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Abstract  

The subject of fossil fuel consumption and air pollution is one of the important Challenges in the world now, and the most 
important consumption and pollution reduction, since it use battery and electric motor beside combustion engine and because of this 
the engine can work with optimum its performance and brake energy regeneration. In this regard, this article main purpose is the 
performance comparison between electric hybrid and common gasoline cars using computer simulation. First common gasoline car 
was simulated for ECE and EUDC and Tehran highway driving cycles for the results validation and its fuel consumption was 
compared with the experimental. Also for more confidence of simulation results, the fuel consumption compared with results of 
another reference results that this vehicle had been simulated with other software in ECE and EUDC driving cycle’s. After ensuring 
software validation, full hybrid car with series structure and mild hybrid car with parallel structure designed and simulated in 
considered driving cycles. Results of simulation showed that the series full hybrid car fuel consumption in comparison with parallel 
mild hybrid one has 68.6% greater reduction in ECE driving cycle and 9.7% greater reduction in EUDC driving cycle and 29% 
greater reduction in Tehran driving cycle. Also the results of simulation showed that the series full hybrid car fuel consumption in 
comparison with gasoline car is 49% and in comparison with parallel mild hybrid one is 20% factor specific in big cities is fossil fuel 
cars exhaust emissions. Hybrid electric cars are one of the new technologies in fuel.  
Keywords: Hybrid electric car, Series Full hybrid, parallel mild hybrid, Performance, simulation. 
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% 5�	% � �x%�� 0� ���� 
��� (���� 
 �)4 (�� ���B
 �  (� �� �� ��&

r 	��� ,�I&� ?%,%�& ����� ���!�% 
?	   �	1A'  ���!�% 
?	 

 p�D 	% ����)m/s ]
 �13 .[?%,%�&  �D�	A ��rpm 2400  ��

�& �
4	2 	g� .  

H��' 0� ���B
 � � d�4 Q�K�-�� �%1  �x%�� |%�x�)5 ( 
��� ���G�

% ���� ��� 
 � ��� ]13[.  

���G� �� 9
&�� �%<=  �<> ��  0� (����x%�� )3(  ���G�p�	-  � 	���

 �x%�� |%�x� �� ����) �!)	/)6 (% � 
 ����� ]13[.  

 ���G� 9
&�� �%p�	-  0� ���	
��� ����� (��� ���G� �!)	/ � 	���

 �x%��)1( H��' Q�?@A� �2 |%�x�  �x%��)7 (�� �� �K� ��& ]13[.  

                                                           
1Final drive ratio 

)3(  
δ � 1 � ;� � ;�<=�<>�				;						;� � 0.04			, 

	;� � 0.0025 

 )4(  
       <= � CDE,E�F�

�>GE�F
 

)5(         <= � HDE,E�F�
�>GE�F

� HI�J>>I>.�>�
�>I��.KK � 1.45 

δ � 1 � ;� � ;�<=�<>� � 1 � 0.04 � 0.0025 I 1.45� I 4.53� 
)6(       																								� 1.5   
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3 -2- �*1-'�Q ) �.-'/0- �*1*� �0-'P  

 �� 9�� �% �'�� �% �	A 9�� �� 
 � 5	  ��	��1 ����) ��
)� 

.��&�% �D #� �� ����	�F � �C�	
D� ����� (��� ���% 9��	%��%  ����� (���

 #� 5�� ��	2�7% �� �� �1� �� (��� 9�� ����) �% ���% ����	�F � �C�	
D�

 
?	  �% Q��	G� |�A *�< ���'km/hr 130  ��m/s 1/36  
�	D

.���  

���) ��� ����	�F � �C�	
D� ����� 0� 5	  ��	��1 ��
)�  �% 5�1

 5�	%9���� 5	��% >��� ��3=� 0� 5	�2�3' ��g�� �% ������ 
��D (���  �1

�� ���B
 �  5�	% .��&9���� (��� u�
& >e� ��M2 5�1 5	��% 0� 5	�2  �1

�� ���B
 �  .��&) �x%��8 (x �
� (����  �� �C�	
D� ����� E �� ��

 ����	�F9���� �� ���&  ���� (��% ��� ]13[:  

