Instruction Set for: SLAC Quality Control Engineer, Keith Caban, x4022

Contact Engineer at SLAC: Venkat Srinivasan, x2631
Date: 16th May 2008

Device: Beam Finder Wire – LCLS Undulator

BFW Alignment Steps 

NOTE: Use this procedure in conjunction with procedure from Argonne for operating the BFW device and the BFW Checklist Memo from Venkat Srinivasan to Keith Caban dated 12th May 2008. This document tries to detail the steps for measuring on the CMM and for the required coordinates before delivering the system for Girder Alignment.
Bench Assembly Installation

1. Install and lock down Bench Assembly (BA) on CMM
2. Locate coordinate system on BA. Coordinate Zero in BA-CSY is defined by center of line intersecting alignment pins on surface of BA.

3. Coordinate axes are defined using Right Hand Coordinate System

BFW Top Assembly Installation

4. Install BFW top assembly on BA
5. Install corresponding BFW Card on BFW top assembly

6. Install wire connection to feedthrus

NOTE: These steps are not being detailed here since this has been carried out repeatedly and has been documented in procedures sent by Argonne National Labs
BFW Top Assembly Measurements

7. The BFW card circle center (CC) should ideally be the same as the beam/magnetic center for the BFW. On the card, this is nominally 40 mm from the –X edge, and 37.2 mm from the –Y edge.
8. The wires on the card are machined then, to be offset by -0.4 mm (vertical wire) and -0.2 mm (horizontal wire) nominally. The PRD shows the diagram – the beam direction has since been corrected. The beam on that diagram is coming out of the page.

9. Measure position of BFW TB5-8 and BFW card with respect to the BA-CSY using CMM

10. Through multiple iterations, cycle the assembly and position card to within X-position +/-0.008” (~200 microns) of its nominal zero position. As far as possible, try and get the card as close to zero as possible.
11. Once positioned, cycle the assembly ten times, noting down positions of TB5-8 and card with respect to BA-CSY. NOTE: CC values required  

a. X-position of card circle center (calculated using left and right edges of card near horizontal wire)
b. Y-position of card circle center (measure bottom center edge of card. Using measurements done by Tom Nakashima on the position of the horizontal wire with respect to card bottom edge, find position of horizontal wire in the BA-CSY. Add 0.2 mm to value to derive Y-position of card circle center)

12. Check for any abnormal trends in CC / TB values within a 10-cycle measurement
13. Calculate all X,Y,Z average, range and standard deviation values for TB5-8 and CC

14. Calculate Transformation Value to find CC values based on TB values. Use final value of measurements, making sure that final value is not an outlier.
15. Hold BFW card in TARGET IN position using the four holding screws on the top of the device, and record the final value of the TB/CC in the BA-CSY.

16. In particular, note down the offset of the CC with respect to nominal beam center.

BFW Support and Chamber Installation and Measurements

17. Assemble and install BFW support and chamber
18. The base of the BFW support is the reference plane. The center of this plane defines the Coordinate Zero in this Base-CSY

19. Measure the positions of the BFW Chamber Alignment Pins with respect to the Base-CSY (this is to measure the position of the BA-CSY with respect to the Base-CSY)

20. Pre-align the BFW support to the nominal beam height and also account for the offset measured on Step 16
21. Use the base X-precision screws for movement in the X-direction. Y-position can eventually be precisely adjusted using the Y-precision screws on the BFW top assembly. At this point, for the official procedure, do NOT use the x-precision screws on the BFW top assembly since this, according to Argonne, affects repeatability. 

NOTE: The BFW does not have bellows on its ends. It is possible that the entire assembly may be slightly tipped when installed on the girder. Therefore, it is critical to only know where the card is, and not to get it perfectly in accordance with the PRD specification.
BFW Top Assembly Installation on Chamber

22. Install BFW top assembly with the card locked in the TARGET IN position, on the BFW chamber

23. The positions of the BFW TB5-8 are presently in the BA-CSY
24. Using the conversion from BA-CSY to Base-CSY, find positions of TB5-8 in the Base-CSY

25. Using the Transformation Value found in Step 14, calculate the position of the CC (X,Y positions) in the Base-CSY

BFW Vacuum Measurements

26. Pump down the BFW assembly to test under vacuum

27. Cycle the assembly 10 times, and note down the positions of TB5-8 in the Base-CSY. Calculate CC values in the Base-CSY

28. Calculate all X,Y,Z average, range and standard deviation values for TB5-8,CC
29. Record the final value of CMM measurement as the location of the card. Assembly is held in TARGET IN position, with the four holding screws. 
30. Compare final card value after vacuum with final card value before vacuum recorded in Step 15. Ideally, they should vary only within a few microns.
31. Relay CC/TB values to Girder Alignment. Also relay the Wire positions using Tom Nakashima’s measurements on each card. Eventually, we need to know where the wires are, with respect to the magnetic center of the device.

Girder Alignment Preparation

32. Girder Alignment engineers should have coordinate of BFW’s Magnetic Center with respect to Base-CSY
33. The coordinate of the Card circle center should be at the Magnetic Center.
