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Abstract - The note reports the results of conceptual design study of the double aperture Nb3Sn dipole magnet for VLHC with warm iron yoke.  Significant reduction of the iron yoke cross-section, cold mass and cryostat sizes has been achieved without compromising the magnet performance parameters.

I. INTRODUCTION

Reduction of cost of high field accelerator magnets is an important issue for future Very Large Hadron Collider (VLHC).  Straightforward ways to this goal involves minimization of the material consumption for relevant magnet components, such as coils, collars, spacers, iron yoke, skin and cryostat components, as well as a simplification of magnet design and fabrication technology. The iron yoke is an important element of magnet design that affects magnet performance and determine its size, weight and, thus, the cost. The iron yoke plays two roles in superconducting accelerator magnets: a) it enhances the value and the quality of magnetic field in the magnet bore, and b) it works as a magnetic screen confining the return magnetic flux and protecting the field in the bore against the distortions caused by variations of the external magnetic environment. The above possibility of increasing the magnetic field in the bore and, thus, reducing the coil volume encourages placing the yoke as close as possible to the coil. This naturally leads to the design concept with cold iron yoke. Magnets with cold iron yoke were developed for HERA, UNK, SSC, RHIC and LHC. The designs of the single and double bore high field Nb3Sn dipoles with cold iron yoke for VLHC are described and analyzed in [1-3].  Since relative contribution of the iron yoke in the enhancement of bore field is reduced in high field magnets, it is possible and interesting to look at another design approach based on the warm iron yoke in order to reduce the yoke (and magnet as a whole) size and weight without a deterioration of magnet performance. The results of these studies are reported in this note.  

II. IRON YOKE DIMENSIONS

A simulation of double aperture magnet with warm iron yoke was done using the OPERA 2D code. The layout of conductors in the coil is identical to the cold iron design [1]. The beam-to-beam distance was set equal to 180 mm as in the double-bore cold-iron design [3]. The iron yoke was simulated by the solid ferromagnetic cylinder with inner and outer radii R1 and R2 (see Figure 1), and the non-linear magnetic permeability ((B) similar to the iron yoke used in HGQ (or MI dipoles). 

The optimization was performed in three steps:

1. Determination of minimal R1 at infinite R2 when the iron saturation effect on field quality is small.

2. Optimization of R2 at chosen R1 with respect to field quality, fringe fields and cross-section area of the iron yoke.

3. Optimization of R1 and R2 taking into account additional considerations related to the support system and cryostat design.

[image: image1.wmf]
Figure 1: Cross-section of double bore dipole with warm iron yoke.

At the first step of the analysis, the outer radius R2 was infinitely large. The change of field harmonics in the operation cycle was analyzed for three different inner radii R1 of 170, 180 and 190 mm. Since the cross-section of the coil was not optimized for minimum multipoles at each particular R1, Figures 2 and 3 show the deviations of the quadrupole and the sextupole field components from their “zero” levels chosen at a low field of 0.5-1 T. 
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Figure 2: Deviation of the quadrupole field component vs the bore field.
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Figure 3: Deviation of the sextupole field component vs the bore field.

As one can see from the above plots, for the yoke with inner radius R1=170 mm the quadrupole changes by 2 units while the sextupole changes only by 0.2 units. Further increasing the yoke inner radius R1 by 10 mm reduces the quadrupole variation in the operation cycle by the order of magnitude to the level that is acceptable without additional correction. Since these results have been obtained for infinitely large yoke outer radius, one could expect larger deviations of field harmonics for finite values of the yoke outer radius.  Taking this into consideration, the lower boundary for the yoke inner radius was estimated to be R1=190 mm.                

At the next step of yoke optimization, the inner radius R1 was fixed at the lower boundary of 190 mm defined above, and the outer radius R2 varied from 200 to 260 mm. The current in the coils was adjusted for each step in order to achieve the maximum bore field of 11 T.  Figure 4 shows the fringe field at 1 cm from the outer yoke surface and the cross-section area of iron yoke as functions of the yoke outer radius R2. Assuming that 50 mT is an acceptable level of the fringe field, the optimal value for the outer radius R2 is 255 mm. 

 Variations of the amplitude of low order field harmonics in the operation cycle versus the outer radius are shown in Figure 5. The changes of the quadrupole and sextupole field components in the operation cycle at the yoke outer radius R2=255 mm are (b2=2.5 units and (b2=0.12 units. In order to limit the harmonics change in the operation cycle by 1 unit, the yoke outer radius R2 must be 260 mm. As it follows from the plot in Figure 4, for this radius of the iron yoke the fringe field is 28 mT and the yoke cross-section area is 990 cm2.
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Figure 4: Fringe field and yoke cross-section area vs the yoke outer radius @ 11 T.
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Figure 5: Amplitude of the quadrupole and sextupole variation in the operation cycle vs the yoke outer radius (R1=190 mm).

At chosen values of bore separation and coil size, the minimal distance between the coil and the yoke for R1=190 mm is about 50 mm. It provides enough room for the collar structure and helium vessel but it is not sufficient for the cryostat elements such as thermal shield, super-insulation, pipes, cold mass supports, etc.  In this case the iron yoke should be placed inside the vacuum vessel and be kept at the intermediate temperature. 

The minimum thickness of the vacuum space in the cryostat for LHC dipoles is about 100 mm. In order to provide sufficient space between the coil and the yoke for the coil mechanical support system and the components of the cryostat, the iron yoke inner diameter was increased to 250 mm. The outer radius R2 was changed from 260 to 300 mm. Figures 6 and 7 show the fringe field, cross-section area of the yoke and amplitude of field harmonics variation in the operation cycle versus the yoke outer radius. 
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Figure 6: Fringe field and yoke cross-section area vs the yoke outer radius @ 11 T
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Figure 7: Amplitude of quadrupole and sextupole variation in the operation cycle vs the yoke outer radius (R1=250 mm)

As it can be seen, the fringe fields are less than 50 mT at the yoke outer radius larger than R2=288 mm. For this yoke OD the amplitude of low-order multipole variations is less than 1 unit for the quadrupole and less than 0.03 unit for the sextupole. The cross-section area of the yoke for R1=250 mm and R2=288 mm is 630 cm2, which is smaller than in previous case with R1=190 mm and R2=260mm by factor of 1.6. 

Figures 8 and 9 show the distribution of magnetic flux in the double aperture dipole magnets with warm iron yoke optimized to reduce the fringe field below 50 mT and the amplitude of multipole change in the operation cycle below 1 unit. 
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Figure 8: Flux distribution in double aperture magnet with warm iron yoke 

@R1=190 and R2=260 mm.
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Figure 9: Flux distribution in double aperture magnet with warm iron yoke 

@R1=250 and R2=300 mm.

Table 1 compares major parameters of the dipole magnets with warm and cold iron yoke.  A significant reduction of the yoke cross-section in the double bore warm-yoke design at a rather small reduction of the maximum field and without degradation of field quality is apparent with respect to the cold-yoke design.

Table 1: Parameters of dipole magnets with “warm” and “cold” iron yoke

R1,

mm
R2, 

mm
Iron area,

cm2
I @11T,

kA
Transfer function  @11T,

T/kA
Quench field, T

(Jc=2000  A/mm2 @12T)
Bfr @11T,

mT
Amplitude of multipole change in operation cycle, 10-4








(b2
(b3

Warm iron yoke, double aperture magnet

190
260
989.6
22.85
0.481
11.4
28
1.24
0.07

250
290
678.6
23.41
0.470
11.3
22
0.64
0.02

Cold iron yoke, double aperture magnet

N/A
260
1794.8
19.64
0.560
12.0
60
0.40
0.60

III. SENSITIVITY ANALYSIS

In order to determine the uncompensated forces and field multipoles in a case of misalignment of the coils inside the iron yoke, the sensitivity analysis based on the OPERA 2D code was performed. The full-size magnet model shown in Figure 10 was developed and used in this analysis. 

[image: image10.wmf]
Figure 10: Full-size OPERA 2D model of the magnet cross-section.

The misalignment of coils was simulated in several steps by displacing the two coils in the horizontal and vertical directions. Table 2 presents the Lorentz forces and multipole deviations due to coil misalignments at the bore field of 11 T for two yoke cross-sections described above. 

Table 2: Lorentz forces and multipole deviations due to coil/yoke misalignment

R1,

mm
R2,

mm
Coil 

displacement
Forces per coil block, kN/m
Multipole deviations



(x, mm
(y, mm
(Fx
(Fy
(b2
(b3
(a1
(a2
(a3

190
260
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0



1.0
0.0
14.2
0.0
1.0
-0.1
0.0
0.0
0.0



0.0
1.0
0.0
6.0
0.0
0.0
1.6
-0.4
0.0

250
290
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0



1.0
0.0
2.1
0.0
0.14
0.02
0.0
0.0
0.0



0.0
1.0
0.0
1.2
0.0
0.0
0.6
-0.08
0.0

At zero coil displacement there can be only horizontal forces, which are self-compensated inside the collared coil assembly.  The values of these forces depend on uniformity of the field within the aperture. If normal even multipoles (quadrupole, octupole, etc.) are equal to zero, the field is symmetrical with respect to the vertical axis of the coil. It means that forces applied to the left and the right parts of the coil are equal, applied in opposite directions and self-compensated within each coil block. However, in Table 1 these forces are not equal to zero, and that is explained by the non-symmetrical field in the apertures since the coils were not optimized for minimum multipoles. In the optimized coils these forces would be very small. However, the sum of the forces per left and right apertures in a case of coil block misalignment does not depend on the field quality and does not disappear for the optimized coils. This difference must be taken into account in the mechanical analysis in order to define parameters of the coil support system. 

In the design with R1=190 and R2=260 mm, the horizontal coil displacement of 1 mm generates a horizontal force between the coils and the yoke of 14.2 kN/m. For the vertical displacement of 1 mm the vertical force is 6.0 kN/m.  One can also see that  horizontal displacements produce deviations in the normal multipoles, when vertical displacements produce the skew multipoles. For the displacement of 1mm low-order multipoles field components are quite acceptable: quadrupole – 1 units, sextupole – 0.1 units, skew dipole – 1.6 units and skew quadrupole – 0.4 units.  

