Wire Bond Strength Tests

February 5, 2010
Donna and many others 

Introduction
We found that the integrity of the wire bonds made at SiDet do not show signs of degradation after being temperature-cycled to ~20 K.  
The QUIET receiver modules will be operated at 20 K, so it is important to verify that the wire bonds can withstand temperature cycling from room temperature to cryogenic temperatures.  This report presents the data that indicates Al wire bonds to Au are not degraded after temperature cycling six times to near 20 K. 

The set of bonds serving as “Control Bonds” were not be temperature cycled.  This set was bonded and pull-tested as a preliminary study.

A different board with the same type of bonding and pull testing as the Control Bonds served as the “Test Bonds”.  The bonds will be pull tested at SiDet before and after temperature cycling at Lab 3 to measure bond strength as function of the number of cycle times.
The outline of this report is:

1.  Description of wire bonder and pull-tester

2.  Description of test data

3.  Control Bonds


3.1  Description of the Control Bond board


3.2  Control Bond data analysis

4.  Test Bonds

4.1  Cryostat test setup

4.2  Pre-cooling test results

4.3  Results from temperature-cycling the wire bonds

5.  Conclusion

1.  Description of bonding machine and pull-tester.

A K&S 1478 wire bonder was used.  The bonds are wedge bonds (not ball bonds).  

A Dage BT14 bond tester was used.  The principle behind wire bond pull-testing is positioning of a hook underneath the wire and pulling in the vertical directions until the bond breaks (destructive testing)
[image: image39..pict]
Fig. 1.1  (Cartoon) Illustration of pull-testing

2.  Description of test data

The data for each pulled bond includes the force required to break the bond in grams and the type of break (0, 1, or 5).  The type is described in the Fig. 2.1.

[image: image1.png]



Fig. 2.1  Types of wire bond breaks

The raw data is shown in the Appendix.  The results of the analyses of the raw data are in Sections 3 and 4.

3.  Control Bonds
The control bonds will not be temperature cycled.  They provide a control group should questions arise about the aging of the bonds.

3.1  Description of the Control Bond board

The bond wire was 25 um aluminum wire with 1% silicon.  The wire was bonded to gold strips on an alumina substrate.

3.2  Control Bond data analysis

The distribution of the Control Bond break forces is shown in Fig. 3.1.   The bin size is 0.5 g. 

[image: image10.wmf]
Fig. 3.1  Pull test results for all Control Bonds

It was noticed that the type of break was a function of breaking force.  Most of the bonds that broke with a lower force were type 0 (first bond lifted) while the bonds that broke with higher force were type 1 (first bond foot break).  This can be seen in the raw data for the Control Bonds in the Appendix. The data for the Control Bonds shown in the Appendix was sorted as a function of breaking force.

4. Test Bonds

The bond wire was 25 um aluminum wire with 1% silicon.  The wire was bonded to gold strips.  Boards from a previous CDF project were used for bonding.  The bonds have been divided into 8 sections as shown in Fig. 4.1.  Sections 1-6 are from the same lot of CDF boards. Sections 7 and 8 are on boards from a different lot. 

Sections 1 and 2 have two rows of bonds on each strip (Fig. 4.2).  The others have one row of bonds per gold strip (Fig. 4.3).

The bonds are about 1 mm long and about 130 um high as shown in Figs. 4.4 and 4.5.

There are shorter bonds, orthogonal to the rows of bonds, bridging the gap between sections 1 and 2, which can be seen in Fig. 4.2.  These are ~0.5 mm long and about 100 um high.  Similarly, there are shorter bonds bridging the gap between the top and bottom halves of sections 7 and 8.  These are different from the bonds between sections 1 and 2, for they bridge a gap with a shorter vertical step. 

All of the gap bonds are too short and do not have enough height to position the pull tester loop underneath them to permit a pull test.  
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Fig. 4.1  Test bond layout
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Fig. 4.2  There are two rows of bonds per gold strip in sections 1 and 2.  These are 1 mm long and 130 um high.  Also shown are bonds bridging the gap between Sections 1 and Section 2.  These are 0.5 mm long and 100 um high.
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Fig. 4.3  Sections 3-8 have only one row of bonds along each gold strip.
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Fig. 4.4  The wire bonds are 1 mm long with a height of 130 um.
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Fig. 4.5  Another view of the wire bond dimensions.

4.1  Cryostat test setup

The test bond assembly mounted is shown mounted int eh cryostat in Fig. 4.6.  The temperature controller was a Lakeshore 325. The temperature sensors were Lakeshore silicon diodes, model DT-670C-SD.

[image: image7.png]



Fig. 4.6  Test bond assembly in the cryostat in lab 3, ready for cooling

Note that the board was enclosed in a metal box (heat shield) before cooling
4.2  Pre-cooling test results

The distribution of forces required to break the Test Bonds are shown in Fig. 4.6-4.8.  Fig. 4.6 includes data for all Test Bonds.  It was noticed that the breaking force for groups 1-6 was lower (mean=6.11 g) than that for groups 7 and 8 (mean=7.43 g), so the data was also plotted separately for these and is shown in Figs. 4.7 and 4.8.  Bin size is 0.5 g.

[image: image18.wmf]
Fig. 4.6  Pull test results for all Test Bond data

[image: image19.wmf]
Fig. 4.7  Pull test results for Test Bonds in Sections 1-6

[image: image20.wmf]
Fig. 4.8  Pull test results for Test Bonds in Sections 7 and 8.

4.3  Results from temperature-cycling the wire bonds

A subset of the bonds in each section was pull-tested after each cooling cycle (or sometimes after 2 cooling cycles).  The distributions of the forces required to break the bonds after each cooling (or sometimes after 2 cooling cycles) are shown in Fig 4.11.   The mean breaking force is shown in the tables of Fig. 4.12.  It can be seen that the average force required to break the bonds was nearly independent of the number of cooling cycles, indicating the bonds do not lose strength when cooled to cryogenic temperatures.  

According to the datasheet for the 25-um diameter 1% Si Al wire, the force required to break the wire (tensile strength) is between 14 and 20 grams, depending on the temper condition of the wire (Fig. 4.9).

[image: image8.png]SILICON ALUMINUM

Diameter Tensile Temper
Type Inches Microns _Elongation (%) _Strength (g) Condition
1%SiAl___ 00007 18 05-25 8 min. HARD
05-3.0 46 ANNEALED
1% Si Al 0001 2 05-25 20 HARD
1-4 16-18 ANNEALED
1-4 14-16 ANNEALED
1%SiAl__ 000125 32 05-30 28 min. HARD
1-4 23-2 STRESS RELIEVED
1-4 21-23 ANNEALED
1-4 19-21 ANNEALED
1%SiAl___ 00015 38 05-30 38 min. HARD
1-4 33-38 STRESS RELIEVED
1-4 2-33 ANNEALED
1% Si Al 0002 50 1-4 65 min. HARD
2-6 55-65 STRESS RELIEVED
26 45-55 ANNEALED




Fig. 4.9  Excerpt from the datasheet for 1% Si Al wire

Link to datasheet: http://www.sempck.com/datasheets/spm/Aluminum.pdf
Examination of the force diagram shown in Fig, 4.10, it can be seen that the bond-breaking force measured by the Dage wire puller, FDage, always corresponded to less than the 14 grams required to break the wire (Fig. 4.9), as expected.
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Fig. 4.10  Minimum force to break the wire

[image: image21.wmf][image: image22.wmf]
[image: image23.wmf]
Fig. 4.11  Plots of wire bond breaking force for all sections (top), sections 1-6 (middle), and sections 7-8 (bottom).  

[image: image24.wmf]
[image: image25..pict]
[image: image26..pict]
Fig. 4.12 Table of mean breaking force for all sections (top), sections 1-6 (middle), and sections 7-8 (bottom).  

