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TEST SERIES #20- VPI of( 2 x 5) and Electrical test  Specimens
1.0 Purpose: To prepare and to vacuum impregnate (2) specimens:

1.1 (1) 2 x 5 bundle of uninsulated conductors x 20 inches in length.  This specimen will be used for transverse compression tests

1.2 (1) 3 x 3 bundle of insulated conductors with both turn and ground warp insulation.  This specimen will be used for electrical tests to validate the dielectric strength of the turn and ground insulation schemes.  

2.0 Materials and equipment:
2.1 Compacted copper rope (0.350 inch x 0.391 inch)

2.2 Dry glass insulation (0.004 inch thick x 1 inch wide)

2.3 Dry glass insulation (0.010 inch thick x 1.5 inch wide)

2.4 Kapton (HN) 0.00625 inch thick

2.5 Kapton (HN) 0.00325 inch thick

2.6 3-part epoxy system. …Product no. CTD-101K (Composite Technology Development Inc.)

2.7 Stainless mold for 2 x 5 bundle

2.8 Vulcanize rubber tape

2.9 Shrinkable mylar tape

2.10 Vacuum oven

2.11 Epoxy delivery system

2.12 ½ ID inch Chemflour tubing

2.13 Copper chill plates

3.0 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.

3.1
Preparations:

Note:  Cotton or Nitril gloves shall be worn during the handling of the copper insulation and during the insulating process. 
3.2 2 x 5 Specimen

3.2.1 Cut (10) compacted copper rope specimens approximately 20 inches in length.

3.2.2 Carefully remove the turn insulation and nylon roving from each conductor

3.2.3 Thoroughly clean and degrease the mold for the 2 x 5 bundle.  

3.2.4 Apply spray mold release over all inside faces of the mold, which will be in contact with the epoxy resin.

3.2.5 Install the (10) pre-cut conductors into the mold

3.2.6 Secure the (2) halves of the mold together with a “Gortek” O-ring in position to provide the vacuum seal.

3.2.7 Secure Chemflour tubing to the (1) inlet and (1) outlet.

3.2.8 Vacuum leak check the mold

3.2.9 Once leak tight, install the mold into the vacuum oven.

3.3 Electrical Test Specimen

3.3.1 Cut (9) compacted copper rope specimens approximately 24 inches in length.

3.3.2 Each conductor will have (1) ½ lapped layer of dry glass (0.004 in. thick)

3.3.3 Stack the 3 x 3 bundle together with the ends of the conductors staggered.

3.3.4 Apply the ground wrap insulation to the bundle per figure 1.
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Figure 1- Ground Wrap Insulation Scheme

3.3.5 Install the sprue frames over each end of the bundle.

3.3.6 Apply (2) ½ lapper layers of vulcanized tape over the entire bundle.

3.3.7 Install the sprues and vacuum leak test bundle.

3.3.8 Apply (1) ½ lapped layer of shrinkable mylar tape over the bundle.

3.3.9 Once leak tight, install the mold into the vacuum oven.

3.3.10 Secure ½ inch ID “Chemflour” tubing to the (4) Spru inlet and outlets.

3.3.11 Hookup the molds and epoxy delivery system per the diagram in Figure No. 2.

3.3.12 Install the molds into the vacuum oven and secure into position.

3.3.13  Close all valves.

[image: image1.png]02sin—H |&— 15—

3| B appea ager
0007 in thick $-2 gas 2 inch som. wide]

(1) Halt-lypec tyer of omposc
2 =007 i thick g 12 nch pom. wide] & 0.006S(HN) Kapton [1.5 nom. widl with adicsve

© X2-0007m thick

] 1Bt tapped ager o composic:
0007 in. thick gas 2 inch

i wide]and 00035 (HN) Kapion 1.5 nom. widel) withadhesive
























VALVE IDENTIFICATION KEY

V1….
To epoxy fill tank 




V2….
To fill port on bottom 
(2 x 5)
 
V3….
To fill port on bottom (mold #2)


V4….
To epoxy return port on top (2 x 5)




V5…
To epoxy return port on top (mold 2)


