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To understand the effect of imperfect rotation of tuning rods (wobble) on the central field studies of tuner rod displacement were made using PANDRIA. The center of the tuning rod in the first quadrant was displaced and the values of the field near the center were recorded. Due to the mesh size a point at 0.007, 0.0007 inch was used. This point was as near to the center as the mesh allowed. Values of Bx, By and Btotal, along with the harmonics measured at a radius of 10mm were recorded. All showed similar behavior and only Bx will be reported. 

Computer models were made with all tuning rods in the maximum field, or forward direction, the minimum field, or reverse direction, and half way in between or the 90-degree direction. The tuning rod in the first quadrant was then shifted along the dipole field, that is radial away from the center, and across the dipole field, that is 90 degrees with respect to the radial direction. Five data points were taken on 0.001 inch steps. 

The gradient for the magnet with the tuners in the forward direction is 0.7 Tesla at 10 mm
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Figure 1

or 0.7 Gauss per micron. With the tuners in the reverse direction the gradient is 0.5 Tesla 

Figure 1 at 10 mm or 0.5 Gauss per micron. The center of the field must remain stable to within 1 micron over the entire tuning range. 

Figure 1 shows the variation of Bx versus tuner rod displacement for the tuners in the 
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forward direction. There is no change in the field when the rod was moved across the dipole field. When the rod was moved along the dipole field a displacement of 0.004 inches makes a 0.7 Gauss change. This implies that the center has shifted by 1 micron.

Figure 2

Figures 2 gives the field when the tuners are in the reversed direction. Again there is no change when moving cross the dipole field. For a shift of 0.002 inches there is a change in Bx of 0.5 Gauss indicating a 1 micron shift in the center. 

For the tuners at 90 degrees there is a mixing in the change moving along and across the dipole field.  See figure 3.

Figure 3

This study indicates that the wobble in the tuning rods needs to be kept below 0.002 inches to achieve a center field stability of less than 1 micron. This should not be a problem with the rods fully supported by bearings.
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data

				Tuners forward

				x shift		y shift		distance from center		Bx		By				x shift		y shift		dist center		Bx		By

				0		0		0.00		-25.5		-241.4				0		0		0.00		-25.5		-241.4

				1		1		1.41		-25.8		-241.7				-1		1		1.41		-25.5		-241.4

				2		2		2.83		-26.0		-242.0				-2		2		2.83		-25.5		-241.4

				3		3		4.24		-26.3		-242.2				-3		3		4.24		-25.5		-241.4

				4		4		5.66		-26.5		-242.5				-4		4		5.66		-25.5		-241.4

				5		5		7.07		-26.8		-242.8				-5		5		7.07		-25.5		-241.4

				fields at		10 mm

										b1		b2		b3		b4		b5				b6

				x shift		y shift		dist center

				0		0		0.00		-3.17		6937.1		-1.37		-0.36		-0.11		-1.48

				1		1		1.41		-2.91		6937.3		-1.24		-0.36		-0.1		-1.48

				2		2		2.83		-2.65		6937.6		-1.11		-0.36		-0.09		-1.48

				3		3		4.24		-2.39		6937.8		-0.99		-0.36		-0.08		-1.48

				4		4		5.66		-2.12		6938.1		-0.86		-0.36		-0.07		-1.48

				5		5		7.07		-1.86		6938.3		-0.74		-0.36		-0.06		-1.48

				x shift		y shift		dist center		b1		b2		b3		b4		b5		b6

				0		0		0.00		-3.17		6937.1		-1.37		-0.36		-0.11		-1.48

				-1		1		1.41		-3.18		6937.1		-1.37		-0.36		-0.11		-1.48

				-2		2		2.83		-3.17		6937.1		-1.37		-0.36		-0.11		-1.48

				-3		3		4.24		-3.17		6937.1		-1.37		-3.61		-0.11		-1.48

				-4		4		5.66		-3.16		6937.1		-1.37		-0.36		-0.11		-1.48

				-5		5		7.07		-3.15		6937.1		-1.36		-0.36		-0.11		-1.48

				Tuners reversed

				x shift		y shift		dist center		Bx		By				x shift		y shift		dist center		Bx		By

				0		0		0.00		-19.7		-188.0				0		0		0.00		-19.7		-188.0

				1		1		1.41		-19.4		-187.7				-1		1		1.41		-19.7		-188.0

				2		2		2.83		-19.1		-187.4				-2		2		2.83		-19.7		-188.0

				3		3		4.24		-18.8		-187.1				-3		3		4.24		-19.7		-188.0

				4		4		5.66		-18.5		-186.7				-4		4		5.66		-19.7		-188.0

				5		5		7.07		-18.2		-186.4				-5		5		7.07		-19.7		-188.0

				Tuners at 90 degress

				x shift		y shift		dist center		Bx		By				x shift		y shift		dist center		Bx		By

				0		0		0.00		-22.6		-215.8				0		0		0.00		-22.6		-215.8

				1		1		1.41		-22.6		-215.8				-1		1		1.41		-22.3		-215.6

				2		2		2.83		-22.7		-215.9				-2		2		2.83		-22.1		-215.3

				3		3		4.24		-22.7		-215.9				-3		3		4.24		-21.8		-215.0

				4		4		5.66		-22.7		-215.9				-4		4		5.66		-21.8		-215.0

				5		5		7.07		-22.7		-216.0				-5		5		7.07		-21.8		-215.0





Sheet2

		





