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MPO B593110 - Final Report 
NSTec Mechanical Engineering Support to the 

Linear Collider Subsystem Development Program 
Craig Brooksby, NSTec, 7/14/11 

 
The Scope of Work for this MPO was as follows: 
 
National Security Technologies, LLC (NSTec) shall provide one (1) Mechanical 
Engineer to support the Linear Collider Subsystem Development Program at Lawrence 
Livermore National Security, LLC (LLNS).  The NSTec Mechanical Engineer's efforts 
will include engineering, design, and drawing support for the Vacuum Seal Test.  NSTec 
will also provide a final report of the setup and input to LLNL's project management on 
project status. 
 
The NSTec Mechanical Engineer's efforts will also include engineering, design, and 
drawing support to the conceptual design for manufacturing of the Flux Concentrator 
Magnet.  NSTec will also contribute to LLNS's final report on the Flux Concentrator 
Magnet. 
 
The deliverables are drawings, sketches, engineering documents, and final reports 
delivered to the LLNS Technical Representative. 
 
Time and Effort Summary: 
 
This contract was put in place on 10/4/10 and the project ran until 6/2/11.  This contract 
was funded to a level of $78,731 of which $67,253.84 were used.  Craig Brooksby, the 
mechanical engineer, spent 454.5 hours on the project.  See Figure 1 for the profile of the 
hours spent on the project.  This averages to about 13hrs/wk, or about 1/3 time. 
 

 
Figure 1 – Engineering Hours per Week spent on project 
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See Figure 2 for a summary of the FY11 budget and spending profile. 
 

 
Figure 2 - FY11 Budget and Spending Profile 
 
Linear Collider Subsystem Development - FY11 - Monthly Work Performed Bullet 
Summary: 
 
Oct 10 
Started seal assembly layout on ProE.  Initial contact with seal and water union 
companies. 
 
Nov 10 
Worked out basic design of seal assembly and started detail drawings.  Researched 
hollow shaft motors.  Found vacuum vessel to use for tests.   
 
Dec 10 
Found vacuum pumps and valves to use for tests.  Worked on motor issues.  More ProE 
modeling and drawings. 
 
Jan 11 
Found new hollow shaft motor that was available.  Bearing design.  Finalize much of 
design.  
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Feb 11 
Got detail drawings ready of checking and implemented LLNL’s new drawing formats.   
 
Mar 11 
Finished specifying motor with Nick Killingsworth and got final quote and placed orders 
for this and may other components.  Found space in B431 for tests.  Updated all detail 
drawings in prep for fabrication quotes. 
 
Apr 11 
Parts out for fab quotes and then released for fab.  Completed assembly drawings.  Did 
several calculations on vacuum vessel and components. 
 
May 11 
More calculations and prep for MESN.  Followed all fabrications and purchase of other 
components. 
 
Design Effort Summary: 
 
Because of LLNL’s requirements all the engineering and design effort went into the 
Vacuum Seal Test part of the Scope of Work.  No effort was done on the Flux 
Concentrator Magnet part of the Scope of Work. 
 
I did all the ProE CAD modeling to design up the configuration for the Vacuum Seal 
Test.  This is shown in Figure 3. 

 
Figure 3 – Vacuum Seal Test Assembly 
 
I worked with the LLNL engineer Lisle Hagler, and the motor and vacuum seal 
companies, to design the support system for the cantilevered flywheel.  See Figure 4. 
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Figure 4 - Vacuum Seal Test Free-Body Diagram (FBD) 
 
 
I did all the detail drawings and assembly drawings for the full assembly.  See Figures 5 
thru 8 for the four sheets of the main assembly drawing. 
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Figure 5 – Assembly Drawing AAA11-501292-AA, Sheet 1 

 Page 5



 
Figure 6 - Assembly Drawing AAA11-501292-AA, Sheet 2 
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Figure 7 - Assembly Drawing AAA11-501292-AA, Sheet 3 
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Figure 8 - Assembly Drawing AAA11-501292-AA, Sheet 4 
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Over the 8 months of the life of this project I completed the 40 detail and assembly 
drawings shown in Figure 9.  These drawings and the assembly drawings are attached to 
the end of this report. 
Item 