 )8(  LM/O � P
QRRRSTUSV

/W. X. YZ � Q
[\]^_`YP[4 

 (� �� ��V  p�D 	% ����) 
?	 m/s� 9/0 te=η  E) (������

�Q��C H�G
�� 8/0SV �	  ����	
��� ����� (������M  	% ����) P	'

 p�Dkg �fr  �	��� �!
3{ 
���G� p�	-035/1a=ρ   	% ��1 ���$/

p�Dkg/m3 �CD ���������	�� 5��� p�	- � Af  ��)��% wx 

 p�D 	% ����)m2  �x%�� �� �� �O�� |%�x� ����	�F (��� .
 �)9( 

	%�	% ��& �h���  �%kW 30 �� ��& ]13.[ 

)9(  

LM/O � ab. Q
QRRR I R. c I R. d /QbQR I c. d I R. RQ[ � Q

[I Q. Rae I R. a I [. RRc
I ab. Q[4 � aR	7fg9 

 0� 	
!�% ����� �% ����) 
G�GD ��kw30  5�1��% �	�0 ���� 0���

�4�-� 5	��+� ���< a
��  ����"� 5�	% (��� ����� 5� � ����&�� 7�� 

 ���D 5	��% 0� ���B
 � �% 0��� (��% ����) (��� 9��	%��% .���� 0���

kw40 �� ����	% ��&.  
  

3 -3- ,'1�3 ,Q'�- E
T'U  

 0� �)	% ���)	/   �1 u�
& .1�� � 5	�$%�
& 5�$�� ��2����� 5

 �% 	N�� �	��SOC1 �� 5	��% �� v�I- � 9����  .��& 5	��% 
�4	�

 5]��	
 � �% 
�4	� 9�� .��:� 9��I� ���% 	�� 9�� 0� 5	�2�3' 5�	%

 ��& u�=
�� H	
�� 5]��	
 � .���� �$
�% ��	��1 5����) �� H	
��

 Q�
 ��	� 5]��	
 �on-off  ����) H	
�� 5]��	
 � ����� �� �� 
 �

 �x%�� .�& �1��) ���� w�-��)10( �� (�!� �� 5	��% 
�4	� .�1�  

)10(  hi�j � ∆h%�&
lm��nj − lm��n��

 

                                                           
1State Of Charge 

SOC  9�% 5	��%6/0  ��7/0  .
 � 5F	�� wx  Q�	���� ��

H	
�� 5]��	
 � 9&��- \���)2  9�%2/0 
 � ]13 9��	%��% .[

) �x%�� |�A11(  5	��% 
�4	� ���G�kwh2 % ��� 
 � .���  

 ���I�25  H�3 Ah5/22 ����
 �  ���� P��
�� 5� 5�	%9����  (���

 @�C 5	��% ,�� 9�� Q��	D � 5F	�� .�& ���B
 � 5	��% 
�4	� �

P	� ���=%�
� �� .
 � ��& v�	I� ��74�  

  

4 - >�� ��
� ,)�&*+ ,9�� ,9-*� ��'6
7  

4-1 - ,'1�3 ) ���'/�O- �*1*� �0-'P  

 9�� ���	A  (��� �% #/�� ���	
��� ����� #� 0�kw36  ���B
 �

 5	��% .�&,��  ���� P��
���� �& ���B
 �  (��� �% 	%�	% ����� >C��D ���%

.��� ��N�� ���	
��� �����  

)12(  � � 	 I p → 360007s9 � 3607	9 I p → 
p � 1007�9 

H�3  	2� �� u�=
�� 5	��% 5�	% �� ���1 5���� #� 	1 ��&V  7/3  �%

�4	� 
Ah 10C=  (� ah�� (��	' � �&�%C3 �gK� (��	' �  (� 5�C5 

 �&�%
 � ����� Q�� �K� 5���� ����� �% �'�� �%�  H�3  ���I� � .����

5	��% ����
% ���% �1360  �� 
���1�%. H�3  ���I� �M�  5	  ���% �� ���1

�% 
 � 	%�	% ���& ]14[    :  

