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1.0 Problem Statement

Threaded inserts are helically formed coils of diamond shaped steel wire that are threaded into a drilled and pre-tapped hole.  They provide a controlled level of friction to the installed screw or setscrew, which keeps the screw or setscrew in place even in a high vibration environment

Threaded inserts in particular pneumatic valve butterfly plates have a tendency to come loose when the setscrew is being installed.  When this happens, the valve usually must be disassembled and the butterfly plate removed in order to rework the butterfly plate to re-install a new insert and setscrew.  

The are different versions of this butterfly plate with different kinds of inserts and plate base materials.  It is unknown which combinations of materials, inserts and other factors are causing the problem.

After meeting with the technicians and engineers to review the information available related to this problem, it was determined that the 3163262-7 version of this plate (made from Inco 718) has the most problems with inserts coming out of the plate during assembly.  A second plate, PN 3163262-1 (made from Cres 347SS) has also experienced problems, but to a lesser extent.

The objective of this experiment is to determine which factors affect the loosening or movement of the threaded inserts in the butterfly plates.  Once these factors are identified, an optimal combination of factors and level settings will be used to minimize the insert movement.  Additional experimentation beyond this first experiment may be required.

2.0 Factors and Levels

A review of the problem with the team revealed five factors that could affect the anchoring of the inserts in its treaded bore.  These factors are as follows:

· Type of Tool- New tool or existing tool

· Use of cati-coat corrosion preventative  – No or Yes

· Thread Minor Diameter – 0.171" dia (tight) or 0.178" dia (loose)

· Thread Pitch Diameter – H2 or H5 (thread specification for this feature)

· Insert type – heliwire, helicoil or 10 digit

· Base Material- Inco718 or 347SS

Type of Tool 

A tool currently exists to install the inserts, this will be one factor level.  A new tool was purchased as a second factor level.  One of the insert manufacturers believes the tooling used can make a difference.

Cati-Coat

First-hand experience leads the technicians involved in the installation of inserts to believe that cati-coat corrosion preventative applied to the threaded hole prior to insert assembly helps to keep the insert in place. 

Minor Diameter and Pitch Diameter

There is an allowable tolerance on the threaded-hole size that the insert is installed in.  High and low settings were chosen for these two features that determine threaded hole size.  It is believed these two features have an effect on the amount of friction between the threaded hole and the insert.  These features are shown in the figure below.
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Insert

Three types of inserts are allowed on these butterfly plates.  The three types of inserts are commonly known as helicoil, heliwire, and 10-digit.

Material

The butterfly plates in question are made of two different materials.  These two materials will be the factor settings for this factor.  The materials are 347SS and Inco718.  Machined test plates of these materials will be used in the experiment instead of actual valve butterfly plates.

3.0 Response variables:

The response variable is movement of the insert.  The movement will be measured by angular displacement of the insert from its installed position.  This angular measurement was done visually by two people.  Any discrepancies of more than 10 degrees were reconciled with a review of the disputed measurement (sort of like a dimpled ballot in Palm Beach County, Florida).  The figure below gives an example of insert movement.
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4.0 Experimental Design

Factorial Design


Replicates
1

Experiments
96
No Blocks
6 factors



Name
Type
Low 
High 
Levels

Tooling
Categorical
Old
New
2

Cati-Coat
Categorical
No
Yes
2

Minor Di
Categorical
.171
.178
2

Pitch Di
Categorical
H2
H5
2

Insert Type
Categorical
10digit, Helicoil, Heliwire
3

Material
Categorical
Inco
347SS
2

5.0 Performing the Experiment

The experimental design called for 96 runs.  It was unreasonable to obtain 96 butterfly plates to use for this experiment.  To resolve this problem, two rectangular test beds were manufactured of the same material as the butterfly plates (Inco718 and 347SS).  The thickness of the beds were the same as in the butterfly plate application.  The length and width of the beds were large enough to allow the drilling and tapping of 108 holes in each plate.  The holes in the plate were drilled and tapped to include the factor settings of the Minor Dia and Pitch Dia factors.  The appendix shows a sketch of the plates and how the factors settings were applied to the holes.

