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Mechanical QC on FXA-001

T. Arkan, 09/13/01

Mechanical measurements on FXA-001 were done with the mechanical Coordinate Measuring Machine (CMM) at QC laboratory in IB4. The brand name of the CMM is Cordax. It has a 2.5-micron accuracy. More information about this machine can be reached by contacting Robert Riley, the CMM operator at Technical Division.  Robert also conducted the mechanical measurements on FXA-001.

The measurements were done during two days (08/01/01 and 08/02/01) including the initial setup and repeated measurements. No actual timing of the actual measurement process was recorded. Assuming it was the first time that FXA-001 was measured, it was necessary to write the probe path program for CMM. 

The temperature in the QC laboratory is usually stable and monitored within +- 2 degree F and it was recorded as 74~75 degree F in the room during the measurements for both days. No direct contact temperature measurements were taken on the structure itself.

The features that were measured with mechanical QC on completed FXA-001 are:

· RF Copper Disk Center Coordinates (Straightness of the Structure)

· Center Coordinates of the Beam Tubes near each end of each Beam Tube (2-places for each tube where the weld preps are machined)

· Perpendicularity of the RF Couplers to the RF Disk Stack

Figure 1 shows FXA-001 on the CMM during measurements. The measurements were done when the structure was set vertically from the input coupler face on gage blocks and tied to some support rods with tape.
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Figure 1: FXA-001 during Mechanical QC at IB4 QC Laboratory

-RF Copper Disk Center Coordinates:

These data also represents the straightness of the RF disks with respect to Z-axis.

The procedure for the measurements is to output the diameter and form along with the coordinates for each diametrical feature.

Z-axis is aligned between end disks (Disk# 1 and Disk# 20). Rotational alignment is on the tuning holes at the top of the RF disk to the left.

Eight data points were measured on the outside surface for each RF disks. A best circle fit was performed. Z-axis is the center of the circles. X, Y coordinates of the first circle and the last circle were set as 0.000 mm, 0.000 mm. With this approach, Z-axis is the center of each RF disks, an imaginary longitudinal axis passing from the center of each RF disk iris. The procedure is explained in Figure 2 and 3.
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Figure 2: Best Circle Fit for RF Disks
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Figure 3: Best Circle Fit and Z Axis Definition for RF Disk Stack

Z is set equal to 0.000 mm at the input coupler side facing RF disk# 1.

X-axis is set to be the coordinate sidewise towards the RF flanges from the center of each disk iris (z axis).

Y-axis is set to be the coordinate up and down wise from the center of each disk iris (z axis). 

Moving along Z-axis, 

Z=0.000 mm at the input coupler side facing Disk# 1

Z=165.826 mm at the output coupler side facing Disk# 20

The X, Y displacement in Cartesian coordinates of each RF disks is given in Table 1 along with the Z distance where the data were taken. The same data is also presented in Polar coordinates in Table 2 and it is explained in Figure 4.

	Disk #
	X displacement (Micron)
	Y displacement (Micron)
	Distance in Z (mm)

	1
	0.00
	0.00
	2.758

	2
	-12.70
	-2.54
	8.555

	3
	-12.70
	-5.08
	16.998

	4
	-20.32
	-10.16
	25.532

	5
	-30.48
	-5.08
	35.677

	6
	-35.56
	-10.16
	44.356

	7
	-40.64
	-15.24
	52.565

	8
	-48.26
	-17.78
	61.234

	9
	-45.72
	-25.40
	69.390

	10
	-50.80
	-30.48
	77.673

	11
	-60.96
	-30.48
	86.629

	12
	-60.96
	-27.94
	95.832

	13
	-63.50
	-17.78
	104.508

	14
	-63.50
	-10.16
	112.832

	15
	-55.88
	-10.16
	121.600

	16
	-45.72
	-10.16
	130.564

	17
	-30.48
	-5.08
	139.057

	18
	5.08
	-2.54
	149.971

	19
	0.00
	-2.54
	156.413

	20
	0.00
	0.00
	165.826


Table 1: RF Copper Disk Center Coordinates

	Disk #

Center Displacement (Micron)

Angle (Radian)

