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Note: The title of this document has changed as new tests have been defined.

1. Scope of document.
This document describes 

· the leak tests conducted on the proposed silicone rubber grommets that allow the power tapes to pass through the ATLAS thermal enclosure envelope,

· tests to determine the extension under load of the grommet flange,

· tests of the strength and elasticity of the proposed sealant.

2. Purpose of tests.
To determine the leak rate of the proposed method of leak sealing the grommet and power tape assembly, to test the elasticity of the grommet flange and to test the elasticity, bond strength and tensile strength of the proposed sealant.

3. Leak testing

3.1 Apparatus and assembly techniques for leak testing.
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The grommets tested are based on RAL drawing number A2-TB-0049-155-00-A  (Feedthough sleeve [SCT] [Inner detector services]) but were fabricated (rather than moulded) from silicone rubber sheet. Four of the grommets were each mounted with a group of six power tape segments and sealed with a mixture of Techsil 6166 RTV silicone rubber and BDH fine talc (silica) in the ratio 10:5. A schematic of the assembly is given in Figure 1.

Figure 1. Power tapes and grommet shown mounted through alloy plate with RTV sealant.

The power tapes were cleaned with ethanol and then glued together in groups of six by spreading a small amount of RTV sealant on the tape surfaces and then stacking and loading with a 1kg weight and leaving the RTV sealant to cure for 16 hours. Care was taken to ensure that the tapes were aligned accurately within their respective groups. The slotted test plate and grommets were cleaned with ethanol and the groups of tapes passed through the grommets. A bead of RTV sealant was run around each slot in the test plate and the grommet-power tape assemblies fitted to the slots. RTV sealant was then added as shown in Figure 1, ensuring that all potential gaps were filled or covered with RTV sealant. The RTV sealant was applied using thin wooden spatulas cut from cotton bud sticks. This assembly was then allowed to cure for 16 hours
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Figure 2. The test apparatus for leak-testing the grommet-power tape assemblies.

Before the test plate with the power tapes was tested, the box was qualified using an unslotted plate with the same external dimensions as the test plate. This test methodology is essentially the same as that described in versions 1.0 and 1.1 of this document, using the apparatus shown in figure 2. However, the following changes were made to the procedure:

· the amount of silica was reduced from 10 parts Techsil : 8 parts silica to 10 parts Techsil : 5 parts silica (described below as Techsil + 50% silica) in order to improve the applicability and wetting while maintaining a sufficient viscosity to avoid excessive slumping or run-off, 

· the water in the manometer was replaced with a low vapour pressure silicone oil,

· the overpressure inside the box was raised from 5.5 to 10 mbar,

· the test period was extended from around 4 to 720 hours (30 days),

· as a result of which corrections had to be made to allow for changes in temperature and barometric pressure.

3.2 The leak test results.
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Figure 3 shows the net pressure drop over a 720-hour period. There is a net pressure drop over the period of about 1.3 mbar, giving a leak rate of 2.4 x 10-6 mbar.l.s-1. (Note: the box has a volume of 4.5l). The error bars are dominated by the precision of the digital barometer (± 1 mbar).

Figure 3 Overpressure vs. time results for the test box with the test plate plus 4 x 6 power tape assemblies.
Note that for the full set of power tapes from all barrels, the inferred leak rate will be 1.2 x 10-4 mbar.l.s-1, assuming there are 12 (not 6) tapes per grommet.
4. Testing the extension under load of the grommet flange.

There is a possibility that the material of the grommet might harden as a result of irradiation. We decided to test the elasticity of the grommet material to determine whether any hardening was detectable after irradiation. This initial test measures the elasticity before the sample is irradiated. The grommet flange was chosen as the test subject because it is flat (unlike the sleeve or the complete grommet) and therefore less likely to distort in planes non-parallel to the direction of the applied load.

4.1 Test apparatus. 

The apparatus is shown in Figure 4. Essentially, the equipment consists of a pair of carefully machined clips that allows the flange to be held in a repeatable position while the measurements are taken, an upper support, a scale pan and a vernier height gauge to measure the extension. It is, in effect, an apparatus to test Hooke’s Law.

[image: image7.bmp]
Figure 4. Apparatus for testing grommet flange extension under load.

4.2 Grommet flange elasticity test results.

These are shown in Figure 5. The extension vs. load curve is essentially linear. 
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Figure 5. Load vs. extension plot of grommet flange

We allowed the sample to relax after loading and measured the length again. We found that it had returned to its original dimension, indicating that it had not been loaded to the elastic limit.

The post-irradiation test is still to be done.

5. Inducing failure in the sealing mechanism.

Although the leak testing described in section 3 allows considerable confidence in the sealing method, we considered the possibility that stresses on the power tapes during installation (especially high force traumatic incidents) might cause the seal to fail. We therefore conducted a series of tests designed to challenge the robustness of the seal.

5.1 Flexing the power tapes within the seal.

We manufactured another slotted test plate with only one slot and mounted a grommet and 6 power tapes in a manner similar to the one described in section 3. The tapes were flexed by 90º in a direction normal to the plane (test axis A) of the tapes and by about 5º in a direction parallel to the plane (test axis B) (the deviation of the tapes in this direction was limited by the fairly small clearance between the tape bundle and the internal surface of the grommet and slot).

This is shown schematically in Figure 6.
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Figure 6. Test arrangement for power tape flexing
We pressurised the test box to 10 mbar overpressure and flexed the tapes close to the grommet, firstly on axis A at ±10º intervals (with a relaxation at θ = 0º after each reading), then on axis B at very approximately 1º intervals with a similar relaxation. About 5 minutes was allowed for each position. The whole test series lasted about 90 minutes. 

At no point did we observe a pressure drop, indicating that the seal integrity and elasticity of the RTV sealant is sufficient to withstand “normal” power tape handling.

5.2 Testing the seal under axial load.

We considered this test to be representative of the kind of load that the power tapes and seal might experience if they were suddenly tugged. 

The tape arrangement described in section 5.1 was repeated and the box again pressurised to 10 mbar.

A strong relatively inflexible line was attached to the power tape bundle via a hole drilled through the set as shown in Figure 7. The load was gradually increased in 10g wt intervals from 0 to 120g wt (1.17N), then in 50g wt intervals to 400g wt (3.9N). About 10 minutes were allowed between loadings. Until 300g wt there was absolutely no detectable movement of the tapes or distortion of the seal. At 350g wt, there was a discernible stretch in the seal, although the assembly remained stable. At 400g wt, the RTV sealant began to tear and the seal failed after 35 minutes.  

The test was then repeated the following day (by cleaning off the residue of sealant from the original test and then re-gluing) with a 300g wt (2.9N) load and the assembly carefully watched for changes. Table 1 shows the changes observed.
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Figure 7. Test arrangement for axially loading the tape bundle and seal 

	Elapsed time (minutes)
	Observed changes
	Box overpressure (mbar)

	0
	No change
	10

	10
	No change
	10

	20
	No change
	10

	30
	No change
	10

	45
	No change
	10

	52
	Tear in RTV sealant at point A
	10

	85
	Tape bundle slipped through grommet by 5mm. Tear now extensive
	10

	87
	Tape bundle slipped by 10mm
	8.3

	90
	Tape bundle slipped by 15mm
	6.9

	93
	Failed
	0


Table 1. Observed changes with 6-tape bundle and seal under axial load of 2.9 N

When we examined the tape bundle, it seemed that the failure was primarily caused by the weakness of the adhesive bond between the polyimide of the power tape and the RTV. There was, however, enough uncertainty about the failure mode to prompt a further series of tests.

5.3 Bond strength of Techsil 6166 + 50% silica

[image: image11.wmf]Hooke's Law test of grommet flange

0

0.5

1

1.5

2

2.5

3

3.5

0

20

40

60

80

100

120

gram-weight

extension (mm)

We conducted two essentially similar tests. Firstly bonding two power tapes together and testing the bond strength to failure, then doing a similar test bonding a power tape to silicone rubber (RS 246-1659). Figure 8 shows the test arrangement. Figures 9a and 9b show the test results. The bond area was 40 x 21 mm in each case and the RTV thickness around 0.2mm. 5 minutes were allowed between each increase in load.

Figure 8. Test arrangement for bond testing Techsil 6166 + 50% silica for two adherends.
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Figure 9a. Bond strength of Kapton-to-Kapton.
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Figure 9b. Bond strength of Kapton-to-silicone rubber.
In the case of Figure 9a, we conducted an independent series of measurements on the silicone rubber alone, which allowed us to subtract the effect of its elasticity from the test.  

It is clear from the plots at Figures 9a and b that the bond strength in the case of silicone rubber-to-Kapton (failure at approx. 1200 g wt, 11.8N) is more than twice as great as for Kapton-to-Kapton (failure at approx. 500 g wt, 4.9N). Since Kapton is often very difficult to bond to without preparation unacceptable to the electrical breakdown integrity of the power tapes, it is unsurprising that the failure occurs at a much lower load when two Kapton surfaces are involved compared with just one.

