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Abstract: The paper deals with different electric driven vehicle drive line optimization in order to select drive line 
design. The mathematical model for energetic optimization of drive unit into drive line has been created, which helps to 
determine the efficiency map of transmission. Through optimization energetically more favorable drive unite can be 
fitted into the electric vehicle drive line. 
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1. INTRODUCTION 
 
Different power-level electric and hybrid vehicles have 
been developed at the Széchenyi István University for 
more years. There are several research directions, e.g. 
PMS motor, vehicle communication system, car body. 
Today one of the key problems is energy storing, thus 
short travelling distance, which makes energetic 
examination of electric vehicles highly necessary. One of 
the main elements of energetic examination is the drive 
line, which includes the PMS motor and mostly the 
inhering drive unit. 
In case of a given vehicle the necessity and transmission 
of drive can be determined by complex examination. The 
demand of installing drive unit arises the question of the 
most appropriate construction and selection. The main 
difficulty in design is that drive unit efficiency is 
considered to be constant in the whole operation interval, 
while it shows significant deviation in different 
operational intervals. That is why the drive unit 
mathematical model is needed, by which an energetically 
optimized drive can be fitted vehicle drive line. 
 
2. DYNAMIC EXAMINATION OF DRIVE 

LINE FOR ELECTRIC DRIVEN VEHICLES 
 
The joint operation of electric motor and vehicle can be 
graphically represented, see Fig. 1. In the diagram of 
electric motor drive the rotational speed and efficiency 
values can be seen. In this figure in case of a PMS motor 
driven vehicle the motor and a conventional 
multipositional drive unit connection can be seen, which 
represents well motor operation in different gears being 
poorly efficient at work points, which result in increasing 
loss of vehicle drive line and significant influence on 
travelling distance. The goal of drive optimization is to 
minimize energy consumption and extend operation 
range. 

 

Fig.1. Joint operation of electric motor and vehicle 

 
3. ELECTRIC VEHICLE DRIVING MODES 
 
Concerning electric vehicle drive there are two wide-
spread options:  
1. Wheels are driven directly by the electric motor. 

Typical solution is the application of in-wheel motors 
with hub motor.  

2. Electric motor and drive unit have joint operation.  
In the first case by increasing motor diameter the motor 
length can be decreased and such motors can be 
constructed, by which having proper optimization of 
increasing torque and decreasing rotational speed (max. 
200…1200 rpm) drive units can be left out from design. 
In this case drive line efficiency equals to motor 
efficiency. 

ηt = ηm (1) 
 

In the second case by decreasing motor diameter the 
running torque of motor also decreases, but motor 
rotational speed can be increased (max 4000…15000 
rpm). Beside such rotational speed rate appropriate 
transmission drive unit application is needed. 
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In this case drive unit efficiency equals to the product of 
motor and drive unit efficiency: 
 

ηt = ηm · ηg (2) 
 

where: 

drive line efficiency - ηt 

motor efficiency - ηm 

drive unit efficiency - ηg 
 

In case of drive unit application it can be seen well that 
drive unit efficiency has significant influence on the entire 
vehicle efficiency regarding the aspect of its efficiency in 
product decreases drive line efficiency and from the 
aspect how fast electric motor can get to the favour 
operation interval (Figure 2).  
 

 
 

Fig. 2. Favour interval of electric motor operation  
 
4. DETERMINATION OF DRIVE UNIT LOSS 
 
Regarding loss two main sources can be distinguished: 
load and RPM sensitive or indifferent [1,2].  

Load sensitive losses: 

 sliding loss:   Wsl, 

RPM sensitive losses: 

 sealing losses:  Wssl, 

 oil churning loss: Wcl, 

 air windage loss: Wwl, 

Load and RPM sensitive losses: 

 bearing losses: Wbl, 

By summarizing loss entire loss of drive unit can be 
determined at a given work point. 
 

Wl = f (n, T) (3) 
 

where: entire loss of drive unit - Wl 

Consequently, drive unit losses can be determined at 
steady-state. 
 

Wl = Wsl + Wssl + Wcl + Wwl + Wbl (4) 
 

In case of drive unit loss calculation it is worth examining 
working cycle at given work points. Thus work points can 
be determined by vehicle traction force and speed [3]. 
 

Wl = f (nvw, Tvw) (5) 
 

where: 

wheel RPM at a given work point - nvw, 
torque derived from traction force  
at a given work point - Tvw 

 
5. DRIVE UNIT PARAMETER VECTOR 

DETERMINATION 
 
Drive unit model is constructed so, that drive unit loss is 
determined by steady-state examination at work points. 
This work point examination makes both dynamical and 
analytical mathematical model application possible during 
optimization. Parameter determination has key 
importance in model construction, by which drive unit 
can be optimized [4]. These parameters are such 
independent variables, which can unambiguously 
determine a given drive unit [5]. Parameter vectors create 
a space, where drive unit optimization is realized. Drive 
unit parameter vector: 
 

Pg[i, m, aw, b, α, β] (6) 
 

where: 
transmission ratio - i, 
module - m, 
centre distance - aw, 
gear width - b, 
pressure angle - α, 
helix angle - β. 

 
6. MATHEMATICAL MODEL 
 
Two ways have been chosen for creating mathematical 
model. In the first case drive unit dynamical model was 
created (Figure 3), which describes the given drive unit 
not at a given work point only, but at transient states 
during acceleration and deceleration processes. The 
advantage of this modeling procedure is the description of 
entire drive unit. However disadvantage is big demand of 
computing machine and computation time. 
Second option is creating model based on analytical way 
applying formulas [6]. In this case the created model does 
not handle transient, only work point states, but claims 
less computing and computation time. 

 
7. DRIVE UNIT OPTIMIZATION 

At first a drive unit is determined by its parameter vector 
and then losses are determined at a chosen work point. 
Based on loss the given drive unit efficiency can be 
calculated. 
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Fig.3. Drive unit dynamical model in Simulink 
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where: energy carried in drive line by motor at a given 
work point - Pin(nvw,Tvw). 
 

 

Fig.4. Flow chart of drive unit optimization 

Parameters can be changed after running and then running 
can be started again. This iterative cycle lasts till 
parameter vector has least loss and the appropriate drive 
unit can be determined. 
 
8. EFFICIENCY FIELD DETEMINATION OF 

A GIVEN PARAMETER VECTOR DRIVE 
UNIT 

 
In this example an adjustable drive unit efficiency map of 
city electric vehicle drive line is determined. At first 

vehicle operation interval is defined, maximal speed (70 
km/min) and maximal acceleration (1m/sec2), by which 
maximal traction force and wheel RPM can be 
determined. Then drive unit parameter vector is given, by 
which drive unit is properly determined. The chosen drive 
unit parameter vector: 
 

Pg[6, 1.5, 78, 75, 15, 20, 0] (8) 
 

After determining parameter vector drive unit efficiency 
can be determined at work points by mathematical model 
and software. The drive unit efficiency map is determined 
by covering superficies based on efficiency values (Fig 5). 
 

 

Fig. 5. Chosen drive unit efficiency map determined by 
simulation  

9. CONCLUSION 
 
A definite drive unit efficiency map in the whole 
operation interval can be determined by the introduced 
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modelling method applying proper parameter vectors and 
target functions. This helps to identify such an 
optimization algorithm, by which drive unit adjustment to 
drive line can be implemented at more favourable 
energetic results and vehicle’s travelling distance can be 
increased. 
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