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Preface

The actuator power required to resist joint torque caused by the weight of robot links
can be a significant problem. Gravity compensation is a well-known technique in
robot design to achieve equilibrium throughout the range of motion and as a result
to reduce the loads on the actuator. Thus, gravity compensation is beneficial, by
which a robotic system can be operated with relatively small actuators generating
less torque. Therefore, it is desirable and commonly implemented inmany situations.
Nature of the forces that must compensate gravity and its emplacement in the robotic
systemsmaybediverse: elastic spring forces, counterweights, pneumatic or hydraulic
cylinders, electromagnetic forces, etc. The compensation systems can be mounted
on the links of the initial robotic structures or on the auxiliary linkage connected
with them.

This work presents new research results in the field of gravity compensation in
robotic systems. It includes the research results obtained in France, Australia, Russia,
Korea, Belgium, Armenia and Italia. Various problems were considered: gravity
compensation of planar articulated robotic manipulators; the stiffness modeling of
manipulators with gravity compensators; the multi-degree-of-freedom counterbal-
ancing; the design of actuators with partial gravity compensation; a cable-driven
robotic suit with gravity compensation for load carriage; various compensation
systems formedical cobots and assistive devices; gravity balancing of parallel robots.
The book includes both theoretical and experimental research results.

The editor thanks the authors who have contributed with various and interesting
research results on several issues of gravity compensation. He hopes that the present
book will be useful to the readers and it will expand knowledge in the field of robot
design.

Rennes, France
December 2021

Vigen Arakelian

v



Contents

A Modularization Approach for Gravity Compensation of Planar
Articulated Robotic Manipulators . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
Vu Linh Nguyen and Chin-Hsing Kuo

Stiffness Modeling for Gravity Compensators . . . . . . . . . . . . . . . . . . . . . . . . 27
Alexandr Klimchik and Anatol Pashkevich

Multi-DOF Counterbalancing and Applications to Robots . . . . . . . . . . . . . 73
Jae-Bok Song, Hwi-Su Kim, and Won-Bum Lee

Series Parallel Elastic Actuator: Variable Recruitment of Parallel
Springs for Partial Gravity Compensation . . . . . . . . . . . . . . . . . . . . . . . . . . . 101
Furnémont Raphaël, Glenn Mathijssen, Tom Verstraten,
Bram Vanderborght, and Dirk Lefeber

Design, Optimization and Control of a Cable-Driven Robotic Suit
for Load Carriage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125
Yang Zhang and Vigen Arakelian

Tool Compensation for a Medical Cobot-Assistant . . . . . . . . . . . . . . . . . . . . 147
Juan Sandoval and Med Amine Laribi

Design of Statically Balanced Assistive Devices . . . . . . . . . . . . . . . . . . . . . . . 165
S. D. Ghazaryan, M. G. Harutyunyan, Yu. L. Sargsyan, and V. Arakelian

Design of Multifunctional Assistive Devices with Various
Arrangements of Gravity Compensation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 193
S. D. Ghazaryan, M. G. Harutyunyan, Yu. L. Sargsyan,
N. B. Zakaryan, and V. Arakelian

vii



viii Contents

Gravity Balancing of Parallel Robots by Constant-Force
Generators . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 229
Giovanni Mottola, Marco Cocconcelli, Riccardo Rubini,
and Marco Carricato


	Preface
	Contents

