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Optimum Sizing of Hybrid Energy Storage System for an Electric Motorcycle 

Masoud Masih-Tehrani 
 

M. MasihTehrani School of Automotive Engineering, Iran University of Science and Technology, Tehran, Iran 

 
Abstract 
In this research, the number of battery replacement during 10-years working time of e-motorcycle is concerned instead of the initial 
energy storage system price. The 10-years equivalent price of energy storage system is defined as initial price and the replaced 
battery prices during 10-years. The life model of battery is necessary for determination of the number of battery replacements during 
10-years. The existence of UC in HESS improves the power specification, which increases acceleration performance and 
regenerative braking capacity. This moderates battery current and rises battery lifetime. In addition, the number of required battery 
replacements is decreased and the 10-years equivalent price of energy storage system will be reduced. The results show the optimum 
sized HESS has very good power specification. The 10-years equivalent price of HESS is about 3400 $ lower than conventional ESS 
price, while the initial price of HESS is about 840 $ higher. 
Keywords:Hybrid Energy Storage System, Battery Lifetime, Electric Motorcycle, Optimum Sizing, Powertrain Modeling. 
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2 Vehicle Active Suspension System 
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3 Wheel motor 
4 Continuous Variable Transmission (CVT) 
5 Road parallel 
6 Fuel cell 
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3��-����� 

���g
-� �� ��L .�
B� 
3��-����� �� :�� K��- ���� ���L AI�- ��	B 

                                                           
1 Drive cycle 

�� ��	�J :�	
.�@ 
4	- K@�B �@��
-� 7� rR.� �� ��L .K��- 

�J����� T�� ]� K��- �@ 
4	- 
@�w 90 
4�-	@	
��3�� 
-� �� A�	@ 

��-�O� K@�B U��F�� 
3��-����� �� ��	J�T@ �9 ���g
-� �� ��L .	9 �� 

:�� K��- �9 �� c�	L ��0 ]� UR@ U��T � 
4	- I� 	g6 �� 
4	- 


@�w 	D����� �� �����.  

K��- �J����� A	1�� �� �� :�� ���;� ���� ���g
-� ��	B 

�
 	J �
-� K��- �J����� ��@	� �@ � �O
� ^Z��� 7��I� ����	 2 

8�	5� �@ FTP �� �L�@ ]32[. :�� K��- ��� I� K��- A�9 M���
� 

7��I� 
�	X A�9����0 A���- 7��� 	/L �� �L�@ )K�L 2.(  

   

 K��2-K�
� �L�	�&� FTP �M��M'�& ]14[  

  

������ ��3@ )Driver(  �� �J����� K��- 
4	- `�;5� �g�n�


3��-����� �35  
4	- �@ `-��
� ��3@ :�� �� .���� ��/4	@ 

)EBike_spd_act(  �J�	.  7�T�� �J����� K��- 	D����� 
4	- �

M��� I�J A�9 )acc_pedal( T�	� � )brake_pedal( �6�� `�X	@ 

�� :��5� .��L  

����� � �����		
��� 
 �����_���_��� (1) 
�� ��9�.� ��  �l@�� �� ) �J����� A�l0 �� ��L����� I� (

 
3��-����� �35  
4	- � �J����� K��- 	D����� 
4	- KP�g�

�� ��-�O� .��L  

�_��� �	�� � ����� � �� 	� �����	�� � �� 	������  (2) 
 �l@�� d�=)2(  ��3@ :�� ��	
�� (��PID3 ) 
-� K�L3.(  ��

