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░ ABSTRACT- The paper studies the merits of a 1-∅ induction motor powered by a Trina Solar's module TSM-250PA05.08 

that employs the perturbs and observes (P&O) technique, utilizing two types of controllers, FOC and DTC. The merits of the two 

types of controllers were studied according to the results of the electromagnetic torque (Te), the currents of the main winding Ia and 

auxiliary winding    Ib, and the Speed of a rotor. The results showed that both controllers' electromagnetic torque and speed rotor are 

very close. The results also showed distortions in the main and auxiliary winding currents when using the DTC controller. In contrast, 

when utilizing FOC, the results demonstrate smoother waveforms for main and auxiliary winding curves.  Regarding response time, 

DTC achieves a faster rise time for Te and Ib  than FOC. Also, concerning settling time, DTC achieves a faster settling time than 

FOC. 

 

Keywords: Direct Torque; Solar Cell; Induction Motor; Field oriented. 

 

 

 

░ 1. INTRODUCTION   
The 1-∅ induction motor has recently become one of the most 

popular AC motors, and it has a wide range of uses, including 

in household and agricultural products[1][2] . Various control 

strategies have been introduced for induction machines, such as 

FOC field control and DTC direct torque control, to increase the 

performance of induction machines [3] [4]. Both strategies 

achieved a convergent approach to controlling the induction 

machine [5]. In the 1980s, an FOC based mainly on the 

magnetic field of a stator was proposed. In FOC, the AC motor 

can be controlled by the DC motor's control method, which can 

control the flux linkage and torque by converting the 3-∅  

transform to the 2-∅  perpendicular using the coordinates 

transformation [6]. Through the mid-1980s, the direct torque 

control (DTC) algorithm was employed. DTC control strategy 

cannot achieve rapid and accurate torque control responses 

without complex algorithms [7]. This algorithm calculates the 

instantaneous stator flux and torque (stator currents and 

voltages) based on the key variables [8]. By choosing an ideal 

inverter switching table, which is utilized to establish the 

inverter's ideal voltage vector to achieve the fastest torque 

control and control of stator flux, consider the following 

structure torque that be achieved instantaneously [8] [9]. DTC 

structure is simple because it does not require a coordinate 

transform or a current regulator; therefore, it can be considered 

a high-performance vector controller based on flux and torque 

separation [9]. For environmental considerations [10] [11], the 

1-∅ induction motor powered by solar PV is commonly used 

because environmental degradation is the most serious threat to 

the planet's health and renewable energy has been widely used 

to combat it, as solar energy can be used for various 

applications, including grid network feeding and battery 

charging [12]. An effective and prominent method for 

maximizing power harvesting from PV solar is the maximum 

power point tracking (MPPT) system, which employs the 

perturb & observe (P&O) technique [13] [14]. The management 

and operation of a single induction motor driven by standard 

photovoltaic (PV) cells are examined in this article. There are 

two ways to regulate the Speed of an induction motor: direct 

torque control (DTC) and field-oriented control (FOC). The 

simulation results of the two controllers are contrasted in order 

to determine whether the strategy has a more substantial effect 

on the actions of an efficient 1-∅ induction motor drive. 

 

░2. THE PROPOSED SYSTEM 

ARCHITECTURE 
The solar converter employed in the suggested system is the H-

bridge, as seen in figure 1. PV cells might produce electricity. 

This is achieved by producing electrical energy from solar 

energy. A DC link voltage is kept constant since an H-bridge 

transforms a PV array output voltage. Using a rectifier, brake 

chopper, and an IGBT inverter, a 1-∅ induction motor is 

operated to help variable speed performance achieve MPPT. 
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Figure 1. Proposed System Schematic 

                                                                                                                                          

A 1-∅ induction motor drive is required for a 1/4 HP, 1-∅ AC 

motor with 110 V and 60 Hz for primary and auxiliary windings 

machine type. A 1-∅ H-bridge inverter drives an induction 

motor. An inverter is controlled using PWM, and a speed 

control loop generates the references for the block controller for 

both flux and torque. After testing various cell types, the Trina 

Solar photovoltaic model TSM-250PA05.08 modules were 

selected. In comparison to other models) compared with Trina 

Solar TSM-245PD05.081 and Trina Solar TSM-

245PD05.08C), the "TSM-250PA05.08" generated the best 

voltage and current level, according to the comparison findings. 

