAT Jo i il 5 22
X BT SRR BCE R, A SCDUR M UKL D LN FO 5, O T R LAY, R ek
BAEMRR AL, 1E d-q BEFZALPR R T, PMSM HLIE T RE 42 (T

ik

Ud = Rsid + d(;/;d —a)rl//q
v 1)
u, =R, + tq + oy,
7E d-q i br R T, PMSM BEEE T FE AR T
DOI: 10.12677/mos.2024.133278 3043 e RSE TR


https://doi.org/10.12677/mos.2024.133278
http://creativecommons.org/licenses/by/4.0/

ALK, INAEE

vy = Lylg +y4 @
v = Ll
7E d-q e AR R R, PMSM #5E 7FE A 0 T
3 ..
Tezgpnlq[ld(l‘d_l-q)-i'!//f} (3)

A, ugs ug——d-q BETHE; Lys Lyg——d-q BHEG By ig——d-q Bl0E TR Re——E T HI;
PN H o ——HNLARSE w8 Tk IR ESE . HARMAURBERID bl Ly = Ly = L, BTEL
RN PMSM B4 7 FE AT fa AL 9

3 .
Te :E pnlql//f (4)

X, T ML, g e T HERE

PMSM-DTC #%4tF B AN FEABIHA . FolIh Pl 4EHI8s . WERshlat . JFoek, WiAsss L&
PR R 8 T REE ) Al SRS . PMSM-DTC RGEHEE WA 1 s, w46, WAL s A sk AT sk
EPAS I ol I il AR R, AR PR R AN B R U R Te FNRERE we MSCPREUE . B2, WHER
P12 il 24 HA AR BRSSPI R Te MU, MR BRZESH, VN R IR 25 05N . R,
W SEBRML TR e SHIFEIA A, S 3NRZERI, (MR P2 H 28 I RN o AR e RE i PR o 2%
R i P o) 2 (%) i tHOIR S DA A8 FWEBE BT AE B X, 0 il AR 2 HE kA5 5 2047 0 i, il F R U
AR SR IR SCHT,  DUSI I H L R T 2 ) R 4 1) PR e R [16]

N s RN | ST,
-4 -A el _— = PMSM
v e | SF WA

A Pt g8 -

Yyvy

uabc labc
A \ A 4
0
s 3/245 4
N [, —Rj,)dt 0, !
vy =J - Ripdr [ P
v |=\vi+v;
T, 6 = arctan(ﬂ) P lop
T, =1.5p,W,is =i,

n

Figure 1. PMSM-DTC system block diagram
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Figure 2. MRAS parallel structure system block diagram
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Figure 3. PMSM-DTC system structure diagram based on IMRAS
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Figure 4. PMSM-DTC system simulation based on IMRAS algorithm
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Figure 5. IMRAS variable load speed waveform
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Figure 6. IMRAS variable load speed error
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Figure 7. IMRAS variable load rotor position
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