5.4 Modulus of elasticity  (Young’s modulus) and tensile strength of Techsil 6166 + 50% silica.
We designed this test to gather some idea of the elasticity and bulk strength of the sealant.  We made a PTFE mould that allowed us to cast a strip of the sealant 50 x 11 x 2.5 mm. The sealant strip was left to cure for 16 hours before being removed from the mould. The sample was secured to the apparatus by gluing four small strips of glass-reinforced epoxy to the ends with unfilled Techsil. This gluing operation was done without loading the glue joint (in order to preserve the profile of the strip) and was also left for 16 hours. We then measured the extension with increasing load to a precision of 0.2mm.  The sample was allowed to relax back to its unloaded position after loads of 5, 15 and 25g had been applied. There was no discernible plastic deformation. The apparatus and test arrangement is shown at Figure 10 and the resulting curve at Figure 11. 


Figure 10. Measurement arrangement for the tensile strength and modulus of elasticity of Techsil 6166 RTV sealant + 50% silica


Figure 11. Results of the tests on the elasticity and strength of 50% silica-loaded Techsil 6166
The test results allowed us to determine both the modulus of elasticity and the tensile strength of the material. Table 2 shows the results:

	Modulus of elasticity [Y = (F/A)/(e/L)]
	1.75 x 10-5 GPa

	Tensile strength
	1.38 x 10-2 MPa

	Elongation at break
	~100%


Table 2. Derived parameters for filled Techsil

It can be seen that the material has impressive elongation properties but is very weak.

6. Discussion
6.1 Comments on the test results.
1. The Techsil 6166 RTV sealant + 50% silica sealant is capable of retaining an overpressure of 10 mbar over a period of one month with a pressure loss of only 1 mbar.

2. The tests on the strength of the material suggest that it should be capable of withstanding a higher pressure for a considerable period. None of the tests of the material strength caused failure or irreversible change at forces below 200 g wt (approx. 2N). The total force on the grommet, sealant and power tape bundle at 10 mbar overpressure is < 7 x 10-2 N.

3. We think that the failure mechanism when sufficient force is applied is the simultaneous (or near simultaneous) rupturing of the bulk material and the bond to the Kapton.

6.2 Recommendations.

1. It proved to be quite difficult to apply the RTV sealant-silica mixture despite the reduction in the amount of silica over the tests reported in versions 1.0 and 1.1. It does not readily wet to surfaces and tends to be rather “clumpy”. This is due to the large amount of silica present (33% by weight) that is necessary to prevent the mixture flowing under gravity during its pot life (about two hours). Therefore:

We recommend the use of a pneumatic glue dispenser with drop-dispensing control and a fairly wide-bore cannula (say 1.5mm ID).

2. Paradoxically, the mixture acts as quite a good lubricant, so care has to taken that the grommet and/or the tapes do not move or fall out when the grommet slot is vertically aligned (i.e. the hole is parallel to gravity). Therefore:

We recommend that consideration be given to some form of retaining fixture for any grommet mount with that orientation in the thermal enclosure.
3. The seal is prone to failure following any large tensile force on the power tapes (such as the tapes being snagged or trodden on after the seal has been made) Therefore:

We recommend that the power tapes have a restraint immediately above and below the thermal enclosure bulkhead exit.
4. Great care will be needed to ensure that the application of the sealant is of high quality at every power tape entry. Therefore:

We recommend that the exercise be modelled with realistic geometry and a procedure manual written.

6.3 Future work.

1. Irradiate and retest the 4-bundle test plate described in section 3. (Done – see below)

2. Irradiate and retest the grommet flange described in section 4. (Done – see below)

3. Conduct similar tests to those described in section 3 for the planned grommeted exits for optical fibres and DCS.

4. Conduct similar tests to those described in section 3 with PEEK as the test plate material.

5. Conduct assembly trials and leak tests on a representative section of the thermal enclosure bulkhead.

New test results yet to be incorporated.
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Initial pressure test

		Time				Pressure (1)		Pressure (2)

		0				2.70		2.5		5.508		5.1

		30				2.70		2.5		5.508		5.1

		60				2.70		2.4		5.508		4.896

		90						2.4				4.896

		120						2.4				4.896

		150						2.4				4.896
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Output R test 1

		Box qualification

		Elapsed time (hr)		Oil level (mm)		Oil level x 2 (mm)		Box overpressure (mbar)		Starting barometric pressure (mbar)		Current barometric pressure (mbar)		Change in barometric pressure (mbar)		Corrected box overpressure (1) (mbar)		Temperature at start (K)		Temperature for this reading (C)		Temperature for this reading (K)		Corrected box overpressure (2) (mbar)		Copy

		Function test line 1		54		108		10.0386		1003		1003		0		10.0386		293		20		293		10.0386

		Function test line 2		59.4		118.8		11.04246		1003		1004		-1		12.04246		293		25		298		11.840405302

		0		54		108		10.0386		1003		1003		0		10.0386		291.7		20.5		293.5		9.98		9.98

		1		58		116		10.7822		1003		1004		-1		11.7822		291.7		21.0		294.0		11.69		11.69

		41		60		120		11.154		1003		1003		0		11.154		291.7		20.5		293.5		11.09		11.09

		48		66		132		12.2694		1003		1003		0		12.2694		291.7		22.5		295.5		12.11		12.11

		113		-10		-20		-1.859		1003		1017		-14		12.141		291.7		17.9		290.9		12.17		12.17

		137		54		108		10.0386		1003		1003		0		10.0386		291.7		17.7		290.7		10.07		10.07

		161		36		72		6.6924		1003		1007		-4		10.6924		291.7		17.8		290.8		10.73		10.73

		209		-103		-206		-19.1477		1003		1031		-28		8.8523		291.7		17.5		290.5		8.89		8.89

		281		-121		-242		-22.4939		1003		1035		-32		9.5061		291.7		17.2		290.2		9.56		9.56

		305		-123		-246		-22.8657		1003		1035		-32		9.1343		291.7		15.2		288.2		9.25		9.25

		329		-102		-204		-18.9618		1003		1031		-28		9.0382		291.7		15.1		288.1		9.15		9.15

		353		-87		-174		-16.1733		1003		1028		-25		8.8267		291.7		16.2		289.2		8.90		8.90

		401		-125		-250		-23.2375		1003		1035		-32		8.7625		291.7		15.1		288.1		8.87		8.87

		449		-124		-248		-23.0516		1003		1034		-31		7.9484		291.7		15.2		288.2		8.04		8.04

		475		-124		-248		-23.0516		1003		1034		-31		7.9484		291.7		15.6		288.6		8.03		8.03

		499		-96		-192		-17.8464		1003		1029		-26		8.1536		291.7		15.2		288.2		8.25		8.25

		523		-86		-172		-15.9874		1003		1027		-24		8.0126		291.7		15.2		288.2		8.11		8.11

		547		-1		-2		-0.1859		1003		1011		-8		7.8141		291.7		14.3		287.3		7.93		7.93

		571		4		8		0.7436		1003		1010		-7		7.7436		291.7		16.8		289.8		7.79		7.79

		645		-51		-102		-9.4809		1003		1020		-17		7.5191		291.7		17.0		290.0		7.56		7.56

		669		10		20		1.859		1003		1009		-6		7.859		291.7		17.4		290.4		7.89		7.89

		693		5		10		0.9295		1003		1010		-7		7.9295		291.7		18.0		291.0		7.95		7.95

		717		9		18		1.6731		1003		1009		-6		7.6731		291.7		17.9		290.9		7.69		7.69



&CBox qualification



		Box qualification (started 08.00 8th January 2002)

		Elapsed time (hr)		Oil level (mm)		Oil level x 2 (mm)		Box overpressure (mbar)		Starting barometric pressure (mbar)		Current barometric pressure (mbar)		Change in barometric pressure (mbar)		Corrected box overpressure (1) (mbar)		Temperature at start (K)		Temperature for this reading (C)		Temperature for this reading (K)		Corrected box overpressure (2) (mbar)

