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89,]�3,±� 8,±,�f 8,[T,\,.% »Þ\,.% £¥j,�

�&%+x,.% S� Ù@,�,m (Pendulum) �Zo\,�,R

8Ñ3,¦ ,#$39,�,.% £E9,� À9,]j,� �C ��,C>%

y%$3,9,�,.% o,\,� �.+,,[,.% ük$a,x,.% µ3,\,,¶�

�#=9��.%

8mo9]�� =Ñ3\� 8[T\.% »Þ\.% �o¼x��

£Û2 ,#�o,@,2 8,9,E,9,~3E,9,2 Ú=,[,f 8,�,R=,2

8,[,�%+,f 8,],�,x,g% èf%+,\,,.% 8,�+,¥,¤,2

�C 3¥R ,/mPf #a�j2 8mPR=2 #=§ 8~%+[��

#�3,,Y Z� ,(Citroen 2CV-1944) #$3,9,,�

(Hollow rubber spring) 82=¼2 89,^3[2

��§ ß=,@x,m �� 3°,],¦%of £:3,�. ü¥,�,�

#=-9Öx2 8-~Z=2 3--°,��E9. =9�.% ®Z=,�

¸ (Hydrolastic)  69x,�|Z$o,9� �3,Þ,~ ¸

Z� ,(Morris1100) #$3,,,,9,,,,� �C 3,,,,¥,,,,R

¬&3,×Z$o,,9,,� �3,,Þ,,~ &3,× �%o,,¼,,x,,�3,,f

#$3,,,--9,,,� �--C 3,,,---¥,,,,R (Hydrogas)

�(Austin allegro)

y%$3,9,�,,],. (Citroen) 8,R=,â /23,,4

�¾¦ 8,[,,T,,\,,.% »Þ,,\,.% ¿7,,� =,,m+,,[,x,,f

É©3� #ojf �Ì3g% �=�,.% S2 y39\9j,��.%

GS#$39� �3Þ~ S2 Ç%µ%oxf% ,89�32+9~Z$o9�

Ï9,,,x,,,R�Z$o,,,9,,,�í �3,,,Þ,,,~  .¯ (1973) 

S2 $+@2 £R Ú+,C �+E,xm ´7,.% ,III1999)

8mZ=,R y%+�,� �¾¶ S2 ,y¾¤j,.% $Z3@,2

/mP.% �m&+,� �C 3,°x,[,�%+,f »E@,x,.% »x,m

�ïÃí £Eâ , 8---¥Þ\g% 8--9R=�% 843[.%Z

�22��D22J22�22�� 8��w22�22�� 5)22���W22�
,)2222�2222< �2222+ �m ,(Active systems)
).�2��27 E�|� ^S`2�2� ��27��2�� 8w�2��27
,)�2} �
2H
2��A#
2$� �
2H
2��H2
+ �2W�2�
,(Reactives) k<)�D�� ���+ ��9��2�L�7
k�����<)22���D22�22� "�22����22����222���} �m
 n�%� PH� ,(Road driven systems)

nk<)D�� ���Y C]Y ^J� k
��} ��w� �%� PH� < 

,�.Ü% ��3@,]. ��%+,.% $3T,x,~|% ¬��

y3Î3j,g% �%o¼,x�%  .¯ y3,\9,~3¥,Û.% �¾¦

y3�3��%Z  (Microprocessors) 8�94o.%

µ3,T,~¯ �C (Transducers) 8,9,~Z=,x,E,,.Ó%

8[,�%+,f 3�7,9,±,\�Z �.Ü% »,E@,x,.% #$3,â¯

y323,¥,ÑZ(Actuators) 8],Ö,T,2 y%o,§Z

»Þ,\],. ü�,Ñ� %7,°,fZ ,8,j,m=,� (Valves) 