The findings of this comparison cannot be discussed in this 

study.  

                                                                                                                           

░ 3. DESIGN CHARACTERISTICS FOR 

PV ARRAY  
The features of the photovoltaic (PV) cell may described using 

the electrical equivalent circuit, as depicted in figure 2. Silicon 

is a predominant semiconductor material utilized in the 

construction of solar panels because of its exceptional 

conductivity control capabilities [15]. 
 

 
Figure 2.  SPV cell design 

 

Sun cells directly convert sun energy into electricity, generating 

electrical power. A formation of these cells occurs in modules 

[16], [15]. Several photovoltaic (PV) modules are commonly 

employed to fulfill various energy requirements [15]. This 

paper describes the implementation of a Trina Solar TSM-

250PA05.08 array module, which consists of the photovoltaic 

(PV) array created by connecting PV modules in parallel and 

series. Two inputs on a PV array block permit the temperature 

and solar irradiance data supply: the input T indicates 

temperature in degrees Celsius, and the input Ir indicates 

irradiance in W/m2. The PV array comprises a single string of 

eight Trina Solar TSM-250PA05.08 modules interconnected in 

series. Under a temperature of 25o and an irradiation of 1000 

Watts per square meter, the string can generate 3486 Watts of 

power. Minimal capacitors, consisting of two capacitors 

connected to the terminals of the PV array, are employed to 

replicate the presence of parasitic capacitance between 

photovoltaic modules and the ground. The circuit depicted in 

figure 2 may expressed using the V-I equation of a Photovoltaic 

(PV) system as described by equation (1) [17] [18]. 
 

 I = Iph –  ID ∗ (𝑒 (𝑉+𝐼*𝑅𝑠) /(N* kB *T/q) -1)  - 
(V+I∗Rs)

Rsh
            (1) 

  

IPh = Iph0 ∗
Ir

Ir0
     

 

Where: Iph: the current generated by solar radiation, Ir: the 

amount of light intensity (irradiance) measured in W/m2,  𝐈𝐩𝐡𝐨
: 

The solar-generated current is measured for the irradiation  𝐈𝐫𝐨
 . 

ID refers to the reverse diode's saturation current. 𝑅𝑠 is series 

resistance & 𝑅sh is & shunt resistance, measured in ohms. kB 

denoted as "Boltzmann constant". T represents the value of the 

temperature parameter used in device simulation. q represents 

the elementary charge of an electron. N represents the ideality 

factor. V represents the voltage across the ports of a solar cell. 

 PV array specifications are demonstrated in table 1. 

https://www.ijeer.forexjournal.co.in/
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░ Table 1. Specifications of the PV array 
 

 One module Array module 

Maximum power 

at MPPT 

249.860 Watt 3486.0 Watt 

voltage at MPPT 31.0 volt 434.0 volt 

current at MPPT 8.060 Amper 8.060 Amper 

Vo.c 37.60 volt 526.40 volt 

Is.c 8.550 Amper 8.550 Amper 

Light-generated 

current IL 

- 8.57950 Amper 

Rsh 301.8149 Ω 301.8149 Ω 

Rs 0.2470 Ω 1.9760 Ω 

number of series 

modules 

-- 8 

number of 

parallel modules 

-- 1 

 

3.1 Perturb & Observe (P&O) Methodology of PV 

System. 
The purpose of MPP tracker use in the PV array is to constantly 

monitor and adjust the maximum power point (MPP) in 

response to changes in irradiance and temperature [19]. 
 