The experimental runs were randomized in Minitab.  A label that identified each of the level settings for each treatment was created.  Each of these labels was assigned to an insert and placed in a small plastic bag.  All the bags were then placed in a tray in the random order provided by Minitab.  

The trays with the inserts were given to the technician.  The technician then took each bag in order, read the label, and inserted the insert into the proper hole with the proper tool and added cati-coat if required.  Please see the appendix for a photograph of the experimental layout.

After all the inserts were installed, a setscrew was run through each hole 3 times.  Each hole received a new setscrew.  Each setscrew was measured with a Go-No-Go gage prior to installation to verify that the setscrews used for this test were to print.

After running the setscrews through, the angular measurements were taken as described previously. 

6.0 Experiment Analysis

As indicated previously, the response variable measured during this experiment was the angular movement of the helicoil during installation of the setscrew.  Exhibit A in the Appendix shows the final summary of the results of the experiment including the angular movement measurement (Move1).

These results were analyzed using Minitab statistical analysis software.  Initially all of the terms were included in the analysis, but after reviewing these preliminary results third order and higher interactions were eliminated, thereby freeing up the necessary degrees of freedom to provide the following results:

General Linear Model: Move1 versus Tooling, Cati-coat, ...

Factor     Type Levels Values 

Tooling   fixed      2 Old New

Cati-coa  fixed      2 No  Yes

Minor Di  fixed      2 0.171 0.178

Pitch Di  fixed      2 H2 H5

Insert T  fixed      3 10digit  helicoil heliwire

Material  fixed      2 Inco718 SS347  

Analysis of Variance for Move1, using Adjusted SS for Tests

Source              DF     Seq SS     Adj SS     Adj MS       F      P

Tooling              1      27676      27676      27676    3.53  0.065

Cati-coa             1         48         48         48    0.01  0.938

Minor Di             1     106001     106001     106001   13.51  0.000

Pitch Di             1      42001      42001      42001    5.35  0.024

Insert T             2      44635      44635      22317    2.84  0.065

Material             1      83544      83544      83544   10.65  0.002

Tooling*Cati-coa     1       4030       4030       4030    0.51  0.476

Tooling*Minor Di     1      17496      17496      17496    2.23  0.140

Tooling*Pitch Di     1       1080       1080       1080    0.14  0.712

Tooling*Insert T     2       8083       8083       4041    0.52  0.600

Tooling*Material     1       6700       6700       6700    0.85  0.359

Cati-coa*Minor Di    1      25285      25285      25285    3.22  0.077

Cati-coa*Pitch Di    1       8817       8817       8817    1.12  0.293

Cati-coa*Insert T    2       5932       5932       2966    0.38  0.687

Cati-coa*Material    1       4004       4004       4004    0.51  0.477

Minor Di*Pitch Di    1      11660      11660      11660    1.49  0.227

Minor Di*Insert T    2      71210      71210      35605    4.54  0.014

Minor Di*Material    1      46728      46728      46728    5.96  0.017

Pitch Di*Insert T    2       3039       3039       1520    0.19  0.824

Pitch Di*Material    1      15000      15000      15000    1.91  0.171

Insert T*Material    2      11372      11372       5686    0.72  0.488

Error               68     533526     533526       7846

Total               95    1077868  

Unusual Observations for Move1   

Obs     Move1       Fit      SE Fit  Residual   St Resid

 15   720.000   391.292      47.837   328.708      4.41R 

 40   420.000   270.354      47.837   149.646      2.01R 

 43   345.000   130.875      47.837   214.125      2.87R 

 44   315.000   119.979      47.837   195.021      2.62R 

 50   220.000    64.896      47.837   155.104      2.08R 

 93    55.000   210.604      47.837  -155.604     -2.09R 

 The three important second order interactions, which are bolded in the above printout, were left in the model and the remaining second order interactions were eliminated, as shown in the following session window printout.