)13(  3607	9 � 3.77	9 I H�3 	���I� → 97.3	tuvv8 
5	��% �� ����� F�
�� *@
)� F��&� � F��& 	z� �� (�/  ��'� �% �1

�� 5	��% � ���  ���I� 9��	%��% ����� ��[�% 
� ��D ����
�� 5�1

5	��%  ���& 5	  a1 �% ���% �� ���197 �� �
4	2 	g� �� ��?  0� .��&

 	2� (��	' 9���� 5�	% �4	A3 v��� 9�� 0� ��  50��� ���
B1 � ��� 5�1

 �gK� � ah�� 
��D 5�	% u�3x� (��	' ��& �� a1�	4 5�  �'�� �% .��&

 ��� ah�� �� v��� 	1 ����� �%C3 �� (��	'  � �1�C=10A  k� 
 �

ah�� �� (��	'  	%�	% ���3103  ��I�A90  9�� �gK� 	1 �� �

5	��%  (��	' �1C5 ��  �1� 9��	%��%�gK� (��	'  5� 	%�	%A150=310

5 .
 � p ��� 5��� E��	& 5�	% 9�� �� 
 �  

  

6 - >'/	2 ,V1-'/�-  

H	
�� 5]��	
 � (�:1  ����) 	�	
�� �� �� 
 � H	
�� (���C

�� v�	I� �� ��
 � �� �7'� 0� #� 	1 �	�3:? � ��& .�1�  

5	��% F��& wx  5���"$� 5�	% H	
�� 5]��	
 � ���G� 9�� �� 

9&�� Q�
 ��	� - \���) 
 � .	���
 � (���? �% ����	�F/  ����	�F

�� >:? �/��J��  wx  �� ����0 �3)�� d�	
D� ����� � ����	�F ����

 9�% 5	��% F��&7/0<SOC< 6/0  5	��% ��3=� (��0 �� ��I� �&�%


 � \���) .0� 	
:� �% 5	��% F��& wx  �
C� 6/0 ����	�F 
4�� .1��

�	
D� ����� 	���
 � #� ������� 9&�� �� �3)�� d  �% (� 0� �I% � ���

 �� >:? ����	�F #� (���? ����0 .���  9&�� �3)�� d�	
D� ����� ��

 \���) �C�	
D� ����� �� ����0 � #� ��? Q�
 ��	� ����:� 
 �

�� (�!� �� 	B< ��? Q�
 ��	� �
 � .�1�  

                                                           
2 On-Off 

)7(  �� � ;�
2#� �	


� � 	��
 � 2
3���� � 1

5�����
	
� 

							� 1.5 I 1610
2 I 11 	727.8� � 13.2�9		 

										I 0.012 � 1
5 I 1.035 

        � �
� I 1610 I 9.81 

        I 0.3 I 2.009 I 27.8� � 	82.5	0x                                   
)11(  hi�j � 0.2

0.7 − 0.6 � 2	0x2 
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;@��� ����	�F/����� �	�3:? �� H	
�� 5	��% F��& wx  E �� �& .�

 ��& v�	I� (� 5�	% @�C �� �Kx  �% 5	��% F��& wx  �� ����0

 ����� 5	��% E �� EG4 ����) � ��& \���) ����	�F/����� �� 	%

�� �� �����? �% .��&  (� 9���� �D �% 5	��% F��& wx  �
C� 
B2 (���

�� F��& ����	�F ��� � ����� �!�:1 ����� E��	& 9�� �� .  �� �����

% ��D�����" 5]��	
 � 9�� .��� ��� \�  >�& |%�x�8 �� � �&�%  5�	%

��%��� �� ��� 
 � p ��� #�  5���  5�1����)  5�1����) � �1

�� ���B
 � 5	$�� 5]��	
 � 0� ����� 0��� 	
!�% ����� �% �� ���g�  ��&

]14 .[  

D��8 - ]<�/�*�'1 �O'/	2 ,V1-'/�-14[  

  

 >�&9  5����) ��
)� �:�� ��	��1  �� �� 50������& 50�   (�!�

�� .�1�  

  

  

  

  
D�� 9-  ,)�&*+ >����
�  �& ,9-*��
6� ,9��

7 - X��/� ,�-YG � "  

