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 Two induction motors with parallel connected stator windings supplied by a 

single inverter (single observer) with a field weakening control system. The 

objective of this study is to propose a torque production speed sensorless 

vector control technique for each parallel connected rotor by adding field 

weakening control to improve the performance of each motor and reducing 

the number of adaptive observers on each motor to a single observer. Design 

of a rotor flux-oriented control (RFOC) system. Simulation results with the  

C-MEX S-function of MATLAB/Simulink 2015b show that the proposed 

method works better and can be operated at speeds that exceed the nominal 

speed of the motor. 
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1. INTRODUCTION 

Industry uses induction motors with cage rotors extensively due to their robust design and affordable 

cost in comparison to other motors of the same class. In use, a speed adjustment is required to control the set 

point or the desired speed, and then a feedback system is required, which is rotor speed information. Two 

methods were used to collect the rotor speed information: sensor-based and speed-sensorless. In systems with 

sensors, the use of encoders often cannot detect very low and very high speeds. To overcome this problem, a 

sensorless speed control system is designed by applying current vector control to control and estimate the rotor 

speed, which is fed back to the system [1]-[8]. Induction motors can be precisely driven by a single inverter 

running a single induction motor by the use of the field-oriented control approach of sensorless vector control. 

On the other hand, a single inverter can power several induction motors connected in parallel for industrial 

uses such electric propulsion, as in railroad traction systems [9], [10]. Due to hardware minimization and cost 

reduction, multiple induction motors, considered one large motor, can be driven by a single inverter under the 

same specifications and rating. However, when an uneven load torque is applied, the performance becomes 

unstable [11].  

Control with field weakening is one method to improve the performance of induction motors. With 

this method, speeds that can exceed the nominal speed can be achieved. S.H. Kim and S.K. Sul used field 

weakening in maximum torque operations [12], Briz et al. [13] used current and voltage regulation to achieve 

revolutions above nominal revolutions. Kerkman et al. using indirect field-oriented control in the application 

of field weakening [14]. In this research, the motor rotation is estimated with an observer on the ab-axis 

reference frame using the motor flux weakening control or field weakening control method while taking into 

account the limits of the motor nominal voltage and current so that the motor rotation can be achieved beyond 
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the nominal rotation with maximum torque operation, and the stability of the motor rotation is determined by 

the Lyapunov stability theory.  

In general, sensorless induction motors are controlled in parallel without field weakening control. The 

number of observers in induction motor parallel control is directly correlated with the number of motors; hence, 

the more motors under control, the greater the number of observers. Numerous observers necessitate intricate 

mathematical computations, which are laborious to complete. In order to minimize this problem from multiple 

observers to one, a creative mathematical calculation incorporating multiple observers is required. In this study, 

the field weakening method is applied to parallel two induction motors to obtain better performance. What 

distinguishes the parallel of induction motors in the previous study (two observers) is that the observer is only 

one piece. The proposed method is applied to a 0.75 HP (0.55 kW) induction motor drive system. 

 

 

2.  RESEARCH METHOD 

2.1.  Mathematical modeling 

2.1.1. Induction motor model 

The induction motor model used is three phases. To simplify the calculation and analysis, a Clarke 

transformation is used, which converts the current, voltage, and flux equations of the three phases to the form 

of two stationary phases, or α-β axes. In matrix form, it can be expressed as (1). 
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𝑖𝑐

] (1) 

 

The Park transformation is used to transform a stationary two-phase axis to a rotating two-phase axis or direct-

quadrature - dq axis, which is expressed by (2). 

 

[
𝑖𝑑
𝑖𝑞

] = [
cos 𝜃𝑒 sin 𝜃𝑒

−sin 𝜃𝑒 cos 𝜃𝑒
] [

𝑖𝛼
𝑖𝛽

] (2) 

 

The motor model is designed in the frame of reference for stator currents on the dq axis and rotor fluxes. The 

general equation of an induction motor is as (3) to (6) [15]. 