APPENDIX
 Control Bond pull test data

	Control Bonds
	4-Dec-09

	 
	 

	force (g)
	type of lift

	5.35
	0

	6.15
	0

	6.16
	0

	6.21
	0

	6.28
	0

	6.44
	0

	6.5
	0

	6.5
	1

	6.5
	1

	6.52
	1

	6.63
	0

	6.64
	0

	6.66
	1

	6.67
	0

	6.77
	1

	6.87
	1

	6.97
	1

	7
	0

	7.03
	1

	7.05
	1

	7.12
	1

	7.12
	1

	7.15
	1

	7.17
	1

	7.27
	1

	7.49
	1

	7.57
	1

	7.68
	1

	7.74
	1

	7.81
	1

	7.87
	1

	7.98
	1

	8
	1

	8.18
	1

	8.37
	1

	8.39
	1

	8.56
	1

	8.79
	1

	8.99
	1

	9.12
	1


Pre-cooling Test Bond pull test data

	Date
	 
	6-Dec-09
	 

	 
	 
	 
	 

	Pull number
	Section
	Force (grams)
	Break type

	1
	1
	5.49
	1

	2
	1
	7.35
	1

	3
	1
	5.01
	0

	4
	1
	5.49
	1

	5
	1
	5.99
	1

	6
	1
	5.54
	1

	7
	1
	6.32
	1

	8
	1
	5.51
	1

	9
	1
	6.06
	1

	10
	2
	4.83
	0

	11
	2
	5.32
	1

	12
	2
	7.06
	1

	13
	2
	5.49
	1

	14
	2
	7.76
	1

	15
	2
	7.43
	1

	16
	2
	6.29
	1

	17
	2
	6.53
	1

	18
	2
	6.31
	1

	19
	2
	5.21
	1

	20
	3
	6.27
	1

	21
	3
	6.84
	1

	22
	3
	5.72
	1

	23
	3
	5.45
	1

	24
	3
	7.26
	1

	25
	3
	6.27
	1

	26
	3
	6.45
	1

	27
	3
	7.25
	1

	28
	3
	6.83
	1

	29
	3
	5.28
	1

	30
	4
	7.48
	5

	31
	4
	5.09
	1

	32
	4
	5.82
	1

	33
	4
	5.71
	1

	34
	4
	6.14
	1

	35
	4
	6.72
	1

	36
	4
	5.59
	1

	37
	4
	5.53
	1

	38
	4
	5.58
	1

	39
	4
	5.91
	1

	40
	5
	5.36
	1

	41
	5
	5.65
	1

	42
	5
	6.28
	1

	43
	5
	5.72
	1

	44
	5
	5.31
	1

	45
	5
	6.5
	1

	46
	5
	6.85
	1

	47
	5
	5.66
	1

	48
	5
	5.34
	1

	49
	5
	6.13
	1

	50
	6
	5.67
	1

	51
	6
	5.47
	1

	52
	6
	6.74
	1

	53
	6
	6.58
	1

	54
	6
	6.57
	1

	55
	6
	6.41
	1

	56
	6
	6.33
	1

	57
	6
	5.88
	1

	58
	6
	6.45
	1

	59
	6
	6.24
	1

	60
	6
	6.25
	1

	61
	6
	6.71
	1

	62
	6
	6.14
	1

	63
	6
	6.76
	1

	64
	7
	6.22
	5

	65
	7
	6.89
	1

	66
	7
	6.56
	1

	67
	7
	5.85
	5

	68
	7
	7.52
	5

	69
	7
	7.86
	1

	70
	7
	6.53
	1

	71
	7
	5.31
	1

	72
	7
	8.86
	1

	73
	7
	8.45
	1

	74
	7
	8.28
	1

	75
	7
	8.09
	1

	76
	7
	6.36
	5

	77
	7
	9.49
	1

	78
	7
	8.99
	1

	79
	7
	8.51
	1

	80
	8
	5.71
	5

	81
	8
	6.54
	5

	82
	8
	7.4
	1

	83
	8
	6.77
	1

	84
	8
	9.47
	1

	85
	8
	7.32
	1

	86
	8
	6.85
	1

	87
	8
	7.45
	1

	88
	8
	7.18
	1

	89
	8
	5.88
	1

	90
	8
	6.87
	1

	91
	8
	7.15
	5

	92
	8
	8.73
	5

	93
	8
	8.62
	1

	94
	8
	8.32
	5

	95
	8
	7.92
	5

	96
	8
	7.59
	5

	97
	8
	6.12
	1

	98
	8
	8.47
	1
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Sheet1

		Date				5-Dec-05

		Pull number		Section		Force (grams)		Break type				Bin

		1		1		5.49		1				0				Bin		Frequency																		Column1

		2		1		7.35		1				0.5				0		0

		3		1		5.01		0				1				0.5		0																		Mean		6.5847959184

		4		1		5.49		1				1.5				1		0																		Standard Error		0.1075332338

		5		1		5.99		1				2				1.5		0																		Median		6.385

		6		1		5.54		1				2.5				2		0																		Mode		5.49

		7		1		6.32		1				3				2.5		0																		Standard Deviation		1.0645247036

		8		1		5.51		1				3.5				3		0																		Sample Variance		1.1332128445

		9		1		6.06		1				4				3.5		0																		Kurtosis		0.0839142213

		10		2		4.83		0				4.5				4		0																		Skewness		0.795860583

		11		2		5.32		1				5				4.5		0																		Range		4.66

		12		2		7.06		1				5.5				5		1																		Minimum		4.83

		13		2		5.49		1				6				5.5		14																		Maximum		9.49

		14		2		7.76		1				6.5				6		18																		Sum		645.31

		15		2		7.43		1				7				6.5		20																		Count		98

		16		2		6.29		1				7.5				7		17

		17		2		6.53		1				8				7.5		11

		18		2		6.31		1				8.5				8		5

		19		2		5.21		1				9				8.5		5

		20		3		6.27		1				9.5				9		5

		21		3		6.84		1				10				9.5		2

		22		3		5.72		1								10		0

		23		3		5.45		1								More		0

		24		3		7.26		1

		25		3		6.27		1

		26		3		6.45		1								Bin		Frequency																		Section 1-6

		27		3		7.25		1								0		0

		28		3		6.83		1								0.5		0																		Mean		6.113968254

		29		3		5.28		1								1		0																		Standard Error		0.0855141792

		30		4		7.48		5								1.5		0																		Median		6.14

		31		4		5.09		1								2		0																		Mode		5.49

		32		4		5.82		1								2.5		0																		Standard Deviation		0.6787477551

		33		4		5.71		1								3		0																		Sample Variance		0.4606985151

		34		4		6.14		1								3.5		0																		Kurtosis		-0.5172621479

		35		4		6.72		1								4		0																		Skewness		0.3777091802

		36		4		5.59		1								4.5		0																		Range		2.93

		37		4		5.53		1								5		1																		Minimum		4.83

		38		4		5.58		1								5.5		13																		Maximum		7.76

		39		4		5.91		1								6		15																		Sum		385.18

		40		5		5.36		1								6.5		17																		Count		63

		41		5		5.65		1								7		10

		42		5		6.28		1								7.5		6

		43		5		5.72		1								8		1

		44		5		5.31		1								8.5		0

		45		5		6.5		1								9		0

		46		5		6.85		1								9.5		0

		47		5		5.66		1								10		0

		48		5		5.34		1								More		0

		49		5		6.13		1

		50		6		5.67		1

		51		6		5.47		1

		52		6		6.74		1

		53		6		6.58		1

		54		6		6.57		1								Bin		Frequency																		Column1

		55		6		6.41		1								0		0

		56		6		6.33		1								0.5		0																		Mean		7.4322857143

		57		6		5.88		1								1		0																		Standard Error		0.1884349901

		58		6		6.45		1								1.5		0																		Median		7.4

		59		6		6.24		1								2		0																		Mode

		60		6		6.25		1								2.5		0																		Standard Deviation		1.1147964354

		61		6		6.71		1								3		0																		Sample Variance		1.2427710924

		62		6		6.14		1								3.5		0																		Kurtosis		-0.897774781

		63		6		6.76		1								4		0																		Skewness		0.0522892127

		64		7		6.22		5								4.5		0																		Range		4.18

		65		7		6.89		1								5		0																		Minimum		5.31

		66		7		6.56		1								5.5		1																		Maximum		9.49

		67		7		5.85		5								6		3																		Sum		260.13

		68		7		7.52		5								6.5		3																		Count		35

		69		7		7.86		1								7		7

		70		7		6.53		1								7.5		5

		71		7		5.31		1								8		4

		72		7		8.86		1								8.5		5

		73		7		8.45		1								9		5

		74		7		8.28		1								9.5		2

		75		7		8.09		1								10		0

