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Abstract – This paper proposes a sensorless speed control algorithm for parallel-connected dual 
Surface-mounted Permanent Magnet Synchronous Motors (SPMSMs) fed by a single inverter. For 
stable parallel operation of synchronous motors with a single inverter, each motor has to be constantly 
kept in the synchronization state regardless of load torque. If the master motor with the larger load is 
controlled, the synchronous state will be maintained. Therefore, detection of the master motor is 
essential. Conventionally, the master motor is determined by comparing the rotor position error from 
the relation between the back-EMF for torque angle and the flux position; consequently, the position 
sensor is deemed essential for finding the rotor position. The parallel sensorless speed control method 
proposed in this paper uses no position sensor, instead it compares the flux-axis current from the 
connection between the back-EMF for torque angle and current in unbalanced load conditions. The 
results of simulation and experiment conducted verify the efficacy of the proposed method. 
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1. Introduction 
 
The importance of efficient use of energy in all industrial 

sectors is becoming more apparent with each passing day. 
To achieve this, productive and quality improvement is 
required in industries, which necessitates the use of high 
efficiency electric motors and systems, along with 
reduction in production costs. 

In general, industrial products such as subways, air-
conditioning systems, and home appliances use Surface-
mounted Permanent Magnet Synchronous Motors 
(SPMSMs), which are highly efficient and possess wide 
ranging variable speeds, for their motor drive systems. In 
fields that do not require relatively precise torque control, 
such as air-conditioning systems in particular, speed, which 
is not affected by the load fluctuation, is the main control 
objective. 

Conventionally, induction motors are used in parallel 
motor drive systems. Induction motors are able to operate 
in parallel when the rotational speed is different from 
the input frequency by slip control because they are 
asynchronous [1-3]. In contrast, SPMSMs are synchronous 
and so their rotors have to be synchronized with the input 
frequency.  

Accordingly, in order to drive multiple SPMSMs via 
multiple inverters rotor position detection sensors are 
required. This increases the overall product size, volume, 
and production costs. To solve this problem, several 
methods for driving multiple motors with a single inverter, 
as shown in Fig. 1, have been proposed [4-9]. 

Conventional proposals can be classified into two 
categories: In the first category, SPMSMs arranged in 
parallel are connected to a single inverter that controls the 
average energy between them. This method has advantage 
of simple implementation because it uses the amount of 
energy change in accordance with the load as its control 
input. Consequently, it is able to operate in parallel within a 
suitable range of unbalanced load conditions. However, 
heat and noise measures for the switching device pose 
difficulties because load variation between two motors 
causes changes in the switch state transition point such that 
switching frequency varies when the inverter is controlled 
with a hysteresis comparator. Moreover, there may be a limit 
cycle interval in which the switching frequency increases 
rapidly in a low-speed driving area, in which the back-
EMF is small, by selecting effective voltage continuously. 
This has the disadvantage of increased computation because 
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Fig. 1. Structure of a Single Inverter Multi-Motor (SIMM) 

system 
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of the need to compose each controller to average the 
energy of the motors [4-7]. 

In the second category, both motors are connected to 
single inverter in parallel; however, the control signal 
from the inverter is designed only for the heavy load motor. 
In this scenario, the heavy load motor is defined as the 
master and the remaining motor as slave. The master motor 
is determined by comparing the rotor positon error with 
the hysteresis comparator from the relation between the 
back-EMF for torque angle and magnetic flux position. 
The motors perform in parallel with high reliability, 
since only the motor with the larger load is controlled, so 
both motors can maintain synchronization state always. 
Another advantage of this control method is simple system 
configuration with reduced computation by one controller 
[8, 9]. However, position sensors are essential for selecting 
the master motor from the detected rotor position of each 
motor. The position sensors raise structural problems such 
as vulnerability to vibration and shock and so it negates the 
benefits of having a single inverter with a parallel motor 
system. To overcome the disadvantageous of using speed 
sensor, this paper uses sensorless algorithm. Among the 
various sensorless algorithm, back-EMF based sensorless 
algorithm is reasonably chosen, since it is widely used in 
the industrial field [10-14].  

