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Fig.1 Virtual prototype of luffing wheel-leg robot in Pro/e

2 TIRFBRAE NS REMIE RN N FER DR

2.1 BRTREBRASENITE

ZFC REAL S A ] T35 B O RN TARIX (137
ARSI, JETTARPRIE O B 105~ 4H N AR S5
Het, fESSis R 2B R B, RIREE
BEAGY, LA AR B AG 5  R,  CRRMCRAR S e B
Ipide) PR e AR s FE AN L 100 mm, LA AAEH
FATERIRE A, AT ASRERE 7 it LA 25 A BRehs ) L-i25
i, FRMBEEETT I, LS E & 2RI b
Pt R - B, RIS R E P AR 4
RAEA . B LI ABUZA L s AR Rl 75 5.

AR FE BEAL s A E N TR AT B, AR
HPEAR, A TR SRR IR R, T LR
LEAIHLEE NATIEA TR, Wl 2 o, B Relibed e ml
003 BB NEREIRETR stk N TER R
LB AR A R S . AT R I T e
ARARRRA AR I C 5B, i e 11 e U e
Jr R IR A FR N SR o AL N T AR AR 532 Bl R 472 1
FE 58 A LA N RE R ) S B o

Roliciolllvi®®

a. NJERTRE Ak e b. NJBJE e
a. Obstacle-surmounting of first b. Obstacle-surmounting of second
wheel in front humanoid wheel-leg wheel in front humanoid wheel-leg
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c. Obstacle-surmounting of wheel in d. Completion of
rear humanoid wheel-leg obstacle-surmounting
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Fig.2 Schematic diagram of luffing wheel-leg robot intelligent
obstacle-surmounting
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Note: O)-XY is base coordinate system. O, is upper joint coordinate of pendulum
arm. O, is lower joint coordinate of pendulum arm. Py, P,, P;and P, are joint

coordinates of upper and lower actuators. W; and W, are center coordinates of
wheels. E; and E; are lengths of actuators, m.
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Fig.3 Schematic diagram of humanoid wheel-leg
obstacle-surmounting kinematic model
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Table 1 Initial parameter of humanoid wheel-leg
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link joint of humanoid
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wheel-leg so/mm
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Ej/mm E>/mm
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a. Simulation of first humanoid wheel obstacle-surmounting
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b. Completion of first humanoid wheel obstacle-surmounting
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c. Simulation of second humanoid wheel obstacle-surmounting

d. NJEH G S 5e 1k

d. Completion of second humanoid wheel obstacle-surmounting
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Fig.4 Schematic diagram of humanoid wheel-leg robot intelligent
obstacle-surmounting in ADAMS
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Stability analysis and gait planning for luffing wheel-legged robot during
intelligent obstacle-surmounting process

Sun Zhibo, Liu Jinhao™, Yu Chunzhan, Kan Jiangming
(School of Technology, Beijing Forestry University, Beijing 100083, China)

Abstract: Luffing wheel-leg robot is applied to the operation on uneven surface, because of the characteristics such as high
mobility, obstacle-surmounting capability and strong stability. In order to guarantee the smoothness of obstacle surmounting,
the paper introduces a novel robot with 6 wheel-legs. This robot is a mobile equipment designed to surmount obstacles actively
on forest road. The robot is a combination of 2 frameworks, 2 rear wheel-legs and 2 front wheel-legs. Wheel-legs are attached
to the frameworks and distributed on both sides symmetrically. Linear actuators connected between wheel-legs and
frameworks can lift the wheel-leg up and down through the obstacle-surmounting process. Front wheel-leg consists of a front
straight wheel-leg and a front inverse V-shaped wheel-leg which means the front wheel-leg has 2 degrees of freedom. In order
to achieve the intelligent obstacle-surmounting skill, 2 linear actuators are applied to the front wheel-leg on each side of the
framework. Through analyzing the simplified model, the intelligent obstacle-surmounting process can be divided into 3 stages:
obstacle surmounting of the first wheel in front wheel-leg, obstacle surmounting of the second wheel in front wheel-leg and
obstacle surmounting of the rear wheel. The former 2 stages are controlled by the composite motion of the front wheel-legs,
and the third one is controlled by the rear wheel-leg motion only, which means intelligent obstacle surmounting of the front
wheel-leg is the key factor during the process. The kinematic model is established based on the movement relationship of the
system. Through the calculation of the kinematic model, the maximum height of the intelligent obstacle-surmounting process
is obtained, which is related to the length of the inverse V-shaped wheel-legs, the angle between the 2 legs in the inverse
V-shaped wheel-legs and the swing angle range of the inverse V-shaped wheel-legs. According to the motion differential
equation, the Jacobian matrix between the velocities on the wheel center of inverse V-shaped wheel-legs and the linear
actuators is achieved. Based on the Lagrange equation, the dynamic model of the wheel-legs during the obstacle-surmounting
process is established. According to the dynamic model, the force of the linear actuators can be calculated at the beginning of
the progress. In ADAMS, the obstacle with 100 mm height and 180 mm diameter is established for the intelligent
obstacle-surmounting simulation. Based on the Jacobian matrix and the initial parameter of the wheel-leg, the velocities of the
actuators are fitted by the OLS (method of least squares), which is the input of the simulation. After simulation, the dynamic
characteristics of the actuators are obtained. The maximum power is less than the rated power of the actuator, which proves the
feasibility of the intelligent obstacle-surmounting process. The test of surmounting the obstacle with 10 cm height is conducted
for further validation. With the same structure, velocity and obstacle, the tests are conducted twice using the intelligent
obstacle-surmounting method and the passive method respectively. The experimental result shows that the roll angle and trim
angle by the intelligent obstacle-surmounting system are heavily decreased respectively from 4.5° and 2.5° to 0.75° and
0.4°compared with the passive method. Simulations and tests prove the validity of theoretical model and the effectiveness of
intelligent obstacle-surmounting method.

Key words: robots; models; computer simulation; wheel-leg robot; dynamic; intelligent obstacle-surmounting; stability
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