) ������ �
-��0�� ���
.J 
�S4 :
 	J 	D��� �@ ���3@ :���_��� (

M��� I� ��� �/�� �� M�5  T�	� �� I�J A�9 .��L ��K�  ���;� 2��;�

) ���.�@ ���
.J �@ ������ �
-��0�� ���
.J100 � ��"#/�#%&(  ��

��3@ :��� @� 7�	��5@ �6�� �A 
-��0�� ���
.J ���;� 7�	��  ������

�@ J�	.  �6�� ^��6� � �@ .
-� T�	� M���:� �	�`�  ���;�100 

��5� �@ �6��A @ M�F4�:�	
.� .
-� :�F� ���
.J  

� ���<�� �	@A D��2� �	P`� M	
��  �����PID I (�� I�	31�-

�T����  ���g
-���L  {
-���5� M	
�� M�F4� �-��� ������  � �/��

�T �U� ���� �X �� 7�A���� �	P ��-�O� �5@ �`� M	
��  I� �����

KF5����
-� �9A � �@ �E�� �@ ����� �� .��E���l0	� - 7��@2
�� 3�� 

                                                           
2 US EPA Federal Test Procedure 
3 Proportional-Integral-Derivative controller 
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�	P`� �@ ��� 
-�� � I�:� � (��T� �I�� D�� �@2� �/���  �@ �� �����

5-� ��L p�<�� �l0 � .
-�  

  

   
 K��3- ��	�&� N6��  

  

M	
�� ��3@ �B	@ 
3��-����� ����� )E-Motorcycle 

controller( M��� �J�	.   ����� ��D
�� ���� ���
.J �@ K���� �� �9

�� ���	
���  ��	�� �� ������ ��3@ ^��-�O� ��4 ��3@ :�� .���

��  K�L) ���4.(  

�_��� � ���_����� � '_��(
)** 
 +����_����� '_#�,

)**  
 	@ 2��;� K���100 ) �l@�� ��3 �J�	.  7�T�� ��-�O� ��O� �(

�� (�6�� `�X	@ ��-�O�) K�B ��3@ �� M��� .�L�@  

  

  

 K��4- N6�� @',	2 ��		2 5��
��636� �7'�  

  

���	
��� ����� ��3@ �� )Electric motor( M��1�-  ���
.J A�9

������ I������� )T_dem( M	
�� I� 
3��-����� �35  
4	- ������ 

)EBike_spd_act( :��|� ���	
��� 7��� � ��L )P_available(  j-��

����	� AG	�� �	�0? 2
��- ��3@ )HESS( �� 
 ����  A�� I� .��L


L�1� � M��1�- �- :��  �5@�� ��) ���	
��� ����� 7������ A�9

�� 7� ���
.J � ��� I� A�5@�� ����� �E�	0 ���
.J �(�L�@ )T_ava( 

� ����� I��� ���� ���	
��� 7��� )P_drive( �� ��-�O�  �@ pIZ .��L


�� ���� ���
.J ���F� ~���T� �� 
-� 	�?M	
�� ��D  
3��-����� �����

 ���	
��� ����� I��� ���� 7��� ���F� :��zF9 � ���	
��� ����� j-��

�F� :��|� AG	�� �	�0? 2
��- j-��  
-� :�F� 	�� :�� K��� .��L

 AG	�� �	�0? 2
��- 7��� ���F� �� ���	
��� ����� ^��B ���F�

�B A�TE� �X�	= ���@ ^��6 :�� �� .�L�@ ���	
��� `-��
� ��	O� A�

) ��L ���@I�@ 
3��-����� A�9I��� �@ K�L5.(  

  

  

 K��5- N6�� ��M',�F& �636�  

  

 K�L �� d�;O� :�� �� ���g
-� ���� ����� 
L�1�6  ��9�.�

��  ��O� � �;�B�	@��� `�X	@ ����� ��� 
L�1� :�� �; � ��O� .��L

.
-� 	
� :���� `�X	@ ���
.J 7� A��F4 ���� 7�.� �	�� j0 ��  ��L

�� 7� ��� `�X	@ ����� ���
.J ���.�@ ����F� K�L �� .�L�@  	���;�

 ^���3�� `�X	@ ���	
��� ����� �E�	0 ������� 7��� �9��
���

�� p	� I� 
L�1� :�� ^�4S=� .�L�@  ��T �ADVISOR  Q�	R
-�

��L .
-�  

  

  

 K��6- ��M',�F& �636� 5��O�  

  

2
��- ��3@  � 7I�0	@� �A	��@ M�� K��L ����	� AG	�� �	�0?

M	
�� �� 7I�0	@� � A	��@ :�@ 7��� y�I�� �����  ��3@ :�� �� .�L�@

7������ A�9  
B� �@ �TE� I� p��� 	9 G��L ql- � ��L �
 	J 	D���

2
��- �	�0? A�9 �@ I�-  ���J��E ��=�� ��-�O� ��L  K�L)7(.  