		76		7		6.36		5								More		0

		77		7		9.49		1

		78		7		8.99		1

		79		7		8.51		1

		80		8		5.71		5

		81		8		6.54		5

		82		8		7.4		1

		83		8		6.77		1

		84		8		9.47		1

		85		8		7.32		1

		86		8		6.85		1

		87		8		7.45		1

		88		8		7.18		1

		89		8		5.88		1

		90		8		6.87		1

		91		8		7.15		5

		92		8		8.73		5

		93		8		8.62		1

		94		8		8.32		5

		95		8		7.92		5

		96		8		7.59		5

		97		8		6.12		1

		98		8		8.47		1






_1195469047.xls
Sheet1 (2)

		3-Dec-05

		force (g)		type of lift				bin

		5.35		0				4				Bin		Frequency

		6.15		0				4.5				4		0

		6.16		0				5				4.5		0

		6.21		0				5.5				5		0

		6.28		0				6				5.5		1

		6.44		0				6.5				6		0

		6.5		0				7				6.5		8

		6.5		1				7.5				7		9

		6.5		1				8				7.5		8

		6.52		1				8.5				8		7

		6.63		0				9				8.5		3

		6.64		0				9.5				9		3

		6.66		1								9.5		1

		6.67		0								More		0

		6.77		1

		6.87		1

		6.97		1																Control Bonds

		7		0

		7.03		1																Mean		7.23175

		7.05		1																Standard Error		0.1372789073

		7.12		1																Median		7.085

		7.12		1																Mode		6.5

		7.15		1																Standard Deviation		0.8682280437

		7.17		1																Sample Variance		0.7538199359

		7.27		1																Kurtosis		-0.3079183153

		7.49		1																Skewness		0.3989809708

		7.57		1																Range		3.77

		7.68		1																Minimum		5.35

		7.74		1																Maximum		9.12

		7.81		1																Sum		289.27

		7.87		1																Count		40
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Sheet1

		

		Test 1						Test 2						Test 3						Test 4						Test 5																						Test 1						Test 2						Test 3						Test 4						Test 5						Sections 1-8 Summary

		Bin		Frequency				Bin		Frequency				Bin		Frequency				Bin		Frequency				Bin		Frequency																				Sections 1-8						Sections 1-8						Sections 1-8						Sections 1-8						Sections 1-8						Date		Number of cooling cycles		Total number of cooling cycles		Temperature (K)		Mean force (g)		Error

		0		0				0		1				0		0				0		0				0		0																																																		20-Dec-05		0		0		room		6.585		0.108

		0.5		0				0.5		0				0.5		0				0.5		0				0.5		0																				Mean		6.5847959184				Mean		6.0849375				Mean		6.46				Mean		6.363125				Mean		6.6683544304				29-Dec-05		1		1		28		6.085		0.095

		1		0				1		0				1		0				1		0				1		0																				Standard Error		0.1075332338				Standard Error		0.095462586				Standard Error		0.1282930579				Standard Error		0.08679446				Standard Error		0.1114117356				3-Jan-06		1		2		45		6.460		0.128

		1.5		0				1.5		0				1.5		0				1.5		0				1.5		0																				Median		6.385				Median		6.02				Median		6.545				Median		6.39				Median		6.49				11-Jan-06		2		4		27/27		6.363		0.087

		2		0				2		0				2		0				2		0				2		0																				Mode		5.49				Mode		5.36				Mode		5.38				Mode		6.37				Mode		6.5				18-Jan-06		2		6		23/29		6.668		0.111

		2.5		0				2.5		0				2.5		0				2.5		0				2.5		0																				Standard Deviation		1.0645247036				Standard Deviation		1.2075168121				Standard Deviation		1.1617430497				Standard Deviation		0.7763132503				Standard Deviation		0.9902491662

		3		0				3		0				3		0				3		0				3		0																				Sample Variance		1.1332128445				Sample Variance		1.4580968514				Sample Variance		1.3496469136				Sample Variance		0.6026622627				Sample Variance		0.9805934112

		3.5		0				3.5		1				3.5		1				3.5		0				3.5		0																				Kurtosis		0.0839142213				Kurtosis		3.7562320126				Kurtosis		0.8183076281				Kurtosis		-0.4727310757				Kurtosis		0.9107762294

		4		0				4		2				4		1				4		0				4		0																				Skewness		0.795860583				Skewness		-0.3565902296				Skewness		0.0616190373				Skewness		0.2502747978				Skewness		0.8488468833

		4.5		0				4.5		7				4.5		2				4.5		0				4.5		1																				Range		4.66				Range		9.37				Range		6.48				Range		3.32				Range		5.25

		5		1				5		14				5		3				5		0				5		0																				Minimum		4.83				Minimum		0				Minimum		3.28				Minimum		5.06				Minimum		4.44

		5.5		14				5.5		21				5.5		9				5.5		17				5.5		2																				Maximum		9.49				Maximum		9.37				Maximum		9.76				Maximum		8.38				Maximum		9.69

		6		18				6		34				6		13				6		9				6		18																				Sum		645.31				Sum		973.59				Sum		529.72				Sum		509.05				Sum		526.8

		6.5		20				6.5		28				6.5		11				6.5		20				6.5		21																				Count		98				Count		160				Count		82				Count		80				Count		79

		7		17				7		24				7		20				7		19				7		13

		7.5		11				7.5		12				7.5		9				7.5		9				7.5		10

		8		5				8		7				8		7				8		4				8		6

		8.5		5				8.5		5				8.5		2				8.5		2				8.5		4

		9		5				9		0				9		2				9		0				9		0

		9.5		2				9.5		4				9.5		0				9.5		0				9.5		3

		10		0				10		0				10		2				10		0				10		1

		More		0				total		160				total		82				total		80				More		0

		Test 1						Test 2						Test 3						Test 4						Test 5																						Test 1						Test 2						Test 3						Teest 4						Test 5						Sections 1-6 Summary

		Bin		Frequency				Bin		Frequency				Bin		Frequency				Bin		Frequency				Bin		Frequency																				Sections 1-6						Sections 1-6						Sections 1-6						Sections 1-6						Sections 1-6						Date		Number of cooling cycles		Total number of cooling cycles		Temperature (K)		Mean force (g)		Error

		0		0				0		0				0		0				0		0				0		0																																																		20-Dec-05		0		0		room		6.114		0.085

		0.5		0				0.5		0				0.5		0				0.5		0				0.5		0																				Mean		6.113968254				Mean		5.8706666667				Mean		6.3996774194				Mean		6.2433333333				Mean		6.395				29-Dec-05		1		1		28		5.871		0.084

		1		0				1		0				1		0				1		0				1		0																				Standard Error		0.0855141792				Standard Error		0.0842108476				Standard Error		0.1269988711				Standard Error		0.0910474721				Standard Error		0.0849362773				3-Jan-06		1		2		45		6.400		0.127

		1.5		0				1.5		0				1.5		0				1.5		0				1.5		0																				Median		6.14				Median		5.855				Median		6.405				Median		6.36				Median		6.375				11-Jan-06		2		4		27/27		6.243		0.091