In the case of a sensorless system, the rotor position has 
to be obtained from the sensorless algorithm in order to 
choose the controlling motor, since the sensorless algorithm 
calculates the rotor position by integrating the speed, the 
dynamic properties of the system are degraded because of 
time-delay problem in rapid load variation conditions. Since 
the purpose of comparison of the rotor is position error, a 
hysteresis comparator is used. Furthermore the hysteresis 
controller is used to compare the rotor position error; and 
the on/off switching time of the hysteresis width varies 
according to load oscillation and the drive system. This 
causes the system to enter rapid transient and unstable 
states. Therefore, the hysteresis width has to be adjusted by 
experienced experts to ensure stable operation of the 
system [8, 9]. 

Considering the advantages and disadvantages of the 
methods outlined above, the latter is better for application 
to industrial sites as a result of the simplicity of its control 
system and the ease of hardware configuration. However, 
as mentioned previously, this method has problems 
related to use of a hysteresis controller and speed sensor 
for determination of the load fluctuation between the 
motors. To overcome these drawbacks, this paper proposes 
a parallel drive sensorless speed control technology fed by 
a single inverter that compares the flux-axis current from 
the relation between the back-EMF for torque angle and 
current to ensure stable operation in unbalanced conditions. 
Because the master is chosen according to the flux-axis 
current, which is actually measured, it has a faster dynamic 
characteristic and operates more stably during rapid load 
variations than the rotor position method. 

2. System Analysis 
 

2.1 Analytical model of SPMSM 
 
The d-q axis inductance of SPMSM is the same 

regardless of rotor position by the uniform air-gap because 
of its cylindrical structure, in which a permanent magnet is 
attached to the surface of the rotor. The r rd q−  axis 
voltage equation for rotation at the real angular velocity is 
shown as Eq. (1): 
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where, sR  is the stator resistance, ,r r

qsdsλ λ  is the r rd q−  
axis linkage flux, and mφ is the permanent magnet flux. Eq. 
(2) shows the torque equation divided by the rotor angular 
velocity of the mechanical output power: 
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r
e m qs
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where, P  indicates motor poles. The mechanical equation 
is derived by the torque equation (Eq. (2)), and is given as 
Eq. (3): 
 

 m
e L m m m

dT T J B
dt

− = +
ω ω  (3) 

 
where, LT  is load torque, mJ  is inertia, mB  is friction, 
and mω  is mechanical angular velocity.  

 
2.2 Dynamic stability analysis by the torque angle 

 
The principle of power occurrence can be physically 

determined from the flux relationship by drawing a vector 
diagram such as that shown in Fig. 2. 

 
Fig. 2. SPMSM vector diagram 
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In Fig. 2, Vt is the armature voltage, Ia  is the armature 
current, Ef  is the excitation voltage, Xs is the synchronous 
reactance, aφ  is the air-gap flux, mφ  is the permanent 
magnet flux, sφ  is the armature reaction flux, ϕ  is the 
power factor angle between Vt and Ia, ψ  is the inner 
power angle between aI  and Ef , and δ is the torque or 
power angle between tV  and Ef . The input power can be 
derived as Eq. (4) from the vector diagram in Fig. 2: 

 
 3 cost aP V I= φ   (4) 

 
The armature voltage can be derived from the vector 

diagram in Fig. 2. The torque-axis voltage is defined by Eq. 
(5), while the flux-axis voltage is defined by Eq. (6): 

 
 ( )sin cost a sV I X= −δ φ δ   (5) 

 ( )cos sint f a sV E I X= + −δ φ δ   (6) 
 
The armature current can be found from Eq. (7), which 

is derived from Eqs. (5) and (6): 
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Eq. (8) shows the mechanical output torque of the output 

power, found by substituting Eq. (7) into Eq. (4). 
 

 max3 sin sint f

m m s

V EPT T
X

= = =δ δ
ω ω

   (8) 

 
Eq. (8) expresses the voltage and excitation voltage. 

Compared with the vector diagram in Fig. 2, the excitation 
voltage vector direction is the same as that of the 
permanent magnetic flux and the vector direction of the 
voltage is identical to the air-gap flux direction. Therefore, 
the maximum torque can be controlled by the excitation 
voltage when the voltage is kept constant. Fig. 3 illustrates 
Eq. (8) according to torque angle. 

Output torque is determined by δ  in the constant 
torque region, in which the voltage and excitation voltage 
area is fixed, as shown in Fig. 3. The maximum torque 
occurs at 90°=δ . If the torque angle is 90°>δ , the 
torque will lose the acceleration and the motor will be 

divergent [15]. 
 

