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DESIGN OF GRAVITY-COMPENSATION ADAPTIVE SYSTEMS FOR
ROBOT MANIPULATORS

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 in many situations. For gravity compensation in robot mechanisms, different
approaches and solutions have been developed and documented. The balancing schemes for
robotic systems can be systematized by taking into account the nature of the compensation
force: i) With counterweights: this is a classical approach which consists in adding
counterweights in order to keep the total centre of mass of moving links stationary. ii) With
spring: the approaches developed in this group are based on the use of either zero-free length
springs or non zero-free length springs. iii)) With a complementary actuator which can be a
pneumatic or hydraulic cylinder, electromagnetic device, etc. In this case, a pneumatic or
hydraulic cylinder is connected with some manipulator links or directly with the moving
platform. There are also some approaches based on special counterweights, which are fluid
reservoirs. Continuous gravity compensation is achieved by the pumping of fluid from the
first reservoir-counterweight to the second.

The main drawbacks of the mentioned solutions when applied to robotics is that they
ensure the gravity balancing of the robot for a given gravity load. However, when this load is
varying (for example, during a palletizing task), they cannot ensure the cancellation of the
gravity effects due to change of the payload.

Within the framework of this PhD thesis, a novel gravity compensation system will be
developed. The objective of this work is to design a balancing solution capable of
compensating for the gravitational effects of a manipulated payload whose mass may vary
during operation. In many robotic or mechanical manipulation systems, changes in payload
lead to variations in gravitational torque, which can negatively affect system performance,
stability, and energy consumption if not properly compensated.

Most existing gravity balancing techniques are designed to compensate for gravitational
effects associated with variable loads. However, these solutions often rely on active
mechanisms or continuous energy input to adapt the system to different payloads. As a result,
the adjustment process may require a significant amount of energy, reducing the overall
efficiency of the system.

The proposed gravity compensation system aims to address this limitation by focusing on
energy efficiency. In particular, the system should be capable of adapting to changes in the
manipulated payload while requiring only minimal energy for adjustment. The goal is
therefore to develop an innovative balancing mechanism that maintains effective gravity
compensation across a range of payloads while minimizing the energy required for
reconfiguration. Such a solution would contribute to improving the overall efficiency,
sustainability, and practicality of gravity-balanced mechanical and robotic systems.



Simulations of the mechanical systems with ADAMS will have to be carried out in order to
confirm the effectiveness of the proposed approach. The proposed design concept will be
validated via demonstrators.
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