		2		0				2		0				2		0				2		0				2		0																				Mode		5.49				Mode		5.36				Mode		5.38				Mode		6.37				Mode		6.5				18-Jan-06		2		6		23/29		6.395		0.085

		2.5		0				2.5		0				2.5		0				2.5		0				2.5		0																				Standard Deviation		0.6787477551				Standard Deviation		0.9224836163				Standard Deviation		0.999990111				Standard Deviation		0.7052506867				Standard Deviation		0.6468554165

		3		0				3		0				3		0				3		0				3		0																				Sample Variance		0.4606985151				Sample Variance		0.8509760224				Sample Variance		0.9999802221				Sample Variance		0.4973785311				Sample Variance		0.4184219298

		3.5		0				3.5		1				3.5		1				3.5		0				3.5		0																				Kurtosis		-0.5172621479				Kurtosis		0.1873709437				Kurtosis		1.413112865				Kurtosis		-0.963411193				Kurtosis		-0.1904104825

		4		0				4		2				4		0				4		0				4		0																				Skewness		0.3777091802				Skewness		0.0838641428				Skewness		0.0701522538				Skewness		0.0297178723				Skewness		0.3624327377

		4.5		0				4.5		6				4.5		0				4.5		0				4.5		0																				Range		2.93				Range		5				Range		6.25				Range		2.72				Range		3.08

		5		1				5		13				5		2				5		0				5		0																				Minimum		4.83				Minimum		3.42				Minimum		3.28				Minimum		5.06				Minimum		5.06

		5.5		13				5.5		19				5.5		9				5.5		15				5.5		15																				Maximum		7.76				Maximum		8.42				Maximum		9.53				Maximum		7.78				Maximum		8.14

		6		15				6		27				6		12				6		7				6		7																				Sum		385.18				Sum		704.48				Sum		396.78				Sum		374.6				Sum		370.91

		6.5		17				6.5		23				6.5		9				6.5		16				6.5		16																				Count		63				Count		120				Count		62				Count		60				Count		58

		7		10				7		18				7		13				7		14				7		14

		7.5		6				7.5		6				7.5		9				7.5		6				7.5		6

		8		1				8		3				8		4				8		2				8		2

		8.5		0				8.5		2				8.5		2				8.5		0				8.5		0

		9		0				9		0				9		0				9		0				9		0

		9.5		0				9.5		0				9.5		0				9.5		0				9.5		0

		10		0				10		0				10		1				10		0				10		0

		More		0				total		120				total		62				total		60				total		60

		Test 1						Test 2						Test 3						Test 4						Test 5																						Test 1						Test 2						Test 3						Test 4						Test 5						Sections 7-8 Summary

		Bin		Frequency				Bin		Frequency				Bin		Frequency				Bin		Frequency				Bin		Frequency																				Sections 7 and 8						Sections 7 & 8						Sections 7 & 8						Sections 7 & 8						Sections 7-8						Date		Number of cooling cycles		Total number of cooling cycles		Temperature (K)		Mean force (g)		Error

		0		0				0		1				0		0				0		0				0		0																																																		20-Dec-05		0		0		room		7.432		0.188

		0.5		0				0.5		0				0.5		0				0.5		0				0.5		0																				Mean		7.4322857143				Mean		6.72775				Mean		6.647				Mean		6.7225				Mean		7.4233333333				29-Dec-05		1		1		28		6.728		0.264

		1		0				1		0				1		0				1		0				1		0																				Standard Error		0.1884349901				Standard Error		0.2637664778				Standard Error		0.3531721662				Standard Error		0.1974906727				Standard Error		0.2941188077				3-Jan-06		1		2		45		6.647		0.353

		1.5		0				1.5		0				1.5		0				1.5		0				1.5		0																				Median		7.4				Median		6.825				Median		6.75				Median		6.69				Median		7.69				11-Jan-06		2		4		27/27		6.723		0.197

		2		0				2		0				2		0				2		0				2		0																				Mode						Mode		9.23				Mode						Mode		6.69				Mode						18-Jan-06		2		6		23/29		7.423		0.294

		2.5		0				2.5		0				2.5		0				2.5		0				2.5		0																				Standard Deviation		1.1147964354				Standard Deviation		1.6682056805				Standard Deviation		1.5794339426				Standard Deviation		0.883205138				Standard Deviation		1.3478216994

		3		0				3		0				3		0				3		0				3		0																				Sample Variance		1.2427710924				Sample Variance		2.7829101923				Sample Variance		2.4946115789				Sample Variance		0.7800513158				Sample Variance		1.8166233333

		3.5		0				3.5		0				3.5		0				3.5		0				3.5		0																				Kurtosis		-0.897774781				Kurtosis		5.7195616383				Kurtosis		-0.228801957				Kurtosis		-0.6660192948				Kurtosis		-0.2919530502

		4		0				4		0				4		1				4		0				4		0																				Skewness		0.0522892127				Skewness		-1.5111996669				Skewness		-0.180698305				Skewness		0.1838969345				Skewness		-0.3006076

		4.5		0				4.5		1				4.5		2				4.5		0				4.5		0																				Range		4.18				Range		9.37				Range		5.8				Range		3.09				Range		5.25

		5		0				5		1				5		1				5		0				5		0																				Minimum		5.31				Minimum		0				Minimum		3.96				Minimum		5.29				Minimum		4.44

		5.5		1				5.5		2				5.5		0				5.5		2				5.5		2																				Maximum		9.49				Maximum		9.37				Maximum		9.76				Maximum		8.38				Maximum		9.69

		6		3				6		7				6		1				6		2				6		2																				Sum		260.13				Sum		269.11				Sum		132.94				Sum		134.45				Sum		155.89

		6.5		3				6.5		5				6.5		2				6.5		4				6.5		4																				Count		35				Count		40				Count		20				Count		20				Count		21

		7		7				7		6				7		7				7		5				7		5

		7.5		5				7.5		6				7.5		0				7.5		3				7.5		3

		8		4				8		4				8		3				8		2				8		2

		8.5		5				8.5		3				8.5		0				8.5		2				8.5		2

		9		5				9		0				9		2				9		0				9		0

		9.5		2				9.5		4				9.5		0				9.5		0				9.5		0

		10		0				10		0				10		1				10		0				10		0

		More		0				total		40				total		20				More		0				More		0
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		Test 1						Test 2						Test 3						Test 4						Test 5																						Test 1						Test 2						Test 3						Test 4						Test 5						Sections 1-8 Summary

		Bin		Frequency				Bin		Frequency				Bin		Frequency				Bin		Frequency				Bin		Frequency																				Sections 1-8						Sections 1-8						Sections 1-8						Sections 1-8						Sections 1-8						Date		Number of cooling cycles		Total number of cooling cycles		Temperature (K)		Mean force (g)		Error

		0		0				0		1				0		0				0		0				0		0																																																		20-Dec-05		0		0		room		6.585		0.108

		0.5		0				0.5		0				0.5		0				0.5		0				0.5		0																				Mean		6.5847959184				Mean		6.0849375				Mean		6.46				Mean		6.363125				Mean		6.6683544304				29-Dec-05		1		1		28		6.085		0.095

		1		0				1		0				1		0				1		0				1		0																				Standard Error		0.1075332338				Standard Error		0.095462586				Standard Error		0.1282930579				Standard Error		0.08679446				Standard Error		0.1114117356				3-Jan-06		1		2		45		6.460		0.128

		1.5		0				1.5		0				1.5		0				1.5		0				1.5		0																				Median		6.385				Median		6.02				Median		6.545				Median		6.39				Median		6.49				11-Jan-06		2		4		27/27		6.363		0.087

		2		0				2		0				2		0				2		0				2		0																				Mode		5.49				Mode		5.36				Mode		5.38				Mode		6.37				Mode		6.5				18-Jan-06		2		6		23/29		6.668		0.111