  

 
K�� 2- @��0A�� 0&67 �2'�� 5��
��636� �7'� �9 P
�� MATLAB/SIMOLINK 
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 K��7- �1
2'3 04'�& �'
./ +,-
� N6��  

  

������� T�	� UR@ �� �� �B	@ 
3��-����� A	�JT�	� ����	 1  �

v��I�@ T�	�2 �� p�<��  
-� v��I�@ T�	� �@ AT�	� ���
.J 
����� .��L

�� AG	�� 8	\� o�O� I� 
3��-����� �	�3F4 ���/@ V4�@ ��  .��L

 j-�� �� AT�	� ���
.J ����F�B�@ :��	@��@�
����
� �B	@ �4�F<�  
-�

M	
�� ��3@ j-�� ��L v)E T�	� ����� )Brake Controller( 

������� T�	� j-�� � ��-�O� )T_mech_brake( �� :��|� .��L 

�#"-./01%2" 	� 3 0 	��"# ≫ 0
�%5% 
 ��"# ��"# 6 0	7			 

) �l@��4�� 7�.� (  ��L�@ 
��� ����0 I��� ���� 7��� 	J� �� �9�

M�5  �@ AI���  K�L) 
��� ������� T�	� 7�L8.(  

  

  

 K��8- N6�� @',	2 Q�'3  

  

�B	@ 
3��-����� ]������ ��3@ )E-Motorcycle Dynamics( 

 ��3@ :�� �@ .���� ��/4	@ �� 
3��-����� ]������ ^��-�O� �g�n�

7�	.�� A�9���
.J )T_drive( �� ���� AT�	� � .��L  
4	- 
��/� ��


3��-�����  ��-�O� p��;� � AT�	� �7�	.�� A�9�	�� ����	@ `�X	@

��  K�L) ��L9.(  

  

  

 K��9- N6�� 5��
��636� �
��	M9  

  

 A�9�	�� ���- I���9 
���;� K��L 
3��-����� 	@ ���� p��;� 

)Fair( ���E `�L �)Fg (�LTa� ���l6� � )Fr(  �
 	J 	D��� T��

��  K�L) ��L10 .(  

  

                                                           
1 Mechanical Brake 
2 Regenerative Brake 

  

 K��10 - 5��
��636� '� 9�&* R*�?� 0�=*'
�  

  

3 - @�� 0A�� +,-
� �'
./ 04'�& �1
2'3 
A�	@ M�� AI�- A	��@ � 7I�0	@� I� ]� M�� ���- y��� G�
�� � 
���;� 

�30�� ���g
-� �� ��L .^�;�;O� 7�.� �� �9� �� A�	@ A	��@ A�9 

����
�� ]33[ � 7I�0	@� �9 ]34[ :�� M�� A���� 
B� ��-��� 
-�.  

7I�0	@� ���� ���g
-� �� :�� ���;� ��@	� �@ 
�	L M�����3� I� 

c�� 
-�@ ��4 �� �L�@ )M��E 2.(  

  

@*�� 2-  )A�.'�& B�CDE�BMOD0083 ]35[  

�\R.�  ���;�  


� 	n 80 ����  

�DO� ���.�@ 7��	E A� 2010 	��� 

�DO� ���.�@ 7��� A� 97.7 ^���3�� 

�
-��� ���.�@ 7��	E 115 	��� 

�
-��� ���.�@ 7��� 5.6 ^���3�� 

���� G�
�� 48.6 
�� 

AG	�� 27 
4�- ^�� 

7I� 11 p	J�3�� 

  

���X I� ��� A	��@ 	F4 M�� UR@ :�	�  A�9 .
-� d�;O� :��

»	F4 
� 	n5 «�@ �� �� A	��@ G��L c�F<� 7�T�� 7���4  I� K�B �����

2�  �X �� 7� ���� 
� 	n 7�L80�� N�	5� ��� :��|� %  ��L]10[ .

