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1) Purpose: To make preparation and to epoxy vacuum impregnate (VPI) a racetrack shaped coil that was fabricated at PPPL for the NCSX project.  The coil, once completed, will be tested under cryo conditions simulating modular coil operation.

2) Scope:  A racetrack shaped coil, representative of the NCSX and QPS project conductor and cross-section, was fabricated by PPPL.  The coil was constructed using similar compacted copper rope conductor, insulation and epoxy schemes as is being proposed for NCSX and QPS projects. This procedure includes the following activities:

a) Termination of coil leads

b) Reinforcement of coil leads

c) Coil preparations

d) Epoxy preparation

e) VPI of coil

3) Materials and equipment:

a) Compacted copper rope (0. 539 inch x 0.660 inch)

b) Dry glass insulation (0.007 inch thick x 1 inch wide)

c) Kapton insulation (0.00325 inch thick x ¾ inch wide)

d) 3-part epoxy system. (VPI)  …Product no. CTD-101K (Composite Technology Development Inc.)

e) 2-part air-cured epoxy system (mold)…Product no. CTD-522 (Composite Technology Development Inc.)

f) Wound coil

g) Vacuum oven

h) Epoxy delivery system

i) ½ inch Chemflour tubing

4) Test Procedure:

The following steps are to be used as a guide.  The Test Director has the authority to modify the tests.  All information from these tests are to be documented in the Logbook, including preparation activities, collected data, and changes to the SOW.

5) Preparations:

Note:  Cotton or latex gloves shall be worn during the handling of the copper insulation and during the insulating process. 

a) Terminations of leads

(1) Once the coil has been wound and ground wrapped, the coil leads must be prepared for lead terminations.

(2) Protect the surrounding areas of the coil from the soldering operations.

(3) Prepare the terminal ends of the coil by using best cleaning methods.  Flux the prepared leads.

(a) Identify cleaning methods:

(b) Identify Flux product name and no.: ________________________________

(4) Position the copper tubing (terminal end) over the ends of the conductors.

(5) Using silver solder, and best soldering practices, solder the copper terminals to the conductor ends.

(6) Record all soldering data and comments:

b) Reinforcement of Leads

(1) The coil leads must be adequately supported prior to the installation of the mold and VPI operations.

(2) Form the leads to the required position. (Test Directors discretion)
(3) Install a customized G-11 lead block that will fully support the leads as they exit the coil bundle. (Test Directors discretion)  Document details of support.

c) Coil Preparation

(1) Install (2) layers of silicone rubber tape over the coil ground wrap, cooling plates and clamps, forming a bag over the specimen.

(2)  Seal the edges of the silicone tape with silicone RTV and clamps.  

(3) Install epoxy feed sprues and seal with silicone RTV per reference figure below.
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(4)  Once the RTV cures, pump down the mold and look for leaks.  Repair leaks with high temperature silicone RTV.

(5) The outer jacket may need to be sealed with a 2-part RTV compound to improve the integrity of the bag mold.  

Identify 2-part RTV used: __________________________
(6) Using CTD-522 air-cured epoxy, glass felt and tape, form the outer shell around the bag mold.  Wrap the leads with glass tape and air-cured epoxy.

(7) Install hold down clamps on the ends of the impregnated felt jacket.  Allow the epoxy to cure.

(8) Make preliminary connections of the molded coil to the manifold using Chemflor vacuum tubing per the diagram no. 3.

(9) Install the coil into the vacuum oven.

(10)  Complete the hookup of the epoxy delivery system per the diagram in figure 3.

(11) Apply a vacuum to the mold as soon as possible by opening valves V11, V12, V13, V14, V15, V16, V17, V18, V19, V20, V21, V22, V23, V24, V25, V26, V27, V28, V29, V31

KEY

V1….
To Epoxy Fill Tank


 Pressure gauge
V2….
To lower fill ports


 Vacuum gauge
V3….
To lower fill port #I
V4….
To lower fill port #J 

V5….
To lower fill port #H
V6….
To upper fill port #G

V7….
To lower mid fill port #K
V8….
To lower mid fill port #L
V9….
To lower mid fill port #F

V10…. To lower mid fill port #E
V11….
From lower fill port #L to overfill tank
V12….
From lower fill port #K to overfill tank

V13….
To upper mid fill port #M
V14….
To upper mid fill port #N 

V15….
Vacuum pump to epoxy overfill tank 

V16….
To upper fill port #2
V17….
To upper fill port #3
V18….
To upper fill port #4

V19….
To upper fill port #5
V20….
Vacuum pump to epoxy fill tank 
V21….
To upper mid fill port #D

V22….
To upper mid fill port #C
V23….
From lower fill port #E to overfill tank

V24….
From lower fill port #F to overfill tank

V25….
To lead fill port #1
V26….
To lead fill port #2
V27….
To lead fill port #3
V28….
To lead fill port #4

V29….
To epoxy overflow tank      

V32….
To upper fill port #5
V30….
Vacuum pump to epoxy fill tank 

V33…. Nitrogen pressure to epoxy fill tank
V31…. Vacuum pump to epoxy overflow tank     
V34….
Nitrogen pressure to epoxy overfill tank
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a) Epoxy Preparation

Epoxy components by weight: CTD-101K  (3-part epoxy system)

Resin: (Part A)

100.0 parts-by-weight

Hardener: (Part B)
 90.0 parts-by-weight

Accelerator: (Part C) 
1.5 parts-by-weight

(1) Approximately 2.5-gallon mixture will be prepared for the injection.