		2.5		0				2.5		0				2.5		0				2.5		0				2.5		0																				Standard Deviation		1.0645247036				Standard Deviation		1.2075168121				Standard Deviation		1.1617430497				Standard Deviation		0.7763132503				Standard Deviation		0.9902491662

		3		0				3		0				3		0				3		0				3		0																				Sample Variance		1.1332128445				Sample Variance		1.4580968514				Sample Variance		1.3496469136				Sample Variance		0.6026622627				Sample Variance		0.9805934112

		3.5		0				3.5		1				3.5		1				3.5		0				3.5		0																				Kurtosis		0.0839142213				Kurtosis		3.7562320126				Kurtosis		0.8183076281				Kurtosis		-0.4727310757				Kurtosis		0.9107762294

		4		0				4		2				4		1				4		0				4		0																				Skewness		0.795860583				Skewness		-0.3565902296				Skewness		0.0616190373				Skewness		0.2502747978				Skewness		0.8488468833

		4.5		0				4.5		7				4.5		2				4.5		0				4.5		1																				Range		4.66				Range		9.37				Range		6.48				Range		3.32				Range		5.25

		5		1				5		14				5		3				5		0				5		0																				Minimum		4.83				Minimum		0				Minimum		3.28				Minimum		5.06				Minimum		4.44

		5.5		14				5.5		21				5.5		9				5.5		17				5.5		2																				Maximum		9.49				Maximum		9.37				Maximum		9.76				Maximum		8.38				Maximum		9.69

		6		18				6		34				6		13				6		9				6		18																				Sum		645.31				Sum		973.59				Sum		529.72				Sum		509.05				Sum		526.8

		6.5		20				6.5		28				6.5		11				6.5		20				6.5		21																				Count		98				Count		160				Count		82				Count		80				Count		79

		7		17				7		24				7		20				7		19				7		13

		7.5		11				7.5		12				7.5		9				7.5		9				7.5		10

		8		5				8		7				8		7				8		4				8		6

		8.5		5				8.5		5				8.5		2				8.5		2				8.5		4

		9		5				9		0				9		2				9		0				9		0

		9.5		2				9.5		4				9.5		0				9.5		0				9.5		3

		10		0				10		0				10		2				10		0				10		1

		More		0				total		160				total		82				total		80				More		0

		Test 1						Test 2						Test 3						Test 4						Test 5																						Test 1						Test 2						Test 3						Teest 4						Test 5						Sections 1-6 Summary

		Bin		Frequency				Bin		Frequency				Bin		Frequency				Bin		Frequency				Bin		Frequency																				Sections 1-6						Sections 1-6						Sections 1-6						Sections 1-6						Sections 1-6						Date		Number of cooling cycles		Total number of cooling cycles		Temperature (K)		Mean force (g)		Error

		0		0				0		0				0		0				0		0				0		0																																																		20-Dec-05		0		0		room		6.114		0.085

		0.5		0				0.5		0				0.5		0				0.5		0				0.5		0																				Mean		6.113968254				Mean		5.8706666667				Mean		6.3996774194				Mean		6.2433333333				Mean		6.395				29-Dec-05		1		1		28		5.871		0.084

		1		0				1		0				1		0				1		0				1		0																				Standard Error		0.0855141792				Standard Error		0.0842108476				Standard Error		0.1269988711				Standard Error		0.0910474721				Standard Error		0.0849362773				3-Jan-06		1		2		45		6.400		0.127

		1.5		0				1.5		0				1.5		0				1.5		0				1.5		0																				Median		6.14				Median		5.855				Median		6.405				Median		6.36				Median		6.375				11-Jan-06		2		4		27/27		6.243		0.091

		2		0				2		0				2		0				2		0				2		0																				Mode		5.49				Mode		5.36				Mode		5.38				Mode		6.37				Mode		6.5				18-Jan-06		2		6		23/29		6.395		0.085

		2.5		0				2.5		0				2.5		0				2.5		0				2.5		0																				Standard Deviation		0.6787477551				Standard Deviation		0.9224836163				Standard Deviation		0.999990111				Standard Deviation		0.7052506867				Standard Deviation		0.6468554165

		3		0				3		0				3		0				3		0				3		0																				Sample Variance		0.4606985151				Sample Variance		0.8509760224				Sample Variance		0.9999802221				Sample Variance		0.4973785311				Sample Variance		0.4184219298

		3.5		0				3.5		1				3.5		1				3.5		0				3.5		0																				Kurtosis		-0.5172621479				Kurtosis		0.1873709437				Kurtosis		1.413112865				Kurtosis		-0.963411193				Kurtosis		-0.1904104825

		4		0				4		2				4		0				4		0				4		0																				Skewness		0.3777091802				Skewness		0.0838641428				Skewness		0.0701522538				Skewness		0.0297178723				Skewness		0.3624327377

		4.5		0				4.5		6				4.5		0				4.5		0				4.5		0																				Range		2.93				Range		5				Range		6.25				Range		2.72				Range		3.08

		5		1				5		13				5		2				5		0				5		0																				Minimum		4.83				Minimum		3.42				Minimum		3.28				Minimum		5.06				Minimum		5.06

		5.5		13				5.5		19				5.5		9				5.5		15				5.5		15																				Maximum		7.76				Maximum		8.42				Maximum		9.53				Maximum		7.78				Maximum		8.14

		6		15				6		27				6		12				6		7				6		7																				Sum		385.18				Sum		704.48				Sum		396.78				Sum		374.6				Sum		370.91

		6.5		17				6.5		23				6.5		9				6.5		16				6.5		16																				Count		63				Count		120				Count		62				Count		60				Count		58

		7		10				7		18				7		13				7		14				7		14

		7.5		6				7.5		6				7.5		9				7.5		6				7.5		6

		8		1				8		3				8		4				8		2				8		2

		8.5		0				8.5		2				8.5		2				8.5		0				8.5		0

		9		0				9		0				9		0				9		0				9		0

		9.5		0				9.5		0				9.5		0				9.5		0				9.5		0

		10		0				10		0				10		1				10		0				10		0

		More		0				total		120				total		62				total		60				total		60

		Test 1						Test 2						Test 3						Test 4						Test 5																						Test 1						Test 2						Test 3						Test 4						Test 5						Sections 7-8 Summary

		Bin		Frequency				Bin		Frequency				Bin		Frequency				Bin		Frequency				Bin		Frequency																				Sections 7 and 8						Sections 7 & 8						Sections 7 & 8						Sections 7 & 8						Sections 7-8						Date		Number of cooling cycles		Total number of cooling cycles		Temperature (K)		Mean force (g)		Error

		0		0				0		1				0		0				0		0				0		0																																																		20-Dec-05		0		0		room		7.432		0.188

		0.5		0				0.5		0				0.5		0				0.5		0				0.5		0																				Mean		7.4322857143				Mean		6.72775				Mean		6.647				Mean		6.7225				Mean		7.4233333333				29-Dec-05		1		1		28		6.728		0.264

		1		0				1		0				1		0				1		0				1		0																				Standard Error		0.1884349901				Standard Error		0.2637664778				Standard Error		0.3531721662				Standard Error		0.1974906727				Standard Error		0.2941188077				3-Jan-06		1		2		45		6.647		0.353

		1.5		0				1.5		0				1.5		0				1.5		0				1.5		0																				Median		7.4				Median		6.825				Median		6.75				Median		6.69				Median		7.69				11-Jan-06		2		4		27/27		6.723		0.197

		2		0				2		0				2		0				2		0				2		0																				Mode						Mode		9.23				Mode						Mode		6.69				Mode						18-Jan-06		2		6		23/29		7.423		0.294

		2.5		0				2.5		0				2.5		0				2.5		0				2.5		0																				Standard Deviation		1.1147964354				Standard Deviation		1.6682056805				Standard Deviation		1.5794339426				Standard Deviation		0.883205138				Standard Deviation		1.3478216994