 	�a
� :��	@��@89  
-� ^���4 �B	@ 
3��-����� A	��@ (	F4 
� 	n)

:I�  

:	 � 89 � 0.8 � 2000 (5) 
 7� �� ��89  � A	��@ 
� 	n2000 �� 7� �3��- 	F4 .�L�@  

 rR.� �J����� K��- ]� �� A	��@ 
� 	n 
 � 7�T��

)>?@AA/BC:I� 
-� ^���4 T�� (  

>?@AA/BC � � D	�E
FC  (6) 

 7� �� ��G .
-� A	��@ I� A���4 7��	E  

) A	��@ 
� 	n ���- �� 
 � c�F<�>?@AA/)*H) �l@�� �� (7 (

 ���� 7�.���L  �J����� K��- �� A	��@ 
� 	n 
 � �l@�� :�� �� .
-�

) 7� 7��I ^�� 	@�BC�� 2��;� (  �� � ��L3600  �@ ����w K���� A�	@)

 �(
4�-8  �(�B	@ 
3��-����� I�� 	9 ��g� A��� ^�4�-)250 

                                                           
3 Maxwell technologies 
4 Boostcap 
5 Life capacity 
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 � (M�- ]� ��g� A��� A�9I��)10  A	��@ ���- �� 	F4 ��-�O� A�	@