		0		54		108		10.0386		1027		1027		0		10.0386		289.1		16.1		289.1		10.04

		48		64		128		11.8976		1027		1025		2		9.8976		289.1		16.9		289.9		9.87

		72		63		126		11.7117		1027		1025		2		9.7117		289.1		16.2		289.2		9.71

		144		103		206		19.1477		1027		1018		9		10.1477		289.1		17.2		290.2		10.11

		168		140		280		26.026		1027		1011		16		10.026		289.1		17.9		290.9		9.96

		216		144		288		26.7696		1027		1010		17		9.7696		289.1		17.0		290		9.74

		240		118		236		21.9362		1027		1015		12		9.9362		289.1		17.2		290.2		9.90

		312		171		342		31.7889		1027		1005		22		9.7889		289.1		17.6		290.6		9.74

		336		217		434		40.3403		1027		996		31		9.3403		289.1		17.2		290.2		9.30

		360		252		504		46.8468		1027		989		38		8.8468		289.1		17.2		290.2		8.81

		384		219		438		40.7121		1027		995		32		8.7121		289.1		19.1		292.1		8.62

		408		121		242		22.4939		1027		1013		14		8.4939		289.1		17.0		290.0		8.47

		480		169		338		31.4171		1027		1004		23		8.4171		289.1		17.2		290.2		8.39

		504		115		230		21.3785		1027		1014		13		8.3785		289.1		17.6		290.6		8.34

		528		143		286		26.5837		1027		1009		18		8.5837		289.1		19.4		292.4		8.49

		576		171		342		31.7889		1027		1003		24		7.7889		289.1		17.8		290.8		7.74

		648		149		298		27.6991		1027		1007		20		7.6991		289.1		16.1		289.1		7.70

		672		237		474		44.0583		1027		991		36		8.0583		289.1		17.6		290.6		8.02

		720		113		226		21.0067		1027		1014		13		8.0067		289.1		16.8		289.8		7.99

										1027								289.1

										1027								289.1

										1027								289.1

										1027								289.1

										1027								289.1

										1027								289.1



&CLong term test on 4 tape-bunch plate



		

		Test 1: Comparison of box only with aluminium alloy plate containing 4 groups of 6 tapes

		Elapsed time (hr)		Add 10mbar		Net effect (mbar)		Box only (mbar)		4-tape plate (mbar)

		0		9.94		-0.06		9.98		10.04

		1		11.82		1.82		11.69		9.87

		41		11.38		1.38		11.09		9.71

		48		12.00		2.00		12.11		10.11

		113		12.21		2.21		12.17		9.96

		137		10.33		0.33		10.07		9.74

		161		10.83		0.83		10.73		9.90

		209		9.15		-0.85		8.89		9.74

		281		10.25		0.25		9.56		9.30

		305		10.43		0.43		9.25		8.81

		329		10.53		0.53		9.15		8.62

		353		10.44		0.44		8.90		8.47

		401		10.49		0.49		8.87		8.39

		449		9.71		-0.29		8.04		8.34

		475		9.55		-0.45		8.03		8.49

		499		10.14		0.14		8.25		8.11

		523		9.91		-0.09		8.11		8.20

		547		9.93		-0.07		7.93		8.00

		571		10.02		0.02		7.79		7.77

		645		9.82		-0.18		7.56		7.74

		669		10.20		0.20		7.89		7.70								Volume (ml)		Volume (l)

		693		9.93		-0.07		7.95		8.02								4500		4.5				Leak (mbar-l per s)

		717		9.70		-0.30		7.69		7.99								Time in s.		2592000				1.74E-06

																								2.43E-06





		



Elapsed time (hr)

Net pressure change
 (mbar)

Net pressure drop of 4-tape plate over test box only



		



Elapsed time (hr)

Pressure (mbar)

Net pressure change of 4 x 6 tape plate (aluminium alloy)



		

				0.6268994539

				0.3930029253

				0.3640983027

				0.63084906

				23

				df		SS		MS		F		Significance F

				1		5.4110232527		5.4110232527		13.5965423464		0.0013686108

				21		8.3573812674		0.3979705365

				22		13.7684045202

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

				1.1315286253		0.2428791509		4.6588133282		0.0001346388		0.626433693		1.6366235577		0.626433693		1.6366235577

		X Variable 1		-0.0021202202		0.0005749985		-3.6873489591		0.0013686108		-0.0033159952		-0.0009244451		-0.0033159952		-0.0009244451
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Load (gram-wt)

Extension (mm)

Bond test of Kapton tape to silicone rubber using Techsil 6166 + 50% silica
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Initial pressure test

		Time				Pressure (1)		Pressure (2)

		0				2.70		2.5		5.508		5.1

		30				2.70		2.5		5.508		5.1

		60				2.70		2.4		5.508		4.896

		90						2.4				4.896

		120						2.4				4.896

		150						2.4				4.896

		180						2.4				4.896

		300				2.75				5.61

		480						2.5				5.1

		600				2.75				5.61

		780						2.5				5.1

		900				2.80				5.712

		1080						2.6				5.304

		1200				2.85				5.814

		1500				2.90				5.916

		4860						2.8				5.712

		5400				3.30				6.732

		9000				4.00				8.16

		13800				4.6				9.384





Initial pressure test
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Leak test of power tapes and grommets

Leak test of box

Time (sec)

Pressure (mbar)

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Hooke's Law

		Mass		Extension		(Hooke's Law on grommet flange)

		0		0

		10.7		0.5

		21.5		0.9

		31.7		1.1

		42.5		1.4

		53.3		1.8

		64.1		2

		74.8		2.4

		89		2.6

		99.8		3.1

		Load		Extension		Kapton:Kapton bond strength

		10		0.2

		15		0.2

		20		0.2

		30		0.3

		50		0.3

		100		0.4

		150		0.4

		200		0.5

		250		0.5

		300		0.6

		400		0.6

		500		1.4

		Load		Extension

		10		0.1

		50		0.2

		100		0.2

		200		0.2

		300		0.3

		400		0.3

		500		0.4

		600		0.4

		700		0.5

		800		0.5

		900		0.6

		1000		0.8

		1200		1.8

		Load		Extension

		0		0

		5		2.5

		10		5.2

		15		8.7

		20		11.5

		25		14.0

		30		19.7

		35		22.7

		40		Failed





Hooke's Law
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Hooke's Law test of grommet flange
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Long term tests

		



Load (gram-wt)

Extension (mm)

Bond test of Kapton tape to Kapton tape using Techsil 6156 + 50% silica



New P test on 4-tape plate

		



Load (gram-wt)

Extension (mm)

Bond test of Kapton tape to silicone rubber using Techsil 6166 + 50% silica
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Load (gram-wt)

Extension (mm)

Hookes Law test on Techsil 6156 + 50% silica



Output R test 1

		Box qualification

		Elapsed time (hr)		Oil level (mm)		Oil level x 2 (mm)		Box overpressure (mbar)		Starting barometric pressure (mbar)		Current barometric pressure (mbar)		Change in barometric pressure (mbar)		Corrected box overpressure (1) (mbar)		Temperature at start (K)		Temperature for this reading (C)		Temperature for this reading (K)		Corrected box overpressure (2) (mbar)		Copy

		Function test line 1		54		108		10.0386		1003		1003		0		10.0386		293		20		293		10.0386

		Function test line 2		59.4		118.8		11.04246		1003		1004		-1		12.04246		293		25		298		11.840405302

		0		54		108		10.0386		1003		1003		0		10.0386		291.7		20.5		293.5		9.98		9.98

		1		58		116		10.7822		1003		1004		-1		11.7822		291.7		21.0		294.0		11.69		11.69

		41		60		120		11.154		1003		1003		0		11.154		291.7		20.5		293.5		11.09		11.09

		48		66		132		12.2694		1003		1003		0		12.2694		291.7		22.5		295.5		12.11		12.11

		113		-10		-20		-1.859		1003		1017		-14		12.141		291.7		17.9		290.9		12.17		12.17

		137		54		108		10.0386		1003		1003		0		10.0386		291.7		17.7		290.7		10.07		10.07

		161		36		72		6.6924		1003		1007		-4		10.6924		291.7		17.8		290.8		10.73		10.73

		209		-103		-206		-19.1477		1003		1031		-28		8.8523		291.7		17.5		290.5		8.89		8.89

		281		-121		-242		-22.4939		1003		1035		-32		9.5061		291.7		17.2		290.2		9.56		9.56

		305		-123		-246		-22.8657		1003		1035		-32		9.1343		291.7		15.2		288.2		9.25		9.25

		329		-102		-204		-18.9618		1003		1031		-28		9.0382		291.7		15.1		288.1		9.15		9.15

		353		-87		-174		-16.1733		1003		1028		-25		8.8267		291.7		16.2		289.2		8.90		8.90

		401		-125		-250		-23.2375		1003		1035		-32		8.7625		291.7		15.1		288.1		8.87		8.87

		449		-124		-248		-23.0516		1003		1034		-31		7.9484		291.7		15.2		288.2		8.04		8.04

		475		-124		-248		-23.0516		1003		1034		-31		7.9484		291.7		15.6		288.6		8.03		8.03

		499		-96		-192		-17.8464		1003		1029		-26		8.1536		291.7		15.2		288.2		8.25		8.25

		523		-86		-172		-15.9874		1003		1027		-24		8.0126		291.7		15.2		288.2		8.11		8.11

