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Research on PMSM Direct Torque Control Based on Fuzzy Tree Model

LU Chang, LIANG Huagqi

(Department of Railway Equipment Manufacturing, Shaanxi Railway Institute, Weinan 714000, China)

Abstract: Permanent magnet synchronous motors (PMSMs) are widely applied in industrial control due to their high ef-
ficiency and dynamic performance. However, traditional direct torque control methods are prone to torque ripple and magnet-
ic flux fluctuation, especially during low-speed operation where performance is insufficient. Therefore, Adopt a fuzzy tree
model in the direct torque control of PMSMs, introduce an intelligent control method based on fuzzy logic and decision tree
fusion to adaptively adjust the switch decision rules, optimize the voltage vector selection, and improve the dynamic response
capability and steady-state control accuracy of the system. Experimental results show that the fuzzy tree model reduces the
torque ripple error by 40% , the magnetic flux fluctuation is reduced to 65% , and the power energy loss is reduced by 44 % ,
while improving dynamic response and efficiency. the response time is reduced by 25% and the efficiency is increased by 8% ,
significantly reducing the energy loss. The research results indicate that the proposed direct torque control method based on
fuzzy tree model provides an efficient and reliable solution for optimizing the performance of PMSMs, especially in high-power
scenarios. The innovation of the research lies in using fuzzy trees instead of traditional switch tables, significantly improving
control performance through adaptive rule adjustment.
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KA PMSM, HZH8NE 1 s,

F1 OLBAESH

EMTSTE 2 1 2 3 4 5
3 /rpm 1 500 1800 | 2000 2 500 | 3000
iy 4 % 5/ Nm 50 60 75 80 90
HLIE /A 120 140 160 180 200
B/ Y 95.2 96 94.8 96.5 97
%/ kW 5.5 7.5 11 15 18.5
HE/V 380 400 415 450 460
et % 4 4 6 8 10

E TR A 36 48 54 72 96

FVJER T 5 PO [E] 6 8 52 45 3R B8 2 80, 10 45 4%
MR . B, RCR. TR, B RO EORNE
THEE. N ZAYERE R 1 A [R] 28 B PMSM. | ¢ 1
BB 1 500~3 000 rpm, % 5546 M 50 ~90 Nm
BRI, T L 120 ~200 A, RS HE R,
HLHL AR ROCR G F5 7 94. 8% ~ 97 % Z 1], KB = 4%
BT R, 5 RCREcm . 9700, AT RE
TR R, I 5.5~18.5 kW R4, BT B HLTE
ANE AN ol P R RS M. L R 8 AL 380 ~
460 V., RIS [A) 52 50 B85 o AL YT AN [) 69 | g it
ARG, WMAEN 4~10, & FHEE 36~96,

3.2 ZLW/WAHE

WF 58 BT 92 30 L) 3 R A R DTC 42 i 5K w78 4% i
WKzl REEEPZ . REEEBIAE . e I [] AR 55 Dy T Y
ALK . T PP A BRI DTC Ry HERE. S256 AL
55 DTC FikitAr X, @5 AT 3 B S ik 5 il 77
AT IR, 43 ) R A8 R] % e Ik A O i R AR
Hl (SVPWM-DTC, space vector pulse width modulation
direct torque control), P #E M B i& M DTC (Fuzzy-
DTC, improving fuzzy adaptive DTC) #13& T & i s 4k
22/ DTC (DRL-DTC, DTC based on deep reinforce-
ment learning) , & B 5 F A [A] o R 4 %% i) PMSM H
Bl DRSO DTC LEAS [/] AR 258 T i3 i 4 A
FERITERE . S EECR MR 2240 B, BE B SRR PR AN AN
RGMEREMPE 3 T N4 . B S, 20,
MEE AR PMSM 7E DTC i £ 15 25 Bifi B (8] (4 28 4k
P TP BRI R OL AL S R 25 PR IE T . HOR, R
FHIRBAEG T, WA 5] 52 30 PR 58 R 19 50 BE & B 2k
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X LA R O s i L dm a5 21, gk 2 iR,

