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Conceptual Design and Simulation of a

Multibody Passive-Legged Crawling Vehicle
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&RPPLWWHH�&R�&KDLUPHQ��6DQMD\�*��'KDQGH�DQG�&KDUOHV�)��5HLQKROW]

0HFKDQLFDO�(QJLQHHULQJ

(Abstract)

5XJJHG�WHUUDLQV��LQFOXGLQJ�PXFK�RI�WKH�HDUWKªV�VXUIDFH��RWKHU�SODQHWV��DQG�PDQ\�PDQ�

PDGH�VWUXFWXUHV��DUH�LQDFFHVVLEOH�WR�ZKHHOHG�DQG�WUDFNHG�YHKLFOHV��7KLV�KDV�LQVSLUHG

UHVHDUFK� LQWR� OHJJHG� YHKLFOHV�� 3ULRU� WR� WKH� UHVHDUFK� GHVFULEHG� KHUH�� YLUWXDOO\� DOO

OHJJHG� YHKLFOH� GHVLJQV� UHOLHG� RQ� WKH� FRQFHSW� RI� PRXQWLQJ� DFWXDWHG� OHJ�W\SH

PHFKDQLVPV�RQWR�D�VLQJOH�ULJLG�IUDPH�RU�FKDVVLV��7KLV�GLVVHUWDWLRQ�UHVHDUFK�H[SORUHV

DQG�DGYDQFHV�D�QRYHO�YHKLFOH�FRQFHSW�WKDW�XVHV�SDVVLYH�OHJV�DWWDFKHG�WR�DQ�DFWXDWHG

PXOWLERG\�VWUXFWXUH��7KLV�QHZ�YHKLFOH�PRYHV�RQO\�LWV�DFWXDWHG�ERG\�WUXQN�WR�DFKLHYH

ORFRPRWLRQ��WKXV�PRYLQJ�LQ�D�PDQQHU�VLPLODU�WR�WKDW�XVHG�E\�LQVHFW�ODUYDH�NQRZQ�DV

FDWHUSLOODUV��7KH�SDVVLYH�OHJJHG�GHVLJQ�LV�WHUPHG�D�§FUDZOLQJ¨�YHKLFOH��WR�GLIIHUHQWLDWH

LW�IURP�§ZDONLQJ¨�YHKLFOHV��ZKLFK�KDYH�SRZHUHG�OHJV�

$� FRQFHSWXDO� GHVLJQ� IRU� WKH� SURSRVHG� YHKLFOH�ZDV� GHYHORSHG� XVLQJ� LQVLJKWV� IURP

REVHUYDWLRQV�RI�FDWHUSLOODU�VSHFLPHQ�JHRPHWU\��JDLWV�� OHJ�WUDMHFWRULHV��DQG�UDQJHV�RI

PRWLRQ�� 7KH� IOH[LEOH�� VHJPHQWHG� ERG\� RI� WKH� URERW� LV� UHDOL]HG� XVLQJ� D� VHULHV� RI

DFWXDWHG� WUXVV�OLNH� PHFKDQLVPV�� UHVXOWLQJ� LQ� D� FRQILJXUDWLRQ� VLPLODU� WR� WKH� ERG\

VWUXFWXUH�RI�FDWHUSLOODUV�



$�FRPSXWHU�VLPXODWLRQ�ZDV�GHYHORSHG�WR�YHULI\�WKH�FRQFHSW�DQG�WR�DVVLVW�LQ�FUHDWLQJ

IXWXUH�GHVLJQV��7KLV�VLPXODWLRQ�LQFOXGHV�D�SDUDPHWULF�PRGHO�RI�WKH�URERW�VWUXFWXUH��DQ

HIILFLHQW�NLQHPDWLFV�PRGHO��D�PRWLRQ�SURJUDPPLQJ�PHWKRG�EDVHG�RQ�VL[�GLPHQVLRQDO

SDUDPHWULF� FXELF� WUDMHFWRULHV�� VWDWLF� VWDELOLW\� DQDO\VLV�� DFWXDWRU� YHORFLW\� DQG

DFFHOHUDWLRQ�DQDO\VLV��ZLUH�IUDPH�DQLPDWLRQV��DQG�UHQGHULQJ��WKXV�SURYLGLQJ�V\QWKHVLV

DQG�DQDO\VLV�WRROV�IRU�WKLV�QHZ�FODVV�RI�YHKLFOH�

5HVXOWV�RI� WKLV�ZRUN�VKRZ�WKDW�E\�XVLQJ�SURSHUO\�GHVLJQHG�6WHZDUW�*RXJK�SODWIRUP

PHFKDQLVPV� IRU� WKH� YHKLFOH�PXOWLERG\� VWUXFWXUH�� D� UDQJH�RI�PRWLRQ� YHU\� VLPLODU� WR

WKDW� RI� FDWHUSLOODUV� LV� DFKLHYDEOH�� 6LPXODWLRQ� WHVWV� VKRZHG� WKDW� LPLWDWLQJ� WKH

FDWHUSLOODUVª�SULPDU\�JDLW��RU�VWHSSLQJ�VHTXHQFH��\LHOGV�VXSHULRU�VSHHG�DQG�HIILFLHQF\�

ZLWK�OLWWOH�UHGXFWLRQ�RI�VWDELOLW\��ZKHQ�FRPSDUHG�WR�D�VLPSOHU��PRUH�REYLRXV�JDLW�

:LWK� SURSHU� FRQWUROV�� WKLV� FUDZOLQJ� YHKLFOH� ZLOO�� OLNH� LWV� ELRORJLFDO� FRXQWHUSDUW�� EH

LQWULQVLFDOO\� VWDEOH� DQG� KDYH� H[FHOOHQW� PDQHXYHUDELOLW\� RYHU� URXJK� WHUUDLQ�� 7KH

FUDZOLQJ�YHKLFOH�LV�VKRZQ�WR�EH�D�YLDEOH�OHJJHG�ORFRPRWLRQ�V\VWHP�WKDW�PD\�SURYH

WR� KDYH� VXSHULRU� URXJK� WHUUDLQ� PRELOLW\� WR� DOO� SUHYLRXV� W\SHV� RI� PDQ�PDGH� ODQG

YHKLFOHV�
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