		547		-1		-2		-0.1859		1003		1011		-8		7.8141		291.7		14.3		287.3		7.93		7.93

		571		4		8		0.7436		1003		1010		-7		7.7436		291.7		16.8		289.8		7.79		7.79

		645		-51		-102		-9.4809		1003		1020		-17		7.5191		291.7		17.0		290.0		7.56		7.56

		669		10		20		1.859		1003		1009		-6		7.859		291.7		17.4		290.4		7.89		7.89

		693		5		10		0.9295		1003		1010		-7		7.9295		291.7		18.0		291.0		7.95		7.95

		717		9		18		1.6731		1003		1009		-6		7.6731		291.7		17.9		290.9		7.69		7.69



&CBox qualification



		Box qualification (started 08.00 8th January 2002)

		Elapsed time (hr)		Oil level (mm)		Oil level x 2 (mm)		Box overpressure (mbar)		Starting barometric pressure (mbar)		Current barometric pressure (mbar)		Change in barometric pressure (mbar)		Corrected box overpressure (1) (mbar)		Temperature at start (K)		Temperature for this reading (C)		Temperature for this reading (K)		Corrected box overpressure (2) (mbar)

		0		54		108		10.0386		1027		1027		0		10.0386		289.1		16.1		289.1		10.04

		48		64		128		11.8976		1027		1025		2		9.8976		289.1		16.9		289.9		9.87

		72		63		126		11.7117		1027		1025		2		9.7117		289.1		16.2		289.2		9.71

		144		103		206		19.1477		1027		1018		9		10.1477		289.1		17.2		290.2		10.11

		168		140		280		26.026		1027		1011		16		10.026		289.1		17.9		290.9		9.96

		216		144		288		26.7696		1027		1010		17		9.7696		289.1		17.0		290		9.74

		240		118		236		21.9362		1027		1015		12		9.9362		289.1		17.2		290.2		9.90

		312		171		342		31.7889		1027		1005		22		9.7889		289.1		17.6		290.6		9.74

		336		217		434		40.3403		1027		996		31		9.3403		289.1		17.2		290.2		9.30

		360		252		504		46.8468		1027		989		38		8.8468		289.1		17.2		290.2		8.81

		384		219		438		40.7121		1027		995		32		8.7121		289.1		19.1		292.1		8.62

		408		121		242		22.4939		1027		1013		14		8.4939		289.1		17.0		290.0		8.47

		480		169		338		31.4171		1027		1004		23		8.4171		289.1		17.2		290.2		8.39

		504		115		230		21.3785		1027		1014		13		8.3785		289.1		17.6		290.6		8.34

		528		143		286		26.5837		1027		1009		18		8.5837		289.1		19.4		292.4		8.49

		576		171		342		31.7889		1027		1003		24		7.7889		289.1		17.8		290.8		7.74

		648		149		298		27.6991		1027		1007		20		7.6991		289.1		16.1		289.1		7.70

		672		237		474		44.0583		1027		991		36		8.0583		289.1		17.6		290.6		8.02

		720		113		226		21.0067		1027		1014		13		8.0067		289.1		16.8		289.8		7.99

										1027								289.1

										1027								289.1

										1027								289.1

										1027								289.1

										1027								289.1

										1027								289.1



&CLong term test on 4 tape-bunch plate



		

		Test 1: Comparison of box only with aluminium alloy plate containing 4 groups of 6 tapes

		Elapsed time (hr)		Add 10mbar		Net effect (mbar)		Box only (mbar)		4-tape plate (mbar)

		0		9.94		-0.06		9.98		10.04

		1		11.82		1.82		11.69		9.87

		41		11.38		1.38		11.09		9.71

		48		12.00		2.00		12.11		10.11

		113		12.21		2.21		12.17		9.96

		137		10.33		0.33		10.07		9.74

		161		10.83		0.83		10.73		9.90

		209		9.15		-0.85		8.89		9.74

		281		10.25		0.25		9.56		9.30

		305		10.43		0.43		9.25		8.81

		329		10.53		0.53		9.15		8.62

		353		10.44		0.44		8.90		8.47

		401		10.49		0.49		8.87		8.39

		449		9.71		-0.29		8.04		8.34

		475		9.55		-0.45		8.03		8.49

		499		10.14		0.14		8.25		8.11

		523		9.91		-0.09		8.11		8.20

		547		9.93		-0.07		7.93		8.00

		571		10.02		0.02		7.79		7.77

		645		9.82		-0.18		7.56		7.74

		669		10.20		0.20		7.89		7.70								Volume (ml)		Volume (l)

		693		9.93		-0.07		7.95		8.02								4500		4.5				Leak (mbar-l per s)

		717		9.70		-0.30		7.69		7.99								Time in s.		2592000				1.74E-06

																								2.43E-06





		



Elapsed time (hr)

Net pressure change
 (mbar)

Net pressure drop of 4-tape plate over test box only



		



Elapsed time (hr)

Pressure (mbar)

Net pressure change of 4 x 6 tape plate (aluminium alloy)



		

				0.6268994539

				0.3930029253

				0.3640983027

				0.63084906

				23

				df		SS		MS		F		Significance F

				1		5.4110232527		5.4110232527		13.5965423464		0.0013686108

				21		8.3573812674		0.3979705365

				22		13.7684045202

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

				1.1315286253		0.2428791509		4.6588133282		0.0001346388		0.626433693		1.6366235577		0.626433693		1.6366235577

		X Variable 1		-0.0021202202		0.0005749985		-3.6873489591		0.0013686108		-0.0033159952		-0.0009244451		-0.0033159952		-0.0009244451
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Failure point

Load (gram-wt)

Extension (mm)

Tests of the strength and elasticity of Techsil 6166 + 50% silica
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Initial pressure test

		Time				Pressure (1)		Pressure (2)

		0				2.70		2.5		5.508		5.1

		30				2.70		2.5		5.508		5.1

		60				2.70		2.4		5.508		4.896

		90						2.4				4.896

		120						2.4				4.896

		150						2.4				4.896

		180						2.4				4.896

		300				2.75				5.61

		480						2.5				5.1

		600				2.75				5.61

		780						2.5				5.1

		900				2.80				5.712

		1080						2.6				5.304

		1200				2.85				5.814

		1500				2.90				5.916

		4860						2.8				5.712

		5400				3.30				6.732

		9000				4.00				8.16

		13800				4.6				9.384





Initial pressure test

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



Leak test of power tapes and grommets

Leak test of box

Time (sec)

Pressure (mbar)

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Hooke's Law

		Mass		Extension		(Hooke's Law on grommet flange)

		0		0

		10.7		0.5

		21.5		0.9

		31.7		1.1

		42.5		1.4

		53.3		1.8

		64.1		2

		74.8		2.4

		89		2.6

		99.8		3.1

		Load		Extension		Kapton:Kapton bond strength

		10		0.2

		15		0.2

		20		0.2

		30		0.3

		50		0.3

		100		0.4

		150		0.4

		200		0.5

		250		0.5

		300		0.6

		400		0.6

		500		1.4

		Load		Extension

		10		0.1

		50		0.2

		100		0.2

		200		0.2

		300		0.3

		400		0.3

		500		0.4

		600		0.4

		700		0.5

		800		0.5

		900		0.6

		1000		0.8

		1200		1.8

		Load		Extension

		0		0

		5		2.5

		10		5.2

		15		8.7

		20		11.5

		25		14.0

		30		19.7

		35		22.7

		40		Failed





Hooke's Law

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



gram-weight

extension (mm)

Hooke's Law test of grommet flange

0

0

0

0

0

0

0

0

0

0



Long term tests

		



Load (gram-wt)

Extension (mm)

Bond test of Kapton tape to Kapton tape using Techsil 6156 + 50% silica



New P test on 4-tape plate

		



Load (gram-wt)

Extension (mm)

Bond test of Kapton tape to silicone rubber using Techsil 6166 + 50% silica



Calculation page

		



Failure point

Load (gram-wt)

Extension (mm)

Tests of the strength and elasticity of Techsil 6166 + 50% silica



Output R test 1

		Box qualification

		Elapsed time (hr)		Oil level (mm)		Oil level x 2 (mm)		Box overpressure (mbar)		Starting barometric pressure (mbar)		Current barometric pressure (mbar)		Change in barometric pressure (mbar)		Corrected box overpressure (1) (mbar)		Temperature at start (K)		Temperature for this reading (C)		Temperature for this reading (K)		Corrected box overpressure (2) (mbar)		Copy

		Function test line 1		54		108		10.0386		1003		1003		0		10.0386		293		20		293		10.0386

		Function test line 2		59.4		118.8		11.04246		1003		1004		-1		12.04246		293		25		298		11.840405302

