
 

                                                                                                                  
 

 

   
   Journal of Green Engineering (JGE) 
       

              Volume-10, Issue-6, June 2020 
   

 

 
                      

 

 

 
 

 
 

Electromagnet and Vibration of Novel 
Multiphase Induction Motor with Die- 

Casting Copper Rotors in Electric Propeller 
Vehicle Using Finite Element Analysis  

 
1
Sathishkumar kaliyavarathan and 

2
T.S Sivakumaran 

 
1
Research Scholar, Sathyabama institute of science and technology, Chennai, 

TamilNadu, India.E-mail:sathishgk@gmail.com, 
2
Principal, Sasuri college of Engineering, Vijayamangalam, Tirpur, TamilNadu, 

India.E-mail: sivakumaran1969@gmail.com 

 

 

Abstract 
  
This paper investigates the vibration and electromagnet analysis of a Novel 

Multiphase copper die- casting Induction Motor (MDCrIM) using the finite 

element analysis (FEA) method for the application of Electric Vehicle (EVP) 

is presented. The foremost discussions like vibration and electromagnet are 

very important to analysis the study of vibration noise, fault tolerances, 

performance, and the life of the motor.  The vibration and noise should be in 

an allowable range and if it exceeds the above range it may degrade the 

motor in several ways. In this paper proposed a novel method to maximize 

the motor torque, is improved to 7.2% and torque ripple is reduced to 

14.76%. The effectiveness of the FEM analysis of the proposed motor is 

carryout on 2D CAD model and compared with 3- phase die-cast induction 

motor model (DCrIM).  The above analysis carried out using ANSYS Multi 

physics Package to evaluate both conventional and proposed multiphase 

induction motor. 
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1 Introduction 
 
  The most challenging design of electric propeller vehicle (EPV) is the 

Vibration and noise characteristics are most important issues. An electrical 

machine consists of two major parts like rotor and Stator. The rotating part is 

a force to rotate by the input electrical energy or External prime mover that 

input energy converted into magnetic force. The magnetic force of the motor 

itself causes the vibration and noise of the stator including frame. They 

transmit this vibrating energy into the other adjacent part of the mechanical 

component and that vibration creates the acoustic noise in surrounding 

environments. The vibration and noises are an unavoidable phenomenon in 

electrical machines [2]. So it becomes necessary to analyze the vibration and 

noise level caused by the motor magnetic force and has to suppress as much 

as possible [3].The magnetic force of the stator is the only factor of vibration 

analysis; therefore in vibration analysis it is important to take the magnetic 

force. 

  To understand vibration and noise analysis must focus on spectral 

metrical property and feature of the electric machines, Vibration and noise 

problems are based on Electromagnetic result. The Electromagnet force 

analysis is also called Structural dynamic analysis [1].Ik-Sang Jang, Sang-

Hwan Ham, et. al. presented a method for predicting the vibrations in 

machines because of an electromagnetic force. Based on this, the 

electromagnetic forces are in the direction of radial were separated into their 

temporal and spatial harmonic components for developing the vibration [5]. 

Mikhail Tsypkin, presented vibration accurately determined by twice slip 

frequency due to line frequency. D. Mori, T.Ishikawa et. al proposed a 2D 

nonlinear induction motor, rotor current coupled with voltage equations 

described from the radial electromagnetic force [6]. Pellerey et. al. proposed 

the method of a coupled physic 2D electromagnetic field and vibration 

analysis on 3D using finite element analysis (FEA)[9] [10]. 

 

 

 

 

 

 

 

 

 

 

 

 

 
   Figure 1: Modeling for multiphase induction motor 
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  The vibration analysis with the frequency-domain method is done by 

using FEA, which one of the accurate methods is to study vibration response 

in MDCrIM. The EV manufacturers expect electric motor should have 

mechanical benefits like heat tolerance, less vibration, and noise. Many of 

this case, it is observed that not only mounting potion in EVP and other 

mechanical parts also get damaged due to excessive vibration and it leads to 

environmental pollution [7] [11-15].  

  The motor natural frequency created by excitation of the motor offen 

known as resonance which makes large deflection and damages. The above 

challenges can overcome by a novel modification of both multiphase stator 

winding excitation and rotor Die- casting technology, can  leads to higher 

torque, efficiency, reliable operation and less torque ripple compared to the 

conventional machine. Integrating both multiphase winding (MPW) and die-

casting copper rotor technology (DCRT) rotor has a dual benefit and result in 

better performances. It shows the physical diagram of a multiphase induction 

motor in Figure 1. 

  This paper organized as follows. The section I is to develop a motor 

model is as per the design calculation for both DCrIM and MDCrIM. The 

section II, will analyze both electromagnet and vibration for the designed 

machine using analytical and FEA. Section III, summaries the two developed 

models a.DCrIM and b.MDCrIM, both vibration and electromagnet analysis, 

and concludes the suitable design for EVP applications. 

