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The mechanical properties of a epoxy impregnated NbTi composite were investigated at room temperature and at 4.2 K.  The modulus of elasticity and the Poisson's ratio were obtained along the axial, azimuthal and radial directions. The ten-stack samples were impregnated with CTD-101K and 828/NMA/DMP-30 epoxy systems using the procedure outlined in the tech-note, TD-98-059. 

ROOM TEMPERATURE MEASUREMENTS

The samples were cut for mechanical testing using a low speed diamond saw and Fig. 1 shows one such sample (also shown in the figure are the direction convention used in this study). The samples were then instrumented with strain gauges along the loading direction and transverse to the loading direction to obtain both modulus and Poisson's ratio. The gage resistance were measured using four-wire measurement technique with a high resolution digital multimeter (DMM). 
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Fig. 1: Epoxy impregnated NbTi composite. Also shown are the direction conventions.

The testing fixture for room temperature measurements is as shown in Fig. 2. The fixture is also equipped with two Linear Variable Differential Transformers (LVDT's) to measure the displacement. In order to take in to account the machine compliance, measurements were also taken with a stainless steel master.  This was necessary as the LVDT readings are affected by machine compliance (unlike strain gage readings)
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Fig. 2: Testing fixture and the specimen holder for room temperature measurements.

The strain gage results match quite well with that of the LVDT measurements (after subtracting the machine compliance). Fig. 3 shows the test results;
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Fig. 3: Comparison between the strain gage data and the LVDT output.

A typical stress-strain curve for obtaining the modulus of elasticity and the Poisson's ratio is as shown in the Fig. 4. The specimen was loaded along the azimuthal direction and both azimuthal and radial strains were recorded. Note that the compression was taken to be positive and elongation to be negative.

[image: image4.wmf]S

p

e

c

i

m

e

n

 

H

o

l

d

e

r

L

V

D

T

'

s

Fig. 4:  Stress-strain curves for an epoxy impregnated NbTi composite.

The following table summarizes the test results:

Sample
Axial 

(E11), GPa
Azimuthal (E22), GPa
Radial (E33), GPa
Poisson's Ratio

Sample 11: NbTi + burned S-2 + CTD-101K
19
21



Sample 12: NbTi + burned S-2 + CTD-101K
20
19.4

23 = 0.28

21 = 0.27

Sample 16: NbTi + burned S-2 + CTD-101K

20
24
23 = 0.29

Sample 10: NbTi + unburned S-2 +CTD-101 K
20
21



Sample 9: Bare NbTi + CTD-101K
21
20.5



Sample 5: Bare NbTi + 828 /NMA /DMP-30

18.6



Sample 18: NbTi + burned S-2 + 828 /NMA /DMP-30
18
18.3



Table 1: Summary of test results at room temperature.
The radial load was the most destructive of all. In fact we smashed the specimen during the test. The material yielded at around 80 MPa under radial load; if unsupported in azimuthal direction.

From the table the average moduli for an epoxy impregnated NbTi composite at room temperature are as follows: 

Modulus (GPa)
with CTD-101K
with 828/NMA/DMP- 30

E11 (axial)
19.5
18.0

E22 (azimuthal)
20.1
18.3

E33 (radial)
24.0


Table 2: Average moduli of the epoxy impregnated NbTi composite.
The mechanical properties of the composite with CTD-101K are slightly better than with 828/NMA/DMP-30.  However the pot-life CTD-101K is much higher than that of 828/NMA/DMP-30 (see TD-98-059). This is particularly useful when impregnating long magnets.

LOW TEMPERATURE MEASUREMENTS

Modulus measurements at liquid helium temperature (4.2 K) were performed using an already existing testing fixture in the Engineering Lab of Technical Division. This fixture was originally designed to calibrate the beam and capacitor gauges at low temperatures. Fig. 5 shows the testing apparatus. Specimen was placed on a base platen as shown in the Fig. 5(a). The base platen was then raised and bolted to the top platen. Note that the load is reacted against the base platen. The dewar was then lifted up and placed as shown in the Fig. 5(b). Liquid helium was transferred from a reservoir into the dewar through a transfer line. It takes about an hour to get the temperature down to 4.2 K. A pre-calibrated load cell gives the force being applied on the specimen and the strain gage read out gives the strain on the specimen. Note that the gage factor and the R0, the reference resistance of the strain gage were taken at 4.2 K. 