%2 R DTC Ik iRt %
gy | T | REG U9 | B RLBLEE i | 20 B
WA | BA% | MO% | Mo% | J%
{65 DTC
SVPWM-DTC 18.4 15.7 22.3 12.8 5.1
Fuzzy-DTC 27.9 22.6 30.5 16.4 6.7
DRL-DTC 39.8 31.2 43.2 20.5 7.9
BB DTC 45.3 35.2 50. 8 25.7 9.4

f2e 2 a5, &5 DTC J5 2 76 A% 355 17 I FE 10 38
1o 1 B8 R K 2 R0 S D 2. i SVPWM-DTC 3 i £ 1k
MR B, FRAR T JF G HURE . (5% 50 ik sl 7 4R 4%
o Fuzzy-DTC 78 H 36 W 8 i 307 58 )5 . i — 20 0%
TREREV S, HEERIFEMIL A R, M HLZ T, DRL-
DTC fEat b2 > 4L T . BEWS B8 4f b B 35 N 1 2% 48
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DTC @ B REPC R AL W . A BFRAR T 74 bk gh Qb
45.3%) . WEBE L 3 QW 35.2%), I AE fig i AR
(g > 50.8%) Mk RILF (FEFF 9.4%) Jr 1 2 B #x
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6 44NN IR PVISM by FH AR v A 700 i J 9 352 22 43 AT

WE 6 () Przs. 5 R SR SE 00 3R 58 2 107 |
PR AP DTC 3 78 b ol PR g A5 20 i) 1 2% 22

A, B 6 (b) FKIARFEA FKMT, RS R
BRI AL JG i iR 28k s s, 6 (a) WIH0, BT A
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JEEE T RS, Hd, LRSS iR ERETE
25 0.35 /247, MERAESE 1 MRERELLELH 0. 15
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PR R o B R O 32 2R R JE 4 48 DTC Jr
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FOAIE AN ) LB RS S BRI s AT R . RBUR %
PR, R 2 i D) 2% B e e Y F AL R 25 T D W)
. BB 6 (b Al Brf S5 I 5 2 5O T Y i 2
BERM, HEHOBEBTRE. LRAESH 1
MR 22t ER Y 0.2 FEARENIZY 0.1, ML IS5
5 22 M 0. 04 FRAREIZY 0. 02, R4 WA 0 58 5 3 25 3
e s o SR W R A PG Ak, SIS BT RS 1 R s
BT RF R LIRS T A P R 25 . XA
AR A A5 TR B 8 S B AR HR B AR AT R AR UOR L GE
1 2 AR A A [y AL . BGOSR T AR G A N
e, SCHRZ5 R R, R SCHR S 10 35 A5 R A A A
149 7K B 1) 25 v AL T 42 B O 4 o O 0 6 O 6 1
fE. XA LRIFE SRR R T, Z5 R
K7 iR

Bl 7 (a) RN 7658 — UK FH BB B A5 80 1) 17 0 °F
AN ) 52 36 PR 855 S H0HE 5 R R 28R BBk Th 3 40 A 1
Blo B 7 (b) FRon 58 Uk I AR A A S, R [R) SK
B I 5E S B A AR R 2SR T 4 R Th %A i . Bl 7
(a) AIHN, Frfi SEm SN Pk B, JoH
REEARE T, LRI SE2 MR ER 1 ik
K. #2304 500 W, TTSEEE A B S 40 1 78 [ 24 2k v
25202000 W, X FHAER 5, A LIRS
1R 3K 3 NG, FL G T R R 1 8 O AT R TR R AR
Boo NEBRERZ 0, LHAFES 2 MELEAES
B3 FERMI ST 3 0 4 P o A BN B, LR TR
2 500~3000 W, 3Pl 4 Y 32 i A2 45 ol 2K m oK
R Zh 2538 A [ 26 78 PMSM 1932 17 85 M. 5 30RE 1 4
FEARAR YRRy RE. E 7 (b alH, frf L
RSB BRI A B E R, ELRATESES |,
HAER LA T i 4 500 W R FE 25 2 500 W, [E
T 44% ., EMERE S, TALBRAESHT
MR FEAREZ 1 000 W LR, 8 51K T R I A5 AL 11
L. SCHIREE S A0 1 (40 2 76 BT A5 2 A0 vp B AIK 05 o B
B, FEBRIET 1 L 2000 WREEAE 1000 W, iX
72 W ASOR A 452 700 R 0% 2 25 0 Ak s o SR 92D g A D) 4
FNAS DL R EADURE . A% SCHR H A BORY A A5 750 38 20 % i
b 1) A2 1) K0 43 A0 R R e B . B RO TR R
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¥R MU www. jsjclykz. com



