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Challenges and gaps in state-of-the-art
• There is tremendous interest in high-payload cobots

from companies worldwide. However, few commercial
cobots exist for payloads between 10-30 kg.

• Cobot payload-to-mass ratios are currently above 1:2,
higher than that of the human arm (1:1).

• Robot efficiencies are relatively low due to the typical
nature of robotic tasks, which consist of two phases:

1) a loaded phase, where the payload is carried to its
destination (high torque, low speed);

2) a no-load phase, where the manipulator returns to
its initial position (high speed, low torque).

Due to these conflicting torque-speed requirements, the
robot’s motors are used in a very energy-inefficient way.
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Project summary
• The goal of the ELYSA project is to increase the

payload-to-mass ratio and energy-efficiency of
robots, in particular collaborative robots (“cobots”).

• To achieve these goals, three new design concepts
will be developed.

• These innovations will enable cobots to lift higher
payloads, opening up new cobot applications.

• Lightweight and energy-efficient manipulators are of
interest for implementation on mobile platforms.

Concept 1: Links designed for strength, not stiffness
• Conventional industrial robots need to be structurally

stiff to ensure high positioning accuracy. This results in
heavy designs.

• Positioning accuracy is typically less of a concern for
cobot applications. Hence, links no longer need to be
designed for stiffness, only for strength.

• This design paradigm shift can lead to drastic
increases in a cobot’s payload-to-mass ratio [1].

Concept 3: Remote actuation to improve mass 
distribution

Remote or off-joint actuation concepts place actuators,
gearboxes, drive electronics and batteries in the base of
the actuator. This results in a strong reduction of the
arm’s (moving) mass.
Advantages:
• By reducing the arm’s proper weight, the load-bearing

capability of the manipulator can be increased.
• A reduction of the arm’s inertia lowers the torque

demanded from the actuators for dynamic motions,
and therefore increases energy efficiency.

• The injury risk in case of collision is related to the
moving mass of a robot. Remote actuation therefore
makes the robot safer for human-robot collaboration.

VUB will implement its patented remote actuation
technology [4,5] in the ELYSA cobot design.
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Concept 2: Dual-motor actuation
Dual-motor actuators incorporate two motors to drive a 
single output. The redundancy created by adding the 
second motor can be exploited for optimization.
Advantages:
• Conflicting torque-speed requirements can be resolved

by combining a high-torque motor with a high-speed
motor, resulting in higher efficiencies [2].

• Superior performance for highly dynamic motions
while carrying high payloads [3].

• Increased fault-tolerance: a dual-motor actuator can
continue to function when one of the motors fails.

2-DOF robotic arm with reduced link stiffness [1].

Flexible shaft transmission passing through joint [4].

Energy efficiency map of a robotic joint. Robots typically 

operate in an L-shaped region in the torque-speed 
space, where the drivetrain is least efficient [3]. Dual-motor actuator [2].
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