Before doing a cold test, the testing fixture was cross-checked with the previous warm measurements. The azimuthal modulus of the sample (impregnated with CTD-101K) at room temperature tested using this apparatus was found to be 19.5 GPa which compares well with that of the data shown in Table 1.  Three cold tests were done; one each on azimuthal, axial and radial directions for samples impregnated with CTD-101K. The values are given below:

E11 (axial) 

= 
46 GPa

E22 (azimuthal)
= 
32 GPa

E33 (radial)

= 
36 GPa

It is a good practice to check the repeatability of these measurements; especially the axial modulus in this case. Note that at room temperature all three moduli are close. We intend to get the statistics for low temperature measurements in future for Nb3Sn samples (which is of interest for us).
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Fig. 5: Testing fixture for the low temperature (4.2 K) tests.
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				SAMPLE 12 - Azimuthal

								cable + reacted s-2 fiber glass insulation butt lap + ctd101 K

				L = 2.779 in																																H

				H = 0.7335 in

				W = .6565 in

				After the test:																						L								W

				L = 2.775 in

				H = .733 in																		Radial Strain Gauge; B(SG)

				W = .6595 in																																Azimuthal Stain Gauge; F(SG)

				Pump Psi		F(SG)		B(SG)				Strain		Strain				Stress, MPa						LVDT		LVDT		Average		Master		Master		Average		Height		Strain

						azimuthal		radial				azimuthal		radial				azimuthal						F		B				F		B						azimuthal

				0		348.90591		351.62308				0.0000		0.0000				0.000

				500		348.35263		351.67249				0.0008		-0.0001				8.603		0.09				-0.0488		-0.0434		-0.0461		-0.1608		-0.1636		-0.1622		0.7315		0.0000

				1000		347.90314		351.77673				0.0014		-0.0002				17.206		0.15				-0.0482		-0.0428		-0.0455		-0.1605		-0.1632		-0.16185		0.7313		0.0003

				1500		347.51483		351.88419				0.0020		-0.0004				25.809		0.19				-0.0476		-0.0422		-0.0449		-0.1602		-0.1628		-0.1615		0.7311		0.0005

				2000		347.20291		351.97409				0.0024		-0.0005				34.412		0.20				-0.0472		-0.0416		-0.0444		-0.16		-0.1625		-0.16125		0.7309		0.0008

				2500		346.88330		352.07928				0.0029		-0.0006				43.016		0.22				-0.0468		-0.0411		-0.04395		-0.1597		-0.1622		-0.16095		0.73075		0.0010

				3000		346.56232		352.17508				0.0033		-0.0008				51.619		0.23				-0.0463		-0.0406		-0.04345		-0.1594		-0.1619		-0.16065		0.73055		0.0013

				3500		346.28232		352.26233				0.0037		-0.0009				60.222		0.24				-0.0458		-0.0401		-0.04295		-0.1592		-0.1616		-0.1604		0.73035		0.0016

				4000		345.98697		352.36230				0.0041		-0.0010				68.825		0.25				-0.0453		-0.0397		-0.0425		-0.1589		-0.1614		-0.16015		0.7301		0.0019

				4500		345.70187		352.45953				0.0045		-0.0012				77.428		0.26				-0.0448		-0.0392		-0.042		-0.1586		-0.1612		-0.1599		0.7298		0.0023

				5000		345.43295		352.55798				0.0049		-0.0013				86.031		0.27				-0.0443		-0.0387		-0.0415		-0.1584		-0.161		-0.1597		0.7295		0.0027

				5500		345.13367		352.67050				0.0054		-0.0015				94.634		0.28				-0.0438		-0.0383		-0.04105		-0.1581		-0.1607		-0.1594		0.72935		0.0029

				6000		344.88126		352.74484				0.0057		-0.0016				103.237		0.28				-0.0434		-0.0381		-0.04075		-0.1579		-0.1605		-0.1592		0.72925		0.0031

