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1. Introduction 
 

Sodium-cooled Fast Reactors (SFRs) are advanced 
nuclear systems designed to minimize high-level 
radioactive waste by recycling spent nuclear fuel. The 
transuranic (TRU) metallic fuel core used in SFRs is 
highly radioactive, requiring all fabrication processes to 
be strictly performed remotely inside a shielded hot cell. 

Globally, there is a strong trend toward adopting 
articulated robotic arms and automated control in 
extreme radiation environments to ensure safety and 
enhance operational efficiency. Notable examples 
include the radiation-hardened manipulators deployed 
for the Fukushima Daiichi decommissioning, the heavy-
duty Remote Handling System in ITER, and robotic 
systems in the Sellafield reprocessing facilities. Aligning 
with this technological shift, the paradigm of remote 
manipulation in nuclear facilities is transitioning from 
conventional manual control to automated and hybrid 
systems. 

The Korea Atomic Energy Research Institute (KAERI) 
previously constructed a Remote Fuel Fabrication Mock-
up (RFFM) to develop an injection casting-based 
fabrication process. Currently, operators manually 
perform tasks using Master-Slave Manipulators (MSMs). 
However, relying exclusively on MSMs causes 
significant operator fatigue and drastically reduces 
spatial efficiency, as multiple dedicated fixtures must be 
placed within the limited hot cell volume. 

To overcome these constraints, this study proposes a 
hybrid remote handling system aiming for automated 
remote fabrication. In this system, an ATC(Automatic 
Tool Changer)-equipped robotic arm automatically 
performs standard operations, while the existing MSMs 
are retained for emergency interventions. Prior to 
physical implementation, a 3D digital mock-up was 
constructed to assess the spatial applicability and 
kinematic feasibility of integrating both systems without 
interference.. 

 
2. System Modeling 

 
2.1. 3D Modeling of the ATC Robotic Arm System 
 

An industrial articulated robotic arm and a pneumatic 
ATC system were modeled to operate alongside the 
MSMs. To mitigate potential radiation damage to 
electronic components at the end-effector, a 

pneumatically actuated coupling mechanism was 
adopted. Customized tools were modeled for moving, 
fastening, and detaching components in alignment with 
the injection casting process, and a tool stand was 
designed to efficiently accommodate them. 
 
2.2. Layout Derivation for Coexistence 
 

Based on the existing RFFM structural data, a virtual 
hot cell environment was constructed. The core objective 
of the layout design was to integrate the robotic arm 
without compromising the operational workspace of the 
MSMs. By substituting bulky, single-purpose fixtures 
with the ATC system, sufficient residual volume was 
secured to install the robotic arm's base and the tool stand. 
The layout was optimized to separate trajectories: the 
robotic arm covers the primary frontal workspace of the 
casting equipment, while the MSMs are positioned 
laterally or at the rear to allow for unhindered emergency 
access. 

 

 
Fig. 1 3D model of the existing equipment for remote 
fabrication of SFR metallic Fuel Slugs  

 
3. Digital Mock-up and Applicability Assessment 

 
The 3D geometric data of the RFFM was converted 

and imported into a kinematic environment to establish 
the digital mock-up. Mechanical joints and kinematic 
constraints were applied to both the robotic arm and the 
MSMs. 

 
Based on the derived hybrid layout, sequential work 

processes and emergency scenarios were assessed. 
 



 
 

3.1 Normal Operation (Automated Process) 
 

The ATC robotic arm automatically changes to the 
appropriate tool at the stand and autonomously performs 
the moving, fastening, and detaching of the crucible and 
mold. 

 
3.2 Emergency Intervention (Manual Process) 
 

A simulated robot malfunction was introduced. The 
standby MSM accesses the primary workspace to safely 
retrieve components held by the robot or mechanically 
tow the robot’s joints to a maintenance zone. 

 
Throughout this assessment, spatial constraints, 

reachability, and potential collisions between the two 
remote devices and surrounding structures were 
rigorously analyzed. 

 
4. Results and Conclusions 

 
This study successfully validated the spatial and 

kinematic applicability of the hybrid remote fabrication 
system through a comprehensive digital mock-up 
assessment. 

The assessment results demonstrated that integrating 
the ATC system minimizes the need for auxiliary 
equipment, securing a sufficient working volume for the 
MSMs and the robotic arm to coexist without mutual 
interference. The process sequence evaluation confirmed 
that the robotic arm possesses adequate reachability to 
access all target points around the casting apparatus 
during normal operations. Furthermore, emergency 
scenarios verified that the MSMs encounter no spatial 
constraints when intervening within the robot's 
operational radius for maintenance tasks. 

In conclusion, this digital mock-up study proves the 
applicability of a complementary remote manufacturing 
system that achieves both high productivity via 
automation and robust reliability via manual intervention. 
The optimized layout and kinematic assessment data 
derived from this research will serve as fundamental 
references for future hardware integration testing in the 
actual KAERI mock-up facility. 
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