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1.0
Scope

This MPO/Traveler along with QA Plan – 53028-QAP address the testing and Quality Assurance procedures to deliver a 12 turn, 4 layer ( 3 turns/layer) , vacuum impregnated “D” shaped magnet coil to PPPL in accordance with the following drawings and specification:



PPPL Drawing #

                       Description

                             SE131-003 Rev2                                      TF Coil Final Assembly
                             SE131-005 Rev2                                      TF Coil Ground Wrapped Assembly
                             SE131-035 Rev2                                      TF Coil Winding Assembly/Details

                             NCSX_CSPEC-131-01-02                       TF Coil Assembly

                             NCSX-SOW-131-03-01                           TF Coil Assembly
All non-conformances will be directed to QA or the Engineer.
It is the intent of this MPO to fabricate the coils in strict accordance with the drawings and specifications and meet the requirements of Princeton Plasma Physics Laboratory. 

GENERAL NOTES FOR COIL FABRICATION:

SYMBOL 168 \f "Symbol" \s 10 \h
Correct errors by line, signature, and date.  Do not write over or use white out !

SYMBOL 168 \f "Symbol" \s 10 \h
         No repair of any discrepancy shall be initiated without prior approval from PPPL & 

               Engineer.  All discrepancies require an NCR.

SYMBOL 168 \f "Symbol" \s 10 \h
All work up to and including installation of the coil into the mold must be performed in the 
              designated PPPL Cleanroom.        

SYMBOL 168 \f "Symbol" \s 10 \h
Clean, lint-free gloves should be worn at all times when handling the conductor


or insulation.

SYMBOL 168 \f "Symbol" \s 10 \h
Coil parts that are inadvertently handled with bare hands or otherwise soiled must be


cleaned with acetone.

SYMBOL 168 \f "Symbol" \s 10 \h
Take protective measures to prevent contamination. Keep parts and conductor covered at all

               times. Also cover winding during work stoppage.

SYMBOL 168 \f "Symbol" \s 10 \h
Keep metal cuttings and filings out of winding, leads and insulated conductor during metal


cutting, filing, sanding and polishing operations.

SYMBOL 168 \f "Symbol" \s 10 \h
Never use forced air to remove particles or debris.  Use a vacuum.

SYMBOL 168 \f "Symbol" \s 10 \h
Round all sharp edges on conductor (.02" radius typical) that contact insulation.

SYMBOL 168 \f "Symbol" \s 10 \h
Fill all voids in the coil with clean fiberglass roving or cloth or NEMA G-11CR. G-11CR must be  sanded on all sides with heavy grip non-conductive sand paper.
SYMBOL 168 \f "Symbol" \s 10 \h
All G11CR fillers must be sanded with heavy grit non-conductive sand paper on all sides.

SYMBOL 168 \f "Symbol" \s 10 \h
All Everson Tesla safety procedures must be followed.

2.0
Materials and Parts 

The following provides a list of the parts and materials required to fabricate the coil:

	Item
	Part #
	Qty coil
	Description

	
	
	
	

	1
	* SC131-014
	4 RLS
	.709” x .966” x .312”ID x .039”CR C10700 Copper

	2
	Cust. Supplied
	AR
	1” x .0035” Adhesive Kapton Tape

	3
	Cust. Supplied
	AR
	1” x .007” S2 Glass Tape

	4
	SE131-032
	1
	               G-11 Filler 

	5
	SE131-031
	1
	G-11 Filler

	6
	SE131-041
	1
	G-11 Filler

	7
	SE131-054
	1
	Short Lead

	8
	
	
	

	9
	
	
	

	10
	
	
	

	11
	
	
	

	12
	
	
	

	13
	
	
	

	14
	
	
	

	15
	
	
	

	16
	
	
	

	17
	
	
	

	
	*     Material Certs Req’d                              
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


3.0
Fabrication Process

3.1
Coil Winding

The TF magnet coil is comprised of 4 layers with 3 turns/layer of .709”x.966” wound the “hard way”– each layer is wound from continuous conductor (no splices). There are three brazed splices connecting the four layers. The turn to turn insulation is comprised of one layer half-lapped of 1”x .0035” thick adhesive Kapton tape and three layers half-lapped of   1”x.007” S2 glass tape.
	Operation-001
	Layer 1Conductor Inspection 


                 .709 “+/- .005”  __________        X       .966” +/- .005” __________
                 .312” ID +/- .005”       __________       
                 Check Conductor Hole a min. of 12” deep with q- tip to verify ID was cleaned:  ____________

                 Hardness Check “F” scale(60-82):  ______5ft from end ______center ______5ft from opp end

                 Verify Kapton tape on taping machine is 1” x .0035” _____________
                 Verify Glass tape on taping machine is 1” x .007” ______________

                 Lot No.______________           Spool No. ______________

                QA Signature and Date:



 

	Operation-002
	Layer 1 Winding


NOTE: White (Lint Free) gloves or Surgical Latex Gloves shall be worn by all personnel when handling insulated or bare conductor after cleaning.

Place copper roll on  dereeler turn table.

Spread turns using plastic or G-10 wedges.

Check  conductor and remove any nicks or  burrs with emery paper or scotchbrite while using a vacuum to catch any  slivers or dust.

Wipe-down conductor with acetone.

               Signature and Date:



 

               Cover cleaned conductor with plastic and seal with tape.
Butt-splice conductor to previous conductor roll by torch brazing. This will provide a means for         pulling conductor thru tensioner and taping machine. After conductor reaches the winding machine,  cut away the butt splice along with 1 foot of copper from either side of the butt-splice. Give cutout section to QA to verify all annealed copper was removed.
Disgard plastic used to wrap conductor.

               Signature and Date:



 

               Hardness of cutout section (60-82Rf):  12” left of torch braze_______  

                                                                              12” right of torch braze_______

               QA Signature and Date:



 

Prep end of conductor for the layer to layer splice by facing-off end of conductor and counterboring  .570 + .010/ -.005” deep x .437 +.002/-.000” diameter using the climax mill.

              Signature and Date:



 

               Inspect flatness of faceoff and  counterbore dimensions.

                Faceoff Flatness .002” - ______________ (check with straight edge and feeler gage)

                Bore Diameter .437 +.002”/-.000 - ______________(check with pin gages- 80% of depth))

                Bore Depth .570 +.010/-.005” - __________________(check with depth mic.)

                Centering .966” direction – Left Side Wall Thickness = ___________

                                                             Right Side Wall Thickness=___________

                                                             .015”max allowable difference- ___________

                 Centering .570” direction – Top Side Wall Thickness = ___________

                                                             Bot. Side Wall Thickness=___________

                                                             .015”max allowable difference- ___________

                 Check misalignment between c’bore and hole in conductor by placing ferrule in c’bore and

                 inserting .250”dia pin thru ferrule into hole in conductor- _______Pass  _______ Fail

                QA Signature and Date:



 

                 Measure 4 ft +/- 1” from end of conductor to center of layer to layer offset. Using fixture 53028-   

                 900-A and the enerpac C-press at 8000PSI, press the layer to layer offset into the conductor.   

                 Remove any burrs or scratches with emery or scotchbrite and vacuum to catch dust. Wipe with 

                 Acetone. Hand insulate conductor with one layer half-lapped of  kapton tape and three layers 

                 half lapped of glass tape up to taping machine.

                 Signature and Date:





                 Verify kapton tape is 1” x .0035” and glass tape is 1” x  .007”.

                  Signature and Date:





This layer will be wound in the counterclockwise direction. Prep winding fixture by checking    
winding fixture scribe line marked “offset center”.  Place G-11 filler SE131-032 as shown on     drawing  SE131-035 sheet 4  Section D-D. Clamp end of conductor to winding 

                  fixture. Start taping machine and wind three turns with 400PSI (3450lbs) tension on load cell. 

 While winding , clamp conductor to winding fixture every three to four feet.  After ¾ to 7/8 turn and again after turn 1 ¾ to 1 7/8 turn measure and press the turn to turn offset into the conductor using fixture 53028-800-A and Enerpac “C” press at 8000PSI. Reinsulate offset area. At the end of turn three, clamp the conductor to the winding fixture.
All G11CR fillers must be sanded with heavy grit non-conductive sand paper on all sides.
Verify filler SE131-032 was sanded.
Signature and Date:_______________________

Check overall conductor plus insulation build a minimum of once per turn;

Turn # 1 – 1.064”+/-.010 ________ X .807”+/- .010__________

Turn # 2 – 1.064”+/-.010 ________ X .807”+/- .010__________

Turn # 3 – 1.064”+/-.010 ________ X .807”+/- .010__________

A minimum of once per turn check for gaps no larger than .020” between turns or turn and fixture (this does not include the long straight section)  and that conductor is not visibly twisted;

Turn #1 - Pass_________   Fail_______
Turn #2 -  Pass_________   Fail_______

Turn #3-    Pass_________   Fail_______

                  Signature and Date:





QA verification of offset area  reinsulation.
Layer to layer offset:______________________QA Signature and Date
Turn 1 offset:_____________________________ QA Signature and Date

Turn 2 offset:______________________________ QA Signature and Date
 Prep end of short lead SE131-054 for brazing to the end of Layer 1 Turn 3 by facing-off end of lead and counterboring  .570 + .010/ -.005” deep x .437 +.002/-.000” diameter using the climax mill.