1

0.00

3.12

2

12.70

3.34

3

12.70

3.59

4

22.86

3.68

5

30.48

3.27

6

35.56

3.40

7

43.18

3.50

8

50.80

3.48

9

50.80

3.65

10

58.42

3.70

11

68.58

3.63

12

68.58

3.57

13

66.04

3.40

14

63.50

3.39

15

55.88

3.32

16

48.26

3.36

17

30.48

3.29

18

5.08

5.87

19

2.54

4.05

20

0.00

3.16

Table 2: RF Disks Center Coordinates (Polar Coordinates)
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Figure 4: RF Disk’s Center Displacement Definition

 Table 3 presents the diameter of the best-fitted circle for the eight data point taken from the outer surface of the RF disks. The roundness is the difference between the maximum and minimum of the data points. The procedure is explained in the Figure 5. The data is also plotted in Figure 10 and 11.
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Figure 5: Roundness Definition of the RF Disks

Disk #

OD (Millimeter)

Roundness (Micron)

1

45.001

10.16

2

44.991

15.24

3

44.988

17.78

4

44.994

22.86

5

45.011

10.16

6

45.006

10.16

7

45.004

7.62

8

45.004

12.70

9

45.004

10.16

10

45.006

7.62

11

45.004

15.24

12

45.001

7.62

13

44.999

10.16

14

45.001

15.24

15

45.004

12.70

16

45.001

15.24

17

45.001

12.70

18

44.999

2.54

19

44.994

12.70

20

44.988

7.62

 Table 3: OD and Roundness of the RF Disks

X, Y coordinates of the center displacement for each RF disks is plotted in Figure 6. From the data, it is seen that there is maximum of 60-micron bow in X direction and 30-micron bow in Y direction.

A second order polynomial fit was done in order to present the data for both bows in X and Y direction. Also average mean and standard deviation is calculated for twenty RF disks X, Y center displacement data.
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Figure 6: RF Copper Disk Center Coordinates

Average mean and Standard deviation are calculated from the raw data with standard statistical formulas:

Where, n=20:

Average Mean=
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Standard Deviation:
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Disk-to-Disk X, Y Center Coordinates displacement is also calculated by subtracting the coordinate values of the two consecutive data point. The entire dimensions in Table 4 are in microns. The data is also presented in Figure 7.

Disk #

X displacement

Y displacement

Delta (Xi+1 - Xi)

Delta (Yi+1 - Yi)

1

0.00

0.00

2

-12.70

-2.54

-12.70

-2.54

3

-12.70

-5.08

0.00

-2.54

4

-20.32

-10.16

-7.62

-5.08

5

-30.48

-5.08

-10.16

5.08

6

-35.56

-10.16

-5.08

-5.08

7

-40.64

-15.24

-5.08

-5.08

8

-48.26

-17.78

-7.62

-2.54

9

-45.72

-25.40

2.54

-7.62

10

-50.80

-30.48

-5.08

-5.08

11

-60.96

-30.48

-10.16

0

12

-60.96

-27.94

0.00

2.54

13

-63.50

-17.78

-2.54

10.16

14

-63.50

-10.16

0.00

7.62

15

-55.88

-10.16

7.62

0

16

-45.72

-10.16

10.16

0

17

-30.48

-5.08

15.24

5.08

18

5.08

-2.54

35.56

2.54

19

0.00

-2.54

-5.08

0

20

0.00

0.00

0.00

2.54

Table 4: Disk-to-Disk X, Y Center Coordinates Displacement
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Figure 7: Disk to Disk X, Y Deviation

The Center Displacement in Polar Coordinated for the entire 20 disks in shown in Figure 8. And the disk-to-disk center displacement in polar coordinated is shown in figure 9.
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Figure 8: RF Copper Disk Center Displacements in Polar Coordinates
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Figure 9: Disk to Disk Center Displacement
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Figure 10: OD of the RF Disks with best fitted Circle
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Figure 11: Roundness of the 8 points taken on the OD of the disks to the best fitted Circle

-Center Coordinates of the Beam Tubes near each end of each Beam Tube:

These data also represents the straightness of the beam tubes with respect to the axis of the RF disks.

Eight data points were taken around the outer surface of the beam tubes. A best circle was fitted and the OD was calculated from the best-fitted circle. The roundness is difference between the maximum and minimum of the eight points.