		0		54		108		10.0386		1003		1003		0		10.0386		291.7		20.5		293.5		9.98		9.98

		1		58		116		10.7822		1003		1004		-1		11.7822		291.7		21.0		294.0		11.69		11.69

		41		60		120		11.154		1003		1003		0		11.154		291.7		20.5		293.5		11.09		11.09

		48		66		132		12.2694		1003		1003		0		12.2694		291.7		22.5		295.5		12.11		12.11

		113		-10		-20		-1.859		1003		1017		-14		12.141		291.7		17.9		290.9		12.17		12.17

		137		54		108		10.0386		1003		1003		0		10.0386		291.7		17.7		290.7		10.07		10.07

		161		36		72		6.6924		1003		1007		-4		10.6924		291.7		17.8		290.8		10.73		10.73

		209		-103		-206		-19.1477		1003		1031		-28		8.8523		291.7		17.5		290.5		8.89		8.89

		281		-121		-242		-22.4939		1003		1035		-32		9.5061		291.7		17.2		290.2		9.56		9.56

		305		-123		-246		-22.8657		1003		1035		-32		9.1343		291.7		15.2		288.2		9.25		9.25

		329		-102		-204		-18.9618		1003		1031		-28		9.0382		291.7		15.1		288.1		9.15		9.15

		353		-87		-174		-16.1733		1003		1028		-25		8.8267		291.7		16.2		289.2		8.90		8.90

		401		-125		-250		-23.2375		1003		1035		-32		8.7625		291.7		15.1		288.1		8.87		8.87

		449		-124		-248		-23.0516		1003		1034		-31		7.9484		291.7		15.2		288.2		8.04		8.04

		475		-124		-248		-23.0516		1003		1034		-31		7.9484		291.7		15.6		288.6		8.03		8.03

		499		-96		-192		-17.8464		1003		1029		-26		8.1536		291.7		15.2		288.2		8.25		8.25

		523		-86		-172		-15.9874		1003		1027		-24		8.0126		291.7		15.2		288.2		8.11		8.11

		547		-1		-2		-0.1859		1003		1011		-8		7.8141		291.7		14.3		287.3		7.93		7.93

		571		4		8		0.7436		1003		1010		-7		7.7436		291.7		16.8		289.8		7.79		7.79

		645		-51		-102		-9.4809		1003		1020		-17		7.5191		291.7		17.0		290.0		7.56		7.56

		669		10		20		1.859		1003		1009		-6		7.859		291.7		17.4		290.4		7.89		7.89

		693		5		10		0.9295		1003		1010		-7		7.9295		291.7		18.0		291.0		7.95		7.95

		717		9		18		1.6731		1003		1009		-6		7.6731		291.7		17.9		290.9		7.69		7.69



&CBox qualification



		Box qualification (started 08.00 8th January 2002)

		Elapsed time (hr)		Oil level (mm)		Oil level x 2 (mm)		Box overpressure (mbar)		Starting barometric pressure (mbar)		Current barometric pressure (mbar)		Change in barometric pressure (mbar)		Corrected box overpressure (1) (mbar)		Temperature at start (K)		Temperature for this reading (C)		Temperature for this reading (K)		Corrected box overpressure (2) (mbar)

		0		54		108		10.0386		1027		1027		0		10.0386		289.1		16.1		289.1		10.04

		48		64		128		11.8976		1027		1025		2		9.8976		289.1		16.9		289.9		9.87

		72		63		126		11.7117		1027		1025		2		9.7117		289.1		16.2		289.2		9.71

		144		103		206		19.1477		1027		1018		9		10.1477		289.1		17.2		290.2		10.11

		168		140		280		26.026		1027		1011		16		10.026		289.1		17.9		290.9		9.96

		216		144		288		26.7696		1027		1010		17		9.7696		289.1		17.0		290		9.74

		240		118		236		21.9362		1027		1015		12		9.9362		289.1		17.2		290.2		9.90

		312		171		342		31.7889		1027		1005		22		9.7889		289.1		17.6		290.6		9.74

		336		217		434		40.3403		1027		996		31		9.3403		289.1		17.2		290.2		9.30

		360		252		504		46.8468		1027		989		38		8.8468		289.1		17.2		290.2		8.81

		384		219		438		40.7121		1027		995		32		8.7121		289.1		19.1		292.1		8.62

		408		121		242		22.4939		1027		1013		14		8.4939		289.1		17.0		290.0		8.47

		480		169		338		31.4171		1027		1004		23		8.4171		289.1		17.2		290.2		8.39

		504		115		230		21.3785		1027		1014		13		8.3785		289.1		17.6		290.6		8.34

		528		143		286		26.5837		1027		1009		18		8.5837		289.1		19.4		292.4		8.49

		576		171		342		31.7889		1027		1003		24		7.7889		289.1		17.8		290.8		7.74

		648		149		298		27.6991		1027		1007		20		7.6991		289.1		16.1		289.1		7.70

		672		237		474		44.0583		1027		991		36		8.0583		289.1		17.6		290.6		8.02

		720		113		226		21.0067		1027		1014		13		8.0067		289.1		16.8		289.8		7.99

										1027								289.1

										1027								289.1

										1027								289.1

										1027								289.1

										1027								289.1

										1027								289.1



&CLong term test on 4 tape-bunch plate



		

		Test 1: Comparison of box only with aluminium alloy plate containing 4 groups of 6 tapes

		Elapsed time (hr)		Add 10mbar		Net effect (mbar)		Box only (mbar)		4-tape plate (mbar)

		0		9.94		-0.06		9.98		10.04

		1		11.82		1.82		11.69		9.87

		41		11.38		1.38		11.09		9.71

		48		12.00		2.00		12.11		10.11

		113		12.21		2.21		12.17		9.96

		137		10.33		0.33		10.07		9.74

		161		10.83		0.83		10.73		9.90

		209		9.15		-0.85		8.89		9.74

		281		10.25		0.25		9.56		9.30

		305		10.43		0.43		9.25		8.81

		329		10.53		0.53		9.15		8.62

		353		10.44		0.44		8.90		8.47

		401		10.49		0.49		8.87		8.39

		449		9.71		-0.29		8.04		8.34

		475		9.55		-0.45		8.03		8.49

		499		10.14		0.14		8.25		8.11

		523		9.91		-0.09		8.11		8.20

		547		9.93		-0.07		7.93		8.00

		571		10.02		0.02		7.79		7.77

		645		9.82		-0.18		7.56		7.74

		669		10.20		0.20		7.89		7.70								Volume (ml)		Volume (l)

		693		9.93		-0.07		7.95		8.02								4500		4.5				Leak (mbar-l per s)

		717		9.70		-0.30		7.69		7.99								Time in s.		2592000				1.74E-06

																								2.43E-06
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Elapsed time (hr)

Net pressure change
 (mbar)

Net pressure drop of 4-tape plate over test box only
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Elapsed time (hr)

Pressure (mbar)

Net pressure change of 4 x 6 tape plate (aluminium alloy)

0
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				0.6268994539

				0.3930029253

				0.3640983027

				0.63084906

				23

				df		SS		MS		F		Significance F

				1		5.4110232527		5.4110232527		13.5965423464		0.0013686108

				21		8.3573812674		0.3979705365

				22		13.7684045202

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

				1.1315286253		0.2428791509		4.6588133282		0.0001346388		0.626433693		1.6366235577		0.626433693		1.6366235577

		X Variable 1		-0.0021202202		0.0005749985		-3.6873489591		0.0013686108		-0.0033159952		-0.0009244451		-0.0033159952		-0.0009244451
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Pre rad test

Post rad test

Elapsed time (hr)

Overpressure (mbar)

Pre- & post radiation pressure change on the 4-tape plate

9.9384344804
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12.0023856622

9.84

12.2104266071

10

10.333851956

10
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9.5469526872

10.1426201249

9.01

9.9099077724

9

9.9337729551

9.05

10.0243689441

8.14

9.8198109422

8.62

10.1950814738

8.77

9.9318692025

9.7026398551

8.43



Initial pressure test

		Time				Pressure (1)		Pressure (2)

		0				2.70		2.5		5.508		5.1

		30				2.70		2.5		5.508		5.1

		60				2.70		2.4		5.508		4.896

		90						2.4				4.896

		120						2.4				4.896

		150						2.4				4.896

		180						2.4				4.896

		300				2.75				5.61

		480						2.5				5.1

		600				2.75				5.61										0.7

		780						2.5				5.1

		900				2.80				5.712

		1080						2.6				5.304

		1200				2.85				5.814

		1500				2.90				5.916

		4860						2.8				5.712

		5400				3.30				6.732

		9000				4.00				8.16

		13800				4.6				9.384





Initial pressure test

		



Leak test of power tapes and grommets

Leak test of box

Time (sec)

Pressure (mbar)



Hooke's Law

		Mass		Extension		(Hooke's Law on grommet flange)

