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ABSTRACT  
In this article discussed modelling of electrical vehicle and developed modelling of three phase Alternating Current 
Induction motor (ACIM) using Laboratory Virtual Instrumentation Engineering Workbench (LabVIEW). Developed the 
mathematical model of ACIM and analysis the simulation linear parameter variable. The constant variable parameters 
feed to the input of ACIM to produce the result performance in LabVIEW scope. The output of the LabVIEW file feed to 
the controlling Electrical motor and Simulate real time FPGA trainer kit. The kit composing a real HIL with input and 
output modules. The input of the ACIM considered various factors, such as speed 1500 RPM of IM, amplitude of each 
phase is 200 volts, change in time period 2x10-6, and samples of 30,000. Further stator and rotor temperature was 
considered as 298.15K.  In addition with define the number of 4 poles, stator and rotor leakage inductance, magnetizing 
inductance, stator and rotor resistance value and temperature coefficient value were considered. The simulation outcomes 
of the voltage, current and torque indicate the performance of ACIM exhibits excellent modelling with numerous inputs. 
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1. INTRODUCTION 

Day by day reserves of petroleum are reduced. 
The depended of the conventional or petroleum vehicle 
are tough to do alternative way for running vehicle [1]-
[6]. In another side the automobile industry produce 
more carbon dioxide emission. It directly affect to the 
animals, plants, etc [2]-[7]. and indirectly makes causes 
in terms of noise, pollutions, etc[3]-[9].  More 
percentage of people are dependent on the vehicle for 
travel short distance, due to these laziness the lifespan 
effect on another side [4]-[8]. The simplest alternative 
solution is renewable energy based operation of vehicle. 
Recent days the renewable energy blooms on most part 
of the world, the energy such as solar, wind, bio mass, 
bio gas, etc [5]-[10]. Out of all the renewable energy 
source, the solar energy available on all the days 
throughout of the years. The solar energy available on 

all the places. The average sunshine hours in an India is 
6 hours. Roughly 600 to 850 watts per square meter 
irradiance reach on the surface. The sunshine hours all 
over the world are more so no problem for charging the 
electrical vehicle. Based on the concept recent days 
electrical solar chagrining station are blooms recent 
days throughout of the world [11]-[16]. The electrical 
mobility is a good choice for reduce the pollutions as 
well reduce the dependency of the conventional fuels 
[12]-[18]. Most of the industry concentrate on develop 
electrical vehicle such as tata motors, mahendra, tesla, 
etc.  

Outlook of the electrical vehicle as follows 
[13]-[17]. EV is one of the distributive technology and 
burl supply chain, such as BMS, battery of lithium and 
other parts from various parts of the country [14]-[19]. 
When looks the history of electrical vehicle. In 1910 the 
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most promising types of vehicle. In 1930 almost not 
produced any more of the vehicle. 1910 used dawn, 
1930 used on oblivion. Three modes of vehicle 
transport on the early days such as horse cart, IC 
engine, dawn. In 20th century includes urban mass 
transit, electric railroads, lift trucks, and golf carts [15]-
[20].  

Driver for electrical vehicle revival. Such as 
climate change reduced CO2 emission, oil economy 
dependence on import bill reduced, energy integration 
with non-conventional energy sources, energy 
efficiency and futuristic connected autonomous [16].  
82% of the energy getting from fossil fuel based power 
generation. The conventional fuel energy source 
produced more heat. It around of 1.2 degree Celsius. It 
lead more challenges on flood situation, tsunami. It 
effect property damage and lungs damage, etc. So how 
to convent fossil based economy to renewable based 
economy [7]. The determined the coal. 30 by 30. That 
means 30% of vehicle should be Electrical vehicle at 
the end of 2030. 

 
2. METHODOLOGY 

Most mainly used EV motors such as Switched 
Reluctance Motor (SRM), Permanent Magnet 
Synchronous Motor (PMSM), three phase Induction 

motor.  Control and design using LabVIEW simulation 
which contains an electrical motor toolkit. The electric 
motor simulation toolkit contains a motor model, test 
control algorithms, simulate the motor in real time 
using FPGA targets and finally build a real time HIL 
model. PMSM similar to BLDC motor. Which is use in 
the traction purpose, it includes high power density and 
high efficiency. The PMSM produces sinusoidal back 
emf. Trapezoidal shaped back emf produce on BLDC 
compare with PMSM.  High power and performance 
use on PMSM. It is use on high power electrical car, 
bus, etc. It is costly compare with BLDC motor. Fixed 
voltage and frequency operation works on three phase 
induction motor.  The three phase IM has variable 
controlling techniques. The Squirrel cage induction 
motor has good life span, less maintenance, but it has 
complex control circuit compare with PMSM. Because 
for electrical vehicle application, the DC battery source 
converter into AC by using inverter circuit and control 
algorithm. Tesla and mahendra electrical vehicle use on 
the induction motor. Switched Reluctance motor is 
simple construction and robust nature. It does not 
contains any permanent magnet internal intarsia, high 
acceleration and high speed application and high power 
density.  
 