2.3 Load torque recognition method by flux-axis 
current 

 
A vector diagram of a typical parallel-connected 

SPMSM at disagreement load state is depicted in Fig. 4 [5, 
6]; the master motor is selected by relation between 
excitation voltage and flux position. In Fig. 4, M1 is the 
master motor and M2 is the slave motor. Because the load 
torque of M2 is greater than that of M1, 1 2<δ δ  in Fig. 
4(a). Conversely, in Fig. 4(b), because the load torque of 
M2 is smaller than that of M1, 1 2>δ δ .  

The master motor is determined based on the rotor 
position information of each motor. Thus, the rotor position 
detection sensor is an important component and the 
dynamic performance falls during load variation owing to 
time-delay in the sensorless system. For the purpose of 
reliable rotor location comparison, a hysteresis controller is 
used; however, it has the weakness that hysteresis width 
should be adjusted according to the drive system. 

In contrast, the direction of the excitation voltage is the 
same as the permanent magnetic flux and the voltage 
vector path is equal to the air-gap flux route, as mentioned 
before. 

Thus, from Eqs. (5) and (6), the torque-axis current and 
flux-axis current can be expressed as Eq. (9): 
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Fig. 3. Torque property according toδ  

 
(a) 

 
(b) 

Fig. 4. Parallel connected SPMSM vector diagram: (a) 
Case 1: 1 2L LT T< , (b) Case 2: 1 2L LT T>  
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where, dI  is the flux-axis current and qI  is the torque-
axis current. When the torque angle increases, the flux-axis 
current rises in the negative direction and the torque-axis 
current decreases, as shown in Eq. (9). It collapses the 
dynamic stability limit load torque. Therefore, in this paper, 
the load change is recognized by comparing the flux-axis 
current between the two motors. 
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First, the error between the flux-axis current measured 

from the two motors is calculated using Eq. (10). The 
output of the sign function is one when the error is positive, 
otherwise the output is two. Thus, it is possible to select the 
feedback value control of the controller based on the sign 
function output. As a result, the controller controls the 
heavy load motor along with the sign function result, as 
shown in Fig. 5. On the other hands, if the load of master 
motor is bigger than slave one, the output of sign function 
is positive but slave one is bigger than the master motor 
then sign function output is negative by Eq. (10). As a 
result of that motor which has bigger load can be 
controlled by sign function output. Since the control motor 
is selected using flux-axis current, it can be applied to the 
sensorless system, and faster dynamic property can be 
obtained in load alteration because actual measured current 
is being used. 

 
Fig. 5. Sensorless select control block diagram 

 
 

3. Experimental evaluation 
 

3.1 Simulation conditions 
 
To verify the efficacy of the proposed method, 

parallel sensorless speed control system fed by a single 
inverter using SPMSMs flux-axis current, we simulated 
the algorithm. The sensorless speed control algorithm 
simulated estimates the rotor position and speed by 
back-EMF estimator using motor current [10, 11]. The 
simulation considered both steady-state and dynamic 
state characteristics. 

First of all, torque angle and flux-axis current were 

observed so as to check the dynamic property of the 
parallel drive without select control, as shown in Fig. 6, by 
inserting load to M2. 

Next, as indicated in Fig. 7, the dynamic characteristics 
of the proposed system, which has select control for 
parallel drive, were confirmed in like manner. The 
simulation was conducted using MATLAB/SIMULINK 
and the commonly used PI controller composed for current 
control. Voltage was modulated by a space vector PWM 
inverter, and rotor position, and speed information obtained 
from the back-EMF estimator. As shown in Fig. 5 and Eq. 
(10), select control by flux-axis current is realized. 

Table 1 shows the SPMSM parameters. 
 

Table 1. Nominal parameters for 26 W SPMSM 

Base Speed 4000 rpm 

sR  0.6 Ω 

sL  0.17 mH 

LT  0.062 N.m 

mφ  0.0035 Wb 
poles 8 

 
Fig. 8 shows the block diagram for sensorless algorithm. 

Reference voltage is calculated with master motor rotating 
position for coordinate conversion since this paper 
controls only the master motor. However reference frame 

Fig. 6. SIMM structure without select control 
 

Fig. 7. Block diagram of the proposed system 
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transformation for current uses the rotor positon of each 
motor. 

Fig. 9 indicates the way to choose the master motor from 
d-axis current. 

