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ABSTRACT

7KH� OLIWJDWH� V\VWHP� RI � WKH� VSRUWV� XWLOLW\� YHKLFOHV� �689�� RU
PLQLYDQV� KDV� PXOWLSOH� IXQFWLRQDO� UHTXLUHPHQWV� DQG� GHVLJQ
SDUDPHWHUV��$�ZHGJH�LV�D�VPDOO�SLHFH�RI �KDUGZDUH�WR�VWDELOL]H�WKH
OLIWJDWH� HVSHFLDOO\� LQ� FURVV� FDU� GLUHFWLRQ� E\� SURYLGLQJ� WKH� ORDG
SDWK�IURP�WKH�OLIWJDWH�WR�WKH�VXUURXQGLQJ�VWUXFWXUHV��2Q�WKH�RWKHU
KDQG�ZHGJH�PD\� LQFUHDVH� WKH� FORVLQJ�HIIRUW� GXH� WR� WKH� UHDFWLRQ
IRUFH� LQ� WKH� VZLQJ� GLUHFWLRQ�� )XUWKHUPRUH�� ZHGJHV� QHHG� WR
DFFRPPRGDWH� WKH� JDS� YDULDWLRQ� WR� EULGJH� WKH� OLIWJDWH� DQG� WKH
ERG\� IUDPH�� 7KLV� SDSHU� SUHVHQWV� WKH� FKDUDFWHULVWLFV� RI � WZR
GLIIHUHQW�W\SHV�RI �ZHGJHV�LQ�WKH�D[LRPDWLF�GHVLJQ�YLHZSRLQW�DQG
WKHLU�HIIHFWV�RQ�WKH�OLIWJDWH�V\VWHP�

.H\ZRUGV��OLIWJDWH��689��ZHGJH��FORVLQJ�HIIRUW��JDS��YDULDWLRQ�

1.   INTRODUCTION

7KH�OLIWJDWH�RI �WKH�VSRUWV�XWLOLW\�YHKLFOHV��689��RU�PLQLYDQV
LV�D�FORVXUH�V\VWHP�DWWDFKHG�DW�WKH�HQG�RI �WKH�YHKLFOH��,W�SURYLGHV
ODUJH�DFFHVVLELOLW\�WR�WKH�FDUJR�FRPSDUWPHQW��7KH� OLIWJDWH�V\VWHP
KDV� PXOWLSOH� IXQFWLRQDO� UHTXLUHPHQWV� DQG� GHVLJQ� SDUDPHWHUV�
7KHVH� UHTXLUHPHQWV� DQG� GHVLJQ� SDUDPHWHUV� DUH� VLJQLILFDQWO\
FRXSOHG�GXH�WR�WKH�FRPSOH[LW\�RI �WKH�V\VWHP��7KH�UHTXLUHPHQWV
FDQ�EH� GLYLGHG� LQWR� VWUXFWXUDO� LQWHJULW\�� IXQFWLRQDO� SHUIRUPDQFH�
VHDO� DQG� KDUGZDUH� DUHDV�� 7KHVH� UHTXLUHPHQWV� DUH� GHSHQGHQW� RQ
JHRPHWU\�RI �WKH�JDWH��PDWHULDO�SURSHUWLHV�� DQG�KDUGZDUH� VXFK�DV
JDV�VWUXWV�DQG�ZHGJHV���7KH�KDUGZDUHV�DWWDFKHG�WR�WKH�OLIWJDWH�DUH
VKRZQ� LQ� )LJXUH� ��� $PRQJ� WKH� KDUGZDUHV�� D� ZHGJH� LV� D� VPDOO
SLHFH� RI � UXEEHU� RU� SODVWLF� WR� VWDELOL]H� WKH� OLIWJDWH�� HVSHFLDOO\� LQ
FURVV�FDU�GLUHFWLRQ���,W�SURYLGHV�WKH�ORDG�SDWK�IURP�WKH�OLIWJDWH�WR
WKH� VXUURXQGLQJ� VWUXFWXUHV�� 2Q� WKH� RWKHU� KDQG�� ZHGJHV� PD\
LQFUHDVH�WKH�FORVLQJ�HIIRUW�GXH�WR�WKH�UHDFWLRQ�IRUFH�LQ�WKH�VZLQJ�
OLQH� GLUHFWLRQ�� )XUWKHUPRUH�� ZHGJHV� QHHG� WR� DFFRPPRGDWH� WKH
JDS�YDULDWLRQ� WR�EULGJH� WKH� OLIWJDWH� DQG� WKH� ERG\� IUDPH��'XH� WR
WKHVH�PXOWLSOH� UHTXLUHPHQWV�� D�ZHGJH� QHHGV� D� V\VWHPDWLF� GHVLJQ
V\QWKHVLV� DQG� DQDO\VLV� SURFHVV� LQ� WKH� HDUO\� VWDJH� RI � WKH� YHKLFOH
GHYHORSPHQW�SURJUDP��7KHUH�FXUUHQWO\�DUH�WZR�W\SHV�RI �ZHGJHV
LQ�WKH�PDUNHW��D�VSULQJ�ORDGHG�W\SH�DQG�D�UXEEHU�EORFN�W\SH��7KLV
SDSHU� SUHVHQWV� WKH� FKDUDFWHULVWLFV� RI � WKHVH� WZR� ZHGJHV� LQ� WKH