Z=0.000 mm at the input coupler side facing Disk #1:

Output Coupler Tube: 

Bottom of the tube Z=200.932 mm, OD=25.380 mm, Roundness=7.62 micron

X deviation: 109.22 micron

Y deviation: 2.54 micron

Center Deviation: 109.22 micron, Angle: 0.014 radian (Polar Coordinates)

Top of the tube: Z=260.299 mm, OD=24.597 mm, Roundness=10.16 micron

X deviation: -48.26 micron

Y deviation: -302.26 micron

Center Deviation: 307.34 micron, Angle: 4.552 radian (Polar Coordinates)

Input Coupler Tube:

Bottom of the tube Z=-7.753 mm, OD=24.599 mm, Roundness=7.62 micron

X deviation: 48.26 micron

Y deviation: 208.28 micron

Center Deviation: 231.26 micron, Angle: 1.337 radian (Polar Coordinates)

Top of the tube: Z=-23.246 mm, OD=25.364 mm, Roundness=2.54 micron

X deviation: -33.02 micron

Y deviation: -17.78 micron

Center Deviation: 35.56 micron, Angle: 3.617 radian (Polar Coordinates)



	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	-Perpendicularity of the RF Couplers to the RF Disk Stack:

The perpendicularity of the input and output coupler is measured. The Z axis which is the passed through the center of the best fitted circles after taken 8 data points on the outside surface of the RF disks is also used as reference for these measurements.

The ISO flatness of the input coupler is measured on its side facing disk #1, and by definition Z=0.000 mm at this surface. The ISO flatness of the output coupler is also measured on its side facing the opposite of where the disk #20 resides. Z is measured as 169.589 mm. The flatness values can be found in Table 5 and 6.

The ANSI perpendicularity for input and output coupler is measured and presented in Table 5 and 6.

The angle between the ideal X-Y plane and the X-Y plane that coupler was rotated is measured for both couplers and presented in Table 5 and 6.

The rotations of the couplers are presented in unit vectors. The unit vector in Z-axis is equal to 0.99999 and it was round off to 1 in Table 5 and 6. The values of the unit vectors do not have and units and the angle between the X, Y and Z axis and the coupler plane can be calculated by the cosine-1 and sine-1 of the unit vectors. These calculations are made and the values are presented in Table 5 and 6.

Figure 12 presents the general definition of ISO Flatness and ANSI Perpendicularity.

Figure 13 presents the general definition of unit vector system within a 3D Cartesian Coordinate system.

Input Coupler:
	
	

	ACTUAL

NOMINAL

DEV

Z (Millimeter)

0.000

0.000

0.000

Flatness (Micron)

7.62

ANSI Perpendicularity (Micron)

17.78

I

-0.0001

0.0000

-0.0001

J

-0.0002

0.0000

-0.0002

K

1.0000

0.0000

0.0000

Angle to XY Plane 

(Z axis)

(Milli-Radian)

0.21

0

0.21

Angle to +X Axis

(Milli-Radian)

1.5708

0

1.5708

Angle to +Y Axis

(Milli-Radian)
1.5709

0

1.5709

Table 5: Perpendicularity Measurements for Input Coupler

Output Coupler:

ACTUAL

NOMINAL

DEV

Z (Millimeter)

0.000

0.000

169.589

Flatness (Micron)

10.16

ANSI Perpendicularity (Micron)

149.86

I

-0.0012

0.0000

0.0012

J

-0.0006

0.0000

-0.0006

K

1.0000

0.0000

0  .0000

Angle to XY Plane

(Z axis)

(Milli-Radian)
1.29

0

1.29

Angle to +X Axis

(Milli-Radian)

1.5695

0

1.5695

Angle to +Y Axis

(Milli-Radian)
1.5713

0

1.5713

Table 6: Perpendicularity Measurements for Output Coupler
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Figure 12: ISO Flatness and ANSI Perpendicularity Definitions
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Figure 13: Unit Vector Coordinate System for 
RF Coupler Perpendicularity Measurements

Output Coupler


Z= 165.826 mm





Input Coupler


Z= 0.000 mm
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Tuning Holes are rotated to 270 degree





Disk# 1
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Beam Tube Measurements


(2 Places)





Ave. Mean:


X: -33.36


Y:  -11.94





Std. Deviation:


X: 23.61


Y: 10.03





Z is set to be equal to 0.000mm at the input coupler side facing disk #1 side matching the coupler.





