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Ensure appropriate memos and specific instructions are placed with the traveler before issuing the sub traveler binder to production.

1.0
General Notes
1.1
White (Lint Free) Gloves (Fermi stock 2250-1800) or Surgical Latex Gloves 



(Fermi stock 2250-2494) shall be worn by all personnel when handling all product parts after the 

parts have been prepared/cleaned.

1.2
All steps that require a sign-off shall include the Technician/Inspectors first initial and full last 

name.


1.3
No erasures or white out will be permitted to any documentation.  All incorrectly entered data shall 

be corrected by placing a single line through the error, initial and date the error before adding the 


correct data.


1.4
All Discrepancy Reports issued shall be recorded in the left margin next to the applicable step.


1.5 
All personnel performing steps in this traveler must have documented training for this traveler and 


associated operating procedures.


1.6
Cover the Main Coil Assembly with green Herculite (Fermi stock 1740-0100) when not being 


serviced or assembled.

2.0
Parts Kit List
2.1
Attach the completed Parts Kit List for the 100" Quadrupole Quadrant 2 & 4 Main Coil Winding 

to this traveler.  Ensure that the serial number on the Parts Kit List matches the serial number of 

this traveler.  Verify that the Parts Kit received is complete.



Process Engineering/Designee



Date



Note(s):

The diagram below is to be used as a reference of nomenclature for the subsequent steps in this traveler.

 EMBED Word.Picture.8  

Typical Quadrant 2 & 4 Coil

Viewed from the Return End of the Winding Fixture

3.0
Main Coil Winding Procedure
3.1
Set up the winding fixture (ME-274486) for a Quadrant 2 & 4 Main Coil, as per the Quadrupole 

Main Coil Winding Assembly ME-274486, Sheet 2.


Technician(s)





Date

3.2
Verify the length of the winding fixture from the Outside End Winding Plate (ME-274633) to 


the Outside End Winding Plate (ME-274633) using a tape measure.  The length should be 



8 ft 4-13/32 in. ± 1/32 in. (100.414" ± .031").



Record Actual Dimension






Lead Person






Date

3.3
Perform a BB Inspection of the conductor cooling passage with .219 and .281 diameter ball 


bearings.  Cover exit hole of the reel of the conductor with rag or slide a glove over the end of the 


conductor to the catch ball bearings.  Use minimum required air pressure (1 to 10 psi.).



Note(s):




If the BB Inspection fails notify supervisor.



Pass
p
Fail
p


Lead Person






Date

3.4
Place the conductor on the holding reel of the tensioner using approved methods.  Refer to the orientation diagram below.



Note(s):

For all subsequent operations of the winding table refer to the Large Turn Table (Winding Table) Operation Procedure (5525-OP-318944).


 EMBED Word.Picture.8  




Technician(s)





Date

3.5
Rotate the tilt-top to the proper orientation.  The winding table should be oriented to make 

the winding fixture parallel to the tensioner arm.  The winding table rotation should be set to 

counter-clockwise for a Quadrant 2 & 4 Coil.  Refer to the diagram in Step 3.4.



Technician(s)





Date

3.6
Unwind and feed the conductor through the tensioner to the winding table.  The conductor is to 

extend 18" ± 2" past the end of the winding fixture.  Refer to the diagram in Step 3.4.



Technician(s)





Date

3.7
Tighten the Small Clamps (MC-274629) using a 3/8" Allen wrench to constrain the first straight 

section during winding.  Refer to the diagram in Step 3.4.



Technician(s)





Date

3.8
Install the End Clamp (SK-331046) at the return end to constrain the conductor during end 

forming.  Use Clamping Shim (SK-331042) to protect the conductor from clamp damage.



Technician(s)





Date

3.9
Pressurize the tensioner clamping cylinder.  Begin winding table rotation until the tensioner load 


cell gauge registers winding tension.  Adjust the clamping cylinder pressure so that the load cell 


gauge reads 2500 lbs. force ± 500 lbs.  Record winding tensioner load cell gauge reading as 


measured during the continued winding table rotation.  Maximum readings should not exceed 3500 

lbs force.



Tensioner load cell gauge reading


  lbs. force.



Pass
p
Fail
p


Lead Person





Date

3.10
Perform a Height and Width Dimension Check of the conductor half-way between the tensioner 


and the winding fixture.

	Dimension
	Limit
	Actual Measurement
	Pass
	Fail
	Out of Tolerance

	Height
	.995" to 1.005"
	
	
	
	

	Width
	.560" to .570"
	
	
	
	




Lead Person





Date

3.11
Rotate the winding table 90° to form the first return end turn.  Use minimum hammer force 

necessary to form the turns and avoid conductor damage.



