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ABSTRACT 

Mixed oxides of (Th-Pu) and (Th-233U) are proposed to be used as fuels in Advanced Heavy Water Reactor 
(AHWR) [1] [4]. As 233U produced in reactor is contaminated with 232U, whose daughter products are hard gamma 
emitters, 233U bearing fuel can only be handled behind heavy shielding in hot cells A mock up facility is being set up 
to demonstrate all aspects of fuel fabrication, automatically and remotely in hot cells [2][3]. This paper describes a 
first of its kind automation system: fabrication, inspection and handling of the fuel pin.  
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INTRODUCTION 
  
 AHWR fuel pin consists of a Zircalloy clad tube, welded with two end plugs and 18 spacer pads [4]. It is 
filled with MOX pellets to a length of 3500 mm. The 11.2 mm diameter pin has a length of about 3860 mm. Pin 
handling is not easy, due to its large length, small diameter and presence of the spacer pads. 

The major operations to be performed on the clad tube or pin are pellet insertion, end-plug welding, buffing and 
decontamination. Pin metrology involves measurement of length, bow, weld bead size, TIR and weight. In addition, 
x-ray radiography, gamma scanning, helium-leak testing and visual inspection are to be performed on the pin.  

Fuel fabrication will be performed in a series of shielded cells (hot cells). The physical constraints arising from hot 
cells are respected in the design of the mock up system. Hotcells have roof plugs, in-cell crane, access doors, inter-
cell door, master slave manipulators (MSM), viewing windows, etc. Design and layout of in-cell equipments are 
such that, the equipments will not interfere with the functioning of the above devices. Personnel entry may be 
required for repair and maintenance of the cell equipment. For this, all active materials (fuel pins) are to be removed 
from the cell using MSMs, even if the material transfer equipment is not functional. Therefore, the widths of the hot 
cells are limited to the reach of MSMs for accessing all desired areas by the MSM. In addition, no permanent 
structure/equipment is placed above the automated stations, in the layout for handling the fuel pins with MSM. 

 

AUTOMATED PIN FABRICATION SYSTEM 

              The prime objective of the mock up facility is to demonstrate automated fuel fabrication in shielded facility. 
System design was mainly focussed on material handling and automation. Few established fuel pin fabrication 
processes and inspections are not demonstrated in the mock-up. However, all necessary material transfers and pin 
movements for such processes are demonstrated. To develop a compact mock-up facility, the number of simulated 
hot cells have been optimised and the equipment layout in these cells have been re-arranged (ref Fig 2). However, all 
material handling tools to be used in the actual facility are demonstrated. Full length clad tubes/pins, trays and cages 
as shown in Fig 1, have been manufactured for the demonstration. 

Thirty six empty clad tubes are brought to the facility in a cage and thirty six accepted pins are taken out of the 
facility in another cage, after pellet insertion, processing and inspections. Automated operations begin with pulling 
out clad tubes from the cage and end with inserting accepted pins into the second cage. Other major material 
handling operations include, transferring the clad tube/ pin from one isolated hot cell to another; loading it to the 
processing/ inspection station; and translating or rotating it for processing/ inspection.  
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Fuel pin transfer from one cell to another is done using a novel design of vehicle, moving on a rail. Shielded doors 
are provided on the common cell walls for providing shielding and passage, whenever required. Within a cell, the 
long clad tubes and pins are transferred from one station to another using a pair of robots, operating in coordination. 

All operations are monitored and controlled automatically. Operator can intervene and control the system in semi-
automated or manual modes. Inspection data of each pin in the pin cage is available. The status of each station is 
available at the control station on a SCADA screen (ref Fig 3). Images from CCTV cameras are also available at the 
control station. 

 

 

CONCLUSION 

 

 In the mock up system, many novel tools and techniques for automated transfer of the pin and the cage 
have been developed. A few conventional techniques have been modified for automated inspection. Constraints 
arising from the hot cell, such as space limitations, maintainability, access and interference with remote handling 
tools, spread of contamination, etc. are considered in the design. Another outcome of the mock up facility is 
optimised layout of hot cell and equipments, which reduces the number of material transfers, reduces the number of 
equipments, optimally utilise hot cell space and provides access for maintenance. A hybrid layout, combining the 
desired features of fixed-position layout, product-oriented layout and process-oriented layout, is adopted in this 
mock-up demonstration. 
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Fig 1:  Pin, Tray & Cage Fig 2: Automation System Fig 3: SCADA Display of a Cell 