              Signature and Date:



 

               Inspect flatness of faceoff and  counterbore dimensions.

                Faceoff Flatness .002” - ______________ (check with straight edge and feeler gage)

                Bore Diameter .437 +.002”/-.000 - ______________(check with pin gages- 80% of depth))

                Bore Depth .570 +.010/-.005” - __________________(check with depth mic.)

                Centering .966” direction – Left Side Wall Thickness = ___________

                                                             Right Side Wall Thickness=___________

                                                             .015”max allowable difference- ___________

                 Centering .570” direction – Top Side Wall Thickness = ___________

                                                             Bot. Side Wall Thickness=___________

                                                             .015”max allowable difference- ___________

                 Check misalignment between c’bore and hole in conductor by placing ferrule in c’bore and

                 inserting .250”dia pin thru ferrule into hole in conductor- _______Pass  _______ Fail

                QA Signature and Date:



 

Place short lead in position on winding fixture with center of .500” dia hole in lead on center of     winding fixture (see sheet 2 of dwg SE131-035). Mark end of lead on turn 2 and/or winding fixture – this mark will be transferred to turn 3 when it is brought into position. Remove lead and wind turn 3 into position – transfer mark that represents the end of the lead to turn 3. Prep end of conductor for lead brazing by facing-off end of conductor (up to the mark made above) and counterboring  .570 + .010/ -.005” deep x .437 +.002/-.000” diameter using the climax mill.

              Signature and Date:



 

               Inspect flatness of faceoff and  counterbore dimensions.

                Faceoff Flatness .002” - ______________ (check with straight edge and feeler gage)

                Bore Diameter .437 +.002”/-.000 - ______________(check with pin gages- 80% of depth))

                Bore Depth .570 +.010/-.005” - __________________(check with depth mic.)

                Centering .966” direction – Left Side Wall Thickness = ___________

                                                             Right Side Wall Thickness=___________

                                                             .015”max allowable difference- ___________

                 Centering .570” direction – Top Side Wall Thickness = ___________

                                                             Bot. Side Wall Thickness=___________

                                                             .015”max allowable difference- ___________

                 Check misalignment between c’bore and hole in conductor by placing ferrule in c’bore and

                 inserting .250”dia pin thru ferrule into hole in conductor- _______Pass  _______ Fail

                QA Signature and Date:



 

	Operation-003
	Braze Short Lead Water Fitting


NOTE: Lint free gloves or Surgical Latex Gloves shall be worn by all personnel when handling insulated or bare conductor after cleaning.
Clean silfos and copper with scotchbrite and acetone. Scrub bore of lead with bottle brush and acetone.. 

Wipe surfaces of silfos and copper with alcohol to remove acetone residue.

Torch braze brass water fitting to lead using SP15 silfos rod. Position as shown on dwg SE131-003 sheet 4 of 5.
  Remove excess silfos and inspect joint for voids or cracks (Pass/Fail)-    _______ 

Clean entire lead and remove any sharp edges by filing and buffing with scotchbite pads.

                 Signature and Date:



 

	Operation-004
	Braze Short Lead to Layer 1


NOTE: Lint free gloves or Surgical Latex Gloves shall be worn by all personnel when handling insulated or bare conductor after cleaning.
Clean silfos and copper with scotchbrite and acetone. Scrub bore of conductor with bottle brush and acetone a minimum of 8” deep. 

Wipe surfaces of silfos and copper with alcohol to remove acetone residue.

                Position brazing fixture 53028-700. 

Place ferrule, silfos rings, silfos wafer, and silfos 3-sided hairpins as shown on drawing SE131-035 sheet 4 of 5.

Close brazing fixture with 80PSI on air cylinder.

Check joint for a max. gap of .002”- adjust fixture if necessary.

Check that misalignment between conductors is not greater than .006”.

(use straight edge and feeler gage on all 4 sides)

Stencil target for infrared thermometer on copper using 1/2”dia template and high temp. paint.

Center brazing coil around joint using ceramic spacers.

Aim infrared thermometer on target.

Turn cooling water on to brazing fixture and Robitron.

Turn on main power switch to Robitron.

Turn on circulating pump.

Turn DC power on.

Use foot control to start brazing cycle.

Robitron will turn off automatically at end of timed cycle.

Record the following :

Power-            ________          Frequency-                 ________          

Voltage-          ________           Time @ full power-    ________          

Total Time -     ________           Max. Temp Reached-  ________          

Remove excess silfos and inspect joint for voids or cracks (Pass/Fail)-    _______ 
                 Signature and Date:



 

Attach tension fixture equally spaced around braze joint.  This fixture uses two 5 ton cylinders @  4250PSI to apply 8500lbs of tension on the braze joint during the helium leak test.    Wrap splice joint with plastic and insert helium leak check sniffer. Purge conductor with helium then pressurize to 50psi. Leak check to 10-6. After leak check is complete, purge conductor with nitrogen.

Leak Detector; Model__________            Serial #_____________
Leak Rate:

(Spec= <10-5 cc/sec)
Note: Joints failing this test must be cut out beyond the heat affected zone and re-brazed.
Signature and Date:





Check Rockwell Hardness  (55F min annealed, 60-82F unannealed);

¼”either side of joint-  ________      2” Left of Joint -          ________         

2” Right of Joint -        ________      3” Left of Joint -          ________         

3” Right of Joint -         ________     4” Left of Joint -     ________      
 4” Right of Joint -        ________     
QA Signature and Date:



 

Insulate lead with one layer ½ lapped .0035”x1.0” adhesive kapton and three layers ½ lapped  .007”x 1.0” glass tape.  Two layers of 5-6” wide kapton tape may be used in place of the 1” half lapped kapton in the heavy section of the lead. Clamp lead in place. Insert filler SE131-041. Material may be removed if there is interference. Fill gaps with glass tape.
All G11CR fillers must be sanded with heavy grit non-conductive sand paper on all sides.
Verify filler SE131-041 was sanded.

Signature and Date:_______________________

	Operation-005
	Layer 2Conductor Inspection 


                 .709 “+/- .005”  __________        X       .966” +/- .005” __________

                 .312” ID +/- .005”       __________       

                 Check Conductor Hole a min. of 12” deep with q- tip to verify ID (this does not include the long straight section) was cleaned:  ____________

                 Hardness Check “F” scale(60-82):  ______5ft from end ______center ______5ft from opp end

                 Verify Kapton tape on taping machine is 1” x .0035” _____________

                 Verify Glass tape on taping machine is 1” x .007” ______________

                 Lot No.______________           Spool No. ______________

                QA Signature and Date:



 

	Operation-006
	Layer 1 to Layer 2 Splice


NOTE: Lint free gloves or Surgical Latex Gloves shall be worn by all personnel when handling insulated or bare conductor after cleaning.
Place copper roll on  dereeler turn table.

Spread turns using plastic or G-10 wedges.

Check  conductor and remove any nicks or  burrs with emery paper or scotchbrite while using a vacuum to catch any  slivers or dust.

Wipe-down conductor with acetone.

               Signature and Date:



 

               Cover cleaned conductor with plastic and seal with tape.
Butt-splice conductor to previous conductor roll by torch brazing. This will provide a means for         pulling conductor thru tensioner and taping machine. After conductor reaches the winding machine,  cut away the butt splice along with 1 foot of copper from either side of the butt-splice.

Give cutout section to QA to verify all annealed copper was removed.

Disgard plastic used to wrap conductor.

               Signature and Date:



 

               Hardness of cutout section (60-82Rf):  12” left of torch braze_______  

                                                                              12” right of torch braze_______

               QA Signature and Date:



 

Prep end of layer 2 conductor for the layer to layer splice by facing-off end of conductor and counterboring  .570 + .010/ -.005” deep x .437 +.002/-.000” diameter using the climax mill.

              Signature and Date:



 

               Inspect flatness of faceoff and  counterbore dimensions.

                Faceoff Flatness .002” - ______________ (check with straight edge and feeler gage)

                Bore Diameter .437 +.002”/-.000 - ______________(check with pin gages- 80% of depth))

                Bore Depth .570 +.010/-.005” - __________________(check with depth mic.)

                Centering .966” direction – Left Side Wall Thickness = ___________

                                                             Right Side Wall Thickness=___________

                                                             .015”max allowable difference- ___________

                 Centering .709” direction – Top Side Wall Thickness = ___________

                                                             Bot. Side Wall Thickness=___________

                                                             .015”max allowable difference- ___________

                 Check misalignment between c’bore and hole in conductor by placing ferrule in c’bore and

                 inserting .250”dia pin thru ferrule into hole in conductor- _______Pass  _______ Fail

                QA Signature and Date:



 

NOTE: Lint free gloves or Surgical Latex Gloves shall be worn by all personnel when handling insulated or bare conductor after cleaning.