For the design with larger inner and outer yoke radii, R1=250 and R2=290 mm, the above parameters are much less sensitive to the coil/yoke misalignment.  The horizontal/vertical displacements of 5 mm generate the horizontal/vertical forces of 10.3/5.8 kN/m. Field multipoles induced by such displacements are at an acceptable level.          

IV. CONCEPTUAL DESIGN OF THE DIPOLE WITH WARM IRON YOKE

The design with R1=190 mm and R2=260 mm can be arranged with the iron yoke placed inside the vacuum vessel and cooled by liquid Nitrogen. In this case magnet size (outer diameter) will be determined by the size of the vacuum vessel and may certainly exceed 650 mm.

The design with R1=250 mm and R2=290 mm provides enough room between the coil and the iron yoke for the coil collars and all cryostat elements including helium and vacuum vessels, thermal shields and cryostat support system. This design has smallest yoke placed outside of the vacuum vessel. The magnet size in this case is determined by the size of iron yoke and is equal to 580 mm.

Possible arrangements of cross-section of the double bore VLHC dipole magnet with warm iron yoke are shown in Figure 11. Both designs consist of compact cold mass, thermal shields, iron vacuum vessel, warm yoke and simple support system. The mechanical support of the coil and their relative alignment are provided by free-standing collars and helium vessel skin. The first design includes two thermal shields at 20 and 80 K.  The second design consists of only one, liquid nitrogen shield. 

[image: image11.wmf]
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Figure 11. Conceptual design of the 2D cross-sections of the double bore VLHC dipole with warm iron yoke.

V. CONCLUSIONS

The conceptual design of the double bore Nb3Sn dipole magnet for VLHC with warm iron yoke has been studied. Two magnetic designs have been analyzed in order to determine the advantages of this approach. The results obtained show that a significant reduction of sizes of major magnet elements such as cold mass, iron yoke, cryostat, etc., was achieved in the design with warm iron yoke as compared to the cold yoke design [3], without a remarkable reduction of the magnet maximum field and deterioration of field quality in the magnet bore.

· The transfer function for the design with warm iron yoke is 19% smaller than that for the cold yoke design with the same coils. Thus, to provide the bore field of 11 T, one needs to increase the current up to 23.0-23.5 kA. However, magnet quench field decreases only by 6 % compared to the cold yoke design. For the superconducting cable with the critical current density of 2000 A/mm2 at 12 T, the calculated quench field in the magnet with cold yoke is 12.0 T and 11.3 T in the magnet with warm yoke.

· The iron cross-section area decreases with the increase of the yoke inner radius for the constant fringe field level. For the fringe field of 50 mT the cross-section area of the iron is about 950 cm2 for the yoke inner radius of 190 mm and 650 cm2 for the yoke inner radius of 250 mm. These values are smaller than the iron cross-section area of in the cold yoke design by factor of 1.9 and 2.8 respectively.

· The outer diameter of the helium vessel (cold mass) in the magnet with warm yoke is 384 mm while in the magnet with cold yoke it is about 540 mm.   

· The outer diameter of the magnet with warm yoke is 580 mm while for the cold yoke design it is about 800-900 mm (for the reference, the outer diameter of LHC dipole cryostat is 980 mm [4]).      

The mechanical design based on the free standing collar structure has been proposed. Next steps of optimization of the design with warm iron yoke are the reduction of the quadrupole field component and the mechanical analysis.
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		7.706922		10000		3.229315		-3.543253		-0.2458057		7.98E-02		-1.79E-02		3.31E-03		-1.60E-03		-0.1102787		1.08E-02		0.1112892				-0.002124		0.000957

		8.670278		10000		3.227095		-3.543366		-0.2458099		7.98E-02		-1.79E-02		3.25E-03		-1.68E-03		-0.1102501		1.08E-02		0.111337				-0.004344		0.000844

		9.633612		10000		3.220929		-3.543915		-0.2458387		7.97E-02		-1.81E-02		3.27E-03		-1.62E-03		-0.1102779		1.08E-02		0.1112493				-0.01051		0.000295

		R1=195

		-0.4798604		10000		-2.66538		-3.897715		-0.2745293		8.15E-02		-2.49E-02		2.26E-03		-1.20E-03		-0.1132059		-8.08E-04		0.1110911

		-1.919442		10000		-2.665737		-3.898992		-0.2741985		7.94E-02		-2.34E-02		1.89E-03		-1.44E-03		-0.1112979		-1.88E-03		0.1116796

		-2.879162		10000		-2.665785		-3.89818		-0.2747183		7.92E-02		-2.39E-02		2.16E-03		-1.06E-03		-0.1111466		-1.94E-03		0.1116149

		-3.838883		10000		-2.665605		-3.898387		-0.2745755		7.93E-02		-2.38E-02		1.95E-03		-1.12E-03		-0.1108803		-1.86E-03		0.1115147

		-4.798604		10000		-2.665336		-3.898362		-0.2747578		7.95E-02		-2.38E-02		1.73E-03		-1.18E-03		-0.1111266		-1.88E-03		0.1115601

		-5.758325		10000		-2.665546		-3.898325		-0.2745336		7.97E-02		-2.38E-02		1.79E-03		-1.17E-03		-0.1110743		-1.81E-03		0.1116487

		-6.718045		10000		-2.665445		-3.898285		-0.2744868		7.95E-02		-2.37E-02		1.97E-03		-1.21E-03		-0.111124		-1.86E-03		0.1115121

		-7.677764		10000		-2.666179		-3.898459		-0.2744802		7.95E-02		-2.39E-02		1.95E-03		-1.09E-03		-0.1110703		-1.87E-03		0.1115678

		-8.63748		10000		-2.667211		-3.898291		-0.2744243		7.95E-02		-2.38E-02		1.74E-03		-9.61E-04		-0.1110466		-1.68E-03		0.1114863

		-9.597191		10000		-2.668854		-3.898535		-0.2745186		7.95E-02		-2.37E-02		1.97E-03		-9.77E-04		-0.1111967		-1.74E-03		0.1115798

		R1=250

		-0.4701502		10000		-31.97314		-5.110145		-0.3453773		8.28E-02		-5.11E-02		-2.80E-03		1.82E-03		-0.1134057		-6.51E-02		0.1131894

		-1.880601		10000		-31.97383		-5.11298		-0.3445525		8.22E-02		-5.09E-02		-3.62E-03		2.92E-03		-0.1146804		-6.49E-02		0.1138881

		-2.820901		10000		-31.97377		-5.112853		-0.3439169		8.22E-02		-5.12E-02		-3.75E-03		2.74E-03		-0.1144875		-6.52E-02		0.1140706

		-3.761201		10000		-31.97365		-5.112725		-0.3440893		8.24E-02		-5.11E-02		-3.62E-03		2.78E-03		-0.1141879		-6.54E-02		0.1139778

		-4.701502		10000		-31.97371		-5.112606		-0.3442109		8.22E-02		-5.11E-02		-3.69E-03		2.56E-03		-0.1144013		-6.55E-02		0.1141439

		-5.641802		10000		-31.97384		-5.112759		-0.3441532		8.23E-02		-5.11E-02		-3.47E-03		2.82E-03		-0.1143526		-6.53E-02		0.1140137

		-6.582103		10000		-31.97378		-5.11275		-0.3440191		8.24E-02		-5.10E-02		-3.52E-03		2.86E-03		-0.1143685		-6.55E-02		0.1139244

		-7.522403		10000		-31.97373		-5.112693		-0.3441749		8.25E-02		-5.11E-02		-3.61E-03		2.77E-03		-0.1144078		-6.53E-02		0.1140125

		-8.462703		10000		-31.97377		-5.112719		-0.3441456		8.23E-02		-5.11E-02		-3.70E-03		2.72E-03		-0.1143421		-6.53E-02		0.1140162

		-9.403004		10000		-31.97378		-5.112621		-0.3441312		8.24E-02		-5.10E-02		-3.60E-03		2.77E-03		-0.1143446		-6.54E-02		0.1139086
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		Double aperture dipole magnet with warm iron yoke

		(parameters comparison)

		R1,		R2,		S_iron/magnet,		I @11T,		Tr. Fun @11T		Quench field, T		Bfr @11T,		Maximum multipoles change in cycle

		mm		mm		cm^2		kA		T/kA		(Jc=2000 A/mm^2		mT		Db2		Db3

												@12T)

		Warm iron yoke, double aperture magnet

		190		200		122.5		23.45		0.469		11.4		770		36.00		1.50

		190		210		251.3		23.28		0.473				560		28.00		1.20

		190		230		527.8		23.06		0.477				290		10.20		0.64

		190		250		829.4		22.89		0.481				90		3.54		0.18

		190		260		989.6		22.85		0.481				28		1.24		0.07

		250		260		160.2		23.57		0.467		11.3		281		9.10		0.16

		250		270		326.7		23.50		0.468				188		5.24		0.10

		250		280		499.5		23.44		0.469				95		2.22		0.04

		250		290		678.6		23.41		0.470				32		0.64		0.02

		250		300		863.9		23.39		0.470				4		0.07		0.01

		Cold iron yoke, single aperture magnet

		60		200		1040.8		20.00		0.550		12.0		80		0.00		2.50

		Cold iron yoke, double aperture magnet

		N/A		260		1794.8		19.64		0.560		12.0		60		0.40		0.60
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		Forces and multipole deviations due to coil blocks misalignment in double aperture dipole with warm iron yoke @ 11T

		R1, mm		R2, mm		Relative coil blocks shift				Forces per coil blocks, kN/m												Multipole deviations

										Left block				Right block				Total

						Dx, mm		Dy, mm		Fx		Fy		Fx		Fy		SFx		SFy		Db2		Db3		Da1		Da2		Da3

		190		260		0.0		0.0		-7.6		0.0		7.6		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0