>�& 10 �� (�!� ��% P�:� 
��D �� �� (��� � ���
!2 ����:�  �� �1�

`'	� ]16 [ �%	N� 	���G����!�% 57�	� ���
!2 �% 	%�	% Nm153  ��

 ���rpm3000 (��� ���!�% �  �% 	%�	%kW74  ��� ��rpm6000  ����

 ��&(�:1 .
 �  �� �� ��A>�&10 �� ���� % 	���G� ��& � ���� 
 �

���& 0� ���% 50� ���& .
 � �%	N� L��
� �% #��7� � 50�  	-�D ���G� 

(��� ���!�% ���G� �� kW 67 ���
!2 ���!�% ���G� � �� Nm 156 

���� �%	N� 	���G� �% �:� *@
)� �� 
 � ���� �N�
�.  

  

  
D�� 10 -  �4��5� �-&*�� X��/��)�/AG  F-*1 )�
6�  ��� ,9���*1*�  �&

 ��3 8��1 EO�0 '�&�5� �3�3'�1 Z�'� 9- ]16[  

  

>�& ��10 �� ����  ���!�% ���
!2 � ���� ��� �� ���!�% (��� �� ��&

�� n� E �
� ��� ��  ��� 0� >�C �� .�1�rpm 3000  	1 (��� � ���
!2
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�� ���0 ��  ����� ��� 0� �I% ��� .���&rpm3000 
4� >��� �%�  (������

 0� ><�D 5�	�� (�& a� m?�% � ��& a� ����� �% 5���� 5��1 �:ND

�� d�	
D� �� 
4� ���
!2 �N�
� �� ��&  ���0 (��O:1 (��� ��� ���

�� �x%�� (��� .��&  
4� H�D �� ���
!2 �
 � ����� ��� � ���
!2 0� 5�

� �&� �% 	N�� 9�� �� 
 � (�& ���0 H�D �� ����� ��� ��� 
 � (��

 ��� 0� �I%rpm3000 �� ��&.  

���& (��� � �%	N� (��� 9�% *@
)� 50�    ��&��� �� �����  

 rpm 6000 ���& �� .
 � ��"!� (���:A� 
"' 50� �  �% 5	
!�% ��%

�� ���� ����� ���& (��� ���G� �M� ��&  5[�% 5�1��� �� ��& 50� 

 ����� ��'� 5	
!�% �:ND (������ 
4� �� ����� (��� ���G� 0� 	
:�

 .
 � �%	N�  

�)	/ ECE  �)	/    
 � 5	"&  �H��' 0�1 ���G�  
)�  *	+�

 ����) �%	N� 5	"& �)	/ �� ���D2/9  �� 	
��100  .
 � 	
��3��

P	� 
C� �%��0�� ��g�� �% �K< � ��74� % L��
� ��:3? 5��M2 � ���� 
 �

P	� �� � �	% ���� H�� 0�  ��74�GT-DRIVE ] `'	� L��
� �%3] � [8 [

 `'	� .�& ����G�]3[ ��:  5	  ��	��1 � ��:  ���� 5����) ��  ��

P	� H�� �7����� ��74� 50�  ��	�  ����G�  �% 
��� 
)�  *	+� ���"%

���:� ����� �% (� �3)�� d�	
D� ��  ����G�
 � ��	� `'	� 9�� �� .

���G� ���& 0� �I% ���� 5����) 
)�  *	+� 0�  �� 5�)	/   ECE 

 	%�	%L/100km5/13  �� �����D �� .
 � ��& (��%���& �% 50�   

 GT-DRIVE ���G�  	%�	% 
)�  *	+�L/100km4/12 �& >�& �� .