Clean silfos and copper with scotchbrite and acetone. Scrub bore of conductor with bottle brush and acetone a minimum of 8” deep. 

Wipe surfaces of silfos and copper with alcohol to remove acetone residue.

                Position brazing fixture 53028-700. 

Place ferrule, silfos rings, silfos wafer, and silfos 3-sided hairpins as shown on drawing SE131-035 sheet 4 of 5.

Close brazing fixture with 80PSI on air cylinder.

Check joint for a max. gap of .002”- adjust fixture if necessary.

Check that misalignment between conductors is not greater than .006”.

(use straight edge and feeler gage on all 4 sides)

Stencil target for infrared thermometer on copper using 1/2”dia template and high temp. paint.

Center brazing coil around joint using ceramic spacers.

Aim infrared thermometer on target.

Turn cooling water on to brazing fixture and Robitron.

Turn on main power switch to Robitron.

Turn on circulating pump.

Turn DC power on.

Use foot control to start brazing cycle.

Robitron will turn off automatically at end of timed cycle.

Record the following :

Power-            ________          Frequency-                 ________          

Voltage-          ________           Time @ full power-    ________          

Total Time -     ________           Max. Temp Reached-  ________          

Remove excess silfos and inspect joint for voids or cracks (Pass/Fail)-    _______ 

                 Signature and Date:



 

Attach tension fixture equally spaced around braze joint.  This fixture uses two 5 ton cylinders @  4250PSI to apply 8500lbs of tension on the braze joint during the helium leak test.    Wrap splice joint with plastic and insert helium leak check sniffer. Purge conductor with helium then pressurize to 50psi. Leak check to 10-6. After leak check is complete, purge conductor with nitrogen.

Leak Detector; Model__________            Serial #_____________

Leak Rate:

(Spec= <10-5 cc/sec)

Note: Joints failing this test must be cut out beyond the heat affected zone and re-brazed.
Signature and Date:





Check Rockwell Hardness  (55F min annealed, 60-82F unannealed);

¼”either side of joint-  ________      2” Left of Joint -          ________         

2” Right of Joint -        ________      3” Left of Joint -          ________         

3” Right of Joint -         ________     4” Left of Joint -     ________      

 4” Right of Joint -        ________     

QA Signature and Date:



 

Insulate splice area with one layer ½ lapped .0035”x1.0” adhesive kapton and three layers ½ lapped  .007”x 1.0” glass tape.  

Signature and Date:






 QA Signature and Date:_____________________________  
	Operation-007
	Layer 2 Winding


NOTE: White (Lint Free) gloves or Surgical Latex Gloves shall be worn by all personnel when handling insulated or bare conductor after cleaning.

This layer will be wound in the clockwise direction.  Place G-11 filler SE131-031 as shown on     drawing  SE131-035 sheet 4  Section D-D. Start taping machine and wind three turns with 400PSI (3450lbs) tension on load cell. 

 While winding , clamp conductor to winding fixture every three to four feet.  After ¾ to 7/8 turn and again after turn 1 ¾ to 1 7/8 turn, and again after turn 2 ¾ to 1 7/8 turn, measure and press the turn to turn offset into the conductor using fixture 53028-800-A and Enerpac “C” press at 8000PSI. Reinsulate offset area. At the end of turn three, continue winding 6 ½ ft past the center line of the winding fixture.
All G11CR fillers must be sanded with heavy grit non-conductive sand paper on all sides.
Verify filler SE131-031 was sanded.

Signature and Date:_______________________

Check overall conductor plus insulation build a minimum of once per turn;

Turn # 1 – 1.064”+/-.010 ________ X .807”+/- .010__________

Turn # 2 – 1.064”+/-.010 ________ X .807”+/- .010__________

Turn # 3 – 1.064”+/-.010 ________ X .807”+/- .010__________

A minimum of once per turn check for gaps no larger than .020” between turns or turn and fixture(this does not include the long straight section) and that conductor is not visibly twisted;

Turn #1 - Pass_________   Fail_______

Turn #2 -  Pass_________   Fail_______

Turn #3-    Pass_________   Fail_______

                  Signature and Date:





QA verification of offset area  reinsulation.
Turn 1 offset:_____________________________QA Signature and Date
Turn 2 offset:_____________________________ QA Signature and Date

Turn 3 offset:______________________________ QA Signature and Date
 Prep end of layer 2 for brazing to the end of Layer 3 by facing-off end of lead and counterboring  .570 + .010/ -.005” deep x .437 +.002/-.000” diameter using the climax mill. 
              Signature and Date:



 

               Inspect flatness of faceoff and  counterbore dimensions.

                Faceoff Flatness .002” - ______________ (check with straight edge and feeler gage)

                Bore Diameter .437 +.002”/-.000 - ______________(check with pin gages- 80% of depth))

                Bore Depth .570 +.010/-.005” - __________________(check with depth mic.)

                Centering .966” direction – Left Side Wall Thickness = ___________

                                                             Right Side Wall Thickness=___________

                                                             .015”max allowable difference- ___________

                 Centering .709” direction – Top Side Wall Thickness = ___________

                                                             Bot. Side Wall Thickness=___________

                                                             .015”max allowable difference- ___________

                 Check misalignment between c’bore and hole in conductor by placing ferrule in c’bore and

                 inserting .250”dia pin thru ferrule into hole in conductor- _______Pass  _______ Fail

                QA Signature and Date:



 

	Operation-008
	Layer 3 Conductor Inspection


                  .709 “+/- .005”  __________        X       .966” +/- .005” __________

                 .312” ID +/- .005”       __________       

                 Check Conductor Hole a min. of 12” deep with q- tip to verify ID was cleaned:  ____________

                 Hardness Check “F” scale(60-82):  ______5ft from end ______center ______5ft from opp end

                 Verify Kapton tape on taping machine is 1” x .0035” _____________

                 Verify Glass tape on taping machine is 1” x .007” ______________

                 Lot No.______________           Spool No. ______________

                QA Signature and Date:



 

	Operation-009
	Layer 3 Winding


NOTE: White (Lint Free) gloves or Surgical Latex Gloves shall be worn by all personnel when handling insulated or bare conductor after cleaning.

Place copper roll on  dereeler turn table.

Spread turns using plastic or G-10 wedges.

Check  conductor and remove any nicks or  burrs with emery paper or scotchbrite while using a vacuum to catch any  slivers or dust.

Wipe-down conductor with acetone.

               Signature and Date:



 

               Cover cleaned conductor with plastic and seal with tape.
Butt-splice conductor to previous conductor roll by torch brazing. This will provide a means for         pulling conductor thru tensioner and taping machine. After conductor reaches the winding machine,  cut away the butt splice along with 1 foot of copper from either side of the butt-splice.

Give cutout section to QA to verify all annealed copper was removed.

Disgard plastic used to wrap conductor.

               Signature and Date:



 

               Hardness of cutout section (60-82Rf):  12” left of torch braze_______  

                                                                              12” right of torch braze_______

               QA Signature and Date:



 

Prep end of conductor for the layer to layer splice by facing-off end of conductor and counterboring  .570 + .010/ -.005” deep x .437 +.002/-.000” diameter using the climax mill.

              Signature and Date:



 

               Inspect flatness of faceoff and  counterbore dimensions.

                Faceoff Flatness .002” - ______________ (check with straight edge and feeler gage)

                Bore Diameter .437 +.002”/-.000 - ______________(check with pin gages- 80% of depth))

                Bore Depth .570 +.010/-.005” - __________________(check with depth mic.)

                Centering .966” direction – Left Side Wall Thickness = ___________

                                                             Right Side Wall Thickness=___________

                                                             .015”max allowable difference- ___________

                 Centering .709” direction – Top Side Wall Thickness = ___________

                                                             Bot. Side Wall Thickness=___________

                                                             .015”max allowable difference- ___________

                 Check misalignment between c’bore and hole in conductor by placing ferrule in c’bore and

                 inserting .250”dia pin thru ferrule into hole in conductor- _______Pass  _______ Fail

                QA Signature and Date:



 

 Measure 5 ft 2” +/- 1” from end of conductor to center of layer to layer offset. Using fixture           53028-900-A and the enerpac C-press at 8000PSI, press the layer to layer offset into the conductor. Remove any burrs or scratches with emery or scotchbrite and vacuum to catch dust. Wipe with Acetone. Hand insulate conductor with one layer half-lapped of  kapton tape and three layers  half lapped of glass tape up to taping machine.

                 Signature and Date:





                 Verify kapton tape is 1” x .0035” and glass tape is 1” x  .007”.

                  Signature and Date:





This layer will be wound in the counterclockwise direction. Prep winding fixture by checking    

winding fixture scribe line marked “offset center”.  Clamp end of conductor to winding 

                  fixture. Start taping machine and wind three turns with 400PSI (3450lbs) tension on load cell. 