 

2 Multiphase Die-casting Rotor Induction motor 
 

  Multi-phase motor drives systems have been studied for more than two 

decades. Interest has grown for researchers and motor developers for the last 

five years. Multiphase motor have more advantages than conventional 

induction motor drives and which have been proposed for various 

applications like electric propulsion of electric, hybrid electric vehicles, 

electric ship propulsion, locomotive traction, electric aircraft, and aerospace 

applications.  

  The multiphase induction motors have some specific advantages like 

high reliability, power density and high efficiency, Higher Torque, Low 

torque ripple, low and DC link Voltage or Current, etc [8]. One of the main 

advantages of a multiphase machine is reduced switching current or voltage 

stress of each leg of the inverter by increment the number of power switches 

with no additional cost.The main difference of multiphase machine drive 

from a conventional drive, in the stator winding, sets electrically shifted by 

72
0
 for five-phase, 60

0
 for six-phases, 40

0
 for nine-phases, etc electrical 

degrees. 
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2.1 Copper Die-Casting Rotor Induction Motor 
 

  Nowadays, more ongoing research on machines is carried out on various 

countries like India, USA, and China on die casting rotor induction motor. 

From these studies, they concluded that the efficiency of the copper die-

casting rotor motor is highly and additionally copper die-casting rotor 

improved its motor life, energy conservation high heat tolerance, and low 

torque ripple. The higher permeability magnetic materials are also increasing 

efficiency without a change in the motor dimension. The higher electrical 

conductivity of copper results in higher efficiency and adding to that overall 

dimension also gets reduced by using die-casting technology and redesign 

the overall volume leads to reducing Wight of the motor. Therefore, the 

copper die-casting rotor induction motor is more suitable for electric 

propeller vehicles. 

 

2.2 Multiphase Copper Die Casting Rotor Induction Motor 
 
  The proposed multi phase die-casting copper rotor induction motor is 

modified in two main part of the motor. The proposed structure of a novel 

MDCRIM with Multiphase winding arrangement is shown in fig1. The 

proposed MDCRIM using two technologies: first is Multiphase winding 

arrangement in stator and second is die-casting rotor technology in rotor. The 

benefit of MDCRIM drive over a conventional is higher reliability, higher 

thermal tolerance, and higher motor life because of better fault tolerance 

features. Other main benefits of using MDCRIM instead of a DCRIM are 

higher torque density, greater efficiency, reduced torque pulsations, and 

reduced inrush current, greater fault tolerance, and voltage stress in power 

electronics switches. In additional advantage is there is no need for any extra 

additional cast in this motor. MDCRIM have better performance than other 

conventional motors and the benefits of both technologies are necessary for 

EPV. 

 

3 Electromagnetic Analysis 
 

  In electromagnetic analysis, the average flux density in the air gap and 

radial force calculation is must because of vibration generates the magnetic 

force.The pulsation of magnetic force produces by air gap and shape the 

slot.The magnetic force calculated by the Maxwell tensor method by the 

equation 1. 
22
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Where nF denoted as radial force, o


denoted as permeability of air, 

and rB , tB are the radial and tangential flux density respectively. 

 
Figure 2: Finite element model of MDCrIM 

  The Electromagnetic and Vibration field problem is solved by FEM and 

many commercial and open-source software package available to solve 

Engineering field problems. The MDCrIM finite element model is shown in 

figure 2. The vibration analyses for the DCrIM die-casting induction motor 

with MDCrIM die casting induction are validated here. In this research, the 

FEA simulation result of flux, the flux density, torque, current, and voltage 

are estimated for conventional machine DCrIM and proposed MDCrIM.The 

comparison are made, parameters like flux plot and flux density are the same 

in simulation observed a time duration of t=2. It shows that the flux plot and 

flux density of the DCrIM and MDCrIM in Figures 3, 4 and 5, 6.   
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  Figure 7, 8 shows the waveform of current and voltage, respectively. The 

MDCrIM current i1, i2, i3, i4, i5, and i6, are strongly shows that the phase 

currents electrically shifted by 60
0
 and Phase current of the MDCrIM about 

7A at full load. The MDCrIM voltages V1, V2, V3, V4, V5, and V6, strongly 

show that the phase voltages are shifted by 60
0
 and the phase voltage about 

200V. The concluded that the voltage of the multiphase machine reduced 

half from the full voltage but the power of the motor remains the same and it 

decreases switching voltage stress driver circuit and motor. The voltage 

reduction is also increasing the efficiency of 0.5%.  

 
Figure 7: Voltage of MDCrIM 

 
Figure 8: Current of MDCrIM 

 

  The Torque profile of both DCrIM and MDCrIM are shown in Figure 9 

and Figure 10. The torque of both motor is tabulated in Table 1.  The torque 

of the MDCrIM is 7.2 % increased and lower torque pulsation 

when compared with DCrIM. The higher torque and lower torque ripple is 

more suitable for EPV. 
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Table 1: Comparison of Average Torque 

 
  The high impact of torque ripple, leads to more noise and vibration 

because of this it may not suitable for EPV. The design aspect of a EVP 

manufacturer objective is to reduce torque ripple, that is feasible to 

modification of stator winding as multiphase winding and Die-casting 

technology in rotor. The comparatively torque ripple of the proposed 

MDCRIM is 14.76% lower than that of the conventional DCrIM and both 

torque ripple shown in Figure11 and 12 

 
 

 

Torque ripple is obtained equation 2. 