Z is set to be equal to 165.826 mm at the output coupler side facing disk# 20 side matching the coupler





CD= Center Displacement





CD=0 for Disk #1 and #20


by definition of Z axis
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Sheet1

		Straightness of the Structure

		Moving along Z axis, z=0 inch at input coupler, z=6.5286 inch at output coupler

		Disk #		X displacement		Y displacement		X displacement		Y displacement		Delta (Xi+1 - Xi)		Delta (Yi+1 - Yi)								Center Displacement		Delta (CDi+1-CDi)

		1		0		0		0.00		0.00												0

		2		-0.0005		-0.0001		-12.70		-2.54		-12.70		-2.54								12.7		12.7

		3		-0.0005		-0.0002		-12.70		-5.08		0.00		-2.54								12.7		0

		4		-0.0008		-0.0004		-20.32		-10.16		-7.62		-5.08								22.86		10.16

		5		-0.0012		-0.0002		-30.48		-5.08		-10.16		5.08								30.48		7.62

		6		-0.0014		-0.0004		-35.56		-10.16		-5.08		-5.08								35.56		5.08

		7		-0.0016		-0.0006		-40.64		-15.24		-5.08		-5.08								43.18		7.62

		8		-0.0019		-0.0007		-48.26		-17.78		-7.62		-2.54								50.8		7.62

		9		-0.0018		-0.001		-45.72		-25.40		2.54		-7.62								50.8		0

		10		-0.002		-0.0012		-50.80		-30.48		-5.08		-5.08								58.42		7.62

		11		-0.0024		-0.0012		-60.96		-30.48		-10.16		0								68.58		10.16

		12		-0.0024		-0.0011		-60.96		-27.94		0.00		2.54								68.58		0

		13		-0.0025		-0.0007		-63.50		-17.78		-2.54		10.16								66.04		-2.54

		14		-0.0025		-0.0004		-63.50		-10.16		0.00		7.62								63.5		-2.54

		15		-0.0022		-0.0004		-55.88		-10.16		7.62		0								55.88		-7.62

		16		-0.0018		-0.0004		-45.72		-10.16		10.16		0								48.26		-7.62

		17		-0.0012		-0.0002		-30.48		-5.08		15.24		5.08								30.48		-17.78

		18		0.0002		-0.0001		5.08		-2.54		35.56		2.54								5.08		-25.4

		19		0		-0.0001		0.00		-2.54		-5.08		0								2.54		-2.54

		20		0		0		0.00		0.00		0.00		2.54								0		-2.54

						SD		23.61		10.03		11.2003472168

						AM		-33.66		-11.94		-0.00		0
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Sheet1

		Straightness of the Structure

		Moving along Z axis, z=0 inch at input coupler, z=6.5286 inch at output coupler

		Disk #		X displacement		Y displacement		X displacement		Y displacement		Delta (Xi+1 - Xi)		Delta (Yi+1 - Yi)								Center Displacement		Delta (CDi+1-CDi)

		1		0		0		0.00		0.00												0

		2		-0.0005		-0.0001		-12.70		-2.54		-12.70		-2.54								12.7		12.7

		3		-0.0005		-0.0002		-12.70		-5.08		0.00		-2.54								12.7		0

		4		-0.0008		-0.0004		-20.32		-10.16		-7.62		-5.08								22.86		10.16

		5		-0.0012		-0.0002		-30.48		-5.08		-10.16		5.08								30.48		7.62

		6		-0.0014		-0.0004		-35.56		-10.16		-5.08		-5.08								35.56		5.08

		7		-0.0016		-0.0006		-40.64		-15.24		-5.08		-5.08								43.18		7.62

		8		-0.0019		-0.0007		-48.26		-17.78		-7.62		-2.54								50.8		7.62

		9		-0.0018		-0.001		-45.72		-25.40		2.54		-7.62								50.8		0

		10		-0.002		-0.0012		-50.80		-30.48		-5.08		-5.08								58.42		7.62

		11		-0.0024		-0.0012		-60.96		-30.48		-10.16		0								68.58		10.16

		12		-0.0024		-0.0011		-60.96		-27.94		0.00		2.54								68.58		0

		13		-0.0025		-0.0007		-63.50		-17.78		-2.54		10.16								66.04		-2.54

		14		-0.0025		-0.0004		-63.50		-10.16		0.00		7.62								63.5		-2.54

		15		-0.0022		-0.0004		-55.88		-10.16		7.62		0								55.88		-7.62

		16		-0.0018		-0.0004		-45.72		-10.16		10.16		0								48.26		-7.62

		17		-0.0012		-0.0002		-30.48		-5.08		15.24		5.08								30.48		-17.78

		18		0.0002		-0.0001		5.08		-2.54		35.56		2.54								5.08		-25.4

		19		0		-0.0001		0.00		-2.54		-5.08		0								2.54		-2.54

		20		0		0		0.00		0.00		0.00		2.54								0		-2.54

						SD		23.61		10.03		11.2003472168

						AM		-33.66		-11.94		-0.00		0
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Sheet1