 While winding , clamp conductor to winding fixture every three to four feet.  After ¾ to 7/8 turn and again after turn 1 ¾ to 1 7/8 turn measure and press the turn to turn offset into the conductor using fixture 53028-800-A and Enerpac “C” press at 8000PSI. Reinsulate offset area. At the end of turn three, clamp the conductor to the winding fixture.
Check overall conductor plus insulation build a minimum of once per turn;

Turn # 1 – 1.064”+/-.010 ________ X .807”+/- .010__________

Turn # 2 – 1.064”+/-.010 ________ X .807”+/- .010__________

Turn # 3 – 1.064”+/-.010 ________ X .807”+/- .010__________

A minimum of once per turn check for gaps no larger than .020” between turns or turn and fixture(this does not include the long straight section) and that conductor is not visibly twisted;

Turn #1 - Pass_________   Fail_______

Turn #2 -  Pass_________   Fail_______

Turn #3-    Pass_________   Fail_______

                  Signature and Date:





QA verification of offset area  reinsulation.
Layer to layer offset:______________________QA Signature and Date
Turn 1 offset:_____________________________ QA Signature and Date

Turn 2 offset:______________________________ QA Signature and Date

	Operation-010
	Layer 4Conductor Inspection 


                 .709 “+/- .005”  __________        X       .966” +/- .005” __________

                 .312” ID +/- .005”       __________       

                 Check Conductor Hole a min. of 12” deep with q- tip to verify ID was cleaned:  ____________

                 Hardness Check “F” scale(60-82):  ______5ft from end ______center ______5ft from opp end

                 Verify Kapton tape on taping machine is 1” x .0035” _____________

                 Verify Glass tape on taping machine is 1” x .007” ______________

                 Lot No.______________           Spool No. ______________

                QA Signature and Date:



 

	Operation-011
	Layer 2 to Layer 3 Locking Braze Joint


NOTE: Lint free gloves or Surgical Latex Gloves shall be worn by all personnel when handling insulated or bare conductor after cleaning.
Place end of Layer 2 Turn 3 into position, this should be 6 ½ feet from center of winding fixture.
Place Turn 3 of Layer 3 into position but over top of the end of Layer 2 Turn 3.
Scribe Turn 3 of Layer 3 with machined end of Layer 2 Turn 3.

Machine end of  Layer 3 Turn 3  on scribe line.
Prep end of conductor for the layer to layer splice by facing-off end of conductor and counterboring  .570 + .010/ -.005” deep x .437 +.002/-.000” diameter using the climax mill.

              Signature and Date:



 

               Inspect flatness of faceoff and  counterbore dimensions.

                Faceoff Flatness .002” - ______________ (check with straight edge and feeler gage)

                Bore Diameter .437 +.002”/-.000 - ______________(check with pin gages- 80% of depth))

                Bore Depth .570 +.010/-.005” - __________________(check with depth mic.)

                Centering .966” direction – Left Side Wall Thickness = ___________

                                                             Right Side Wall Thickness=___________

                                                             .015”max allowable difference- ___________

                 Centering ..709” direction – Top Side Wall Thickness = ___________

                                                             Bot. Side Wall Thickness=___________

                                                             .015”max allowable difference- ___________

                 Check misalignment between c’bore and hole in conductor by placing ferrule in c’bore and

                 inserting .250”dia pin thru ferrule into hole in conductor- _______Pass  _______ Fail

                QA Signature and Date:



 

The ends of the conductors and an additional ¼ turn in each direction will need to be raised above the coil to create sufficient space to get the brazing fixture into postion. After the brazing fixture is in position the fixture along with the conductors must be pulled toward the center of the coil (using ratchet straps) to close up the splice. Wrap raised sections of turns with mylar tape to protect turn insulation during repositioning of turns.
Braze Locking Joint:
Clean silfos and copper with scotchbrite and acetone. Scrub bore of conductor with bottle brush and acetone a minimum of 8” deep. 

Wipe surfaces of silfos and copper with alcohol to remove acetone residue.

                Position brazing fixture 53028-700. 

Place ferrule, silfos rings, silfos wafer, and silfos 3-sided hairpins as shown on drawing SE131-035 sheet 4 of 5.

Close brazing fixture with 80PSI on air cylinder.

Check joint for a max. gap of .002”- adjust fixture if necessary.

Check that misalignment between conductors is not greater than .006”.

(use straight edge and feeler gage on all 4 sides)

Stencil target for infrared thermometer on copper using 1/2”dia template and high temp. paint.

Center brazing coil around joint using ceramic spacers.

Aim infrared thermometer on target.

Turn cooling water on to brazing fixture and Robitron.

Turn on main power switch to Robitron.

Turn on circulating pump.

Turn DC power on.

Use foot control to start brazing cycle.

Robitron will turn off automatically at end of timed cycle.

Record the following :

Power-            ________          Frequency-                 ________          

Voltage-          ________           Time @ full power-    ________          

Total Time -     ________           Max. Temp Reached-  ________          

Remove excess silfos and inspect joint for voids or cracks (Pass/Fail)-    _______ 

                 Signature and Date:



 

Attach tension fixture equally spaced around braze joint.  This fixture uses two 5 ton cylinders @  4250PSI to apply 8500lbs of tension on the braze joint during the helium leak test.    Wrap splice joint with plastic and insert helium leak check sniffer. Purge conductor with helium then pressurize to 50psi. Leak check to 10-6. After leak check is complete, purge conductor with nitrogen.

Leak Detector; Model__________            Serial #_____________

Leak Rate:

(Spec= <10-5 cc/sec)

Note: Joints failing this test must be cut out beyond the heat affected zone and re-brazed.
Signature and Date:





Check Rockwell Hardness  (55F min annealed, 60-82F unannealed);

¼”either side of joint-  ________      2” Left of Joint -          ________         

2” Right of Joint -        ________      3” Left of Joint -          ________         

3” Right of Joint -         ________     4” Left of Joint -     ________      

 4” Right of Joint -        ________     

QA Signature and Date:



 

Insulate splice area with one layer ½ lapped .0035”x1.0” adhesive kapton and three layers ½ lapped  .007”x 1.0” glass tape.  Protect  turn insulation with one wrap of mylar tape.
Signature and Date:






 QA Signature and Date:_____________________________  
Carefully  place the turn back in the stack and remove the mylar tape.

Signature and Date:






	Operation-012
	Layer 3 to Layer 4 Splice


NOTE: Lint free gloves or Surgical Latex Gloves shall be worn by all personnel when handling insulated or bare conductor after cleaning.
Place copper roll on  dereeler turn table.

Spread turns using plastic or G-10 wedges.

Check  conductor and remove any nicks or  burrs with emery paper or scotchbrite while using a vacuum to catch any  slivers or dust.

Wipe-down conductor with acetone.

               Signature and Date:



 

               Cover cleaned conductor with plastic and seal with tape.
Butt-splice conductor to previous conductor roll by torch brazing. This will provide a means for         pulling conductor thru tensioner and taping machine. After conductor reaches the winding machine,  cut away the butt splice along with 1 foot of copper from either side of the butt-splice.

Give cutout section to QA to verify all annealed copper was removed.

Disgard plastic used to wrap conductor.

               Signature and Date:



 

               Hardness of cutout section (60-82Rf):  12” left of torch braze_______  

                                                                              12” right of torch braze_______

               QA Signature and Date:



 

Prep end of layer 4 conductor for the layer to layer splice by facing-off end of conductor and counterboring  .570 + .010/ -.005” deep x .437 +.002/-.000” diameter using the climax mill.

              Signature and Date:



 

               Inspect flatness of faceoff and  counterbore dimensions.

                Faceoff Flatness .002” - ______________ (check with straight edge and feeler gage)

                Bore Diameter .437 +.002”/-.000 - ______________(check with pin gages- 80% of depth))

                Bore Depth .570 +.010/-.005” - __________________(check with depth mic.)

                Centering .966” direction – Left Side Wall Thickness = ___________

                                                             Right Side Wall Thickness=___________

                                                             .015”max allowable difference- ___________

                 Centering .709” direction – Top Side Wall Thickness = ___________

                                                             Bot. Side Wall Thickness=___________

                                                             .015”max allowable difference- ___________

                 Check misalignment between c’bore and hole in conductor by placing ferrule in c’bore and

                 inserting .250”dia pin thru ferrule into hole in conductor- _______Pass  _______ Fail

                QA Signature and Date:



 

NOTE: Lint free gloves or Surgical Latex Gloves shall be worn by all personnel when handling insulated or bare conductor after cleaning.

Clean silfos and copper with scotchbrite and acetone. Scrub bore of conductor with bottle brush and acetone a minimum of 8” deep. 

Wipe surfaces of silfos and copper with alcohol to remove acetone residue.

                Position brazing fixture 53028-700. 

Place ferrule, silfos rings, silfos wafer, and silfos 3-sided hairpins as shown on drawing SE131-035 sheet 4 of 5.