General Linear Model: Move1 versus Tooling, Cati-coat, ...

Factor     Type Levels Values 

Tooling   fixed      2 Old New

Cati-coa  fixed      2 No  Yes

Minor Di  fixed      2 0.171 0.178

Pitch Di  fixed      2 H2 H5

Insert T  fixed      3 10digit  helicoil heliwire

Material  fixed      2 Inco718 SS347  

Analysis of Variance for Move1, using Adjusted SS for Tests

Source              DF     Seq SS     Adj SS     Adj MS       F      P

Tooling              1      27676      27676      27676    3.69  0.058

Cati-coa             1         48         48         48    0.01  0.936

Minor Di             1     106001     106001     106001   14.12  0.000

Pitch Di             1      42001      42001      42001    5.59  0.020

Insert T             2      44635      44635      22317    2.97  0.057

Material             1      83544      83544      83544   11.13  0.001

Cati-coa*Minor Di    1      25285      25285      25285    3.37  0.070

Minor Di*Insert T    2      71210      71210      35605    4.74  0.011

Minor Di*Material    1      46728      46728      46728    6.22  0.015

Error               84     630739     630739       7509

Total               95    1077868  

Unusual Observations for Move1   

Obs     Move1       Fit      SE Fit  Residual   St Resid

 15   720.000   278.167      30.637   441.833      5.45R 

 22   360.000   168.417      30.637   191.583      2.36R 

 40   420.000   244.208      30.637   175.792      2.17R 

 42     5.000   202.375      30.637  -197.375     -2.44R 

 43   345.000   133.208      30.637   211.792      2.61R 

R denotes an observation with a large standardized residual.

As can be seen from the above printout five of the six main effects are statistically significant (or marginally so) at the ( = .05 level.  All three of the two factor interactions are statistically significant (or marginally so) at that same level.

The next step in the analysis was to examine the residuals plots to verify that none of the assumptions had been violated.  This analysis revealed that a problem existed with respect to the assumptions.  As shown on the following page, the normal probability plot was not that bad.  The residuals vs. fitted values plot, also on the following page, showed a severe fanning effect.  Because this fanning effect was so pronounced.  It was decided that the data would have to be transformed in order to correct for the violation of the constant variance assumption.
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Using the Box-Cox transformation feature of Minitab a new response variable was developed called Move2.  This response variable is defined by the following equation.

Move2 = Move1.112

The Minitab analysis output to calculate the lambda value follows.  As shown below the optimal lambda value to minimize the standard deviation of the residuals is .112, which is used in the above equation to transform the response variable to the Move2 response variable.  The Move2 response variable is used in the remainder of the analyses of this report.
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Using the transformed response variable the data was reanalyzed and the reduced model illustrated in the following Minitab session window output was obtained.  As can be seen in a comparison of this model result with the previous model, there are many similarities.  A striking difference however is the fact that cati-coat and insert main factors have switched relevancy as a result of the transformation.  In the original model cati-coat was statistically irrelevant and insert marginally relevant.  In the final model these two factors have switched.

General Linear Model: Move2 versus Tooling, Cati-coat, ...

