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1. INTRODUCTION

Dual-Motor Systems is broadly used in industry today especially for high power, electric vehicles
and traction power application [1-25]. This system makes the mechanism and operating system of high power
applications to be increased. In other hand, the numbers of power switches are increased which costly and
bulky. For that reason, single inverter for the Dual-Motor system is proposed to overcome the problems. There
are two types of speed control for dual-motor drives which are master-slave and mean control techniques. For
master-slave technique, one of the motor is choosen as the master and the other one as the slave. Only master
motor will be controlled. Usually, the highest load motor will selected as the master motor, and the other one
motor will be set as slave motor. For this topology, the operating conditions are restricted to same values such
as same speed, same parameters and the same direction [1-10]. The only advantage of this technique is, only
one set of sensor is required for the master motor and the slave motor will be not controlled.

While in mean control technique, there are few techniques being applied by the researcher [11-[2].
The advantage of this technique is, both motors can be controlled using single inverter, but the responses
having high ripple, high overshoot, and long recovery time. In [11] uses mean or averaging technique for
parameters of the motors and the voltage space vector. But, the article only presents the variation of speed
without load disturbance. Other that Wang, Mohktari at.al [12], uses the same averaging technique but using
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direct torque control (DTC) for dual-motor drives. Nonetheless, this technique shows insignificant responses
if the parameters are not similar.

On the other hand, [13-16], use mean and differential torque technique for induction motor (IM). This
technique employs the stator current vector compared to the average of rotor current vector, so that the required
mean torque and differential torque can be achieved. The mean and differential torque technique is introduced
to estimate the disagreement between the mean and differential torque values for currents and torques in the
case of unbalance load condition. The researchers prove that this technique presents better results for dual-
PMSM drives compared to averaging technique. Various techniques for controlling dual-motor drives fed by
single inverter that employ three-leg are elaborated. This current study chooses this mean and differential
control technique for dual-PMSM drives performances. However, this methodology is restricted only for the
same operating conditions which are at the same speed, same parameters and same direction. It is only be
operated on different load in the case of permanent magnet synchronous motor.

2. MODELING FOR DUAL-PMSM DRIVES
The mathematical equations for PMSM “1” in dqg reference frame can be written by these
equations [17-19].

Vg1 = Tl + %Wdl —OYq @
Voo = rsliql e 2N @
Where,
Vg, Vq :voltage of dq axis
Ig. 1 :currents of dg axis
, : motor’s electrical speed
r . stator resistance

Wq, Wy :fluxlinkages of dg axis

The flux linkages /4 and ¥, can be written in term of stator currents and constant flux linkage y/,
based on rotor permanent magnet as;

War = Laglgs + W @)

_ (@)
W = Lalg

Where: L, L, :inductances of dq axis
By substituting (3) and (4) into (1) and (2) the new equations for stator voltages are written as;
. d. .
Vgr = Tglg + Ly aldl — 0Lyl (5)
. d. .
Vql = r-sllql + qu alql + @, Ldlldl + O (6)

The electromagnetic torque equations are;

do (7)
T, —T,=J—n
eml L1 dt
T :prreal{iyx }
eml 2 17 rl (8)
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And the instantaneous angular position is;

_deg,
@y = at 9)

The modeling of the motor “2” can be derived from (1) to (9) by converting the number “1” to “2”.
By assumptions, motor “1” and motor “2” are equal in all parameters. Meanwhile the Stator current space
vector which refering to the stationary phase magnetic axes is determined as;

i, =ie (10)

3. M EAN AND DIFFRENTIAL TORQUE CONTROL TECHNIQUE
Control of mean and differential torque technique is proposed by [13] to overcome the mismatch
between mean and differential torque and current values due to unbalance load as depicted in Figure 1.

iy =iy +i, @
—————|
L

Iy =y 1y @

Figure 1. Basic configuration for dual-motor drives fed by single inverter

In [11] introduces the usage of “X” for mean value and “A” for differential value. The mean and
differential expressions for current and the torque space-vectors are given as follows:

izzllzl2 ; iA:I1;|2 (11)
Tz:TlJ;TZ ; TA:T1;T2 (12)

Substituting (7) and (8) into (12) yields,

Tz = ﬁ Py L(iq1COSP +iy , COS(=¢)) + (ig, SN §+ig 1 SiN(—4))] (13)
:g pw . [igs cosg+ig 4 Sin @]
(14)

T, :ﬁ D[ 00 iy COS(~)) + ig 5in § — i , Sin( )]

3 . .
= 5 pn//,[lq,A Cosg+iy 5 Sin ]

To improve the steady-state and transient responeses, the speed control can be achieved by carrying out the
evaluation of the current reference values id* > and iq™ s as follows;

- 1 2 . .
idy = ~| ——T a —l, , COS 15
i sin¢{3py/r * " laa 4 (15)
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" 1 2 ... (16)
i =——|—T s —1I4,8In
a.x COS¢|:3pl//r 2= lga ¢:|

which “ ¢ is equal to average rotor position minus of rotor position of m1 orm2(¢=6 -6, org=0-6,)

The mean and differential technique is used to control a single-three phase Voltage Source Inverter
(VSI) for non-independent speed controlled of dual-PMSM drives called m1 and m2. The simulation results
based on this technique will be used as the refernced to the proposed drives.