		3		0				3		0				3		0				3		0				3		0																				Sample Variance		1.2427710924				Sample Variance		2.7829101923				Sample Variance		2.4946115789				Sample Variance		0.7800513158				Sample Variance		1.8166233333

		3.5		0				3.5		0				3.5		0				3.5		0				3.5		0																				Kurtosis		-0.897774781				Kurtosis		5.7195616383				Kurtosis		-0.228801957				Kurtosis		-0.6660192948				Kurtosis		-0.2919530502

		4		0				4		0				4		1				4		0				4		0																				Skewness		0.0522892127				Skewness		-1.5111996669				Skewness		-0.180698305				Skewness		0.1838969345				Skewness		-0.3006076

		4.5		0				4.5		1				4.5		2				4.5		0				4.5		0																				Range		4.18				Range		9.37				Range		5.8				Range		3.09				Range		5.25

		5		0				5		1				5		1				5		0				5		0																				Minimum		5.31				Minimum		0				Minimum		3.96				Minimum		5.29				Minimum		4.44

		5.5		1				5.5		2				5.5		0				5.5		2				5.5		2																				Maximum		9.49				Maximum		9.37				Maximum		9.76				Maximum		8.38				Maximum		9.69

		6		3				6		7				6		1				6		2				6		2																				Sum		260.13				Sum		269.11				Sum		132.94				Sum		134.45				Sum		155.89

		6.5		3				6.5		5				6.5		2				6.5		4				6.5		4																				Count		35				Count		40				Count		20				Count		20				Count		21

		7		7				7		6				7		7				7		5				7		5

		7.5		5				7.5		6				7.5		0				7.5		3				7.5		3

		8		4				8		4				8		3				8		2				8		2

		8.5		5				8.5		3				8.5		0				8.5		2				8.5		2

		9		5				9		0				9		2				9		0				9		0

		9.5		2				9.5		4				9.5		0				9.5		0				9.5		0

		10		0				10		0				10		1				10		0				10		0

		More		0				total		40				total		20				More		0				More		0
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		Break type		Description of break

		0		First bond: foot lifted

		1		First bond: part of foot lifted of tore

		2		First bond: broke at heel

		3		Center (wire) break

		4		Second bond: broke at heel

		5		Second bond: part of foot lifted or tore

		6		Second bond: foot lifted
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Sheet1

		

		Test 1						Test 2						Test 3						Test 4						Test 5																						Test 1						Test 2						Test 3						Test 4						Test 5						Sections 1-8 Summary

		Bin		Frequency				Bin		Frequency				Bin		Frequency				Bin		Frequency				Bin		Frequency																				Sections 1-8						Sections 1-8						Sections 1-8						Sections 1-8						Sections 1-8						Date		Number of cooling cycles		Total number of cooling cycles		Temperature (K)		Mean force (g)		Error

		0		0				0		1				0		0				0		0				0		0																																																		20-Dec-05		0		0		room		6.585		0.108

		0.5		0				0.5		0				0.5		0				0.5		0				0.5		0																				Mean		6.5847959184				Mean		6.0849375				Mean		6.46				Mean		6.363125				Mean		6.6683544304				29-Dec-05		1		1		28		6.085		0.095

		1		0				1		0				1		0				1		0				1		0																				Standard Error		0.1075332338				Standard Error		0.095462586				Standard Error		0.1282930579				Standard Error		0.08679446				Standard Error		0.1114117356				3-Jan-06		1		2		45		6.460		0.128

		1.5		0				1.5		0				1.5		0				1.5		0				1.5		0																				Median		6.385				Median		6.02				Median		6.545				Median		6.39				Median		6.49				11-Jan-06		2		4		27/27		6.363		0.087

		2		0				2		0				2		0				2		0				2		0																				Mode		5.49				Mode		5.36				Mode		5.38				Mode		6.37				Mode		6.5				18-Jan-06		2		6		23/29		6.668		0.111

		2.5		0				2.5		0				2.5		0				2.5		0				2.5		0																				Standard Deviation		1.0645247036				Standard Deviation		1.2075168121				Standard Deviation		1.1617430497				Standard Deviation		0.7763132503				Standard Deviation		0.9902491662

		3		0				3		0				3		0				3		0				3		0																				Sample Variance		1.1332128445				Sample Variance		1.4580968514				Sample Variance		1.3496469136				Sample Variance		0.6026622627				Sample Variance		0.9805934112

		3.5		0				3.5		1				3.5		1				3.5		0				3.5		0																				Kurtosis		0.0839142213				Kurtosis		3.7562320126				Kurtosis		0.8183076281				Kurtosis		-0.4727310757				Kurtosis		0.9107762294

		4		0				4		2				4		1				4		0				4		0																				Skewness		0.795860583				Skewness		-0.3565902296				Skewness		0.0616190373				Skewness		0.2502747978				Skewness		0.8488468833

		4.5		0				4.5		7				4.5		2				4.5		0				4.5		1																				Range		4.66				Range		9.37				Range		6.48				Range		3.32				Range		5.25

		5		1				5		14				5		3				5		0				5		0																				Minimum		4.83				Minimum		0				Minimum		3.28				Minimum		5.06				Minimum		4.44

		5.5		14				5.5		21				5.5		9				5.5		17				5.5		2																				Maximum		9.49				Maximum		9.37				Maximum		9.76				Maximum		8.38				Maximum		9.69

		6		18				6		34				6		13				6		9				6		18																				Sum		645.31				Sum		973.59				Sum		529.72				Sum		509.05				Sum		526.8

		6.5		20				6.5		28				6.5		11				6.5		20				6.5		21																				Count		98				Count		160				Count		82				Count		80				Count		79

		7		17				7		24				7		20				7		19				7		13

		7.5		11				7.5		12				7.5		9				7.5		9				7.5		10

		8		5				8		7				8		7				8		4				8		6

		8.5		5				8.5		5				8.5		2				8.5		2				8.5		4

		9		5				9		0				9		2				9		0				9		0

		9.5		2				9.5		4				9.5		0				9.5		0				9.5		3

		10		0				10		0				10		2				10		0				10		1

		More		0				total		160				total		82				total		80				More		0

		Test 1						Test 2						Test 3						Test 4						Test 5																						Test 1						Test 2						Test 3						Teest 4						Test 5						Sections 1-6 Summary

		Bin		Frequency				Bin		Frequency				Bin		Frequency				Bin		Frequency				Bin		Frequency																				Sections 1-6						Sections 1-6						Sections 1-6						Sections 1-6						Sections 1-6						Date		Number of cooling cycles		Total number of cooling cycles		Temperature (K)		Mean force (g)		Error

		0		0				0		0				0		0				0		0				0		0																																																		20-Dec-05		0		0		room		6.114		0.085

		0.5		0				0.5		0				0.5		0				0.5		0				0.5		0																				Mean		6.113968254				Mean		5.8706666667				Mean		6.3996774194				Mean		6.2433333333				Mean		6.395				29-Dec-05		1		1		28		5.871		0.084

		1		0				1		0				1		0				1		0				1		0																				Standard Error		0.0855141792				Standard Error		0.0842108476				Standard Error		0.1269988711				Standard Error		0.0910474721				Standard Error		0.0849362773				3-Jan-06		1		2		45		6.400		0.127

		1.5		0				1.5		0				1.5		0				1.5		0				1.5		0																				Median		6.14				Median		5.855				Median		6.405				Median		6.36				Median		6.375				11-Jan-06		2		4		27/27		6.243		0.091

		2		0				2		0				2		0				2		0				2		0																				Mode		5.49				Mode		5.36				Mode		5.38				Mode		6.37				Mode		6.5				18-Jan-06		2		6		23/29		6.395		0.085

		2.5		0				2.5		0				2.5		0				2.5		0				2.5		0																				Standard Deviation		0.6787477551				Standard Deviation		0.9224836163				Standard Deviation		0.999990111				Standard Deviation		0.7052506867				Standard Deviation		0.6468554165

