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Design of Scale-changeable Pantograph Legs for Heavy-duty Robots

SUO Zhe LI Xiang LIU Jianfeng WANG Jixin~
School of Mechanical and Aerospace Engineering,Jilin University,Changchun, 130025

Abstract: The motion characteristics of the 2 DOF (degree-of-freedom) scale-changeable panto-
graph leg mechanisms were analyzed, different designs for scale change were compared. A scale-
changeable pantograph leg with a nonlinear length adjustment mechanisms was proposed. The length
of the thigh and shank link could be adjusted with a single driver according to the nonlinear proportion
relation. Thus, the scale could be changed while preserving the pantograph mechanism properties.
The scale-changeable pantograph leg may change the scale without disassembling, adjust the foot
working space and the carrying capacity of the robots.
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Fig.1 Geometric relation of pantograph leg mechanism
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Fig.2 Scale-changeable scheme
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Fig.3 Schematic diagram of the overall structure
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Fig.4 Assembly drawing of thigh and shank link
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Fig.5 Diagram of nonlinear length adjustment module
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Fig.6 Nonlinear length adjustment route map
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Fig.7 Link length adjustment relationship diagram
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Fig.9 Synchronization belt movement diagram
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Fig.10  Overall layout of a heavy-duty legged robot
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Fig.11 Scale-changeable pantograph leg in three states
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Fig.12 Comparison of motion range with different scales
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Fig.13 The performance of the scale-changeable

pantograph leg in different ratio states
RIARTLL DL AT A S0
4 HiE

AR SCHE T LA A BB AL B 1 — AR 4 T
PO . e i PR HfE SR B T 7R DR R LA RS
P F [a] Bk 552 B 46 4 EE 91041 8 B9 R AT R L X TR
[Fi) 4 7 LE 451 4 3 30 L AN 6 RRE L DR S S R 3
A2 LA N BB A2 B8 T LA

e ¢

[1] HE Jun. GAO Feng. Mechanism. Actuation, Per-
ception, and Control of Highly Dynamic Multi-
legged Robots:a Review[]]. Chinese Journal of Me-
chanical Engineering, 2020, 33(1):79.

[2] ZHUANG Hongchao, GAO Haibo,
Zongquan, et al. A Review of Heavy-duty Legged

DENG

Robots[J]. Science China(Technological Sciences) ,
2014, 57(2):298-314.

[3] WILCOX B H. ATHLETE:a Cargo-handling Vehi-
cle for Solar System Exploration[C] // 2011 IEEE
Aerospace Conference. Big Sky., 2011:1-8.

(4] EA. whdeze, Ry, —Fhogn 2T o8 5 i1 4 2 2
PLER N BT 540 0r )], LA TR 2= 4, 2020, 56
(19):191-199.

* 196 -

WANG Sen, YAO Yan’an, WU Jianxu. Design and
Analysis of a Novel Adjustable Closed-chain Multi-
legged Robot[J]. Journal of Mechanical Engineer-
ing, 2020, 56(19):191-199.

[5] WU Jianxu, YAO Yanan. Design and Analysis of a
Novel Walking Vehicle Based on Leg Mechanism
with Variable Topologies[ J]. Mechanism and Ma-
chine Theory, 2018, 128:663-681.

[6] WU Jianxu, YAO Yanan, LI Yibin, et al. Design
and Analysis of a Sixteen-legged Vehicle with Reconfig-
urable Close-chain Leg Mechanisms [[J]. Journal of
Mechanisms and Robotics, 2019, 11(5):055001.

[7] ZHANG Y, ARAKELIAN V, Le BARON J P. De-
sign of a Legged Walking Robot with Adjustable
Parameters [ J ]. Advances in Mechanism Design,
2017, 44:65-71.

[8] NANSAIS, ROJAS N, ELARA M R, et al. On a
Jansen Leg with Multiple Gait Patterns for Recon-
figurable Walking Platforms[J]. Advances in Me-
chanical Engineering, 2015, 7(3).:1-18.

[9] SHEBA J K, ELARA M, MARTINEZ-GARCIA
E. et al. Trajectory Generation and Stability Analy-
sis for Reconfigurable Klann Mechanism Based
Walking Robot[J]. Robotics, 2016, 5(3):13.

[10] SHEBA J K, ELARA M R, MARTINEZ-

GARCIA E, et al. Synthesizing Reconfigurable
Foot Traces Using a Klann Mechanism[]]. Roboti-
ca, 2017, 35(1):189-205.

[11] GUO Wei, CAI Changrong, LI Mantian, et al. A
Parallel Actuated Pantograph Leg for High-speed
Locomotion [ J]. Journal of Bionic Engineering,
2017, 14(2) :202-217.

[12] SONG S, WALDRON K J. Machines that Walk:
the Adaptive Suspension Vehiclel M]. Cambridge,
Mass. : MIT Press, 1989.

[13]  Edk#r, KRG, 0. —Fhnl 2284800 Lo bR 2 47
B % B R AT L B 28 48 7 1 - CN116513337 AP,
2023-08-01.

WANG Jixin, SUO Zhe, LI Xiang. A Scale-
changeable Pantograph Leg and Scale Ratio Trans-
formation Method: CN116513337A [ P]. 2023-08-
o01. (FE K B

EERIN. % #,9,1997 F4, 054, B Jrmh 2
MLt N, 2484 GEREZR.H. 197 4. 8 MLt
S, WS DT REHLAR R AL 14 . E-mail: jxwang@jlu.

edu.cn,

A5 RS

Rl 240, ) g0, A5 F A2 SUHL AR N AR A e BRI (T .
LB T, 2025, 36(2) :191-196.

SUO Zhe, LI Xiang, LIU Jianfeng. et al. Design of Scale-change-
able Pantograph Leg for Heavy-duty Robots[J]. China Mechani-
cal Engineering, 2025, 36(2):191-196.