						1.0				-0.9				15.1				14.2				1.0		-0.1

						2.0				6.2				22.4				28.6				1.9		-0.2

						5.0				25.9				46.9				72.8				5.1		-0.5

						0.0		1.0		-7.9		3.0		7.9		3.0		0.0		6.0		0.0		0.0		1.6		-0.4		-0.0

								2.0		-8.0		5.9		8.0		5.9				11.8						3.1		-0.8		-0.1

								5.0		-8.5		14.9		8.5		14.9				29.8						7.8		-1.9		-0.2

		250		290		0.0		0.0		259.7		0.0		-259.7		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0

						5.0		0.0		264.6		0.0		-254.3		0.0		10.3		0.0		0.7		0.1		0.0		0.0		0.0

						0.0		5.0		259.6		2.9		-259.6		2.9		0.0		5.8		0.0		0.0		3.0		-0.4		-0.0
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R2=inf

		R2=inf for all																										SHIFTED at 1st point

		R1=170																										b2		b3

		0.4928156		10000		42.37828		-0.5050953		-2.72E-03		8.82E-02		1.78E-02		1.32E-02		-4.38E-03		-0.102912		9.66E-02		0.1115541				0		0.0000047

		1.971263		10000		42.37786		-0.5061652		-2.28E-03		8.73E-02		1.95E-02		1.38E-02		-4.95E-03		-0.1033332		9.41E-02		0.1118665				-0.00042		-0.0010652

		2.956894		10000		42.37796		-0.5059152		-1.72E-03		8.72E-02		1.91E-02		1.30E-02		-4.40E-03		-0.1034237		9.45E-02		0.1117997				-0.00032		-0.0008152

		3.942524		10000		42.37758		-0.5061963		-1.81E-03		8.74E-02		1.91E-02		1.33E-02		-4.89E-03		-0.103304		9.42E-02		0.1118766				-0.0007		-0.0010963

		4.928149		10000		42.37372		-0.5064925		-1.70E-03		8.74E-02		1.89E-02		1.33E-02		-4.45E-03		-0.1033235		9.43E-02		0.1119731				-0.00456		-0.0013925

		5.913755		10000		42.36395		-0.508013		-1.94E-03		8.73E-02		1.91E-02		1.33E-02		-4.76E-03		-0.1032502		9.41E-02		0.1120945				-0.01433		-0.002913

		6.899246		10000		42.31643		-0.5129574		-2.12E-03		8.73E-02		1.91E-02		1.33E-02		-4.64E-03		-0.1031414		9.41E-02		0.1120065				-0.06185		-0.0078574

		7.884356		10000		42.16604		-0.5290546		-2.81E-03		8.75E-02		1.88E-02		1.32E-02		-4.53E-03		-0.1036469		9.37E-02		0.111814				-0.21224		-0.0239546

		8.868103		10000		41.6788		-0.5809681		-4.58E-03		8.81E-02		1.86E-02		1.31E-02		-4.61E-03		-0.1036304		9.27E-02		0.1118699				-0.69948		-0.0758681

		9.848978		10000		40.6106		-0.6914909		-8.37E-03		8.94E-02		1.78E-02		1.27E-02		-4.35E-03		-0.1036726		9.06E-02		0.1118664				-1.76768		-0.1863909

		R1=180

		0.4862986		10000		18.98523		-2.470043		-1.61E-01		8.22E-02		-3.22E-03		5.35E-03		-4.92E-03		-0.1072708		4.54E-02		0.1110322				0		-0.000003

		1.945194		10000		18.98479		-2.471682		-1.62E-01		8.10E-02		-2.92E-03		6.82E-03		-2.82E-03		-0.1077085		4.42E-02		0.1111128				-0.00044		-0.001642

		2.917791		10000		18.98489		-2.471494		-1.62E-01		8.08E-02		-3.01E-03		7.52E-03		-3.14E-03		-0.1075916		4.44E-02		0.1109763				-0.00034		-0.001454

		3.890389		10000		18.98476		-2.471241		-1.62E-01		8.10E-02		-3.08E-03		7.03E-03		-3.02E-03		-0.1078261		4.47E-02		0.1111641				-0.00047		-0.001201

		4.862986		10000		18.98446		-2.471513		-1.61E-01		8.10E-02		-3.18E-03		6.99E-03		-3.23E-03		-0.1076572		4.46E-02		0.1113988				-0.00077		-0.001473

		5.835579		10000		18.98297		-2.471398		-1.61E-01		8.10E-02		-2.98E-03		7.00E-03		-3.06E-03		-0.1077907		4.44E-02		0.1111655				-0.00226		-0.001358

		6.808166		10000		18.97972		-2.472016		-1.62E-01		8.10E-02		-3.00E-03		6.86E-03		-3.14E-03		-0.1079084		4.45E-02		0.1112118				-0.00551		-0.001976

		7.780728		10000		18.97051		-2.47269		-1.62E-01		8.11E-02		-3.19E-03		6.93E-03		-3.14E-03		-0.1077644		4.45E-02		0.1111527				-0.01472		-0.00265

		8.753189		10000		18.93807		-2.475668		-1.62E-01		8.11E-02		-3.03E-03		6.83E-03		-3.08E-03		-0.1077511		4.44E-02		0.1111959				-0.04716		-0.005628

		9.725404		10000		18.8583		-2.482624		-1.62E-01		8.11E-02		-3.13E-03		6.88E-03		-2.99E-03		-0.1078648		4.42E-02		0.1112432				-0.12693		-0.012584

		R1=190

		0.4816831		10000		3.231439		-3.544209		-0.2481136		8.15E-02		-1.80E-02		1.78E-03		-8.33E-05		-0.111131		1.00E-02		0.1130438				0		0.000001

		1.926732		10000		3.231177		-3.543205		-0.2452921		7.98E-02		-1.78E-02		3.53E-03		-2.09E-03		-0.1103067		1.09E-02		0.1112919				-0.000262		0.001005

		2.890098		10000		3.230868		-3.54315		-0.2456114		7.95E-02		-1.79E-02		3.21E-03		-1.87E-03		-0.1101544		1.08E-02		0.1111352				-0.000571		0.00106

		3.853464		10000		3.231183		-3.542936		-0.2456742		8.00E-02		-1.81E-02		3.15E-03		-1.71E-03		-0.1100864		1.10E-02		0.1114207				-0.000256		0.001274

		4.81683		10000		3.231205		-3.542809		-0.2458952		8.00E-02		-1.80E-02		3.45E-03		-1.54E-03		-0.110372		1.07E-02		0.1113637				-0.000234		0.001401

		5.780196		10000		3.231105		-3.543157		-0.2456566		7.98E-02		-1.79E-02		3.26E-03		-1.78E-03		-0.1101791		1.09E-02		0.1114767				-0.000334		0.001053

		6.743561		10000		3.230562		-3.542947		-0.2456806		7.97E-02		-1.79E-02		3.17E-03		-1.70E-03		-0.1102604		1.09E-02		0.1113481				-0.000877		0.001263

		7.706922		10000		3.229315		-3.543253		-0.2458057		7.98E-02		-1.79E-02		3.31E-03		-1.60E-03		-0.1102787		1.08E-02		0.1112892				-0.002124		0.000957

		8.670278		10000		3.227095		-3.543366		-0.2458099		7.98E-02		-1.79E-02		3.25E-03		-1.68E-03		-0.1102501		1.08E-02		0.111337				-0.004344		0.000844

		9.633612		10000		3.220929		-3.543915		-0.2458387		7.97E-02		-1.81E-02		3.27E-03		-1.62E-03		-0.1102779		1.08E-02		0.1112493				-0.01051		0.000295

		R1=195

		-0.4798604		10000		-2.66538		-3.897715		-0.2745293		8.15E-02		-2.49E-02		2.26E-03		-1.20E-03		-0.1132059		-8.08E-04		0.1110911

		-1.919442		10000		-2.665737		-3.898992		-0.2741985		7.94E-02		-2.34E-02		1.89E-03		-1.44E-03		-0.1112979		-1.88E-03		0.1116796

		-2.879162		10000		-2.665785		-3.89818		-0.2747183		7.92E-02		-2.39E-02		2.16E-03		-1.06E-03		-0.1111466		-1.94E-03		0.1116149

		-3.838883		10000		-2.665605		-3.898387		-0.2745755		7.93E-02		-2.38E-02		1.95E-03		-1.12E-03		-0.1108803		-1.86E-03		0.1115147

		-4.798604		10000		-2.665336		-3.898362		-0.2747578		7.95E-02		-2.38E-02		1.73E-03		-1.18E-03		-0.1111266		-1.88E-03		0.1115601

		-5.758325		10000		-2.665546		-3.898325		-0.2745336		7.97E-02		-2.38E-02		1.79E-03		-1.17E-03		-0.1110743		-1.81E-03		0.1116487

		-6.718045		10000		-2.665445		-3.898285		-0.2744868		7.95E-02		-2.37E-02		1.97E-03		-1.21E-03		-0.111124		-1.86E-03		0.1115121

		-7.677764		10000		-2.666179		-3.898459		-0.2744802		7.95E-02		-2.39E-02		1.95E-03		-1.09E-03		-0.1110703		-1.87E-03		0.1115678

		-8.63748		10000		-2.667211		-3.898291		-0.2744243		7.95E-02		-2.38E-02		1.74E-03		-9.61E-04		-0.1110466		-1.68E-03		0.1114863

		-9.597191		10000		-2.668854		-3.898535		-0.2745186		7.95E-02		-2.37E-02		1.97E-03		-9.77E-04		-0.1111967		-1.74E-03		0.1115798

		R1=250

		-0.4701502		10000		-31.97314		-5.110145		-0.3453773		8.28E-02		-5.11E-02		-2.80E-03		1.82E-03		-0.1134057		-6.51E-02		0.1131894

		-1.880601		10000		-31.97383		-5.11298		-0.3445525		8.22E-02		-5.09E-02		-3.62E-03		2.92E-03		-0.1146804		-6.49E-02		0.1138881

		-2.820901		10000		-31.97377		-5.112853		-0.3439169		8.22E-02		-5.12E-02		-3.75E-03		2.74E-03		-0.1144875		-6.52E-02		0.1140706