%  10
( )

0ripple

Tmax Tmin
T x

Tmax
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Table 2: Comparison of performance parameters 

 

 
Figure 13: Multiphase Induction Die-Casting Induction Motor 

 

  The MDCrIM efficiency is high because of its lower losses and lower 

torque ripple content compared to the other two Conventional motors. The 

torque ripple and losses of the motor are shown in table 2.The copper die-

casting with multiphase squirrel cage induction motor developed based on 

design calculation and simulation result and its shown in figure 13. 

 

4 Vibration Analysis 
 

  The vibration and noise analysis is most important for EVP drive 

application. The EVP manufacturers have accepts only when it obtain lower 

vibration and noise of the electric motor. The vibration and noise are 

depending upon the magnetic radial force, so that magnetic torque should 

be high and less torque ripple. The radial magnetic force calculated from 

achieved magnetic force in the motor. The lower torque ripple causes 

to reduce vibration and noise of the motor. In the electromagnetic analysis, it 

concludes that MDCrIM torque ripple is less than other conventional 

motors.  

  To determine the natural frequency of the force which is induced in the 

stator, the stator natural frequency must coincidence with any modal 

frequency will cause resonance leads to vibration. From the model, 

analyses determine the natural frequency of vibration. The vibration shape of 

the stator frame is elliptical and both X, Y direction deformations are 

shown in figure 14.The displacement of the stator frame necessary for 

monitoring the amplitude with both directions.  
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Figure 12: Stator deformation of X and Y direction 

 

  The general equation of motion for structural analysis is  

           M u C u K u F t  
            (3) 

  Where
 M

, 
 C

 and 
 K

 are the stiffness mass and damping matrixes 

respectively.
  F t

is denoted as force vector matrix. 
 u

is denoted as 

displace vector matrix of 2nd order differential; 
 u

is denoted as displace 

vector matrix of 1st order differential and 
 u

is denoted as displace vector 

matrix 

  Here force is not applied and on damping, the motion equation become 

as   

       0M u K u 
                          (4) 

  Here we know that displacement vector
 u

 solution has the following 

Equation  

   sin
n

u t 
                           (5) 

  Where 
 

 is denoted as mode shape, n  is denoted as natural angular 

frequent, and n  number of mode order.   

Finally the equation3 become after differential and substituting equation (3) 

      
2

0K M u 
                          (6) 

  The general mathematical eigenvalue problem can be solved as 

   
2

0K M 
              (7)  

  The eigenvalue problem used to solve free vibration mode of the stator at 

the natural frequency eigenvalue n  
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  Both modal analysis and Electromagnet analysis are done using 

commercial ANSYS environment for simulation purposes. In the vibration 

analysis motor material property is also very important. The material 

property also causes of vibration of the motor. The normal and tangential 

force components are calculated by electromagnet analysis and these forces 

are input of vibration analysis. The FEA model analysis obtained different 

mode shapes from 2-D CAD model and corresponding displacement 

magnitudes along with their natural frequencies. The different mode shapes 

of the motor are shown in figure13 and the value of the different mode 

shapes are tabulated in 3. 
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Table 3: Different mode of stator frame of MDCrIM 

 
   

  The simulation result concludes that different mode shapes and 

frequency and that are in the permissible range. The lower torque ripples 

leeds to lower vibration of Proposed DCrIM when compared to DCrIM.  The 

normal and tangential force components are computed and 

the computed normal and tangential forces are applied to the teeth surface of 

the stator in vibration and noise analysis. The displacement in X and Y 

direction are predicted by using harmonic structural analysis for MDCrIM. 

Here clearly observed that the MDCrIM vibration magnitude is less than the 

conventional DCrIM phase along both X direction and Y direction. The less 

vibration magnitude is suitable for EPV application. The values are in the 

range to avoid resonance in MDCrIM. The value of X and Y direction are 

shown in fig14, 15 

 

 
 

Table 4: Displacement Values of X-Y Axis 

 

 

 

 

 

 

 

Configuration Displacement(m) 

MDCRIM 
X-Direction X-Direction 

3.1x10
-5

 5.7x10
-5
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5 Future Works  
 
  The future is to be oriented with minimizing torque ripple with AI 

controller and stator core made with high permeability soft composite 

material for better mechanical characteristics.  

 

6 Conclusions 
 

  This paper investigated the performance and vibration analysis by 

comparing MDCrIM and conventional DCrIM. The proposed MDCrIM 

torque is increased by 7.2% and torque ripple is decreased by 14.76% better 

performance like, lower losses, and higher efficiency than the conventional 

DCRIM. The proposed MDCrIM result despites lower noise and vibration of 

natural frequency has better performance compared to conventional DCrIM. 

Both electromagnet and vibration analysis was done using FEA, and these 

results strongly concluded that proposed MDCRIM always better than 

conventional DCrIM. The proposed MDCRIM is greatly suitable for EVP 

application. 
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