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Program  - Project - Job: SNS-FE Project
MEBT Mechanical Systems

Title: SNS-FE MEBT 30mm & 40mm Beam Position Monitor Mechanical Design

1. Scope
This engineering note describes the mechanical design for the 30mm Beam Position Monitor
(BPM) and the 40mm Beam Position Monitor.  It includes a drawing list of mechanical components
and assemblies, design background, engineering calculations, outside vendor component
information, and rendered pictures.

2. Drawings
2.1. 25B170 Rev B 30mm BPM Bellows
2.2. 25B171 Rev B BPM SMA Feed Thru
2.3. 25B172 Rev B 40mm BPM Bellows
2.4. 25B173 Rev C 30mm BPM Bore Tube
2.5. 25B174 Rev E 30mm BPM Electrode Spool
2.6. 25B175 Rev E 30mm BPM Bellows Seal Flange
2.7. 25B176 Rev D 30mm BPM Fixed Flange
2.8. 25B177 Rev D 30mm BPM Split Flange
2.9. 25B178 Rev F 30mm Beam Position Monitor
2.10. 25B179 Rev D 40mm BPM Fixed Flange
2.11. 25B180 Rev E 40mm BPM Electrode Spool
2.12. 25B181 Rev D 40mm BPM Split Flange
2.13. 25B182 Rev D 40mm BPM Bellows Seal Flange
2.14. 25B183 Rev C 40mm BPM Bore Tube
2.15. 25B184 Rev D 40mm Beam Position Monitor
2.16. 25B186 Rev A 30mm QM1 BPM Bellows
2.17. 25B187 Rev B 30mm QM1 Beam Position Monitor
2.18. 25B676 Rev A BPM Assembly Tools

Copies of all drawings are included in Appendix B - active links above are shown in blue. 

3. Design Overview
The BPM is based on the design of a 20mm stripline beam position monitor (LANL drawing no.
144Y-618019) that was developed at Los Alamos National Laboratory for the ADT CCDTL.  The
MEBT design differs from the LANL design in that machining
the electrodes from a single spool of stainless steel.  The
base of the spool electrically shorts the electrodes together.
The signal is taken from the free end through a microwave
feed-through.  The slots in the bore tubes (25B173 &
25B183) and the stripline tines on the electrode spool
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(25B174 & 25B180) were designed to maintain a 50Ω impedance. (For details of the electrical
analysis, see SNS-Technical Note FE-EE-012.) The grounded stripline design requires half as
many feed-throughs and should simplify assembly fixturing.

To maintain the 50Ω impedance, the geometry of the electrode, the slot and the gap between
them had to be within a tolerance of ±5% of nominal.  The tolerance stack and tolerance sizing
calculations are shown in the Appendix.  Design issues included sizing the bellows, and having
clearance for the mounting hardware.

To help with alignment problems between the RFQ and the MEBT, a longer bellows (full segment
vs. half segment) was used on the 30 mm BPM that will be assembled into quadruple magnet
one.  This significantly increased the amount of X-Y translation motion without significantly
increasing the length in the Z direction (beamline).  The following table shows a comparison of
translational motion between a half segment and a full segment for both the 30 mm and 40 mm
bellows:

Half Segment Translational Offset Full Segment Translational Offset
30 mm Bellows 0.008 in. 0.034 in.
40 mm Bellows 0.008 in. 0.030 in.
All offsets are in a single direction from the center axis of the bellows.  See Appendix C for more
detailed calculations.

As a note, tests of the electrical properties were made to a welded prototype of the spool and bore
tube assemblies.  Measurements showed the expected shorted 50Ω shorted behavior, with no
spurious resonances below 8 GHz.