Factor     Type Levels Values 

Tooling   fixed      2 Old New

Cati-coa  fixed      2 No  Yes

Minor Di  fixed      2 0.171 0.178

Pitch Di  fixed      2 H2 H5

Insert T  fixed      3 10digit  helicoil heliwire

Material  fixed      2 Inco718 SS347  

Analysis of Variance for Move2, using Adjusted SS for Tests

Source              DF     Seq SS     Adj SS     Adj MS       F      P

Tooling              1    0.09900    0.09900    0.09900    2.97  0.089

Cati-coa             1    0.25513    0.25513    0.25513    7.64  0.007

Minor Di             1    0.45166    0.45166    0.45166   13.53  0.000

Pitch Di             1    0.39396    0.39396    0.39396   11.80  0.001

Insert T             2    0.01929    0.01929    0.00964    0.29  0.750

Material             1    0.37167    0.37167    0.37167   11.13  0.001

Tooling*Minor Di     1    0.16427    0.16427    0.16427    4.92  0.029

Cati-coa*Minor Di    1    0.16124    0.16124    0.16124    4.83  0.031

Minor Di*Insert T    2    0.24879    0.24879    0.12440    3.73  0.028

Minor Di*Material    1    0.20417    0.20417    0.20417    6.12  0.015

Error               83    2.77121    2.77121    0.03339

Total               95    5.14040  

Unusual Observations for Move2   

Obs     Move2       Fit      SE Fit  Residual   St Resid

  4   1.00000   1.35120     0.06724  -0.35120     -2.07R 

 27   1.00000   1.52314     0.06724  -0.52314     -3.08R 

 42   1.19725   1.59237     0.06724  -0.39512     -2.33R 

 43   1.92256   1.52265     0.06724   0.39990      2.35R 

 74   1.00000   1.37570     0.06724  -0.37570     -2.21R 

The following three illustrations are the assumption checks for the new model.  As seen in these plots the new model shows much improvement for the required assumptions.  There is better randomization with respect to fitted values, the residuals are normally distributed and the residuals are well distributed with respect to run order.
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The main effects plot and the interaction plot for the final model (transformed data) are illustrated on the following page.

These plots show some interesting results.  First it appears that the type of insert has little effect on the movement of the inserts.  This is confirmed by the low P-values experienced as indicated in the session window printout for this model.

Additionally, the type of tooling used is only marginally important, with a P-value of .089.

The other main factors, minor diameter, pitch diameter, material and cati-coat were all important in minimizing the movement of the inserts. 

The most important fact with respect to interactions is the material vs. insert interaction.  The interaction graph for this experiment shows that the helicoil inserts perform better in Inco 718 material and the heliwire inserts perform better in 347 SS material.
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7. Conclusions:
It was very disturbing initially to see the non-constant variance assumption violated.  The transformed data however provided a very good model, as illustrated in the plots used to test the three primary assumptions.  One reason for the non-constant variance (in the opinion of the authors) is the fact that the inserts were not limited at the upper limit on how far they could slip.  There was however a lower limit in the sense that the inserts could not slip less than zero degrees.   Additionally, it is theorized that the larger the slip which occurs, the greater the variability in the amount of slip that occurs (see figure below).  Both of these factors contributed to the fanning effect seen in the residuals versus fitted values plot for the first model.
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Based on this experiment, the factor settings to reduce the insert movement for the two butterfly plates are the following:

	 For Inconel 718 Butterfly Plates
	For 347SS Butterfly Plates

	Either tools is adequate
	Either tools is adequate

	No cati-coat
	No cati-coat

	.178" minor dia
	.178" minor dia

	H5 pitch dia callout
	H5 pitch dia callout

	Helicoil insert
	Heliwire insert


Appendix

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22

	
	23
	24
	25
	26
	27
	
	28
	29
	30
	31
	32

	
	33
	34
	35
	36
	37
	38
	39
	40
	41
	42
	43

	
	44
	45
	46
	47
	48
	49
	50
	51
	52
	53
	54

	
	
	
	
	
	
	
	
	
	
	
	

	
	55
	56
	57
	58
	59
	60
	61
	62
	63
	64
	65

	
	66
	67
	68
	69
	70
	71
	72
	73
	74
	75
	76

	
	77
	78
	79
	80
	81
	
	82
	83
	84
	85
	86

	
	87
	88
	89
	90
	91
	92
	93
	94
	95
	96
	97

	
	98
	99
	100
	101
	102
	103
	104
	105
	106
	107
	108

	
	
	
	
	
	
	
	
	
	
	
	


Instructions:

Drill and tap 108 holes per the information provided above on each of the two test plates.

The PN 18812-1 plate is Inco 718.  Use two of the H2 taps and two of the H5 tap for the Inco plate.