 

𝑉̅𝑠 = 𝑅𝑠𝑖𝑠̅ +
𝑑

𝑑𝑡
𝜓̅𝑠 + 𝑗𝜔𝑒𝜓̅𝑠 (3) 

 

𝑉̅𝑟 = 𝑅𝑟𝑖𝑟̅ +
𝑑

𝑑𝑡
𝜓̅𝑟 + 𝑗(𝜔𝑒 − 𝜔𝑟)𝜓̅𝑟 (4) 

 

𝜓̅𝑠 = 𝐿𝑠𝑖𝑠̅ + 𝐿𝑚𝑖𝑟̅ (5) 

 

𝜓̅𝑟 = 𝐿𝑟𝑖𝑟̅ + 𝐿𝑚𝑖𝑠̅ (6) 

 

The (3) to (6) are derived to obtain the induction motor model on the αβ axis. In reference to the stator frame 

𝜔𝑒 = 0 and the rotor being a cage rotor type, the rotor voltage Vr is zero, and the actual motor model is 

expressed in (7) to (10) as [16], [17]: 

 
𝑑

𝑑𝑡
𝑖𝑠𝛼 = (−

𝑅𝑠

𝜎𝐿𝑠
−

(1−𝜎)

𝜎𝜏𝑟
) 𝑖𝑠𝛼 +

𝐿𝑚

𝜎𝐿𝑠𝐿𝑟𝜏𝑟
𝜓𝑟𝛼 +

𝐿𝑚𝜔𝑟

𝜎𝐿𝑠𝐿𝑟
𝜓𝑟𝛽 +

1

𝜎𝐿𝑠
𝑉𝑠𝛼 (7) 

 
𝑑

𝑑𝑡
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𝜎𝐿𝑠
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𝐿𝑚
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𝜎𝐿𝑠𝐿𝑟𝜏𝑟
) 𝑖𝑠𝛽 −

𝐿𝑚𝜔𝑟

𝜎𝐿𝑠𝐿𝑟
𝜓𝑟𝛼 +

𝐿𝑚

𝜎𝐿𝑠𝐿𝑟𝜏𝑟
𝜓𝑟𝛽 +

1

𝜎𝐿𝑠
𝑉𝑠𝛽 (8) 

 
𝑑

𝑑𝑡
𝜓𝑟𝛼 = −

𝑅𝑟

𝐿𝑟
𝜓𝑟𝛼 +

𝑅𝑟

𝐿𝑟
𝐿𝑚𝑖𝑠𝛼 − 𝜔𝑟𝜓𝑟𝛽 (9) 

 
𝑑

𝑑𝑡
𝜓𝑟𝛽 = −

𝑅𝑟

𝐿𝑟
𝜓𝑟𝛽 +

𝑅𝑟

𝐿𝑟
𝐿𝑚𝑖𝑠𝛽 − 𝜔𝑟𝜓𝑟𝛼 (10) 

 

The stator voltage equation on the dq axis is as (11) and (12). 
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𝑣𝑠𝑑 = 𝑅𝑠𝑖𝑠𝑑 + 𝜎𝐿𝑠
𝑑

𝑑𝑡
𝑖𝑠𝑑 − 𝜎𝐿𝑠𝜔𝑒𝑖𝑠𝑞 +

𝐿𝑚
2

𝐿𝑟

𝑑

𝑑𝑡
𝑖𝑚𝑟  (11) 

 

𝑣𝑠𝑞 = 𝑅𝑠𝑖𝑠𝑞 + 𝜎𝐿𝑠
𝑑

𝑑𝑡
𝑖𝑠𝑞 − 𝜎𝐿𝑠𝜔𝑒𝑖𝑠𝑑 +

𝐿𝑚
2

𝐿𝑟
𝜔𝑒𝑖𝑚𝑟  (12) 

 

The flux model gives the magnitude and angular position of the rotor flux and torque expressed in the (13)-(16). 

 
𝑑

𝑑𝑡
𝑖𝑚𝑟 =

𝑅𝑟

𝐿𝑟
(𝑖𝑠𝑑 − 𝑖𝑚𝑟) (13) 

 

𝜔𝑒 = 𝑁𝑝𝜔𝑟 +
𝑅𝑟

𝐿𝑟

𝑖𝑠𝑞
∗

𝑖𝑚𝑟
 (14) 

 
𝑑

𝑑𝑡
𝜃𝑒 = 𝜔𝑒 (15) 

 

𝑇𝑒 = 𝑁𝑝(1 − 𝜎)𝐿𝑠𝑖𝑠𝑞𝑖𝑚𝑟  (16) 

 

2.1.2. Design of controllers 

In (17), the speed controller is represented as an integrator proportional (IP) regulator. Since the IP 

controller is just as simple as the PI controller, but offers superior performance, that is why we went with it 

[18]. The speed controller output is finite, and when it reaches this limit, the integration start value in the next 

iteration is reset to the integration start value in the previous iteration to prevent the stopping phenomenon. 