4. Reference
4.1. CCDTL BPM Segment 6/7 20mm Bore, Drawing No. 114Y618019 (Los Alamos National

Laboratory)
4.2. CCDTL BPM Segment 107/108 25mm Bore, Drawing No. 114Y618050 (Los Alamos

National Laboratory)
4.3. Ultra-High Vacuum Microwave Feed-Through, SMA Female (Spec Sheet), Kaman

Instrumentation Publication SMA-1000-3/95.  (Copy of spec sheet included in Appendix.)
4.4. Contour Plot of Electrostatic Potential (included in the Appendix).
4.5. SNS Technical Note FE-EE-012, Basic Electrical Design of the MEBT BPM
4.6. SNS Front End Diagnostic, Linac 2000 Conference, Monterey, CA, Aug. 21-25, 2000
4.7. SNS Technical Note FE-ME-042, MEBT BPM Electrode Spot Welding
4.8. Engineering Calculation Notes (included in appendix).
4.9. Standard Bellows Company homepage: www.std-bellows.com

5. Fabrication and Assembly Issues
Most of the component fabrication can be done with conventional milling and turning operations.
However, the following features will be done using wire EDM:

• Bore tube inside diameter



Lawrence Berkeley National Laboratory - University of California Cat. Code Serial # Page

          ENGINEERING NOTE FE3313 M7857B         3 of 3

Author Department Date
           James T. Goulding Mechanical Engineering 8/18/00
_______________________________________________________________________________________

• Bore tube slots on inside diameter
• Spool inside diameter
• Spool electrode tines

The wire EDM allows for better precision on the tighter profile callouts.  It also allows for better thin
wall cuts.

Care must be taken during welding to achieve alignment of some components.  Alignment of the
electrode spool with respect to the bore tube is achieved using an alignment plate (see DWG
25B130 and DWG 25B185).  The fixed O-ring flange must also be carefully aligned with respect to
the bore tube to ensure the correct angular location of the flat on top of the flange (see DWG
25B178 and DWG 25B184).

Because of the compact nature of the design, it is extremely difficult to make internal welds.
External welding is far more practical.  To help minimize the problem of virtual leaks caused by
external welds, all fabricated components are ultra-high vacuum cleaned and electropolished
before being welded into the assembly.  Since they will be sitting on the shelf for months after
assembly, another cleaning (water based) may be required.  The vacuum in the beam pipe will in
the 10-6 to 10-8 torrs range.

The feed-throughs are connected to the electrode tines to maintain electrical contact.  The
electrode is made of 316 stainless steel and the feed-through conductor is made of TZM (see
spec sheet in Appendix D).  Because the melting point of TZM is so high compared to 316
stainless steel, these two materials are not well suited for TIG welding.  Spot welding was chosen
as the most effect method to connect the tine to the feed-through conductor.  See Technical Note
FE-ME-042 for details on spot weld settings and technique.

Torch brazing and soldering had been explored as connection method.  Finding a suitable solder
or braze material was difficult.  The main problem was finding a material that would wet to both
materials at a temperature low enough not to damage the vacuum seal on the feed-through.

6. SNS-FE Personnel
Daryl Oshatz, MEBT Lead Mechanical Engineer
James T. Goulding, Mechanical Engineer
Larry Doolittle, Electrical Engineer
Bob MacGill, Senior Mechanical Engineering Associate
Tom Miller, Mechanical Engineering Associate

7. Appendices
Appendix A: Rendered Pictures of 3-D CAD model
Appendix B: Component and Assembly Drawings
Appendix C: Engineering Calculations and Plots
Appendix D: Vendor Specification Sheets
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James T Goulding
30 mm Beam Position Monitor
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30mm BPM Cross Section View



James T Goulding
32mm Quadrupole Magnet with 30mm Beam Postion Monitor
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32mm Quadrupole Magnet with 30mm Beam Postion Monitor
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32mm Quadrupole Magnet with 30mm Beam Postion Monitor
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40 mm Beam Position Monitor
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40mm BPM Cross Section View
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42mm Quadrupole Magnet with 40mm Beam Postion Monitor
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42mm Quadrupole Magnet with 40mm Beam Postion Monitor



James T Goulding
42mm Quadrupole Magnet with 40mm Beam Postion Monitor
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