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1.0
Scope

This Specification, in conjunction with the submitted technical Drawings, defines the insulation 

requirements for the Bare Coils used in the 240" and the 160" nominal length Fermilab Main Injector Dipole 

Magnets.  It also establishes the requirements for the fabrication, inspection and testing, marking, and shipment 

of the insulated coils.

2.0
Purpose

2.1
These coils are water cooled copper conductor windings, insulated with fiberglass tape and impregnated 


with epoxy.  The Buyer will install the insulated coils into Magnet Half Cores and assemble the Dipole 


Magnets for use in the Fermilab Main Injector Ring.


2.2
Due to the radiation environment and interrelationship with other system components, coil 


replacement is an expensive and difficult procedure.  This Specification has been designed to minimize 


the risk of coil failure.  Where this Specification fails to take advantage of the special facilities or processes 


available to the Seller, changes may, with the Buyer's prior written approval, be made.

3.0
General Requirements

3.1
The Dipole Magnet Coils shall be insulated with fiberglass tape and epoxy using a Vacuum Impregnation 


System.


3.2
The mold shall be capable of receiving the Wrapped Coil, bending it to the required shape, holding the coil 


and epoxy during the curing and releasing the Cured Coil.  The mold may be designed to hold the required 


vacuum or the entire mold may be placed in a larger vacuum chamber.  The mold may have heating, 


cooling, (or both) capabilities built in, or the entire fixture may be placed in an oven for heating.  In the 


former case, care must be taken to ensure even heating of the mold and the coil.  Additionally, the coil may 


be heated or cooled by running water or electricity though it.  Note, however, that the available connections 


preclude high pressure fluids.  Any proposal to apply voltage to the coil must include sufficient evidence 


that the voltage is not causing damaging migration of constituent ions.


3.3
No deviations from the engineering drawings and specifications will be allowed unless the Seller has prior 


written approval from the Buyer.  This approval shall be obtained by submitting the request to the Buyer on 


a Fermilab approved and supplied engineering change request form (ECR) (See Figure 4).  The approval of 


deviations is at the sole discretion of Fermilab.



3.4
The Seller shall provide adequate Documentation of the Insulation Process used for each and every coil.



The Seller shall generate and provide a "traveler" as a document to define the sequence of manufacturing, 


inspection, and tests, and to record all required measurements and test results.  This traveler shall be 


approved by the Buyer prior to the commencement of fabrication and shall include the necessary tests and 


measurements.



The traveler to be supplied with each insulated coil shall include:




1)  Serial Number and Date of Manufacture.




2)  Pertinent Process Information.




3)  Required Mechanical Dimensions.




4)  Required Electrical Checks.



The documents for each insulated coil shall reference the serial number of the insulated coil on each page of 

all documentation.



Upon completing each coil the Seller shall ship one copy of all the documentation for 


that specific coil in the shipping container with the coil and one copy of all the documentation shall be 


transmitted to the Buyer.  The Seller shall retain the original documentation until the completion of the 


entire purchase order at which time the original documentation shall be shipped to the Buyer.


3.5
Any discrepancies deemed not to specification and the subsequent rework or repair shall be reported by the 


Seller to the Buyer for approval or rejection by use of a Buyer approved and supplied form known as a 


Discrepancy Report (DR) (See Figure 3).  Each DR shall be incorporated into and become part of the 


specific insulated coil traveler to which it applies.  The serial number of the insulated coil for which the DR 


was written shall be clearly noted on the DR, and the number of the DR shall be shown at the appropriate 


step in the traveler.


3.6
The Seller's Facility shall be maintained in compliance with OSHA Standards such that the Buyer's 


Representatives and Personnel are not subjected to Environmental, Safety and Health Hazards.  


Representatives of the Buyer shall be allowed access to the Production and Test Areas of the Seller's 


Facilities and the Seller's Subcontractors Facilities as part of the proposal review process and during the 


progress of work called out in this Specification.


