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TEST SERIES #18- VPI of Racetrack Coil Specimens
1) Purpose: Test series No. 18 has two parts.

1) The preparation and vacuum impregnation of small racetrack coil consisting of four turns of insulated compacted copper rope for material property testing.  

2)  To gain more experience with different molding techniques with the VPI process using CTD-101K.

2) Materials and equipment:

1) Compacted copper rope (0.350 inch x 0.391 inch) 

2) 3-part epoxy system. …Product no. CTD-101K (Composite Technology Development Inc.)

3) Racetrack Winding Mandrel

4) Vacuum oven

5) Epoxy delivery system

6) Hot plate

7) Viscometer

3) 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 is to be documented in the Logbook, including preparation activities, collected data, and changes to the SOW.

Preparations:

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

1) . (Note: each conductor is made of .350 x 0.391 in. conductor with 1 half lapped layer of 0.004 inch S-glass 1 inch wide).


B.
Mold Preparation

1) Thoroughly clean and degrease the mold.  

2) Apply spray mold release over all faces of the mold, which will be in contact with the epoxy resin so the mold may be used again.

3) Wind the conductor onto the mold starting with the lead, wind the conductor in the lower outer position first then transition to the lower inner turn. At the completion of this turn, transition to the upper inner turn and exit at the upper outer turn opposite were you started. Keep all transitions at the end of the mold were the leads are. Between the lower and upper levels insert a layer of 0.043” fiberglass filler.  

4) Apply the self-fussing bag mold and start pumping down the coil. While pumping down apply a coating of RTV 11 with a brush to seal up any smaller leaks in the bag mold. Once a good Vacuum is obtained apply a layer of glass felt impregnated with CTD 540 around the mold and seal.

5) Secure Chemflour (Heat resistant) tubing to the (4) inlet and outlets on the bottom of the mold.

6) Install the mold into the vacuum oven.

7) Hookup the mold and epoxy delivery system per the diagram in Figure No. 1.

8) Apply a vacuum to the mold as soon as possible by opening valves V3, V4, V5, V6, V7, V8, V9, V10, V11, V12, V13.

9) Pre-heat oven and mold to 55 degrees C prior to VPI.






















                                                        Figure No. 1 Epoxy Delivery System
V1….
To epoxy fill tank

V2….
Main Fill Valve


 Pressure gauge
V3….
To lower fill port bundle #1
 
 Vacuum gauge
V5….
To mid exit port bundle #1
V7….
To mid exit port bundle #1



V9….
To upper exit port bundle #1


V4….
To lower fill port bundle #2


V6….
To mid exit port bundle #2




V8….
To mid exit port bundle #2


V10….
To upper exit port bundle #2

V11… Vacuum pump to Epoxy fill tank

V12… Vacuum pump to Epoxy overfill tank




V13… To Epoxy overfill tank
V14….
Pressure to Epoxy fill tank

V15 … Pressure to Epoxy overfill tank

C.
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

10) Approximately 3-gallon mixture will be prepared for the injection.

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

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

13) Combine the components into a container and thoroughly mix the components for approximately 10 minutes.

14) Pour off approximately 2.5 pints to be used for viscosity measurements, Scrambled Egg test plus a Pot Life Test at 55 degrees C.

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

D.
VPI Procedure

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

16) Open valve V11 and apply a vacuum to the mixed epoxy components.  Maintain the vacuum on the epoxy for approximately 30 minutes. (Test Directors discretion)

17) 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: _____________

---------------------------------------------------------------------------------------------------

18) Pot Life Test: Note: This test will run in parallel to the impregnation.

a. Pour approximately 1 pint of mixed resin into a pail.

b. Place contents either in an oven or hot plate set at 55 degrees C

c. Continue to monitor and record the time, viscosity and temperature data on attached data sheet.

d. Record the time that the epoxy mixture begins to Gel.

e. Time to Gel at 55 degrees C. _________________

---------------------------------------------------------------------------------------------------

19) Close valve V11 and vent the epoxy tank to atmosphere.

20) Open valves V1. Slowly open valve V2 to allow the epoxy to enter the lower end of the molds.

21) Continue until epoxy resin is exiting V5, V6, V7, V8, V9 and V10  (Test Directors discretion)

22) Close valves as epoxy exits the valves.   

23) Close valves V3, V4 and open valves V5, V6, V7, V8, V9 and V10    

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

25) Once the Test Director feels that the epoxy filling of the mold specimens is complete, begin to slowly ramp up the oven temperature by 20 degrees per hour until 110 degrees C has been reached. (Cure temperature)

26) Maintain the oven temperature for 5 hours at 110 degrees C.

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

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

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

30) At the end of the cure cycle, 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 40 degrees C.

31) Remove the mold from the oven.

32) CAREFULLY open up the mold and remove the impregnated specimens. 

---------------------------------------------------------------------------------------------------

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:

During VPI process:

PROCESS TIMES:

Start of Degassing operation:
_________
End of Degassing operation: __________

Start of Epoxy Fill: _________________
End of Epoxy Fill: ______________

Start of Ramp Up: __________________
Cure Temp. Reached: ________________

Start Post Cure Ramp up: _____________
Post Cure Temp Reached: ______________

End of Cure Cycle: __________________

NOTES and OBSERVATIONS:

Pot Life Data Sheet:            
Date: _______________  
Sheet No. ________

	Time
	Temperature Degrees C
	Viscosity

(cp)
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NOTES AND OBSERVATIONS
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