· Tap holes 1 thru 27 with one H2 tap

· Tap holes 55 thru 81 with the other H2 tap

· Tap holes 28 thru 54 with one H5 tap

· Tap holes 82 thru 108 with the other H5 tap

The PN 18812-1 plate is SS 347.  Use one  H2 tap and one H5 taps for the SS 347 plate.

· Tap holes 1 thru 27 and 55 thru 81 with one H2 tap

· Tap holes 28 thru 54 and 82 thru 108 with the H5 tap

Alternate back and forth between the small diameter holes and the big diameter holes to accommodate tool wear.  I.e., With H2 tap hole 1 first, then hole 55, then hole 2, then hole 56, etc.  Same thing for H5 tap.  Tap hole 28 first, then hole 82, then hole 29, then hole 83, etc.

Sorry about that, but it’s the only way to account for tool wear in this experiment.
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Instructions:

Drill and tap 108 holes per the information provided above on each of the two test plates.

The PN 18812-1 plate is Inco 718.  Use two of the H2 taps and two of the H5 tap for the Inco plate.

· Tap holes 1 thru 27 with one H2 tap

· Tap holes 55 thru 81 with the other H2 tap

· Tap holes 28 thru 54 with one H5 tap

· Tap holes 82 thru 108 with the other H5 tap

The PN 18812-1 plate is SS 347.  Use one  H2 tap and one H5 taps for the SS 347 plate.

· Tap holes 1 thru 27 and 55 thru 81 with one H2 tap

· Tap holes 28 thru 54 and 82 thru 108 with the H5 tap

Alternate back and forth between the small diameter holes and the big diameter holes to accommodate tool wear.  I.e., With H2 tap hole 1 first, then hole 55, then hole 2, then hole 56, etc.  Same thing for H5 tap.  Tap hole 28 first, then hole 82, then hole 29, then hole 83, etc.

Sorry about that, but it’s the only wear to account for tool wear in this experiment.
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Exhibit A: Experiment Results

	StdOrder
	RunOrder
	Blocks
	Tooling
	Cati-coat
	Minor Diameter
	Pitch Diameter
	Insert Type
	Material
	Move1