D[LRPDWLF� GHVLJQ� YLHZSRLQW� DQG� WKHLU� HIIHFWV� RQ� WKH� OLIWJDWH
V\VWHP��$OVR�WKH�DQDO\VLV�DQG�GHVLJQ�SURFHGXUHV�ZHUH�GLVFXVVHG�
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2.   FUNCTIONAL REQUIREMENTS OF WEDGES

7KH� OLIWJDWH� ZHGJH� PXVW� PHHW� WKH� IROORZLQJ� IXQFWLRQDO
UHTXLUHPHQWV�

�� 3URYLGH�VXIILFLHQW�VXSSRUW�LQ�FURVV�FDU�GLUHFWLRQ��)5���
7KH�ZHGJH�QHHGV�WR�SURYLGH�VXIILFLHQW�FURVV�FDU�VWLIIQHVV
WR�SUHYHQW�WKH�H[FHVVLYH�PRWLRQ�WKDW�PD\�FDXVH�WKH� ODWFK
IDLOXUH�� RU� VTXHDN� DQG� UDWWOH�� 7KH� DPRXQW� RI � VWLIIQHVV
YDULHV�GHSHQGLQJ�RQ�WKH� OLIWJDWH�JHRPHWU\��PDVV��DQG�WKH
ORFDWLRQ�RI �KDUGZDUH�

�� 0LQLPL]H�WKH�HIIHFW�RQ�FORVLQJ�HIIRUW��)5���
7R�VDWLVI\�WKH�)5���WKH�ZHGJH�QHHGV�WR�EH�LQ�FRQWDFW�ZLWK
WKH� OLIWJDWH�� 7KLV� PD\� GUDPDWLFDOO\� LQFUHDVH� WKH� FORVLQJ
HIIRUW��7KHUHIRUH�� WKH�ZHGJH�PXVW� EH� GHVLJQHG� WR� DYRLG
WKH�ELJ�LPSDFW�RQ�WKH�FORVLQJ�HIIRUW�

�� $FFRPPRGDWH�WKH�JDS�DQG�IOXVKQHVV�YDULDWLRQ��)5���
'XH� WR� WKH� ERG\� EXLOG� YDULDWLRQ�� WKH� JDS� DQG� IOXVKQHVV
DURXQG� WKH� OLIWJDWH� YDU\� FDU� WR� FDU� GXULQJ� WKH� DVVHPEO\�

AXIOMATIC DESIGN OF THE LIFTGATE WEDGES IN SPORTS UTILITY
VEHICLES
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7KHUHIRUH��WKH�ZHGJH�PXVW�VDWLVI\�)5��DQG�)5��HYHQ� LQ
WKH�SUHVHQFH�RI �ERG\�EXLOG�YDULDWLRQV�

7KHUH� DUH� WZR� W\SHV� RI � ZHGJHV� FRPPRQO\� XVHG� LQ� 689·V� DQG
PLQLYDQV��6SULQJ�ORDGHG�W\SH�DQG�5XEEHU�EORFN�W\SH�
7KH�VSULQJ�²ORDGHG�W\SH�ZHGJH�XVHV�D�VRIW�VSULQJ�WR�WDNH�WKH�ORDG
LQ� WKH� VZLQJ� GLUHFWLRQ�� ZKLOH� WKH� ZHGJH� EORFN� ZLWK� D� VORSHG
VXUIDFH� FRPHV� LQ� FRQWDFW�ZLWK� WKH� OLIWJDWH��7KLV� VORSH� DQJOH� DQG
WKH� VSULQJ� FDQ� DXWRPDWLFDOO\� DFFRPPRGDWH� WKH� JDS� YDULDWLRQ�
&RQVHTXHQWO\�� WKH� ZHGJH� FDQ� SURYLGH� WKH� ORDG� SDWK� IURP� WKH
OLIWJDWH�WR�WKH�ERG\�IUDPH�DV�VKRZQ�LQ�)LJXUH���
7KH�UXEEHU�EORFN�W\SH�ZHGJH�VLPSO\�XVHV�WKH�UXEEHU�EORFN�ZLWK
D� VORSH� WR� ILOO� WKH� JDS� DV� VKRZQ� LQ� )LJXUH� ��� 7KH� UXEEHU� EORFN
PXVW� EH� GHVLJQHG� WR� PLQLPL]H� WKH� VWLIIQHVV� LQ� VZLQJ� GLUHFWLRQ
ZKLOH�PDLQWDLQLQJ� WKH� VWURQJ� VWLIIQHVV� LQ� FURVV�FDU� GLUHFWLRQ�� 7R
DFFRPPRGDWH� WKH� JDS� YDULDWLRQ�� WKLV� W\SH� RI � ZHGJH� QHHGV� DQ
DGMXVWPHQW� PHFKDQLVP� VXFK� DV� D� VORW� RU� D� UDWFKHW�� 7KH� ILQDO
SRVLWLRQ�RI �WKH�SODVWLF�ZLOO�DIIHFW�WKH�UXEEHU�FRPSUHVVLRQ�DQG�WKH
JDS��WKHUHIRUH��ZLOO�DIIHFW�WKH�UHDFWLRQ�IRUFH�IURP�WKH�UXEEHU��7KH
GHVLJQ� PDWULFHV� IRU� WKHVH� WZR� W\SHV� RI � ZHGJHV� DUH� VKRZQ� LQ
)LJXUH���

)LJXUH����6SULQJ�/RDGHG�7\SH�:HGJH

)LJXUH����5XEEHU�%ORFN�7\SH�:HGJH
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3.   DESIGN OF THE SPRING-LOADED TYPE
      WEDGE

$FFRUGLQJ�WR�WKH�GHVLJQ�PDWUL[�DV�VKRZQ�LQ�)LJXUH����WKH�VSULQJ�
ORDGHG�W\SH�ZHGJH� LV�D�GHFRXSOHG�V\VWHP��7KH�ZHGJH�EORFNV�RI
WKH�VSULQJ�ORDGHG�W\SH�ZHGJH�PXVW�EH�D�KDUG�SODVWLF� WR�GHOLYHU�D
VWURQJ�FURVV�FDU� GLUHFWLRQ� VXSSRUW�� ,I � WKHVH� EORFNV� DUH�PDGH� RI
VRIWHU� PDWHULDOV� VXFK� DV� UXEEHU�� WKH� VWLIIQHVV� RI � WKH� PDWHULDO
EHFRPHV� DQRWKHU� SDUDPHWHU�� 7KLV� ZLOO� FUHDWH� DQ� RYHU�FRXSOHG
V\VWHP��ZKLFK�LV�QRW�GHVLUDEOH�
,W� LV� ORJLFDO� WR�VWDUW� WKH�GHVLJQ�IURP�GHFLGLQJ�WKH� VORSH� DQJOH�� ,I
WKLV�DQJOH�LV�WRR�ELJ��WKH�ERG\�VLGH�EORFN�PD\�VOLS�DORQJ�WKH�VZLQJ
GLUHFWLRQ� ZKHQ� WKH� OLIWJDWH�PRYHV� LQ� WKH� FURVV�FDU� GLUHFWLRQ�� ,I
WKLV� DQJOH� LV� WRR� VPDOO�� WKLV�ZHGJH� V\VWHP� FDQQRW� DFFRPPRGDWH
JDS�YDULDWLRQ��7KHUHIRUH��WKHUH�LV�D�UHODWLRQVKLS�EHWZHHQ�WKH�DQJOH
DQG� WKH� VSULQJ� FRQVWDQW� WR� PHHW� ERWK� IXQFWLRQDO� UHTXLUHPHQWV�
7KLV�UHODWLRQVKLS�FDQ�EH�GHULYHG�IURP�D�VLPSOH�IUHH�ERG\�GLDJUDP
DV�VKRZQ�LQ�)LJXUH���

5���5HDFWLRQ�IURP�WKH�ERG\
3����5HDFWLRQ�IURP�WKH�JDWH

3V����6SULQJ�IRUFH
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VDWLVILHG� E\� FKRRVLQJ� WKH� ULJKW� VORSH� DQJOH�� IULFWLRQ� FRHIILFLHQW�
DQG� VSULQJ�� )LJXUH� �� VKRZV� WKH� UHODWLRQVKLS� EHWZHHQ� IULFWLRQ
FRHIILFLHQW�DQG�WKH�PD[LPXP�DOORZDEOH�VORSH�DQJOH�WR�DYRLG� DQ\
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)LJXUH����)ULFWLRQ�&RHIILFLHQW�²�0D[��6ORSH�$QJOH�5HODWLRQ

4. DESIGN OF RUBBER BLOCK TYPE WEDGE

$V� VKRZQ� LQ�)LJXUH���� D� UXEEHU�EORFN� W\SH�ZHGJH� LV� KLJKO\
FRXSOHG�GHVLJQ��(YHQ� WKRXJK� WKLV� LV� D� FRXSOHG� GHVLJQ�� WKLV� W\SH
RI �ZHGJH�FDQ�JLYH�VHYHUDO�DGYDQWDJHV�RYHU�WKH�VSULQJ�ORDGHG�W\SH
ZHGJH��7KH\�DUH���ORZ�FRVW��GDPSLQJ�HIIHFW��DQG�EHWWHU�IRU�VTXHDN
DQG�UDWWOH��2QH�RI �WKH�ZD\V�WR�UHVROYH�WKH�FRXSOLQJ�LQ�WKLV�W\SH�LV
XVLQJ�D�YHU\�ORRVH�UDWFKHW��7KHQ��WKH�DVVHPEOHU�FORVHV�WKH�OLIW�JDWH
VXFK�WKDW�WKH�OLIW�JDWH�HQJDJHV�WKH�ODWFK�DQG�WKH�OLIW�JDWH�HGJHV�DUH
IOXVK� ZLWK� WKH� ERG\�� 'XULQJ� WKLV� SURFHVV� WKH� PRYDEOH� SODVWLF
ZHGJH� VPRRWKO\� UDWFKHWV� RQ� WKH� IL[HG� SDUW� RI � WKH� ERG\�VLGH
ZHGJH�� ,Q� WKH� FORVHG� SRVLWLRQ�� WKH� ERG\�VLGH� SODVWLF� ZHGJH
DVVHPEO\� LV� LQ� IXOO� FRQWDFW�ZLWK� WKH� OLIW�JDWH� VLGH� UXEEHU�ZHGJH�
�6HH� )LJXUH� ���� 7KH� RSHUDWRU�ZRXOG� WKHQ� RSHQ� WKH� OLIW�JDWH� DQG
WLJKWHQ� WKH� SODVWLF� ERG\�VLGH� ZHGJH� LQWR� WKH� QHZO\� DGMXVWHG
SRVLWLRQ���7KLV�LV�WKH�SULFH�WR�KDYH�WKH�FRXSOHG�GHVLJQ��7KLV�PD\
FDXVH� YHU\� GHOLFDWH� DGMXVWPHQW� SURFHGXUH� LQ� WKH� DVVHPEO\� OLQH�
$OVR�LW�LV�RSHUDWRU�VHQVLWLYH�SURFHVV��%\�GRLQJ�WKLV��)5��DQG�)5�
FDQ�EH�DFKLHYHG�DW�WKH�VDPH�WLPH�
7KH� QH[W� VWHS� LV� WR� GHVLJQ� WKH� UXEEHU� EORFN�� 7KH� UXEEHU� EORFN
QHHGV�WR�SURYLGH�KLJK�FURVV�FDU�GLUHFWLRQ�VWLIIQHVV�ZLWK�ORZ