Note(s):




At no time is a hammer to be used directly against the conductor.

Continue with the first return end turn by rotating the tilt-top 90°.  Use minimum hammer force 

necessary to form the turns and avoid conductor damage.  Restrain the conductor to the end plate 

as necessary by using a C-clamp.  Use Clamping Shim (SK-331042) to protect the conductor 

from clamp damage.


 EMBED Word.Picture.8  


Complete the first return end turn and form the second straight section by rotating the winding 

table 90°.  Use minimum hammer force necessary to form the turns and avoid conductor damage.  

The winding fixture/table should now be parallel to the tensioner arm.  Refer to the diagram 

below.
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Tighten the Small Clamps (MC-274629) to constrain the second straight section.  Use Clamping 

Shim (SK-331042) to protect the conductor from clamp damage.

Install the Second End Clamp (SK-331046) at the lead end to constrain the conductor during 

end forming.  Use Clamping Shim (SK-331042) to protect the conductor from clamp damage.



Technician(s)





Date

3.12
Rotate the winding table 90° to form the first lead end turn.  Use minimum hammer force 

necessary to form the turns and avoid conductor damage.  Refer to the diagram in Step 3.7.



Note(s):




At no time is a hammer to be used directly against the conductor.

Continue with first lead end turn by rotating the tilt-top 90°.  Use minimum hammer force 

necessary to form the turns and avoid conductor damage. Restrain the conductor to the end plate as 
necessary by using a C-clamp.  Use Clamping Shim (SK-331042) to protect the conductor 

from clamp damage.

Install the Aluminum .040 Winding Shim (MA-274619) on top of the first straight section.  The 

shim is to extend past the radii at the ends of the coil.



Technician(s)





Date

3.13
Complete the first lead end turn and form the third straight section by rotating the winding 

table 90°.  Use minimum hammer force necessary to form the turns and avoid conductor damage.  

The winding fixture/table should now be parallel to the tensioner arm.



Note(s):




At no time is a hammer to be used directly against the conductor.

Adjust and tighten the Large Clamps (MC-274630) and Large Clamp Spacers (MC-318156) to 

hold the straight sections in place.  Use Clamping Shim (SK-331042) to protect the conductor 

from clamp damage.

Tighten the End Clamp (SK-331046) and bolt to hold the third straight section.  Use Clamping 

Shim (SK-331042) to protect the conductor from clamp damage.



Technician(s)





Date

3.14
Rotate the winding table 90° to form the second return end turn.  Use minimum hammer force 

necessary to form the turns and avoid conductor damage.



Install the Aluminum .058 Winding Shim (SK-331045) on top of the first return end turn.

Continue with the second return end turn by rotating the tilt-top 90°.  Use minimum hammer force 

necessary to form the turns and avoid conductor damage.  Restrain the conductor to the end plate 

as necessary by using a C-clamp.  Use Clamping Shim (SK-331042) to protect the conductor 

from clamp damage.



Note(s):




At no time is a hammer to be used directly against the conductor.

Install the Aluminum .040 Winding Shim (MA-274619) on top of the second straight section.  

The shim is to extend past the radii at the ends of the coil.



Technician(s)





Date

3.15
Complete the second return end turn and form the fourth straight section by rotating the winding 

table 90°.  Use minimum hammer force necessary to form the turns and avoid conductor damage.  

The winding fixture/table should now be parallel to the tensioner arm.



Note(s):




At no time is a hammer to be used directly against the conductor.

Adjust and tighten the Large Clamps (MC-274630) and Large Clamp Spacers (MC-318156) to 

hold the straight sections in place.  Use Clamping Shim (SK-331042) to protect the conductor 

from clamp damage.

Tighten the End Clamp (SK-331046) and bolt to hold the fourth straight section.  Use Clamping 

Shim (SK-331042) to protect the conductor from clamp damage.



Technician(s)





Date

3.16
Rotate the winding table 90° to form second lead end turn  Use minimum hammer force necessary 

to form the turns and avoid conductor damage.



Install the Aluminum .058 Winding Shim (SK-331045) on top of the first lead end turn.

Continue with the second lead end turn by rotating the tilt-top 90°.  Use minimum hammer force 

necessary to form the turns and avoid conductor damage.  Restrain the conductor to the end plate 

as necessary by using a C-clamp.  Use Clamping Shim (SK-331042) to protect the conductor 

from clamp damage.



Note(s):




At no time is a hammer to be used directly against the conductor.

Slide the Large Clamps (MC-274630) and Large Clamp Spacers (MC-318156) out of the way.  

Complete the second lead end turn and form the fifth straight section by rotating the winding 

table 90°.  Use minimum hammer force necessary to form the turns and avoid conductor damage.  

