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K"L MNLPO�QSRUT V;LXW$TXY Z�L\[$]_^`RUacbdReT
f LXK;Y`gcY\h

M8hi]_j�L�YUk�V�lmhenojcacYpTXbqnArts(henouSRUT_bdniRUlvV�T_wSLxOEYUy`Y`jzRN{|hDT_jcaARUl~}8��M���RU�_g�L��P��T�npL W��$V�}9[;rt{�V�}EO
�8RUw`Y`y\RN�;T_b��\hDacgcb�j�y �$RUw\RU^\QXj�h {|Y`T_jcacY`l f y�gcjchi��g$M8hi]Xj�L
��Q_acYUrtnzu_YS�\{JuXbm^�Q_goR�r�^\Q [$bqn.u_bX�\�`��rt�_� ��RU�~L2V���Y`QSRUaA�(�Jhil�bmT
�$RUw`Y`y\R"�\�e�Urt�_�`�P��RU]�ReT ��RU]SRUT �_�D�p ` �OEY`Q_l�Y`Q_gzh��P��aARUTSnoh

¡A¢p£�¤�¥§¦�¨`©�¨_ªi«J¤\¢Uªe¬�­®¤p£�¯p¨`°�£i±z¢�­ £U²p­ ³A´ ªA±�¨_¤�¨\«J¬8¨`©.µ�­ ¡�°�¡A¶ £`·e©D­ ²o¨S­ ³o´ £�´�µ�£�¸º¹»£�¤U«¼²iªe¸q¡.­ ½�¸