VZLQJ�OLQH�GLUHFWLRQ�IRUFH��)XUWKHUPRUH��WKLV�FKDUDFWHULVWLFV�QHHGV
WR�EH�LQVHQVLWLYH�WR�WKH�FRQWDFW�SRVLWLRQ�YDULDWLRQ�GXH�WR
WKH�FURVV�FDU�DVVHPEO\�YDULDWLRQ�DV�VKRZQ�LQ�)LJXUH�����7KHUH�DUH
VHYHUDO� SDUDPHWHUV� LQ� WKH� UXEEHU� EORFN� GHVLJQ� VXFK� DV� FRQWDFW
VXUIDFH�VKDSH��PHWDO� LQVHUW��DQG�PDWHULDO�SURSHUW\��)LYH�SRWHQWLDO
GHVLJQV� DV� VKRZQ� LQ� )LJXUH� �� DUH� DQDO\]HG� E\� ILQLWH� HOHPHQW
DQDO\VLV� WR� SUHGLFW� WKH� VWLIIQHVV� LQ� FURVV�FDU� DQG� VZLQJ�OLQH
GLUHFWLRQV�� � 7KH� VWLIIQHVV� YDULDWLRQ� GXH� WR� WKH� FRQWDFW� SRVLWLRQ
YDULDWLRQ�ZDV�DOVR�SUHGLFWHG�
$PRQJ�WKH�ZHGJH�GHVLJQV�WKDW�ZHUH�HYDOXDWHG��VZLQJ�OLQH�IRUFH�²
GLVSODFHPHQW�FXUYH� IRU�ZHGJHB��GHVLJQ�ZDV�QRW�JHQHUDWHG��7KH
UHDVRQ�IRU�WKLV�LV�WKDW��ZHGJHB��LV�D�YHU\�VWLII �SLHFH�DQG�KHQFH�LV
UHFRPPHQGHG� RQO\� ZKHQ� WKH� UDWFKHWLQJ� IRUFH� LV� VPDOO� DQG� WKH
UXEEHU�FRQVLVWHQWO\�WRXFKHV�WKH�ERG\�VLGH�SODVWLF�
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7KH�RWKHU�ZHGJH�GHVLJQV�WKDW�ZHUH�VWXGLHG��ZHGJHB��²�ZHGJHB��
DUH�PHDQW� WR�EH�XVHG�ZKHQ� WKH� DGMXVWPHQW� SURFHGXUH� UHVXOWV� LQ
FRPSUHVVLRQ�RI �WKH�UXEEHU�ZHGJH�LQ�WKH�OLIW�JDWH�FORVHG�SRVLWLRQ�
7KH�VZLQJ� OLQH�IRUFH�GLVSODFHPHQW�FXUYHV�ZHUH�JHQHUDWHG� DW� WKH
QRPLQDO�FRQWDFWLQJ�SRVLWLRQ�RI �WKH�WZR�ZHGJH�SLHFHV�DV�ZHOO�DV�DW
WKH� XS� DQG� ORZ� FRQWDFWLQJ� SRVLWLRQ� GXH� WR� FURVV�FDU� DVVHPEO\
YDULDWLRQ�� IRU� WKHVH� IRXU�ZHGJH� GHVLJQV��$%$486�ZDV� XVHG� IRU
JHQHUDWLQJ� WKH� VWLIIQHVV� DQG� IRUFH�GHIOHFWLRQ� FKDUDFWHULVWLFV� RI
WKH�UXEEHU�ZHGJH��7KH�UXEEHU�ZHGJH�ZDV�PRGHOHG�XVLQJ�K\SHU�
HODVWLF�PDWHULDO�PRGHO��7KH�ERG\�VLGH�VLGH�ZHGJH�ZDV�PRGHOHG�DV
D�ULJLG�VXUIDFH��7KH�ERG\�VLGH�ZHGJH�ZDV�PRYHG�LQ�WKH�FURVV�FDU
GLUHFWLRQ�WR�VWXG\�WKH�IRUFH�GLVSODFHPHQW�FKDUDFWHULVWLFV��)XOO���'
FRQWDFW� EHWZHHQ� WKH� ERG\�VLGH� DQG� OLIW�JDWH� VLGH� ZHGJHV� ZDV
FRQVLGHUHG��,Q�DGGLWLRQ��WKH�FRQWDFW�EHWZHHQ�WKH�EDVH�RI �WKH�OLIW�
JDWH� VLGH� UXEEHU� ZHGJH� DQG� WKH� OLIW�JDWH� LQQHU� ZDV� PRGHOHG�
&RHIILFLHQW� RI � IULFWLRQ� EHWZHHQ� WKH� FRQWDFWLQJ� VXUIDFHV� ZDV
DVVXPHG�WR�EH�����
)LJXUH���VKRZV�WKH�VZLQJ�OLQH�IRUFH�GLVSODFHPHQW�FXUYHV�IRU�WKH
GLIIHUHQW�ZHGJH�GHVLJQV�DW�WKH�QRPLQDO�SRVLWLRQ��)LJXUH����VKRZV
WKH� VZLQJ�OLQH� IRUFH�GLVSODFHPHQW� FXUYHV� IRU� WKH�ZHGJH� GHVLJQV
DW�WKH�XS�DQG�ORZ�FRQWDFWLQJ�SRVLWLRQV�GXH�WR�FURVV�FDU�DVVHPEO\
YDULDWLRQ�� 7DEOH� �� VKRZV� WKH� FURVV�FDU� VWLIIQHVV� PHDQ� DQG
VWDQGDUG� GHYLDWLRQ� IRU� WKH� GLIIHUHQW� ZHGJH� GHVLJQV�� )LJXUH� ��
VKRZV�WKH�VWLIIQHVV�YDULDWLRQ�JUDSKLFDOO\��9DULDWLRQ�LQ�WKH�FURVV�FDU
VWLIIQHVV�DULVHV�GXH�WR�GLIIHUHQW�FRQWDFWLQJ�ORFDWLRQ�RQ�WKH�UXEEHU
ZHGJH� FDXVHG� E\� FURVV�FDU� DVVHPEO\� DQG� EXLOG� YDULDWLRQ�� )URP
WKHVH� DQDO\VHV�� ZHGJHB�� ZRXOG� SURYLGH� D� JRRG� FRPSURPLVH
EHWZHHQ� JRRG� HQJDJHPHQW� DQG� FURVV�FDU� VWLIIQHVV�� � 7KH� PHDQ
FURVV�FDU�VWLIIQHVV�YDOXH�LV�GHSHQGHQW�RQ�OLIWJDWH�JHRPHWU\��PDVV�
DQG�KDUGZDUH�ORFDWLRQV��$OVR�WKH�HIIHFW�RI �WKH�VWLIIQHVV�YDULDWLRQ
RQ� WKH� VWUXFWXUDO� SHUIRUPDQFHV� PXVW� EH� DVVXUHG� E\� DGGLWLRQDO
DQDO\VLV��:HGJH���VKRZV�D�VPDOO�YDULDWLRQ�EXW�QRW� HQRXJK�FURVV�
FDU�VWLIIQHVV���:HGJHV���DQG���VKRZ�VWURQJ�FURVV�FDU�VXSSRUW�EXW
WKH� YDULDWLRQ� LV� KXJH�� 7KHVH� ZHGJHV� ZLOO� FDXVH� XQSUHGLFWDEOH
SUREOHPV�GXH�WR�WKH�YDULDWLRQ�
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5. CONCLUSION