3.7
The Seller's Facility shall be maintained to provide the proper environment to insulate without 


contaminating the coil.  To ensure the proper environment the Seller shall provide a separate area in 


which the coil shall be insulated and packaged in the mold.  No other type of production operations shall 


take place in this area.  The Buyer shall inspect and approve the Seller's Facilities prior to beginning the 


Insulation Process, and shall have the right to stop operations at any time if the work environment is not 


maintained in accordance with this paragraph.


3.8
The Seller shall be responsible for designing and furnishing the fixtures and associated tooling 


necessary for completing the Insulating Process, including handling of the Bare and Insulated Coils.  The 


Buyer's Engineering Drawings of Pre-Production Fixtures and Tooling will be available for the Seller's 


reference.



Fabrication of the tooling shall not begin until the Buyer has provided written approval of the Engineering 


Drawings.  Insulation of the coils shall not begin until the Buyer has inspected and provided written 


approval of the constructed tooling.




Special note with respect to Lifting Fixtures: Written Certification that the part was



designed and fabricated according to ANSI / ASME B30.20 Specifications shall be supplied with 



the completed assembly.


3.9
Each Bare Copper Coil supplied by the Buyer will have a unique serial number stamped on it in the 


location shown on the Bare Coil Engineering Drawings.  That serial number shall continue to be used to 


identify the coil through the Insulation Process.  Where a coil and through bus are combined to form a 


package the serial number of the coil shall be used to identify the assembly.  The Seller shall stamp a 



unique letter which will be specified by the Buyer as shown on the drawing.


3.10
After completion of the first coil, an inspection for conformance to the Engineering Drawings and 


Specifications shall be performed with the Buyer's Inspectors present.  No further coils shall be insulated 


until the Buyer has provided written approval of the test results.

4.0
Materials

4.1
Bare Coil



4.1.1
The Bare Coils (Upper Coil, Lower Coil, and the Thru Bus) will be furnished by the Buyer.



4.1.2
The Bare Coil will be inspected and approved by the Buyer prior to shipment to the Seller for 



insulation.  The Bare Coil Inspection will verify the cross-section dimension, freedom from 



excessive warp, twist and camber. The inspection will also include but not be restricted to 



ensuring that the coil is free of slivers, burrs, and other injurious defects.  The water flow will be 



tested and documented.  The water passage of the coil will also be inspected to ensure that it has 



been properly capped to prevent the water passage from becoming contaminated during shipment 



and compromising the flow requirements.  The Bare Coils will be shipped to the Seller with a 



copy of the Traveler.  The Bare Coil Traveler will include all pertinent data such as flow 




characteristics, mechanical dimensions, any deviations from the prescribed tolerances, etc.  The 



Bare Coil Traveler shall be kept with the Insulated Coil Traveler so as to maintain a 




comprehensive fabrication and testing document of the coil.



4.1.3
The Seller shall inspect the Bare Coils supplied from the Buyer before beginning the insulation 



process.  The Bare Coil Inspection shall verify the cross-section dimension, and freedom from 



excessive warp, twist and camber.  The inspection shall also include but not be restricted to 



ensuring that the coil is free of slivers, burrs, and other injurious defects.  Any non-conformance 



found which has not been noted and/or accepted by the Buyer shall be noted in the individual 



Traveler and the Buyer shall have final approval prior to beginning the insulation process.



4.1.4
No Repairs of any discrepancies shall be initiated without prior written approval from the Buyer.  



The inspection report, written proposal for the repair, written approval of the repair procedure, 



record of the repair and the post repair inspection shall be included in the individual Traveler.


4.2
Insulation



4.2.1
The fiberglass insulation shall be installed according to the appropriate Engineering Drawings.



4.2.2
The Seller shall not deviate from the prescribed epoxy formula without prior written approval 



from the Buyer.  Approval shall be given only when the Seller demonstrates the superiority of the 



proposed deviation.  Any Epoxy Resins removed from the original bulk containers shall not be 



returned to the original bulk containers.  It will be acceptable to place unused Epoxy Resins in a 



clean sealed container for use at a later time.  The clean sealed container shall be marked with the 



contents, batch number, date opened and the shelf life date.