¾�¿+À.ÁDÂeÃ�ÄpÁ
O�u_h;RUQ_jcY`��Y`j�b���h;u�yP�PacYer�]_T_hDQ_��RUjcbqn9b�T_jchiw`aARUjch���gcQXgc]�hiTPr
gzbmY`T$��YP��hDl�b�gvT_Y`T_l�b�T_h�RUavÅ�bmjcu"ldRUacw`h���b���hiT_gzbmY`T_geLv[$g2R9n.YpTPr
gzh�Æ�Q_hiT�noh��Dj�uXh9T_Y`T_l�bmTXh�RUa2Ç(ÈÉnoY`T_jcacY`l\��hijcu_YP�PYpl�Y`w`y"�SRUgch��
Y`TÊjcu_h�jcaAR`��b�j�b�Y`TSRUl9K8RU��b�lmjcY`T�r���R`noY`�_y�r���gAR`R`nog-h�Æ�QSRUj�b�Y`TËb�g
b���]_aAR`n.j�bdniRUl\bmT�jcu_b�g�Re]X]_l�bqnDRUj�b�Y`T�L�[8T�RUl�j�hDacTSRUj�b���h�gcYUrtnDRel�l�h��
Z�RUaARe��hDj�hDacbmÌDh��Í�~b�T_h�RUaËs�Rejcacb§Î6��TXh�Æ`Q�RUlmb�jcy�Ï�Z��2s(��ÐÊRU]�r
]XacY\RpnzuÑbmg�]_acY`]�Y`gch���kÒY`a$gzYpl���bmTXw�jcu_b�g$u�ReaA�ÑTXYpTXlmb�T_heRUa;Ç È
n.YpT�jcacY`l\]_acY`�_l�hi�1L�O�u_h9�pRUl�bd��b�j�y�Yek�jcu_hJ]_acY`]SY`gzh���Re]X]_acY\R`nou
b�g�n.YpTPÓSac��h��1T_Y`j�Y`T_l�y(�_y
��hDjzRUb�l�h��ÊReT��(ach�RUl�b�gcjcbqnNgcb���Q_ldR�r
jcb�Y`T_g��_QXj�RUlmgcYË�_yÊhoÎPjchDT_gcb��\h�h.ÎP]�hiacb���hiTXj�geL f ]�h�nob§Ó�nDRUlml�y\�
jcu_h�]XacY`]~Y`gch���TXY`T_l�bmTXh�RUa¼noY`T�jcacY`l���hDj�uXYP��Y`Q_jc]ShDatkÒY`ac��g2jcu_h
��Y`ach$n.lqRUgcgzbqnDRel~kÒhihe���SR`nz^�l�bmTXh�RUacbmÌeRejcb�Y`T
noY`TXj�acY`lSj�henou_TXbqÆ�Q_h\L
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O�uXh�nohiT_jcaARUl9jAReacw`hDj�YUkNT_Y`T_l�bmTXh�RUa�Ç1ÈÕnoY`T_jcacY`l|b�gÑjcYÖb�T�r
jchiacT�RUlml�y�gcjARU�_b�l�bmÌDh�jcu_h�TXYpTXlmb�T_heRUa$]_ldReTXj�Å�u_b�l�h���b�T_b���bmÌDbmTXw
jcu_h�ho×vh�noj�YUk$��b�gcjcQXac�SRUTSnohDg�gcQSn.u�RUg���h�RUgcQ_achD��hiT�j"TXY`bmgzh��
b�T_]XQ_j|��b�gcjcQ_ac�SRUT�nohig$RUTS��Y`j�uXhia|hoÎ_Y`w`hiT_hDYpQXg;gcb�wpT�RUlmg9Å�u_bdnou
b�T��`RUacbqRU�_l�y�Y_ninoQ_a-b�TØ��Y`gcj"RU]_]XlmbdniRUjcbmY`TXg���h�nDReQXgch�YUk9]_ldRUT_j
b�T�jchiaAR`nojcb�YpTXg�Å�bmjcu>j�uXhÑhDT_��bmacY`T_��hDT�jDL�K;Y`ÅJhi��hia��EbmTÙ��hDhi]
n.YpT�jcaARUgcj(Å�b�jcu�l�bmTXh�RUaÑÇ È noY`T_jcacY`l$��hijcu_YX�Pg1Å9uXbqn.u�Reach
Ú hoÎ_bm�Xlmh\�phoÛÑn.bmhDT_j¼RUTS�ÑRUlml�Y`ÅÖjcYNgcY`l��\h$R��_acY\R`��n.lqRUgcgJYekEl�bmTPr
heRea-noY`T_jcacY`l�]_acY`�_l�hi��g���jcu_hiach�RUach�kÒhDÅÉ]_aAR`nojcbdniRUl���hDj�uXYP��g
b�T>T_Y`T_l�bmTXh�RUa�Ç È noY`T_jcacY`l9Å�u_bdnouÙniRUTÖu�ReT���l�h1ach�RUl;hiTXw`b®r
TXhihiacb�T_w�]_azYp�XlmhD��g$Å�b�j�uÊgcb���b�lqRUa�noY`�NkÒY`acj�L���Y`a;gcQSn.uØuSRUaA�
TXY`T_l�bmTXh�RUa�]_acY`�_l�hi��g��\Y`Q_a9Yp]XbmTXbmY`TÑbmg9jcuSRUj|bmj|b�g9YekEhoÎ_jcachi��h
b���]_Y`acjARUTSnohÜj�YËhoÎ_]SY`b�jcgÑjcu_h1gc]�h�n.b®Ó~n�nouSRUaAR`nojchiacb�gcjcbdnog�LÝ��j
b�g�TXYpj��PYpQX�_jtkÒQXl�jcuSRUj�gc]�h�n.bqRUl9gcjcacQSn.j�QXachig�RUT��Ë]XacYp]�hiacjcb�hig
YUk;R(wpb���hiTËnoldRUgcg�YUk;gcy�gcjchi��g�Å�b�l�l|]XlqR�yÜRÜnoacQ�nobqRUlJacY`lmh�k�Y`a
�Phi�`hil�Y`]_b�T_w�R`�Ph�Æ`Q�RUj�h-gcY`l�Q_jcb�YpTÑ��hijcu_YS��geL
O�u_h�]_QXac]SY`gzh�YUk�j�uXh�RUQ_jcY`��Y`j�b���h�u�y_��acYUr�]XT_hiQX��RUj�bdn�bmTPr
jchiw`aARUjch��$gcQXgc]�hiT_gzbmY`T�b�g2jcY9b���]_acY`�`hEj�uXh�acbd��h�noY`�Nk�Ypacj2�_y�Y`b�l
Ú YeÅÉnoY`TXj�acY`lEjcY1noy�lmb�TS�Phia"�Phigc]Xbmjch��SR`��acY�R`��hiTX�\b�acY`T_��hiT�j
Y`a$��bm�XaARUj�b�Y`T_g�bmTÊjcu_h�uXQ_��RUT(gchiTXgcb�j�b���bmjcy(�SRUTS�vL$O�uXh�acbd��h
n.Yp��kÒY`acjNnDReT>��h1hiT_u�ReT�noh��,�_yËRejcjchiT_Q�RUj�b�T_wØ��bm�XaARejcb�Y`TÖb�T
jcu_h8u_Q_��RUT�gzhiT_gcb�jcb��\b�jcy"�SRUTS�~�SReT���jcu_hDachokÒY`ach\�pÇ È n.YpTXjcacYpl
Å�b�jcu�lmY\Y`]Pr�gcuSRU]XbmTXwNgc]�h�nob§Ó�niRUjcb�Y`T_g�b�g|RUT�ho×~h�n.j�b���h|��hDj�uXYX�\r
Y`l�Y`w`y\L�O�u_h�bmTXjchiw`aARejch��1gcQ_gz]ShDT_gcb�Y`TÊbmg���b§×~hiachDT_j;kÒacY`��jcuXh
]XQ_ach�R`nojcbm��h1gcQXgc]�hiT_gzbmY`TÝgzy\gzj�hD�ßÞm�D��à-�_yÖjcu_hÊR`�X��b�j�b�Y`TSRUl
]XachigchDTSnoh�YUk-jcu_h
gchi��b§rtR`nojcb��\h���Rel��`h�Å�uXbqn.uÖhoÎ_u_b��_b�jcg�TXYpTPr
l�b�T_h�RUa�ncu�RUaARpn.j�hDacbmgzj�bdnogeL�O�u_Q_g�jcu_hÑnoY`T_jcacY`l���higzbmw`TÊk�Ypa-jcu_h
b�T�jchiw`aARUj�he�ÑgcQ_gz]ShDT_gcb�Y`TÜgzy\gzj�hD�á�~h�noY`��hDg$bmTXhi��bmjARU�_l�yÜ��b§Û�r

