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Novel Mechanical Manipulator for Efficient Fuel Debris Retrieval
(Contract Research)
— FY2023 Nuclear Energy Science & Technology and Human Resource Development Project —

Collaborative Laboratories for Advanced Decommissioning Science,
Fukushima Research and Engineering Institute
Japan Atomic Energy Agency
Tomioka-machi, Futaba-gun, Fukushima-ken

The University of Tokyo
(Received March 17, 2025)

The Collaborative Laboratories for Advanced Decommissioning Science (CLADS), Japan Atomic Energy
Agency (JAEA), had been conducting the Nuclear Energy Science & Technology and Human Resource
Development Project (hereafter referred to “the Project”) in FY2023.

The Project aims to contribute to solving problems in the nuclear energy field represented by the
decommissioning of the Fukushima Daiichi Nuclear Power Station, Tokyo Electric Power Company
Holdings, Inc. (TEPCO). For this purpose, intelligence was collected from all over the world, and basic
research and human resource development were promoted by closely integrating/collaborating knowledge
and experiences in various fields beyond the barrier of conventional organizations and research fields.

The sponsor of the Project was moved from the Ministry of Education, Culture, Sports, Science and
Technology to JAEA since the newly adopted proposals in FY2018. On this occasion, JAEA constructed a
new research system where JAEA-academia collaboration is reinforced and medium-to-long term
research/development and human resource development contributing to the decommissioning are stably and
consecutively implemented.

Among the adopted proposals in FY2021, this report summarizes the research results of the “Novel
mechanical manipulator for efficient fuel debris retrieval” conducted from FY2021 to FY2023.

The present study aims to the development of a collision-tolerant robotic manipulator with the mechanical
variable impedance actuators in an unknown environment. Another research target is the system architecture
of an artificial intelligence-based control method for efficient exploration and decommissioning. In addition
to conducting an investigation in the area deep inside the aperture, which has been difficult with conventional
investigations, we aim to recover pebble-shaped fuel debris at the bottom of the pedestal using a gripper at
the tip of the manipulator. We will establish a manipulator mechanism and remote-control system to cope
with the environmental constraints inside the pedestal.

This year focused on developing a manipulator navigation algorithm, evaluating control performance, and
conducting on-site scenario demonstration experiments. Studies included building a driving model, designing
a control algorithm, and assessing manipulator control performance, with comparisons to simulation models.
Demonstration experiments were conducted at facilities like the JAEA Naraha Center for Remote Control
Technology Development.

The research was promoted in close collaboration with the UK team and external advisors, including
bi-weekly meetings. At the end of the fiscal year, an oral presentation introducing the project was given at
an international workshop organized by the University of Tokyo and Technical University of Munich (TUM).

Keywords: Decommission, Manipulator, Debris, CVT, VIA, Navigation, Visual Servo, Artificial Intelligence

This work was performed by The University of Tokyo under contract with Japan Atomic Energy Agency.
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Rolr =2 D=LV RARFEEEAREE T 5, 7 —ZZEHIZIE, 3 It CAD D SolidWorks T
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V7 RO T DOVAT AMERIT, K 3. 2-1T IR TIED Th D,
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Miscellaneous tunings were necessary
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EPOS motor driver parameter settings
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ZEMWTER,

Potentiometer

Shoulder-y | ___.---

+90 [°]

}3.3-1 v=FalL—¥FHEEa—oRT g A—%

3-25
- 58 -



JAEA-Review 2025-014
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TR T A =21, K 3.3-2 TRLcrARy MET VR IO — & BRE AR NI PR Er
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AlEhiEk [deg] E— X [A] Rl kL2 [Nm]
min MAX MAX MAX
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DI F D, BRESHEALE BT ARy FOBKEIRE LT, BEICAR Um0 REAS v E—
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R (IVT) HEREAFF S/ VHA~UL R &7 — 1 VT 2R E L, ABIZERe Ry N AT A - il >
A= Ry Z BT AE AN R EFEBTE D EER LT, —FH T, RERIXAEZ X
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CVT IE, v — A LRI, oF D HG FERICEEILZZ b S CE N2 BET L2EFHETH D,
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SMEAES3 H 26 HITI 20~V TERE (T & HERFOERY—2 g v 72T, Ao
‘Il MIBETAIREEI T,

Agenda for the UTokyo TUM Workshop on 26 March 2024

Angela Faragasso, PhD, Project Assistant Professor @UTokyo
Lessons Learned from International Collaboration: Developing a Novel Mechanical

Manipulator for Fuel Debris Retrieval

Shinsuke Nakashima, PhD, Project Research Associate @UTokyo
Active Self-healing Legged Robot with Liquid Metal Tendon: A Bio—inspired Approach

for Damage Tolerance

Dingzhi Zhang, M.Sc., PhD Student, MiMed TUM
A Hybrid Human Tracking System using UWB Sensors and Monocular Visual Data
Fusion for Human Following Robots

Supervisor: Prof. Dr. Tim C. Liith

Prof. Hajime Asama

Dynamic Collaboration of Construction Robot Swarm for Disaster Response (Moon—shot
Project Goal #3)
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