		Disk #		X deviation (Inch)		Y deviation (Inch)		Center Deviation		Angle		OD		Roundness deviation				Disk #		X deviation (Inch)		Y deviation (Inch)		Center Deviation		Angle		OD		Roundness deviation

								(Inch)		(Degree)		(Inch)		(Inch)												(Degree)		(Inch)

		1		0.0000		0.0000		0.0000		178.8070		1.7717		0.0004				1		0.00		0.00		0.00		3.12		45.001		10.16

		2		-0.0005		-0.0001		0.0005		191.5960		1.7713		0.0006				2		-12.70		-2.54		12.70		3.34		44.991		15.24

		3		-0.0005		-0.0002		0.0005		205.8600		1.7712		0.0007				3		-12.70		-5.08		12.70		3.59		44.988		17.78

		4		-0.0008		-0.0004		0.0009		210.6840		1.7714		0.0009				4		-20.32		-10.16		22.86		3.68		44.994		22.86

		5		-0.0012		-0.0002		0.0012		187.4130		1.7721		0.0004				5		-30.48		-5.08		30.48		3.27		45.011		10.16

		6		-0.0014		-0.0004		0.0014		194.6250		1.7719		0.0004				6		-35.56		-10.16		35.56		3.40		45.006		10.16

		7		-0.0016		-0.0006		0.0017		200.7830		1.7718		0.0003				7		-40.64		-15.24		43.18		3.50		45.004		7.62

		8		-0.0019		-0.0007		0.0020		199.1980		1.7718		0.0005				8		-48.26		-17.78		50.80		3.48		45.004		12.70

		9		-0.0018		-0.0010		0.0020		208.8680		1.7718		0.0004				9		-45.72		-25.40		50.80		3.65		45.004		10.16

		10		-0.0020		-0.0012		0.0023		212.0650		1.7719		0.0003				10		-50.80		-30.48		58.42		3.70		45.006		7.62

		11		-0.0024		-0.0012		0.0027		207.7150		1.7718		0.0006				11		-60.96		-30.48		68.58		3.63		45.004		15.24

		12		-0.0024		-0.0011		0.0027		204.2630		1.7717		0.0003				12		-60.96		-27.94		68.58		3.57		45.001		7.62

		13		-0.0025		-0.0007		0.0026		194.5690		1.7716		0.0004				13		-63.50		-17.78		66.04		3.40		44.999		10.16

		14		-0.0025		-0.0004		0.0025		194.0630		1.7717		0.0006				14		-63.50		-10.16		63.50		3.39		45.001		15.24

		15		-0.0022		-0.0004		0.0022		190.3780		1.7718		0.0005				15		-55.88		-10.16		55.88		3.32		45.004		12.70

		16		-0.0018		-0.0004		0.0019		192.6780		1.7717		0.0006				16		-45.72		-10.16		48.26		3.36		45.001		15.24

		17		-0.0012		-0.0002		0.0012		188.2740		1.7717		0.0005				17		-30.48		-5.08		30.48		3.29		45.001		12.70

		18		0.0002		-0.0001		0.0002		336.4170		1.7716		0.0001				18		5.08		-2.54		5.08		5.87		44.999		2.54

		19		0.0000		-0.0001		0.0001		231.9100		1.7714		0.0005				19		0.00		-2.54		2.54		4.05		44.994		12.70

		20		0.0000		0.0000		0.0000		181.1930		1.7712		0.0003				20		0.00		0.00		0.00		3.16		44.988		7.62
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Sheet1

		Disk #		X deviation (Inch)		Y deviation (Inch)		Center Deviation		Angle		OD		Roundness deviation				Disk #		X deviation (Inch)		Y deviation (Inch)		Center Deviation		Angle		OD		Roundness deviation

								(Inch)		(Degree)		(Inch)		(Inch)												(Degree)		(Inch)

		1		0.0000		0.0000		0.0000		178.8070		1.7717		0.0004				1		0.00		0.00		0.00		3.12		45.001		10.16

		2		-0.0005		-0.0001		0.0005		191.5960		1.7713		0.0006				2		-12.70		-2.54		12.70		3.34		44.991		15.24

