Resin Impregnated Modular Coil Conductor for FDR
1)  Modulus of elasticity

	Load Test
	Specimen
	Temperature

(K)
	Elastic Modulus

(Mpsi)
	Reference

	Tension, 150,000 cycles
	Short race-track coil
	LN2
	11.6
	[5]

	Longitudinal Tension
	Long race-track coil
	RT
	8.30
	[11]

	Longitudinal Compression
	Bare conductor, 1.34” long
	RT
	9.114
	[6]

	Transverse Compression
	Bare conductor
	RT
	6.42 and 6.28 
	[10]  Incorrect modulus

	Transverse Compression
	Bare conductor
	LN2
	4.32 and 12.65 
	[10]  Incorrect modulus

	Longitudinal Shear
	Bare conductor
	RT
	0.139

(Shear modulus)
	[7]

	Flexural Test
	Bare conductor
	RT
	9.80
	[7]

	Flexural Test
	Bare conductor
	LN2
	11.59
	[7]

	Flexural Test
	Bare conductor
	RT
	9.63
	[8]

	Flexural Test
	Bare conductor
	LN2
	11.08
	[8]

	Flexural Test
	Glass wrapped bare conductor
	RT
	6.28
	[8]

	Flexural Test
	Glass wrapped bare conductor
	LN2
	7.37
	[8]


2)  Fatigue Life
	Load Test
	Specimen
	Temperature

(K)
	Tensile Stress
(ksi)
	Reference

	2.6E6 cycles @ 15,000 lb
	Short race-track coil
	LN2
	14.4
	[9]  Strain increase with test cycles

	1.5E5 cycles @ 15,000 lb, and 
	Short race-track coil
	LN2
	1.5E5 cycles @ 14.4 ksi
	[5]  No change in coil resistance from fatigue cycling


3)  Coefficient of Thermal Expansion
	Load Test
	Specimen
	Temperature (K)
	CTE
(10x-6 m/m/K)
	Reference

	Longitudinal
	
	80
	
	

	Longitudinal
	
	100
	
	

	Longitudinal
	
	150
	
	

	Longitudinal
	
	295
	
	

	Transverse
	
	80
	
	

	Transverse
	
	100
	
	

	Transverse
	
	150
	
	

	Transverse
	
	295
	
	


4)  Yield Strength and ultimate Strength 
	Load Test
	Yield/Ultimate Strength
	Temperature (C)
	Strength

(ksi)
	Reference

	Three-point bend
	Yield strength
	25.5
	36.2
	[11]

	Three-point bend
	Yield strength
	-196
	45.2
	[11]

	Longitudinal Shear
	Yield strength
	RT
	3.67
	[11]

	Longitudinal Shear
	Ultimate strength
	RT
	4.65
	[11]


Turn Insulation: CTD-101K with S-2 Glass Insulation
1)  Strength and Modulus  [12] & [13]

	Load Test
	Temperature (K)
	Strength

(ksi)
	Modulus

(Mpsi)
	Resin Process

	Compression (Thru. thickness)
	295
	114.6
	1.87
	VPI

	Compression (Thru. thickness)
	77
	188.6
	2.42
	VPI

	Compression (Thru. thickness)
	4.2
	197.3
	2.86
	VPI

	Interlaminate Shear
	77
	15.67
	4.05
(flexural modulus)
	VPI

	Interlaminate Shear
	4.2
	17.41
	4.95
(flexural modulus)
	VPI


  Note:
Interlaminate shear strength and flexural modulus are obtained by short beam 
shear tests.
2)   Combined Shear and Compressive Properties [13]
	Temperature

(K)
	Fixture
(deg.)
	Shear Strength

(ksi)
	Compressive Strength

(Mpsi)

	76
	15
	14.7
	4.3

	76
	45
	25.5
	25.5

	76
	75
	35.9
	135.4

	76
	84
	18.4
	175.2


3)  Shear Modulus [12]
	Temperature

(K)
	In-plane

(Mpsi)
	Interlaminar

(Mpsi)

	300
	0.6
	0.59

	77
	1.4
	1.00

	4
	1.6
	1.10


4) Coefficient of Thermal Expansion [13]
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     CTE and Thermal Expansion (TE) in the Warp and Fill Direction [12]
	Temperature

(K)
	CTE - Warp

(10E-6 m/m/K)
	CTE - Fill
(10E-6 m/m/K)
	TE –Warp
(%)
	TE – Fill
(%)

	80
	5.20
	5.42
	-0.16
	-0.17

	100
	5.77
	6.04
	-0.15
	-0.15

	150
	6.84
	7.19
	-0.11
	-0.12

	295
	6.97
	7.46
	0.00
	0.00


Ground Insulation
1)  Modulus of elasticity

	Load Test
	Specimen
	Temperature

(K)
	Elastic Modulus

(Mpsi)
	Reference

	Normal to glass
	
	80
	
	

	Normal to glass
	
	100
	
	

	Normal to glass
	
	295
	
	

	Parallel to glass
	
	80
	
	

	Parallel to glass
	
	100
	
	

	Parallel to glass
	
	295
	
	


2)  Coefficient of Thermal Expansion

	Load Test
	Specimen
	Temperature

(K)
	CTE

(10x-6 m/m/K)
	Reference

	Normal to glass
	
	80
	
	

	Normal to glass
	
	100
	
	

	Normal to glass
	
	295
	
	

	Parallel to glass
	
	80
	
	

	Parallel to glass
	
	100
	
	

	Parallel to glass
	
	295
	
	


VPI Epoxy Resin – CTD-101K
1)  Thermal Expansion of CTD-101K  Through Thickness [1]
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2)  Linear Cure Shrinkage of Epoxy Resin Ctd-101k [3]
For CTD-101K epoxy resin, the cure shrinkage is 1.48% with standard deviation of 0.16% for the following cure cycle:

2.5 hours ramp to 110 degrees C from ambient

5 hours hold at 110 degrees C

1 hour ramp to 125 degrees C

16 hours hold at 125 degrees C

10 hours cooldown to 25 degrees C

48 hours at ambient conditions

Casting Stainless Steel
1)  Thermal Expansion [4]
	Specimen
	Temperature

(Deg. K)
	Length L (in)
	dL/L   (%)
	Reference

	JPP-1
	301
77
	5.834
5.816
	-0.309
	[4]

	JPP-2
	301
77
	5.832
5.815
	-0.291
	[4]







           Average = -0.300%
Resin Impregnated Modular Coil Conductor for PDR
- A singular conductor is comprised of four 0.3125” by 0.250” braided copper and is wound with glass/kapton turn insulation to form a  0.690” by 0.564” conductor.
1) Axial Compression Properties of An Single Modular Coil (ASTM D-695)

     - 1.0-inch long [2]
	Temperature

(K)
	Compression Modulus

(Msi)
	Compression Strength

(ksi)

	76
	5.3
	48.2

	100
	6.8
	45.8

	150
	7.9
	40.9

	295
	-
	26.6 (tentative)


2) Axial Tension Properties of An Single Modular Coil (ASTM D-3039)

     - 15.0-inch long [2]
	Temperature

(K)
	Tension Modulus

(Msi)
	Tension Strength

(ksi)
	Poisson's

Ratio

	76
	14.4
	33.6
	0.38

	100
	12.4
	32.0
	0.38

	150
	14.1
	27.4
	0.30

	295
	13.2 (tentative)
	25.0
	-


3) Flexural Properties of An Single Modular Coil (ASTM D-790)


 - 10.0-inch long [2]
	
	Flatwise
	Flatwise
	Edgewise
	Edgewise

	Temperature

(K)
	Flex. Modulus

(Msi)
	Flex. Strength

(ksi)
	Flex. Modulus

(Msi)
	Flex. Strength

(ksi)

	76
	4.3
	43.0
	4.0
	44.8

	100
	4.3
	39.8
	4.5
	43.4

	150
	4.3
	39.4
	4.1
	38.9

	295
	3.9
	27.7
	3.7
	29.5


Note: Flatwise means bending the specimen about its weaker axis while edgewise means 
bending the specimen about its stiffer axis

4) Flexural Properties of A 2x2 Modular Coil Bundle (ASTM D-790) [2] 

	Temperature

(K)
	Flexural. Modulus

(Msi)
	Flexural  Strength

(ksi)

	76
	4.1
	40.9

	100
	3.2
	35.1

	150
	2.9
	30.1

	295
	2.6
	25.6


Note: The test results for flexural strength and modulus of a bundle is lower than the values for a single modular coil conductor

5) Shear Properties of A 2x2 Modular Coil Bundle (ASTM D-2344)  [2]
	Temperature

(K)
	Shear Modulus

(Mpsi)
	Shear Strength

(ksi)

	76
	2.3
	3.9

	100
	2.0
	3.6

	150
	1.2
	2.9

	295
	1.1
	2.2


6) CTE of An Single Insulated MC Conductor in the Longitudinal Direction [3]

Average of two specimens

	Temperature 

(K)
	Coef. of Thermal Expansion

(10x-6 m/m/K)

	76
	(9.53 + 8.87)/2   =  9.20

	100
	(11.74+10.37)/2 = 11.06

	150
	(15.42+15.97)/2 = 15.70

	293
	(22.35+20.50)/2 = 21.43


7) CTE of An Single Insulated MC Conductor in the Transverse Direction [3]

Average of two specimens
	Temperature 

(K)
	Coef. of Thermal Expansion

(10x-6 m/m/K)

	76
	(9.41 +11.14)/2  = 10.28

	100
	(12.00+11.92)/2 = 11.96

	150
	(15.94+16.24)/2 = 16.09

	293
	(22.00+19.13)/2 = 20.57


8) CTE of MC Turn Insulation in the Longitudinal Direction [3]

Average of two specimens
	Temperature 

(K)
	Coef. of Thermal Expansion

(10x-6 m/m/K)

	76
	(7.33 + 7.81)/2  =  7.57

	100
	(11.00+11.29)/2 = 11.15

	150
	(15.43+15.99)/2 = 15.71

	293
	(19.36+19.47)/2 = 19.42


9) CTE of MC Turn Insulation in the Transverse Direction [3]

Average of two specimens
	Temperature 

(K)
	Coef. of Thermal Expansion

(10x-6 m/m/K)

	76
	(11.28+10.58)/2  = 10.93

	100
	(12.78+12.80)/2 = 12.79

	150
	(14.60+15.64)/2 = 15.12

	293
	(16.71+17.89)/2 = 17.30


10) CTE of MC Ground Insulation in the Longitudinal Direction [3]

Average of two specimens
	Temperature 

(K)
	Coef. of Thermal Expansion

(10x-6 m/m/K)

	76
	(7.12 + 11.15)/2  =  9.14 

	100
	(12.02+12.11)/2 = 12.07

	150
	(14.36+14.50)/2 = 14.43

	293
	(20.32+21.05)/2 = 20.69


11) CTE of MC Ground Insulation in the Transverse Direction [3]

Average of two specimens
	Temperature 

(K)
	Coef. of Thermal Expansion

(10x-6 m/m/K)

	76
	(7.75 +10.30)/2  =  9.03

	100
	(10.66+11.17)/2 = 10.92

	150
	(12.42+13.28)/2 = 12.85

	293
	(20.16+21.16)/2 = 20.66
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