		0		0

		10.7		0.5

		21.5		0.9

		31.7		1.1

		42.5		1.4

		53.3		1.8

		64.1		2

		74.8		2.4

		89		2.6

		99.8		3.1

		Load		Extension		Kapton:Kapton bond strength

		10		0.2

		15		0.2

		20		0.2

		30		0.3

		50		0.3

		100		0.4

		150		0.4

		200		0.5

		250		0.5

		300		0.6

		400		0.6

		500		1.4

		Load		Extension

		10		0.1

		50		0.2

		100		0.2

		200		0.2

		300		0.3

		400		0.3

		500		0.4

		600		0.4

		700		0.5

		800		0.5

		900		0.6

		1000		0.8

		1200		1.8

		Load		Extension

		0		0

		5		2.5

		10		5.2

		15		8.7

		20		11.5

		25		14.0

		30		19.7

		35		22.7

		40		Failed





Hooke's Law

		



gram-weight

extension (mm)

Hooke's Law test of grommet flange



Long term tests

		



Load (gram-wt)

Extension (mm)

Bond test of Kapton tape to Kapton tape using Techsil 6156 + 50% silica



New P test on 4-tape plate

		



Load (gram-wt)

Extension (mm)

Bond test of Kapton tape to silicone rubber using Techsil 6166 + 50% silica



Calculation page

		



Failure point

Load (gram-wt)

Extension (mm)

Tests of the strength and elasticity of Techsil 6166 + 50% silica



Output R test 1

		Box qualification

		Elapsed time (hr)		Oil level (mm)		Oil level x 2 (mm)		Box overpressure (mbar)		Starting barometric pressure (mbar)		Current barometric pressure (mbar)		Change in barometric pressure (mbar)		Corrected box overpressure (1) (mbar)		Temperature at start (K)		Temperature for this reading (C)		Temperature for this reading (K)		Corrected box overpressure (2) (mbar)		Copy

		Function test line 1		54		108		10.0386		1003		1003		0		10.0386		293		20		293		10.0386

		Function test line 2		59.4		118.8		11.04246		1003		1004		-1		12.04246		293		25		298		11.840405302

		0		54		108		10.0386		1003		1003		0		10.0386		291.7		20.5		293.5		9.98		9.98

		1		58		116		10.7822		1003		1004		-1		11.7822		291.7		21.0		294.0		11.69		11.69

		41		60		120		11.154		1003		1003		0		11.154		291.7		20.5		293.5		11.09		11.09

		48		66		132		12.2694		1003		1003		0		12.2694		291.7		22.5		295.5		12.11		12.11

		113		-10		-20		-1.859		1003		1017		-14		12.141		291.7		17.9		290.9		12.17		12.17

		137		54		108		10.0386		1003		1003		0		10.0386		291.7		17.7		290.7		10.07		10.07

		161		36		72		6.6924		1003		1007		-4		10.6924		291.7		17.8		290.8		10.73		10.73

		209		-103		-206		-19.1477		1003		1031		-28		8.8523		291.7		17.5		290.5		8.89		8.89

		281		-121		-242		-22.4939		1003		1035		-32		9.5061		291.7		17.2		290.2		9.56		9.56

		305		-123		-246		-22.8657		1003		1035		-32		9.1343		291.7		15.2		288.2		9.25		9.25

		329		-102		-204		-18.9618		1003		1031		-28		9.0382		291.7		15.1		288.1		9.15		9.15

		353		-87		-174		-16.1733		1003		1028		-25		8.8267		291.7		16.2		289.2		8.90		8.90

		401		-125		-250		-23.2375		1003		1035		-32		8.7625		291.7		15.1		288.1		8.87		8.87

		449		-124		-248		-23.0516		1003		1034		-31		7.9484		291.7		15.2		288.2		8.04		8.04

		475		-124		-248		-23.0516		1003		1034		-31		7.9484		291.7		15.6		288.6		8.03		8.03

		499		-96		-192		-17.8464		1003		1029		-26		8.1536		291.7		15.2		288.2		8.25		8.25

		523		-86		-172		-15.9874		1003		1027		-24		8.0126		291.7		15.2		288.2		8.11		8.11

		547		-1		-2		-0.1859		1003		1011		-8		7.8141		291.7		14.3		287.3		7.93		7.93

		571		4		8		0.7436		1003		1010		-7		7.7436		291.7		16.8		289.8		7.79		7.79

		645		-51		-102		-9.4809		1003		1020		-17		7.5191		291.7		17.0		290.0		7.56		7.56

		669		10		20		1.859		1003		1009		-6		7.859		291.7		17.4		290.4		7.89		7.89

		693		5		10		0.9295		1003		1010		-7		7.9295		291.7		18.0		291.0		7.95		7.95

		717		9		18		1.6731		1003		1009		-6		7.6731		291.7		17.9		290.9		7.69		7.69



&CBox qualification



Logbook sheet

		4 x power tape bundle qualification (started 08.00 8th January 2002)

		Elapsed time (hr)		Oil level (mm)		Oil level x 2 (mm)		Box overpressure (mbar)		Starting barometric pressure (mbar)		Current barometric pressure (mbar)		Change in barometric pressure (mbar)		Corrected box overpressure (1) (mbar)		Corrected box overpressure + 1000 [1] [mbar]		Temperature at start (K)		Temperature for this reading (C)		Temperature for this reading (K)		Corrected box overpressure (2) (mbar)		Corrected box  overpressure -1000 [mbar] [2]

		0		54		108		10.0386		1027		1027		0		10.0386		1010.0386		289.1		16.1		289.1		1010.04		10.04		Set 1

		48		64		128		11.8976		1027		1025		2		9.8976		1009.8976		289.1		16.9		289.9		1007.11		7.11

		72		63		126		11.7117		1027		1025		2		9.7117		1009.7117		289.1		16.2		289.2		1009.36		9.36

		144		103		206		19.1477		1027		1018		9		10.1477		1010.1477		289.1		17.2		290.2		1006.32		6.32

		168		140		280		26.026		1027		1011		16		10.026		1010.026		289.1		17.9		290.9		1003.78		3.78

		216		144		288		26.7696		1027		1010		17		9.7696		1009.7696		289.1		17.0		290		1006.64		6.64

		240		118		236		21.9362		1027		1015		12		9.9362		1009.9362		289.1		17.2		290.2		1006.11		6.11

		312		171		342		31.7889		1027		1005		22		9.7889		1009.7889		289.1		17.6		290.6		1004.58		4.58

		336		217		434		40.3403		1027		996		31		9.3403		1009.3403		289.1		17.2		290.2		1005.51		5.51

		360		252		504		46.8468		1027		989		38		8.8468		1008.8468		289.1		17.2		290.2		1005.02		5.02

		384		219		438		40.7121		1027		995		32		8.7121		1008.7121		289.1		19.1		292.1		998.35		-1.65

		408		121		242		22.4939		1027		1013		14		8.4939		1008.4939		289.1		17.0		290.0		1005.36		5.36

		480		169		338		31.4171		1027		1004		23		8.4171		1008.4171		289.1		17.2		290.2		1004.59		4.59

		504		115		230		21.3785		1027		1014		13		8.3785		1008.3785		289.1		17.6		290.6		1003.17		3.17

		528		143		286		26.5837		1027		1009		18		8.5837		1008.5837		289.1		19.4		292.4		997.20		-2.80

		576		171		342		31.7889		1027		1003		24		7.7889		1007.7889		289.1		17.8		290.8		1001.90		1.90

		648		149		298		27.6991		1027		1007		20		7.6991		1007.6991		289.1		16.1		289.1		1007.70		7.70

		672		237		474		44.0583		1027		991		36		8.0583		1008.0583		289.1		17.6		290.6		1002.85		2.85

		720		113		226		21.0067		1027		1014		13		8.0067		1008.0067		289.1		16.8		289.8		1005.57		5.57

		4 x power tape bundle qualification (after irradiation) (started 08.00 19th February 2003)

		0		54		108		10.0386		1023		1023		0		10.0386		1010.0386		291.1		18.1		291.1		1010.04		10.04		Set 2				10.0386		10.00

		24		47		94		8.7373		1023		1009		14		-5.2627		994.7373		291.1		19.1		292.1		991.33		-8.67						-8.6681683328		11.33

		48		112		224		20.8208		1023		1005		18		2.8208		1002.8208		291.1		20.8		293.8		993.60		-6.40						-6.3950480599		13.60

		72		-44		-88		-8.1796		1023		1015		8		-16.1796		983.8204		291.1		21.2		294.2		973.45		-26.55						-26.546164378		7.95

		144		-27		-54		-5.0193		1023		1017		6		-11.0193		988.9807		291.1		21.8		294.8		976.57		-23.43						-23.4318800204		11.07

		168		56		112		10.4104		1023		1008		15		-4.5896		995.4104		291.1		23.8		296.8		976.29		-23.71						-23.7063091644		10.79

		192		97		194		18.0323		1023		1002		21		-2.9677		997.0323		291.1		23.8		296.8		977.88		-22.12						-22.1155575135		12.38

		240		27		54		5.0193		1023		1008		15		-9.9807		990.0193		291.1		21.9		294.9		977.26		-22.74						-22.737815429		11.76

