MERLIN Monochromator Z-stage

This will summarize the issues we encountered  and the choices we made during the development of the main stage of the monochromator for the MERLIN beamline.

First, a little background information:

1- The weight used, as a design parameter is 3000 lb it is the shipping weight of the monochromator received lately.

2- The monochromator has to move by 110cm along the Z axis of the beam line 

3- It has to be able to be repositioned within a minute, the faster the better.

4- The most important factor is the repeatability so that even if it is not exactly where it should be, we know where it is.

5- The tolerances are driven by the tolerances on the pre-mirror and the grading whichever are the smallest, if it is not a tolerance ruling the position of one relatively to the other.

	 
	alignment

	 
	x [mm]
	y [mm]
	z [mm]
	pitch [rad]
	roll [rad]
	yaw [rad]

	M203
	0.5
	0.003
	.006 
	8.7E-03
	6.6E-05
	8.7E-02

	Grating
	1
	0.003
	2
	4.4E-03
	7.7E-05
	1.0E-03

	Mono
	0.5
	0.003
	2
	4.4E-03
	6.6E-05
	1.0E-03

	
	stability

	 
	x [mm]
	y [mm]
	z [mm]
	pitch [rad]
	roll [rad]
	yaw [rad]

	M203
	0.5
	0.004
	0.008
	2.0E-07
	6.6E-06
	1.0E-03

	Grating
	0.093
	0.001
	2
	2.3E-07
	3.0E-06
	1.0E-04

	 Mono
	0.093
	0.001
	2
	2.0E-07
	3.0E-06
	1.0E-04


The system can be broken down into 3 subsystems: the support structure, the positioning system by itself and the beamline interface
The structure

For the base, we first looked into a strut supported structure to have an accurate positioning. It turned out to be a real challenge to find something which would not “collapse” under the weight of the monochromator. After a first meeting to have everybody’s input, we reoriented the design towards a bolted structure with high walls that could be filled with Zanite or not.
This type of structure turned out to be much easier to design so that it would get close to the requirement written by the beamline scientist, John Bozek. In addition, John relaxed his requirements to 10um in elevation.  After a couple of iterations, we ended up with the structure below.
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Figure1: Monochromator base
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Figure 2: Internal structure

The base is made of 8”x4” x.375” structural steel (ASTM A500B) tubing. The 3 thick walls, the 2 bracings and the front shear plate are all bolted together to ease the installation process on the ALS floor.

The structure can be filled by holes at the bottom of each thick wall.
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Figure3: View from below

I used Ansys 10.0 to make a structural analysis for the base. I made the calculation for 5 positions of the monochromator: -550,-275, 0, 275 and 550mm from the center position. Since the tightest tolerance is on the elevation I used the displacement along the vertical axis as an output for the calculation. Below you can see a couple of pictures of the geometry used and of the results.

[image: image4]
Figure 4: model


[image: image5]
Figure5: Overall deformation (unfilled)


[image: image6]
Figure 6: directional deformation scoped to the surface of interest.

If I compile the results for the 5 position I obtain the following graph:
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Figure 7: position dependant plot of the vertical displacement of the center of gravity, weldment without filler material.

The curve called “CG with shims” represents the displacement of a point close to center of gravity once the average displacement of the pillow blocks and the wheel has been compensated with shims. The curve called “CG bare system” represents the displacement of a point close to center of gravity without compensation shims.  We can see that in both cases we are within the latest tolerances requested by John, and almost within the initial tolerances for the case with shims.
 The calculation with filler materials represents a best case scenario: the filler material has a good contact with the different parts of the weldments  but it show a very interesting result too.
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Figure 8: position dependant plot of the vertical displacement of the center of gravity, weldment with filler material

In that case it seems that we would be able to fit within the initial tolerances requested by the beamline scientist.

The other tight requirement is the pitch requirement. The following curve shows the variation in pitch as the monochromator would move along it full range.
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Figure 8: position dependant plot of the pitch, weldment with filler material

We can see that we do achieve the requirements in alignment. 
To summarize the new configuration for the base is a much better solution. With this type of support, theoretically, we should be able to achieve the requirements with a passive system. Nevertheless options for an active system should be kept open.
The positioning system

Between the vacuum tank and the base, there are bearings allowing the tanks to slide back and forth accurately. The tank is held in three places. Because of budgetary consideration we chose to start with some “off the shelf” (or close) set up we decided to have on one side a wheel and on the other 2 linear bearings on a high precision shaft. 
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Figure 9: Positioning system

Between the optic table and the wheel or linear bearing are brackets. These mounting brackets contain the shims that would adjust the position of the table. If the shims are not enough, and an active system is necessary, they can be replaced by piezo actuators.
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Figure 10: Bracket and shim

The whole table is driven by a ball screw with 2 ball nuts. We choose this option to prevent the system to go askew and get stuck. We preferred this solution because we cannot push and pull from the center of the table due to the position of the pumps. The pumps themselves are mounted on 2 rails and driven by a similar ball-screw which is coupled to the first one via a set of gears.
[image: image12.png]



Figure 10: Ball screws

The beamline interface
Another big issue with the monochromator was to make the interface between the fixed parts of the beamline and the monochromator with a wide range of motion. The use of bellows was of course necessary. The problem was to support them properly.  The use of support rods is present a few issues, starting with the question of where to put them since the vacuum chamber is fairly large; the other problem was that we would rely on the linear bearing to never fail. The solution we chose was to use a scissor structure, which fully supports the cuffs of the bellows and, which collapses around the bellow as necessary. To avoid complex motions we decoupled the motion along the ZZ’ and XX’ (change of grating). The motion on XX’ is taken care by a large section bellow on either side of the vacuum tank. 
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Figure 11: beamline interface
To avoid over-constraining the scissor structure, on either side is a universal join. This also allows relieving the tolerances on the flanges they are coupled with.
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Figure 12: U-joint and scissor structure
Considering the amount of pinching risk as well as the stability issues in temperature, the whole monochromator will be enclosed in an exclusion cage made of 8020 extrusions. This cage will be collapsible to allow access to the monochromator for maintenance and adjustments.
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Figure13: Enclosure in close position
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Figure14: Enclosure in open position
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