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Introduction

Preliminary measurements of a 15Q quadrupole demonstrated that the magnet excitation was affected by the corrector magnet placed in close proximity.  Because of the requirement for control of the magnet excitation within < 1x10-3, corrections need to be made in the control algorithm which computes the required current for a desired magnet excitation.  A six term polynomial, 
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 are used for the magnet power supply control algorithm for magnets isolated from corrector magnets.  Quadrupoles with correctors mounted in close proximity are 15Q, 34Q and 60Q Magnets.  The correctors mounted close to the 15Q and 34Q magnets are shielded.  Since the 60Q magnets are wired in series, it was decided to remove the shields from the adjacent correctors in order to minimize their effects.  This is to avoid the need for shunts or auxiliary power supply to ensure magnet to magnet reproducibility among this family of magnets.  Magnet measurements have been made to determine the effect on a 34Q spare quadrupole to determine the constants which will be used to modify the basic control algorithm for each magnet family, the 15Q, 34Q and 60Q quadrupoles.  The effects of the proximity of the shielded and unshielded correctors on the truncation of the fringe field are applied to the transfer functions for the 15Q and 60Q magnets, respectively.  
Baseline 
The baseline (uncorrected) coefficients used for the polynomial expansion of the transfer function for each magnet type are tabulated below:  
	Coefficients
	Magnets
	15Q
	34Q
	60Q
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	(T/Amp)
	0.0400229
	0.0914316
	0.1562688
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	(T/Amp)
	0.0056763
	-0.0061664
	-0.0040824
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	(T/Amp)
	-0.0072642
	0.0094207
	0.0064762
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	(T/Amp)
	0.0041290
	-0.0068241
	-0.0047924
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	(T/Amp)
	-0.0010063
	0.0023622
	0.0016949
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	(T/Amp)
	0.0000714
	-0.0003188
	-0.0002371


Magnet Effective Lengths and Fringe Fields


If one makes the assumption that the magnet is 100% efficient (not a good assumption but a useful one), one can isolate the saturation as a change in the magnet effective length.  This “fiction” allows one to characterize the performance of the magnet in a slightly different way and compare the different magnet effective lengths and the lengths of the fringe fields.  
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  where 
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Both the coil measurements and the wire measurements, used to calibrate the coil, measure the integrated field.  In order to estimate the magnet effective length, it is necessary to either measure or estimate the two-dimensional field at the longitudinal center of the magnet.  This measurement is difficult since it requires either a short coil with precisely known length or a Hall probe on a precision stage.  Because of this difficulty, the effective length is computed by using an estimated two-dimensional field assuming that the magnet is unsaturated at low excitation and its efficiency is 100%.  
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[image: image13.wmf]Amps

I

30

0

=

.  


The effective lengths computed using the polynomials are tabulated below:

	I
	15Q
	34Q
	I
	60Q

	10
	0.1621378
	0.3545451
	15
	0.6106257

	20
	0.1635683
	0.3534143
	25
	0.610495

	30
	0.163633
	0.3533939
	35
	0.6105945

	40
	0.1634591
	0.3533895
	45
	0.6105311

	50
	0.1634173
	0.3532011
	55
	0.6102746

	60
	0.1632608
	0.3529045
	65
	0.6096976

	70
	0.1622635
	0.3522318
	75
	0.6081151

	80
	0.1593591
	0.3499533
	
	

	90
	0.1532789
	0.3432581
	
	



The length of the fringe field for each magnet was computed by subtracting the iron length, as the distance between the corners of the chamfers for each magnet, from the computed effective length.  These computations showed that the normalized fringe field is about the same for all the magnets, between 0.7 and 0.75 of the pole radius at low excitations.  This approximately agrees with the “canonical” value for fringe field length, about 0.5 of the pole radius.  
Assumptions Regarding the Proximity Effects

The model selected to develop the calculations is that the corrector magnet, placed in close proximity to the neighboring quadrupole, acts to truncate the fringe field at one end for each of the magnet types.  Therefore, the same algorithms used in the previous section used to estimate the amount that the fringe field truncation for the 34Q quadrupole, is applied to each of the different magnet families.  
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Measurements

