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Design and Performance Analysis of Bionic-Grasshopper Jumping Robot Legs

XIONG Yonggang, CHENG Wei, GONG Qi, TIAN Wanpeng
( College of Mechanical Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: Taking the grasshopper with excellent jumping performance as the bionic prototype, an analysis
has been made of the physiological structure of the grasshopper’s legs, thus establishing the structure model of the
grasshopper’s hind legs. Based on the analysis of the characteristics of the grasshopper’s physical structure, the crank
slider mechanism is used to imitate the grasshopper leg tendons, with the spring applied to the imitation of the meniscus
structure of the leg joints as an energy storage mechanism, thus designing a bionic model of a leg with high burst and
excellent jumping performance. A further analysis has been made of the model in terms of dynamics and kinematics,
with the method of Matlab numerical calculation used to prove the rationality of the designed model. Finally, the model
is imported into ADAMS for virtual prototype experiment analysis. The results show that the model is characterized
with a distinctive advantage in high burst and jumping performance.

Keywords: grasshopper jumping robot; structural design; jumping structure; meniscus; ADAMS

| mss s LGRS UL, SRR | R A
RE= VRN GUR 2 o, BRBRHL A3 T e 6 o

MIHTFRR . SATAET SRR, Bz 5 R, b BRI AT U B Bof T
Sy AT S0 HE NARSGS A AL HE | B bR A H & RGP R, XA B e AP e e

RS EHEE: 2020-07-18

BE€UH: EEARFEESTIINE (51345005) , tRNTTRMHLEUIEEFIIBE (BRFHL [2018]61 % —03)

PEHE B : RETNI (1966-) , B, IR MA, #Im Tk R F8d2, WHt, FENFI TR A 7 s ST,
E-mail: xygyxj@163.com



5513 FEFANI, 2

DR BRBRAL 25 AN BRERES BT S5 PERE B 49

RIEWERAEHE . BT, BRERALES AN BT AL
WIS R AN T, LE A PR Y
AT Gz —

WERE . e ke AR MAREAYIE R
TEF iz shPERe, #R0TLABAE BRI LA A 05 4=
X4 o UNBRAS R 45 1) S AR e ol ) F R 5 A e
LA )5 A R B U 3 AT 235 P A 4L et 1) i R 25 44
DLV N RE L1, Bt O s gk BRSNS
IRz NEAT RAF Bk ERERE, JTLBRER = B ]
ik 20 cm, BEEREE B Ak 80 em. RMTAE P LR
Bk BRPE RE AN ) 22 Rk, Bt th DAZSEEFT 45 44 R IR
HRAILRA 9 05 A= BRER AL 28 N o SEI A IZ AL 25 A 1 Bk
BRI REIRE A B R 129%. FRREE ) il i xf i
H g A A AT 34T, SR SR AT AILAG A DL oy
JEBBZERE , IF HaE R RS x s Hah it A7 14k
57 R KA B O Bk Bk BRI, FIFIEIZE
A Bk B S BEILA M da R, JF HLLAIO AT 45
14 R JEh BT IR AL AR SRR B . Bk ER ML A
MR E A 1.1 g, BK 2 cem, #10]LISEEAHSFH
B 30 B ER R Bl N K 2B A TR A R
SR GEFFHLR 360, 255 BRI IK s 4%
W T 345 0.58 s f AT LS — IR kR A B4
A Salto7 . T i fa A% © 3 i XA B AR B F Finis
SIMLIRHA TR, IF BTV RE AT — A B
JRERERERAILAL , e Jm DASEISIER] TR RE A R AR
PR R BRERARE . SRINFE R AR 2, S H A4
XTGAR L, WEUE kR BB R L S, LK EREE B
REIRE A B KR 15~30 5 U7 iz dEl e as ol
DL R A A, I B M 2z vh g R4,
IR T AR 22 B ISR T4

AR BAIESE A O ARG, A e
I SHLAG R LRGSR, DA st —Rh B g
RN R €0 1 SR R BB A RSB BRERATLAL , AR5 X Bk ERAIL
TR, MRS Bl oA vk N AR Bk RS )
B, IF BB 127 F0E sl 0 A B RY 51 143 B
55, fn, it ADAMS EIEENL, XY
BRERMUR A 707 TS5, DATIE I LA E AR R 1 Rk iR
REJ5 T A LR -

2 R Bk ER A B Y 5T

2.1 HFERRRERLEA SIE IR

LURTRSYER/S (S SPNE 212 2 AN R St 7/ PN [V B
BRI RER T2 AR R LA AR BB 2
LB 3 ER A R A R, R B R AR A E A
SCEEARUREVERT, JF il B OCTY S8 4, BRY i

RS S, S WUBEAY R A hr e T Se i
KA, BRI WIS S S A . MRS ARG
gEfnE 1 pos

1 RS R Y Y SR R

Fig. 1 Biological structure model of
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the grasshopper in the take-off phase
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