Close brazing fixture with 80PSI on air cylinder.

Check joint for a max. gap of .002”- adjust fixture if necessary.

Check that misalignment between conductors is not greater than .006”.

(use straight edge and feeler gage on all 4 sides)

Stencil target for infrared thermometer on copper using 1/2”dia template and high temp. paint.

Center brazing coil around joint using ceramic spacers.

Aim infrared thermometer on target.

Turn cooling water on to brazing fixture and Robitron.

Turn on main power switch to Robitron.

Turn on circulating pump.

Turn DC power on.

Use foot control to start brazing cycle.

Robitron will turn off automatically at end of timed cycle.

Record the following :

Power-            ________          Frequency-                 ________          

Voltage-          ________           Time @ full power-    ________          

Total Time -     ________           Max. Temp Reached-  ________          

Remove excess silfos and inspect joint for voids or cracks (Pass/Fail)-    _______ 

                 Signature and Date:



 

Attach tension fixture equally spaced around braze joint.  This fixture uses two 5 ton cylinders @  4250PSI to apply 8500lbs of tension on the braze joint during the helium leak test.    Wrap splice joint with plastic and insert helium leak check sniffer. Purge conductor with helium then pressurize to 50psi. Leak check to 10-6. After leak check is complete, purge conductor with nitrogen.

Leak Detector; Model__________            Serial #_____________

Leak Rate:

(Spec= <10-5 cc/sec)

Note: Joints failing this test must be cut out beyond the heat affected zone and re-brazed.
Signature and Date:





Check Rockwell Hardness  (55F min annealed, 60-82F unannealed);

¼”either side of joint-  ________      2” Left of Joint -          ________         

2” Right of Joint -        ________      3” Left of Joint -          ________         

3” Right of Joint -         ________     4” Left of Joint -     ________      

 4” Right of Joint -        ________     

QA Signature and Date:



 

Insulate splice area with one layer ½ lapped .0035”x1.0” adhesive kapton and three layers ½ lapped  .007”x 1.0” glass tape.  

Signature and Date:






 QA Signature and Date:_____________________________  
	Operation-013
	Layer 4 Winding


NOTE: White (Lint Free) gloves or Surgical Latex Gloves shall be worn by all personnel when handling insulated or bare conductor after cleaning.

This layer will be wound in the clockwise direction.  Place G-11 filler SE131-032 as shown on     drawing  SE131-035 sheet 4  Section G-G. Start taping machine and wind three turns with 400PSI (3450lbs) tension on load cell. 

 While winding , clamp conductor to winding fixture every three to four feet.  After ¾ to 7/8 turn and again after turn 1 ¾ to 1 7/8 turn, measure and press the turn to turn offset into the conductor using fixture 53028-800-A and Enerpac “C” press at 8000PSI. Reinsulate offset area. Do not bring the end of turn three into position until the end of the long lead has been marked on turn two or the fixture for transfer to turn three.
All G11CR fillers must be sanded with heavy grit non-conductive sand paper on all sides.
Verify filler SE131-032 was sanded.

Signature and Date:_______________________

Check overall conductor plus insulation build a minimum of once per turn;

Turn # 1 – 1.064”+/-.010 ________ X .807”+/- .010__________

Turn # 2 – 1.064”+/-.010 ________ X .807”+/- .010__________

Turn # 3 – 1.064”+/-.010 ________ X .807”+/- .010__________

A minimum of once per turn check for gaps no larger than .020” between turns or turn and fixture(this does not include the long straight section )  and that conductor is not visibly twisted;

Turn #1 - Pass_________   Fail_______

Turn #2 -  Pass_________   Fail_______

Turn #3-    Pass_________   Fail_______

                  Signature and Date:





QA verification of offset area  reinsulation.
Turn 1 offset:_____________________________QA Signature and Date
Turn 2 offset:_____________________________ QA Signature and Date

Turn 3 offset:______________________________ QA Signature and Date
   Prep end of Long Lead SE131-053 for brazing to the end of Layer 4 Turn 3 by facing-off end of lead and counterboring  .570 + .010/ -.005” deep x .437 +.002/-.000” diameter using the climax mill.

              Signature and Date:



 

               Inspect flatness of faceoff and  counterbore dimensions.

                Faceoff Flatness .002” - ______________ (check with straight edge and feeler gage)

                Bore Diameter .437 +.002”/-.000 - ______________(check with pin gages- 80% of depth))

                Bore Depth .570 +.010/-.005” - __________________(check with depth mic.)

                Centering .966” direction – Left Side Wall Thickness = ___________

                                                             Right Side Wall Thickness=___________

                                                             .015”max allowable difference- ___________

                 Centering .709” direction – Top Side Wall Thickness = ___________

                                                             Bot. Side Wall Thickness=___________

                                                             .015”max allowable difference- ___________

                 Check misalignment between c’bore and hole in conductor by placing ferrule in c’bore and

                 inserting .250”dia pin thru ferrule into hole in conductor- _______Pass  _______ Fail

                QA Signature and Date:



 

Place long lead in position on winding fixture with center of .500” dia hole in lead on center of     winding fixture (see sheet 2 of dwg SE131-035). Mark end of lead on turn 2 and/or winding fixture – this mark will be transferred to turn 3 when it is brought into position. Remove lead and wind turn 3 into position – transfer mark that represents the end of the lead to turn 3. Prep end of conductor for lead brazing by facing-off end of conductor (up to the mark made above) and counterboring  .570 + .010/ -.005” deep x .437 +.002/-.000” diameter using the climax mill.

              Signature and Date:



 

               Inspect flatness of faceoff and  counterbore dimensions.

                Faceoff Flatness .002” - ______________ (check with straight edge and feeler gage)

                Bore Diameter .437 +.002”/-.000 - ______________(check with pin gages- 80% of depth))

                Bore Depth .570 +.010/-.005” - __________________(check with depth mic.)

                Centering .966” direction – Left Side Wall Thickness = ___________

                                                             Right Side Wall Thickness=___________

                                                             .015”max allowable difference- ___________

                 Centering .709” direction – Top Side Wall Thickness = ___________

                                                             Bot. Side Wall Thickness=___________

                                                             .015”max allowable difference- ___________

                 Check misalignment between c’bore and hole in conductor by placing ferrule in c’bore and

                 inserting .250”dia pin thru ferrule into hole in conductor- _______Pass  _______ Fail

                QA Signature and Date:



 

	Operation-014
	Braze Long Lead Water Fitting


NOTE: Lint free gloves or Surgical Latex Gloves shall be worn by all personnel when handling insulated or bare conductor after cleaning.
Clean silfos and copper with scotchbrite and acetone. Scrub bore of lead with bottle brush and acetone.. 

Wipe surfaces of silfos and copper with alcohol to remove acetone residue.

Torch braze brass water fitting to lead using SP15 silfos rod. Position as shown on dwg SE131-003 sheet 4 of 5.

 Remove excess silfos and inspect joint for voids or cracks (Pass/Fail)-    _______ 

Clean entire lead and remove any sharp edges by filing and buffing with scotchbite pads.

                 Signature and Date:



 

	Operation-015
	Braze Long Lead to Layer 4


NOTE: Lint free gloves or Surgical Latex Gloves shall be worn by all personnel when handling insulated or bare conductor after cleaning.
Clean silfos and copper with scotchbrite and acetone. Scrub bore of conductor with bottle brush and acetone a minimum of 8” deep. 

Wipe surfaces of silfos and copper with alcohol to remove acetone residue.

                Position brazing fixture 53028-700. 

Place ferrule, silfos rings, silfos wafer, and silfos 3-sided hairpins as shown on drawing SE131-035 sheet 4 of 5.

Close brazing fixture with 80PSI on air cylinder.

Check joint for a max. gap of .002”- adjust fixture if necessary.

Check that misalignment between conductors is not greater than .006”.

(use straight edge and feeler gage on all 4 sides)

Stencil target for infrared thermometer on copper using 1/2”dia template and high temp. paint.

Center brazing coil around joint using ceramic spacers.

Aim infrared thermometer on target.

Turn cooling water on to brazing fixture and Robitron.

Turn on main power switch to Robitron.

Turn on circulating pump.

Turn DC power on.

Use foot control to start brazing cycle.

Robitron will turn off automatically at end of timed cycle.

Record the following :

Power-            ________          Frequency-                 ________          

Voltage-          ________           Time @ full power-    ________          

Total Time -     ________           Max. Temp Reached-  ________          

Remove excess silfos and inspect joint for voids or cracks (Pass/Fail)-    _______ 

                 Signature and Date:



 

Attach tension fixture equally spaced around braze joint.  This fixture uses two 5 ton cylinders @  4250PSI to apply 8500lbs of tension on the braze joint during the helium leak test.    Wrap splice joint with plastic and insert helium leak check sniffer. Purge conductor with helium then pressurize to 50psi. Leak check to 10-6. After leak check is complete, purge conductor with nitrogen.