4.2.3
No materials shall be used that have exceeded the Manufacturer's recommended shelf life.  All 



materials shall be stored according to the Manufacturers requirements and recommendations.

5.0
Insulation Process

5.1
Prior to Grit Blasting the Seller shall insure that all holes are plugged in a manner which will withstand 



the force of Grit Blasting.  Lead ends with the 4 holes shall be masked prior to Grit Blasting as noted on



the drawing.  The Bare Coils shall be Grit Blasted with #80 grit aluminum oxide to ensure that they are free 



of all metallic dust, non-metallic dust and grease prior to the Insulation Process.  The grit used for the Grit



Blasting Process shall be free of grease.  Before the coil is insulated it shall have a white glove inspection



using clean lint-free gloves to ensure that all the coil surfaces are clean and free of all slivers and burrs.  If



there is any pulling or discoloration of the glove fabric, or any other defects are found, the defects must be



corrected before proceeding.


5.2
The cleaned Bare Coils shall be protected from metallic dust, non-metallic dust, skin oil, etc., until the 


Insulation Process is completed.  All Personnel shall wear clean lint-free gloves when handling the coil. 


When work is not being performed, the coils shall be covered by Anti-Static sheeting (for example, 


HERCULITE, FABRIC, ANTISTATIC, FLAME PROOF, WATERPROOF, HERCULITE 



STAPHCHEK ANSTAT 20).  The Bare Coil shall be inspected immediately prior to insulating for visible 


signs of oxidation. If any oxidation has occurred it shall be removed.


5.3
The coils shall be wrapped with 2 layers of Fiberglass Conductor Wrap and 3 layers of Fiberglass Ground 


Wrap according to the appropriate Engineering Drawings.


5.4
NEMA Grade G-10 and fiberglass tape packing shall be sized and shaped as required and installed according 


to the appropriate Engineering Drawings, to properly space the Conductor Bars and to prevent the presence 


of unsupported resin-rich volumes between adjacent Conductors and at the ground wall envelopes of the 


windings.  Any void, including the volume between conductors at the corners, shall be filled with dry 


fiberglass.  An unsupported resin-rich volume is defined as a volume of epoxy resin, not supported with 


fiberglass and having its shortest dimension greater than 0.060 in..  The G-10 should have its surface 


roughed by sanding or equivalent process (approved by the Buyer) to enhance bonding with the epoxy.


5.5
Tedlar tape shall be applied to allow removal of excess unsupported epoxy after the coil has been cured.  


The Tedlar tape may be perforated to enhance sufficient flow of epoxy.  The perforating shall not degrade



the quality of the underlying insulation or the finish of the coil surface.


5.6
After being wrapped but before being placed in the potting mold, the coil shall be subjected to the following 


tests to detect faulty insulation materials or procedure.  Any problems detected shall be corrected by the Seller 


before proceeding.



5.6.1
The resistance of the coil shall be measured and recorded using standard equipment approved by the 



Buyer.  (The expected resistance is in the range of 0.25 to 0.45 milliohms, depending on the length 



of the coil.)



5.6.2
The inductance of the coil shall be measured and recorded at 1 kHz using standard equipment approved 



by the Buyer.



5.6.3
The coil shall be subjected to a "ring test" at 100 Volts, according to Fermilab Specification 



5520-ES-318052 or an equivalent test approved by the Buyer, and the results recorded.


5.7
After being placed in the potting mold, the resistance between the coil and the mold shall be measured 


and recorded using standard equipment approved by the Buyer, in order to detect faulty insulation 



materials or procedure.  In the case of a coil with a thru bus, the resistance between the coil and the 


thru bus and between the thru bus and the mold shall also be measured and recorded.  The resistance should not 

be measurably different from infinite.  Any problems detected shall be corrected by the Seller before proceeding.

