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TITLE:  Assembly Procedure for LCLS Undulators
I.  PURPOSE

To outline the procedure used to inspect and assemble LCLS undulators
II. REQUIRED DOCUMENTS
Drawing #’s:

L143-110105 Pole

L143-110107 Last Pole
L143-110108 Diving Board
L143-110106 Magnet

L143-110104 Magnet Clamp

L143-110115 Stopper

L143-110702 Shim

L143-110700 Strongback

L143-110801 Upper Left Magnet Structure Base

L143-110901 Lower Left Magnet Structure Base

L143-111001 Upper Middle Magnet Structure Base

L143-111101 Lower Middle Magnet Structure Base

L143-111201 Upper Right Magnet Structure Base

L143-111301 Lower Right Magnet Structure Base

L143-110800 Upper Left Magnet Structure Assembly
L143-111000 Upper Middle Magnet Structure Assembly
L143-111200 Upper Right Magnet Structure Assembly
L143-110900 Lower Left Magnet Structure Assembly
L143-111100 Lower Middle Magnet Structure Assembly
L143-111300 Lower Right Magnet Structure Assembly
L143-112000 Undulator Main Assembly
L143-110116 Pole Assembly Fixture Top
L143-110117 Pole Assembly Fixture Bottom

L143-110118 Pole Assembly Fixture Middle

L143-110120 Magnetic Assembly Fixture

L143-110130 Magnetic Structure Installation Fixture 1

L143-110140 Magnetic Structure Installation Fixture 2

LCLS Magnet Location spreadsheet (Appendix B)
III. SAFETY PRECAUTIONS

The LCLS magnetic structure uses high magnetic field strength NdFeB type permanent magnets.  Care must be taken when working with this material.  Do not place a magnet close to anything ferromagnetic or leave it unattended at any time.  High magnetic field caution signs should be placed in the work area.  Finally, people with pacemakers or similar devices are not allowed to perform this work.
IV. EQUIPMENT AND TOOLS

Beryllium/Copper nonferromagnetic tools

Safety glasses

Pole assembly fixtures (3)
Magnetic structure assembly fixture
Magnetic structure installation fixtures (2) 
Gap shim

Torque wrenches reading in-lbs and ft-lbs
Moveable magnet / pole cover

Nonmagnetic straight edge

V. MATERIALS

NdFeB permanent magnets

Vanadium permendur poles

Magnetic structure base components

Bronze magnet clamps
Shims

#6-32 socket head cap screws

M4 socket head cap screws

M8 socket head cap screws

3/8-16 socket head cap screws

VI. PROCEDURE

NOTE:
Inspection and assembly must take place in a clean area. No dirt, metal chips (especially ferromagnetic), etc., should be inside the designated inspection / assembly area.

Inspection - Poles / Magnets / Magnet Structure Bases

1. Obtain the QA inspection reports for the poles (drawing L143-110105) and magnets (drawing L143-110106 - See appendix A for blank inspection reports). Randomly select 10% of the delivered poles and magnets and inspect them to a minimum precision of .0025mm to verify that they meet the critical drawing specifications.
2. Obtain the QA inspection report and appropriate drawing number for the strongback and the particular magnet structure base and verify that they meet the critical drawing specifications.

