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ABSTRACT

7KH� ORFDWLRQ� RI � FXS�KROGHUV� DQG� DVKWUD\� RQ� YHKLFOH� LQVWUXPHQW
SDQHO� FDQ� DIIHFW� LQVWUXPHQW� SDQHO� DSSHDUDQFH� DV� ZHOO� DV� FXS�
KROGHU�DQG� DVKWUD\� IXQFWLRQDOLW\�� �$[LRPDWLF�'HVLJQ�ZDV� XVHG� WR
DQDO\]H�DQG�FRPSDUH� WKH�GHVLJQV�RI �FXS�KROGHUV�DQG�DVKWUD\� IRU
WKUHH� ����� PRGHO�\HDU� IXOO�VL]H� SLFNXS� WUXFNV�� � 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� �'3��ZHUH� LGHQWLILHG� LQ� WKH
SK\VLFDO� GRPDLQ� IRU� HDFK� IXQFWLRQDO� UHTXLUHPHQW�� � 'HVLJQ
PDWULFHV�ZHUH�WKHQ�GHILQHG�WR�FKDUDFWHUL]H�WKH�SURGXFW�GHVLJQ�>�@�

7KH�DVKWUD\�DQG�FXS�KROGHUV�DUH�WUHDWHG�DV�RQH�VXE�V\VWHP�RI �WKH
LQVWUXPHQW�SDQHO�� �7KHUH� DUH� WZR�IXQFWLRQDO�UHTXLUHPHQWV� LQ� WKLV
VXE�V\VWHP�DW� WKH�KLJKHVW� OHYHO�� VWRULQJ� DVK�JDUEDJH� DQG� KROGLQJ
FXSV�� � 7KH� FRUUHVSRQGLQJ� '3V� DUH�� DVKWUD\� DVVHPEO\� DQG� FXS�
KROGHU�DVVHPEO\�� �7KURXJK�]LJ]DJJLQJ� WR�GHFRPSRVH� WR� WKH� QH[W
OHYHO��RQH�RI �WKH�GHVLJQV�ZDV�IRXQG�WR�EH�FRXSOHG�� �$W�WKLV� OHYHO�
WKH�IUHH� VSDFH� UHTXLUHG� IRU�KROGLQJ�FXSV�ZDV� IRXQG� WR� DIIHFW� WKH
RSHQLQJ�RI �WKH�DVKWUD\���:KHQ�WKH�FXS�KROGHUV�DUH�KROGLQJ�FXSV�
WKH�DVKWUD\�FDQ�QRW�EH�RSHQHG���7KLV�FRXSOHG�GHVLJQ�LV�REYLRXVO\�D
EDG�GHVLJQ�EHFDXVH�WKH�IXQFWLRQV�RI �FXS�KROGHUV�DQG�DVKWUD\�FDQ
QRW� EH� DFKLHYHG� DW� WKH� VDPH� WLPH� EXW� FXVWRPHUV� VRPHWLPHV� GR
QHHG� WR�XVH� ERWK� IXQFWLRQV� DW� WKH� VDPH� WLPH��2WKHU� GHVLJQV� DUH
QRW�FRXSOHG�DQG�WKHUHIRUH�DUH�EHWWHU�GHVLJQV�

,W� LV� REYLRXV� WKH� GHVLJQHUV� IRU� WKLV� FRXSOHG� GHVLJQ� KDYH� QRW
DSSOLHG�$[LRPDWLF�'HVLJQ� SULQFLSOHV�� �7KHUHIRUH�� WKH� GHVLJQ� LV� D
EDG�GHVLJQ�DQG�LW�ORZHUV�WKH�FXVWRPHU�VDWLVIDFWLRQ�

7KH�DQDO\VLV�DQG�FRPSDULVRQ�ZHUH�EDVHG�RQ�RQO\�WZR�EDVLF�PDLQ
IXQFWLRQV� RI � WKH� DVKWUD\� DQG� FXS�KROGHU� VXEV\VWHP�� VWRULQJ
DVK�JDUEDJH� DQG� KROGLQJ� FXSV�� � ,Q� IDFW�� WKHUH� DUH� PDQ\� PRUH
IXQFWLRQDO�UHTXLUHPHQWV�IRU�WKLV�VXEV\VWHP��SURYLGLQJ�IOH[LELOLW\�WR
GLIIHUHQW� FXS� VL]HV�� SURYLGLQJ� VWDELOLW\� IRU� FXSV�� SURYLGLQJ� WKH
VWDELOLW\�IRU�WKH�ZKROH�FXS�KROGHU�DVVHPEO\�DQG�DVKWUD\�DVVHPEO\�

DQG�SURYLGLQJ�HDVH�RI � DFFHVV� WR�GULYHU�DQG�SDVVHQJHU� DQG� VR�RQ�
:H�DUH�QRW�GLVFXVVLQJ�WKRVH�GHWDLOV�LQ�WKLV�SDSHU�

.H\ZRUGV�� $[LRPDWLF� 'HVLJQ�� GHVLJQ� RSWLPL]DWLRQ�� LQVWUXPHQW
SDQHO��FXS�KROGHUV��DVKWUD\

1 INTRODUCTION

7KH� GHVLJQ� RI � FXS�KROGHUV� DQG� DVKWUD\� RQ� WKH� LQVWUXPHQW� SDQHO
IRU�WKH�*0�6LOYHUDGR������0RGHO�<HDU�3LFNXS�7UXFN�LV�VKRZQ�LQ
)LJXUH��DQG�)LJXUH���EHORZ�

)LJXUH� �� ����0<� *0� 6LOYHUDGR� &XS�KROGHUV� DQG� $VKWUD\� RQ
,QVWUXPHQW�3DQHO

THE ANALYSIS AND COMPARISON OF CUP-HOLDER AND ASHTRAY DESIGNS
USING THE PRINCIPLE OF AXIOMATIC DESIGN
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)LJXUH� �� ����0<� *0� 6LOYHUDGR� &XS�KROGHUV� DQG� $VKWUD\� RQ
,QVWUXPHQW�3DQHO�ZLWK�&XSV�LQ�&XS�KROGHUV

)LJXUH� �� VKRZV� WKH� FXS�KROGHUV� DQG� DVKWUD\� GHVLJQ� RQ� WKH
LQVWUXPHQW�SDQHO�RI �WKH�����0<�*0�6LOYHUDGR���7KH�DVKWUD\�LV
DERYH�DQG�RQ�WKH�ULJKW�VLGH�RI �WKH�FXS�KROGHUV���%RWK�DUH�LQ�WKH
RSHQ� SRVLWLRQ�� �)LJXUH��� VKRZV� WKH� VDPH� GHVLJQ� RQ� WKH� VDPH
YHKLFOH�EXW�ZLWK�FXSV�LQ�WKH�FXS�KROGHUV���,W�LV�FOHDU�IURP�)LJXUH
��WKDW�ZKHQ� WKHUH� DUH�FXSV� LQ� WKH�FXS�KROGHUV�� WKH� DVKWUD\� FDQ
QRW�EH�SXOOHG�RXW�IDU�HQRXJK�IRU�XVH�VLQFH�WKH�FXS�RQ�WKH�ULJKW
VLGH�RFFXSLHV�WKH�DVWUD\�IUHH�VSDFH�

2 DESIGN ANALYSIS USING THE
INDEPENDENCE AXIOM

,Q� RUGHU� WR� XVH� $[LRPDWLF� 'HVLJQ� SULQFLSOHV� WR� DQDO\]H� WKH
GHVLJQV�� WKH� FXS�KROGHUV� DQG� DVKWUD\� ZHUH� WUHDWHG� DV� RQH
VXEV\VWHP� RI � WKH� LQVWUXPHQW� SDQHO�� � 7KH� FXVWRPHU� QHHGV� ZHUH
PDSSHG� LQWR� WZR� IXQFWLRQDO� UHTXLUHPHQWV� IRU� WKLV� VXE�V\VWHP� DW
WKH�KLJKHVW�OHYHO�

)5�� �6WRULQJ�DVK�JDUEDJH
)5�� �+ROGLQJ�FXSV

0DSSLQJ� WKH� )5V� RI � WKH� IXQFWLRQDO� GRPDLQ� LQWR� WKH� SK\VLFDO
GRPDLQ�� WKH�FRUUHVSRQGLQJ�'3V�VHOHFWHG�WR�VDWLVI\�WKH�IXQFWLRQDO
UHTXLUHPHQWV�DUH�

'3�� �$VKWUD\�DVVHPEO\
'3�� �&XS�KROGHU�DVVHPEO\

7KH�GHVLJQ�HTXDWLRQ��ZKLFK� VKRZV� WKH� UHODWLRQVKLS� EHWZHHQ�)5V
DQG�'3V�LV�
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$IWHU� WKH� KLJKHVW�OHYHO� '3V� ZHUH� FKRVHQ�� WKH� )5V� ZHUH
GHFRPSRVHG� WR� WKH� QH[W� OHYHO� WKURXJK� ]LJ]DJJLQJ�� � )5�� ZDV
GHFRPSRVHG�DV�

)5��� �2SHQ�DVKWUD\
)5��� �&ORVH�DVKWUD\
)5��� �+ROG�LQ�RSHQ�SRVLWLRQ

)5��ZDV�GHFRPSRVHG�DV�

)5��� �2SHQLQJ�FXS�KROGHUV
)5��� �&ORVLQJ�FXS�KROGHUV
)5��� �+ROGLQJ�FXSV

7KH�FRUUHVSRQGLQJ�'3V�DUH�

'3��� �2SHQ�PHFKDQLVP�IUHH�VSDFH�IRU�DVKWUD\
'3��� �&ORVH�PHFKDQLVP
'3��� �$VKWUD\�VWUXFWXUH

'3��� �2SHQ�PHFKDQLVP�IUHH�VSDFH�IRU�FXS�KROGHUV
'3��� �&ORVH�PHFKDQLVP
'3��� �&XS�KROGHUV�VWUXFWXUH

7KH�RYHUDOO�VHFRQG�OHYHO�GHVLJQ�HTXDWLRQ�LV�

'3�� '3�� '3�� '3�� '3�� '3��
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)5�� [ [ [

7KH� ,QGHSHQGHQFH� $[LRP� VWDWHV� WKDW� WKH� LQGHSHQGHQFH� RI
IXQFWLRQDO�UHTXLUHPHQWV�PXVW� DOZD\V�EH�PDLQWDLQHG��+RZHYHU�� LQ
WKH�����0<�*0�6LOYHUDGR�FXS�KROGHUV�DQG�DVKWUD\�GHVLJQ��'3��
DQG�'3����ZKLFK�ZHUH�XVHG�WR�RSHQ�WKH�DVKWUD\�WR�GLVSRVH�RI �DVK
RU�JDUEDJH��GR�DIIHFW�)5���� ��$V�ZH�FDQ�VHH�IURP�)LJXUH���ZKHQ
DVKWUD\� LV� LQ�RSHQ�SRVLWLRQ��ZH�FDQ�QRW�SXW� D�FXS� LQWR� WKH� ULJKW�
VLGH� FXS�KROGHU�� � 6LPLODUO\��'3����ZKLFK�ZDV� XVHG� WR� KROG� FXSV�
DIIHFWV� ERWK� )5��� DQG� )5���� � %HFDXVH� ZKHQ� FXS�KROGHUV� KROG
FXSV�� WKH� FXS� RQ� WKH� ULJKW� VLGH� ZLOO� LQWHUIHUH� ZLWK� WKH� DVKWUD\
RSHQLQJ�� �7KLV� FRXSOHG�GHVLJQ� LV�REYLRXVO\� D�EDG�GHVLJQ�EHFDXVH
WKH� IXQFWLRQV�RI �FXS�KROGHUV� DQG�DVKWUD\�FDQ�QRW�EH� DFKLHYHG� DW
WKH�VDPH�WLPH��2WKHU�GHVLJQV�ZH�ZLOO�GLVFXVV�DUH�QRW�FRXSOHG�DQG
WKHUHIRUH�DUH�EHWWHU�GHVLJQV�

)RU� H[DPSOH�� )LJXUH� �� VKRZV� WKH� &KU\VOHU� 'RGJH� 5DP� FXS�
KROGHUV�DQG�DVKWUD\�GHVLJQ�RQ� WKH� LQVWUXPHQW�SDQHO�ZLWK�FXSV� LQ
WKH�FXS�KROGHUV���7KH�DVKWUD\� LV� DERYH�EXW�FRPSOHWHO\� WR� WKH� OHIW
RI � WKH� FXS�KROGHUV�� � %RWK� DUH� RSHQ�� DQG� ERWK� FDQ� EH� XVHG
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VLPXOWDQHRXVO\���)LJXUH���VKRZV�����0<�)RUG�)�����FXS�KROGHUV
DQG� DVKWUD\� RQ� WKH� LQVWUXPHQW� SDQHO� ZLWK� ERWK� FXS�KROGHUV� DQG
DVKWUD\�RSHQ���7KH�DVKWUD\�LV�EHORZ�WKH�FXS�KROGHUV���%RWK�GHVLJQV
DUH�XQFRXSOHG�DQG�WKHUHIRUH�DUH�EHWWHU�GHVLJQV�

7KH�DQDO\VLV�DQG�FRPSDULVRQ�ZHUH�EDVHG�RQ�RQO\�WZR�EDVLF�PDLQ
IXQFWLRQV� RI � WKH� DVKWUD\� DQG� FXS�KROGHUV� VXEV\VWHP�� VWRULQJ
DVK�JDUEDJH�DQG�KROGLQJ�FXSV��,Q�IDFW�� WKHUH� DUH�PRUH�IXQFWLRQDO
UHTXLUHPHQWV� LQ� WKLV� VXEV\VWHP�� SURYLGLQJ� IOH[LELOLW\� WR� GLIIHUHQW
FXS� VL]HV�� SURYLGLQJ� VWDELOLW\� IRU� FXSV�� SURYLGLQJ� WKH� VWDELOLW\� IRU
WKH� ZKROH� FXS�KROGHU� DVVHPEO\� DQG� DVKWUD\� DVVHPEO\�� DQG
SURYLGLQJ�HDVH�RI � DFFHVV� WR�GULYHU� DQG�SDVVHQJHU� DQG� VR�RQ�� �7R
PDNH�D�FRPSOHWH�FRPSDULVRQ�RI �WKRVH�GHVLJQV��ZH�QHHG�WR�OLVW�DOO
WKH� IXQFWLRQDO� UHTXLUHPHQWV� DQG� XVH� WKH� VHFRQG� D[LRP� RI � WKH
$[LRPDWLF� 'HVLJQ� WR� LQYHVWLJDWH� KRZ� JRRG� '3V� DFKLHYH� WKHLU
FRUUHVSRQGLQJ�)5V���6LQFH�LW�LV�D�PXOWL�)5�FDVH�DQG�VLQFH�WKHUH�DUH
KXPDQ� IDFWRUV� LQ� HVWLPDWLQJ� KRZ� JRRG� '3V� FDQ� DFKLHYH� WKHLU
FRUUHVSRQGLQJ�)5V��WKH�DXWKRUV�VXJJHVW�XVH�ERWK�WKH�,QIRUPDWLRQ
$[LRP� DQG� ([SHUW� &KRLFH� ²� D� JURXS� GHFLVLRQ� PDNLQJ� WRRO� WR
PDNH�IXUWKHU�LQYHVWLJDWLRQV�

)LJXUH� �� ����0<� 'RGJH� 5DP� &XS�KROGHUV� DQG� $VKWUD\� RQ
,QVWUXPHQW�3DQHO

)LJXUH� �� ����0<� )RUG� )����� &XS�KROGHUV� DQG� $VKWUD\� RQ
,QVWUXPHQW�3DQHO
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