�C �m=�.%Z ��%7.% =99Öx.% 89~3E2¯ 8[T\.%

=9,�,.% ­� ��,§ 89,:3,mP9,±,.% 3,°Ñ%+,¦

�#$39�.% ß=Å µ3\¶�Z

�¤,m �x,.% 8,,9,\,±,.% y3,,�,],[,,x,g% S2Z

,o9k ­T~ À9,]j�  ],� �+�@,]. 3°,�9�,Å

 :�]m 32

89E9.Z$o9°.% y323¥�.% £¥j� �� �¤,m ¸�

$3¥,êg% %7,� �C 8,2o¼,x,�g% 8,9,:%+°,.% Z�

�£^$ Ä��� #+4 S,� £�� | ­,ÖÌ #+,�,f

�8jf=2 8Ñ+f

�.3,,¥,,,kÓ% S2P,,.% �+,,,E,,m �� �¤,,,m  ¸Ã

����S2 £4� =,9,Ö,x,g% o,¥,æ% 8,f3,¤,x,�|

�%o¼x,�3f �|¯ á,�9�,Å »x,m S. %7�Z ,8,9~3,¶

8j,m=,� 8,Î3,j2 y%o,§ZZ »E,Å y%o,§Z

3,°,�=,,CZ �x,.% 8,�+,,¥,ã% £Û,,2 ,#$3,â�.

£¥,,,,j,,,,� �x,,,,.%Z (Motorola) 8,,,R=,,,,â

89\2& 8f3,¤x�3fZ P,�=9� 3¤,92å�8�=�,f

�89~3¶ ����S� £��

 .¯ 8,[,T,\,.% »Þ,,\,.% Ï9,\,�,� SE,,²

:3¥� ,�x�+¥¤2

P+�H�� ��J��� 5�� 8w��� <
£-23,E.% ò3,T,\,.% y%© »-Þ,\,.% ®=,j,�

8j,m=�,.% »Þ\,.3,f (Full active systems) 

�--�%+,.% ´��=,,--x,.% Ú3,,--[,\,,.% y%© Z�

6,,.©Z ,(High frequency bandwidth)

£R �2 ¢Z3,¤,x,.% 3,°,x,�3,[,,x,�% �C 3,°,~>

89,E9,23\,mo.% 8,R=,�% ��x,� �x.% y%��=,x,.%

�f 3,2 àZ%=,x� �x,.%Z ,#$3,-9,�.% ®%=,^>

�8f7f© �Ð ¸  ��Ã

S2 £R èm+,j,,x,f »Þ,,\,.% ¿7,,� �+,�,,�

,(Damper) o,,¥,,æ%Z (Spring) èf3,,\,,.%

SE² ,ÉZ�P2 £jC á. À9]jx]. o§%Z =�\jf

��§  »E,Å #o§Z 8,[,�%+f á9,C »E@,x,.%

�=9�.% ®Z=� y3�][x2 3°9]¥� �x.% 8k3�%

£23E.% ò3T\.% y%© »Þ\.% 89.3jC À]jx� 

®=,^ S2 8,,§3,,x,g% 8,,�=,,�,.3,,f 3,,�3,,��

o,m+,,\,,9,.+,,� S2 �+,,E,,x,� ¸ y¾,Ö,T,,g%

(Cylinder) 8,,,~%+,,,[,,,,�% Z� (Solenoid) 

£Eâ ,�%P¼,f #�ZP2 8¼,ê2 3,°9C »E,@x,�

á9],�Z ,3,°,j�,x,� �x,.% y323,¥,�,.%Z ¸ ïÄí

»Þ,,j,,,2 yP,,R$

�Û,§3�,.% �+°,k

�,,�o,,,\,,°,,,g%Z

%7� �C �,]23,j.%

�Z� �C ¸ �%o9g%

 ],,,,� ̧  =,,,,,2>%

&3,ë¯ 8,,9,,±,,9,,R

y¾Ö,,,,,,,T,,,,,,,2

o,j,�Z ,8,j,m=,,�

y3,,23,,,¥,,,�,,,.%

S2 89E9.Z$o9°.%

�x.% y%o,§+.% »,�� n ��� PH� < 
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������ ������xx  �

n����� �;`j "��+ k
��} ��w� �'� PH� < 

®Z=Þ,. ´o�,x.% 8,9~3,E2¯

8,�=,,� �2 ,Ç%o,,k 8,9,,�3,,4

�8�3��»RÄ��  3�$o4

y%© 8,¥,Þ,~>% �],,[,x,�

Çµ3,ê,,C £23,,E,.% ò3,,T,\,,.%

,y¾¤,j,,.% �+,,§ Ç3,,j,,�%Z

8,,,,,43,,,,,,^Z ,ïÐí £E,,,,,,â

S2 8,],,:3,� 8,,9,,E,9,,23,\,,m�

89,E,9,.Z$o,9°,.% y3,¼,ê,g%

843[.% omP� Ù9@f ,8,]ÖTg%

8.3,§ �C 8,\,�,§� 8,jf$� S,�

8.3§ �C 8,\�,§� 8j,��Z ,8,¥�3,\.% Ú=,[.%

�8\T½% Ú=[.%

^!��L� ��J��� 5�� 8w��� <
­�+,x,g% ò3,T,\,.% y%© »Þ,\,.% ®=,j,�

y%© Z� 8È,9[,�.3,f (Semi active systems) 

32 àZ%=xm ´7.%Z ,�Zo,Õ% ´��=x.% Ú3[\,.%

,ïP,�=,� �¸Ä í y%$Z� �f$�  ,.¯ �¾¶ �,f

´o9]�,� =�\,� �%o¼x�%  ,]� #�3� o¥,j�Z

,�\2� ��,�,. Ç39,.ý =,99,Ö,x,]. £f3,4 =,�\,�Z

=9,Ö,x,g% +,� è�,\,.% =,�,\� �+,E,m Ç¾Û,¥,C

�ºEj.% Z� /f3¶ �3¥¦Ó% =�\�Z

è�\.% £23� �C ¸ #�3� ¸ £moj,x.% »xm 

Z� èf3,\,.% 6],� =,[,4 =,9,9,,Ö,� Àm=,^ S�

(Pneumatic) �:%+� è�~ =�\� 8,C3Ìõf

S� »x,9,C �3,¥,¦Ó% £23,,� �C £mo,j,x,.% 3,,2�

 �y323¥�.% y3@xC �C =99Öx.%  Àm=^

�C èf3,\,.% �� =,R7,.3,,f =,mo,Î% S2Z 

­�+,,x,g% ò3,,T,,\,,.% y%© »Þ,,\,,.% »Þ,,j,,2

,/f3Û.% =�\j.% +� �+E,m Ç39.3§ 82o¼x�,g%

=�,\,�Z ,#$3,9�,],. o,9Î% £,¥�% £k� S,2

�ïåí £ET.% ,=9Öxg% +� �3¥¦Ó%

ò3T\,.% y%© À9],jx,.% »Þ~ �9,[x,�� | 

,�ZoÕ% ´��=x,.% Ú3[,\.% y%© Z� ­,�+x,g%

89,E,9,23,\,mo,.% y%��=,x,.% �,2 �|¯ ¢Z3,¤,x,.%

8,R=,�% �2 ��3,\,x,� �,x,.%Z 8,ê,±,¼,\,,g%

�8f7f©�¸Ä ´� ,#$39�.% £E9°. 89,E923\mo.%

#$39�.% 8R=,§ <=jx� 3,2o\� á~õC ,á,9]�Z

á~õC ,8,f7f©�Ð¸ �� 8,j,±�=,2 y%��=�  ,.¯

8,R=,,§ �C ��,,T,,� 8,,9,],,¥,,� 3,,°,. �o,,Å

S2 ´o9,]�,x,.% ®=[,.%  ��,mZ ,y3,23¥,�,.%

| %7.Z ,À9]jx.% 8¥,°Y ¿�=±Y Ç3¥:3,4 �3Þ\.%

Ç39f3¤m¯ Ç%=9,¶a� »Þ\.% �+k+. �+,Em �� SE²

+� 3,¥,R ,=,9,�,.% 82¾�Z S,2�  ]� Ç%=,9,�,R

,8-9,.Z>% »,-Þ,\.% 7,-9,±,\,� �C /,2o,¼,x,�%

�ï�í £-Eâ

y%© 8,,¥,,Þ,,~>% S2 É©+,,,� &3,,ë¯ � 

�¾--¦ à3,--¤,\,f £,--23,E,.% ò3,---T,,\,.%

#$3---9,--�  --],� ���éç ¸ éÄ #=,x,±,.%

Ú3,,�,,,�,,. 8,,,�,,�,,,æ% (Lotus Esprit) 