 
 

Figure 3.  P& O method flow chart 
 

Figure 3 [17] [20] depicts the flowchart that corresponds to the 

execution of the perturb and observe (P & O) technique. The P 

& O method intermittently adjusts the panel voltage, comparing 

the PV output power with that of the preceding cycle. If the 

disturbance leads to an increase or decrease in the power of the 

module, the second disturbance happens in the opposite 

direction. The dimensions of the stride and the duration between 

iterations of the algorithm are the two elements influencing this 

approach. The two variables make a trade-off between faster 

tracking and higher accuracy [19] [21]. 

 

░4.THE 1-∅ INDUCTION MOTOR  
A stator and a rotor, which are the motor's fixed and moveable 

elements, make up a 1- ∅ induction motor, a synchronous 

alternating current device. The stator in the 1-∅ induction motor 

generates an electromagnetic field by using alternating current 

voltage  seeking to synchronize with the stator field a second 

field  emerges because of the current flowing through the rotor 

as a result of the induced field, maintaining  rotation [22] [23]. 

Figure 4 depicts the schematic of a 1-∅ induction motor [24] 

[25].  

 
Figure 4. Equivalent Circuit of a Stationary Reference Frame 

Unsymmetrical 1-∅ Induction Motor 
 

Table 2 shows the ratings of the induction motor. 
 

░Table 2. 1- ∅ Induction Motor Parameter 
 

Parameter Unit        Value 

Machine Types  Main & Auxiliary 

Windings 

Rating hp ¼ 

Voltage volts 110 

Frequency (f) Hz 60 

Resistance of the Stator (Main 

Winding) 

Ω 2.02 

Inductance of the Stator (Main 

Winding) 

mH 7.4 

Mutual inductance H 0.1772 

Resistance of the Stator (Secondary 

Winding). 

Ω 7.14 

Inductance of the Stator (Secondary 

Winding). 

mH 8.5 

Turn ratio (aux/main)  1.18 

Resistance of the Main Winding 

(Rotor) 

Ω 4.12 

Inductance of the Main Winding 

(Rotor) 

Mh 5.6 

Initial Speed (% Synchronous 

Speed) 

 0% 

 

4.1 The 1-∅ Induction Motor with FOC 

Technique 
Advanced control technology called field-oriented control 

(FOC) measures the Speed of the induction machine. To adapt 

to changes in online parameters, FOC was built to meet high-

performance torque and speed control response needs. A PI 

controller utilized in FOC creates overshoot and undershoot 

when there is a load disturbance. Flux and torque are produced 

for sinusoidally distributed stator windings in alpha-beta frames 

https://www.ijeer.forexjournal.co.in/
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[1] [26] [27]. The key component of FOC, the rotor flux 

position 𝜃𝑠, is determined as follows: 
 

𝜃𝑠 = ∫ 𝜔𝑆 ⅆ𝑡 = ∫ (𝑝 ⋅ 𝜔𝑚 +
ⅈ𝑞

𝑇ⅈ𝑑
) ⅆ𝑡                   (2) 

 

Where 𝑇 is the rotor time constant, 𝜔𝑚 is the rotor speed, and p 

is the machine pole pairs. 
 

As a result of the rotational change, the 𝛼 − 𝛽 components to 

ⅆ − 𝑞 components [28], 
 

[𝐷] = [
𝑐𝑜𝑠 𝜃𝑠 𝑠𝑖𝑛 𝜃𝑠

𝑠𝑖𝑛 𝜃𝑠 𝑐𝑜𝑠 𝜃𝑠
]                (3) 

 

Where D is the rotational transformation 
 

[𝑖𝑑  𝑖𝑞]
𝑇

= [𝐷][ 𝑖𝛼  𝑖𝛽]
𝑇

                                          (4)   
 

As 𝑖𝑑  and 𝑖𝑞    𝛼 − 𝛽  components and 𝑖𝛼  and 𝑖𝛽  are ⅆ −

𝑞 components   

     

 In FOC, the following dynamic equations apply to the 1-

induction motor when it is under PI vector control [1]: 
 
𝑑

𝑑𝑡
𝑖𝑠𝑑 = −

ⅈ𝑠𝑑

𝜎𝜏.
𝑠
 + 𝜔𝑠𝑖𝑠𝑞 +

∅𝑟

𝜎𝐿𝑠𝜏𝑟
 +

𝑣𝑠𝑑

𝜎𝐿𝑠
                  (5)   

