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Abstract – In order to design an efficient motor cooling 

system, it is important to accurately predict the power 

optimization which is normally dissipated in form of heat. 

This study presents an analytical method for estimating 

bearing frictional optimization and numerical method for 

estimating electromagnetic optimization for an electric 

vehicle electrical motor. The power optimization obtained use 

heat sources when evaluating the thermal performance of the 

motor. The results showed that electromagnetic optimization 

are dominant and contributed over 80% of all optimization, 

while bearing optimization contributes about 2% of the total 

electric motor. The results also showed that bearing 

optimization increase significantly with increasing speed or 

load. 
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I. INTRODUCTION 
 

Extensive research on electric vehicle motor system is 

currently being conducted to minimize overreliance on 

petroleum products and to curb emissions associated with 

climate change. When designing an electric motor, it is 

important to study the motor optimization in order to find 

ways of improving motor efficiency and to design an 

efficient cooling system. Motor optimization consists of 

electromagnetic and mechanical optimization. The 

electromagnetic optimization has been well understood 

since most electric motor designers have an electrical 

background. Kyoung-Jin et al (Ko et al., 2000) undertook 

a study to predict electromagnetic optimization of a high 

speed permanent magnet synchronous motor using 

analytical and FEA. Coupled electromagnetic and thermal 

studies have been carried by various researchers (Driesen 

et al., 2002; Marignetti, 2007; Makni, Z., 2007; & Dorell, 

2008). 

 

II. BEARING FRICTIONAL OPTIMIZATION 
 

Bearing friction optimization consists of four main 

components (Hamrock & Anderson, 1983): 

1. Hydrodynamic rolling force. 

2. Sliding friction optimization between the rolling 

elements and the races. 

3. Sliding friction between the rolling elements and the 

separator/ cage. 

4. Hysteresis optimization 

2.1 Forces on Ball-Race Contacts 
The tangential forces acting on a ball-race contact can 

be evaluated from Figure 1. The following forces act 

between the ball and the outer race: hydrodynamic rolling 

forces, FRo and friction forces Fs; Also, between the ball 

and the inner race act the following forces: hydrodynamic 

rolling forces, FR; and friction forces Fs; Between the ball 

and the cage, act normal force FB. 

 
Fig1. Electrical motor friction affects factors scheme [1-3] 

 

2.2 Hydrodynamic Rolling Force 
The hydrodynamic rolling force is due to the Poiseuille 

flow or pressure gradient in the inlet of an elasto-

hydrodynamic lubrication (EHL) contact and is 

responsible for the hydrodynamic race torque, even when 

operating under pure rolling conditions. 

where G, U and Ware dimensionless material, speed and 

load parameters, R, is the equivalent radius in the rolling 

direction, E' is equivalent Young's modulus and k is radius 

ratio. 

2.3 Sliding Frictional Forces 
The  friction  forces  Fsi, and  Fso;  on  the  two  

contacts  are  the  sliding  traction   forces  due  to micro 

slip   occurring  in the  contact.  This force can be 

computed   from shear stresses on the contact ellipse 

(Houpert,   1999). Since the variation of shear stress on the 

contact ellipse is a complex  problem,  these  forces  can  

be  computed   from  equilibrium   of  forces  and  

moments acting on the ball (Figure 1  and 2) 

The resulting sliding forces are given by: 

The coefficient of friction in the ball-race system 

depends on the lubrication regime, whether limited, mixed 

or full EHL.  In this study, methods of Hamrock 

(Hamrock, 1994) were used to determine the coefficient of 

friction based on the lubrication regime. 

2.4 Frictional Torque Developed in Ball-Race 

Contacts 
From Figure 1, the total tangential force, Fi; Fo, 

between the ball and races can be determined by taking the 

algebraic sum of the contact forces in the rolling direction. 
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Fi = FRi + FSi 
 

F0 = FR0 + FS0 
The friction torque developed between a ball and outer 

race contact is: 

Mi = Fi . Ri 
 

M0 = F0 . R0 
 

Where Ri; and Ro; are the radius of ball-inner race and 

ball-outer race contacts respectively. For z loaded balls, 

the total friction torque acting on the bearing is obtained 

by summing all the friction torques in the ball-race 

contacts: 

MI =  Mi,j

z

j=1

 

 

MI =  Mo,j

z

j=1

 

 

2.5 Bearing Frictional Power Optimization 
The friction power loss from the bearing can be 

approximated by the friction of torque and the orbital 

velocity of the balls, Wc , Thus 

P =  𝑀𝐼 + 𝑀𝑂 𝜔𝑐  
The above set of equations is applied to individual 

bearings depending on the number of bearings in the 

motor system. The bearing reaction with a dynamic factor 

is held as the bearing radial load. Table 2 shows the 

specifications of a deep groove bearing used for analysis. 

For a General purpose; bearing lubricant was used in 

analysis (SKF, 2009). 

 

III. CONCLUSION 
 

The analysis showed that electromagnetic optimization 

are dominant and contribute over 80% of all motor 

optimization, while bearing optimization contribute about 

12% of the total motor optimization. The major 

contribution to the bearing optimization is the sliding 

friction due to microslip occurring at the ball- race 

contacts. This results show that it is imperative that 

bearing optimization should be included when quantifying 

motor optimization to estimate motor efficiency and in the 

design of efficient cooling systems for the motor. 
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Table 1: Motor Properties 

Loss Value Heat source (W 1m 3) 

Coreless 50W Stator teeth 114,800 

  Stator tip 800,000 

  Stator body 1,600,000 

Rotor 114,800 

Copper optimization 150 W 3,000,000 

Bearing friction loss 12 W 450,000 

 

Table 2 : Dimensions of a deep groove ball bearing 

(Bearing No. 6004) (SKF, 2 0 0 9 ) 

Parameter Value 

Type ELECTRICAL PM Motor 

Power rating 1.2 kw 

Maximum speed 13,000 rpm 

Rated speed 8,000 rpm 

Rated torque l.5Nm 

Voltage DC 72 V 

Housing diameter 120 mm 

 

Table 3: Motor optimization and corresponding heat 

sources 

Value Parameter 

42mm Outer diameter 

20mm Bore diameter 

6.35 mm Ball diameter 

12 mm Raceway width 

0 Contact angle 

0.45 Load distribution factor 

13 No. of rolling elements 
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