V6….
To epoxy return tank



V7….
Epoxy overfill Vacuum valve

V8….
Epoxy fill tank Vacuum valve











Pressure gauge      
Vacuum gauge

3.3.14 Apply a vacuum to the molds as soon as possible by opening valves V4, V5, V6 and V7.

3.4
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

3.4.1 Approximately 3.5-gallon mixture will be prepared for the injection.

3.4.2 Components should be pre-heated to 50 degrees C for at least 2 hours prior to mixing.

3.4.3 Weigh out the components per the ratio’s identified above.

3.4.4 Combine the components into a container and thoroughly mix for approximately 15 minutes.

3.4.5 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.
3.5
VPI Procedure

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

3.5.2 Open valve V8 and apply a vacuum to the mixed epoxy components.  Maintain a 2-3 Torr vacuum on the epoxy until the boiling (degassing) of the mixture has subsided (Test Directors discretion).

3.5.3 Close valve V8 and vent the epoxy tank to atmosphere.

3.5.4 Open valves V2 and V3.

3.5.5 Slowly open valve V1 to allow the epoxy to enter the lower end of the molds.

3.5.6 Continue filling the bag mold until epoxy is observed exiting the top sprues on the molds.  Allow 24 to 36 inches of epoxy to fill each line.  Close valves V4, V5 and V6.  Vent the overfill tank.

3.6
Milking Procedure

The Test Director may elect to milk the epoxy through the mold following filling.  The pressures in the mold and vacuum should closely match. The following steps should be followed for the “Milking Process”.

3.6.1 Open valves V1, V2, V3, V4, V5, V6, and open the vent on the fill tank.  Close the vent valve on the overfill tank.

3.6.2 Slowly apply pressure to the overfill tank. (5 psig max.)

3.6.3 This will allow epoxy to flow from the overfill lines back through the coil.   DO NOT allow any of the air (nitrogen) in the overfill lines to re-enter the mold.

3.6.4 Reverse this process by slowly venting the overfill tank and applying the pressure to the fill tank.

3.6.5 Repeat this step as required.  (Test Directors discretion)

3.6.6 Once finished, slowly vent the tanks.

3.6.7 Close valves V1, V2, V3, V4, V5 and V6.

3.7
Cure Cycle

3.7.1 Once the Test Director feels that the impregnation of the molds is complete begin to slowly ramp up the oven temperature to 110 degrees C cure temperature at a ramp-up rate of 20 degrees per hour. 

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

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

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

3.7.5 Maintain the oven temperature for 16 hours at 125 degrees C.

3.7.6 At the end of the cure cycle, shut off the oven, and allow the molds to return to room temperature. DO NOT open the oven until the mold has returned to a temperature of at least 40 degrees C.

3.7.7 Remove the molds from the oven.

3.7.8 CAREFULLY open up the molds and examine the 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:

Oven:




Mold:

During the Cure Cycle (Oven):

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: ________ (110 deg. C)

Start of Ramp Up: ______________
Post Cure Temp. Reached: ________ (125 deg. C)

End of Cure Cycle: __________________

NOTES and OBSERVATIONS:
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	Notes
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NOTES AND OBSERVATIONS

2 x 5 Specimen

Bare conductor: 0.342 x 0.383









1.915 x 0.684 x 20 = 26.2 cu inches x .3 = 7.9 cu inches

7.9 / 231 = 0.034 gallons

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

Tubing:  Assume 0.5 in ID    Reference 231 cu in. = 1 gallon

Area= 0.196 sq inches x 12 inches = 2.36 cu in. = 0.01 gallons

X 10 feet =  1/10 gallon

Electrical sample

(9) Insulated conductors: 0.372 x 0.413 x 24 x 9 = 33.183

Bare conductor: 0.342 x 0.383 x 24 x .7 = 2.2 cu inches copper x 9 = 19.8 cu.in.
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Figure 2-        Delivery System
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1.206 x 1.328 x 24 = 38.44 cu. Inches (bundle)


38.44 – 19.8 = 18.64 cu in./231 =0.081 gallons
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