				6500		344.55240		352.81982				0.0062		-0.0017				111.840		0.27				-0.0427		-0.0379		-0.0403		-0.1576		-0.1603		-0.15895		0.729		0.0034

				7000		344.30182		352.87360				0.0065		-0.0018				120.443		0.27				-0.0422		-0.0378		-0.04		-0.1574		-0.1601		-0.15875		0.7289

				7500		344.07750		352.93732				0.0069		-0.0019				129.047		0.27				-0.0416		-0.0378		-0.0397		-0.1571		-0.1598		-0.15845		0.7289

				8000		343.79260		352.99808				0.0073		-0.0019				137.650		0.27				-0.0411		-0.0377		-0.0394		-0.1569		-0.1596		-0.15825		0.7288

				8500		343.59216		353.05048				0.0075		-0.0020				146.253		0.27				-0.0407		-0.0375		-0.0391		-0.1566		-0.1593		-0.15795		0.7288
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																												Axial Direction
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				SAMPLE 12 - Axial

								cable + reacted s-2 fiber glass insulation butt lap + ctd101 K

				L = .904 in																																H

				H = 0.735 in

				W = .655 in

				After the test:																						L								W

				L = .9055 in

				H = .737 in																		Radial Strain Gauge; B(SG)

				W = .655 in																																Azimuthal Stain Gauge; F(SG)

				Pump Psi		F(SG)		B(SG)		L(SG)		Strain		Strain		Stain		Stress, MPa						LVDT		LVDT		Average		Master		Master		Average		Height		Strain

						axial		radial		azimuthal		axial		radial		azimuthal		Axial						F		B				F		B

				0		349.09644		350.64365		350.72510		0.0000		0.0000		0.0000		0.000

				250		348.82010		350.62317		350.64087		0.0004		0.0000		0.0001		16.004						-0.23		-0.2315		-0.23075		-0.1607		-0.1647		-0.1627		0.91505		0.0000

				500		348.34360		350.59094		350.56592		0.0011		0.0001		0.0002		32.007						-0.2278		-0.2305		-0.22915		-0.1605		-0.1643		-0.1624		0.91385		0.0013

				750		347.82846		350.56757		350.48706		0.0018		0.0001		0.0003		48.011						-0.2263		-0.2298		-0.22805		-0.1603		-0.164		-0.16215		0.91305		0.0022

				1000		347.25760		350.56439		350.40286		0.0026		0.0001		0.0005		64.014						-0.2248		-0.2293		-0.22705		-0.1602		-0.1638		-0.162		0.91225		0.0031

				1250		346.65970		350.58369		350.30832		0.0035		0.0001		0.0006		80.018						-0.223		-0.2287		-0.22585		-0.16		-0.1636		-0.1618		0.91125		0.0042

				1500		346.21704		350.61630		350.24570		0.0041		0.0000		0.0007		96.021						-0.2222		-0.2283		-0.22525		-0.1598		-0.1634		-0.1616		0.91085		0.0046

				1750		345.71942		350.67834				0.0048		-0.0000				112.025						-0.2211		-0.2278		-0.22445		-0.1597		-0.1632		-0.16145		0.91025		0.0052

				2000		345.06683		350.78592				0.0057		-0.0002				128.028						-0.2197		-0.2271		-0.2234		-0.1596		-0.1631		-0.16135		0.9093		0.0063

				2250		344.38608		350.94016				0.0067		-0.0004				144.032						-0.2184		-0.2265		-0.22245		-0.1594		-0.1629		-0.16115		0.90855		0.0071

				2500		343.82617		351.29523				0.0075		-0.0009				160.035						-0.2173		-0.226		-0.22165		-0.1593		-0.1627		-0.161		0.90795		0.0078

				2750		343.23083		351.53815				0.0083		-0.0013				176.039						-0.216		-0.2253		-0.22065		-0.1592		-0.1626		-0.1609		0.90705		0.0087

				3000		342.52469		351.72800				0.0093		-0.0015				192.042						-0.2146		-0.2247		-0.21965		-0.159		-0.1624		-0.1607		0.90625		0.0096

				3250		342.03851		351.98691				0.0100		-0.0019				208.046						-0.2135		-0.2241		-0.2188		-0.1589		-0.1622		-0.16055		0.9056		0.0103
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