# NUMBER REV # 
SHTS 

Org
Dwg
Size 

DRAWING TITLE 3 Qt
y 

1 AAA11-501253 AA 1 D Outer Shaft Weldment 1 
2 AAA11-501254 AA 1 D Inner Shaft Weldment 1 
3 AAA11-501255 AA 1 D Shaft - Middle 1 
4 AAA11-501256 AA 1 D Bearing Standoff 8 
5 AAA11-501257 AA 1 D Bearing Block 1 
6 AAA11-501258 AA 1 D Bearing Nut 2 
7 AAA11-501259 AA 1 D Bearing Nut 2 1 
8 AAA11-501260 AA 1 D Motor Spool Flange 1 1 
9 AAA11-501261 AA 1 D Motor Spool Tube 1 

10 AAA11-501262 AA 1 D Motor Spool Flange 2 1 
11 AAA11-501263 AA 1 D Motor Spool Weldment 1 
12 AAA11-501264 AA 1 D Shaft Flange 3 1 
13 AAA11-501265 AA 1 D Shaft Flange 4 1 
14 AAA11-501266 AA 1 D Shaft Flange 5 1 
15 AAA11-501267 AA 1 D Shaft - Motor 1 
16 AAA11-501268 AA 1 D Motor Case Flange 1 1 
17 AAA11-501269 AA 1 D Motor Outer Case 1 
18 AAA11-501270 AA 1 D Motor Case Flange 2 1 
19 AAA11-501271 AA 1 D Water Union 355 Inner Tube 1 
20 AAA11-501272 AA 1 D Water Union PTFE Bearing 1 
21 AAA11-501273 AA 1 D Shaft Flange 7 1 
22 AAA11-501274 AA 1 D Encoder Mounting Disk 1 
23 AAA11-501275 AA 1 D Motor End Cover 1 
24 AAA11-501276 AA 1 D Vessel Port Flange 2 1 
25 AAA11-501277 AA 1 D Vessel Port Flange 1B 1 
26 AAA11-501278 AA 1 D 10in CF Spool 1 
27 AAA11-501279 AA 1 D Rod Assy Weldment 8 
28 AAA11-501280 AA 1 D Vacuum Vessel Assy 1 
29 AAA11-501281 AA 1 D Target Wheel Shaft Assy 1 
30 AAA11-501282 AA 1 D Target Wheel & Shaft Assy 1 
31 AAA11-501283 AA 1 D Bearing Nut & Seal Assy 1 1 
32 AAA11-501284 AA 1 D Bearing Block Assy 1 
33 AAA11-501285 AA 1 D Seal & Bearing Block Assy 1 
34 AAA11-501286 AA 1 D Middle Shaft Assy 1 
35 AAA11-501287 AA 1 D Bearing Nut & Seal Assy 2 1 
36 AAA11-501288 AA 1 D Motor Bearing Assy 1 
37 AAA11-501289 AA 1 D Siemens Rotor & Motor Shaft Assy 1 
38 AAA11-501290 AA 1 D Siemens Motor & Case Assy 1 
39 AAA11-501291 AA 1 D Water Union 355 Assy 1 
40 AAA11-501292 AA 4 D Vacuum Seal Test Assy 1 

Figure 9 – Drawing List 



 
I located several major components that were onsite at LLNL that could be used for these 
tests.  These included the main vacuum vessel (Figure 10) and the main vacuum turbo 
pump and valve (Figure 11).  The main vacuum vessel is 4’ in diameter and the main 
tank section is 4’ tall.  The vacuum turbo pump is a 1000l/s turbo on a 10” gate valve.  I 
also negotiated the use of the ETA II experimental tunnel as a location to house this 
experiment. 

 
Figure 10 – Main Vacuum Vessel 
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Figure 11 – Vacuum Turbo Pump and Gate Valve 
I worked all the vendors to specific and order the main components for the test.  Shown 
below are the main rotating vacuum seal from Rigaku (Figure 12) and the rotating water 
union from Deublin (Figure 13).  I also worked closely with Nick Killingsworth to 
specify the 3” hollow shaft motor from Siemens. 
 

 
Figure 12 – Rigaku Ferrofluidic Rotating Vacuum Seal with 3” Bore 
 

 
Figure 13 – Deublin Rotating Water Union 
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Attachments:  
Following this page are attached all the assembly and detailed drawings generated for this 
project. 
























































