		-3.761201		10000		-31.97365		-5.112725		-0.3440893		8.24E-02		-5.11E-02		-3.62E-03		2.78E-03		-0.1141879		-6.54E-02		0.1139778

		-4.701502		10000		-31.97371		-5.112606		-0.3442109		8.22E-02		-5.11E-02		-3.69E-03		2.56E-03		-0.1144013		-6.55E-02		0.1141439

		-5.641802		10000		-31.97384		-5.112759		-0.3441532		8.23E-02		-5.11E-02		-3.47E-03		2.82E-03		-0.1143526		-6.53E-02		0.1140137

		-6.582103		10000		-31.97378		-5.11275		-0.3440191		8.24E-02		-5.10E-02		-3.52E-03		2.86E-03		-0.1143685		-6.55E-02		0.1139244

		-7.522403		10000		-31.97373		-5.112693		-0.3441749		8.25E-02		-5.11E-02		-3.61E-03		2.77E-03		-0.1144078		-6.53E-02		0.1140125

		-8.462703		10000		-31.97377		-5.112719		-0.3441456		8.23E-02		-5.11E-02		-3.70E-03		2.72E-03		-0.1143421		-6.53E-02		0.1140162

		-9.403004		10000		-31.97378		-5.112621		-0.3441312		8.24E-02		-5.10E-02		-3.60E-03		2.77E-03		-0.1143446		-6.54E-02		0.1139086
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		Double aperture dipole magnet with warm iron yoke

		(parameters comparison)

		R1,		R2,		S_iron/magnet,		I @11T,		Tr. Fun @11T		Quench field, T		Bfr @11T,		Maximum multipoles change in cycle

		mm		mm		cm^2		kA		T/kA		(Jc=2000 A/mm^2		mT		Db2		Db3

												@12T)

		Warm iron yoke, double aperture magnet

		190		200		122.5		23.45		0.469		11.4		770		36.00		1.50

		190		210		251.3		23.28		0.473				560		28.00		1.20

		190		230		527.8		23.06		0.477				290		10.20		0.64

		190		250		829.4		22.89		0.481				90		3.54		0.18

		190		260		989.6		22.85		0.481				28		1.24		0.07

		250		260		160.2		23.57		0.467		11.3		281		9.10		0.16

		250		270		326.7		23.50		0.468				188		5.24		0.10

		250		280		499.5		23.44		0.469				95		2.22		0.04

		250		290		678.6		23.41		0.470				32		0.64		0.02

		250		300		863.9		23.39		0.470				4		0.07		0.01

		Cold iron yoke, single aperture magnet

		60		200		1040.8		20.00		0.550		12.0		80		0.00		2.50

		Cold iron yoke, double aperture magnet

		N/A		260		1794.8		19.64		0.560		12.0		60		0.40		0.60
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		Forces and multipole deviations due to coil blocks misalignment in double aperture dipole with warm iron yoke @ 11T

		R1, mm		R2, mm		Relative coil blocks shift				Forces per coil blocks, kN/m												Multipole deviations

										Left block				Right block				Total

						Dx, mm		Dy, mm		Fx		Fy		Fx		Fy		SFx		SFy		Db2		Db3		Da1		Da2		Da3

		190		260		0.0		0.0		-7.6		0.0		7.6		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0

						1.0				-0.9				15.1				14.2				1.0		-0.1

						2.0				6.2				22.4				28.6				1.9		-0.2

						5.0				25.9				46.9				72.8				5.1		-0.5

						0.0		1.0		-7.9		3.0		7.9		3.0		0.0		6.0		0.0		0.0		1.6		-0.4		-0.0

								2.0		-8.0		5.9		8.0		5.9				11.8						3.1		-0.8		-0.1

								5.0		-8.5		14.9		8.5		14.9				29.8						7.8		-1.9		-0.2

		250		290		0.0		0.0		259.7		0.0		-259.7		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0

						5.0		0.0		264.6		0.0		-254.3		0.0		10.3		0.0		0.7		0.1		0.0		0.0		0.0

						0.0		5.0		259.6		2.9		-259.6		2.9		0.0		5.8		0.0		0.0		3.0		-0.4		-0.0
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R2=inf

		R2=inf for all																										SHIFTED at 1st point

		R1=170																										b2		b3

		0.4928156		10000		42.37828		-0.5050953		-2.72E-03		8.82E-02		1.78E-02		1.32E-02		-4.38E-03		-0.102912		9.66E-02		0.1115541				0		0.0000047

		1.971263		10000		42.37786		-0.5061652		-2.28E-03		8.73E-02		1.95E-02		1.38E-02		-4.95E-03		-0.1033332		9.41E-02		0.1118665				-0.00042		-0.0010652

		2.956894		10000		42.37796		-0.5059152		-1.72E-03		8.72E-02		1.91E-02		1.30E-02		-4.40E-03		-0.1034237		9.45E-02		0.1117997				-0.00032		-0.0008152

		3.942524		10000		42.37758		-0.5061963		-1.81E-03		8.74E-02		1.91E-02		1.33E-02		-4.89E-03		-0.103304		9.42E-02		0.1118766				-0.0007		-0.0010963

		4.928149		10000		42.37372		-0.5064925		-1.70E-03		8.74E-02		1.89E-02		1.33E-02		-4.45E-03		-0.1033235		9.43E-02		0.1119731				-0.00456		-0.0013925

		5.913755		10000		42.36395		-0.508013		-1.94E-03		8.73E-02		1.91E-02		1.33E-02		-4.76E-03		-0.1032502		9.41E-02		0.1120945				-0.01433		-0.002913

		6.899246		10000		42.31643		-0.5129574		-2.12E-03		8.73E-02		1.91E-02		1.33E-02		-4.64E-03		-0.1031414		9.41E-02		0.1120065				-0.06185		-0.0078574

		7.884356		10000		42.16604		-0.5290546		-2.81E-03		8.75E-02		1.88E-02		1.32E-02		-4.53E-03		-0.1036469		9.37E-02		0.111814				-0.21224		-0.0239546

		8.868103		10000		41.6788		-0.5809681		-4.58E-03		8.81E-02		1.86E-02		1.31E-02		-4.61E-03		-0.1036304		9.27E-02		0.1118699				-0.69948		-0.0758681

		9.848978		10000		40.6106		-0.6914909		-8.37E-03		8.94E-02		1.78E-02		1.27E-02		-4.35E-03		-0.1036726		9.06E-02		0.1118664				-1.76768		-0.1863909

		R1=180

		0.4862986		10000		18.98523		-2.470043		-1.61E-01		8.22E-02		-3.22E-03		5.35E-03		-4.92E-03		-0.1072708		4.54E-02		0.1110322				0		-0.000003

		1.945194		10000		18.98479		-2.471682		-1.62E-01		8.10E-02		-2.92E-03		6.82E-03		-2.82E-03		-0.1077085		4.42E-02		0.1111128				-0.00044		-0.001642

		2.917791		10000		18.98489		-2.471494		-1.62E-01		8.08E-02		-3.01E-03		7.52E-03		-3.14E-03		-0.1075916		4.44E-02		0.1109763				-0.00034		-0.001454

		3.890389		10000		18.98476		-2.471241		-1.62E-01		8.10E-02		-3.08E-03		7.03E-03		-3.02E-03		-0.1078261		4.47E-02		0.1111641				-0.00047		-0.001201

		4.862986		10000		18.98446		-2.471513		-1.61E-01		8.10E-02		-3.18E-03		6.99E-03		-3.23E-03		-0.1076572		4.46E-02		0.1113988				-0.00077		-0.001473

		5.835579		10000		18.98297		-2.471398		-1.61E-01		8.10E-02		-2.98E-03		7.00E-03		-3.06E-03		-0.1077907		4.44E-02		0.1111655				-0.00226		-0.001358

		6.808166		10000		18.97972		-2.472016		-1.62E-01		8.10E-02		-3.00E-03		6.86E-03		-3.14E-03		-0.1079084		4.45E-02		0.1112118				-0.00551		-0.001976

		7.780728		10000		18.97051		-2.47269		-1.62E-01		8.11E-02		-3.19E-03		6.93E-03		-3.14E-03		-0.1077644		4.45E-02		0.1111527				-0.01472		-0.00265

		8.753189		10000		18.93807		-2.475668		-1.62E-01		8.11E-02		-3.03E-03		6.83E-03		-3.08E-03		-0.1077511		4.44E-02		0.1111959				-0.04716		-0.005628

		9.725404		10000		18.8583		-2.482624		-1.62E-01		8.11E-02		-3.13E-03		6.88E-03		-2.99E-03		-0.1078648		4.42E-02		0.1112432				-0.12693		-0.012584

		R1=190

		0.4816831		10000		3.231439		-3.544209		-0.2481136		8.15E-02		-1.80E-02		1.78E-03		-8.33E-05		-0.111131		1.00E-02		0.1130438				0		0.000001

		1.926732		10000		3.231177		-3.543205		-0.2452921		7.98E-02		-1.78E-02		3.53E-03		-2.09E-03		-0.1103067		1.09E-02		0.1112919				-0.000262		0.001005

		2.890098		10000		3.230868		-3.54315		-0.2456114		7.95E-02		-1.79E-02		3.21E-03		-1.87E-03		-0.1101544		1.08E-02		0.1111352				-0.000571		0.00106

		3.853464		10000		3.231183		-3.542936		-0.2456742		8.00E-02		-1.81E-02		3.15E-03		-1.71E-03		-0.1100864		1.10E-02		0.1114207				-0.000256		0.001274

		4.81683		10000		3.231205		-3.542809		-0.2458952		8.00E-02		-1.80E-02		3.45E-03		-1.54E-03		-0.110372		1.07E-02		0.1113637				-0.000234		0.001401

		5.780196		10000		3.231105		-3.543157		-0.2456566		7.98E-02		-1.79E-02		3.26E-03		-1.78E-03		-0.1101791		1.09E-02		0.1114767				-0.000334		0.001053

