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1. Introduction
The Double Chooz detector will require a calibration source to be deployed into its active target area.  Currently there are two possible methods of deployment; a Rope and Pulley System (RPS) similar to what was used in SNO or an articulated arm (AA) system.  The purpose of this paper is to examine the pros and cons of both of these systems from a mechanical engineering point of view.   Each of these systems will be examined in terms of the following criteria:

· Ease of construction

· Ease of deployment

· Accuracy of location

· Coverage within the target area.

2. Basic Rope and  Pulley System

A basic RPS system is shown in Figure 1 in schematic form.  It consists of a container that holds the source.  On top of this container are two pulleys through which two separate ropes run.  One end of each rope is secured to the wall of the acrylic vessel.  The other end of the rope is routed up through the chimney where it is wrapped around a mandrel.  A stepper motor is used to control the length of the rope.  The system shown in Figure 1 can only be located in one plane. 
Ease of construction

This system is relatively easy to construct.  It would require attaching one end of the ropes inside the acrylic vessel at the time it is constructed.  The length of the two ropes control the position of the source and this is controlled by a stepper motor.  The two stepper motors could be coordinated using a simple industrial programmable logic controller (PLC) for very little cost.  

Ease of Deployment

The container would be stored outside of the target region and would be lowered through a small hole in the veto shield.  The stepper motors and control system could be located outside of the veto shield.  The RPS system would require a small hole in the veto shield and a very small support structure for the stepper motors, control system, and pulleys external to the shield.  

Accuracy of Location
The accuracy of deployment would depend on several factors; the stretch of the rope, resolution of the stepper motor, and accuracy in measuring the rotation of the cylinder on which the rope is wound.  Very accurate rotation sensors can be used with a feedback control system in order to control the length of the rope.  The use of a small gage wire would basically eliminate any inaccuracy due to the stretch of the rope.  Of course, the longer the rope greater the inaccuracy in the position of the source.  Therefore, the farther away from the chimney the source would be located, the greater the positioning error.  However, this would still be relatively small and it is felt that the positioning accuracy of 10-15 mm could be easily achieved.
Coverage within the Target Area

The coverage in the RPS is limited within the target area.  If the tension in rope #1 goes to zero then the source container will simply hang at the mid-point between the fixed support and the chimney, therefore, it is not possible to reach to the outer radius of the target area.  Also, the RPS system is limited to coverage of one plain through the target area.
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3. Rope and Pulley Tripod

This system is shown in Figure 2.  It consists of a source container that has three ropes secured to it.  These ropes are located 120 degree from each other and are routed through pulleys mounted to the top surface of target acrylic vessel.  These ropes are then routed to the chimney.  This system has the same characteristics at the Basic RPS except that is has greater coverage within the target area.  The figure below shows that the coverage area is an extruded triangle that is defined by the location of the pulleys at the outer radius of the target vessel.  By simply setting the length of the three ropes to the correct length it is possible to position the source container to any 3 dimensional locations within the extruded triangle.
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4. Articulated Arm
The basic geometry of the articulated arm is shown in Figure 3 and 4 below.  Appendix 1 contains a complete description of a potential articulated arm and some preliminary calculations.  The AA consists of three basic components.  The main support rod that runs down the center of the target area; the arm which is hinged at the bottom of the main support rod; and the tension rope which is secured to the arm and to the support rod.  The angle of the arm with respect to the main support rod is determined by the length of the tension rope.  The AA system would require a hole in the veto shield so that it can be deployed.  A support structure for the main support rod would be needed as well as for the control system for the length of the tension rope and the mechanism for swiveling the main support rod.  It  appears that the clearance above the veto shield in the cavern is high enough so that the main support rod could be kept in place and deployed easily.  
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Ease of Construction

The AA system is more complicated than the RPS system but it is still relatively simple.  It consists of the main that would be support by a structure internal and external to the chimney and veto shield.  This support structure would have to rigid enough to prevent bending of the support rod and would have a series of bushings that would be used to guide the support rod into the target area.  These support bushings would also allow the rod to be rotated as needed.  At the end of the rod would be a hinged connection to the arm.  The source would be located at the end of the art.  A tension rope secured to the arm and running through a pulley on the support rod would be used to set the angle of the arm with respect to the support rod.  A PLC could be used to drive the motors that would control the angle of the arm and the swivel of the support rod.  

Ease of Deployment

The AA system could be easily deployed through a hole in the veto shield very quickly as long as there is enough overhead clearance in the tunnel for the full length of the support rod.  If there is not enough clearance then a telescoping or segmented main support rod would have to be used.  This would make deployment more difficult.  However, until the fully system is developed it is not clear how difficult this could be.
Accuracy of Location

The accuracy of location is going to mainly be determined by the deflection of the arm.  Larger tubes could be used for the arm which would provide greater stiffness; however, this would result in a greater shadowing effect on the PMTs.  Calculations are needed to determine the affect of shadowing caused by a .5” to 2” diameter tube.  It is also possible to fabricate a custom shape that optimizes the stiffness to weight ratio which could possible reduce the shadowing effect.  However, this would increase the cost of the arm.  

Coverage of Target Area

The articulated arm allows for full coverage of the target area.  By performing a combination of changing the angle of the arm, the depth of the support rod, and swiveling the support rod, it is possible to position the source at any 3D position within the target area.

5. Conclusion

This paper has discussed briefly three possible systems for calibration deployment.  The two rope and pulley systems do not have the shadowing problems of an articulated arm however, they provides limited coverage of the target area compared to the AA system does for the same level of accuracy.  The ultimate decision of which system to use will depend upon a tradeoff of coverage versus losses due to shadowing and absorption.  
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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.  