Table-1 Motor Simulation Models 
 Constant Parameter Model Variable parameter model FEA Model 
Requirements Requires various 

parameters of the motor 
Requires RTT files, 
ANFYS model files and 
external models motor 
parameter info 

Require RTT files and 
describe FEA model  

Resources Involves relatively smaller 
amount of calculations and 
requires less resources 

Involves medium amount 
calculations and requires 
more resources than the 
constant parameter model 

Involves heavy 
calculation and a more 
complex algorithms.  

Fidelity Lowest Medium Highest Simulation  
  
The motor simulation model contains three different models, such as linear or constant, variable and finite model as 
shows in Table.-I. The RTT files can be download direct from website or create on JMAG-RT software.   
 The electrical torque of three phase alternating current induction motor as follows.  
 

𝑇௘ =
ଷ

ଶ
(

௉

ଶ
)(𝜆௦ఈ𝐼௦ఉ − 𝜆௦ఉ𝐼௦ఈ)  (1) 

Where P is the number of poles.  

 
Fig.1 Closed loop motor model simulation block diagram 
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 Fig.1. Shows the basic closed loop motor model of the system. The motor speed and rotor position sense using 
hall sensor and fed the information to the comparator. The comparator compare with velocity set-point. The comparator 
fed to the controller. Controller gives the commands to the inverter to operating switch. Followed by the inverter 
commands the motor rotates.  

The motor model simulation concepts includes the Ansys motor model files, RTT file, and base value of the 
motor.  

𝑃𝑒𝑟 𝑢𝑛𝑖𝑡 𝑣𝑎𝑙𝑢𝑒 =  
ோ௘௔௟ ௩௔௟௨௘ (௔௡௬ ௨௡௜௧

஻௔௦௘ ௩௔௟௨௘ ( ௦௔௠௘ ௨௡௜௧ ௔௦ ௥௘௔௟ ௩௔௟௨௘)
 (2) 

The basic three motors contains AC induction motor, PMSM, and SRM. The flow chart of these motor as follows. These 
motor simulate using three different ways one is constant parameter model, variable parameter model and FEA i.e finite 
define model.  The FEA contains RTT file. Variable parameter requires ANSYS motor model file. The ANSYS similar 
to the text file. The Text file call inside the LabVIEW. The SRM contains two possibility one is Linear model and FEA. 
The ACIM perform on constant parameter model.  

 
Fig.2 Simulation model of PMSM 

Fig.2 shows the simulation model of the Permanent synchronous motor. It simulate on three possible methods such as 
constant, variable and Finite model. The linear model read the constant parameter and pass to the controlling on electrical 
motor, Based on the control information simulating the model and feed to the FPGA real time controller kit. The kit 
composing a real HIL system with input and output modules. The FEA read the RTT file and feed to the controller. If it 
perform on Vairalbe mode, it perform ANSYS motor model text file and feed to the controller.  

 
Fig.3 Simulation model of SRM 

Fig.3 shows the simulation model of switched reluctance motor. The switched reluctance motor doesn’t contains variable 
parameter model. It possibility to operate on linear model and FEA model. The linear model read the constant parameter 
and FEA model read an RTT file. These info feed to the controller followed by FPGA real time targets and HIL system 
Input and output modules.  
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Fig.4 Simulation model of ACIM 

Fig.4 shows the Alternating Current three phase induction motor. The ACIM operate only one constant parameter model 
and read the parameter feed to the controller. Followed by FPGA kit.  
 

 
Fig.5 Model of three phase IM. 