Leak Detector; Model__________            Serial #_____________

Leak Rate:

(Spec= <10-5 cc/sec)

Note: Joints failing this test must be cut out beyond the heat affected zone and re-brazed.
Signature and Date:





Check Rockwell Hardness  (55F min annealed, 60-82F unannealed);

¼”either side of joint-  ________      2” Left of Joint -          ________         

2” Right of Joint -        ________      3” Left of Joint -          ________         

3” Right of Joint -         ________     4” Left of Joint -     ________      

 4” Right of Joint -        ________     

QA Signature and Date:



 

Insulate lead with one layer ½ lapped .0035”x1.0” adhesive kapton and three layers ½ lapped  .007”x 1.0” glass tape.  Two uninterrupted layers of 5-6” wide kapton tape may be used in place of the 1” half lapped kapton in the heavy section of the lead. Glass cloth with a build of .042” may be used in areas where where taping with the .007”x 1.0” tape is not pratical.  Clamp lead in place. Insert filler SE131-041. Material may be removed if there is interference. Fill gaps with glass tape.

All G11CR fillers must be sanded with heavy grit non-conductive sand paper on all sides.
Verify filler SE131-041 was sanded.

Signature and Date:_______________________

	Operation-015
	Install G-11 Lead Locking Block


All G11CR fillers must be sanded with heavy grit non-conductive sand paper on all sides.
Verify Lead Locking Block SE131-047, SE131-078, SE131079, SE131-084, and SE131-087 were sanded.

Signature and Date:_______________________

Grinding and/or filing may be necessary to fit block . After block has been fitted match drill 5 ½” dowel pin holes and insert G11-CR dowels. Fill gaps with glass tape.

Signature and Date:_______________________

Inspect Lead Dimensions & Block Fit per dwg 131-035 sheet 3;
9.9 +/- .1 = __________________
1.71 +/-.030 = ________________

45( +/- 15minutes=____________
Engineering or QA Signature and Date:_______________________

	Operation-016
	Remove Coil from Winding Fixture


There are milled slots on the winding fixture that indicate the area where the ground insulation is tapered from 3/8” thickness to 1/8” thickness at the ends of the long straight section of the coil. Transfer these marks from the fixture to the coil.

Signature and Date:_______________________

Prepare the coil for opening the cleanroom ceiling panels by covering all exposed glass tape with plastic stretch wrap material. Prior to sliding the ceiling panels, tape-up the vinyl seals at the panel joints to prevent the seals from wiping off dirt and debris from a passing panel.
Signature and Date:_______________________

Position lifting fixture over coil and place plastic blocking between fixture and coil to secure coil prior to releasing winding fixture.
Signature and Date:_______________________

After coil is removed from winding fixture, the lifting fixture and coil must be flipped since the coil is installed in the mold with the leads up.

Signature and Date:_______________________

	Operation-017
	Hydro and Flow Tests


Hydro :

Hydrostatically test at 600 PSI  for 10 minutes recording pressure within 2 PSI accuracy every 2 minutes. No drop in pressure is allowed.

Minutes                               PSI
0                                      _________

2                                     __________ 

4                                     __________

6                                     __________

8                                     __________

10                                  _________

Repeat test at 600 PSI for 1 hour recording pressure within 2 PSI accuracy every 10 minutes. Maximum allowable drop in pressure is 10 PSI.

Minutes                               PSI
0                                    __________

10                                  __________  

20                                  __________

30                                  __________

40                                  __________

50                                  __________

60                                  __________

Pressure Gage Model # ______________        Serial # _______________

Signature and Date:_______________________

Flow :

With inlet pressure at 200PSI and outlet pressure at 100 PSI,  purge coil for 2 minutes to remove trapped air and then weigh the quantity of water discharged from the coil in 120 seconds (using stop watch).

Weight of water discharged  in 120 seconds =  ___________________

Divide weight by 16.666 =   _______________GPM

Minimum allowable flow rate is 1.35 GPM.

Inlet Pressure Gage Model # ______________         Serial # _______________

Outlet Pressure Gage Model # ______________        Serial # _______________

Scale  Model # ______________        Serial # _______________

Signature and Date:_______________________

	Operation-018
	Electrical Tests


Surge at 750Volts to stress insulation .
Ring test using Sencore LC 103 Tester @ 5 volts peak.
Model # ______________        Serial # _______________

# Rings_______           Min Allowable= 32
Signature and Date:_______________________

Measure DC Resistance  -   4.70 to 4.76 micro ohms at 20 degrees C.
Tester Model # ______________        Serial # _______________

      Resistance  ________   Temp   _______ F

      Corrected to 20 C  __________

Signature and Date:_______________________

Inductance and “Q” @ 1KHZ.
Tester Model # ______________        Serial # _______________

L= ____________mH           Q= ____________

 Signature and Date:_______________________

Wrap coil with aluminum foil and Megger test at 1 KV.

Tester Model # ______________        Serial # _______________

Insulation Resistance ____________ (13.5 Microamps Max)
Signature and Date:_______________________

	Operation-019
	Ground Insulation


The coil is ground wrapped with half lapped layers of .015” x 2” glass tape at 10% compression to a build of 1/8” thickness in the wedge area of the coil and a build of 3/8” for the remainder of the coil. The 1/8” build will require 4 to 5 half lapped layers and the 3/8” build will require 12 to 13 layers. The lead area and G-11 Lead Locking Block also gets the 3/8” build of glass. Glass cloth may be used in areas where half lapping is not practical but the build must remain 3/8”. To determine the exact number of layers, measure the coil at several locations prior to applying the ground insulation and again after several layers heve been applied. 
                                              .125” Build in Wedge Area
	Location


	Height

(over turns)
	Height

(over 3 layers)
	Avg Build
	Additional Req’d to meet .125”
	Final

Size

	1
	
	
	
	
	

	2
	
	
	
	
	

	3
	
	
	
	
	


If the average additional build required per the above table is; 
                                                       .060 to .070 then add 2 half lap & 1 butt
                                                       .050 to .060 then add 2 layers half lapped.

                                                       .040 to .050 then add 1 half lap & 1 butt lap
                                                       .030 to .040 then add 1 half lapped
Signature and Date:_______________________

                                              .375” Build  Area

	Location


	Height

(over turns)
	Height

(over 11 layers)
	Avg Build
	Additional Req’d to meet .375”
	Final

Size

	1
	
	
	
	
	

	2
	
	
	
	
	

	3
	
	
	
	
	

	4
	
	
	
	
	

	5
	
	
	
	
	

	6
	
	
	
	
	


If the average additional build required per the above table is; 

                                                       .060 to .070 then add 2 half lap & 1 butt

                                                       .050 to .060 then add 2 layers half lapped.

                                                       .040 to .050 then add 1 half lap & 1 butt lap

                                                       .030 to .040 then add 1 half lapped

Signature and Date:_______________________

PROCEDURE:
Install coil on mold base plate and use pushers to hold coil in shape prior to removing lifter.

Install clamps on 1 foot centers around perimeter of coil (height and width).

Insulate wedge area of coil, removing and installing clamps to maintain a maximum of 1 foot between clamps.

Install SS wedges using G-11CR shims specified in section “020”.  Apply .015” x 2.0” glass tape and glass matting in areas shown on sheet 2 of drawing SE131-003.
Remove pushers from mold base plate and insulate remainder of coil, removing and installing clamps to maintain a maximum of 1 foot between clamps. Clamps can be removed after last layer is applied.
Prior to installing the last layer of ground wrap install the “Diagnostic Loop Wire” as shown on drawing SE131-005 and provide 24 ft lead lengths.

 Apply two layers of M0380 Tedlar to coil outside of wedge.
Position “Diagnostic Loop Wire” over coil lead area as shown on drawing SE131-005. Twist wires in this area with a twist spacing of 5/8 to ¾”.  The minimum allowed bend radius is 1/8”. 

Check resistance of sheath (90ohms) - __________________

Check resistance of center conductor (1400 ohms) - ____________________

Megger between center conductor and sheath at 100 volts ( 1megaohm) - _________________

Signature and Date:_______________________

	Operation-020
	Measure Coil and Wedge


Measure width and height of coil crossection at six inspection points as shown on sheet 2 of drawing SE131-003. Calculate average height and width.

	Location


	Width

(3.432”)
	Height

(3.468”)

	1      +28”
	
	

	2      +14”
	
	

	3      + 5”
	
	

	4      - 5”
	
	

	5      -14”
	
	

	6      -28”
	
	

	Average
	
	


Signature and Date:_______________________

Measure .80” , 1.35”, 3.30”, 1.95”, .875”, and 3.682” dimension of wedge at each end of both wedges.

	Dimen.


	Wedge #______ 

Left     
	Wedge #______          

          Right
	Wedge #______    

          Left
	Wedge #______   

         Right

	1      .80”
	
	
	
	

	2     1.35”
	
	
	
	

	3      3.30”
	
	
	
	

	4      1.95”
	
	
	
	

	5      .875”
	
	
	
	

	6    3.682”
	
	
	
	

	7      .294”
	
	
	
	


Signature and Date:_______________________

Engineering will use the above measurements to determine the glass buildup of coil and the G11CR shim dimensions.