		6.743561		10000		3.230562		-3.542947		-0.2456806		7.97E-02		-1.79E-02		3.17E-03		-1.70E-03		-0.1102604		1.09E-02		0.1113481				-0.000877		0.001263

		7.706922		10000		3.229315		-3.543253		-0.2458057		7.98E-02		-1.79E-02		3.31E-03		-1.60E-03		-0.1102787		1.08E-02		0.1112892				-0.002124		0.000957

		8.670278		10000		3.227095		-3.543366		-0.2458099		7.98E-02		-1.79E-02		3.25E-03		-1.68E-03		-0.1102501		1.08E-02		0.111337				-0.004344		0.000844

		9.633612		10000		3.220929		-3.543915		-0.2458387		7.97E-02		-1.81E-02		3.27E-03		-1.62E-03		-0.1102779		1.08E-02		0.1112493				-0.01051		0.000295

		R1=195

		-0.4798604		10000		-2.66538		-3.897715		-0.2745293		8.15E-02		-2.49E-02		2.26E-03		-1.20E-03		-0.1132059		-8.08E-04		0.1110911

		-1.919442		10000		-2.665737		-3.898992		-0.2741985		7.94E-02		-2.34E-02		1.89E-03		-1.44E-03		-0.1112979		-1.88E-03		0.1116796

		-2.879162		10000		-2.665785		-3.89818		-0.2747183		7.92E-02		-2.39E-02		2.16E-03		-1.06E-03		-0.1111466		-1.94E-03		0.1116149

		-3.838883		10000		-2.665605		-3.898387		-0.2745755		7.93E-02		-2.38E-02		1.95E-03		-1.12E-03		-0.1108803		-1.86E-03		0.1115147

		-4.798604		10000		-2.665336		-3.898362		-0.2747578		7.95E-02		-2.38E-02		1.73E-03		-1.18E-03		-0.1111266		-1.88E-03		0.1115601

		-5.758325		10000		-2.665546		-3.898325		-0.2745336		7.97E-02		-2.38E-02		1.79E-03		-1.17E-03		-0.1110743		-1.81E-03		0.1116487

		-6.718045		10000		-2.665445		-3.898285		-0.2744868		7.95E-02		-2.37E-02		1.97E-03		-1.21E-03		-0.111124		-1.86E-03		0.1115121

		-7.677764		10000		-2.666179		-3.898459		-0.2744802		7.95E-02		-2.39E-02		1.95E-03		-1.09E-03		-0.1110703		-1.87E-03		0.1115678

		-8.63748		10000		-2.667211		-3.898291		-0.2744243		7.95E-02		-2.38E-02		1.74E-03		-9.61E-04		-0.1110466		-1.68E-03		0.1114863

		-9.597191		10000		-2.668854		-3.898535		-0.2745186		7.95E-02		-2.37E-02		1.97E-03		-9.77E-04		-0.1111967		-1.74E-03		0.1115798

		R1=250

		-0.4701502		10000		-31.97314		-5.110145		-0.3453773		8.28E-02		-5.11E-02		-2.80E-03		1.82E-03		-0.1134057		-6.51E-02		0.1131894

		-1.880601		10000		-31.97383		-5.11298		-0.3445525		8.22E-02		-5.09E-02		-3.62E-03		2.92E-03		-0.1146804		-6.49E-02		0.1138881

		-2.820901		10000		-31.97377		-5.112853		-0.3439169		8.22E-02		-5.12E-02		-3.75E-03		2.74E-03		-0.1144875		-6.52E-02		0.1140706

		-3.761201		10000		-31.97365		-5.112725		-0.3440893		8.24E-02		-5.11E-02		-3.62E-03		2.78E-03		-0.1141879		-6.54E-02		0.1139778

		-4.701502		10000		-31.97371		-5.112606		-0.3442109		8.22E-02		-5.11E-02		-3.69E-03		2.56E-03		-0.1144013		-6.55E-02		0.1141439

		-5.641802		10000		-31.97384		-5.112759		-0.3441532		8.23E-02		-5.11E-02		-3.47E-03		2.82E-03		-0.1143526		-6.53E-02		0.1140137

		-6.582103		10000		-31.97378		-5.11275		-0.3440191		8.24E-02		-5.10E-02		-3.52E-03		2.86E-03		-0.1143685		-6.55E-02		0.1139244

		-7.522403		10000		-31.97373		-5.112693		-0.3441749		8.25E-02		-5.11E-02		-3.61E-03		2.77E-03		-0.1144078		-6.53E-02		0.1140125

		-8.462703		10000		-31.97377		-5.112719		-0.3441456		8.23E-02		-5.11E-02		-3.70E-03		2.72E-03		-0.1143421		-6.53E-02		0.1140162

		-9.403004		10000		-31.97378		-5.112621		-0.3441312		8.24E-02		-5.10E-02		-3.60E-03		2.77E-03		-0.1143446		-6.54E-02		0.1139086
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		Double aperture dipole magnet with warm iron yoke

		(parameters comparison)

		R1,		R2,		S_iron/magnet,		I @11T,		Tr. Fun @11T		Quench field, T		Bfr @11T,		Maximum multipoles change in cycle

		mm		mm		cm^2		kA		T/kA		(Jc=2000 A/mm^2		mT		Db2		Db3

												@12T)

		Warm iron yoke, double aperture magnet

		190		200		122.5		23.45		0.469		11.4		770		36.00		1.50

		190		210		251.3		23.28		0.473				560		28.00		1.20

		190		230		527.8		23.06		0.477				290		10.20		0.64

		190		250		829.4		22.89		0.481				90		3.54		0.18

		190		260		989.6		22.85		0.481				28		1.24		0.07

		250		260		160.2		23.57		0.467		11.3		281		9.10		0.16

		250		270		326.7		23.50		0.468				188		5.24		0.10

		250		280		499.5		23.44		0.469				95		2.22		0.04

		250		290		678.6		23.41		0.470				32		0.64		0.02

		250		300		863.9		23.39		0.470				4		0.07		0.01

		Cold iron yoke, single aperture magnet

		60		200		1040.8		20.00		0.550		12.0		80		0.00		2.50

		Cold iron yoke, double aperture magnet

		N/A		260		1794.8		19.64		0.560		12.0		60		0.40		0.60
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		Forces and multipole deviations due to coil blocks misalignment in double aperture dipole with warm iron yoke @ 11T

		R1, mm		R2, mm		Relative coil blocks shift				Forces per coil blocks, kN/m												Multipole deviations

										Left block				Right block				Total

						Dx, mm		Dy, mm		Fx		Fy		Fx		Fy		SFx		SFy		Db2		Db3		Da1		Da2		Da3

		190		260		0.0		0.0		-7.6		0.0		7.6		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0

						1.0				-0.9				15.1				14.2				1.0		-0.1

						2.0				6.2				22.4				28.6				1.9		-0.2

						5.0				25.9				46.9				72.8				5.1		-0.5

						0.0		1.0		-7.9		3.0		7.9		3.0		0.0		6.0		0.0		0.0		1.6		-0.4		-0.0

								2.0		-8.0		5.9		8.0		5.9				11.8						3.1		-0.8		-0.1

								5.0		-8.5		14.9		8.5		14.9				29.8						7.8		-1.9		-0.2

		250		290		0.0		0.0		259.7		0.0		-259.7		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0

						5.0		0.0		264.6		0.0		-254.3		0.0		10.3		0.0		0.7		0.1		0.0		0.0		0.0

						0.0		5.0		259.6		2.9		-259.6		2.9		0.0		5.8		0.0		0.0		3.0		-0.4		-0.0
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R2=inf

		R2=inf for all																										SHIFTED at 1st point

		R1=170																										b2		b3

		0.4928156		10000		42.37828		-0.5050953		-2.72E-03		8.82E-02		1.78E-02		1.32E-02		-4.38E-03		-0.102912		9.66E-02		0.1115541				0		0.0000047

		1.971263		10000		42.37786		-0.5061652		-2.28E-03		8.73E-02		1.95E-02		1.38E-02		-4.95E-03		-0.1033332		9.41E-02		0.1118665				-0.00042		-0.0010652

		2.956894		10000		42.37796		-0.5059152		-1.72E-03		8.72E-02		1.91E-02		1.30E-02		-4.40E-03		-0.1034237		9.45E-02		0.1117997				-0.00032		-0.0008152

		3.942524		10000		42.37758		-0.5061963		-1.81E-03		8.74E-02		1.91E-02		1.33E-02		-4.89E-03		-0.103304		9.42E-02		0.1118766				-0.0007		-0.0010963

		4.928149		10000		42.37372		-0.5064925		-1.70E-03		8.74E-02		1.89E-02		1.33E-02		-4.45E-03		-0.1033235		9.43E-02		0.1119731				-0.00456		-0.0013925

		5.913755		10000		42.36395		-0.508013		-1.94E-03		8.73E-02		1.91E-02		1.33E-02		-4.76E-03		-0.1032502		9.41E-02		0.1120945				-0.01433		-0.002913

		6.899246		10000		42.31643		-0.5129574		-2.12E-03		8.73E-02		1.91E-02		1.33E-02		-4.64E-03		-0.1031414		9.41E-02		0.1120065				-0.06185		-0.0078574

		7.884356		10000		42.16604		-0.5290546		-2.81E-03		8.75E-02		1.88E-02		1.32E-02		-4.53E-03		-0.1036469		9.37E-02		0.111814				-0.21224		-0.0239546

		8.868103		10000		41.6788		-0.5809681		-4.58E-03		8.81E-02		1.86E-02		1.31E-02		-4.61E-03		-0.1036304		9.27E-02		0.1118699				-0.69948		-0.0758681

		9.848978		10000		40.6106		-0.6914909		-8.37E-03		8.94E-02		1.78E-02		1.27E-02		-4.35E-03		-0.1036726		9.06E-02		0.1118664				-1.76768		-0.1863909

		R1=180

		0.4862986		10000		18.98523		-2.470043		-1.61E-01		8.22E-02		-3.22E-03		5.35E-03		-4.92E-03		-0.1072708		4.54E-02		0.1110322				0		-0.000003