 

𝑇𝑒
∗ = 𝐾𝑠𝑝𝑖 ∫(𝜔𝑟

∗ − 𝜔𝑟
^)𝑑𝑡 − 𝑘𝑠𝑝𝑝𝜔𝑟

^ (17) 

 

Values with a "*" sign indicate reference values, and values with a "^" sign indicate estimated values. 

The field weakening controller aims to weaken the field, but the stator current and voltage remain within the 

maximum current and voltage limits. The current and voltage limit equations are expressed in (18) and (19) [12]. 

 

𝑣𝑠𝑑
∗2 + 𝑣𝑠𝑞

∗2 ≤ 𝑉𝑠𝑚𝑎𝑥
2  (18) 

 

𝑖𝑠𝑞
∗2 + 𝑖𝑠𝑑

∗2 ≤ 𝐼𝑠𝑚𝑎𝑥
2  (19) 

 

"Field weakening" is done by controlling the d-axis stator reference current and providing a maximum q-axis 

stator reference current limit, as shown in Figure 1. The field weakening controller equations can be expressed 

in (20) and (21) [19]. 

 

𝑖𝑠𝑑
∗ = 𝐾𝑖 ∫(𝑉𝑠 𝑚𝑎𝑥

2 − 𝑉𝑠
2) 𝑑𝑡 + 𝐾𝑝(𝑉𝑠 𝑚𝑎𝑥

2 − 𝑉𝑠
2) (20) 

 

𝑖𝑠𝑞 𝑙𝑖𝑚𝑖𝑡𝑒𝑟
∗ = √𝐼𝑠 𝑚𝑎𝑥

2 − 𝑖𝑠𝑑
2  (21) 

 

The current vector controller used is PI, but this controller can only control linear systems, so in (11) and (12) 

must be linearized using decoupling as in equations (22) to (25) [16], [17], [20]. 

 

𝑣𝑠𝑑 = 𝑢𝑠𝑑 + 𝑣𝑐𝑑  𝑣𝑠𝑞 = 𝑢𝑠𝑞 + 𝑣𝑐𝑞  (22) 

 

𝑢𝑠𝑑 = 𝑅𝑠𝑖𝑠𝑑 + 𝐿𝑠𝜎
𝑑

𝑑𝑡
𝑖𝑠𝑑  𝑢𝑠𝑞 = 𝑅𝑠𝑖𝑠𝑞 + 𝐿𝑠𝜎

𝑑

𝑑𝑡
𝑖𝑠𝑞  (23) 

 

𝑣𝑐𝑑 = −𝜔𝑒𝐿𝑠𝜎𝑖𝑠𝑞 + 𝐿𝑠(1 − 𝜎)
𝑑

𝑑𝑡
𝑖𝑚𝑟  (24) 

 

𝑣𝑐𝑞 = 𝜔𝑒𝐿𝑠𝜎𝑖𝑠𝑑 + 𝐿𝑠(1 − 𝜎)𝜔𝑒𝑖𝑚𝑟  (25) 

 

With vcd and vcq being the coupling voltages, usd and usq are the stator voltages after decoupling. Based on the 

voltage decoupling equation and the general formula of the PI controller as (26) and (27). 

 

(𝑅𝑠𝑖𝑠𝑑 + 𝐿𝑠𝜎𝑠𝑖𝑠𝑑) = (𝑘𝑖𝑑𝑝 +
𝑘𝑖𝑑𝑖

𝑠
) 𝑖𝑠𝑑

∗ − (𝑘𝑖𝑑𝑝 +
𝑘𝑖𝑑𝑖

𝑠
) 𝑖𝑠𝑑 (26) 
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(𝑘𝑖𝑑𝑝 +
𝑘𝑖𝑑𝑖

𝑠
) 𝑖𝑠𝑑

∗ = 𝑖𝑠𝑑 (𝑅𝑠 + 𝐿𝑠𝜎𝑠 + 𝑘𝑖𝑑𝑝 +
𝑘𝑖𝑑𝑖

𝑠
) (27) 

 

Using the identity method, the controller constant for the d-axis is obtained as (28). 