	84
	1
	1
	New
	Yes
	0.171
	H5
	heliwire
	SS347
	5

	24
	2
	1
	Old
	No
	0.178
	H5
	heliwire
	SS347
	5

	45
	3
	1
	Old
	Yes
	0.178
	H5
	helicoil
	Inco718
	90

	13
	4
	1
	Old
	No
	0.178
	H2
	10digit
	Inco718
	0

	40
	5
	1
	Old
	Yes
	0.178
	H2
	helicoil
	SS347
	55

	58
	6
	1
	New
	No
	0.171
	H5
	helicoil
	SS347
	25

	68
	7
	1
	New
	No
	0.178
	H5
	10digit
	SS347
	5

	61
	8
	1
	New
	No
	0.178
	H2
	10digit
	Inco718
	5

	59
	9
	1
	New
	No
	0.171
	H5
	heliwire
	Inco718
	40

	48
	10
	1
	Old
	Yes
	0.178
	H5
	heliwire
	SS347
	10

	20
	11
	1
	Old
	No
	0.178
	H5
	10digit
	SS347
	5

	16
	12
	1
	Old
	No
	0.178
	H2
	helicoil
	SS347
	15

	53
	13
	1
	New
	No
	0.171
	H2
	heliwire
	Inco718
	85

	41
	14
	1
	Old
	Yes
	0.178
	H2
	heliwire
	Inco718
	80

	1
	15
	1
	Old
	No
	0.171
	H2
	10digit
	Inco718
	540

	60
	16
	1
	New
	No
	0.171
	H5
	heliwire
	SS347
	10

	23
	17
	1
	Old
	No
	0.178
	H5
	heliwire
	Inco718
	5

	94
	18
	1
	New
	Yes
	0.178
	H5
	helicoil
	SS347
	10

	35
	19
	1
	Old
	Yes
	0.171
	H5
	heliwire
	Inco718
	50

	85
	20
	1
	New
	Yes
	0.178
	H2
	10digit
	Inco718
	100

	7
	21
	1
	Old
	No
	0.171
	H5
	10digit
	Inco718
	180

	5
	22
	1
	Old
	No
	0.171
	H2
	heliwire
	Inco718
	360

	95
	23
	1
	New
	Yes
	0.178
	H5
	heliwire
	Inco718
	30

	46
	24
	1
	Old
	Yes
	0.178
	H5
	helicoil
	SS347
	5

	63
	25
	1
	New
	No
	0.178
	H2
	helicoil
	Inco718
	5

	11
	26
	1
	Old
	No
	0.171
	H5
	heliwire
	Inco718
	35

	81
	27
	1
	New
	Yes
	0.171
	H5
	helicoil
	Inco718
	0

	74
	28
	1
	New
	Yes
	0.171
	H2
	10digit
	SS347
	110

	83
	29
	1
	New
	Yes
	0.171
	H5
	heliwire
	Inco718
	95

	26
	30
	1
	Old
	Yes
	0.171
	H2
	10digit
	SS347
	95

	67
	31
	1
	New
	No
	0.178
	H5
	10digit
	Inco718
	20

	42
	32
	1
	Old
	Yes
	0.178
	H2
	heliwire
	SS347
	30

	44
	33
	1
	Old
	Yes
	0.178
	H5
	10digit
	SS347
	45

	96
	34
	1
	New
	Yes
	0.178
	H5
	heliwire
	SS347
	5

	6
	35
	1
	Old
	No
	0.171
	H2
	heliwire
	SS347
	5

	17
	36
	1
	Old
	No
	0.178
	H2
	heliwire
	Inco718
	115

	38
	37
	1
	Old
	Yes
	0.178
	H2
	10digit
	SS347
	150

	31
	38
	1
	Old
	Yes
	0.171
	H5
	10digit
	Inco718
	115

	92
	39
	1
	New
	Yes
	0.178
	H5
	10digit
	SS347
	30

	49
	40
	1
	New
	No
	0.171
	H2
	10digit
	Inco718
	420

	89
	41
	1
	New
	Yes
	0.178
	H2
	heliwire
	Inco718
	120

	55
	42
	1
	New
	No
	0.171
	H5
	10digit
	Inco718
	5

	8
	43
	1
	Old
	No
	0.171
	H5
	10digit
	SS347
	345

	79
	44
	1
	New
	Yes
	0.171
	H5
	10digit
	Inco718
	315

	29
	45
	1
	Old
	Yes
	0.171
	H2
	heliwire
	Inco718
	55

	50
	46
	1
	New
	No
	0.171
	H2
	10digit
	SS347
	5

	82
	47
	1
	New
	Yes
	0.171
	H5
	helicoil
	SS347
	30


	StdOrder
	RunOrder
	Blocks
	Tooling
	Cati-coat
	Minor Diameter
	Pitch Diameter
	Insert Type
	Material
	Move1