		1.945194		10000		18.98479		-2.471682		-1.62E-01		8.10E-02		-2.92E-03		6.82E-03		-2.82E-03		-0.1077085		4.42E-02		0.1111128				-0.00044		-0.001642

		2.917791		10000		18.98489		-2.471494		-1.62E-01		8.08E-02		-3.01E-03		7.52E-03		-3.14E-03		-0.1075916		4.44E-02		0.1109763				-0.00034		-0.001454

		3.890389		10000		18.98476		-2.471241		-1.62E-01		8.10E-02		-3.08E-03		7.03E-03		-3.02E-03		-0.1078261		4.47E-02		0.1111641				-0.00047		-0.001201

		4.862986		10000		18.98446		-2.471513		-1.61E-01		8.10E-02		-3.18E-03		6.99E-03		-3.23E-03		-0.1076572		4.46E-02		0.1113988				-0.00077		-0.001473

		5.835579		10000		18.98297		-2.471398		-1.61E-01		8.10E-02		-2.98E-03		7.00E-03		-3.06E-03		-0.1077907		4.44E-02		0.1111655				-0.00226		-0.001358

		6.808166		10000		18.97972		-2.472016		-1.62E-01		8.10E-02		-3.00E-03		6.86E-03		-3.14E-03		-0.1079084		4.45E-02		0.1112118				-0.00551		-0.001976

		7.780728		10000		18.97051		-2.47269		-1.62E-01		8.11E-02		-3.19E-03		6.93E-03		-3.14E-03		-0.1077644		4.45E-02		0.1111527				-0.01472		-0.00265

		8.753189		10000		18.93807		-2.475668		-1.62E-01		8.11E-02		-3.03E-03		6.83E-03		-3.08E-03		-0.1077511		4.44E-02		0.1111959				-0.04716		-0.005628

		9.725404		10000		18.8583		-2.482624		-1.62E-01		8.11E-02		-3.13E-03		6.88E-03		-2.99E-03		-0.1078648		4.42E-02		0.1112432				-0.12693		-0.012584

		R1=190

		0.4816831		10000		3.231439		-3.544209		-0.2481136		8.15E-02		-1.80E-02		1.78E-03		-8.33E-05		-0.111131		1.00E-02		0.1130438				0		0.000001

		1.926732		10000		3.231177		-3.543205		-0.2452921		7.98E-02		-1.78E-02		3.53E-03		-2.09E-03		-0.1103067		1.09E-02		0.1112919				-0.000262		0.001005

		2.890098		10000		3.230868		-3.54315		-0.2456114		7.95E-02		-1.79E-02		3.21E-03		-1.87E-03		-0.1101544		1.08E-02		0.1111352				-0.000571		0.00106

		3.853464		10000		3.231183		-3.542936		-0.2456742		8.00E-02		-1.81E-02		3.15E-03		-1.71E-03		-0.1100864		1.10E-02		0.1114207				-0.000256		0.001274

		4.81683		10000		3.231205		-3.542809		-0.2458952		8.00E-02		-1.80E-02		3.45E-03		-1.54E-03		-0.110372		1.07E-02		0.1113637				-0.000234		0.001401

		5.780196		10000		3.231105		-3.543157		-0.2456566		7.98E-02		-1.79E-02		3.26E-03		-1.78E-03		-0.1101791		1.09E-02		0.1114767				-0.000334		0.001053

		6.743561		10000		3.230562		-3.542947		-0.2456806		7.97E-02		-1.79E-02		3.17E-03		-1.70E-03		-0.1102604		1.09E-02		0.1113481				-0.000877		0.001263

		7.706922		10000		3.229315		-3.543253		-0.2458057		7.98E-02		-1.79E-02		3.31E-03		-1.60E-03		-0.1102787		1.08E-02		0.1112892				-0.002124		0.000957

		8.670278		10000		3.227095		-3.543366		-0.2458099		7.98E-02		-1.79E-02		3.25E-03		-1.68E-03		-0.1102501		1.08E-02		0.111337				-0.004344		0.000844

		9.633612		10000		3.220929		-3.543915		-0.2458387		7.97E-02		-1.81E-02		3.27E-03		-1.62E-03		-0.1102779		1.08E-02		0.1112493				-0.01051		0.000295

		R1=195

		-0.4798604		10000		-2.66538		-3.897715		-0.2745293		8.15E-02		-2.49E-02		2.26E-03		-1.20E-03		-0.1132059		-8.08E-04		0.1110911

		-1.919442		10000		-2.665737		-3.898992		-0.2741985		7.94E-02		-2.34E-02		1.89E-03		-1.44E-03		-0.1112979		-1.88E-03		0.1116796

		-2.879162		10000		-2.665785		-3.89818		-0.2747183		7.92E-02		-2.39E-02		2.16E-03		-1.06E-03		-0.1111466		-1.94E-03		0.1116149

		-3.838883		10000		-2.665605		-3.898387		-0.2745755		7.93E-02		-2.38E-02		1.95E-03		-1.12E-03		-0.1108803		-1.86E-03		0.1115147

		-4.798604		10000		-2.665336		-3.898362		-0.2747578		7.95E-02		-2.38E-02		1.73E-03		-1.18E-03		-0.1111266		-1.88E-03		0.1115601

		-5.758325		10000		-2.665546		-3.898325		-0.2745336		7.97E-02		-2.38E-02		1.79E-03		-1.17E-03		-0.1110743		-1.81E-03		0.1116487

		-6.718045		10000		-2.665445		-3.898285		-0.2744868		7.95E-02		-2.37E-02		1.97E-03		-1.21E-03		-0.111124		-1.86E-03		0.1115121

		-7.677764		10000		-2.666179		-3.898459		-0.2744802		7.95E-02		-2.39E-02		1.95E-03		-1.09E-03		-0.1110703		-1.87E-03		0.1115678

		-8.63748		10000		-2.667211		-3.898291		-0.2744243		7.95E-02		-2.38E-02		1.74E-03		-9.61E-04		-0.1110466		-1.68E-03		0.1114863

		-9.597191		10000		-2.668854		-3.898535		-0.2745186		7.95E-02		-2.37E-02		1.97E-03		-9.77E-04		-0.1111967		-1.74E-03		0.1115798

		R1=250

		-0.4701502		10000		-31.97314		-5.110145		-0.3453773		8.28E-02		-5.11E-02		-2.80E-03		1.82E-03		-0.1134057		-6.51E-02		0.1131894

		-1.880601		10000		-31.97383		-5.11298		-0.3445525		8.22E-02		-5.09E-02		-3.62E-03		2.92E-03		-0.1146804		-6.49E-02		0.1138881

		-2.820901		10000		-31.97377		-5.112853		-0.3439169		8.22E-02		-5.12E-02		-3.75E-03		2.74E-03		-0.1144875		-6.52E-02		0.1140706

		-3.761201		10000		-31.97365		-5.112725		-0.3440893		8.24E-02		-5.11E-02		-3.62E-03		2.78E-03		-0.1141879		-6.54E-02		0.1139778

		-4.701502		10000		-31.97371		-5.112606		-0.3442109		8.22E-02		-5.11E-02		-3.69E-03		2.56E-03		-0.1144013		-6.55E-02		0.1141439

		-5.641802		10000		-31.97384		-5.112759		-0.3441532		8.23E-02		-5.11E-02		-3.47E-03		2.82E-03		-0.1143526		-6.53E-02		0.1140137

		-6.582103		10000		-31.97378		-5.11275		-0.3440191		8.24E-02		-5.10E-02		-3.52E-03		2.86E-03		-0.1143685		-6.55E-02		0.1139244

		-7.522403		10000		-31.97373		-5.112693		-0.3441749		8.25E-02		-5.11E-02		-3.61E-03		2.77E-03		-0.1144078		-6.53E-02		0.1140125

		-8.462703		10000		-31.97377		-5.112719		-0.3441456		8.23E-02		-5.11E-02		-3.70E-03		2.72E-03		-0.1143421		-6.53E-02		0.1140162

		-9.403004		10000		-31.97378		-5.112621		-0.3441312		8.24E-02		-5.10E-02		-3.60E-03		2.77E-03		-0.1143446		-6.54E-02		0.1139086
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		Double aperture dipole magnet with warm iron yoke

		(parameters comparison)

		R1,		R2,		S_iron/magnet,		I @11T,		Tr. Fun @11T		Quench field, T		Bfr @11T,		Maximum multipoles change in cycle

		mm		mm		cm^2		kA		T/kA		(Jc=2000 A/mm^2		mT		Db2		Db3

												@12T)

		Warm iron yoke, double aperture magnet

		190		200		122.5		23.45		0.469		11.4		770		36.00		1.50

		190		210		251.3		23.28		0.473				560		28.00		1.20

		190		230		527.8		23.06		0.477				290		10.20		0.64

		190		250		829.4		22.89		0.481				90		3.54		0.18

		190		260		989.6		22.85		0.481				28		1.24		0.07

		250		260		160.2		23.57		0.467		11.3		281		9.10		0.16

		250		270		326.7		23.50		0.468				188		5.24		0.10

		250		280		499.5		23.44		0.469				95		2.22		0.04

		250		290		678.6		23.41		0.470				32		0.64		0.02

		250		300		863.9		23.39		0.470				4		0.07		0.01

		Cold iron yoke, single aperture magnet

		60		200		1040.8		20.00		0.550		12.0		80		0.00		2.50

		Cold iron yoke, double aperture magnet

		N/A		260		1794.8		19.64		0.560		12.0		60		0.40		0.60
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		Forces and multipole deviations due to coil blocks misalignment in double aperture dipole with warm iron yoke @ 11T

		R1, mm		R2, mm		Relative coil blocks shift				Forces per coil blocks, kN/m												Multipole deviations

										Left block				Right block				Total

						Dx, mm		Dy, mm		Fx		Fy		Fx		Fy		SFx		SFy		Db2		Db3		Da1		Da2		Da3

		190		260		0.0		0.0		-7.6		0.0		7.6		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0