6.0
Impregnation and Curing Process

6.1
The Seller shall record all temperature and time cycles actually used during the Curing Process for each 


specific coil.  The Seller shall also record the Vacuum readings at required time intervals during the 


Impregnation and Curing Process.  All Temperature, Time Cycle and Vacuum readings as well as any 


approved deviations found shall be noted in the individual Traveler.  During the vacuum bake-out, curing, 


and cool down, the temperature at each sensor shall be recorded at least once every five minutes.  The 


Temperature Control and Recording Equipment shall be capable of recording the temperature to an accuracy 


of 1°F and controlling the temperature to an accuracy within the required tolerances.  The mold and the coil 


shall be instrumented to allow sufficient temperature measurements to ensure that the mold and the coil 


have reached a uniform temperature.  The Seller shall obtain prior written approval of all Temperature 


Sensing Equipment in accordance with Section 7.1.



Care must be taken to ensure that the coil conductor water passage does not become contaminated, which 


would subsequently degrade the flow capability of the coil.


6.2
The Seller shall Vacuum Impregnate the Coil as follows:



6.2.1
Epoxy Mixing



The Resin and the Hardener shall be mixed under vacuum at equal to or less than 500 microns for 



two hours without the Accelerator.  The Accelerator shall be added while maintaining the vacuum 



and mixed into the epoxy under vacuum for an additional half hour (refer to Figure No. 1).
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Figure No. 1

Typical Epoxy Mixing and Degas Vessel



6.2.2
Vacuum Bakeout



The coil and the mold shall be pumped down to a pressure equal to or greater than that used for 



epoxy mixing (but not more than 600 microns) and heated to a temperature of 120o+ 10oF.  The 



coil and the mold shall be held at this pressure and temperature for no less than 1 hour.


6.2.3
Impregnation Process



After the Vacuum Bakeout is complete, the Epoxy Resin may be introduced into the mold, while 



still under the vacuum described in Section 6.2.2. (See typical arrangements in figures 2 and 3.).  



Mixing of the epoxy resin shall be stopped before filling of the mold begins.  The mold shall be 



positioned so the fill riser port is the lowest point and the exit riser port is the highest point of the 



mold.  The filling of the mold shall be at a sufficiently slow rate as to fully impregnate the coil 



(Fermilab's experience has been 3 hours @125°F).  A flow rate indicator is highly desirable to 



allow monitoring of the impregnation rate.  The mold shall be filled until the epoxy is flowing 



out of the exit riser tube.  The Seller shall not allow the fill and exit riser tubes of the mold to 



become void of Epoxy Resin during the Curing Process.  This may require reservoirs to be 



installed on the fill and exit riser tubes.
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Figure No. 2

Typical Mold / Coil in a Vacuum Oven
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Figure No. 3

Typical Mold as the Autoclave

An alternate Temperature proposal shall be considered in accordance with Section 3.0 Paragraph 3.3 (refer to Figure No. 4).

Epoxy Mix Viscosity vs. Temperature
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Figure No. 4



6.2.4
Curing



Once the mold is properly filled, the mold and the coil shall be heated to a uniform temperature of 



250°F (-  0°F + 20°F).  The Curing Cycle shall begin once the mold and the coil have uniformly 



stabilized.  During the Curing Cycle the temperature shall be maintained at 250°F (-  0°F + 20°F) 



for a minimum of 16 hours.  The coil shall be at atmospheric pressure during the Curing Cycle 



(refer to Figure No. 5).



6.2.5
Cool Down



The mold and the coil shall be cooled at a rate of not greater than 5°F per 10 min.  During the 



Controlled Cooling Cycle only clean water or air may be introduced into the coil's cooling 



passage.



6.2.6
Removal



The mold shall not be opened nor the coil removed from the mold until it has cooled to 100oF or 




below.