The winding fixture/table should now be parallel to the tensioner arm.

Install the Aluminum .040 Winding Shim (MA-274619) on top of the third straight section.  The 

shim is to extend past the radii at the ends of the coil.

Adjust and tighten the Large Clamps (MC-274630) and Large Clamp Spacers (MC-318156) to 

hold the straight sections in place.  Use Clamping Shim (SK-331042) to protect the conductor 

from clamp damage.

Tighten the End Clamp (SK-331046) and bolt to hold the fifth straight section.  Use Clamping 

Shim (SK-331042) to protect the conductor from clamp damage.



Technician(s)





Date

3.17
Rotate the winding table 90° to form the third return end turn.  Use minimum hammer force 

necessary to form the turns and avoid conductor damage.



Install the Aluminum .058 Winding Shim (SK-331045) on top of the second return end turn.

Continue with the third return end turn by rotating the tilt-top 90°.  Use minimum hammer force 

necessary to form the turns and avoid conductor damage.  Restrain the conductor to the end plate 

as necessary by using a C-clamp.  Use Clamping Shim (SK-331042) to protect the conductor 

from clamp damage.



Note(s):




At no time is a hammer to be used directly against the conductor.

Install the Aluminum .040 Winding Shim (MA-274619) on top of the fourth straight section.  

The shim is to extend past the radii at the ends of the coil.

Slide the Large Clamps (MC-274630) and Large Clamp Spacers (MC-318156) out of the way.  

Complete the third return end turn and form the sixth straight section by rotating the winding 

table 90°.  Use minimum hammer force necessary to form the turns and avoid conductor damage.  

The winding fixture/table should now be parallel to the tensioner arm.

Adjust and tighten the Large Clamps (MC-274630) and Large Clamp Spacers (MC-318156) to 

hold the straight sections in place.  Use Clamping Shim (SK-331042) to protect the conductor 

from clamp damage.

Tighten the End Clamp (SK-331046) and bolt to hold the sixth straight section.  Use Clamping 

Shim (SK-331042) to protect the conductor from clamp damage.



Technician(s)





Date

3.18
Rotate the winding table 90° to form the third lead end turn.  Use minimum hammer force 

necessary to form the turns and avoid conductor damage.



Install the Aluminum .058 Winding Shim (SK-331045) on top of the second lead end turn.

Continue with the third lead end turn by rotating the tilt-top 90°.  Use minimum hammer force 

necessary to form the turns and avoid conductor damage.  Restrain copper by using C-clamp to end 
plate as necessary.  Use Clamping Shim (SK-331042) to protect the conductor from clamp 

damage.



Note(s):




At no time is a hammer to be used directly against the conductor.

Install the Aluminum .040 Winding Shim (MA-274619) on top of the fifth straight section.  The 

shim is to extend past the radii at the ends of the coil.

Slide large clamps (MC-274630) and large clamp spacers (MC-318156) out of the way.  Complete 

the third lead end turn and form the seventh straight section by rotating the winding table 90°.  

Use minimum hammer force necessary to form the turns and avoid conductor damage.  The 

winding fixture/table should now be parallel to the tensioner arm.

Adjust and tighten the Large Clamps (MC-274630) and Large Clamp Spacers (MC-318156) to 

hold the straight sections in place.  Use Clamping Shim (SK-331042) to protect the conductor 

from clamp damage.

Tighten the End Clamp (SK-331046) and bolt to hold the seventh straight section.  Use Clamping 

Shim (SK-331042) to protect the conductor from clamp damage.



Technician(s)





Date

3.19
Rotate winding table 90° to form the fourth return end turn.  Use minimum hammer force 

necessary to form the turns and avoid conductor damage.



Install the Aluminum .058 Winding Shim (SK-331045) on top of the third return end turn.

Continue with the fourth return end turn by rotating the tilt-top 90°.  Use minimum hammer force 

necessary to form the turns and avoid conductor damage.  Restrain copper by using C-clamp to end 
plate as necessary.  Use Clamping Shim (SK-331042) to protect the conductor from clamp 

damage.



Note(s):




At no time is a hammer to be used directly against the conductor.

Install the Aluminum .040 Winding Shim (MA-274619) on top of the sixth straight section.  The 

shim is to extend past the radii at the ends of the coil.

Slide the Large Clamps (MC-274630) and Large Clamp Spacers (MC-318156) out of the way.  

Complete fourth return end turn and form eighth straight section by rotating the winding table 90°.  
Use minimum hammer force necessary to form the turns and avoid conductor damage.  The 

winding fixture/table should now be parallel to the tensioner arm.

Adjust and tighten the Large Clamps (MC-274630) and Large Clamp Spacers (MC-318156) to 

hold the straight sections in place.  Use Clamping Shim (SK-331042) to protect the conductor 

from clamp damage.