Installing poles in left and right magnetic structure bases

3. Clean the appropriate top or bottom pole assembly fixture (drawings L143-110116 for upper magnetic base assemblies and L143-110117 for lower magnetic base assemblies) and magnetic structure base (see figure 1) to ensure they are free of any dirt and debris.  
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Figure 1: a) Top pole assembly fixture
b) Upper Left magnetic structure base
4. Attach the assembly fixture to the side of the base with 3/8-16 screws. Verify that vertical mating surfaces of the fixture and base coincide (see figure 2).
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Figure 2: Top pole assembly fixture attached to the upper left magnetic structure base.
5. Beginning with the slot that is adjacent to position 1 that is marked on the base, install a ‘last pole’ (drawing number L143-110107).  The pole should be inserted completely into the fixture’s slot such that the short side of the pole is flush with the back wall.   It should be attached with two #6-32 screws tightened to 20 in-pounds.  Each of the screws should be first tightened to ½ torque and then to full torque to prevent twisting (see figure 3).
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Figure 3: ‘Last pole’ installed into upper left magnetic structure base.
6. Continue installing poles (drawing L143-110105), in order by position number, as in step 5 above until the entire magnetic structure base is filled (see figure 4).  Remove the pole assembly fixture.  The assembly is now ready for magnet installation.
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Figure 4: Magnetic structure base with all poles installed.
Installing poles in the middle magnetic structure bases

7. Clean the appropriate pole assembly fixtures (drawings L143-110116 for upper magnet bases, L143-110117 for lower magnet bases, and L143-110118 for both middle magnet bases) as well as the magnetic structure base to ensure they are free of any dirt and debris.  

8. Attach the top or bottom pole assembly fixture (depending on what base is being assembled) to the side of the base with the lowest position number. Verify that the vertical mating surfaces of the fixture and base coincide.

9. Beginning with the slot adjacent to the smallest position number, install poles (drawing number L143-110105) as in step 5 above (see figure 5).  When all the slots in the assembly fixture are filled with poles, remove the fixture from the base.  
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Figure 5: Middle magnet structure base with top pole assembly fixture attached and poles installed.

10. Attach the middle pole assembly fixture to the base using the four last installed poles as location points (see figure 6).  Continue installing poles from the side with the smallest position number, until all the slots are filled.  Remove the fixture from the base.
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Figure 6: Middle magnetic structure base with middle pole assembly fixture attached.

11. Attach the middle pole assembly fixture to the base again, using the four last installed poles as location points as before (see figure 7).  Continue installing poles from the left side until all the slots are filled and remove the fixture from the base.
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Figure 7: Middle magnetic structure base with the middle pole assembly fixture attached a second time.
12. Attach the middle pole assembly fixture to the base for a third and final time, using the four last installed poles as location points as before (see figure 8).  Continue installing poles from the left side until all the slots are filled and remove the fixture from the base.  All the poles should now be installed and the assembly is now ready for magnet installation.
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Figure 8: Middle magnetic structure base with the middle pole assembly fixture attached a third time.

Installing Permanent Magnets

13. Obtain the appropriate assembly drawings and the LCLS Magnet Location spreadsheet (see example in appendix B) from Argonne National Laboratory for the magnet structure bases being assembled.  These documents will identify the magnet serial numbers, the magnet structure bases with their respective magnet position numbers, and the magnet orientations.  Log the base serial numbers on the spreadsheet.

Magnet Selection

14. Starting at the base end with the lowest magnet position number (left end), obtain the magnet with the serial number that matches the spreadsheet for that magnet position.

Magnet Orientation

15. Each magnet will have a polarity direction arrow and a serial number on both the top and bottom faces.  One face will have the serial number on the left side of the arrow when the arrow is facing up.  This is magnet orientation ‘L’.  The opposite face will have the serial number on the right side of the arrow when the arrow is facing up.  This is magnet orientation ‘R’ (see illustration below).

16. Position the magnet so that the orientation on the viewable magnet face matches the spreadsheet, e.g. ‘R’ or ‘L’.  This face should be visible when installed.

Polarity Arrow Direction

17. Locate the magnet so that the polarity arrow direction matches the assembly drawing for the respective position number.  The arrow directions will always alternate from one magnet to the next.  Always follow the rule of thumb below.
Upper Magnet Structure:  Magnets going into the odd numbered slots will have the magnet polarity arrow pointing towards the lower numbered slots.  Magnets going into the even numbered slots will have the magnet polarity arrow pointing towards the higher numbered slots.