89\�,x]. o],9±~%=,R o°j2 8,[�%+f y%$39,�.%

�o¼x�% Ù9§ ,þ3,�E� 8m|+,f �$+Cof �C

8Î3j2  ]� �\,�2 $+[x,2 »EÅ �3Þ~ 3,°9C

8R=,§ S� 8,ä3,\,.% y%$3,âÓ% £E,. 8,�,9,4�

�é S2 »E,@,x,.% �3,Þ,~ �+,E,,x,m �#$3,9,�,.%

89E9,.Z$o9� y¾Ö,T2Z �~Z=x,E.¯ þ3�,§

�%=9,[,.% 8,�3\,Ñ á�$+,^ ´7,.% &%=,[.% S,2

�C y3,23,¥,Ñ �2 ,8,,¶3,±,\,.% y3,,R=,@,¥,],,.

#$Z� ÃÐ� �ojY À]Ö.%Z üx±.% 3°,x�3[x�%

�89~3Û.% �C

%=9ÛR £23E.% ò3T\.% y%© »Þ\.% /4+±,� 

#=,x,±,.% �¾¦ ,8,mo,9,,],�,x,.% 8,¥,,Þ,~>%  ],�

(Formula-1)  Ú3,,,,�,,,,� �,C �����¸�Ã

ük$ax,.% y|3,§ o,\,� 8,Ñ3,¦ ,y%$39,�,],.

�k3±g% Ï4+,x.% o,\�Z ,y%$39,�],. ��~3,Î%

3°. ���  ],� 3êm� /,\�=f 3,¥R ,y3±,[j,\g%Z

�#;�]< k
��} ��w� �&� PH� < 
n �
H
��A#
W�� 5�+��F��

3¥�~¯Z ,£23,E.% ò3T,\.% y%© »Þ\,.% �C �3�%

À],j,x,g% �~3,Î% º² ­�,C 3,,°,¥,��  �,�,m

�£-m3¥x.% 8-°k%+2Z ,¢3--R=.% 8-§%=f

ò3,T,,\,.% y%© 8,,¥,Þ,,~>% /2o,¼,,x,,�% 

8Ñ3,¦ y%$3,9� #o,� �C à3,¤\,f ­�+,x,g%

,89¥]j.%Z 8,m=E�j.% y%$3,9�.% £Û2 ,823,�Z

#$3,9,� £Û,2 #=,¦3,±,.% y%$3,9,�,.% èj,,fZ

,(Cadillac) : -. 8,j,,f3,x,,.% (Seville STS) 

8,,,R=,,,T,,,. (Activa Xantia) (#$3,,,9,,,�Z

#$3,,,,,,,,,,,,9,,,,,,,,,,,,�Z ,(Peugeot-Citroen)

 ]� =°Þ,� �x.% (Mercedes2000CL500) 

µ3\¶� 39,�C� 8m+,x�2 ïéí £E,T.% �C $3�,9.%

�\@\� 3,¥\9,f ,ïÏ].% 89,]¥�í ¿3,ä|% =99,Ö�

 ]�í ´�3,� À9,],j,� �3,Þ\,f #�ZP,g% 3,°,x,¦�

�8�=�.% º±\f 3êm� �Ï]�� �x.%Z ï�¥9.%

y%© »Þ,\,.% »Þ,j,2 �o,,¼,x,�,� Ç3,9,.3,,§ 

y3,,,--23,,,¥,,,Ñ ­,�+,,,x,,,g% ò3,,,T,,,,\,,,.%

8--9,E,9,~3E,9,2Z=,°R Z� 8,--9,E,9.Z$o,--9,�

(Hydraulic  or electromechanical valves)

£¥j.% %=¦¹2 �of SE.  ,=9Öx2 �3¥¦¯ À9�@x,.