		3		-0.0005		-0.0002		0.0005		205.8600		1.7712		0.0007				3		-12.70		-5.08		12.70		3.59		44.988		17.78

		4		-0.0008		-0.0004		0.0009		210.6840		1.7714		0.0009				4		-20.32		-10.16		22.86		3.68		44.994		22.86

		5		-0.0012		-0.0002		0.0012		187.4130		1.7721		0.0004				5		-30.48		-5.08		30.48		3.27		45.011		10.16

		6		-0.0014		-0.0004		0.0014		194.6250		1.7719		0.0004				6		-35.56		-10.16		35.56		3.40		45.006		10.16

		7		-0.0016		-0.0006		0.0017		200.7830		1.7718		0.0003				7		-40.64		-15.24		43.18		3.50		45.004		7.62

		8		-0.0019		-0.0007		0.0020		199.1980		1.7718		0.0005				8		-48.26		-17.78		50.80		3.48		45.004		12.70

		9		-0.0018		-0.0010		0.0020		208.8680		1.7718		0.0004				9		-45.72		-25.40		50.80		3.65		45.004		10.16

		10		-0.0020		-0.0012		0.0023		212.0650		1.7719		0.0003				10		-50.80		-30.48		58.42		3.70		45.006		7.62

		11		-0.0024		-0.0012		0.0027		207.7150		1.7718		0.0006				11		-60.96		-30.48		68.58		3.63		45.004		15.24

		12		-0.0024		-0.0011		0.0027		204.2630		1.7717		0.0003				12		-60.96		-27.94		68.58		3.57		45.001		7.62

		13		-0.0025		-0.0007		0.0026		194.5690		1.7716		0.0004				13		-63.50		-17.78		66.04		3.40		44.999		10.16

		14		-0.0025		-0.0004		0.0025		194.0630		1.7717		0.0006				14		-63.50		-10.16		63.50		3.39		45.001		15.24

		15		-0.0022		-0.0004		0.0022		190.3780		1.7718		0.0005				15		-55.88		-10.16		55.88		3.32		45.004		12.70

		16		-0.0018		-0.0004		0.0019		192.6780		1.7717		0.0006				16		-45.72		-10.16		48.26		3.36		45.001		15.24

		17		-0.0012		-0.0002		0.0012		188.2740		1.7717		0.0005				17		-30.48		-5.08		30.48		3.29		45.001		12.70

		18		0.0002		-0.0001		0.0002		336.4170		1.7716		0.0001				18		5.08		-2.54		5.08		5.87		44.999		2.54

		19		0.0000		-0.0001		0.0001		231.9100		1.7714		0.0005				19		0.00		-2.54		2.54		4.05		44.994		12.70

		20		0.0000		0.0000		0.0000		181.1930		1.7712		0.0003				20		0.00		0.00		0.00		3.16		44.988		7.62
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Sheet1

		Straightness of the Structure

		Moving along Z axis, z=0 inch at input coupler, z=6.5286 inch at output coupler

		Disk #		X displacement		Y displacement		X displacement		Y displacement		Delta (Xi+1 - Xi)		Delta (Yi+1 - Yi)								Center Displacement		Delta (CDi+1-CDi)

