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Direct torque control method for permanent magnet synchronous
motor with contra-rotating rotors
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(National Engineering Research Center of Energy Conversion and Control, Hunan University, Changsha Hunan 410082, China)

Abstract: We investigate the torque control method for a new motor which is of disc structure, with one stator but two
permanent magnet rotors located in the left and right sides of the stator. Firstly, the mathematic model of the permanent
magnet synchronous motor (PMSM) with contra-rotating rotors is developed. Secondly, when a single inverter can not
used to control the torques on both sides simultaneously, the control is applied only to the side with more significant torque
ripples, with the control time determined by the positions of two rotors and the relationship between the electromagnetic
torque and torque angle. In this way, we achieve the time-sharing control of torques. This method is tested on a disc contra-
rotating PMSM with 1.2kW power rating and 500 r/min speed rating. Experimental results show a desirable performance

of this control approach, and the controlled system runs stably and reliably.
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Fig. 1 The schematic diagram of the disc contra-rotating

PMSM’s overall structure and stator winding
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Fig. 2 The vector diagram of the new disc contra-rotating
PMSM
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Fig. 3 The principle diagram of a control method of preventing disc contra-rotating PMSM from out of step
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Table 1 The parameters of disc contra-rotating
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motor work on field orienting

HIHPMSMIS AT H, 106745 # 4 HE I PW M 7E 98
WS AR R A FR A ALIE H IS 1T IS A %
4. 748 6 B L 2% 302 4T 500 r/min 1 4 58
BN TE, W LAE HAAESET, AL R =
FIXERR, S0 R

I/(2A-div")

T/(20 ms - div’?!)
K7 FIAVIDE e B S BRRBOE

Fig. 7 The waveform of no-load current when

motor work on rated speed

82 HIHLAE I S 28 47 I (K L e I, AT 7
(7 B LR B ELB T U, AE ORI S 1%
AP SR, UL = AT LR R B BN, O Ha

$EN, I I8 T P 3 B KA v 2t T
Pezh, MAEPTBELRE P BB SRBLER. 73 HTl
BIGPN 1 ZE g X B LS sl 35
bR R A ey i i R e VA RO SR AN
LA LT S AT, d P ia e A2
—HANFREPARG, HA e 7 s n H ) S Fa s 3
AR, R FEIRBEECOK. R, A
T T, F ARSI BUK, (B AT PR R =A%
PR, BB AE eV, FabLn] DUE R R EIT.

T/(20 ms - div” 1)
Pl 8 HIBLAE Fedl T I AP 5180 (7214 T N - m,
AN - m)I EHLHREIE

Fig. 8 The waveform of current when motor work on

rated speed and unbalanced load

KU~ o] et WO ML S 4 I 28 ) B, 7 AR AR e
BILAA LR B N AZ A5 I — T e o S LA st ). X
S LT T AR R A S N St FR LA, A AL
LR B 5 2 I Ik R T AR I — T TR, Al
BLREWK S [, B9 L Ae e 1AL & K, AT LA
B, FEG N, PRI A B AN R, IX IR
—IUE T, I TR b, LRI (L6 IR
FelRIAS, WIRLHLAE G — to N (] Bl BRI 4 4,
TEty — taW M BUARFRIFZD, IXFEHAL L, A2

DRI A SR AAN P T 35— AN T 48,

w /rad

t/s
9 HINLAUE R NIIINA T 7128 (A4 TN - m,
AN - m) I AL AL E AR
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