E3 5Gz��� 	�Y �!���� p�`��� ��� PH� < 
n ��<)]�� ��w�-�

»E@x.% y323¥Ñ�%P¦8¼ê2

»R=2

�±]½% »E@x.% �3¥Ñ

n ��<)]�� ��w�-� E3 5Gz��� 	�Y �!���� p�`��� �x� PH� < 

»E@x.% à3x±2<=� 8â3â

89~Z=xE.Ó% »E@x.% #o§Z

89232>% 8§+].%
o¥¼2

o¥¼2

�+\9.+� �3¥Ñ

y3�3�§

y3�3�§»E@x.% #o§Zy3�3�§

»E@x.% y323¥Ñ

­Öê.3f

#$39�.% £E9�

�E9.Z$o9� £ÖT2

8]¤�

èf3~

»�o.%

/m& 8¼ê2
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8,-9,,E,,9,~3,,-E,,9,2Z=,,°,,E,.% y3,,23,,¥,�,,.%

o,,,,-mP,,,,� (Electromechanical Valves) 

�Ï].% µ3\¶� 89~3¶ ����  --]�

y3�3,�,�% »Þ,j,2 �� ¿=,R© $o¤,m 3,î

�+E� �� �¤,m �3ã% %7,� �C �+9,.% 8f+,][,g%

»E@,x,.% #o§Z /~3,R %©¯ 8,Ñ3,¦ ,89,~Z=,xE,.¯

,À94o.% 8Î3jg% ñ+~ S2 82o¼x�,g% (MCU) 

8��,\.3f #=,9�R 3,°x9,�3�§ �+,E� �|� �¤,mZ

®%=^� 8,R=,§ S� }x,\� �x,.% y3,T,m+T,x,],.

ß=Õ% �%$Z� 8Ñ3,¦ ,#=�x,jg% =9,× #$39�,.%

º±~ �C �+,E� �� �¤,m ´� ,#$%=�% 8,k$�Z

8,-9,4+,¶+,,2 y%©Z (Robust) 8,\,9,x,2 /4+,,.%

 �89.3� (Reliability) 

�3¤2 �C �]23j.% µ%=�½% S,2 =9ÛR ¬=m 

�x.% ¬=,�E,.% 8f+,j�,.% ��� y%$39,�.% À9,]j,�

À9]j,x.% »Þ~ 7,9±\,�Z »9¥�,� �C 3°~+,°k%+,m

=,9,9,�,�Z �ÌZ �C 3,�3,�� S¥,,E,� ­T,\,.%

�8f+][g% y3�3��%

8f+][g% y3�3�,�% ñ%+~�Z �o� Ï]x¼,m 

®Z=�Z #$39�.% #+4Z »¤,§ ®¾x¦3f Ç%=9Û,R

#$39,�  É©+� �C �o,¼,x�% ,¾Û,¥,C �=9,�,.%

:�� ,Ç3�3,�§ =,T,� 89,~3¥,¶ (Lotus Esprit)

£E9,� ñ3±,�$% þ39,�. y3,�3�,§ 3°,\28,j,f$�

y3,�3,�,§ 8,,x,�Z ,<$>%  ],,� #$3,9,�,,.%

89k$3½% ®%=^>%  ],� ñ$3�x.% #+4 þ3,9�.

�8�=�]. o§%Z þ3�§Z ,#$39�].

&����:���+�	
 /���;��+	
 <�������= 
�x.% À:%+j.%Z ¢+9,j.% S2 omoj,.% ß3\�

:3°\2 ,8[T\.% »Þ\.% �%o¼x�% S2 £]��

��E� ò=,±2 £�3±,x. 3~3,9§� 3°,Ì=j,� ¸�

á~&%+� �3Þ\.% o,�±m 32o\,� ük$ax]. »�o,2Z

8[\â �+E� 32o,\� Z� ,�%o¼x�|% #=ÛR �,2

 �£9�¶ �&+f 8]¥@2 89±]½% #$39�.%

�8jm=� y¾ÖT2  ]� �+��% 8f+jÑ ¸Ã

S2 8j�%Z 8E�â =,99��Z &3ë¯ 89,±9R ¸Ä

8]f3�.% »E@,x.% y%$3â¯ µ3T~Ó y3,�3��%

y%o§ZZ 8�94o.% y3Î3jg% 8[�%+f 79±\x],.

