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ABSTRACT

In this paper, an advanced DTC(Direct Torque Control)
scheme for PMSM(Permanent Magnet Synchronous Motor)
is presented. The proposed DTC method uses a conventional
torque estimator and torque error. But the switching signal
is generated by PWM method according to the switching
rules and torque error. A simple calculation of PMW
without any complex determination of space vector can
assure the constant switching frequency with an excellent
control performance.

The proposed torque control scheme for PMSM is verified
by computer simulation.
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Fig. 1 A conventional DTC block diagram of PMSM
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Fig. 3 A block diagram of the proposed DTC-PWM method

% 304 AetE DTC-PWM & 7)E¢] DTC Wl
A ALshal e A FH7Ie ER 247 9L var|E 4
|3l Qo =9 FRozRY 7t AEY F7] Fdl
g 2 294 9y V.o BT oA AT, o wE =93
AZE gl wEE IMEel 23S AAsAl "ok 719
DTC ®AolMe AEH 7] 7,69 shtel 294 ¥HE
A3t Ql7ksle WHAlol A Aote wlel s MEY T

o 1
oM B2 oAe] uek, gt Wele] lrb Alzte] o

3

Aottt o, Mg WEe] AL F 13 o] 79| DTC
W3l Zo] FhdkebA AR, 2913 ARE = B A
of upel WesheS oot go Al
AT,
when AT, < Ty
T, when AT, = Ty
ty= T, =t (6)

Al ZEE o 291 ARt

%, Aoirle] A 7] Weld, B2 oA weh i
MY Vs G 19 2919 28 d%H0E Aojgor
M, E3 BES AT 5 Qow, f& WEe Qs Az
2 A 77 U AR FoRA, DIF 297 FisE

= =) 2=
T4 & F 3l

)



I% 4 7129 DTC 923 #okel DTC—PWM 4]0l A
o] 294 NFE wlaska gl

V, Vs ViV Vi .V
: ;

|
]

T -4 !
T 0
_| 1
0

T T T, T;

~s ~<

(a) Conventional DTC
8 4 298 M5l vl
Fig. 4 Comparisons of switching signals

(b) Proposed method

5 e s
4. Ngold Azt

L e ol I e DTC PWM ¥Hlo] &54S
et AFE AEH S AT AEH oMol A&
PMSMe] g8 34 400[W] , A7 E37) 1.27[Nm]o]H,
A&EE= 3,000[rpm] o] t),

] 2 , ;

(Hm] 2 : T T T

0.03
Time [sec]

(a) Conventional DTC method

[MNm]

Ml 2 : T T T

obz 053
Time [sec]
(b) The proposed DTC-PWM method
8 5 AlEeolM d|w Za}
Fig. 5 Compared simulation results

i
o 0.01

18

40 Agelold A%e

a8 5% 71E9 DTCS Agkd u
50[us] olH, =9 F7|&

Yepfa gtk E3 A=
100[us]& AAS3A

L8 59 AlEweld Autel A, AlRkd DTC-PWM 44 ]
Sl Ze 29H FopoA W B gET 94 29
TS TR E A gl & 4 gl

oy ot

5, 84 &

w =xolds PMSMe AR EAAllE A 7S
DTC #4L A o]'—— DTC-PWM 241 Aletspiet. A9k
DTC-PWM ow = Safel whet, fra WE o] A9 ‘J
*ﬂ, ?%7} -9 ZreshaA = 78] DTC

1 A A9 Sk A9 Al *éh%

-r‘l[‘ﬂlg

ol

1\1\
=o17] S8l 875 wig- S Al F719 EAE A &
T USATh E3E A E Aojo] e, B 2Ee] A7]E 7
&9 DTC Aol nls) A 24 A2 = & e 7
ok

[1] M. Depenbrock, "Direct self—control of inverter—fed
machine," IEEE Trans. Power Electron., vol. 3, pp. 420—
429, Oct. 1988.

[2] I. Takahashi and T. Naguchi, "A new quick—response
and high—efficiency controlstrategy of an induction
motor," IEEE Trans. Ind. Applicat., vol. IA—22, pp. 820—
827, Sept./Oct. 1986.

[3] C. French and P. Acarnley, "Direct torque control of
permanent magnet drives,"[EEE Trans. Ind. Applicat.,
vol. TA—32, pp. 1080-1088, Sept./Oct. 1996.

[4] L. Zhong, M. F. Rahman, W. Y. Hu, and K. W. Lim,
"Analysis of direct torque control in permanent magnet

synchronous motor drives," IEEE Trans. Power
Electron., vol. 12, pp. 528-536, May 1997.
[6] M. F. Rahman, L. Zhong, and K. W. Lim, "A direct

torque controlled interior permanent magnet synchronous
motor drive incorporating field weakening," IEEE Trans.
Ind. Applicat., vol. 34, pp. 1246-1253, Nov./Dec. 1998.

[6] I. Takahashi and T. Noguchi, "Take a look back upon
the past decade of direct torque control," in Proc.
IEEE-IECON’97 23rd Int. Conf., vol. 2, 1997, pp. 546~
551.

[7] D. Casadei, G. Serra, and A. Tani, "Implementation of a
direct torque control algorithm for induction motors
based on discrete space vector modulation," IEEE Trans.
Power Electron., vol. 15, pp. 769-777, July, 2000.

[8] C. G. Mei, S. K. Panda, J. X. Xu, and K. W. Lim,
"Direct torque control of induction motor—variable
switching sectors," in Proc. IEEE—PEDS Conf., Hong
Kong, July 1999, pp. 80-85.





