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ABSTRACT

7ZR�FRPELQHG�IRXU�EDU�PHFKDQLVPV�KDYH�WZR�IXQFWLRQV�� OLIW�DQG
FROODSVH�� � ,Q� WKH� FXUUHQW� GHVLJQ�� KLJK� HIIRUW� ZDV� IRXQG� IRU� WKH
FROODSVH� IXQFWLRQ�� � $[LRPDWLF� 'HVLJQ� ZDV� XVHG� WR� DQDO\]H� DQG
RSWLPL]H�WKH�FXUUHQW�GHVLJQ���7KH�FXVWRPHU�GRPDLQ�ZDV�PDSSHG
LQWR�WKH�IXQFWLRQDO�GRPDLQ�E\�VSHFLI\LQJ�FXVWRPHU�QHHGV�LQ�WHUPV
RI � IXQFWLRQDO� UHTXLUHPHQWV� �)5V�� DQG� FRQVWUDLQWV� �&V��� � 'HVLJQ
SDUDPHWHUV��'3V��ZHUH�LGHQWLILHG�LQ�WKH�SK\VLFDO�GRPDLQ�IRU�HDFK
IXQFWLRQDO� UHTXLUHPHQW�� � 'HVLJQ� PDWULFHV� ZHUH� WKHQ� GHILQHG� WR
FKDUDFWHUL]H�WKH�SURGXFW�GHVLJQ�>�@�

7KH� WZR� FRPELQHG� IRXU�EDU� PHFKDQLVPV� KDYH� WZR� IXQFWLRQDO
UHTXLUHPHQWV� DW� WKH� KLJKHVW� OHYHO�� OLIW� DQG� FROODSVH�� � 7KH
FRUUHVSRQGLQJ�'3V�DUH�OLIW�IRXU�EDU� OLQNDJH�DQG�FROODSVH�IRXU�EDU
OLQNDJH���7KURXJK�]LJ]DJJLQJ�WR�GHFRPSRVH�WR�WKH�QH[W�OHYHO�� WKH
GHVLJQ�ZDV� IRXQG� WR� EH� FRXSOHG�� �$W� WKLV� OHYHO�� D� WRUVLRQ� VSULQJ
ZDV� VHOHFWHG� DV� WKH�'3�IRU�PLQLPL]LQJ� WKH� OLIW� HIIRUW�� �+RZHYHU�
WKLV� '3� ZDV� DOVR� IRXQG� WR� DIIHFW� WKUHH� QH[W� OHYHO� )5V� IRU� WKH
FROODSVH��WKH�IURQW�OHJ�URWDWLRQ�� WKH�UHDU� OHJ�URWDWLRQ�DQG�WKH�IORDW
OLQN�UROOLQJ���7KLV�FRXSOLQJ�JUHDWO\�LQFUHDVHG�WKH�FROODSVH�RSHUDWLRQ
HIIRUW�EHFDXVH�WKH�VSULQJ�ZDV�XVHIXO�IRU�WKH�OLIW�IXQFWLRQ�EXW�ZDV�D
KLQGUDQFH�IRU�WKH�FROODSVH�IXQFWLRQ�

7KH�GHVLJQ�ZDV�GH�FRXSOHG�E\�DGGLQJ�WZR�ORFNV��ZKLFK�DUH�FDOOHG
IORDWLQJ�OLQN�ORFN�DQG�IURQW�OHJ�ORFN��DQG�DQ�H[WUD�SODWH�ZKLFK�LV
FDOOHG�ORFNLQJ�SODWH���7KH�QHZ�PRGLILHG�GHVLJQ�FDQ�LPSURYH
FXVWRPHU�VDWLVIDFWLRQ�EHFDXVH�ZKHQ�WKH�UHDU�ORFN�DQG�WKH�IORDWLQJ
OLQN�ORFN�DUH�UHOHDVHG��WKH�WRUVLRQ�VSULQJ�ZLOO�DVVLVW�WKH�OLIW��DQG
ZKHQ�IURQW�ORFN�DQG�IURQW�OHJ�ORFN�DUH�UHOHDVHG��WKH�WRUVLRQ�VSULQJ
ZLOO�QRW�UHVLVW�WKH�FROODSVH�

.H\ZRUGV��$[LRPDWLF�'HVLJQ��'HVLJQ�2SWLPL]DWLRQ��)RXU�EDU
0HFKDQLVP

1 INTRODUCTION

7ZR�FRPELQHG�IRXU�EDU�PHFKDQLVPV�DUH� FRPSRVHG�RI �IURQW� OHJ�
UHDU� OHJ�� JURXQG� OLQN�� IORDW� OLQN�� UHWUDFW� OLQN�� VL[� KLQJHV�� WRUVLRQ