Measurements were performed by Scott Anderson of the Magnetic Measurements Group and the data for the proximity of the shielded corrector with respect to the 34Q spare magnet were archived on December 5, 2003.  The data for the proximity of the unshielded corrector with respect to the 34Q spare magnet were archived on December 10, 2003.  The transfer functions were measured using a moving wire at magnet currents varying in 10 Amp increments from 10 to 90 Amps.  The iron to iron distance from the surface of the quadrupole yoke to the surface of the corrector shield were varied from 60 to 95 mm.  The same locations were used for the unshielded corrector experiments and the distance between the iron yoke surface of the quadrupole and the unshielded corrector core was measured.  These data were reduced by performing a least square fit to a polynomial for the transfer function.  The least square fit was required since the exact current values at measurements were not reproduced for each measurement.  The least square fit characterization allowed the computation of the differences among the transfer functions at exact current values.  
Measurements made with the Shielded Corrector

Transfer Functions

The variation of the transfer function at different corrector locations as a function of the current is plotted.  The curve labeled Base is the baseline measurement made with the 34Q magnet alone.  
[image: image15.emf]B'Leff/I for Various Locations
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Difference Normalized to the Baseline Value

The difference between the transfer function and the baseline normalized to the baseline value is plotted as a function of current.  
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Normalized Difference as a Function of Separation

The same function is plotted as a function of the separation between the iron surface of the quadrupole yoke and the iron surface of the corrector shield for different values of excitation current.  It appears that all the curves reflect the same function to < +0.05% except for the curve for 10 Amps.  The difference may be that the 10 Amp curve is affected by the remnant field of the magnet.  
[image: image17.emf]Normalized Delta Xfer Function
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An average function for the relation between the change in effective length to the distance between the quadrupole iron yoke and the surface of the corrector shield is “eyeballed”.  
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Excitation and k Values for 34Q and 15Q Quadrupoles

The baseline magnet excitation is given by; 
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The actual integrated magnet excitation affected by the proximity of the corrector is given by; 
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Therefore, in order to obtain the desired integrated excitation for the magnet whose field is truncated by the corrector; 
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For the 34Q


[image: image23.wmf](

)

[

]

(

)

[

]

å

å

=

=

÷

÷

ø

ö

ç

ç

è

æ

þ

ý

ü

î

í

ì

-

-

-

+

=

÷

÷

ø

ö

ç

ç

è

æ

þ

ý

ü

î

í

ì

-

-

-

+

-

=

5

0

0

34

5

0

0

34

34

70

Distance

70

95

01

.

0

006

.

0

99

.

0

70

Distance

70

95

01

.

0

006

.

0

01

.

0

1

n

n

n

Q

eff

n

n

n

Q

eff

Q

I

I

Xfer

mm

mm

B

L

I

I

I

Xfer

mm

mm

B

L

I

k

r

r


For the 15Q
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Measurements made with the Unshielded Corrector

Transfer Functions

The variation of the transfer function at different corrector locations as a function of the current is plotted.  The curve labeled Base is the baseline measurement made with the 34Q magnet alone.  
[image: image26.emf]B'Leff/I for Various Unshielded Corrector Separations
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Difference Normalized to the Baseline Value

The difference between the transfer function and the baseline normalized to the baseline value is plotted as a function of current.  
[image: image27.emf]Delta(B'Leff/I)/Baseline - Unshielded Corrector
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Normalized Difference as a Function of Separation

The same function is plotted as a function of the separation between the iron surface of the quadrupole yoke and the iron surface of the unshielded corrector yoke for different values of excitation current.  It appears that all the curves reflect the same function to < +0.01% except for the curve for 10 Amps.  The difference may be that the 10 Amp curve is affected by the remnant field of the magnet.  
[image: image28.emf]Normalized Delta Xfer Function - Unshielded Corrector
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An average function for the relation between the change in effective length to the distance between the quadrupole iron yoke and the surface of the corrector shield is “eyeballed”.  
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Excitation and k Values for 34Q and 15Q Quadrupoles
The baseline magnet excitation is given by; 
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The actual integrated magnet excitation affected by the proximity of the corrector is given by; 
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Therefore, in order to obtain the desired integrated excitation for the magnet whose field is truncated by the corrector; 
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For the 34Q Quadrupole

From the measurements;  
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For the 60Q Quadrupole

The shortening of the fringe field for the 15Q quadrupoles is the same in meters as for the 34Q quadrupoles.  
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