		1		0		0		0.00		0.00												0

		2		-0.0005		-0.0001		-12.70		-2.54		-12.70		-2.54								12.7		12.7

		3		-0.0005		-0.0002		-12.70		-5.08		0.00		-2.54								12.7		0

		4		-0.0008		-0.0004		-20.32		-10.16		-7.62		-5.08								22.86		10.16

		5		-0.0012		-0.0002		-30.48		-5.08		-10.16		5.08								30.48		7.62

		6		-0.0014		-0.0004		-35.56		-10.16		-5.08		-5.08								35.56		5.08

		7		-0.0016		-0.0006		-40.64		-15.24		-5.08		-5.08								43.18		7.62

		8		-0.0019		-0.0007		-48.26		-17.78		-7.62		-2.54								50.8		7.62

		9		-0.0018		-0.001		-45.72		-25.40		2.54		-7.62								50.8		0

		10		-0.002		-0.0012		-50.80		-30.48		-5.08		-5.08								58.42		7.62

		11		-0.0024		-0.0012		-60.96		-30.48		-10.16		0								68.58		10.16

		12		-0.0024		-0.0011		-60.96		-27.94		0.00		2.54								68.58		0

		13		-0.0025		-0.0007		-63.50		-17.78		-2.54		10.16								66.04		-2.54

		14		-0.0025		-0.0004		-63.50		-10.16		0.00		7.62								63.5		-2.54

		15		-0.0022		-0.0004		-55.88		-10.16		7.62		0								55.88		-7.62

		16		-0.0018		-0.0004		-45.72		-10.16		10.16		0								48.26		-7.62

		17		-0.0012		-0.0002		-30.48		-5.08		15.24		5.08								30.48		-17.78

		18		0.0002		-0.0001		5.08		-2.54		35.56		2.54								5.08		-25.4

		19		0		-0.0001		0.00		-2.54		-5.08		0								2.54		-2.54

		20		0		0		0.00		0.00		0.00		2.54								0		-2.54

						SD		23.61		10.03		11.2003472168

						AM		-33.66		-11.94		-0.00		0
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		Disk #		X deviation (Inch)		Y deviation (Inch)		Center Deviation		Angle		OD		Roundness deviation				Disk #		X deviation (Inch)		Y deviation (Inch)		Center Deviation		Angle		OD		Roundness deviation

								(Inch)		(Degree)		(Inch)		(Inch)												(Degree)		(Inch)

		1		0.0000		0.0000		0.0000		178.8070		1.7717		0.0004				1		0.00		0.00		0.00		3.12		45.001		10.16

		2		-0.0005		-0.0001		0.0005		191.5960		1.7713		0.0006				2		-12.70		-2.54		12.70		3.34		44.991		15.24

		3		-0.0005		-0.0002		0.0005		205.8600		1.7712		0.0007				3		-12.70		-5.08		12.70		3.59		44.988		17.78

		4		-0.0008		-0.0004		0.0009		210.6840		1.7714		0.0009				4		-20.32		-10.16		22.86		3.68		44.994		22.86

		5		-0.0012		-0.0002		0.0012		187.4130		1.7721		0.0004				5		-30.48		-5.08		30.48		3.27		45.011		10.16

		6		-0.0014		-0.0004		0.0014		194.6250		1.7719		0.0004				6		-35.56		-10.16		35.56		3.40		45.006		10.16

		7		-0.0016		-0.0006		0.0017		200.7830		1.7718		0.0003				7		-40.64		-15.24		43.18		3.50		45.004		7.62

		8		-0.0019		-0.0007		0.0020		199.1980		1.7718		0.0005				8		-48.26		-17.78		50.80		3.48		45.004		12.70

		9		-0.0018		-0.0010		0.0020		208.8680		1.7718		0.0004				9		-45.72		-25.40		50.80		3.65		45.004		10.16

		10		-0.0020		-0.0012		0.0023		212.0650		1.7719		0.0003				10		-50.80		-30.48		58.42		3.70		45.006		7.62

		11		-0.0024		-0.0012		0.0027		207.7150		1.7718		0.0006				11		-60.96		-30.48		68.58		3.63		45.004		15.24

		12		-0.0024		-0.0011		0.0027		204.2630		1.7717		0.0003				12		-60.96		-27.94		68.58		3.57		45.001		7.62

		13		-0.0025		-0.0007		0.0026		194.5690		1.7716		0.0004				13		-63.50		-17.78		66.04		3.40		44.999		10.16

		14		-0.0025		-0.0004		0.0025		194.0630		1.7717		0.0006				14		-63.50		-10.16		63.50		3.39		45.001		15.24

		15		-0.0022		-0.0004		0.0022		190.3780		1.7718		0.0005				15		-55.88		-10.16		55.88		3.32		45.004		12.70

		16		-0.0018		-0.0004		0.0019		192.6780		1.7717		0.0006				16		-45.72		-10.16		48.26		3.36		45.001		15.24

		17		-0.0012		-0.0002		0.0012		188.2740		1.7717		0.0005				17		-30.48		-5.08		30.48		3.29		45.001		12.70

		18		0.0002		-0.0001		0.0002		336.4170		1.7716		0.0001				18		5.08		-2.54		5.08		5.87		44.999		2.54

		19		0.0000		-0.0001		0.0001		231.9100		1.7714		0.0005				19		0.00		-2.54		2.54		4.05		44.994		12.70

		20		0.0000		0.0000		0.0000		181.1930		1.7712		0.0003				20		0.00		0.00		0.00		3.16		44.988		7.62
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