11 ���G�  �� �3)�� d�	
D� ����� �% ���� 5����) 
)�  *	+��)	/   

 
�	DECE P	� ��  ��74�GT-DRIVE  �ADVISOR �%  �%	N� ���G�

(�:1 .
 � ��& ����G� �� ��1�!� �� ��A % �N�
� ��& � 0� ���� 
 �

P	�  ��74�GT-DRIVE #��7� �%	N� ���G� �% �:�  �
��� .
 � 	�

 *@
)�ADVISOR �  GT-DRIVE  *@
)� 9�� � 
 � 7�/��

�� ���� �� ��7' Q�	���� >��� �% �����  .�&�% 5���� 5�1>���  9��

*@
)� a� �� �����  0� v3
=� `'�	� �� �� ����� � 	��� (�:�18/0  ��

2/0 �� ���B
 �  ����� 
)�  *	+� �!G� �� 5���� ��G� �� � ��&

.�&�%  

 

  
D�� 11-  E+*� K'?� �4��5� �-&*�� �&�+';  ECE  >�� ,)�&*+

 �& ���GT-DRIVE  X��/� �3ADVISOR �3'�1 ) ]3[  

  

] `'	� ��3 [���G�  �� ��:  
)�  *	+��)	/   EUDC  0� k�

���& P	� �� 50�   ��74�ADVISOR  	%�	%7/6  �� 	
��100  (��% 	
��3��

(�:1 .
 � ��&  >�& �� �� ��A12 �� ��1�!� % �N�
� ��& � 
 �

P	� 0� ����  ��74�GT-DRIVE #��7� �%	N� ���G� �%  �� �
��� .
 � 	�

 9���)	/    P	� 
C� *@
)�  ��74�GT-DRIVE  �ADVISOR  EG4

5/0 �� k� .
 � P	� 
C� 
B2 (���  ��74�GT-DRIVE  �

ADVISOR  9�� ���)	/    ;���	G� ���& ����	4 �� .
 � 	%�	%  �� 50� 

 9�����G� �� ��g
��  �&�% �%	N� 0� 	
!�% �'�	) 
)�  *	+� �� ���

���& 0� (���:A� 
"' �	�0 !�:1 50�  
�IC�� 0� 	
!�% ��% ���G� #� �

�� �
4	2 	g� �� ] `'	� �� p3x� 9�� .��&16 >%�C �%�) �% 7�� [

 
)�  *	+� `'	� 9�� .
 � ��1�!��)	/   ���&  ��& 50� NEDC 

�%	N� ���G� �% ��   (��)	/    ����G���	�  
)�  *	+� ���G� �

���& .
 � �%	N� ���G� 0� 	
!�% ��& 	�~ >��� �% ��& 50�   

  

  
D�� 12-  �& E+*� K'?� �4��5��+';   EUDC 8'� �& �-�T-  

 GT-DRIVE �3  X��/�ADVISOR ) �3'�1 ]3[  

  

 �� �N��
� ����G� �%GT-DRIVE  ���)	/   5�1 ECE  �EUDC 

P	� L��
� �% 
���  ��74�ADVISOR �� �%	N� L��
� �  ^=!� ��1�

P	� �� ��& ��N�� H�� �� 
 �  ��74�GT-DRIVE  
C� � 
 � �	�����

 0� 	
"% �:� L��
�ADVISOR  .
 �[�D ��  (����)	/    �2�����

���& �� (�	"�  � �	� 50� ���G� % �� 
)�  *	+� �.���� 
 �  

���& ��  
)�  *	+� 50� �)	/    (�	"� 11  �� 	
��100 

0�  .
 � 	
��3�� `'	� ]16 [���G�  �� ����) 
)�  *	+��)	/    

 9�% (�	"�10  ��5/11  �� 	
��100  >��� �% ����K� 9�� .
 � 	
��3��

 �� ���� j��I� Q��?���� ��I'  .
 � v3
=� (�2����� �� �
 �

H��'4 ���& 
��D �� �� ���� 5����) 
)�  *	+�  �%	N� � 50� 

�� ����G� .���  
  

 >)��4- �-�5�  �& ���� ,)�&*+ E+*� K'?��+';    E2'0

F-'
1 

����) ,�� 	
��3�� �< �� 	
�� 

���& ���� 50�  11  

�%	N� ���� 10- 5/11 

  

8- �
6� ,9�� ,)�&*+ 8��1 ��'6
7 ,'�  

 >�&13 P�:� 5����) �	�3:?  �� �� 5	  ��	��1�)	/    5	"&

ECE �� (�!�  9�� �A �� .�1��)	/    �2�����195 ����z (�:1 5�  ��A
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