Tighten the End Clamp (SK-331046) and bolt to hold the eighth straight section.  Use Clamping 

Shim (SK-331042) to protect the conductor from clamp damage.



Technician(s)





Date

3.20
Rotate the winding table 90° to form the fourth lead end turn.  Use minimum hammer force 

necessary to form the turns and avoid conductor damage.



Technician(s)





Date


3.21
Cut the final turn conductor 10" ± 2" from the last bend using a portable band saw or equivalent.



Technician(s)





Date

4.0
Flame Annealing and Final Bending of the Leads

4.1
Flame Anneal the first turn conductor where it exits the fixture, refer to ME-274482 or 


ME-274854.  Flame anneal at a temperature of 800° F to 1200° F.  Monitor the conductor 

temperature using Temperature Crayons (McMaster-Carr Part Numbers 3261K553 (800° F), 

3261K557 (1000° F), 3261K662 (1200° F) or equivalent).  Manually bend the conductor 90° 

around the winding fixture, assisting as necessary with a rubber mallet or plastic hammer.



Note(s):

Heating should be uniform to avoid the formation of additional 



stresses.  Heating should also be gradual enough so that the temperature 


of the interior doesn't lag to far behind that of the surface.


Technician(s)





Date

4.2
Attach the Quadrant 2 & 4 Offset Block (MD-274637) at the lead end, refer to ME-274486, 

Sheet 2.  Flame anneal at a temperature of 800° F to 1200° F.  Monitor the conductor temperature 

using Temperature Crayons (McMaster-Carr Part Numbers 3261K553 (800° F), 3261K557 

(1000° F), 3261K662 (1200° F) or equivalent).  Manually bend the conductor around the Quadrant 

2 & 4 Offset Block (MD-274637) by pulling down on the conductor and assisting with a rubber 

mallet or plastic hammer.  Final direction of the formed turn should be parallel to the end turns and 
perpendicular to the final straight section.  Cut off the excess conductor at the same length as the 

final turn lead ± 1/2" using a portable band saw or equivalent.



Note(s):

Heating should be uniform to avoid the formation of additional 



stresses.  Heating should also be gradual enough so that the temperature 


of the interior doesn't lag to far behind that of the surface.


Technician(s)





Date

4.3
Scribe the machine cut-off locations on the conductors, using the scribe line on Quadrant 2 & 4 

Offset Block (MD-274637).  The transferred scribe marks should be within ± .031" of the tooling 

scribe marks.



Technician(s)





Date

4.4
Verify the location of the scribe marks to ensure that they are within ± .031" of the tooling scribe 


marks.



Pass
p
Fail
p


Lead Person





Date

4.5
Flame Anneal all the radii of the wound coil at a temperature of 800° F to 1200° F.  Monitor the 

conductor temperature using Temperature Crayons (McMaster-Carr Part Numbers 3261K553 

(800° F), 3261K557 (1000° F), 3261K662 (1200° F) or equivalent).  Allow the conductor to cool 

between 100° F and 120° F before continuing.



Note(s):

Heating should be uniform to avoid the formation of additional 



stresses.  Heating should also be gradual enough so that the temperature 


of the interior doesn't lag to far behind that of the surface.


Technician(s)





Date

4.6
Stamp the coil serial number with 1/8" letters on narrow surface of final turn lead on coil side, 

within 2-1/2" of scribe line as shown on coil drawings ME-274482 and ME-274854.



Technician(s)





Date

4.7
Remove the necessary fixturing from ends of the winding fixture.  Secure the conductor package 

with Ty-Raps (Fermi stock 1150-2080 or equivalent) in four locations near the coil ends.  

Collapse the fixture and remove the coil from the tooling.



Install wooden block clamps (MC-318703) in four locations near the coil ends.



Technician(s)





Date


4.8
Transport the wound coil to the coil storage area using a coil transport cart.



Technician(s)





Date

5.0
Production Complete

5.1
Process Engineering verify that the FMI Quadrupole 100" Quadrant 2 & 4 Main Coil Winding 


Traveler (5520-TR-318801) is accurate and complete.  This shall include a review of all steps to 


ensure that all operations have been completed and signed off.  Ensure that all Discrepancy 


Reports, Nonconformance Reports, Repair/Rework Forms, Deviation Index and dispositions have 


been reviewed by the Responsible Authority for conformance before being approved.



Comments:



Process Engineering/Designee



Date

Main Coil Winding Traveler for the 100" MIR Quadrupole Magnet
Coil Serial No.
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Coil Type 


FMI Quadrupole 100" Quadrant 2 & 4 Main Coil Winding
Coil Serial No.
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