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Introduction

This paper presents a conceptual design for an articulated arm source system for the target area of the Double CHOOZ experiment.  This design is a first attempt at examining the design parameters and constraints on such a system.  This initial design was driven by the requirement to minimize the material used in the system and the deflections of the system were a secondary concern.  Also, at this time the amount of coverage that is needed within the target area is not known and this will greatly influence the design of the source system.

Description of Articulated Arm

The arm is basically a 3 bar linkage.  It consists of the main support rod (12mm diameter aluminum rod) which runs down the center of the target area.  The source is deposited at the end of an arm that is a 6mm diameter aluminum rod.  The arm is hinged to the support rod.  A nylon cable (2mm diameter) forms the third leg of the linkage and connects the arm to the support rod.  A sliding sleeve on the main support rod supports the nylon cable.  The three figures below show the basic outline and reach of the system.  

By raising or lowering the sliding sleeve on the support rod it is possible to move the source through a range of positions.  A cable (such as used on bicycle brakes) would be used to move the sleeve up and down.  Also, by rotating the support rod about its axis it is possible to sweep 360 degrees with the source.  
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Figure 1

Basic Dimensions of Target Area and Articulated Arm
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Figure 2 – Range of Motion of Articulated Arm
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Figure 3

Details of Connections

Range of Motion

The arm can be rotated about the axis of the support rod to get 360 degrees coverage at any given position of the source.  The entire target area can be covered by the source by lowering the support rod to various depths and varying the radial position of the source.  However, the top of the cylindrical target area cannot be covered completely.  It is difficult to reach the outer radius at the top of the cylindrical target area because the nylon cable runs into the top of the cylinder.  The initial design of the arm had the nylon cable attached to the arm at 300mm from the support rod.  Whereas the chimney is not defined at this time it was felt that a 600mm diameter chimney was a possibility.  If this were the case then it would be possible to recess the nylon cable into the chimney with the arm at 90 degree, thus allowing for full coverage of the target area.  As discussed below, however, the deflections of the arm might dictate that the nylon cable be located further out along the arm.  In this case it would not be possible to cover the outer radius of the target area at the top.  

Deflections of Source

The deflections of the source are due to two different affects. First, the sag of the arm and, second, the bending of the support rod due to the moment created by the weight of the arm offset from the axis of the support rod.  A hand calculation was done on several geometries to gain an initial understanding of the deflections.  The weight of the source was neglected because it was felt that it was small compared to the weight of the structure.
When the nylon cable is located 300mm along the arm from the support rod and the length of the cable is 425mm so that a 45 degree angle is formed between the cable and arm when the arm is at 90 degrees, the source sags 42mm.  When the nylon cable is moved further out along the arm to 600mm while maintaining the 45 degree angle between the cable and arm the deflections drop to 21mm.  

Locating a counter balance as shown in the figure below can further reduce the deflections.  This counter balance eliminates the deflections due to the bending of the support rod due to the overhanging weight of the arm.  The problem with a counterbalance is that is introduces additional mass into the system.  In the initial calculations a counter balance of 2.4kg was located 300mm from the support rod.  This counterbalance reduced the deflection of the source to 25mm when the nylon cable was at 300mm and down to 6.5mm when the nylon cable was located at 600mm.  

A final calculation was done in which tubing was used for the structure rather than solid rods.  Without a counterbalance and with the nylon cable at 300mm along the arm the deflection of the source was 30mm.  

	Location of Nylon Cable
	Counter Balance
	Source Deflection
	Rod or Tubing for Structure

	300mm
	No
	42mm
	Rod

	300mm
	No
	30mm
	Tube

	300mm
	Yes
	25mm
	Rod

	600mm
	No
	21mm
	Rod

	600mm
	Yes
	6.5mm
	Rod
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Figure 4

Arm with Counter Balance

Conclusion

This paper describes the design of an articulated arm for placing a radioactive source within the target area.  The deflections of the structure can be significant.  These deflections can be reduced in four ways: 
· Increasing the diameter/size of the components of the structure 
· Using a more efficient shape such as a tube instead of solid rods.

· Changing the position of the nylon cable

· Adding a counterbalance.  
The addition of the counterbalance results in an increase in the mass of the system.  The position of the nylon cable also places limits on the coverage of the source within the target area.  

Requirements for the source system need to be defined as to the accuracy that is required for the position of source, maximum mass that is acceptable for the system, and the required coverage of the target area.  