noQXlmj�RUg9j�uXh;achigcQXlmjcb�T_wN��YP�Phil�b�g|T_Y`TXlmb�T_h�RUa9Å9b�jcu�R"ldRUacwph-��b§r
��hiTXgcb�YpT2LvO�uXhiachok�Ypach9jcu_h|n.Y`T_jcacYpl\��higzbmw`T"]XacY`�_l�hi�âuXhiach�b�g+R
��hiacy-n.uSRUl�lmhDT_w`bmTXw8YpTXh|b�T�T_Y`T_l�b�T_h�RUa2Ç(ÈÉn.YpTXjcacYpl�LvZ�hiacu�Re]Xg��
jcu_h���Y`gcj�higzgchiTXj�bdRUl2nou�ReaAR`n.j�hDacbmÌeRejcb�Y`TØYUk9j�uXbmg�noY`TXj�acY`lvgzy\g�r
jchi�ãb�g�j�u�RUj¼b�j�gJT_Y`T_l�bmTXh�RUacb�j�y"b�g|niRUQ_gzh����Xy"j�uXh|gzhi��b§rtR`nojcbm��h
b�T_]_QXjDLJ{|YpTXgcbd��hiacb�T_wNjcuXbmg9gchi��b§rtR`nojcb��\h;b�T_]XQ_j8RUg;RN]�ReaARU��hor
jchia��`j�uXh;gcy�gcjchi��niRUT���h;�\b�hiÅ�he�"RUg|R8k�RU��bml�yNYUk�]SRUaARU��hijchiatr
��hD]ShDTS��hDT_j�l�b�T_h�RUa�gcy�gcjchi��g�Lä��jÑbmg�Å�hil�l9^�T_Y`Å�TÙj�u�Rej�jcu_h
l�bmTXh�RUa���RUjcacb®ÎÖb�T_h�Æ�QSRUl�bmjcy>Ï��2s(��Ð�RU]_]_acY\R`nouÊb�g�RØ��hiacyÜh.kdr
Ó�n.bmhDT_j�ReT��(]�Y`ÅJhDatkÒQ_l�j�Y_Y`l2jcY�gcY`l��\hN�pRUacb�Y`Q_g$]XacY`�_l�hi��g;k�Ypa
l�bmTXh�RUa�gcy\gzjchi��g�b�TSnol�QS�PbmTXw-l�b�T_h�RUa�Ç È ]_acY`�_l�hi��g$Þ  �à�jcuSRUT_^�g
jcY-jcu_h�Re�URUbmldRU�_b�lmb�j�y"YUkvh.ÛÑnob�hiT�j+b�T_jchiacb�Y`atr�]_Y`b�T_j+]�Y`lmy�T_Y`��bdRUl®r
jcbm��h1RUlmw`Y`acb�j�uX��g-kÒY`a�gcY`l��\b�T_wÜgzhi��bd��hoÓ�T_b�j�h�]XacY`wpaARU����b�T_w
]_acY`�Xlmhi��g�Þ ��àtLâ��TåÞ �_���D��à��9Å�h1uSRU�`h1h.ÎPjchiT���h��æj�uXhÊ��s(�
RU]_]XacY�R`nou�jcY�gzYer�niRUlml�h���]SRUaARU��hijchiacb�Ìihe�Ø��s1��g�Ï�Z���s(��goÐ�b�T
Y`aA��hia�jcY�gzYpl���h|�`RUacb�YpQXg¼n.uSRUl�lmhiTXw`bmTXw;]XacY`�_l�hi��g�YUkvl�bmTXh�RUa+acYUr
�_QXgcj�noY`T_jcacY`l�L1O�u_h
]_Q_ac]�Y`gch
YUk$jcu_h
]_achigzhiT_j�]SRU]�hia�b�g�jcY
jARU^\h�R`���\RUT�jARew`h�YUk$jcu_hDgch�achigzQ_l�j�gNj�YÜgzYpl���h�jcu_h�T_Y`T_l�bmTXh�RUa
Ç
ÈçnoY`T�jcacYpl�RUgzgcYPnobdRUjch���Å�bmjcuÊj�uXh�bmTXj�hDwpaARUjch��1gcQ_gc]vhiT_gzbmY`T
gcy�gcjchi�1L6�;Ypjch�jcu�Rej���RUT_yËgcy�gcjchi��gÑl�bm^�h
j�uXh1bmTXj�hDwpaARUjch��
gcQXgc]�hiT_gzbmY`TÍgcy�gcjchi�èÅ�b�jcuékÒhiÅ�gcjARejch��\RUacbdRe�XlmhDgÑachigz]SY`T_gzb®r
�_l�h�YUkNj�uXhÊTXYpTXlmb�TXh�RUacbmjtyê�`hDacyÖk�ach�Æ�Q_hiT�jcl�yæRUacb�gch�b�TÝ]XaARpnAr
jcbqnDRUl�T_Y`T_l�bmTXh�RUa$��YP��hDlmgeL-O�u_b�g$Å8RUg;Y`Q_a���Reb�TØ��Y`jcb��\RUj�b�Y`T
kÒY`a$]XacYp]�Y`gcb�T_w
RUTØRUlmjchiacT�RUj�b���h"RUT��Ñ]_aAR`nojcbqnDRUl+RU]_]XacY\Rpn.u�jcY
gcY`l��\h�TXY`T_l�bmTXh�RUa-Ç È noY`T_jcacY`lEk�Ypa�gcQSnou>noldRegzg�YUk$gzy\gcjchi��geL
O�u_h�]�Y`ÅJhDa"RUTS�Êh.ÛÑnob�hiTSn.yØYek8j�uXh�]_acY`]�Y`gch��Ê��hDj�uXYP�ËRUach
noY`T�Ó�ac��h��,�_yÜacheRel�b�gcjcbdn�gcb��NQ_ldRejcb�Y`T_g��_QXj�RUlmgzYÜ�_yÜh.ÎP]�hiacb§r
��hiTXj�g�Y`T�jcu_h9]_u_y�gcbdniRUlP]XlqRUT_j�LEZ+RUacjcbqn.Q_ldReacl�y\�Uj�uXh;]_acY`]�Ypgzh��
noY`T_jcacY`lvb�g$gzu_Y`Å�T(j�Y�Y`Q_jc]�hiatk�Ypac��g8kÒhihe���SR`no^Ñlmb�T_heReacb�Ì�RUjcb�YpT
noY`T_jcacY`lvRUTS�Ñl�bmTXh�RUa8n.YpT�jcacY`l�jch�nouXT_bdÆ`Q_hDg�L

