BB Segment Grasping Pipeline with Variable Admittance Control for EU
DEMO Remote Maintenance
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Fig. 1: Pipeline of grasping process for breeding blanket segments removal
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SUMMARY

Secure grasping of the EU DEMO breeding blanket (BB)
segments is needed to achieve reliable remote handling for
replacement through the upper port. The grasping pipeline is
broken into four tasks: interface detection and localization,
approach, insertion and locking. Solutions are proposed and
tested for each step using down-scaled prototypes of the
gripper and interface, off-the-shelf sensors and actuators and
a UR3e manipulator. An admittance control scheme with
variable admittance parameters is implemented to robustly
solve the challenging insertion step, in which high accuracy
and safety must be maintained while some degree of collision
between the gripper and BB segment is practically unavoid-
able. The admittance controller allows the grasping procedure
to recover if the approach fails within a certain tolerance, and
allows the geometry of the interface to guide the gripper into
the correct position for locking. The code for this project is
available on GitHub.'

I. BACKGROUND AND MOTIVATION

A robust remote maintenance architecture will be necessary
for the safe and economical functioning of the EU DEMO
power plant. The removal and replacement of BB segments
through the upper port requires a folding gripper which
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locks into a countersunk interface hole in each BB segment’s
exposed area in the upper port [1]. The folding gripper’s
arms and conical contact surfaces passively transfer the weight
of the BB segment to the robotic RH tool, including large
moments due to the distant center of mass of the segment,
enabling the BB segment to be transported. A stable grasp
requires the gripper to fit tightly in the interface, therefore an
accurate and precise insertion is required while maintaining
safety. A comprehensive and robust grasping pipeline must
be laid out which can meet these requirements. Each step
should be clearly defined, scalable and task-oriented, enabling
parallel testing of solutions using down-scaled prototypes with
generic manipulators which can later be integrated and scaled
up. Fig. 1 details the identified grasping pipeline steps along
with solutions proposed and tested in this work.

Due to having the highest probability of collision (which
could cause large forces due to the high stiffness of the
stainless steel constructions of the gripper and BB segment),
the insertion step is considered to be the most critical. The
conical faces of the gripper and interface can guide the gripper
into a successful insertion if the gripper is allowed to deviate
from its planned trajectory. Impedance and admittance control
are related schemes, often implemented in collaborative robots
(cobots), which allow the system to behave compliantly (as a
mass-spring-damper) in response to external forces [2]. An
admittance controller with variable admittance parameters is
proposed and tested for the gripper insertion in this work.

II. GRASPING PIPELINE

The grasping pipeline (Fig. 1) begins with the detection and
localization of the interface. This is necessary to overcome
uncertainties in the positions of the interface and the gripper.
A stereo camera sensor mounted on the gripper is proposed
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