 

𝑘𝑖𝑑𝑝 =
𝐿𝑠𝜎

𝑇𝑑
 𝑘𝑖𝑑𝑖 =

𝑅𝑠

𝑇𝑑
 (28) 

 

In the same way, it is done on the q-axis so that the controller constant for the q-axis is obtained as (29). 

 

𝑘𝑖𝑞𝑝 =
𝐿𝑠𝜎

𝑇𝑑
 𝑘𝑖𝑞𝑖 =

𝑅𝑠

𝑇𝑑
 (29) 

 

The controller constant values obtained were found to be the same: 

 

𝑘𝑖𝑑𝑝 = 𝑘𝑖𝑞𝑝 = 𝑘𝑝  

𝑘𝑖𝑑𝑖 = 𝑘𝑖𝑞𝑖 = 𝑘𝑖  
 

 

  Vα
2+Vβ

2)LPF

P

Vα ,Vβ 
Vsmax

+ -

Isd*   Ismax
2 – Isd*2)

Isd* Isq*  
 

Figure 1. Field weakening controller diagram block 
 

 

2.1.3. Observer in reference frame αβ 

The Luenberger Observer in this design uses the αβ-axis reference frame and is made based on the 

induction motor model in the αβ-axis reference frame. The system model is as (30). 
 

𝑥̇ = 𝐴𝑥 + 𝐵𝑢 𝑦 = 𝐶𝑥 (30) 
 

With u as the input and y as the output, if the system is in the estimated state, then the state and output equations 

become (31). 
 

𝑥̇̂ = 𝐴𝑥̂ + 𝐵𝑢 𝑦̂ = 𝐶𝑥̂ (31) 
 

Matrix A is the induction motor model in the αβ axis, and its state space form is shown by the (32) and (33) [21]. 
 

𝑑

𝑑𝑡

[
 
 
 
𝑖𝑠𝛼
𝑖𝑠𝛽
𝜓𝑟𝛼

𝜓𝑟𝛽]
 
 
 

=

[
 
 
 
 
 −

𝑅𝑠

𝜎𝐿𝑠
−

(1−𝜎)

𝜎𝜏𝑟
0

0
𝐿𝑚

𝜏𝑟

0

−
𝑅𝑠

𝜎𝐿𝑠
−

(1−𝜎)

𝜎𝜏𝑟

0
𝐿𝑚

𝜏𝑟

 

 
𝐿𝑚

𝜎𝐿𝑠𝐿𝑟𝜏𝑟

𝐿𝑚

𝜎𝐿𝑠𝐿𝑟
𝜔𝑟

−
𝐿𝑚

𝐿𝑠𝐿𝑟
𝜔𝑟

−
1

𝜏𝑟

𝜔𝑟

𝐿𝑚

𝜎𝐿𝑠𝐿𝑟𝜏𝑟

−𝜔𝑟

−
1

𝜏𝑟 ]
 
 
 
 
 

[
 
 
 
𝑖𝑠𝛼
𝑖𝑠𝛽
𝜓𝑟𝛼

𝜓𝑟𝛽]
 
 
 

+

[
 
 
 
 

1

𝜎𝐿𝑠
0

0
1

𝜎𝐿𝑠

0
0

0
0 ]

 
 
 
 

[
𝑉𝑠𝛼
𝑉𝑠𝛽

] (32) 

 

𝑑

𝑑𝑡

[
 
 
 
𝑖𝑠𝛼
𝑖𝑠𝛽
𝜓𝑟𝛼

𝜓𝑟𝛽]
 
 
 

= [

𝑎𝑟11 0
0

𝑎𝑟21

0

𝑎𝑟11

0
𝑎𝑟21

 

𝑎𝑟12 −𝑎𝑖12
𝑎𝑖12

𝑎𝑟22

𝑎𝑖22

𝑎𝑟12

−𝑎𝑖22

𝑎𝑟22

]