 
3.2 Simulation results 

 
In order to approve the torque angle response of the 

slave motor for load change, in each simulation, a 5% 
increment of the rated torque was applied to only M2 at 0.6 
s intervals, as illustrated in Fig. 6, during motor operation 

at a rated speed of 4000 rpm in no-load condition. Fig. 10 
displays the changes in output torque angle. M2 steps-out 
at 35% of rated torque. M2 should be deviated when a load 
torque is suddenly inserted even if it is lower than the rated 
torque. 

In such a structure as Fig. 6, the dynamic stability limit 
of M2 is 25-30% of the rated load torque when the inverter 
output is no-load energy about M1. As shown in Fig. 11(a), 
back-EMF occurs in sync with the flux-axis in the transient 
state by load variation. The increment of the flux-axis 
current is negative until the motor steps-out according to 
load torque and the current vibrates with divergence. 

Consequently, when a heavier load torque is applied to 
the slave motor than the motor being controlled, the slave 
motor cannot retain the synchronization state because the 
slave motor occurrence torque is lower than the required 
load torque owing to the reduced excitation voltage and 

Fig. 8. Block diagram for sensorless algorithm 

Fig. 9. Selection control block diagram 
 

Fig. 10. Torque changes according to load torque 

(a) 

(b) 
Fig. 11. Flux-axis current and speed by load change: (a) 

Flux-axis current response; (b) Speed response 
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increased flux-axis current in the negative direction. 
Motors simultaneously drive with rated speed command 

at 4000 rpm between 0-0.3 s in no-load condition. In the 
structure of the proposed method, illustrated in Fig. 12, the 
rated load torque is applied to only M2 at 0.6 s to verify the 
speed response in asynchronous load conditions for the 
motors to accelerate up to a rated speed of 4000 rpm 
between 0-0.3 s. 

Fig. 12(b) shows the enlargement region A (around 0.6 
s) of Fig. 12(a), while Fig. 12(c) illustrates the select signal 
by load change. At the transient state by load fluctuation, 
M1 speed vibrates around M2 speed and both motors 

become stable at the specified speed in 0.7 s, as shown in 
Fig. 12(b). A stable select signal occurs by comparing the 
flux-axis current about the unbalanced load from Fig. 12(c). 

Fig. 13 shows the torque angle of both motors about the 
disagreement load variation. Fig. 13(b) is a zoom of region 
A (around 0.6 s) of Fig. 13(a). Fig. 13(b) shows that M2 
load torque is greater than that of M1 owing to M2 torque 
angle being 90° and M1 torque angle becoming -5° after 
shaking; thus, stable operation is possible for both motors. 

 
3.3 Experimental conditions 

 
For the purpose of examining the proposed method, an 

experimental system was constructed with two 26 W 
SPMSMs with the same specification as outlined in Table 1, 
inverter board, control board, and DAC for data analysis, 
as shown in Fig. 14. 

 

 
Fig. 14. Experiment construction 

 
The proposed method and sensorless speed control 

software used in the experiment was designed in the same 
way with the simulation. The experiment was classified 
into three sections:  

First, to confirm the speed response in no-load and 
unbalanced load conditions between the motors, step load 
torque was inserted by checking the speed response and 
select signal.  

Second, to examine the speed response to rapidly 
disagreeing load change, high frequency load was set to 
only M1 and the speed response and select signal of both 
motors checked. 

Third, the speed response and select signal were checked 
for different load changes in light load conditions during 
M1 control. 

 
3.4 Experimental results 

 
To verify the speed response for step load, the two 

motors operated at 2000 rpm in no-load condition. Sixty 
percent of the rated torque was set at 8 s for M1 and 
removed after 2 s. After 4 s, 60% of the rated torque was 
inserted to both motors and again removed in 2 s. Fig. 
15(b) shows the expanded region A of Fig. 15(a), while Fig. 

 
(a) 

 
(b) 

 
(c) 

Fig. 12. Speed response in unbalanced load: (a) Speed 
response; (b) Zoom in region A; (c) Select signal 

 

 
(a) 

 
(b) 

Fig. 13. Torque response in asynchronous load: Torque 
response; (b) Zoom in region A 
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15(c) is the expanded region B of Fig. 15(a). 
Fig. 15(b) illustrates the speed response according to the 

disagreement load of both motors, while Fig. 15(c) 
indicates the speed response for the synchronous load of 
both motors. Fig. 15(b) shows that the initial state of the 
select control is two until the rated speed controlling M2 is 
reached. When the load torque is inserted to M1 around 8 s 
the select signal output changes to one for M1 control. The 
settling time of the speed is 126 ms and the load response 
rate is 11.8% of steady-state speed. 