						1.0				-0.9				15.1				14.2				1.0		-0.1

						2.0				6.2				22.4				28.6				1.9		-0.2

						5.0				25.9				46.9				72.8				5.1		-0.5

						0.0		1.0		-7.9		3.0		7.9		3.0		0.0		6.0		0.0		0.0		1.6		-0.4		-0.0

								2.0		-8.0		5.9		8.0		5.9				11.8						3.1		-0.8		-0.1

								5.0		-8.5		14.9		8.5		14.9				29.8						7.8		-1.9		-0.2

		250		290		0.0		0.0		259.7		0.0		-259.7		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0

						5.0		0.0		264.6		0.0		-254.3		0.0		10.3		0.0		0.7		0.1		0.0		0.0		0.0

						0.0		5.0		259.6		2.9		-259.6		2.9		0.0		5.8		0.0		0.0		3.0		-0.4		-0.0






_1015158185.xls
Chart6

		260		260

		270		270

		280		280

		290		290

		300		300



b2

b3

R2, mm

Db2, 10^-4

Db3, 10^-4

9.1

0.16

5.24

0.1

2.22

0.04

0.64

0.02

0.07

0.01



R2=inf

		R2=inf for all																										SHIFTED at 1st point

		R1=170																										b2		b3

		0.4928156		10000		42.37828		-0.5050953		-2.72E-03		8.82E-02		1.78E-02		1.32E-02		-4.38E-03		-0.102912		9.66E-02		0.1115541				0		0.0000047

		1.971263		10000		42.37786		-0.5061652		-2.28E-03		8.73E-02		1.95E-02		1.38E-02		-4.95E-03		-0.1033332		9.41E-02		0.1118665				-0.00042		-0.0010652

		2.956894		10000		42.37796		-0.5059152		-1.72E-03		8.72E-02		1.91E-02		1.30E-02		-4.40E-03		-0.1034237		9.45E-02		0.1117997				-0.00032		-0.0008152

		3.942524		10000		42.37758		-0.5061963		-1.81E-03		8.74E-02		1.91E-02		1.33E-02		-4.89E-03		-0.103304		9.42E-02		0.1118766				-0.0007		-0.0010963

		4.928149		10000		42.37372		-0.5064925		-1.70E-03		8.74E-02		1.89E-02		1.33E-02		-4.45E-03		-0.1033235		9.43E-02		0.1119731				-0.00456		-0.0013925

		5.913755		10000		42.36395		-0.508013		-1.94E-03		8.73E-02		1.91E-02		1.33E-02		-4.76E-03		-0.1032502		9.41E-02		0.1120945				-0.01433		-0.002913

		6.899246		10000		42.31643		-0.5129574		-2.12E-03		8.73E-02		1.91E-02		1.33E-02		-4.64E-03		-0.1031414		9.41E-02		0.1120065				-0.06185		-0.0078574

		7.884356		10000		42.16604		-0.5290546		-2.81E-03		8.75E-02		1.88E-02		1.32E-02		-4.53E-03		-0.1036469		9.37E-02		0.111814				-0.21224		-0.0239546

		8.868103		10000		41.6788		-0.5809681		-4.58E-03		8.81E-02		1.86E-02		1.31E-02		-4.61E-03		-0.1036304		9.27E-02		0.1118699				-0.69948		-0.0758681

		9.848978		10000		40.6106		-0.6914909		-8.37E-03		8.94E-02		1.78E-02		1.27E-02		-4.35E-03		-0.1036726		9.06E-02		0.1118664				-1.76768		-0.1863909

		R1=180

		0.4862986		10000		18.98523		-2.470043		-1.61E-01		8.22E-02		-3.22E-03		5.35E-03		-4.92E-03		-0.1072708		4.54E-02		0.1110322				0		-0.000003

		1.945194		10000		18.98479		-2.471682		-1.62E-01		8.10E-02		-2.92E-03		6.82E-03		-2.82E-03		-0.1077085		4.42E-02		0.1111128				-0.00044		-0.001642

		2.917791		10000		18.98489		-2.471494		-1.62E-01		8.08E-02		-3.01E-03		7.52E-03		-3.14E-03		-0.1075916		4.44E-02		0.1109763				-0.00034		-0.001454

		3.890389		10000		18.98476		-2.471241		-1.62E-01		8.10E-02		-3.08E-03		7.03E-03		-3.02E-03		-0.1078261		4.47E-02		0.1111641				-0.00047		-0.001201

		4.862986		10000		18.98446		-2.471513		-1.61E-01		8.10E-02		-3.18E-03		6.99E-03		-3.23E-03		-0.1076572		4.46E-02		0.1113988				-0.00077		-0.001473

		5.835579		10000		18.98297		-2.471398		-1.61E-01		8.10E-02		-2.98E-03		7.00E-03		-3.06E-03		-0.1077907		4.44E-02		0.1111655				-0.00226		-0.001358

		6.808166		10000		18.97972		-2.472016		-1.62E-01		8.10E-02		-3.00E-03		6.86E-03		-3.14E-03		-0.1079084		4.45E-02		0.1112118				-0.00551		-0.001976

		7.780728		10000		18.97051		-2.47269		-1.62E-01		8.11E-02		-3.19E-03		6.93E-03		-3.14E-03		-0.1077644		4.45E-02		0.1111527				-0.01472		-0.00265

		8.753189		10000		18.93807		-2.475668		-1.62E-01		8.11E-02		-3.03E-03		6.83E-03		-3.08E-03		-0.1077511		4.44E-02		0.1111959				-0.04716		-0.005628

		9.725404		10000		18.8583		-2.482624		-1.62E-01		8.11E-02		-3.13E-03		6.88E-03		-2.99E-03		-0.1078648		4.42E-02		0.1112432				-0.12693		-0.012584

		R1=190

		0.4816831		10000		3.231439		-3.544209		-0.2481136		8.15E-02		-1.80E-02		1.78E-03		-8.33E-05		-0.111131		1.00E-02		0.1130438				0		0.000001

		1.926732		10000		3.231177		-3.543205		-0.2452921		7.98E-02		-1.78E-02		3.53E-03		-2.09E-03		-0.1103067		1.09E-02		0.1112919				-0.000262		0.001005

		2.890098		10000		3.230868		-3.54315		-0.2456114		7.95E-02		-1.79E-02		3.21E-03		-1.87E-03		-0.1101544		1.08E-02		0.1111352				-0.000571		0.00106

		3.853464		10000		3.231183		-3.542936		-0.2456742		8.00E-02		-1.81E-02		3.15E-03		-1.71E-03		-0.1100864		1.10E-02		0.1114207				-0.000256		0.001274

		4.81683		10000		3.231205		-3.542809		-0.2458952		8.00E-02		-1.80E-02		3.45E-03		-1.54E-03		-0.110372		1.07E-02		0.1113637				-0.000234		0.001401

		5.780196		10000		3.231105		-3.543157		-0.2456566		7.98E-02		-1.79E-02		3.26E-03		-1.78E-03		-0.1101791		1.09E-02		0.1114767				-0.000334		0.001053

		6.743561		10000		3.230562		-3.542947		-0.2456806		7.97E-02		-1.79E-02		3.17E-03		-1.70E-03		-0.1102604		1.09E-02		0.1113481				-0.000877		0.001263

		7.706922		10000		3.229315		-3.543253		-0.2458057		7.98E-02		-1.79E-02		3.31E-03		-1.60E-03		-0.1102787		1.08E-02		0.1112892				-0.002124		0.000957

		8.670278		10000		3.227095		-3.543366		-0.2458099		7.98E-02		-1.79E-02		3.25E-03		-1.68E-03		-0.1102501		1.08E-02		0.111337				-0.004344		0.000844

		9.633612		10000		3.220929		-3.543915		-0.2458387		7.97E-02		-1.81E-02		3.27E-03		-1.62E-03		-0.1102779		1.08E-02		0.1112493				-0.01051		0.000295

		R1=195

		-0.4798604		10000		-2.66538		-3.897715		-0.2745293		8.15E-02		-2.49E-02		2.26E-03		-1.20E-03		-0.1132059		-8.08E-04		0.1110911

		-1.919442		10000		-2.665737		-3.898992		-0.2741985		7.94E-02		-2.34E-02		1.89E-03		-1.44E-03		-0.1112979		-1.88E-03		0.1116796

		-2.879162		10000		-2.665785		-3.89818		-0.2747183		7.92E-02		-2.39E-02		2.16E-03		-1.06E-03		-0.1111466		-1.94E-03		0.1116149

		-3.838883		10000		-2.665605		-3.898387		-0.2745755		7.93E-02		-2.38E-02		1.95E-03		-1.12E-03		-0.1108803		-1.86E-03		0.1115147

		-4.798604		10000		-2.665336		-3.898362		-0.2747578		7.95E-02		-2.38E-02		1.73E-03		-1.18E-03		-0.1111266		-1.88E-03		0.1115601

		-5.758325		10000		-2.665546		-3.898325		-0.2745336		7.97E-02		-2.38E-02		1.79E-03		-1.17E-03		-0.1110743		-1.81E-03		0.1116487

		-6.718045		10000		-2.665445		-3.898285		-0.2744868		7.95E-02		-2.37E-02		1.97E-03		-1.21E-03		-0.111124		-1.86E-03		0.1115121

		-7.677764		10000		-2.666179		-3.898459		-0.2744802		7.95E-02		-2.39E-02		1.95E-03		-1.09E-03		-0.1110703		-1.87E-03		0.1115678

		-8.63748		10000		-2.667211		-3.898291		-0.2744243		7.95E-02		-2.38E-02		1.74E-03		-9.61E-04		-0.1110466		-1.68E-03		0.1114863

		-9.597191		10000		-2.668854		-3.898535		-0.2745186		7.95E-02		-2.37E-02		1.97E-03		-9.77E-04		-0.1111967		-1.74E-03		0.1115798

		R1=250

		-0.4701502		10000		-31.97314		-5.110145		-0.3453773		8.28E-02		-5.11E-02		-2.80E-03		1.82E-03		-0.1134057		-6.51E-02		0.1131894