[
 
 
 
𝑖𝑠𝛼
𝑖𝑠𝛽
𝜓𝑟𝛼

𝜓𝑟𝛽]
 
 
 

+ [

𝑏1 0
0 𝑏1

0
0

0
0

] [
𝑉𝑠𝛼
𝑉𝑠𝛽

]  

 

[
𝑖𝑠𝛼
𝑖𝑠𝛽

] = [
1 0
0 1

 
0 0
0 0

]

[
 
 
 
𝑖𝑠𝛼
𝑖𝑠𝛽
𝜓𝑟𝛼

𝜓𝑟𝛽]
 
 
 

 

 

y=Cx (33) 
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where 𝜎 = 1 − (
𝐿𝑚
2

𝐿𝑠𝐿𝑟
⁄ ) ; 𝜏𝑟 =

𝐿𝑟
𝑅𝑟

⁄ . Use the Luenberger observer to estimate the induction motor's 

parameters. The following represents the (34) and (35): 

 
𝑑

𝑑𝑥
𝑥̂ = 𝐴𝑥̂ + 𝐵𝑢 + 𝐺(𝑒𝑖𝑠) (34) 

 

𝑦̂ = 𝐶𝑥̂ (35) 

 

The observer feedback value is indicated by the "G" sign, whereas the estimated value is shown by the "^" 

sign; where,  

 

𝑥̂ =

[
 
 
 
 
𝑖̂𝑠𝛼
𝑖̂𝑠𝛽

𝜓̂𝑟𝛼

𝜓̂𝑟𝛽]
 
 
 
 

; 𝑢 = [
𝑉𝑠𝛼
𝑉𝑠𝛽

] ; 𝑒𝑖𝑠 = [
𝑒𝑖𝑠𝛼

𝑒𝑖𝑠𝛽
] ; 𝑦̂ = [

𝑖𝑠̂𝛼
𝑖̂𝑠𝛽

]  

 

The observer model's eigenvalue is det (𝐼𝜇 − (𝐴 − 𝐺𝐶) and the induction motor model's eigenvalue is det (𝐼𝜇 −
𝐴). The value of G is obtained as the observer's reinforcement feedback (37), using the derived (36). 

 
|𝐼𝜇 − 𝐴| = |𝐼𝜆 − (𝐴 − 𝐺𝐶| (36) 

 

Then we get (37). 

 

𝐺 = [
𝑔1 𝑔2

𝑔3 𝑔4

−𝑔2 𝑔1
−𝑔4 𝑔3

]
𝑇

 (37) 

 

Where 𝑔1 = (𝑘 − 1)(𝑎𝑟11 + 𝑎𝑟22), 𝑔2 = (𝑘 − 1)𝑎𝑖22, 𝑔3 = −(𝑘2 − 1)(𝜆𝑎𝑟11 + 𝑎𝑟21) + 𝜆(𝑘 − 1)(𝑎𝑟11 +
𝑎𝑟22), 𝑔4 = 𝜆(𝑘 − 1)𝑎𝑖22, 𝜆 = (𝜎 𝐿𝑠𝐿𝑟 𝐿𝑚⁄ ) ; 𝑘 > 0. By computing 𝑒𝑖𝑠𝛽 (beta stator current error) and 𝑒𝑖𝑠𝛼  

(alpha stator current error), one may get the estimated rotor speed (𝜔̂𝑟). In (38) illustrates how it is derived 

using Lyapunov's theory [22]: 

 

𝜔̂𝑟 = 𝐾𝑝(𝜓̂𝛽𝑒𝑖𝑠𝛼 − 𝜓̂𝛼𝑒𝑖𝑠𝛽) + 𝐾𝑖 ∫(𝜓̂𝛽𝑒𝑖𝑠𝛼 − 𝜓̂𝛼𝑒𝑖𝑠𝛽)𝑑𝑡 (38) 

 

Where 𝑒𝑖𝑠𝛼 = 𝑖̂𝑠𝛼 − 𝑖𝑠𝛼  and 𝑒𝑖𝑠𝛽 = 𝑖̂𝑠𝛽 − 𝑖𝑠𝛽.  