O�u_h�Y`acw\RUT_b�Ì�RUjcbmY`TÊYUk�jcu_hN]SRU]ShDa�b�g�RUg�kÒY`l�lmY`Å�g�L f h�n.j�b�Y`T
�ê�Ph�RUlmg1Å�b�j�uéj�uXhÊ��YP��hil-YUkNj�uXhÊb�T_jchiw`aARUjch��ÙgzQ_gc]�hiTXgcb�Y`T
gcy�gcjchi�ãÅ�b�j�u�gcY`��h;]_achil�b���bmT�RUacy"gcjcacQSnojcQ_aARUl�ReT�RUlmy�gcb�g�L��;gchor
kÒQXlPjcu_hiY`achijcbdniRUlXnou�ReaAR`nojchiazbmÌ�RUjcb�YpTXg2b�T_�`Y`l��\b�T_w�Z���s1��g+Å�uXbqn.u
Å�b�lmlPnoY`T_gzj�b�jcQ_jch�Y`Q_a2noY`T_gcjcacQSn.j�b���h2jcY\Y`l�g+RUach���hijARUbml�h��$b�T f h�nzr
jcbmY`T(�_L2�\Q_gcjcb§Ó�niRUjcb�YpT(RUTS���\RUlmbd�_RUjcb�YpT�YekEjcu_h-Re]X]_acY\R`nou�RUach
gcuXYpÅ�TÑjcu_acY`Q_w`uÑgcb���Q_ldRejcb�Y`T_g|RUTS�ÑhoÎ_]�hiacb���hiT_jcg9bmT f h�n.j�b�Y`T
�SL
ë�h�noY`TSnol�QS�Ph�j�uXh�]SRU]�hia�b�T f h�nojcb�YpT> 
Å�b�jcuËgcY`��h�achor
��RUac^\g$RUTS�ÑachenoY`����hiTS�XRUj�b�Y`T_g9k�Ypa9kÒQXjcQ_ach$Å�Y`ac^~L