Fig. 15(c) shows that M2 is under control when the load 
torque is removed by changing the select signal to two. The 

same load is applied to M1 and M2 simultaneously at 14 s, 
then M1 is controlled with one select signal. 

The settling time is 126 ms and load response rate is 
9.4% of steady-state speed. From the results of the 
experiment, it is clear that the speed can be controlled 
stably in balanced and unbalanced conditions during 
harmonious driving of two motors at the same speed. Next, 
to verify the high frequency load response, the motors were 
driven with a 2000 rpm command in no-load conditions. 
The magnitude was 25% of the rated torque and the 
frequency was 62.8 rad/s, with load torque set to M1 at 9 s 
and removed after 6 s. 

Fig. 16(b) shows the enlarged region A of Fig. 16(a). Fig. 
16(b) indicates the response for unbalanced high frequency 
load variation. The select signal outputs two initially to 
control M2. When the high frequency load is inserted to 
M1 at 9 s, the select signal wave along with load frequency 
and the controller alternately control M1 and M2. 

The ripple rate of the stead-state speed appears at 3.75% 
of the specified speed. The experimental results show that 
stable operation is possible in rapid vibration asynchronous 
load conditions. 

Finally, we checked the speed response by disagreement 
load variation for the two motors driven with light load 
while controlling M1 at 2000 rpm speed. Sixty percent of  

(a) 

 
(b) 

 
(c) 

Fig. 15. Speed response by system load: (a) Speed response;
(b) Zoom in region A; (c) Zoom in region B

 
(a) 

 
(b) 

Fig. 16. Speed response for high frequency load: (a) Speed 
response, (b) Zoom in region A 
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the rated torque was inserted to M2 at 6 s and dismissed 
after 2 s. After 4 s, 60% of the rated torque was again set to 
both motors and removed after 2 s. 

Fig. 17(b) is the enlarged region A of Fig. 17(a), while 
Fig. 17(c) is the zoomed in region B of Fig. 17(a). Fig. 
17(b) shows the speed response by difference load change, 
and Fig. 17(c) presents the speed response in light load 
conditions, in which M1 is controlled. 

M1 is controlled with select signal one in initial state 
according to Fig. 17(b). When the load torque is set to M2 
at 8 s, the controller controls M2 by toggling the select 

signal. The speed settling time is 192 ms and the load rate 
is 11.8% of the steady-state speed. 

In the next step, the controller controls M1, changing the 
select signal to one after releasing M2 load in accordance 
with Fig. 17(c). The speed ripple of the steady-state occurs 
more than in Fig. 17(b) and is 6.3% of the steady-state 
speed.  

The simulations and experiment show that when a 
relatively light load motor is controlled, the occurrence 
torque of the motor is less than the required torque within a 
35% torque angle that can maintain a synchronized state 
in the parallel structure. It causes pulsations between the 
motors while trying to maintain a harmonized state. If 
the pulsation frequency for maintaining the coordinated 
state is collaborated with the resonant frequency occurring 
between the two motors, then diffusion should occur. 

 
 

4. Conclusion 
 
This paper proposed a selection control algorithm that 

uses flux-axis current for the stable parallel operation of 
SPMSMs fed by a single inverter. The proposed algorithm 
compares the flux-axis current of each motor, and detects 
the control signal from the relation between the back-
EMF for torque angle and current by unbalanced load 
oscillation. 

Unlike conventional algorithms, the proposed algorithm 
does not need speed sensor and hysteresis comparator, 
which are required in the averaged energy and rotor 
position error methods. The algorithm directly chooses the 
master motor with direct measured flux-axis current so that 
the dynamic characteristic in sensorless speed control is 
faster than that of the conventional methods. 

Further, the proposed algorithm is able to stably drive 
the overall load torque area. It has the advantage of reduced 
computation because it uses only one speed controller. 
Finally, we verified that the proposed algorithm enables 
motors connected in parallel to operate stably during 
asynchronous load fluctuations and high frequency load 
change conditions via simulations with MATLAB / 
SIMULINK and experiment with a three-phase inverter 
system.  
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