 

2.1.4. Induction motor parallel vector control 

With the same motor specifications, two induction motors can be regarded as a single, huge motor. 

Nonetheless, the stator currents will vary if the torque loads on the motors are not balanced. Because it is used 

to operate two motors, the stator current that is flowing and circulating from the inverter needs to be split into 

two portions (𝑖𝑠1 and 𝑖𝑠2). The current flow of two induction motors operating in parallel is displayed 

in Figure 2. 

The (39) and (40) show the average circulating current between the two motors as well as the average 

stator current calculated using the average and difference techniques [23]: 

 

𝑖𝑠̅ = (𝑖𝑠1 + 𝑖𝑠2)/2 (39) 

 

Δ𝑖𝑠̅ = (𝑖𝑠2 − 𝑖𝑠1)/2 (40) 

 

Motor 1's and Motor 2's stator currents are displayed by the variables 𝑖𝑠1 and 𝑖𝑠2, respectively. 

The current stator command to regulate the average torque (41) and average rotor flux (42) is obtained 

using the induction motor's vector model [24]-[26]. 

 

𝑖𝑠̅𝑞
𝑒∗ = ((𝑇̅′∗/𝑝𝑀̅′) − Δ𝑖̅̂𝑠𝑑

𝑒 Δ𝜓̂̅𝑟𝑑
𝑒 + Δ𝑖̅̂𝑠𝑞

𝑒 Δ𝜓̂̅𝑟𝑞
𝑒 ) /𝜓̂̅𝑟𝑑

𝑒∗  (41) 

 

Where  𝑇̅′ = (𝑇̅𝑒 − (Δ𝑀̅′ 𝑀̅′⁄ )Δ𝑇̅𝑒)/(1 − (Δ 𝑀̅′ 𝑀′⁄ )2).  𝑇̅′ = 𝑇̅𝑒 because the parameters of the two induction 

motors are regarded as being identical, meaning that the value of Δ𝑀̅′ is zero. Where  𝑇̅𝑒 = (𝑇𝑒1 + 𝑇𝑒2)/2.  
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𝑖𝑠̅𝑑
𝑒∗ = (𝑆𝑟̅𝜓̅𝑟𝑑

𝑒∗ + Δ𝜔̂̅𝑟Δ𝜓̂̅𝑟𝑞
𝑒 + Δ𝑆𝑟̅Δ𝜓̂̅𝑟𝑑

𝑒 − Δ𝑈Δ𝑖𝑠̅𝑑
𝑒 ) /𝑈 (42) 

 

Where 𝜓̅𝑟
𝑒 =

(𝜓𝑟1
𝑒 +𝜓𝑟2

𝑒 )

2
;  Δ𝜓𝑟

𝑒 =
(𝜓𝑟2

𝑒 −𝜓𝑟1
𝑒 )

2
, 𝑖𝑠̅

𝑒 =
(𝑖𝑠1

𝑒 +𝑖𝑠2
𝑒 )

2
;  Δ𝑖𝑟

𝑒 =
(𝑖𝑠2

𝑒 −𝑖𝑠1
𝑒 )

2
, 𝑆𝑟̅ =

(𝑆𝑟1+𝑆𝑟2)

2
 ;  Δ𝑆𝑟 =

(𝑆𝑟2−𝑆𝑟1)

2
, 𝑈 =

(𝑈1+𝑈2)

2
 ;  𝑈 =

(𝑈2−𝑈1)

2
, 𝜔̅ =

(𝜔𝑟1+𝜔𝑟2)

2
 ;  Δ𝜔 =

(𝜔𝑟2−𝜔𝑟1)

2
, and 𝑆𝑟 = (𝑅𝑟 𝐿𝑟⁄ ) ; 𝑈 = 𝑀𝑆𝑟 .  

 

 

inverter

IM1 IM2

is is2
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Figure 2. The current flowing through two induction motors connected in parallel 

 

 

2.2. Configuration of the proposed method 

Figure 3 shows the configuration of the sensorless parallel induction motor origin. An adaptive speed 

observer is present for every motor, as demonstrated below. The configuration of the proposed system is shown 

in Figure 4. The average and difference calculating mechanisms get motor current from the inverter. The 

voltage from the inverter and the currents produced by the average and difference processes are transformed 

from abc to αβ. Iαβ and Vαβ are the Luenberger observer's inputs after conversion. The reason for its 

transformation is that the observer model makes use of the stator reference frame. The motor speed, stator 

current, and rotor flux are all estimated by the Luenberger observer. The controller output, which acts as the 

inverter input, is found by subtracting the average stator current from the command average stator current. 