		3		0				3		0				3		0				3		0				3		0																				Sample Variance		0.4606985151				Sample Variance		0.8509760224				Sample Variance		0.9999802221				Sample Variance		0.4973785311				Sample Variance		0.4184219298

		3.5		0				3.5		1				3.5		1				3.5		0				3.5		0																				Kurtosis		-0.5172621479				Kurtosis		0.1873709437				Kurtosis		1.413112865				Kurtosis		-0.963411193				Kurtosis		-0.1904104825

		4		0				4		2				4		0				4		0				4		0																				Skewness		0.3777091802				Skewness		0.0838641428				Skewness		0.0701522538				Skewness		0.0297178723				Skewness		0.3624327377

		4.5		0				4.5		6				4.5		0				4.5		0				4.5		0																				Range		2.93				Range		5				Range		6.25				Range		2.72				Range		3.08

		5		1				5		13				5		2				5		0				5		0																				Minimum		4.83				Minimum		3.42				Minimum		3.28				Minimum		5.06				Minimum		5.06

		5.5		13				5.5		19				5.5		9				5.5		15				5.5		15																				Maximum		7.76				Maximum		8.42				Maximum		9.53				Maximum		7.78				Maximum		8.14

		6		15				6		27				6		12				6		7				6		7																				Sum		385.18				Sum		704.48				Sum		396.78				Sum		374.6				Sum		370.91

		6.5		17				6.5		23				6.5		9				6.5		16				6.5		16																				Count		63				Count		120				Count		62				Count		60				Count		58

		7		10				7		18				7		13				7		14				7		14

		7.5		6				7.5		6				7.5		9				7.5		6				7.5		6

		8		1				8		3				8		4				8		2				8		2

		8.5		0				8.5		2				8.5		2				8.5		0				8.5		0

		9		0				9		0				9		0				9		0				9		0

		9.5		0				9.5		0				9.5		0				9.5		0				9.5		0

		10		0				10		0				10		1				10		0				10		0

		More		0				total		120				total		62				total		60				total		60

		Test 1						Test 2						Test 3						Test 4						Test 5																						Test 1						Test 2						Test 3						Test 4						Test 5						Sections 7-8 Summary

		Bin		Frequency				Bin		Frequency				Bin		Frequency				Bin		Frequency				Bin		Frequency																				Sections 7 and 8						Sections 7 & 8						Sections 7 & 8						Sections 7 & 8						Sections 7-8						Date		Number of cooling cycles		Total number of cooling cycles		Temperature (K)		Mean force (g)		Error

		0		0				0		1				0		0				0		0				0		0																																																		20-Dec-05		0		0		room		7.432		0.188

		0.5		0				0.5		0				0.5		0				0.5		0				0.5		0																				Mean		7.4322857143				Mean		6.72775				Mean		6.647				Mean		6.7225				Mean		7.4233333333				29-Dec-05		1		1		28		6.728		0.264

		1		0				1		0				1		0				1		0				1		0																				Standard Error		0.1884349901				Standard Error		0.2637664778				Standard Error		0.3531721662				Standard Error		0.1974906727				Standard Error		0.2941188077				3-Jan-06		1		2		45		6.647		0.353

		1.5		0				1.5		0				1.5		0				1.5		0				1.5		0																				Median		7.4				Median		6.825				Median		6.75				Median		6.69				Median		7.69				11-Jan-06		2		4		27/27		6.723		0.197

		2		0				2		0				2		0				2		0				2		0																				Mode						Mode		9.23				Mode						Mode		6.69				Mode						18-Jan-06		2		6		23/29		7.423		0.294

		2.5		0				2.5		0				2.5		0				2.5		0				2.5		0																				Standard Deviation		1.1147964354				Standard Deviation		1.6682056805				Standard Deviation		1.5794339426				Standard Deviation		0.883205138				Standard Deviation		1.3478216994

		3		0				3		0				3		0				3		0				3		0																				Sample Variance		1.2427710924				Sample Variance		2.7829101923				Sample Variance		2.4946115789				Sample Variance		0.7800513158				Sample Variance		1.8166233333

		3.5		0				3.5		0				3.5		0				3.5		0				3.5		0																				Kurtosis		-0.897774781				Kurtosis		5.7195616383				Kurtosis		-0.228801957				Kurtosis		-0.6660192948				Kurtosis		-0.2919530502

		4		0				4		0				4		1				4		0				4		0																				Skewness		0.0522892127				Skewness		-1.5111996669				Skewness		-0.180698305				Skewness		0.1838969345				Skewness		-0.3006076

		4.5		0				4.5		1				4.5		2				4.5		0				4.5		0																				Range		4.18				Range		9.37				Range		5.8				Range		3.09				Range		5.25

		5		0				5		1				5		1				5		0				5		0																				Minimum		5.31				Minimum		0				Minimum		3.96				Minimum		5.29				Minimum		4.44

		5.5		1				5.5		2				5.5		0				5.5		2				5.5		2																				Maximum		9.49				Maximum		9.37				Maximum		9.76				Maximum		8.38				Maximum		9.69

		6		3				6		7				6		1				6		2				6		2																				Sum		260.13				Sum		269.11				Sum		132.94				Sum		134.45				Sum		155.89

		6.5		3				6.5		5				6.5		2				6.5		4				6.5		4																				Count		35				Count		40				Count		20				Count		20				Count		21

		7		7				7		6				7		7				7		5				7		5

		7.5		5				7.5		6				7.5		0				7.5		3				7.5		3

		8		4				8		4				8		3				8		2				8		2

		8.5		5				8.5		3				8.5		0				8.5		2				8.5		2

		9		5				9		0				9		2				9		0				9		0

		9.5		2				9.5		4				9.5		0				9.5		0				9.5		0

		10		0				10		0				10		1				10		0				10		0

		More		0				total		40				total		20				More		0				More		0
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Sheet1