Sheet3

		






_1018693422.xls
Bx tuners fwd

		0		0

		1.4142135624		1.4142135624

		2.8284271247		2.8284271247

		4.2426406871		4.2426406871

		5.6568542495		5.6568542495

		7.0710678119		7.0710678119



along field

across

mils'

Bx Guass

Field shift tuners forward

-25.5

-25.5

-25.8

-25.5

-26

-25.5

-26.3

-25.5

-26.5

-25.5

-26.8

-25.5



Bx tuners reversed

		0		0

		1.4142135624		1.4142135624

		2.8284271247		2.8284271247

		4.2426406871		4.2426406871

		5.6568542495		5.6568542495

		7.0710678119		7.0710678119



Bx Gauss

mils

Field shift tuners reversed

-19.7

-19.7

-19.4

-19.7

-19.1

-19.7

-18.8

-19.7

-18.5

-19.7

-18.2

-19.7



Bx tuners 90

		0		0

		1.4142135624		1.4142135624

		2.8284271247		2.8284271247

		4.2426406871		4.2426406871

		5.6568542495		5.6568542495

		7.0710678119		7.0710678119



along field

across field

Bx Gauss

mils

Field shift tuners at 90 degrees

-22.6

-22.6

-22.6

-22.3

-22.7

-22.1

-22.7

-21.8

-22.7

-21.8

-22.7

-21.8



By tuners fwd

		0		0

		1.4142135624		1.4142135624

		2.8284271247		2.8284271247

		4.2426406871		4.2426406871

		5.6568542495		5.6568542495

		7.0710678119		7.0710678119



along field

across field

By Gauss

mils

Field shift tuenrs forward

-241.4

-241.4

-241.7

-241.4

-242

-241.4

-242.2

-241.4

-242.5

-241.4

-242.8

-241.4



By reveresed
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		1.4142135624		1.4142135624

		2.8284271247		2.8284271247
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data

				Tuners forward

				x shift		y shift		distance from center		Bx		By				x shift		y shift		dist center		Bx		By

				0		0		0.00		-25.5		-241.4				0		0		0.00		-25.5		-241.4

				1		1		1.41		-25.8		-241.7				-1		1		1.41		-25.5		-241.4

				2		2		2.83		-26.0		-242.0				-2		2		2.83		-25.5		-241.4

				3		3		4.24		-26.3		-242.2				-3		3		4.24		-25.5		-241.4

				4		4		5.66		-26.5		-242.5				-4		4		5.66		-25.5		-241.4

				5		5		7.07		-26.8		-242.8				-5		5		7.07		-25.5		-241.4

				fields at		10 mm

										b1		b2		b3		b4		b5				b6

				x shift		y shift		dist center

				0		0		0.00		-3.17		6937.1		-1.37		-0.36		-0.11		-1.48

				1		1		1.41		-2.91		6937.3		-1.24		-0.36		-0.1		-1.48

				2		2		2.83		-2.65		6937.6		-1.11		-0.36		-0.09		-1.48

				3		3		4.24		-2.39		6937.8		-0.99		-0.36		-0.08		-1.48

				4		4		5.66		-2.12		6938.1		-0.86		-0.36		-0.07		-1.48

				5		5		7.07		-1.86		6938.3		-0.74		-0.36		-0.06		-1.48

				x shift		y shift		dist center		b1		b2		b3		b4		b5		b6

				0		0		0.00		-3.17		6937.1		-1.37		-0.36		-0.11		-1.48

				-1		1		1.41		-3.18		6937.1		-1.37		-0.36		-0.11		-1.48

				-2		2		2.83		-3.17		6937.1		-1.37		-0.36		-0.11		-1.48

				-3		3		4.24		-3.17		6937.1		-1.37		-3.61		-0.11		-1.48

				-4		4		5.66		-3.16		6937.1		-1.37		-0.36		-0.11		-1.48

				-5		5		7.07		-3.15		6937.1		-1.36		-0.36		-0.11		-1.48

				Tuners reversed

				x shift		y shift		dist center		Bx		By				x shift		y shift		dist center		Bx		By

				0		0		0.00		-19.7		-188.0				0		0		0.00		-19.7		-188.0

				1		1		1.41		-19.4		-187.7				-1		1		1.41		-19.7		-188.0

				2		2		2.83		-19.1		-187.4				-2		2		2.83		-19.7		-188.0

				3		3		4.24		-18.8		-187.1				-3		3		4.24		-19.7		-188.0

				4		4		5.66		-18.5		-186.7				-4		4		5.66		-19.7		-188.0

				5		5		7.07		-18.2		-186.4				-5		5		7.07		-19.7		-188.0

				Tuners at 90 degress

				x shift		y shift		dist center		Bx		By				x shift		y shift		dist center		Bx		By

				0		0		0.00		-22.6		-215.8				0		0		0.00		-22.6		-215.8

				1		1		1.41		-22.6		-215.8				-1		1		1.41		-22.3		-215.6

				2		2		2.83		-22.7		-215.9				-2		2		2.83		-22.1		-215.3

				3		3		4.24		-22.7		-215.9				-3		3		4.24		-21.8		-215.0

				4		4		5.66		-22.7		-215.9				-4		4		5.66		-21.8		-215.0

				5		5		7.07		-22.7		-216.0				-5		5		7.07		-21.8		-215.0
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		1.4142135624		1.4142135624
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		5.6568542495		5.6568542495