O�u_h9T_Y`jARejcb�Y`TNb�T�jcu_h9]SRU]�hia�bmg�Æ�Q_b�j�h9gcjARUTS�XReaA�vL2�$RU��hil�y_�
ìîíÍ��Y`a8ì ïé�Nk�Y`a�RNgcy�����hijcacbdn-��RUj�azb®Î1ì��P��heReTXg$b�j
b�g�T_hiw\RUjcbm��hÑ��h.ÓST_b�jch�Y`a�]SY`gcb�jcbm��h���hoÓ�T_b�j�h\L1��TËgcy�����hijcacbdn
�_l�YPn.^-��Rejcacbdnohig�Å�h9Q_gzh$ð-RUg|RUT�hDlml�b�]_gcb�g�kÒY`a�jcu_h9jchiac��g�jcuSRUj
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[ Æ�QSRUacjchiatrtniRUa�jchigcj���hDTSnouØÅ�b�jcuËjcÅ¼Y1��hDw`achihig-YUk9kÒachDh���Y`�
b�g;gcuXYpÅ�TÑb�TÜ�2b�wXL��`L;O�uXbmg�gcy�gcjchi� u�RUg$jcÅJY�noY`T_jcacY`l��\RUlm�`hDg�L
O�uXh�ÓSacgcj;YpTXh�b�g;j�uXh�R`nojcbm��h-noY`T_jcacY`l���Rel��`h-Å�u_bdnzuØnoY`T_jcacY`l�g
jcu_hEY`bml Ú Y`Å(k�acY`�6u�yP�PaAReQXlmbdnE]_QX��]�j�Y8gzQ_gc]�hiTXgcbmY`T"n.y\l�bmT���hia�L
O�uXh�gchenoY`TS��Y`T_h�b�g�jcu_h�gchD��b®r�Rpn.j�b���h�noY`T_jcacY`lE�\RUlm�`hNÅ�u_bdnou
n.YpT�jcacY`l�g�jcu_h�noacY`gcg�gch�n.j�b�Y`TSRUl-RUach�RÜYUkNj�uXh(]Xb�]~h1�ShDj�Å|hihiT
n.y\l�b�TS��hDaJRUT���R`ninoQX��Q_ldRUj�Y`a�L�O�u_h-gchi��b§rtR`nojcb��`h��pRUl��`h$RU�`Reb�l�g
jcYNach��PQSnoh-hDT_hiacw`y
noY`TXgcQ_��]Xj�b�Y`T�L

m2

m1

(Body)

(Wheel)

k t

(Tire)

as

q i

(Accumulator)
kg

x0

x1

x2

(Active flow velocity)

(Semi-active valve
 cross sectional area)

�2b�wpQXach����EO�uXh"R`n.j�b���h$gcQXgc]�hiT_gzbmY`T(gcy�gcjchi�
O�u_h�gchiT_gzbmjcb��\b�jcyÜ��ReT��>bmg�jcu_hÑl�b���bmjche�Ëk�ach�Æ�Q_hiT�noyË�SRUTS�
Å�b�jcu_b�T�Å9uXbdnou"u_QX��RUTNb�g���Y`gcj¼gzhiT_gzbmjcb��\h;RUTS��b�j¼b�g¼RUgzgcQ_��he�
jcYØaARUT_w`h�kÒacY`� �(jcY��pK;Ì�LêÞ��D�DàtLÜëæb�jcuËjcu_h(RUgcgzQ_��]_jcb�Y`T_g
jcuSRUj$jcu_h�Y`b�l�bmg-b�TSnoY`��]Xachigcgzbm�Xlmh���jcu_h�R`nojcbm��h�n.Y`T�j�acY`l��`RUlm��h
RUT��"jcu_h9w\RUg�gc]_acb�T_wNnzuSRUaAR`nojchiacb�gcjcbdnog�niRUT���h;lmb�T_heReacb�Ìihe�~�`j�uXh
R`nojcb��`h�gcQ_gz]ShDT_gcb�Y`T(��YP��hilEniRUT(��h$achi]XachigchiTXjch���RUg���� 
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