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Fig.1 The design scheme of the spherical robot
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Fig.3 Rolling dynamics model of the spherical robot
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Fig.4 Climbing dynamics model of the spherical robot
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Fig.5 Steering dynamic model of the spherical robot
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Fig.6  Jumping dynamic model of the spherical robot

;—W - Mgh (13)
Aok IR R K, D NP R b

HERIE LA A HOBRRR 5
3 HMAFHRE

3.1 EIENMHAE

BT T ERIE LA A Y32 shiB i, 78 3 11
205 AR ADAMS Hi B REAL, B e e =4k
AR CREO AR BRIE L g AT 21 b 26 i
WK 7 (a) Fis K% = RS ADAMS, I
XA RV RE B B A (R 7 (b) B ) B RE R, &
THRAZERIE LA N BURN 2. 42 kg,

Gravity

(a) BeMCIA = HERTIAY

1
.
e

111
.

(b) BA A B &0

K7 BRIEHLES A AU LR
Fig.7 Virtual prototype model of the spherical robot

BEERAIRR TR E 38 9 806. 65 mm/s”,
B R R S E R R B ) 0.05 50,107,
P BT 7 2 5 52 iz slad #2 v 20 6] (0 AH B A7



513

T WA Rk as s B EOE HLE B9 Bl ) 20 BT - 93.

KA NI VCE I ARCR 1K 8 s,

(a) 5 22 (A A 249 5 Jy Parallel _axes Primitive_Joint

@
} il |

(d) BEREPRERPUBRTE S EAZ M 9295y

Translational Motion

8 A R ] A ROC R

Fig.8 Constraint relationships between the important parts

3.2 BERBEHHNERE
3.2.1 RFHEH

W TAER sz sl b, OB L A B3 1ok I8 T
TR SNIKEH AL, SO 15 7R S UK Bl F AL 4 1) 14 5
FWINT ¥ sh3k 8, 4 ADAMS 5 i, R shis

S5 BB A WA 9 (a) Frs , OB LA NTEF
I W HER S EA T, RSB 9 (b) s, H
9(b) Al ERIEHLAR NIBTTL 0. 25 s J5 iR 5
—MEONRRE W B R FE | v fim s e R ) o ek
20 8 266. 7 mm/s” . BRIE ML A TE e KB Bt
R AE TR /N R B U 3, ik Bl B [ O 1237 ~
1243 mm/s, BULSE41E 1 240 mm/s HERIEHL S A
RENE SRS

9
1
* ]
2
9
3
(a) YR Shiz sh 5 Hahm R &
2000
1500k
£ 1000
E
=
500
I 1 1
0 0.5 1.0 15 20
[ [A]/s
(b) 3 BE A (A1 A9 A8 1

K9 ERIEHNLES NESIZ ) ADAMS F E 45

Fig.9 ADAMS simulation results of the rolling motion
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Dynamic simulation of a rolling and jumping compound
motion spherical robot

YU Yuan' WU HuaiSong'” JIAO ZhiWei' LI BingYang"

(1. College of Mechanical and Electrical Engineering, Beijing University of Chemical Technology, Beijing 100029 ;
2. Qian Xuesen Laboratory of Space Technology, China Academy of Space Technology, Beijing 100094, China)

Abstract: A complex exploration environment requires higher traffic capacity for an exploration robot. A spherical
robot with a compound motion is one of the research hotspots in the field of exploration robots. A spherical robot
with a rolling and jumping compound motion mode driven by a single pendulum has been designed by adjusting the
mass distribution of its internal components. The spherical robot has four basic motion abilities: rolling, turning,
climbing and jumping. According to the design scheme of the spherical robot, the dynamic equations of the four
basic motions of the spherical robot have been established. A virtual prototype of the spherical robot has been con-
structed and the dynamic simulation of rolling, turning, climbing and jumping carried out using Automatic Dynam-
ics Analysis of Mechanical Systems (ADAMS). A spherical laboratory-scale robot prototype has been manufactured
and its motion performance test results are in accordance with the dynamic simulation results.

Key words: spherical robot; compound motion mode; dynamic simulation; Automatic Dynamics Analysis of Me-

chanical Systems (ADAMS)
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