6.2.7
Stripping



After removing the potted coil from the mold, the Tedlar tape and all excess epoxy  shall be 



removed and all rough edges shall be smoothed.
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Approximate Total Process Cycle - 32.0 Hours

Figure No. 5

Total Impregnation / Curing Process

7.0
Testing and Inspection
After the coil has been removed from the potting mold and has been cleaned up, it shall be subjected to final electrical tests 
and mechanical inspection before shipping.


7.1
Equipment for testing and inspection shall be calibrated and verification shall be provided to the Buyer prior 

to its use.  Calibrations shall be maintained on a scheduled basis and shall be subject to periodic audit by 


the buyer.  Seller's proposed calibration plan shall be submitted in writing to the Buyer for approval.


7.2
Electrical Properties



7.2.1
The resistance of the coil shall be measured using standard equipment approved by the Buyer and 



recorded.  (The expected resistance is in the range of 0.25 to 0.45 milliohms, depending on the length 



of the coil.)



7.2.2
The inductance of the coil shall be measured at 1 kHz using standard equipment approved by the Buyer 



and recorded.



7.2.3
The coil shall be subjected to a "ring test" at 100 Volts, according to Fermilab Specification 



5520-ES-318052 or an equivalent test approved by the Buyer, and the results recorded.  A significant 



deviation of the ring test waveform from the standard usually indicates an internal short and is cause 



for rejection.


7.3
Insulation Properties


The coil shall be tightly wrapped with aluminum coil and tested for leakage current from the coil to the foil.



7.3.1
The resistance between the coil and the foil shall be measured using standard equipment approved by the 



Buyer and recorded.  In the case of a coil with a thru bus, the resistance between the coil and the 



thru bus and between the thru bus and the foil shall also be measured and recorded.  The 



resistance should not be measurably different from infinite.



7.3.2
A hi-pot (high potential) test shall be made between the coil and the foil at 5000 Volts with a 



maximum allowable current of 5 microAmpere.  Fermilab Specification 0102-ES-292366 or an 



equivalent procedure approved by the Buyer shall be followed.  In the case of a coil with a thru bus, 


the hi-pot test shall also be made between the thru bus and the foil and between the thru bus and 



the coil.  The test between the thru bus and the foil shall be made at a differential voltage of 5000 



volts with a maximum allowable current of 5 microAmpere.  The test between the thru bus and the 



coil shall be made at a differential voltage of 10,000 volts with a maximum allowable current of 5 



microAmpere.  During the thru bus to coil test there shall be no other electrical conductor within 




1 foot of any part of the coil.


7.4
Mechanical Dimensions
Each coil shall be inspected to ensure that it meets the dimensional tolerances specified on the Engineering


Drawings and in these Specifications.  The measurements shall be recorded in the individual Traveler.

8.0
Shipment

8.1
The water passage shall be purged with clean compressed air to ensure that the water passage is clear of any 

and all contaminates and moisture prior to shipment.


8.2
The Seller shall ship the Insulated Coil in the "Original" Shipping Container that the Bare Coil was 


received in.  The Seller shall be responsible for packaging the coil to ensure that the integrity of the coil 


is not compromised during shipment.


8.3
The outside of the Shipping Container shall be marked in 2 places with the Seller's name, Coil Serial 


Numbers, Coil Part Number and the Date Cured.  The Coil Serial Numbers shall be transcribed from the 


ends of the Bare Coil / Thru Bus.


8.4
The water passage of the coil shall be properly capped to prevent the water passage from being 


contaminated, which would subsequently degrade the flow capacity of the coil.

9.0
Acceptance Inspection
The Buyer reserves the right to repeat any tests referred in this Specification upon receipt at Fermilab and prior to acceptance.  In addition, the Buyer reserves the right to repeat flow tests to ensure that contaminates did not enter the coil conductor water passage, thus degrading the flow capacity of the coil.  The Buyer reserves the right to repeat helium leak tests to ensure that no leaks have been induced by improper handling in the insulation process or during shipment.
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