�� v	P �I ^�� .��L�@ M�- �� 7�  
3��-����� M�;5� 	F4 ]� 7���4

��L �	  �� N3
R� ^�;�;O� �� .
-�  �@ `-��
� �� `��	P :�� 7���

.��� 	��a� ��|�� N�	5�  

>?@AA/)*H � IJKLLMNO
	ENO � 3600 � 8 � 250 � 10 

 A�	@ ]� I� 	
F� 	���;�>?@AA/)*H  H��5� �@ I��� p�4 A��5� �@

 A	��@ rR.� �J����� K��- �� 
3��-����� �	���� M�- �� M�= ��

 7�	��	J :��	@��@ .
-�>?@AA/)*H Z�@ �@ ��1  �F� ���5� �@ 	<��

��  I��� ���� H��5� ��@ ]� 8	5� 7� ]� I� 	
J�T@ ���;� 	9 �� ��L

 b�0 �J����� K��- �� 
3��-����� �	���� M�- �� M�= �� A	��@

.
-�  

 
F�B �� M�= �� �B	@ 
3��-����� ����	� AG	�� �	�0? 2
��-

) M�-	���STUU/)*H) �l@�� I� (8�� ��-�O� (  �l@�� :�� �� .��L

 
F�B12.879  A	��@ �4�F<� ���FR� 
F�B �@ ��@	� 7���� 7��3��

 �Z� 	9 v��
X� �@ �� 
-�3000  7����]36[  ^Z�\O� `�X	@ �

 
�	L»��2 A	��@2 «O���L ��-� 
-�3 ]37[  K@�B 	F4 �@ �E�� �@

 .����� 
3��- ����� M�- �� 	F4 M�= �� H��5� �@ I��� 7I�0	@� ��E��

 h3��75 ��T9 � �P� ^�T�/<� ���	;� ���T9 7����  ^��6 �� �� 
-� A�

���T �  .�L �9��0 � �P� ����	� AG	�� �	�0? 2
��- �@ 7I�0	@� 7�L

 	�a
�VWO
X* 7�.� ���9� M�G�� ���5� 7I�0	@� A�94 �0.027  ��E�� AG	��

^���3�� `�X	@ 7I�0	@� M�G�� 	9 ��  � 
4�-45  
F�B 7���� 7��3��

^���3�� 	9  7I�0	@� 
4�-]10[ .
-� B
F� A�9  ��L �
 	J 	D���

�	@A  7I�0	@� �4�F<� A���;��L ��-�O� Z�@ 
-��  �� ����
@ 7�	�E

T9��� A�9 �����.� T9 �� ��Y	9 .�L�@ �
L�� 	@ �� �� ��.���� A�9 

��J��z� ��� ^��6 �� �/�� M�\O� �5-�� ��� .
-� 7�	�E K@�B �����  

	���STUU/)*H � ceil	]>?@AA/)*H^ � 12.870 � 0.075 � VWO
X* �

0.027 � 45 
  

4 - �1
2'3 04'�& �'
./ +,-
� �	

� �%&'( 
�� M��E 3 M�G�� ���5� 	�w|� H��5� ���5� 	@ 7I�0	@� A�9  ���- �� A�9


F�B � A	��@ I�������  AG	�� �	�0? 2
��- ���- �� � ����� A�9

��L ����� (����	� � ���F5�)  .
-��� :�� M��E 7�
- M�� 8	5� 

M�G�� ���5�  p�� 7�
- � AG	�� �	�0? 2
��- �� ��E�� 7I�0	@� A�9


� 	n 7I�0	@� ���� ���g
-� �� {�L�@ �@ A�O� �� �� 	l- M�� 


3��-����� T/<� �@ A	��@ )7��@ ��_X 7I�0	@� (�-�	@ ��L � �� 

A�9	l- A�5@ �@ `��	� ]� �� �� M�G�� 7I�0	@� �@ 2
��- �	�0? 

AG	�� 
3��-����� � �P� ��L 
-�.  

  

                                                           
1 p	� ��  ��T �MATLAB 7�	��	J �@ A��.4� ��4 ]� AZ�@ �@ ��  y@�� �3�-�

ceil �� p�<�� .��L  
2 K2 Battery 

3  c�� A	��@ M�3- A�	@LFP26650P 
4  M�G�� 	9 
� 	n80 .
-� ����   

@*�� 3-  '
ST3@*4�� 9&�:3 0�= )A�.'�& UM6:3 9&�:3 '�  5�
7 * �=

�'
./ +,-
� 

 ���5�

M�G��  A�9

7I�0	@�  


� 	n  

 7I�0	@�(F) 

���5�  

H��5� �9 A  

A	��@ ���- �� 

����� 
F�B  

�	�0? 2
��-  

(7���� 7��3��) 

���- �� 
F�B  

�	�0? 2
��-  

(7���� 7��3��) 
0 0 3 12.87 38.61  

1 80 3 14.16  39.90  

2 160 2 15.38  28.25  

3 240 2 16.59  29.46  

4 320 2 17.81  30.68  

5 400 2 19.02  31.89  

6 480 2 20.24  33.11  

7 560 2 21.45  34.32  

8 640 2 22.67  35.54  

9 720 1 23.88  23.88  

10 800 1 25.10  25.10  

  

7�
- 	���;�  A�9 M��E3 �@ ���L I� 	�I ^��6  K�L M�� AI�-1 

��L ��-�O� :
-�  

•  7�
-- ���5�) p�H��5� ) �l@�� :(�97( 

•  7�
-p��/Y )
F�B ����� 2
��- �	�0? AG	�� )7��3�� 

7����( M��E :1  M��E �2 

•  7�
-2<�� )
F�B M��5�  �����- 2
��- �	�0? AG	��( :

) �l@��8( 

 M��E p�- 7�
-3 H��5� ���5� 8	5�  �� A	��@ I������� A�9

�� 
3��-����� �	���� M�- �� M�= 7�F9 .�L�@  ��9�.� �� ��=

�� H��5� ���5� ��L  �- ���� ��E� A	��@ �/�� �� ����I I��� ���� A�9

 7I�0	@� M�G�� �� 7��T � �@ � ��@ �� �@ 7I�0	@� M�G�� �� 7��T � �@ � ��@

 ]� �@�� U9�� ��@  A	��@ I� A���4 7��	E U9�� 	�� :�� K��� .�@��

�@) ���T � 
34 �� (7I�0	@� 7�L  7�.� M��E :�� �� ��E�� 	���;� .�L�@

�� �34 �� �9� ���T � 2��  AG	�� �	�0? 2
��- ����� 
F�B 7�L

 M��E p��/Y 7�
-) 
3��-�����3 ���;� I� (12.87  7���� 7��3��

�0	@� ��E� 7��@ ���;� �@ 7I15.38  M�G�� �� ��E� �@ 7���� 7��3��

 � 7I�0	@�23.88  �� 
F�B �7I�0	@� M�G�� �� ��E� �@ 7���� 7��3��

 M��E 2<�� 7�
-) AG	�� �	�0? 2
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