 �£9ÖTx.%

3�3�� 3,°],¥�Z 3,°�9,R=� �C 3,��3¥,x�% ¸�

£[� £�@m 3,2o\�Z ,»E,@x.% y%o,§Z  ]�

=9× #$3,9�.% ü�,�� #=,9¦>% ¿7°,. �k3±,2

 �%�o°2 ¢3R=.% S2�Z %o9k 8.+¥@2

&����0���0���:5 �
������:���
3°x,2o4 8,.3j,CZ #=�,xj,2 y3¥,�3�,2 ß3\,�

�3ã% %7� �C Ù@�,.% PR%=2Z y3,j23Î% èj,f

¸: 3°\2

=m+[� #o@xg% y3,m|+.3f Zo9.+� �,C � ¸�

#�32  ,]� /,�Û,2 3,ê,f3,~ �o,¼,x,�,m �3,Þ,~

32o\� Ù9@,f (Piezoelectric)  89f=°RZP9,f

ïoT.%í ­Öê.% 89,]¥�  .¯ èf3\.% <=,jxm

#�3,,,g% o,,,�,,,±,,,,�Z� ��,,,E,,,,� µ3,,,¦$Ó% Z�

�.3x.3fZ 89:3,f=°R y3\@,â 89f=°RZP9,9�.%

Àm=,^ S� Z� 3,9,~Z=,x,,E,.¯í »E,@,x,.% SE,,²

�C =9,9Ö,x.%Z 3,°x,.3§  C ï8,ä3\,.% 89,x],±.%

8k3�% ��,§ ,èf3\,]. �:3,mP9,±.% £23,jg%

 � 8f+][g% =9�.% ®Z=�Z

8,j,,23,¤,,f (Suda) y%=,�,,x,¼,,2 �C � ¸Ã

8,Û,mo,,§ 8,9,],,¥,� 8,,�,m=,^ �ÌZ +,,9,R+,,^

®=,^ S2 #�o,�,g% 8,43,[,.% S2 #�3,±,x,�¾,.

�C 8j,:3Ì ¸ À,9],jx,.% 8,¥°,2 µ3,\¶� o,¥,æ%

=¥x�2 $3,9xf £¥jm ß=,@2 8m7Öx,. ¸ #�3j.%

89C3R 89:3f=°R 8,43^  ]� �+��%Z (DC)

�-C »-E,@,,x,.%Z ­-9,,T,\,,x,.3,,f ü--¥,,�,�

 �À--9]jx.% 8--¥-Þ~�

/-],,,±,,,,m� 8,,,-j,,,,23,,,k /,-],,,Ñ+,,,,� ¸Ä

#o--@,xg% y3,----m|+,.3f 8,--9k+,.+,\E,x,.%

É©+,,--� &3,,---ë¯  ,.¯ 8,,--9,,,R=,,9,,,2>%

o,----°,j,--Y µ%o,-----x,4¯ ,£--23,,-E,-x,2

(Cranfield Institute of Technology UK)

#=x±.% �¾¦ á§3ë ojf áx,j¥� /�%© ´7.%

�3,Þ,~ =,m+,,[,�Z &3,ë% �,C ����¸��é�

É©+--�  -]� £23E,.% ò3T\,.% ´© À9]j,x.%

.(Lotus Esprit) #$3--9�

µ%�>% �C 8,~$3,,�,2 ï�í £,E,T,,.% �,�,,m

8�,�,\,.3,f ¿3äÓ% =,9,9,Ö,� µ3,\¶� ï£,m3¥,x,.%í

­T\,.% À9,],j,x,.% �3Þ,\,f #�ZP,g% #$3,9�,],.

��]�.% �3Þ\.3f £¥j� �x.% 3°x,¦� Z (DAS) 

.(Passive)
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,(Electror magnetorheological fluids)
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(Lord Mechanical  Products) 8R=â /f=,k 
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