Glass Tape Buildup = __________________________________

Front Side:

          G-11CR Shim = __________________________________

Back Side:

           Inside G-11CR Shim= _____________________________

           Outside G-11CR Shim= ____________________________

Engineering Signature and Date:_______________________

	Operation-021
	Install Coil in Mold


Use only red silicone rubber “O” ring material.
Make certain wedge cavities are clear of all resin residue to insure proper seating of wedge.
Use pushers to align coil with scribe line representing location of outside rail.

Install outside rail.

Check and record position of “ Diagnostic Loop Wire” measuring from top of coil every 6” starting at centerline of leads and traveling clockwise around the coil. Place excess wire in a plastic bag then fill bag with  RTV. 

	Location

(every 6”)
	Top to 
Wire
	Location

(every 6”)
	Top to
Wire
	Location

(every 6”)
	Top to
Wire

	1     (lead)
	
	20 (wedge)
	
	39     
	

	2      
	
	21  (wedge)   
	
	40      
	

	3      
	
	22 (wedge)     
	
	41      
	

	4      
	
	23 (wedge)     
	
	42      
	

	5      
	
	24 (wedge)     
	
	43      
	

	6      
	
	25 (wedge)     
	
	44      
	

	7
	
	26(wedge)
	
	45
	

	8
	
	27(wedge)
	
	46
	

	9
	
	28(wedge)
	
	47
	

	10
	
	29(wedge)
	
	48
	

	11
	
	30(wedge)
	
	49
	

	12
	
	31(wedge)
	
	50
	

	13
	
	32(wedge)
	
	51
	

	14
	
	33(wedge)
	
	52
	

	15
	
	34(wedge)
	
	53
	

	16
	
	35(wedge)
	
	54
	

	17
	
	36(wedge)
	
	55
	

	18
	
	37(wedge)
	
	56
	

	19
	
	38(wedge)
	
	57(lead)
	


Signature and Date:_______________________

Verify lead water fittings are plugged.

Signature and Date:_______________________

Install inside rail.
Install sheet copper, armalon, and steel blocking in lead area to assist in cleanup after VPI. 

Install lid. – Must be witnessed by Engineering or QA to verify wedge banding was not damaged.
Engr or QA Signature and Date:_______________________

Install reservoir and resin fittings.

Signature and Date:_______________________

	Operation-022
	Mold Bakeout


NOTE:  All temperatures and cycle times used during the impregnation and curing processes will be accurately measured and recorded on the Traveler.  Attach all graphs to this section of the Traveler.

Verification of oven overtemp protection operation by Maintenance Dept.

Partlow Unit (150F Setpoint) - ______________actual Temp relay opened
Cooperheat Unit (150F Setpoint)- ____________actual Temp relay opened
Maintenance Dept. Signature and Date:_______________________

The coil mold will be equipped with 8 temperature sensors to monitor uniform heating and cooling of the coils.  One sensor on coil lead, 6 sensors on mold and one measuring oven air temperature. 

Place mold on oven buggy with lead area at high point. Connect 6 riser tubes with 2” hose reservoirs and glass reservoir (lead area) to the vacuum manifold in oven and open valves. Run three copper fill lines (center lowest fill point and fill points just outside of wedge area) to outside of oven and close valves.
Apply 10PSI of pressure to mold and check that there is no drop in pressure after 1 hour.  Check all pipe joints with soapy water.
Signature and Date:_______________________

 Degas mold to .5 Torr or less for 8 hrs at 120 deg F.  At end of 8 hour preheat  tighten all 2” hose clamps on the 6 hose reservoirs. After vacuum has stabilized, check for leaks by closing valve to pump and monitor vacuum gage.  When reading reaches 1.0 Torr, hold for 2 minutes and record reading. Max allaowable leak rate is .35 Torr/minute. Prior to filling, raise the mold vacuum level to .5 torr higher than the resin component mixing and degassing pressure for a minimum of 1 hr prior to filling.
Signature and Date: ______________________________

 Leak Rate Check:

Start at 1.0 Torr

Reading after 2 minutes: ______________

Avg Leak Rate per minute: _____________ ( .35 Torr Max.) 

Signature and Date: ______________________________

	Operation-023
	Vacuum Impregnation-Epoxy Mixing


No resin will be used that exceeds the manufacturers recommended shelf life.  Also, no coloring agent will be mixed with the epoxy system.

The mixture is as follows:

Part A Epoxy Resin CTD-101K

100 p.b.w.        77 lbs    
Part B Hardener CTD-101K

90 p.b.w.           69.3 lbs
Part C Accelerator CTD-101K

1.5 p.b.w.            1.16 lbs
Record lot number off of resin drum and hardener drum.

Resin




Hardener



Degasing operations will be performed on resin at 1-1.5 Torr.

Set mixing tank temperature to 120(F. 


Mechanical mixing is required.

Mix Part A and degas simultaneously for a minimum of 15 minutes.

Add Part B to Part A , mix and degas simultaneously for a minimum of 20-40 minutes or until bubbles evolve infrequently from the mixture.

Add Part C to the above mixture and mix and degas simultaneously for a minimum of 60 minutes or until there are no bubbles in the mix.
Total weight of Mix    _____________________

Mix Resin

Start Time:_____________Finish Time_______________

Mix Resin & Hardener
Start Time:_____________Finish Time_______________

Accelerator Added
Start Time:_____________Finish Time:_______________

Vacuum ___________ Torr

Signature and Date:_____________________________

Gel Test
Drain ~ 1 pint of resin from mixing tank and disgard.
Drain ~ 1-2 ounces of epoxy into a small metal dish and place on a hot plate preheated to 230(F. Resin should gel in 15 to 30 minutes.  If resin does not gel in 30 minutes, contact supervisor and do not proceed with fill of coil.
Record gel time - ________            Signature and Date:_____________________________

	Operation-024
	Vacuum Impregnation


Begin impregnation within 2 hours of the initiation of Part C to A & B. Bring resin tank to atmospheric pressure and remove tank from mixer. Tank must remain connected to water heater to maintain resin temperature. Connect tank to the copper fill lines on mold.
 Impregnate mold at a pressure between 1.5 – 2.0 Torr and a temperature of 120 deg. F. Close the valves to the six riser tubes and one reservoir. Open the valves to the two lowest riser tubes. Prior to opening resin tank valve open all fill line valves to evacuate lines. Close all fill valves except the valve for the lowest fill point. 
Establish a slow but steady flow of epoxy.  As the level of epoxy reaches these riser tubes, allow the resin to fill the tube and reservoir before closing the valve and opening the next set of riser tubes. Record start and finish times and any pertinent info in table below. These riser tubes give an indication of the fill rate and the location of the resin in the mold.  If the fill rate is too slow, additional fill lines may be opened. The fill should take 3 to 6 hours.
                                                        FILLING RECORD
	Riser Tube
	 Start

Time
	Finish

Time
	Comments

	Lower

Left
	
	
	

	Lower

Right
	
	
	

	Middle

Left
	
	
	

	Middle

Right
	
	
	

	Upper

Left
	
	
	

	Upper

Right
	
	
	

	Leads
	
	
	


 After the mold is filled, close all vacuum lines and “milk” each hose reservoir (6) by applying up to  10PSI pressure and allowing some resin to return to the glass riser. Refill the hose reservoirs by applying up to 10PSI to the glass reservoir. Repeat this with each reservoir.  
Tighten all 2” hose clamps on the 6 hose reservoirs prior to starting the cure cycle.

 The reservoirs should be ¾ full with epoxy resin prior to starting  the curing process.    
Weight of unused resin mix:_________________

Signature and Date: ______________________________

	Operation-025
	Epoxy Curing


Verification of oven overtemp protection operation by Maintenance Dept.

Partlow Unit (330F Setpoint) - ______________actual Temp relay opened

Cooperheat Unit (330F Setpoint)- ____________actual Temp relay opened

Maintenance Dept. Signature and Date:_______________________

Apply 20 PSI overpressure to mold. Use the following cure cycle with a maximum ramp rate of 20 (F/hour from 120(F to 230(F (5.5hrs) and 10 (F/hour from 230 to 257(F (3 hrs).  After 1 hour into first ramp, tighten all 2” hose clamps on the 6 hose reservoirs.
Ramp to 230(F in 5.5 hrs.  Start Time:_____________Finish Time:____________Date:______________

Hold at 175(F for 2.0 hrs   Start Time:_____________Finish Time:____________Date:______________

230(F for 5 hrs.    
Start Time:_____________Finish Time:____________Date:______________

Ramp to 257(F in 3hrs. 
Start Time:_____________Finish Time:____________Date:______________

257(F for 15 hrs        
Start Time:_____________Finish Time:____________Date:______________

NOTE: All above times are minimum.
Signature and Date: ______________________________

	Operation-026
	Mold Cool Down 


After the coil has completed its cure cycle, it will be cooled at a rate of 20( -25(F per hour until it reaches 113(F.  Do not force cool. Approximately 6 hrs. cool down.