7ZR� W\SHV� RI � WKH� OLIWJDWH� ZHGJH� GHVLJQ� ZHUH� GLVFXVVHG�� 7KH
VSULQJ�ORDGHG�W\SH�PHHWV�WKH� LQGHSHQGHQW�D[LRP�EHWWHU� WKDQ� WKH
UXEEHU� EORFN� W\SH�� 7KH� VSULQJ�ORDGHG� W\SH� FDQ� VDWLVI\� DOO� WKH
IXQFWLRQDO� UHTXLUHPHQWV� ZLWKRXW� PXFK� GLIILFXOW\�� 7KH� UXEEHU
EORFN� W\SH� LV� QRW� IXOO\� GHFRXSOHG� V\VWHP�� 7KHUHIRUH�� LW� QHHGV
PRUH� DWWHQWLRQ� LQ� DVVHPEO\� SURFHVV� IRU� DGMXVWPHQW� DQG� PRUH
DQDO\VHV� WR� RSWLPL]H� WKH� UXEEHU� EORFN�� 7KH� UXEEHU� EORFN� W\SH�
KRZHYHU�� FDQ� SURYLGH� RWKHU� DGYDQWDJHV� VXFK� DV� ORZ� FRVW� DQG
GDPSLQJ�HIIHFW��(VSHFLDOO\��LW�FDQ�ZRUN�DV�DQ�RYHU�VODP�EXPSHU�DW
WKH�VDPH�WLPH��,W�LV�OHVV�OLNHO\�WR�FDXVH�VTXHDN�DQG�UDWWOH�SUREOHP
WRR�� � ,Q� FDVH�RI � FKRRVLQJ� WKH� UXEEHU�EORFN� W\SH�ZHGJHV�� VSHFLDO
DQDO\VLV� SURFHGXUHV� GLVFXVVHG� LQ� WKLV� SDSHU� PXVW� EH� FDUHIXOO\
IROORZHG�
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