        
𝑑

𝑑𝑡
∅𝑟 = −

1

𝜏𝑟
 ∅𝑟 +

(1−𝜎)𝐿𝑠

𝜏𝑟
𝑖𝑠𝑑              (6)   

    
𝑑

𝑑𝑡
𝑖𝑠𝑞 = −

ⅈ𝑠𝑞

𝜎𝜏.
𝑠

 − 𝜔𝑠𝑖𝑠𝑑 +
𝑃

𝜎𝐿𝑠
 𝜔𝑟∅𝑟 +

𝑣𝑠𝑞

𝜎𝐿𝑠
           (7)   

 
𝑑

𝑑𝑡
𝜔𝑚 =

𝑃

𝐽
 ∅𝑟𝑖𝑞𝑠 −

1

𝐽
𝑇𝐿             (8) 

     

where ∅𝑟  That would be the direct-axis rotor flux linkage. 𝜔s is 

the synchronous angular velocity, 𝜏𝑆
′ = 𝐿𝑆 ∕ 𝑅𝑠ⅇ𝑞 , 𝜎 = 1 −

𝑀2 ∕ 𝐿𝑠𝐿𝑅 , 𝑅𝑆ⅇ𝑞 = 𝑀2 ∕ 𝐿𝑠
2  and  𝜏𝑟 = 𝐿𝑟 ∕ 𝑅𝑟  where, 𝜏𝑟  The 

time constant of the rotor. 1-∅ induction motor, a breaking 

chopper, an inverter, and a rectifier made up of a single 

induction motor drive. The FOC controller generates the gating 

pulses for the inverter, schematically depicted in figure 5(a).  

Figure 5(b) depicts a flowchart for FOC algorithm. 

 

 
 

(a) 

 
 

Figure 5. FOC controller (a) Architecture for 1-∅ Induction Motor (b) 

FOC flowchart 
 

4.2 The 1-∅ Induction Motor with DTC 

Technique 
DTC technology guarantees high economy and precise and 

quick torque dynamics. The direct application of a control 

sequence to upstream voltage inverter switches (switching 

states) is the main goal of the DTC concept [29]. A switching 

table, two hysteresis regulators, and the machine's 

electromagnetic torque and flux decoupling are progressively 

controlled and regulated[3]. Figure 6(a) depicts a simple DTC 

control structure [30], and figure 6(b) depicts a flowchart for 

DTC algorithm. A three-level hysteresis comparator is used to 

control electromagnetic torque.  

 

 
 

(a) 
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Figure 6. DTC controller (a) DTC Architecture for 1-∅ Machine (b) 

DTC flowchart 
 

The stator flow is altered via an adjustable two-level hysteresis 

comparator. According to [21], the switching table is generated 

using the results of these comparators and the flow vector's 

information. The following formulas [21] are utilized to 

calculate the electromagnetic torque Tem and the stator flux ∅𝑠 

in the DTC: 
 

∅𝑠𝛼 =  ∫ (𝑣𝑠𝛼 −
𝑡

0
𝑅𝑠. 𝑖𝑠𝛼). ⅆ𝑡               (9)     

  

∅𝑠𝛽 =  ∫ (𝑣𝑠𝛽 −
𝑡

0
𝑅𝑠. 𝑖𝑠𝛽). ⅆ𝑡           (10) 

 

Where ∅𝑠𝛼  and ∅𝑠𝛽  are the stator α and β axis flux linkages,  

𝑣𝑠𝛼  and 𝑣𝑠𝛽  are stator voltages and  𝑅𝑠. 𝑖𝑠𝛼  and 𝑅𝑠. 𝑖𝑠𝛽  are 

voltage drops in stator resistance. 
 