Lower Magnet Structure:  Magnets going into the odd numbered slots will have the magnet polarity arrow pointing towards the higher numbered slots.  Magnets going into the even numbered slots will have the magnet polarity arrow pointing towards the lower numbered slots.  

Installation to Base

18. Manually install the magnets following the procedure outlined in the movie below.

NOTE: The magnets are fragile and contain strong magnetic fields.  Inexperienced personnel should not initially attempt to install permanent magnets without a moveable magnet / pole cover that protects installed magnets.


[image: image10.wmf]Magnet installation procedure.wmv


19. Install remaining magnets in order by position number (repeat steps 14 – 18 for each magnet). 

20. Dimensionally inspect overall height of the magnet assemblies to verify they are within specification before installation into the strongback.

Assembling Top and Bottom Magnetic Structures Together
21. Open the magnetic structure assembly fixture to its largest gap (drawing L143-110120) and fasten one of the magnetic structure assemblies (upper or lower) to it using M8 screws, verifying that the edge is flush with the fixture’s shoulder before tightening.  Attach a piece of nonmagnetic material such as a wood 2x4 to the magnet faces of the base to prevent accidental contact when installing the mating assembly.

22. Fasten the mating magnetic structure assembly to the opposing side of the assembly fixture as in step 21.  Verify that the orientation of the assemblies is correct.

NOTE:  Caution must be taken to not let the magnetic structures come in contact with each other. 

23. Place the gap shim between the two structures and bring them together until they are both touching the gap shim.  Care should be taken to not have the shim overhang on either side or back of the assembly or it will interfere with installation into the strongback.

24. Remove the magnetic assembly from the fixture (click on link below to view movie of entire installation procedure).
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Installing Magnetic Structures into Strongback

25. Obtain the upper / lower left magnetic structure assembly that has been identified to be in the undulator being built.  Verify it is the correct assembly by comparing the serial numbers of the bases to the serial numbers listed on the LCLS Magnet Location Spreadsheet.  The magnet assembly serial number should also match the serial number of the undulator strongback.
26. Attach stoppers (drawing L143-110115) to the upper and lower magnetic structures using M6 x 18mm long screws tightened to 14.75 foot-pounds.  Using a clean lifting device, raise the assembly to the appropriate height and slide it into the mouth of the strongback.  Do NOT attach the stoppers to the strongback until the assembly is aligned and in place.  Adjust the magnetic structure assembly such that the stoppers are flush with the outside face of the strongback.

27. Attach the assembly to the strongback using M8 x 55mm long screws per drawing L143-112000.  Before the screws are fully tightened, complete the next two steps.

28. Place a nonmagnetic straight edge on the side of the strongback and move the magnetic assembly up flush against it.  This will align the assembly in the longitudinal direction.

29. Insert a shim (drawing L143-110702) on either side of all of the M8 x 55mm attachment screws, between the magnetic base assembly and the strongback, except at the very end of the assembly where the end screws share a shim with the next adjacent magnet assembly.  They should be placed such that the grooved line on the shim is aligned with the outside face of the strongback.
30. Tighten all M8 x 55mm screws to full torque (29.5 foot-pounds) as well as the M8 x 20mm long screws that attach the stoppers to the strongback.  
31. Obtain the upper / lower middle magnetic structure assembly that has been identified to be next to the left magnetic structure assembly (serial number 1XX). Verify it is the correct assembly by comparing the serial numbers of the bases to the serial numbers listed on the LCLS Magnet Location Spreadsheet.  The magnet assembly serial number should match the serial number of the undulator strongback.
32. Attach stoppers (drawing L143-110115) to the upper and lower magnetic structures using M6 x 18mm long screws tightened to 14.75 foot-pounds.  Using a clean lifting device, raise the assembly to the appropriate height and slide it completely into the mouth of the strongback such that the stoppers are flush with the outside face.  Slide the assembly as close as possible to the previously installed left magnetic structure (the magnetic fields of the two opposing magnets should repel each other).  