When the coil and mold have cooled to 113(F or less, it will be removed from the oven. Attach oven recorder chart and mold sensor chart to traveler and write serial number and date on charts.

Do not force cool the coil.

Record Time/Date when mold has stabilized at room Temperature:______________________

Signature and Date:_________________________________

	Operation-026
	Remove Coil From Mold


Remove lid, inside rail, and then outside rail.
Signature and Date:_________________________________

Clean epoxy and RTV from lead area and prep for testing. When cleaning the copper leads, care must be taken to keep the contact area flat. Remove tedlar and mylar tape.
Signature and Date:_________________________________

	Operation-027
	Electrical Tests


Ring test using Sencore LC 103 Tester @ 5 volts peak.
Model # ______________        Serial # _______________

# Rings_______           Min Allowable= 32

Surge at 750Volts to stress insulation .

# Rings_______           Min Allowable= 32

Signature and Date:_______________________

Measure DC Resistance  -   4.70 to 4.76 micro ohms at 20 degrees C.

Tester Model # ______________        Serial # _______________

      Resistance  ________   Temp   _______ F

      Corrected to 20 C  __________

Signature and Date:_______________________

Inductance and “Q” @ 1KHZ.

Tester Model # ______________        Serial # _______________

L= ____________mH           Q= ____________

 Signature and Date:_______________________

Wrap coil with aluminum foil and Megger test at 13.5 KV.

Tester Model # ______________        Serial # _______________

Leakage after 1 minute____________________ @6KV 

Leakage after 1 minute____________________ @7KV 

Leakage after 1 minute____________________ @8KV 

Leakage after 1 minute____________________ @9KV 

Leakage after 1 minute____________________ @10KV 

Leakage after 1 minute____________________ @11KV 

Leakage after 1 minute____________________ @12KV 

Leakage after 1 minute____________________ @13KV 

Leakage after 1 minute____________________ @13.5KV 

Max Allowable Leakage = 13.5 Microamps
Signature and Date:_______________________

	Operation-028
	Wedge Machining


Install coil on Milling Fixture 53028-1000.
Check that there are no burrs or high spots in the areas of the coil that fit in the coil supports of the fixture.
The coil must be shimmed at each coil support to bring the centerline of the coil in-line with the top of the coil supports. The shim thickness is determined as follows;

                                     Measure height of coil at each fixture coil support. 

                                      Shim Thickness = 2.039” – (coil height / 2)
                                      For the 2 coil supports that hold the coil and wedge, use the following;
                                      Shim Thickness = 3.800” – (coil height including wedges / 2)

Clamp coil at coil supports.

Remove 6 steel inspection plugs from between wedges.

Prep for top wedge machining by installing clamping arms and support hardware as shown on sheet 2 of drawing 53028-1000.  Use only enough force to support wedge – DO NOT FLEX COIL.
Signature and Date:_______________________

QA Check:

Verify distance from top of coil to top of coil support is half the coil height.     Pass______,  Fail ________
Use Inspection Gage 53028-1204 to verify there is enough material for maching by using a depth micrometer to measure the distance from the face of the gage to the face of the SS wedge at 6 inspection points as shown on sheet 2 of drawing SE131-003; 

	Location


	3.677”

min

	1      +28”
	

	2      +14”
	

	3      + 5”
	

	4      - 5”
	

	5      -14”
	

	6      -28”
	


To verify  wedges are symmetrical about the centerline of the coil within +/- .030” per sheet 2 of drawing SE131-003. – measure from the top of  Inspection Gage 53028-1204 to the top of  a coil support  (centerline of coil) on Milling Fixture 53028-1000. This measurement should be 5.500” +/- .030”.

	Location


	5.500”

+/-.030”

	1      +28”
	

	2      +14”
	

	3      + 5”
	

	4      - 5”
	

	5      -14”
	

	6      -28”
	


QA Signature and Date:_______________________

Send coil and fixture to Atlas Machine in Northampton, Pa for machining of the SS wedges per drawing “53028-Milling”.

Verify check sheet “53028-coil&wedge” has been completed by Atlas Machine prior to machining.

QA or Engineering Signature and Date:_______________________

	Operation-029
	Inspection  after Wedge Machining


The inspections listed below are performed with the coil on Milling Fixture 53028-1000.

 Use Inspection Gage 53028-1204 to verify 10.000( angle and 14.023” +/- .030” dimension per sheet 3 of drawing SE131-003. Take measurements at 6 inspection points as shown on sheet 2 of drawing SE131-003.
To verify 10.000( angle, gage should be flush with top and bottom wedges.  To verify 14.023” +/-.030” dimension, use a depth micrometer to measure the distance from the face of the gage to the 11.409” machined face of the SS wedge. Measurement should be 3.602” +/-.030”.
	Location


	3.602”
+/-.030”

	1      +28”
	

	2      +14”
	

	3      + 5”
	

	4      - 5”
	

	5      -14”
	

	6      -28”
	

	
	


To verify machined wedges are symmetrical about the centerline of the coil within +/- .030” per sheet 2 of drawing SE131-003. – measure from the top of  Inspection Gage 53028-1204 to the top of  a coil support  (centerline of coil) on Milling Fixture 53028-1000. This measurement should be 5.500” +/- .030”.
	Location


	5.500”

+/-.030”

	1      +28”
	

	2      +14”
	

	3      + 5”
	

	4      - 5”
	

	5      -14”
	

	6      -28”
	

	
	


QA Signature and Date:_______________________

	Operation-030
	Verify Coil Dimensions


Complete checksheet “53028-Coil” with coil on Milling Fixture 53028-100.
QA Signature and Date:_______________________

	Operation-031
	Clean and Deburr after Wedge Machining


Remove coil from Milling Fixture.

Deburr machined area of SS wedge.
Deburr any sharp edges on epoxy surface of coil.

When cleaning the copper leads, care must be taken to keep the contact area flat. Verify leads are clean and contact area is flat.

Signature and Date:_______________________

	Operation-032
	Install Diagnostic Loop Box 


Install Diagnostic Loop Box per drawing SE131-005. Position box on coil and mark coil for 2 mounting screws. Drill and tap for #8-32 screws. DO NOT DRILL INTO COPPER.
Signature and Date:_______________________

	Operation-033
	Final Test 


Ring test using Sencore LC 103 Tester @ 5 volts peak.
Model # ______________        Serial # _______________

# Rings_______           Min Allowable= 32

Surge at 750Volts to stress insulation .

# Rings_______           Min Allowable= 32

Signature and Date:_______________________

Measure DC Resistance  -   4.70 to 4.76 micro ohms at 20 degrees C.

Tester Model # ______________        Serial # _______________

      Resistance  ________   Temp   _______ F

      Corrected to 20 C  __________

Signature and Date:_______________________

Inductance and “Q” @ 1KHZ.

Tester Model # ______________        Serial # _______________

L= ____________mH           Q= ____________

 Signature and Date:_______________________

Wrap coil with aluminum foil and Megger test at 13.5 KV.

Tester Model # ______________        Serial # _______________

Leakage after 1 minute____________________ @6KV 

Leakage after 1 minute____________________ @7KV 

Leakage after 1 minute____________________ @8KV 

Leakage after 1 minute____________________ @9KV 

Leakage after 1 minute____________________ @10KV 

Leakage after 1 minute____________________ @11KV 

Leakage after 1 minute____________________ @12KV 

Leakage after 1 minute____________________ @13KV 

Leakage after 1 minute____________________ @13.5KV 

Max Allowable Leakage = 13.5 Microamps

Signature and Date:_______________________

Flow :

With inlet pressure at 200PSI and outlet pressure at 100 PSI,  purge coil for 2 minutes to remove trapped air and then weigh the quantity of water discharged from the coil in 120 seconds (using stop watch).

Weight of water discharged  in 120 seconds =  ___________________

Divide weight by 16.666 =   _______________GPM

Minimum allowable flow rate is 1.35 GPM.

Inlet Pressure Gage Model # ______________         Serial # _______________

Outlet Pressure Gage Model # ______________        Serial # _______________

Scale  Model # ______________        Serial # _______________

Signature and Date:_______________________

	Operation-034
	Quality Assurance


Verify MPO/Traveler is complete    
                   Attach all certifications, test reports, and NCR’s including:
                                Wedge Data from Tesla

                                 ET #00333 Gage Inspection Report

                                 ET Wedge Dimensional report

                                 Atlas Inspection report

                                 ET Final Dimensional Inspection Sheet

                                 Shipping Release Form

  Signature and Date:_______________________

	Operation-035
	Pack and Ship


                   Pack coil in crate 53028-500. 

                   Line coil cradles with ¼” thick rubber. 
                    Verify coil is secure in cradles.
                    Include a copy of the MPO in the crate.

Signature and Date:_______________________
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