4.  SVPWM FOR DUAL-PMSM DRIVES USING A SINGLE THREE-LEG VSI

This part, focuses on development of SVPWM for dual-PMSM drives. Figure 2 shows the basic
configuration of SVPWM for dual PMSM drives. Firstly, the Pl speed controller produces the torque iq*
current reference, then, two PI current controller will regulate the ig* and ig™ reference currents to produce d-
q reference voltages (Vq*, Vg*). These d-g voltages are then transformed to a-f reference frame by inverse
Park’s transformation. Then, using inverse Clark’s transformation, V,* and Vy*, are converted to three phase
voltages, Va, Vb, Vc. These signals are used to generate SVPWM control signals before they produce three-
phase stator voltages to drive the PMSM. Since it is dual motor, the average of d-q voltages (Va1* , Vq1* ,
Va2+, Vg,2*) for both motors are calculated in order to be transformed to three-phase voltages. As a feedback,
the three phase current output, need to be transformed back to d-q model by using Clark’s and Park’s
transformations. Then, the actual d-q currents iq and iq will be compared with the references current before
tuned again by the current controller.

As mentioned earliear, the SVPWM method using three-leg VSI is not capable to operate in different
operating condition except for different load applied. The solution for dual-PMSM drives that can operate at
different operating condition is by using five-leg VSI. The next section presents the simulation results for non-
independent speed control for dual-PMSM drives fed by three-leg VSI based on mean and differential control.

5. RESULTS AND ANALYSIS

Detailed behavior of dual-PMSM drives with mean and different control technique is studied based
on simulation model as shown in Figure 2. The Dual-PMSM drives using mean-differential control technique
fed by three-leg VSI is categorized as non-independent speed control. This technique is restricted only for
application that operates under the same operating conditions which are at the similar speed, similar parameters
and similar direction. This is why, the presentation of the simulation results is slightly different with other
simulation and experimental results. The simulation results of forward and reverse operation are combined
with the results of load disturbance because the speed responses for m1 and m2 will be the same.

* s v * Park clark 3-Leg
w1 |q 1 q,l inverse inverse Inverter
> Speed . C ;\ » current »
controller Mean & | DQ aff
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i current al control
d1 controller L - ap abc
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Figure 2. SVPWM configuration for dual-PMSM based on mean and differential torque
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Forward and reverse Operation

The dual-motor drives is simulated using MATLAB/Simulink under forward and reverse operations
for wide ranges of speed. The relevant parameters of the motors and controllers are presented it in Table 1.
Both motors have same specifications and applied for SVPWM control technique. The drives is simulated
based on three different speed reference operations which are 2000RPM, 1000RPM and 100RPM at t = Os.
When t = 0.2s, the PMSM is instructed to reverse the operation speed to -2000RPM, -1000RPM and -100RPM
respectively. At t = 0.7s, the PMSM is instructed to move forward again. A detailed speed reference for
forward-reversal is explained and illustrated in Figure 3. The transient responses of the drives are shown in
Figure 4 to Figure 7 for different speed and load applied.

Figure 6 shows the value of speed drop during load disturbance for various sizes of loads. From this
figure, it can be concluded that, the speed drop for large and medium speed references are almost similar for
the same load applied. This part presents the speed responses behavior of dual permanent magnet synchronous
motor (PMSM) driven by mean and differential torque control technique based on three-leg inverter. This
technique shows good speed regulation for wide range of speed either with no load or variation of load.

Speed Reference
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Figure 3. Speed reference of dual-PMSM drives for large speed reference (2000-RPM)
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Figure 4(g). Direct and quadrature currents for m2 during load disturbance

Figure 4. Load disturbance at 2000 RPM
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Figure 6. Speed responses for load variation of PMSM drives for various speed references, (a) Speed responses for
load variations at 2000rpm, (b) Speed responses for load variations at 1000rpm
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Figure 7. Speed drop versus Load variation for Dual-PMSM drives fed by a single three-leg VSI
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6. CONCLUSION

Overall simulation results have shown that the speed responses obtained from the mean-differential
control technique are almost similar compared to single motor drives technique. It is should be noted that
operation of the drives with variation of load torque become progressively worse as the load torque is equal
and higher than the maximum load for dual-PMSM drives using three-leg based on mean and differential
control technique. On the other hand, this mean and differential technique has limitation which can’t be
operated for different speed profiles for both motors at the same time.
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Appendix

Table 1. Motor Specifications
No Motor Specifications Value
1 Resistance (R) 4.33Q
2 Inductance (L) 17.6mH
3 Torque Constant 1.654Nm
4 Max. Torque 6Nm
5 Pole pair (P) 4
6 Flux linkage 0.1949
7 Rated speed 2000rpm
8 Current Cont. Stall 5.7A peak
9 Inertia 0.0006329 kgm?
10 DC link Voltage 300V
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