33. Attach magnetic structure installation fixture 1 (L143-110130) to the top and bottom of the strongback with M8 screws, using the two holes immediately following the last two holes needed to connect the middle assembly to the strongback (see figure 9).  Use the pushers on the fixture to force the middle assembly over until the two assemblies are touching. Attach the assembly to the strongback using M8 x 55mm long screws.  Before the screws are fully tightened to 29.5 foot-pounds, repeat step 29.
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Magnetic structure installation fixture 1

Figure 9: Partial undulator assembly showing magnetic structure installation fixture 1.
34. Remove fixture 1 after all screws are fully tightened.

35. Repeat steps 31 through 34 for the remaining two middle magnetic structure assemblies (serial numbers 2XX and 3XX).

36. Repeat steps 25 and 26 for the upper / lower right magnetic structure assembly that has been identified to be in the undulator being built.
37. Attach magnetic structure installation fixture 2 (L143-110140) to the side of the strongback with screws (see figure 10).  Use the pushers on the fixture to force the middle assembly over until the two assemblies are touching. Attach the assembly to the strongback using M8 x 55mm long screws.  Before the screws are fully tightened to 29.5 foot-pounds, repeat step 29.
38. Remove fixture 2 after all screws are fully tightened.

[image: image13.jpg]




Figure 10: Undulator assembly showing magnetic structure installation fixture 2.
39. Complete the undulator assembly by attaching the remaining components per the assembly drawing.

40. Prepare undulator for shipment per statement of work section 4.1.5.
APPENDIX A: Blank Inspection Reports

INSPECTION / ACCEPTANCE REPORT OF COMPONENTS FOR AS-BUILT DRAWINGS

VENDOR:  




PART NAME: LCLS Strongback 
DRAWING #:  L143-110700


SERIAL #:  

P.O. #: 




DATE: 


ACCEPTANCE CRITERIA
	1. Visually inspect for shipping damage.
	Accept/Reject


CRITICAL DIMENSIONS (mm)

	FEATURE
	TARGET
	TOLERANCE
	MEASURED VALUE
	

	Overall length
	3400.00
	+0 / -.04
	
	Accept/Reject

	Gap height
	167.00
	+0.05 / -.0
	
	Accept/Reject

	Gap flatness (top and bottom)
	</= .05
	N/A
	/
	Accept/Reject

	Gap depth
	130.00
	+/- .08
	
	Accept/Reject

	Flatness of front face
	</= .05
	N/A
	
	Accept/Reject

	Perpendicularity of front face to A
	</= .1
	N/A
	
	Accept/Reject

	End face perpendicularity to A and B
	</= .05
	N/A
	/

/
	Accept/Reject


INSPECTOR:  




QA Supervisor:  





TEST EQUIPMENT USED:  









COMMENTS:  











INSPECTION / ACCEPTANCE REPORT OF COMPONENTS FOR AS-BUILT DRAWINGS

VENDOR:  




PART NAME: LCLS Magnet Structure Pole 
DRAWING #:  L143-110105


SERIAL #:  

P.O. #: 




DATE: 


ACCEPTANCE CRITERIA
	1. Visually inspect for shipping damage.
	Accept/Reject


CRITICAL DIMENSIONS (mm)

	FEATURE
	TARGET
	TOLERANCE
	MEASURED VALUE
	

	Pole height 
	48.0
	+0 / -.01
	
	Accept/Reject

	Pole Width
	44.0
	+0 / -.01
	
	Accept/Reject

	Pole Thickness
	6.00
	+0 / -.05
	
	Accept/Reject

	Perpendicularity to A (both sides)
	</= .01
	N/A
	
	Accept/Reject

	Flatness of base
	</= .01
	N/A
	
	Accept/Reject


INSPECTOR:  




QA Supervisor:  





TEST EQUIPMENT USED:  









COMMENTS:  