VSULQJ��IURQW� ORFN�� DQG� UHDU� ORFN�� �/LIW� DQG�FROODSVH�IXQFWLRQV� DUH
UHTXLUHG�� �,Q�WKH� OLIW�PRGH�� WKH�IURQW� OHJ� LV�D�IL[HG�OLQN��ZKHQ�WKH
UHDU�ORFN�LV�UHOHDVHG��WKH�IORDW�OLQN��WKH�UHWUDFW�OLQN��DQG�WKH�UHDU�OHJ
FDQ�EH� OLIWHG�� WKH� WRUVLRQ� VSULQJ� LV�XVHG� WR� DVVLVW� WKH� OLIW�� � ,Q� WKH
FROODSVH�PRGH�� WKH�JURXQG� OLQN� LV� D� IL[HG� OLQN�� WKH� IURQW� OHJ�� WKH
IORDW� OLQN�� DQG� WKH� UHDU� OHJ� FDQ� EH�FROODSVHG�� � )LJXUH� ��D�� �E�� �F�
VKRZV� WKH� WZR� FRPELQHG� IRXU�EDU�PHFKDQLVPV� DQG� KRZ� WKH� OLIW
PRGH�DQG�WKH�FROODSVH�PRGH�ZRUN�

Figure 1 (a) Two Combined Four-Bar Mechanisms in Design
Position
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Figure 1 (b) Two Combined Four-Bar Mechanisms in Lift
Mode

Figure 1 (c) Two Combined Four-Bar Mechanisms in Collapse
Mode

2 DESIGN ANALYSIS USING THE
INDEPENDENCE AXIOM

7KH� WZR� FRPELQHG� IRXU�EDU� PHFKDQLVPV� ZHUH� WUHDWHG� DV� RQH
V\VWHP�� � 7ZR� IXQFWLRQDO� UHTXLUHPHQWV� DW� WKH� KLJKHVW� OHYHO� ZHUH
LGHQWLILHG�LQ�WKLV�V\VWHP�

)5�� �/LIW
)5�� �&ROODSVH

7KH� FRUUHVSRQGLQJ� GHVLJQ� SDUDPHWHUV� WR� VDWLVI\� WKHVH� IXQFWLRQDO
UHTXLUHPHQWV�DUH�

'3�� �/LIW�IRXU�EDU�OLQNDJH
'3�� �&ROODSVH�IRXU�EDU�OLQNDJH

7KH�GHVLJQ�HTXDWLRQ�PD\�EH�ZULWWHQ�DV�
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7R� UHDOL]H� WKH� GHVLJQ� H[SUHVVHG� E\�(TXDWLRQ� ����� '3�[·V� VKRXOG
QRW�DIIHFW�)5�[·V��DQG�VLPLODUO\��'3�[·V�VKRXOG�QRW�DIIHFW�)5�[·V�
+RZHYHU�� LQ� WKLV� GHVLJQ��'3����ZKLFK�ZDV� VHOHFWHG� WR�PLQLPL]H
WKH� OLIW� HIIRUW�� GRHV� DIIHFW� )5���� )5���� DQG� )5��� EHFDXVH� WKH
WRUVLRQ� VSULQJ� ZDV� KHOSIXO� IRU� WKH� OLIW� IXQFWLRQ� EXW� ZDV� D
KLQGUDQFH�IRU�WKH�FROODSVH�IXQFWLRQ�

 3 IMPROVED DESIGN USING DE-COUPLING

7KH�FRXSOHG�GHVLJQ�FDQ� EH� GH�FRXSOHG� E\� DGGLQJ� D� IORDWLQJ� OLQN
ORFN�� D� IURQW� OHJ� ORFN� DQG� D� ORFNLQJ� SODWH� DV� VKRZQ� LQ� )LJXUH� ��
7KH� QHZ�PRGLILHG� GHVLJQ� FDQ� LPSURYH� FXVWRPHU� VDWLVIDFWLRQ� E\
UHGXFLQJ�KLJK�RSHUDWLRQ�HIIRUW�IRU�WKH�FROODSVH�PRGH�� �:KHQ� WKH
UHDU�ORFN�DQG�WKH�IORDW�OLQN�ORFN�DUH�UHOHDVHG��WKH�WRUVLRQ�VSULQJ�IRU
WKH� OLIW� HIIRUW� ZLOO� DVVLVW� WKH� OLIW� VLQFH� IURQW� OHJ� ORFN� ORFNV� WKH
WRUVLRQ�VSULQJ�DQG� ORFN�SODWH� LQWR� WKH�IURQW� OHJ�� �:KHQ� WKH� IURQW
ORFN�DQG�WKH�IURQW�OHJ�ORFN�DUH�UHOHDVHG��WKH�WRUVLRQ�VSULQJ�ZLOO�QRW
UHVLVW� WKH�FROODSVH�VLQFH�WKH�WRUVLRQ�VSULQJ�DQG�WKH�ORFN�SODWH�ZLOO
EH�ORFNHG�RQ�WKH�IORDWLQJ�OLQN�

Figure 2 Locking Plate, Floating Link Lock and Front Leg
Lock in the New Design
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