		7.0710678119		7.0710678119



along field

across field

By Gauss

mils

Field shift tuenrs forward

-241.4

-241.4

-241.7

-241.4

-242

-241.4

-242.2

-241.4

-242.5

-241.4

-242.8

-241.4



By reveresed

		0		0

		1.4142135624		1.4142135624

		2.8284271247		2.8284271247

		4.2426406871		4.2426406871

		5.6568542495		5.6568542495

		7.0710678119		7.0710678119



along field

across field

By Gauss

mils

Field shift tuners reversed

-188

-188

-187.7

-188

-187.4

-188

-187.1

-188

-186.7

-188

-186.4

-188



By tunrs at 90

		0		0

		1.4142135624		1.4142135624

		2.8284271247		2.8284271247

		4.2426406871		4.2426406871

		5.6568542495		5.6568542495

		7.0710678119		7.0710678119



along field

across field

By Gauss

mils

Field shift tuners at 90 degrees

-215.8

-215.8

-215.8

-215.6

-215.9

-215.3

-215.9

-215

-215.9

-215

-216

-215



data

				Tuners forward

				x shift		y shift		distance from center		Bx		By				x shift		y shift		dist center		Bx		By

				0		0		0.00		-25.5		-241.4				0		0		0.00		-25.5		-241.4

				1		1		1.41		-25.8		-241.7				-1		1		1.41		-25.5		-241.4

				2		2		2.83		-26.0		-242.0				-2		2		2.83		-25.5		-241.4

				3		3		4.24		-26.3		-242.2				-3		3		4.24		-25.5		-241.4

				4		4		5.66		-26.5		-242.5				-4		4		5.66		-25.5		-241.4

				5		5		7.07		-26.8		-242.8				-5		5		7.07		-25.5		-241.4

				fields at		10 mm

										b1		b2		b3		b4		b5				b6

				x shift		y shift		dist center

				0		0		0.00		-3.17		6937.1		-1.37		-0.36		-0.11		-1.48

				1		1		1.41		-2.91		6937.3		-1.24		-0.36		-0.1		-1.48

				2		2		2.83		-2.65		6937.6		-1.11		-0.36		-0.09		-1.48

				3		3		4.24		-2.39		6937.8		-0.99		-0.36		-0.08		-1.48

				4		4		5.66		-2.12		6938.1		-0.86		-0.36		-0.07		-1.48

				5		5		7.07		-1.86		6938.3		-0.74		-0.36		-0.06		-1.48

				x shift		y shift		dist center		b1		b2		b3		b4		b5		b6

				0		0		0.00		-3.17		6937.1		-1.37		-0.36		-0.11		-1.48

				-1		1		1.41		-3.18		6937.1		-1.37		-0.36		-0.11		-1.48

				-2		2		2.83		-3.17		6937.1		-1.37		-0.36		-0.11		-1.48

				-3		3		4.24		-3.17		6937.1		-1.37		-3.61		-0.11		-1.48

				-4		4		5.66		-3.16		6937.1		-1.37		-0.36		-0.11		-1.48

				-5		5		7.07		-3.15		6937.1		-1.36		-0.36		-0.11		-1.48

				Tuners reversed

				x shift		y shift		dist center		Bx		By				x shift		y shift		dist center		Bx		By

				0		0		0.00		-19.7		-188.0				0		0		0.00		-19.7		-188.0

				1		1		1.41		-19.4		-187.7				-1		1		1.41		-19.7		-188.0

				2		2		2.83		-19.1		-187.4				-2		2		2.83		-19.7		-188.0

				3		3		4.24		-18.8		-187.1				-3		3		4.24		-19.7		-188.0

				4		4		5.66		-18.5		-186.7				-4		4		5.66		-19.7		-188.0

				5		5		7.07		-18.2		-186.4				-5		5		7.07		-19.7		-188.0

				Tuners at 90 degress

				x shift		y shift		dist center		Bx		By				x shift		y shift		dist center		Bx		By

				0		0		0.00		-22.6		-215.8				0		0		0.00		-22.6		-215.8

				1		1		1.41		-22.6		-215.8				-1		1		1.41		-22.3		-215.6

				2		2		2.83		-22.7		-215.9				-2		2		2.83		-22.1		-215.3

				3		3		4.24		-22.7		-215.9				-3		3		4.24		-21.8		-215.0

				4		4		5.66		-22.7		-215.9				-4		4		5.66		-21.8		-215.0

				5		5		7.07		-22.7		-216.0				-5		5		7.07		-21.8		-215.0
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