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Scope: On January 9, 2007 the A3 modular coil was to be Vacuum Pressure Impregnated [VPI] with epoxy, but the process was aborted prior to introducing the epoxy due to the questionable condition of the epoxy mixture.  This report describes the events associated with the decision to abort the VPI of the A3 Modular Coil.
Modular Coil Effected:  Type A coil-number A3
Date of Event:  Tuesday January 9, 2007

Key Personnel:  Tom Meighan [VPI Director], Eugene Kearns [VPI Lead Technician], Jim Chrzanowski [Coil Manufacturing Facility Manager]
Procedure Used:  D-NCSX-MCF-003-04
Description of Events:

January 8, 2007:   Final preparations were made for the vacuum pressure impregnation [VPI] of the A3 Modular coil.  All of the CTD-101K epoxy components [See page 4 for epoxy description] were weighed and placed in their individual VPI vessels [see figure 1].  The vessels were then heated to 50 degrees C to warm the components.  The vessels are heated using heating blankets with temperature controllers.

January 9, 2007:
Using procedure D-NCSX-MCF-003-04 “VPI/Autoclave Operations” the epoxy components were introduced to the Tank 3 and were mixed/degassed for the required period of time.  It was later noted that the components [hardener/accelerator] appeared to be darker and flow more quickly from the storage tank to the mixing tank.  Initially this observation was not identified as important.  Once the mixing operations were completed, the components were introduced to the manifold in readiness for epoxy injection.  Per procedure, a “Scrambled Egg Test” [See page 6 for test description] was performed to verify that the epoxy mixtures will Gell at the correct Gell temperature of 110 degrees C.  This test was successful with the Gelling of the components.  It was at this time it was noted that the epoxy in the manifold appeared quite dark in color [figure 2].  In fact the mixed components appeared darker then the color after final curing operations.  The VPI Director and Coil Manufacturing Facility Manager discussed the matter and choice to temporally suspend the VPI operations until the epoxy manufacturer could be contacted.
Composite Technology Development Inc. [CTD] was contacted and their first impression was that contaminates may have been introduced into the material.  CTD was given the batch numbers of the epoxy components in question to determine whether there were any noteworthy observations made during the manufacturing of the components.  Meanwhile, the VPI Lead Technician began having some suspicions about the temperature of the components prior to mixing.  Recall the recollections by the technicians during the filling of the mixing tanks.  A simple test was performed by mixing a small quantity of the hardener/accelerator and increasing its temperature.  Once the temperature reached approximately 100 degrees C the same color was achieved as was noted in the manifold lines.  

During the previous seven VPI’s of modular coils the heating jackets were shutdown overnight prior to the next days VPI and then reheated in the AM.  This time the jackets were left on overnight.  The only requirement in the procedure was that the components must be at 50 degrees C prior to and during the mixing operations.  It was determined that the vintage temperature controllers over shot the 50 degree C temperature requirement allowing the components to overheat prior to mixing.
The VPI Director and Coil Manufacturing Facility Manager, with concurrence of CTD decided that the VPI should be aborted. It would be far too risky to proceed with that epoxy mixture. Even though samples of the mixed epoxy did indeed solidify [not tacky] at the required 125 degrees C, any changes in the mechanical properties of the material as a result of the over heating would not be known.
The VPI operation was officially aborted and the epoxy was scrapped.  The manifold and epoxy component tanks were cleaned and a new epoxy mixture prepared.  The temperature of the components was more closely watched and a successful VPI was achieved on Thursday January 11, 2007.

Observations:

1) The VPI procedures were followed without deviation.

2) The “Scrambled Egg Test” did verify that the components would indeed Gell at 100 degrees C [initial cure].

3) It appears that the hardener/accelerator components were overheated prior to mixing.

4) The reliability of the temperature controllers to maintain temperature are in question

5) The color of the mixed epoxy was the only indication that there may be a problem.

6) CTD verified that there were no outstanding problems during the manufacturing of the epoxy components.
7) The decision to abort the VPI of A3 was consistent with high quality standards established by the coil manufacturing teams.  The unknown cured mechanical properties of this epoxy mixture would have raised doubt and question to the reliability of the coil to perform consistently with the other modular coils.
Corrective Actions:
1) The [+20 year old] temperature controllers will be tagged and removed from service

2) New temperature controller with alarms are being procured

3) The heating of the epoxy components will not occur overnight unless personnel are present to note any temperature alarms.

4) During the next VPI pre-job briefing the team members will be reminded to be more aware of any unusual observations
GENERAL INFORMATION:

Modular Coil Epoxy System:

Epoxy Description:
· CTD-101K:  a modified 3-part anhydride cured epoxy system with excellent performance at cryogenic temperatures.  
· Manufacturer: Composite Technology Development Inc.



1505 Coal Creek Drive




Lafayette, Colorado 80026                       




Phone: (303) 664-0394

Epoxy Working and Cure Temperatures

· Mixing Temperature:  40-60 degrees C
· Cure Cycle:  5 hours @ 110 degrees C
· Post Cure:  16 hours @ 125 degrees C
Epoxy Mix Ratio: By weight/Gallon

	Description
	Ratio-                    Parts per weight
	Calculated Weight/gallon                               [lbs]
	Calculated Weight/gallon                               [grams]

	
	
	
	

	Resin (part A)
	100
	5.0
	2268

	Hardener: (Part B) 
	90
	4.5
	2041.2

	Accelerator: (Part C) 
	1.5
	0.075
	34.02

	Total
	
	9.575
	4343.22


Modular Coil Mixture:

· Total mix per Modular coil (Type A, B and C) VPI Operation: 24-gallons 
	Description
	Calculated Weight                               [lbs]
	Calculated Weight                               [grams]

	
	
	

	Resin (part A)
	120
	54,432

	Hardener: (Part B) 
	108
	48,989

	Accelerator: (Part C) 
	1.8
	816.5

	Total
	229.8
	104,237.5


Epoxy breakdown for Modular Coils: Approximate allocations

· 11.2 gallons for coil

· 6 gallons for fill lines

· 4 gallons extra (back fill and measurements)
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Figure 1- Resin and Hardener Vessels
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Figure 2- Lower Manifold Where Darkened Resin was Observed

“Scrambled Egg” Test Description:

Test used to verify the correct mixture of components prior to introducing the epoxy to the coil.  Test verifies that the epoxy mixture will Gel at the correct temperature.
Procedure:
1) Approximately 1 ounce of the mixed epoxy components are placed into a metal disk that is on a pre-heated hot plate set at 100 degrees C.
2) Periodically stir the mixture.

3) The mixture should Gell in approximately 10-20 minutes.

4) If the mixture is outside the pre-set Gel Time limits, the VPI Director must decide whether the mixed should be discarded.
Temperature Controller
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