The flux linkage phasor magnitude ∅𝑠 and angle 𝜃𝑠 are:  

   

∅𝑠 = √∅𝑠𝛼
2 + ∅𝑠𝛽

2
            (11)  

 

While, 𝜃𝑠 is calculated from: 
 

𝜃𝑠 = tan−1 ∅𝑠𝛽

∅𝑠𝛼
            (12)  

 

𝑇ⅇ𝑚 =  𝑝. (∅𝑠𝛼 . 𝑖𝑠𝛽 −  ∅𝑠𝛽  . 𝑖𝑠𝛼)                                  (13) 
 

After that, the results are sent into the hysteresis comparators, 

which compare the estimated stator flux and electromagnetic 

torque values with the respective reference values Tem* and s* 

[22]. The control table chooses the proper voltage vector, as 

seen in [23]. The table's inputs are the hysteresis comparator 

outputs and the flux sector number [24]. 

 

░ 5. SIMULATION RESULTS & 

DISCUSSION 
Under various PV array conditions, the simulation program 

"MATLAB" A single induction motor's performance and 

characteristics were evaluated. The results were obtained by 

varying three distinct temperature degrees' worth of light. By 

displaying the electromagnetic torque Te and Speed of the 

motor, the findings are taken in response to the employment of 

two controlling techniques for the drive system: FOC and DTC. 
 

5.1 Simulation Result of PV Array 
The V-I & V-P characteristics of Trina solar TSM-250PA05.08 

array type is demonstrated in figures 7 and 8 for three levels. 

The V-I characteristics at the utilization of the FOC controller 

for the array at 25o with specified irradiation is illustrated in 

figure 7(a), while that for 1000 W/m2 and specified temperature 

is illustrated in figure 7(c). The V-I characteristics at the 

utilization of the DTC controller for the array at 25o with 

specified irradiation are illustrated in figure 7(b). In contrast, 

those for 1000 W/m2 and specified temperature are illustrated 

in figure 7(d). By comparing the results obtained for the V-I 

characteristics for both FOC & DTC, the results show 

agreement between the two curves for the generated current (In 

each cases current is 8.55 ampere). 
 

 
 

(a) Array @ 25○ & specified irradiance for FOC 
 

 
 

(b) Array @ 25○ & specified irradiance for DTC 
 

 
 

(c) Array @ 1000 W/m2 & specified temperature for FOC 
 

 
 

(d) Array @ 1000 W/m2 & specified temperature for DTC 

Figure 7. V-I characteristics of Trina solar TSM-250PA05.08 array 

type 
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(a) Array @ 25○ & specified irradiance for FOC 
 

 
 

(b) Array @ 25○ & specified irradiance for DTC 
 

 
 

(c) Array @ 1000 W/m2 & specified temperature for FOC 
 

 
 

(a) Array @ 1000 W/m2 & specified temperature for DTC 
 

Figure 8.  V-P characteristics of TSM-250PA05.08 array 

 

The P-V characteristics at the utilization of the FOC controller 

for the array at 25o with specified irradiation is illustrated in 

figure 8(a), while that for 1000 W/m2 and specified temperature 

is illustrated in figure 8(c). The P-V characteristics at the 

utilization of the DTC controller for the array at 25o with 

specified irradiation are illustrated in figure 8(b). In contrast, 

those for 1000 W/m2 and specified temperature are illustrated 

in figure 8(d). By comparing the results obtained for the P-V 

characteristics for both FOC & DTC, the results show 

agreement between the two curves for the generated power 

(maximum power generated for the array is 1998.88 watts at 

284 volts in each case).  
 

 
 

(a) For FOC 

 
 

(b) For DTC 

Figure 9. DC voltage waveform at utilizing: (a) FOC controller (b) 

DTC controller 
 

The DC voltage waveform produced when FOC is used is 

shown in figure 9(a), and the DC voltage waveform for DTC is 

shown in figure 9(b). 
 

5.2 Simulation Results of 1-∅ Induction Motor. 

The simulation's outcomes for a 1-∅ induction motor 

demonstrate a strong association with the factors controlling 

variations in sun irradiation. The results are considered by 

electromagnetic torque (Te), motor rotor speed, and main and 

auxiliary winding currents (Ia & Ib, respectively), displaying 

the system's responsiveness to FOC and DTC. Table 3 contains 

simulation results for Settling and rise time for torque and 

currents (main Ias and auxiliary Ibs). Table 3 shows that the 

DTC response outperforms the FOC response regarding settling 

time. 