		Date				5-Dec-05

		Pull number		Section		Force (grams)		Break type				Bin

		1		1		5.49		1				0				Bin		Frequency																		Column1

		2		1		7.35		1				0.5				0		0

		3		1		5.01		0				1				0.5		0																		Mean		6.5847959184

		4		1		5.49		1				1.5				1		0																		Standard Error		0.1075332338

		5		1		5.99		1				2				1.5		0																		Median		6.385

		6		1		5.54		1				2.5				2		0																		Mode		5.49

		7		1		6.32		1				3				2.5		0																		Standard Deviation		1.0645247036

		8		1		5.51		1				3.5				3		0																		Sample Variance		1.1332128445

		9		1		6.06		1				4				3.5		0																		Kurtosis		0.0839142213

		10		2		4.83		0				4.5				4		0																		Skewness		0.795860583

		11		2		5.32		1				5				4.5		0																		Range		4.66

		12		2		7.06		1				5.5				5		1																		Minimum		4.83

		13		2		5.49		1				6				5.5		14																		Maximum		9.49

		14		2		7.76		1				6.5				6		18																		Sum		645.31

		15		2		7.43		1				7				6.5		20																		Count		98

		16		2		6.29		1				7.5				7		17

		17		2		6.53		1				8				7.5		11

		18		2		6.31		1				8.5				8		5

		19		2		5.21		1				9				8.5		5

		20		3		6.27		1				9.5				9		5

		21		3		6.84		1				10				9.5		2

		22		3		5.72		1								10		0

		23		3		5.45		1								More		0

		24		3		7.26		1

		25		3		6.27		1

		26		3		6.45		1								Bin		Frequency																		Section 1-6

		27		3		7.25		1								0		0

		28		3		6.83		1								0.5		0																		Mean		6.113968254

		29		3		5.28		1								1		0																		Standard Error		0.0855141792

		30		4		7.48		5								1.5		0																		Median		6.14

		31		4		5.09		1								2		0																		Mode		5.49

		32		4		5.82		1								2.5		0																		Standard Deviation		0.6787477551

		33		4		5.71		1								3		0																		Sample Variance		0.4606985151

		34		4		6.14		1								3.5		0																		Kurtosis		-0.5172621479

		35		4		6.72		1								4		0																		Skewness		0.3777091802

		36		4		5.59		1								4.5		0																		Range		2.93

		37		4		5.53		1								5		1																		Minimum		4.83

		38		4		5.58		1								5.5		13																		Maximum		7.76

		39		4		5.91		1								6		15																		Sum		385.18

		40		5		5.36		1								6.5		17																		Count		63

		41		5		5.65		1								7		10

		42		5		6.28		1								7.5		6

		43		5		5.72		1								8		1

		44		5		5.31		1								8.5		0

		45		5		6.5		1								9		0

		46		5		6.85		1								9.5		0

		47		5		5.66		1								10		0

		48		5		5.34		1								More		0

		49		5		6.13		1

		50		6		5.67		1

		51		6		5.47		1

		52		6		6.74		1

		53		6		6.58		1

		54		6		6.57		1								Bin		Frequency																		Sections 7 and 8

		55		6		6.41		1								0		0

		56		6		6.33		1								0.5		0																		Mean		7.4322857143

		57		6		5.88		1								1		0																		Standard Error		0.1884349901

		58		6		6.45		1								1.5		0																		Median		7.4

		59		6		6.24		1								2		0																		Mode

		60		6		6.25		1								2.5		0																		Standard Deviation		1.1147964354

		61		6		6.71		1								3		0																		Sample Variance		1.2427710924

		62		6		6.14		1								3.5		0																		Kurtosis		-0.897774781

		63		6		6.76		1								4		0																		Skewness		0.0522892127

		64		7		6.22		5								4.5		0																		Range		4.18

		65		7		6.89		1								5		0																		Minimum		5.31

		66		7		6.56		1								5.5		1																		Maximum		9.49

		67		7		5.85		5								6		3																		Sum		260.13

		68		7		7.52		5								6.5		3																		Count		35

		69		7		7.86		1								7		7

		70		7		6.53		1								7.5		5

		71		7		5.31		1								8		4

		72		7		8.86		1								8.5		5

		73		7		8.45		1								9		5

		74		7		8.28		1								9.5		2

		75		7		8.09		1								10		0

		76		7		6.36		5								More		0

		77		7		9.49		1

		78		7		8.99		1

		79		7		8.51		1

		80		8		5.71		5

		81		8		6.54		5

		82		8		7.4		1

		83		8		6.77		1

		84		8		9.47		1

		85		8		7.32		1

		86		8		6.85		1

		87		8		7.45		1

		88		8		7.18		1

		89		8		5.88		1

		90		8		6.87		1

		91		8		7.15		5

		92		8		8.73		5

		93		8		8.62		1

		94		8		8.32		5

		95		8		7.92		5

		96		8		7.59		5

		97		8		6.12		1

		98		8		8.47		1
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Sheet1

		Date				5-Dec-05

		Pull number		Section		Force (grams)		Break type				Bin

		1		1		5.49		1				0				Bin		Frequency																		All sections

		2		1		7.35		1				0.5				0		0

		3		1		5.01		0				1				0.5		0																		Mean		6.5847959184

		4		1		5.49		1				1.5				1		0																		Standard Error		0.1075332338

		5		1		5.99		1				2				1.5		0																		Median		6.385

		6		1		5.54		1				2.5				2		0																		Mode		5.49

		7		1		6.32		1				3				2.5		0																		Standard Deviation		1.0645247036

		8		1		5.51		1				3.5				3		0																		Sample Variance		1.1332128445

		9		1		6.06		1				4				3.5		0																		Kurtosis		0.0839142213

		10		2		4.83		0				4.5				4		0																		Skewness		0.795860583

		11		2		5.32		1				5				4.5		0																		Range		4.66

		12		2		7.06		1				5.5				5		1																		Minimum		4.83

		13		2		5.49		1				6				5.5		14																		Maximum		9.49

		14		2		7.76		1				6.5				6		18																		Sum		645.31

		15		2		7.43		1				7				6.5		20																		Count		98

		16		2		6.29		1				7.5				7		17

		17		2		6.53		1				8				7.5		11

		18		2		6.31		1				8.5				8		5

		19		2		5.21		1				9				8.5		5

		20		3		6.27		1				9.5				9		5

		21		3		6.84		1				10				9.5		2

		22		3		5.72		1								10		0

		23		3		5.45		1								More		0

		24		3		7.26		1

		25		3		6.27		1

		26		3		6.45		1								Bin		Frequency																		Column1

		27		3		7.25		1								0		0

		28		3		6.83		1								0.5		0																		Mean		6.113968254

		29		3		5.28		1								1		0																		Standard Error		0.0855141792

		30		4		7.48		5								1.5		0																		Median		6.14

		31		4		5.09		1								2		0																		Mode		5.49

		32		4		5.82		1								2.5		0																		Standard Deviation		0.6787477551

		33		4		5.71		1								3		0																		Sample Variance		0.4606985151

		34		4		6.14		1								3.5		0																		Kurtosis		-0.5172621479

		35		4		6.72		1								4		0																		Skewness		0.3777091802

		36		4		5.59		1								4.5		0																		Range		2.93

		37		4		5.53		1								5		1																		Minimum		4.83

		38		4		5.58		1								5.5		13																		Maximum		7.76

		39		4		5.91		1								6		15																		Sum		385.18

		40		5		5.36		1								6.5		17																		Count		63

		41		5		5.65		1								7		10

		42		5		6.28		1								7.5		6

		43		5		5.72		1								8		1

		44		5		5.31		1								8.5		0

		45		5		6.5		1								9		0

		46		5		6.85		1								9.5		0

		47		5		5.66		1								10		0

		48		5		5.34		1								More		0

		49		5		6.13		1

		50		6		5.67		1

		51		6		5.47		1

		52		6		6.74		1

		53		6		6.58		1

		54		6		6.57		1								Bin		Frequency																		Column1

		55		6		6.41		1								0		0

		56		6		6.33		1								0.5		0																		Mean		7.4322857143

		57		6		5.88		1								1		0																		Standard Error		0.1884349901

		58		6		6.45		1								1.5		0																		Median		7.4

		59		6		6.24		1								2		0																		Mode

		60		6		6.25		1								2.5		0																		Standard Deviation		1.1147964354

		61		6		6.71		1								3		0																		Sample Variance		1.2427710924

		62		6		6.14		1								3.5		0																		Kurtosis		-0.897774781

		63		6		6.76		1								4		0																		Skewness		0.0522892127

		64		7		6.22		5								4.5		0																		Range		4.18

		65		7		6.89		1								5		0																		Minimum		5.31

		66		7		6.56		1								5.5		1																		Maximum		9.49

		67		7		5.85		5								6		3																		Sum		260.13

		68		7		7.52		5								6.5		3																		Count		35

		69		7		7.86		1								7		7

		70		7		6.53		1								7.5		5

		71		7		5.31		1								8		4

		72		7		8.86		1								8.5		5

		73		7		8.45		1								9		5

		74		7		8.28		1								9.5		2

		75		7		8.09		1								10		0

		76		7		6.36		5								More		0

		77		7		9.49		1

		78		7		8.99		1

		79		7		8.51		1

		80		8		5.71		5

		81		8		6.54		5

		82		8		7.4		1

		83		8		6.77		1

		84		8		9.47		1

		85		8		7.32		1

		86		8		6.85		1

		87		8		7.45		1

		88		8		7.18		1

		89		8		5.88		1

		90		8		6.87		1

		91		8		7.15		5

		92		8		8.73		5

		93		8		8.62		1

		94		8		8.32		5

		95		8		7.92		5

		96		8		7.59		5

		97		8		6.12		1

		98		8		8.47		1
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