		312		-93		-186		-17.2887		1023		1011		12		-29.2887		970.7113		291.1		17.1		290.1		974.06		-25.94						-25.9425734919		8.56

		336		12		24		2.2308		1023		1008		15		-12.7692		987.2308		291.1		21.0		294.0		977.49		-22.51						-22.5071908844		10.90

		360		-7		-14		-1.3013		1023		1006		17		-18.3013		981.6987		291.1		19.3		292.3		977.67		-22.33						-22.3315375641		11.20

		384		4		8		0.7436		1023		1011		12		-11.2564		988.7436		291.1		22.2		295.2		975.01		-24.99						-24.98895		9.51

		408		33		66		6.1347		1023		1003		20		-13.8653		986.1347		291.1		20.6		293.6		977.74		-22.26						-22.2622235354		11.30

		480		-69		-138		-12.8271		1023		1013		10		-22.8271		977.1729		291.1		18.4		291.4		976.17		-23.83						-23.833111908		10.67

		504		-6		-12		-1.1154		1023		1006		17		-18.1154		981.8846		292.1		20.1		293.1		978.53		-21.47						-21.4653986353		9.90

		528		-81		-162		-15.0579		1023		1023		0		-15.0579		984.9421		293.1		21.2		294.2		981.26		-18.74						-18.7405523114		9.80

		552		45		90		8.3655		1023		1030		-7		15.3655		1015.3655		294.1		23.4		296.4		1007.49		7.49						7.4864829622		9.99

		576		-16		-32		-2.9744		1023		1028		-5		2.0256		1002.0256		295.1		21.1		294.1		1005.43		5.43						5.4326914655		7.93

		672		-35		-70		-6.5065		1023		1025		-2		-4.5065		995.4935		296.1		20.1		293.1		1005.68		5.68						5.6827886387		8.18

		696		-33		-66		-6.1347		1023		1026		-3		-3.1347		996.8653		297.1		18.6		291.6		1015.67		15.67						15.6676290466		8.66

		720		20		40		3.718		1023		1022		1		2.718		1002.718		298.1		19.4		292.4		1022.26		22.26						22.2648283174		9.64



&CLong term test on 4 tape-bunch plate



		

		Test 1: Comparison of box only with aluminium alloy plate containing 4 groups of 6 tapes

		Preradiation test										Postradiation test

		Elapsed time (hr)		Add 10mbar		Net effect (mbar)		Box only (mbar)		4-tape plate (mbar)		Add 10mbar		Net effect (mbar)		Box only (mbar)		4-tape plate (mbar)

		0		9.94		-0.06		9.98		10.04		10.02		0.02		9.98		10.00

		1		11.82		1.82		11.69		9.87		9.64		-0.36		11.69		11.33

		41		11.38		1.38		11.09		9.71		12.52		2.52		11.09		13.60

		48		12.00		2.00		12.11		10.11		9.84		-4.16		12.11		7.95

		113		12.21		2.21		12.17		9.96		8.89		-1.11		12.17		11.07

		137		10.33		0.33		10.07		9.74		10.72		0.72		10.07		10.79

		161		10.83		0.83		10.73		9.90		9.66		1.66		10.73		12.38

		209		9.15		-0.85		8.89		9.74		9.87		2.87		8.89		11.76

		281		10.25		0.25		9.56		9.30		9.00		-1.00		9.56		8.56

		305		10.43		0.43		9.25		8.81		8.85		1.65		9.25		10.90

		329		10.53		0.53		9.15		8.62		9.01		2.05		9.15		11.20

		353		10.44		0.44		8.90		8.47		9.61		0.61		8.90		9.51

		401		10.49		0.49		8.87		8.39		8.43		2.43		8.87		11.30

		449		9.71		-0.29		8.04		8.34		8.40		2.62		8.04		10.67

		475		9.55		-0.45		8.03		8.49

		499		10.14		0.14		8.25		8.11		9.01		1.65		8.25		9.90

		523		9.91		-0.09		8.11		8.20		9.00		1.69		8.11		9.80

		547		9.93		-0.07		7.93		8.00		9.05		2.05		7.93		9.99

		571		10.02		0.02		7.79		7.77		8.14		0.14		7.79		7.93

		645		9.82		-0.18		7.56		7.74		8.62		0.62		7.56		8.18

		669		10.20		0.20		7.89		7.70		8.77		0.77		7.89		8.66

		693		9.93		-0.07		7.95		8.02

		717		9.70		-0.30		7.69		7.99		8.43		1.95		7.69		9.64

				Volume (ml)		Volume (l)

				4500		4.5				Leak (mbar-l per s)

				Time in s.		2592000				1.74E-06

										2.43E-06

		Preradiation test										Postradiation test

		Elapsed time (hr)		Net effect (mbar) pre		Net effect (mbar) post		Box only (mbar)		4-tape plate (mbar)		Add 10mbar				Box only (mbar)		4-tape plate (mbar)				Add 10mbar

		0		9.94		10.00

		1		11.82		10.00

		41		11.38		10.00

		48		12.00		9.84

		113		12.21		10.00

		137		10.33		10.00

		161		10.83		9.66

		209		9.15		9.87

		281		10.25		10.00

		305		10.43		8.85

		329		10.53		9.01

		353		10.44		9.61

		401		10.49		8.43

		449		9.71		8.40

		475		9.55

		499		10.14		9.01

		523		9.91		9.00

		547		9.93		9.05

		571		10.02		8.14

		645		9.82		8.62

		669		10.20		8.77

		693		9.93

		717		9.70		8.43





		



Elapsed time (hr)

Net pressure change
 (mbar)

Net pressure drop of 4-tape plate over test box only



		



Elapsed time (hr)

Pressure (mbar)

Net pressure change of 4 x 6 tape plate (aluminium alloy)



		



Pre rad test

Post rad test

Elapsed time (hr)

Overpressure (mbar)

Pre- & post radiation pressure change on the 4-tape plate



		

				0.6268994539

				0.3930029253

				0.3640983027

				0.63084906

				23

				df		SS		MS		F		Significance F

				1		5.4110232527		5.4110232527		13.5965423464		0.0013686108

				21		8.3573812674		0.3979705365

				22		13.7684045202

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

				1.1315286253		0.2428791509		4.6588133282		0.0001346388		0.626433693		1.6366235577		0.626433693		1.6366235577

		X Variable 1		-0.0021202202		0.0005749985		-3.6873489591		0.0013686108		-0.0033159952		-0.0009244451		-0.0033159952		-0.0009244451





		Elapsed time (hr)		Oil level (mm)		Starting barometric pressure (mbar)		Current barometric pressure (mbar)		Temperature at start (K)		Temperature for this reading (C)
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Load (gram-wt)

Extension (mm)

Bond test of Kapton tape to Kapton tape using Techsil 6166 + 50% silica

0.2
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0.2
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0.3

0.4

0.4

0.5

0.5

0.6
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Initial pressure test

		Time				Pressure (1)		Pressure (2)

		0				2.70		2.5		5.508		5.1

		30				2.70		2.5		5.508		5.1

		60				2.70		2.4		5.508		4.896

		90						2.4				4.896

		120						2.4				4.896

		150						2.4				4.896

		180						2.4				4.896

		300				2.75				5.61

		480						2.5				5.1

		600				2.75				5.61

		780						2.5				5.1

		900				2.80				5.712

		1080						2.6				5.304

		1200				2.85				5.814

		1500				2.90				5.916

		4860						2.8				5.712

		5400				3.30				6.732

		9000				4.00				8.16

		13800				4.6				9.384





Initial pressure test
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Leak test of power tapes and grommets

Leak test of box

Time (sec)

Pressure (mbar)

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
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Hooke's Law

		Mass		Extension		(Hooke's Law on grommet flange)

		0		0

		10.7		0.5

		21.5		0.9

		31.7		1.1

		42.5		1.4

		53.3		1.8

		64.1		2

		74.8		2.4

		89		2.6

		99.8		3.1

		Load		Extension		Kapton:Kapton bond strength

		10		0.2

		15		0.2

		20		0.2

		30		0.3

		50		0.3

		100		0.4

		150		0.4

		200		0.5

		250		0.5

		300		0.6

		400		0.6

		500		1.4

		Load		Extension

		10		0.1

		50		0.2

		100		0.2

		200		0.2

		300		0.3

		400		0.3

		500		0.4

		600		0.4

		700		0.5

		800		0.5

		900		0.6

		1000		0.8

		1200		1.8

		Load		Extension

		0		0

		5		2.5

		10		5.2

		15		8.7

		20		11.5

		25		14.0

		30		19.7

		35		22.7

		40		Failed
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gram-weight

extension (mm)

Hooke's Law test of grommet flange
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Long term tests
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Load (gram-wt)

Extension (mm)

Bond test of Kapton tape to Kapton tape using Techsil 6156 + 50% silica
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New P test on 4-tape plate
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Load (gram-wt)