  

░ Table 3. Settling time and Rise time results for FOC and 

DTC 
 

Controller type FOC DTC 

Settling time 20 ms 19.975 ms 

Rise time 

Electromagnetic torque 2.475 ms 475.658 μs 

Main winding current 2.796 ms 3.964 ms 

Auxiliary winding 

current 
270.995 μs 58.21 μs 

DC voltage by PV 331.8 volt 330 volts 

 

Regarding response time, the FOC main current was more 

responsive than the DTC main current; nevertheless, the DTC 

auxiliary current and DC voltages in the solar cells were 

superior to the FOC ones. The results of studies using the 

approach on the same system under identical climatic 

circumstances affecting solar cells support the claim that the 

DTC method is superior to the FOC. Figures 10 (a) and 10(b) 

show the induction motor's rotor speed, correctly matching its 

FOC and DTC reference values. Both FOC and DTC exhibit 

steady-state speed characteristics between 1.5 and 2 seconds. 

This indicates that the systems reach and maintain a stable speed 

within this time frame. 

 

 

https://www.ijeer.forexjournal.co.in/
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(a) FOC 
 

 
 

(b) DTC 

Figure 10. Rotating Speed:(a) FOC (b)DTC 
 

The main winding currents Ia and auxiliary winding currents Ib 

impacted by both approaches are depicted in figures 11(a) & 

11(b). The currents still exhibit variations during the steady-

state period (1.5-2 seconds). This suggests that while the speed 

is stable, the current dynamics are adjusting to maintain this 

steady speed. These adjustments are due to the control strategies 

responding to load changes or other disturbances. 
 

 
 

(a) FOC 
 

 
 

(b) DTC 
Figure 11. Main and Auxiliary Winding Currents:(a) FOC (b)DTC 

Figures 12(a) and 12(b) demonstrate the Te for both FOC and 

DTC with a long settling time of two seconds. The torque shows 

changes even during the steady-state speed period. This 

variation in torque is necessary to compensate for any 

disturbances or to maintain the desired speed, reflecting the 

active role of the control strategies in managing the torque to 

achieve stable operation. FOC uses negative torque to 

decelerate and stabilize the motor, ensuring smooth and 

controlled operation. DTC frequently generates negative torque 

due to rapid switching of voltage vectors, managing dynamic 

changes effectively but with more torque ripple compared to 

FOC. 
 

 
 

(a) FOC 
 

 
 

(b) DTC 
 

Figure 12. Electromagnetic Torque Te: (a) FOC (b)DTC 

 

░ 6. CONCLUSIONS 

According to this study, a single induction motor may be 

powered by Trina Solar's TSM-250PA05.08. MPP in the PV 

array was tracked using the P & O method. FOC and DTC are 

two control methods used and contrasted in 1-∅ induction 

motor. The results show how the 1-∅ induction motor reacts to 

a change in the step input while still responding well to changes 

in the main and auxiliary winding currents (Ia & Ib, 

respectively), torque (Te), and rotor speed. When comparing the 

FOC findings with the DTC results, numerous variations might 

be seen: (i)The DTC control technique demonstrated the 

presence of distortions in the main winding Ia and auxiliary 

winding Ib currents compared to the FOC control method results 

that demonstrate smoother waveform for Ia and Ib. (ii) The 

torque and Speed of the rotating portion were comparable for 

the two control methods (FOC & DTC). (iii) Regarding 

response time, DTC achieves faster rise time for both Te and Ib. 

(iv) Regarding settling time, DTC achieves faster rise time than 

FOC. (v) The steady-state speed achieved between 1.5-2 

https://www.ijeer.forexjournal.co.in/
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seconds and the continuous changes in torque and currents 

during this period reflect the system's response to external 

factors and the effectiveness of the FOC and DTC methods in 

stabilizing the motor's performance. 
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