(2) Components should be pre-heated to 55 +/- 5 degrees C for at least 4 hours prior to mixing.

(3) Weigh out the components per the ratio’s identified above.

(4) Combined the combine the components into a container and thoroughly mix the components for approximately 15 minutes.

(5) Pour off approximately 1.5 pints to be used for viscosity measurements during impregnation.

Note:  The viscosity of the resin is to be monitored throughout the process.

b) Vacuum impregnation

(1) Pour the mixed components into the epoxy fill tank and seal the lid.

(2) Open valve V30 and apply a vacuum to the mixed epoxy components.  Maintain the vacuum on the epoxy for a minimum of 30 minutes. Vacuum should continue until surface bubbling (boiling) is at a minimum. (Test Directors discretion)
(3) Drain off several ounces of the resin and perform a “Scrambled Egg Test” prior to injecting the mold to verify that the resin will GEL.  

a. Place small quantity into metal cup on hot plate set at 110 degrees C.  Stir contents until epoxy GELS.  Epoxy is ready for injection.

b. Time to GEL: ___________  
Performed by: _____________

_________________________________________________________________________

(4) Close valve V30 and vent the epoxy tank to atmosphere.

(5) Open valves V1, V3, V4, V5, V6.

(6) Slowly open valves V2 to allow the epoxy to enter the lower end of the mold.

(7) Continue until epoxy resin is exiting the next level of valves.  Perform the following valve changes as epoxy exits the specific valve. (Test Directors discretion)

When epoxy exits fitting E, Close valve V23 and Open valve V10

        
When epoxy exits fitting F, Close valve V24 and Open valve V9

       
When epoxy exits fitting K, Close valve V12 and Open valve V7

        
When epoxy exits fitting L, Close valve V11 and Open valve V8 

(8) Continue epoxy impregnation of racetrack coil.  As epoxy is observed exiting a specific fitting close that valve.

(9) This operation should continue until epoxy is observed flowing from all valves.  Note:  The upper most valves number 17 and 18 should be the last ones filled.

(10)  The Test Director may elect to apply slight pressure (10 psig max) to the mold to milk the epoxy.

(11) Once the Test Director feels that the epoxy filling of the Racetrack coil is complete, begin to slowly ramp up the oven temperature by 20 degrees per hour until 110 degrees C has been reached. (Normal cure cycle)

(12) Once the Gel temperature has been reached, maintain the oven temperature for 5 hours at 110 degrees C.

(13) During this process the viscosity samples should periodically checked until the samples GEL.

(14) After 5 hours at 110 degrees C, ramp-up the oven temperature to 125 degrees C.

(15) Maintain the oven at 125 degrees C for 15 hours.

(16) After 16 hours at 125 degrees C, shut off the oven, and allow the mold to return to room temperature.  DO NOT open the oven until the mold has returned to a temperature of at least 45 degrees C.

(17) Once at room temperature, remove the impregnated coil from the oven.

(18) Perform an electrical test per direction from the ATI.

Record electrical test details:

(19) Once the test has been completed, prepare the coil for shipment to ORNL.

VPI DATA SHEET

________________________________________________________________________

Date of Test:



Test Director:  

Team Members: ________________________________________________________________________

EPOXY MIX DATA

Weight of components-

Part A





Part B





Part C

Mixing time:

VACUUM READINGS:

Mold prior to impregnation:

Degassing of epoxy (max.):

During VPI process:

PROCESS TIMES:

Start of mixing epoxy: ______________

End of mixing epoxy: _______________

Start of Degassing operation:  _________

End of Degassing operation: __________

Start of Epoxy Fill: _________________


Epoxy Exiting V11: _________________
Epoxy Exiting V12: ______________

Epoxy Exiting V13: _________________
Epoxy Exiting V14: ______________

Epoxy Exiting V15: _________________
Epoxy Exiting V16: ______________

Epoxy Exiting V17: _________________
Epoxy Exiting V18: ______________

Epoxy Exiting V19: _________________
Epoxy Exiting V20: ______________

Epoxy Exiting V21: _________________
Epoxy Exiting V22: ______________

Epoxy Exiting V23: _________________
Epoxy Exiting V24: ______________

Epoxy Exiting V25: _________________
Epoxy Exiting V26: ______________

Epoxy Exiting V27: _________________
Epoxy Exiting V28: ______________

End of Epoxy Fill: _________________

Start of Gel Ramp Up: ____________
Gel Temp. Reached: ________(110 deg. C)

Start of Cure Ramp Up: ___________
Cure Temp. Reached: _______(125 deg. C)

End of Cure Cycle: __________________

NOTES and OBSERVATIONS:

OVEN DATA SHEET:            
Date: _______________  
Sheet No. ________

	Time
	Temperature Degrees C
	Notes
	Time
	Temperature Degrees C
	Notes
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Vac. pump














V33





V1





Epoxy Fill Tank
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Bag Mold with outer shell
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Bag mold with groove seal
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Figure No. 3 Epoxy Delivery System- Racetrack Coil VPI
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Epoxy feed sprues
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Epoxy overfill Tank
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