INSPECTION / ACCEPTANCE REPORT OF COMPONENTS FOR LCLS MAGNET ASSEMBLIES
VENDOR:  





PART NAME:  LCLS Magnet 
DRAWING #:  L143-110106



SERIAL #:  

P.O. #: 





DATE: 


ACCEPTANCE CRITERIA
	1. Visually inspect for shipping damage.
	Accept/Reject


CRITICAL DIMENSIONS (mm)

	FEATURE
	TARGET
	TOLERANCE
	MEASURED VALUE
	

	Magnet height 
	57.00
	+/- .05
	
	Accept/Reject

	Magnet Width
	66.00
	+/- .25
	
	Accept/Reject

	Magnet thickness
	9.00
	+0 / -.10
	
	Accept/Reject


INSPECTOR:  




QA Supervisor:  





TEST EQUIPMENT USED:  









COMMENTS:  











INSPECTION / ACCEPTANCE REPORT OF COMPONENTS FOR LCLS MAGNET ASSEMBLIES
VENDOR:  




PART NAME: Upper Left Magnet Structure Base 
DRAWING #:  L143-110801


SERIAL #:  

P.O. #: 




DATE: 


ACCEPTANCE CRITERIA
	1. Visually inspect for shipping damage.
	Accept/Reject


CRITICAL DIMENSIONS (mm)

	FEATURE
	TARGET
	TOLERANCE
	MEASURED VALUE(S)
	

	Bottom surface to pole base surface

(all surfaces)
	30
	+0 / -.03
	Max / Min

/
	Accept/Reject

	Bottom surface flatness
	</= .04
	N/A
	
	Accept/Reject

	Overall length
	195
	+0 / -.1
	
	Accept/Reject

	Overall width
	128
	+0 / -.1
	
	Accept/Reject


INSPECTOR:  




QA Supervisor:  





TEST EQUIPMENT USED:  









COMMENTS:  











INSPECTION / ACCEPTANCE REPORT OF COMPONENTS FOR LCLS MAGNET ASSEMBLIES
VENDOR:  




PART NAME: Lower Left Magnet Structure Base 
DRAWING #:  L143-110901


SERIAL #:  

P.O. #: 




DATE: 


ACCEPTANCE CRITERIA
	1. Visually inspect for shipping damage.
	Accept/Reject


CRITICAL DIMENSIONS (mm)

	FEATURE
	TARGET
	TOLERANCE
	MEASURED VALUE(S)
	

	Bottom surface to pole base surface

(all surfaces)
	30
	+0 / -.03
	Max / Min

/
	Accept/Reject

	Bottom surface flatness
	</= .04
	N/A
	
	Accept/Reject

	Overall length
	195
	+0 / -.1
	
	Accept/Reject

	Overall width
	128
	+0 / -.1
	
	Accept/Reject


INSPECTOR:  




QA Supervisor:  





TEST EQUIPMENT USED:  









COMMENTS:  











INSPECTION / ACCEPTANCE REPORT OF COMPONENTS FOR LCLS MAGNET ASSEMBLIES
VENDOR:  




PART NAME: Upper Middle Magnet Structure Base 
DRAWING #:  L143-111001


SERIAL #:  

P.O. #: 




DATE: 


ACCEPTANCE CRITERIA
	1. Visually inspect for shipping damage.
	Accept/Reject


CRITICAL DIMENSIONS (mm)

	FEATURE
	TARGET
	TOLERANCE
	MEASURED VALUE(S)
	

	Bottom surface to pole base surface

(all surfaces)
	30
	+0 / -.03
	Max / Min

/
	Accept/Reject

	Bottom surface flatness
	</= .04
	N/A
	
	Accept/Reject

	Overall length
	1004.9
	+0 / -.1
	
	Accept/Reject

	Overall width
	128
	+0 / -.1
	
	Accept/Reject


INSPECTOR:  




QA Supervisor:  





TEST EQUIPMENT USED:  