	66
	48
	1
	New
	No
	0.178
	H2
	heliwire
	SS347
	20

	19
	49
	1
	Old
	No
	0.178
	H5
	10digit
	Inco718
	0

	47
	50
	1
	Old
	Yes
	0.178
	H5
	heliwire
	Inco718
	220

	71
	51
	1
	New
	No
	0.178
	H5
	heliwire
	Inco718
	55

	27
	52
	1
	Old
	Yes
	0.171
	H2
	helicoil
	Inco718
	270

	22
	53
	1
	Old
	No
	0.178
	H5
	helicoil
	SS347
	5

	32
	54
	1
	Old
	Yes
	0.171
	H5
	10digit
	SS347
	60

	64
	55
	1
	New
	No
	0.178
	H2
	helicoil
	SS347
	100

	90
	56
	1
	New
	Yes
	0.178
	H2
	heliwire
	SS347
	95

	65
	57
	1
	New
	No
	0.178
	H2
	heliwire
	Inco718
	40

	52
	58
	1
	New
	No
	0.171
	H2
	helicoil
	SS347
	75

	73
	59
	1
	New
	Yes
	0.171
	H2
	10digit
	Inco718
	115

	18
	60
	1
	Old
	No
	0.178
	H2
	heliwire
	SS347
	20

	86
	61
	1
	New
	Yes
	0.178
	H2
	10digit
	SS347
	20

	57
	62
	1
	New
	No
	0.171
	H5
	helicoil
	Inco718
	20

	54
	63
	1
	New
	No
	0.171
	H2
	heliwire
	SS347
	20

	70
	64
	1
	New
	No
	0.178
	H5
	helicoil
	SS347
	35

	93
	65
	1
	New
	Yes
	0.178
	H5
	helicoil
	Inco718
	50

	43
	66
	1
	Old
	Yes
	0.178
	H5
	10digit
	Inco718
	40

	21
	67
	1
	Old
	No
	0.178
	H5
	helicoil
	Inco718
	15

	9
	68
	1
	Old
	No
	0.171
	H5
	helicoil
	Inco718
	140

	78
	69
	1
	New
	Yes
	0.171
	H2
	heliwire
	SS347
	45

	28
	70
	1
	Old
	Yes
	0.171
	H2
	helicoil
	SS347
	180

	75
	71
	1
	New
	Yes
	0.171
	H2
	helicoil
	Inco718
	45

	87
	72
	1
	New
	Yes
	0.178
	H2
	helicoil
	Inco718
	40

	14
	73
	1
	Old
	No
	0.178
	H2
	10digit
	SS347
	40

	56
	74
	1
	New
	No
	0.171
	H5
	10digit
	SS347
	0

	33
	75
	1
	Old
	Yes
	0.171
	H5
	helicoil
	Inco718
	115

	77
	76
	1
	New
	Yes
	0.171
	H2
	heliwire
	Inco718
	75

	30
	77
	1
	Old
	Yes
	0.171
	H2
	heliwire
	SS347
	10

	15
	78
	1
	Old
	No
	0.178
	H2
	helicoil
	Inco718
	5

	10
	79
	1
	Old
	No
	0.171
	H5
	helicoil
	SS347
	15

	91
	80
	1
	New
	Yes
	0.178
	H5
	10digit
	Inco718
	10

	62
	81
	1
	New
	No
	0.178
	H2
	10digit
	SS347
	10

	80
	82
	1
	New
	Yes
	0.171
	H5
	10digit
	SS347
	20

	25
	83
	1
	Old
	Yes
	0.171
	H2
	10digit
	Inco718
	210

	4
	84
	1
	Old
	No
	0.171
	H2
	helicoil
	SS347
	25

	88
	85
	1
	New
	Yes
	0.178
	H2
	helicoil
	SS347
	45

	12
	86
	1
	Old
	No
	0.171
	H5
	heliwire
	SS347
	15

	69
	87
	1
	New
	No
	0.178
	H5
	helicoil
	Inco718
	5

	39
	88
	1
	Old
	Yes
	0.178
	H2
	helicoil
	Inco718
	25

	3
	89
	1
	Old
	No
	0.171
	H2
	helicoil
	Inco718
	165

	72
	90
	1
	New
	No
	0.178
	H5
	heliwire
	SS347
	10

	37
	91
	1
	Old
	Yes
	0.178
	H2
	10digit
	Inco718
	50

	36
	92
	1
	Old
	Yes
	0.171
	H5
	heliwire
	SS347
	25

	2
	93
	1
	Old
	No
	0.171
	H2
	10digit
	SS347
	55

	76
	94
	1
	New
	Yes
	0.171
	H2
	helicoil
	SS347
	15

	34
	95
	1
	Old
	Yes
	0.171
	H5
	helicoil
	SS347
	30

	51
	96
	1
	New
	No
	0.171
	H2
	helicoil
	Inco718
	150





Inco 718





Helicoil Test Bed Hole Pattern

















SS 347





Helicoil Test Bed Hole Pattern

















1

12/13/00