 

2.3. Implementation 

Disturbances of balanced and unbalanced load torque are used to show sensorless vector control using 

an IP speed controller. Simulations were run using MATLAB/Simulink C-Mex S-Function. The realization of 

the proposed parallel motor system configuration model is shown in Figure 5. The simulated nominal motor 

speed is 1380 rpm, or 144.5 rad/sec. The parameters are displayed in Table 1. 
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Figure 3. Parallel induction motor original configuration 
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Figure 4. Configuration of the proposed system 
 
 

Table 1. Induction motor parameters 
Parameter Symbol Value Unit Parameter Symbol Value Unit 

Nominal speed motor ωr 1380 or 144.5 rpm or rad/s Stator inductance Ls 702.13 mH 
Stator resistance Rs 14.03 Ω Rotor inductance Lr 702.13 mH 

Rotor resistance Rr 13.29 Ω Pole pair Np 2  

Mutual inductance Lm 687.41 mH     

 
 

 
 

Figure 5. The realization of the proposed parallel motor system configuration model 
 

 

3. SIMULATION RESULTS 

The first simulation compares two observers using the suggested methodology. The second time, the 

motor speed command was adjusted to 100 rad/second from its initial setting of 50 rad/second as in Figure 6 (see 

in Appendix). Second, using the suggested method, the simulation is given a speed input of 3.46 motor nominal 

speed of 500 rad/second as in Figure 7. Figure 6 displays the torque step-up response simulation findings for both 

the two-observer approach and the suggested method. The motor speed command is set at 50 rad/second then 

changed to 100 rad/second at time 2 seconds. Induction motors 1 and 2 start out with no load, and after 4 and 5 

IM 2 

IM 1 
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seconds, they are given a 6-Nm load. As seen in Figure 6(a), each motor's torque generation can be tracked by its 

load. However, as Figure 6(b) demonstrates, each motor's torque generation can be adjusted in response to its 

load. Thus, Figure 6(c) illustrates the uniform convergence of each motor's motor speed, while Figure 6(d) 

illustrates the uniform convergence of each motor's motor speed, albeit with a delay towards reference. 
 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

 
 

Figure 6. Simulation result for torque step-up response: (a) the suggested approach for torque response,  

(b) the two-observer method for torque response, (c) motor speed: suggested approach, and  

(d) two-observer approach for motor speed 
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In Figure 7, the simulation is given a speed input of 3.46 motor nominal speed of 500 rad/second. 

Figure 7 shows the difference in time to reach the reference value between the speed of the two motors and the 

estimated speed, namely that the actual speed of the motor is 0.2 seconds faster than the estimated speed when 

there is no load. In the simulation, both motors are given a load of 2 Nm each at different times, with motor 1 

at the 6th second and motor 2 at the 7th second. At the 6th second of motor 1, there is a decrease in speed of 

around 493 rad/s for 1 second, and motor 2 overshoots the speed, reaching 511 rad/s at the 7th second. At the 

7th second, motor 2 decreased its speed to around 505 rad/s, and at that time, motor 1 overshoot speed reached 

503 rad/s. And the speed of the two motors was uniform at 503 rad/s at the 9,2 second. So that the speed of 

both motors exceeds the estimated speed and reference speed by 3 rad/s. 
 

 

 
 

Figure 7. Response to a speed step-up: simulation's outcome motor speed using the suggested technique 
 
 

4. CONCLUSION 

With the addition of a "field weakening" control system, we have presented a direct field-oriented 

control approach for two induction motors coupled in parallel with a single observer. The "field weakening" 

control system can be used to adjust the rotor speed beyond its nominal speed, and for the motor used, it reaches 

3.46 times the nominal speed of the motor; the error between the actual and reference speed values is 0.6%. 

The simulation results show that the proposed method works better and can be operated at speeds exceeding 

the nominal speed of the motor. 
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