COMMENTS:  











INSPECTION / ACCEPTANCE REPORT OF COMPONENTS FOR LCLS MAGNET ASSEMBLIES
VENDOR:  




PART NAME: Lower Middle Magnet Structure Base 
DRAWING #:  L143-111101


SERIAL #:  

P.O. #: 




DATE: 


ACCEPTANCE CRITERIA
	1. Visually inspect for shipping damage.
	Accept/Reject


CRITICAL DIMENSIONS (mm)

	FEATURE
	TARGET
	TOLERANCE
	MEASURED VALUE(S)
	

	Bottom surface to pole base surface

(all surfaces)
	30
	+0 / -.03
	Max / Min

/
	Accept/Reject

	Bottom surface flatness
	</= .04
	N/A
	
	Accept/Reject

	Overall length
	1004.9
	+0 / -.1
	
	Accept/Reject

	Overall width
	128
	+0 / -.1
	
	Accept/Reject


INSPECTOR:  




QA Supervisor:  





TEST EQUIPMENT USED:  









COMMENTS:  











INSPECTION / ACCEPTANCE REPORT OF COMPONENTS FOR LCLS MAGNET ASSEMBLIES
VENDOR:  




PART NAME: Upper Right Magnet Structure Base 
DRAWING #:  L143-111201


SERIAL #:  

P.O. #: 




DATE: 


ACCEPTANCE CRITERIA
	1. Visually inspect for shipping damage.
	Accept/Reject


CRITICAL DIMENSIONS (mm)

	FEATURE
	TARGET
	TOLERANCE
	MEASURED VALUE(S)
	

	Bottom surface to pole base surface

(all surfaces)
	30
	+0 / -.03
	Max / Min

/
	Accept/Reject

	Bottom surface flatness
	</= .04
	N/A
	
	Accept/Reject

	Overall length
	189
	+0 / -.1
	
	Accept/Reject

	Overall width
	128
	+0 / -.1
	
	Accept/Reject


INSPECTOR:  




QA Supervisor:  





TEST EQUIPMENT USED:  









COMMENTS:  











INSPECTION / ACCEPTANCE REPORT OF COMPONENTS FOR LCLS MAGNET ASSEMBLIES
VENDOR:  




PART NAME: Lower Right Magnet Structure Base 
DRAWING #:  L143-111301


SERIAL #:  

P.O. #: 




DATE: 


ACCEPTANCE CRITERIA
	1. Visually inspect for shipping damage.
	Accept/Reject


CRITICAL DIMENSIONS (mm)

	FEATURE
	TARGET
	TOLERANCE
	MEASURED VALUE(S)
	

	Bottom surface to pole base surface

(all surfaces)
	30
	+0 / -.03
	Max / Min

/
	Accept/Reject

	Bottom surface flatness
	</= .04
	N/A
	
	Accept/Reject

	Overall length
	189
	+0 / -.1
	
	Accept/Reject

	Overall width
	128
	+0 / -.1
	
	Accept/Reject


INSPECTOR:  




QA Supervisor:  





TEST EQUIPMENT USED:  









COMMENTS:  











APPENDIX B

Example of LCLS Magnet Location Spreadsheet

Insert example spreadsheet here
Magnet Serial Number Orientation – ‘R’


INCORRECT!





XXXXX





Magnet Serial Number Orientation – ‘L’


INCORRECT!





XXXXX





Magnet Serial Number Orientation – ‘R’





Magnet Serial Number Orientation – ‘L’





XXXXX





XXXXX





Top pole assembly fixture





Shims





Installed upper / lower middle magnetic structure assembly





Upper / lower right magnet structure assembly being installed





Magnetic structure installation fixture 2





Shims





Upper / lower middle magnetic structure assembly being installed





Installed upper / lower left magnetic structure assembly





Last pole





Middle magnet structure base





Top pole assembly fixture





Poles





Middle pole assembly fixture
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