B W SF. HE TR AR R A K R TR 25 R B B A T 5 - 167 -

LA PEREIEAT 0T, RN 3 R,
somll 7770 3:XH 55501 B LB B3
B cchxsEse [0 ScRHssHa
4000 (TN s 56 374 2 %5
£ 3000 I
K
ES) 3 i
|
232000 S

e
B

RARX
R

BOSKAXRHXRXRIXRXK
BSSRKARKRKR
—
 —

q

%

N\
R

2%
3

1000

N\
R

%
2

NN
R

2

AR
eteteteteteteteteteteteteteteted
|

NN\
R

A
RS

O A 2 XA 1
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(a) {— LK
5000 - P smEESE B ERHESNS
R RS2 [ITTID s:3E%5 %4
4000 ¥ M 565552405
g 3000}
K
S %
i g
ki 2000 / o 7
tooo - A 2 I s
20 i i =il =l
o LI VA I 7 7T
Loss 1 Loss 2 Loss 3 Loss 4 Loss b
BLREH
(b) 58 — IR 55
7 oL R ARSOR AR ASE TR i S 1 AR A A 2R 43 AT
# 3 MRIZEAMERE AT %
S B 5 %
o RIFHBH 2 3 4 5
R
B A bk 3 0 R 30.5 | 35.2 | 37.8 | 40.6 | 45.3
Tl 4 e i R 25.8 | 28.4 | 30.1 | 33.7 | 35.2
AE & WURE i b R 40.2 | 42.7 | 45.0 | 47.5 | 50.8
Wi o s [ ik 2> 2 15.3 | 18.1 | 20.4 | 22.1 | 25.7
R T R 5.1 | 6.5 | 7.3 | 8.1 | 9.4

I 3 AT A, Bl SC 5 PR BT 2 RO A2 % B A0 O
T, AL AE A% TR BE AR AR b SO R AR R . e
ik B ol 2 AE 2B B BE S0 1 Py 30,500, TAE SE IR
WHESH 5 ik B T 45,300, s MO R ASE A Xt i T
R HLA A RCR o B3 . [RRE . BESE D
25. 80 f B 35. 200 . UL WIS R BE 8 A R8I A 1 B i8¢
Xt LI 1T RS E PE RIS . RE R B FE I D R AE i Ay 26
RAh BRI B . NSEIR R SR Y 40.2%
BRI BRI IRBE SRS B9 50. 8%, & WAL B B 1 7E
LA BE 5t o FH A% R 5 Th A B . o g I [R] D6k R R R

SEES MBS B 1 W 15.3%, 1 PMSM 5 /b 25. 7%,
T A S R TR Ko B R ) ) A O R, R
R E AP ARB R s SRRk . R R
FHRT . NI EESEC L (9 5. 126 % A 18 Jin 5] 52 5
HEESH5 1 9. 4%, T IR A B R 0 4k J5 1) B Bl g
TR EFERS, THAESNEG S TR RS,
SEHYZE LR AR SCHR A AR R AR 7R R A% 3 0 Y R Ak
RS A GE B W AR T PMSM RS ERE. MR
IFi] Ty S R 02 2% B 1) AL B AL ) 32 3 P R o R i 2R
2. WA R AE SRR [F) far 2% 0 1 00 AT A b, 45

KUK 4 PR,

*£ 4 BERVTEAS[R] far 2005 00T 0944 BR 4 A %

i 2 9 iéfﬁﬂﬂkﬁ] T 55 0% 3l ‘ﬁEQ AL uﬁaJW_Hq‘l‘Fﬂ PYES
SVPWM-DTC| 18 15.3 21.9 12.4 4.7
fkfi| Fuzzy-DTC | 27.5 22.2 30. 1 16 6.3
# | DRL-DTC 39.4 30. 8 42.8 20. 1 7.5
BRI DTC | 44.9 34.8 50.4 25.3 9.0
SVPWM-DT(C| 17.8 15.1 21.7 12.2 4.5
7| Fuzzy-DTC | 27.3 22 29.9 15.8 6.1
# | DRL-DTC 39.2 30. 6 42.6 19.9 7.3
BB DTC | 44.7 34.6 50. 2 25.1 8.8
SVPWM-DTC| 17.2 14.5 21.1 11.6 3.9
Z 5| Fuzzy-DTC | 26.7 21.4 29.3 15.2 5.5
# | DRL-DTC 38.6 30. 1 42.1 19.3 6.7
BB DTC | 44.1 34.0 49.6 24.5 8.2
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IR DTC J7 32 (0 56 50 Bk 2 i 2 65K 3 44, 906, 185
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P s BB DTC J7 ik 76 4 A ff 2 5% 1 T 3+
SVPWM-DTC, Fuzzy-DTC F1 DRL-DTC Jy 3, JLH¥E
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3.4 itig
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