 
 The three phase AC induction motor has only one is called constant parameter or linear model. It has stator and rotor. 
The angle reflection as shows in Fig.5. The stator is stationary winding and rotor has bar rod squirrel cage type of the 
construction. The constant parameter model as shown in Fig.6. It contains alpha and beta the beta is 90 degree from the 
alpha. The three windings of A, B, and C are 120 degree each other. The mathematical model developed from the 
constant parameter model   
  
 

 
Fig.6 Constant Parameter model of ACIM 
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𝑉௦ఈ = 𝑅௦𝐼௦ఈ +
ௗ

ௗ௧
𝜆௦ఈ    (3) 

𝑉௦ఉ = 𝑅௦𝐼௦ఉ +
ௗ

ௗ௧
𝜆௦ఉ     (4) 

𝑉௥ఈ = 𝑅௥𝐼௥ఈ + 𝑤௥𝜆௥ఉ +
ௗ

ௗ௧
𝜆௥ఈ = 0   (5) 

𝑉௥ఉ = 𝑅௥𝐼௥ఉ + 𝑤௥𝜆௥ఈ +
ௗ

ௗ௧
𝜆௥ఉ = 0   (6) 

The mathematical model developed from the constant parameter model of the three phase induction motor. 
Three phase current flows to the stator winding and produce magnetic field of RMF. The RMF generate the current in the 
rotor by faradays law of electromagnetic induction principle. Where R represented as Rotor. Rs is stator resistance. 
Similarly flux linkage equation of the AC induction motor as follows. The flux linkage derived from the constant 
parameter of above model equation.  

𝜆௦ఈ = (𝐿௜௦ + 𝐿௠)𝐼௦ఈ + 𝐿௠𝐼௥ఈ    (7) 
𝜆௦ఉ = (𝐿௜௦ + 𝐿௠)𝐼௦ఉ + 𝐿௠𝐼௥ఉ    (8) 
𝜆௥ఈ = (𝐿௜௥ + 𝐿௠)𝐼௥ఈ + 𝐿௠𝐼௦ఈ    (9) 

𝜆௥ఉ = (𝐿௜௥ + 𝐿௠)𝐼௥ఉ + 𝐿௠𝐼௦ఉ    (10) 
Where Lis is stator leakage inductance, Lir – rotor leakage inductance. Lm- magnetizing inductance. Similarly current of 
alpha and beta using orthogonal coordinate system.  

𝐼௦ఈ =
ఒೞഀିఒ೘ഀ

௅೔ೞ
     (11) 

𝐼௦ఉ =
ఒೞഁିఒ೘ഁ

௅೔ೞ
     (12) 

𝐼௥ఈ =
ఒೝഀିఒ೘ഀ

௅೔ೝ
     (13) 

𝐼௥ఉ =
ఒೝഁିఒ೘ഁ

௅೔ೝ
     (14) 

 
Fig.7 shows the PMSM constant parameter entry with define of speed 1800 Revolution Per Minute (RPM), samples 
30,000 and time period 2x10-6, number of poles considered 4, Resistance 0.25 ohm, inductance 2.62 milli-Hendry and 
flux leakage 0.0271 wb. Fig.8 shows the ACIM parameter values of speed, samples, amplitude, stator leakage 
inductance, rotor leakage inductance, magnetizing inductance, number of poles, base temperature,  stator and rotor 
temperature coefficient and stator and rotor temperature values.  

 
Fig.7 Constant parameter of PMSM model 

 
Fig.8 ACIM parameter model 
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Fig.9 Three phase Sinusoidal waveform creation 

Fig.9 Developed three phase sinusoidal waveform on LabVIEW. In the design 60Hz frequency was considered, 
amplitude, samples, dt as input of sine wave and angle difference between one phase to another phase was mentioned. 
The output of the sine waveforms of each combined with help of build array followed by produce the three phase output 
voltage.  

 
Fig.10 Proposed ACIM mathematical modelling on LabVIEW 

 
Fig.10 shows the proposed AC IM mathematical modelling implemented on LabVIEW. The input of the ACIM contains 
Speed 1500 RPM, Amplitude of each phase =200 volts, change in time period 2x10-6, and samples of 30,000. Further 
stator and rotor temperature considered as 298.15K.  In addition with define the number of poles, stator and rotor leakage 
inductance, magnetizing inductance, stator and rotor resistance value and temperature coefficient value. Fig.11 shows the 
three phase sinusoidal waveform, current waveform and torque of ACIM. 
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Fig.11 Results of the AC IM 

 

3. CONCLUSION 
This research article provides the modelling of 

ACIM for Electrical vehicle was developed using 
LabVIEW tool software. The article presents a 
mathematical ACIM equation on LabVIEW for review 
the outcomes of the ACIM in terms of output current 
and torque of the motor. The simulation design of the 
various electrical vehicle drives was addressed here.  
Moreover, a complete mathematical model is 
formulated ACIM. To validate the robustness of the 
proposed system, vary the inputs parameter of the 
proposed system. The inputs of the ACIM includes 
speed, amplitude of each phase voltage, change in time 
period, and samples. The outcomes of the results is 
highly efficient and extension for hardware 
implementation and testing of electrical vehicle drives.  
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