Extension (mm)

Bond test of Kapton tape to silicone rubber using Techsil 6166 + 50% silica
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Calculation page
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Load (gram-wt)

Extension (mm)

Hookes Law test on Techsil 6156 + 50% silica

0
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Output R test 1

		Box qualification

		Elapsed time (hr)		Oil level (mm)		Oil level x 2 (mm)		Box overpressure (mbar)		Starting barometric pressure (mbar)		Current barometric pressure (mbar)		Change in barometric pressure (mbar)		Corrected box overpressure (1) (mbar)		Temperature at start (K)		Temperature for this reading (C)		Temperature for this reading (K)		Corrected box overpressure (2) (mbar)		Copy

		Function test line 1		54		108		10.0386		1003		1003		0		10.0386		293		20		293		10.0386

		Function test line 2		59.4		118.8		11.04246		1003		1004		-1		12.04246		293		25		298		11.840405302

		0		54		108		10.0386		1003		1003		0		10.0386		291.7		20.5		293.5		9.98		9.98

		1		58		116		10.7822		1003		1004		-1		11.7822		291.7		21.0		294.0		11.69		11.69

		41		60		120		11.154		1003		1003		0		11.154		291.7		20.5		293.5		11.09		11.09

		48		66		132		12.2694		1003		1003		0		12.2694		291.7		22.5		295.5		12.11		12.11

		113		-10		-20		-1.859		1003		1017		-14		12.141		291.7		17.9		290.9		12.17		12.17

		137		54		108		10.0386		1003		1003		0		10.0386		291.7		17.7		290.7		10.07		10.07

		161		36		72		6.6924		1003		1007		-4		10.6924		291.7		17.8		290.8		10.73		10.73

		209		-103		-206		-19.1477		1003		1031		-28		8.8523		291.7		17.5		290.5		8.89		8.89

		281		-121		-242		-22.4939		1003		1035		-32		9.5061		291.7		17.2		290.2		9.56		9.56

		305		-123		-246		-22.8657		1003		1035		-32		9.1343		291.7		15.2		288.2		9.25		9.25

		329		-102		-204		-18.9618		1003		1031		-28		9.0382		291.7		15.1		288.1		9.15		9.15

		353		-87		-174		-16.1733		1003		1028		-25		8.8267		291.7		16.2		289.2		8.90		8.90

		401		-125		-250		-23.2375		1003		1035		-32		8.7625		291.7		15.1		288.1		8.87		8.87

		449		-124		-248		-23.0516		1003		1034		-31		7.9484		291.7		15.2		288.2		8.04		8.04

		475		-124		-248		-23.0516		1003		1034		-31		7.9484		291.7		15.6		288.6		8.03		8.03

		499		-96		-192		-17.8464		1003		1029		-26		8.1536		291.7		15.2		288.2		8.25		8.25

		523		-86		-172		-15.9874		1003		1027		-24		8.0126		291.7		15.2		288.2		8.11		8.11

		547		-1		-2		-0.1859		1003		1011		-8		7.8141		291.7		14.3		287.3		7.93		7.93

		571		4		8		0.7436		1003		1010		-7		7.7436		291.7		16.8		289.8		7.79		7.79

		645		-51		-102		-9.4809		1003		1020		-17		7.5191		291.7		17.0		290.0		7.56		7.56

		669		10		20		1.859		1003		1009		-6		7.859		291.7		17.4		290.4		7.89		7.89

		693		5		10		0.9295		1003		1010		-7		7.9295		291.7		18.0		291.0		7.95		7.95

		717		9		18		1.6731		1003		1009		-6		7.6731		291.7		17.9		290.9		7.69		7.69



&CBox qualification



		Box qualification (started 08.00 8th January 2002)

		Elapsed time (hr)		Oil level (mm)		Oil level x 2 (mm)		Box overpressure (mbar)		Starting barometric pressure (mbar)		Current barometric pressure (mbar)		Change in barometric pressure (mbar)		Corrected box overpressure (1) (mbar)		Temperature at start (K)		Temperature for this reading (C)		Temperature for this reading (K)		Corrected box overpressure (2) (mbar)

		0		54		108		10.0386		1027		1027		0		10.0386		289.1		16.1		289.1		10.04

		48		64		128		11.8976		1027		1025		2		9.8976		289.1		16.9		289.9		9.87

		72		63		126		11.7117		1027		1025		2		9.7117		289.1		16.2		289.2		9.71

		144		103		206		19.1477		1027		1018		9		10.1477		289.1		17.2		290.2		10.11

		168		140		280		26.026		1027		1011		16		10.026		289.1		17.9		290.9		9.96

		216		144		288		26.7696		1027		1010		17		9.7696		289.1		17.0		290		9.74

		240		118		236		21.9362		1027		1015		12		9.9362		289.1		17.2		290.2		9.90

		312		171		342		31.7889		1027		1005		22		9.7889		289.1		17.6		290.6		9.74

		336		217		434		40.3403		1027		996		31		9.3403		289.1		17.2		290.2		9.30

		360		252		504		46.8468		1027		989		38		8.8468		289.1		17.2		290.2		8.81

		384		219		438		40.7121		1027		995		32		8.7121		289.1		19.1		292.1		8.62

		408		121		242		22.4939		1027		1013		14		8.4939		289.1		17.0		290.0		8.47

		480		169		338		31.4171		1027		1004		23		8.4171		289.1		17.2		290.2		8.39

		504		115		230		21.3785		1027		1014		13		8.3785		289.1		17.6		290.6		8.34

		528		143		286		26.5837		1027		1009		18		8.5837		289.1		19.4		292.4		8.49

		576		171		342		31.7889		1027		1003		24		7.7889		289.1		17.8		290.8		7.74

		648		149		298		27.6991		1027		1007		20		7.6991		289.1		16.1		289.1		7.70

		672		237		474		44.0583		1027		991		36		8.0583		289.1		17.6		290.6		8.02

		720		113		226		21.0067		1027		1014		13		8.0067		289.1		16.8		289.8		7.99

										1027								289.1

										1027								289.1

										1027								289.1

										1027								289.1

										1027								289.1

										1027								289.1



&CLong term test on 4 tape-bunch plate



		

		Test 1: Comparison of box only with aluminium alloy plate containing 4 groups of 6 tapes

		Elapsed time (hr)		Add 10mbar		Net effect (mbar)		Box only (mbar)		4-tape plate (mbar)

		0		9.94		-0.06		9.98		10.04

		1		11.82		1.82		11.69		9.87

		41		11.38		1.38		11.09		9.71

		48		12.00		2.00		12.11		10.11

		113		12.21		2.21		12.17		9.96

		137		10.33		0.33		10.07		9.74

		161		10.83		0.83		10.73		9.90

		209		9.15		-0.85		8.89		9.74

		281		10.25		0.25		9.56		9.30

		305		10.43		0.43		9.25		8.81

		329		10.53		0.53		9.15		8.62

		353		10.44		0.44		8.90		8.47

		401		10.49		0.49		8.87		8.39

		449		9.71		-0.29		8.04		8.34

		475		9.55		-0.45		8.03		8.49

		499		10.14		0.14		8.25		8.11

		523		9.91		-0.09		8.11		8.20

		547		9.93		-0.07		7.93		8.00

		571		10.02		0.02		7.79		7.77

		645		9.82		-0.18		7.56		7.74

		669		10.20		0.20		7.89		7.70								Volume (ml)		Volume (l)

		693		9.93		-0.07		7.95		8.02								4500		4.5				Leak (mbar-l per s)

		717		9.70		-0.30		7.69		7.99								Time in s.		2592000				1.74E-06

																								2.43E-06
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				0.6268994539

				0.3930029253

				0.3640983027

				0.63084906

				23

				df		SS		MS		F		Significance F

				1		5.4110232527		5.4110232527		13.5965423464		0.0013686108

				21		8.3573812674		0.3979705365

				22		13.7684045202

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

				1.1315286253		0.2428791509		4.6588133282		0.0001346388		0.626433693		1.6366235577		0.626433693		1.6366235577

		X Variable 1		-0.0021202202		0.0005749985		-3.6873489591		0.0013686108		-0.0033159952		-0.0009244451		-0.0033159952		-0.0009244451
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		Time				Pressure (1)		Pressure (2)

		0				2.70		2.5		5.508		5.1

		30				2.70		2.5		5.508		5.1

		60				2.70		2.4		5.508		4.896

		90						2.4				4.896

		120						2.4				4.896

		150						2.4				4.896

		180						2.4				4.896

		300				2.75				5.61

		480						2.5				5.1

		600				2.75				5.61

		780						2.5				5.1

		900				2.80				5.712

		1080						2.6				5.304

		1200				2.85				5.814

		1500				2.90				5.916

		4860						2.8				5.712

		5400				3.30				6.732

		9000				4.00				8.16

		13800				4.6				9.384
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