		-1.880601		10000		-31.97383		-5.11298		-0.3445525		8.22E-02		-5.09E-02		-3.62E-03		2.92E-03		-0.1146804		-6.49E-02		0.1138881

		-2.820901		10000		-31.97377		-5.112853		-0.3439169		8.22E-02		-5.12E-02		-3.75E-03		2.74E-03		-0.1144875		-6.52E-02		0.1140706

		-3.761201		10000		-31.97365		-5.112725		-0.3440893		8.24E-02		-5.11E-02		-3.62E-03		2.78E-03		-0.1141879		-6.54E-02		0.1139778

		-4.701502		10000		-31.97371		-5.112606		-0.3442109		8.22E-02		-5.11E-02		-3.69E-03		2.56E-03		-0.1144013		-6.55E-02		0.1141439

		-5.641802		10000		-31.97384		-5.112759		-0.3441532		8.23E-02		-5.11E-02		-3.47E-03		2.82E-03		-0.1143526		-6.53E-02		0.1140137

		-6.582103		10000		-31.97378		-5.11275		-0.3440191		8.24E-02		-5.10E-02		-3.52E-03		2.86E-03		-0.1143685		-6.55E-02		0.1139244

		-7.522403		10000		-31.97373		-5.112693		-0.3441749		8.25E-02		-5.11E-02		-3.61E-03		2.77E-03		-0.1144078		-6.53E-02		0.1140125

		-8.462703		10000		-31.97377		-5.112719		-0.3441456		8.23E-02		-5.11E-02		-3.70E-03		2.72E-03		-0.1143421		-6.53E-02		0.1140162

		-9.403004		10000		-31.97378		-5.112621		-0.3441312		8.24E-02		-5.10E-02		-3.60E-03		2.77E-03		-0.1143446		-6.54E-02		0.1139086
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		Double aperture dipole magnet with warm iron yoke

		(parameters comparison)

		R1,		R2,		S_iron/magnet,		I @11T,		Tr. Fun @11T		Quench field, T		Bfr @11T,		Maximum multipoles change in cycle

		mm		mm		cm^2		kA		T/kA		(Jc=2000 A/mm^2		mT		Db2		Db3

												@12T)

		Warm iron yoke, double aperture magnet

		190		200		122.5		23.45		0.469		11.4		770		36.00		1.50

		190		210		251.3		23.28		0.473				560		28.00		1.20

		190		230		527.8		23.06		0.477				290		10.20		0.64

		190		250		829.4		22.89		0.481				90		3.54		0.18

		190		260		989.6		22.85		0.481				28		1.24		0.07

		250		260		160.2		23.57		0.467		11.3		281		9.10		0.16

		250		270		326.7		23.50		0.468				188		5.24		0.10

		250		280		499.5		23.44		0.469				95		2.22		0.04

		250		290		678.6		23.41		0.470				32		0.64		0.02

		250		300		863.9		23.39		0.470				4		0.07		0.01

		Cold iron yoke, single aperture magnet

		60		200		1040.8		20.00		0.550		12.0		80		0.00		2.50

		Cold iron yoke, double aperture magnet

		N/A		260		1794.8		19.64		0.560		12.0		60		0.40		0.60
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		Forces and multipole deviations due to coil blocks misalignment in double aperture dipole with warm iron yoke @ 11T

		R1, mm		R2, mm		Relative coil blocks shift				Forces per coil blocks, kN/m												Multipole deviations

										Left block				Right block				Total

						Dx, mm		Dy, mm		Fx		Fy		Fx		Fy		SFx		SFy		Db2		Db3		Da1		Da2		Da3

		190		260		0.0		0.0		-7.6		0.0		7.6		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0

						1.0				-0.9				15.1				14.2				1.0		-0.1

						2.0				6.2				22.4				28.6				1.9		-0.2

						5.0				25.9				46.9				72.8				5.1		-0.5

						0.0		1.0		-7.9		3.0		7.9		3.0		0.0		6.0		0.0		0.0		1.6		-0.4		-0.0

								2.0		-8.0		5.9		8.0		5.9				11.8						3.1		-0.8		-0.1

								5.0		-8.5		14.9		8.5		14.9				29.8						7.8		-1.9		-0.2

		250		290		0.0		0.0		259.7		0.0		-259.7		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0

						5.0		0.0		264.6		0.0		-254.3		0.0		10.3		0.0		0.7		0.1		0.0		0.0		0.0

						0.0		5.0		259.6		2.9		-259.6		2.9		0.0		5.8		0.0		0.0		3.0		-0.4		-0.0
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R2=inf

		R2=inf for all																										SHIFTED at 1st point

		R1=170																										b2		b3

		0.4928156		10000		42.37828		-0.5050953		-2.72E-03		8.82E-02		1.78E-02		1.32E-02		-4.38E-03		-0.102912		9.66E-02		0.1115541				0		0.0000047

		1.971263		10000		42.37786		-0.5061652		-2.28E-03		8.73E-02		1.95E-02		1.38E-02		-4.95E-03		-0.1033332		9.41E-02		0.1118665				-0.00042		-0.0010652

		2.956894		10000		42.37796		-0.5059152		-1.72E-03		8.72E-02		1.91E-02		1.30E-02		-4.40E-03		-0.1034237		9.45E-02		0.1117997				-0.00032		-0.0008152

		3.942524		10000		42.37758		-0.5061963		-1.81E-03		8.74E-02		1.91E-02		1.33E-02		-4.89E-03		-0.103304		9.42E-02		0.1118766				-0.0007		-0.0010963

		4.928149		10000		42.37372		-0.5064925		-1.70E-03		8.74E-02		1.89E-02		1.33E-02		-4.45E-03		-0.1033235		9.43E-02		0.1119731				-0.00456		-0.0013925

		5.913755		10000		42.36395		-0.508013		-1.94E-03		8.73E-02		1.91E-02		1.33E-02		-4.76E-03		-0.1032502		9.41E-02		0.1120945				-0.01433		-0.002913

		6.899246		10000		42.31643		-0.5129574		-2.12E-03		8.73E-02		1.91E-02		1.33E-02		-4.64E-03		-0.1031414		9.41E-02		0.1120065				-0.06185		-0.0078574

		7.884356		10000		42.16604		-0.5290546		-2.81E-03		8.75E-02		1.88E-02		1.32E-02		-4.53E-03		-0.1036469		9.37E-02		0.111814				-0.21224		-0.0239546

		8.868103		10000		41.6788		-0.5809681		-4.58E-03		8.81E-02		1.86E-02		1.31E-02		-4.61E-03		-0.1036304		9.27E-02		0.1118699				-0.69948		-0.0758681

		9.848978		10000		40.6106		-0.6914909		-8.37E-03		8.94E-02		1.78E-02		1.27E-02		-4.35E-03		-0.1036726		9.06E-02		0.1118664				-1.76768		-0.1863909

		R1=180

		0.4862986		10000		18.98523		-2.470043		-1.61E-01		8.22E-02		-3.22E-03		5.35E-03		-4.92E-03		-0.1072708		4.54E-02		0.1110322				0		-0.000003

		1.945194		10000		18.98479		-2.471682		-1.62E-01		8.10E-02		-2.92E-03		6.82E-03		-2.82E-03		-0.1077085		4.42E-02		0.1111128				-0.00044		-0.001642

		2.917791		10000		18.98489		-2.471494		-1.62E-01		8.08E-02		-3.01E-03		7.52E-03		-3.14E-03		-0.1075916		4.44E-02		0.1109763				-0.00034		-0.001454

		3.890389		10000		18.98476		-2.471241		-1.62E-01		8.10E-02		-3.08E-03		7.03E-03		-3.02E-03		-0.1078261		4.47E-02		0.1111641				-0.00047		-0.001201

		4.862986		10000		18.98446		-2.471513		-1.61E-01		8.10E-02		-3.18E-03		6.99E-03		-3.23E-03		-0.1076572		4.46E-02		0.1113988				-0.00077		-0.001473

		5.835579		10000		18.98297		-2.471398		-1.61E-01		8.10E-02		-2.98E-03		7.00E-03		-3.06E-03		-0.1077907		4.44E-02		0.1111655				-0.00226		-0.001358

		6.808166		10000		18.97972		-2.472016		-1.62E-01		8.10E-02		-3.00E-03		6.86E-03		-3.14E-03		-0.1079084		4.45E-02		0.1112118				-0.00551		-0.001976

		7.780728		10000		18.97051		-2.47269		-1.62E-01		8.11E-02		-3.19E-03		6.93E-03		-3.14E-03		-0.1077644		4.45E-02		0.1111527				-0.01472		-0.00265

		8.753189		10000		18.93807		-2.475668		-1.62E-01		8.11E-02		-3.03E-03		6.83E-03		-3.08E-03		-0.1077511		4.44E-02		0.1111959				-0.04716		-0.005628

		9.725404		10000		18.8583		-2.482624		-1.62E-01		8.11E-02		-3.13E-03		6.88E-03		-2.99E-03		-0.1078648		4.42E-02		0.1112432				-0.12693		-0.012584

		R1=190

		0.4816831		10000		3.231439		-3.544209		-0.2481136		8.15E-02		-1.80E-02		1.78E-03		-8.33E-05		-0.111131		1.00E-02		0.1130438				0		0.000001

		1.926732		10000		3.231177		-3.543205		-0.2452921		7.98E-02		-1.78E-02		3.53E-03		-2.09E-03		-0.1103067		1.09E-02		0.1112919				-0.000262		0.001005

		2.890098		10000		3.230868		-3.54315		-0.2456114		7.95E-02		-1.79E-02		3.21E-03		-1.87E-03		-0.1101544		1.08E-02		0.1111352				-0.000571		0.00106

		3.853464		10000		3.231183		-3.542936		-0.2456742		8.00E-02		-1.81E-02		3.15E-03		-1.71E-03		-0.1100864		1.10E-02		0.1114207				-0.000256		0.001274

		4.81683		10000		3.231205		-3.542809		-0.2458952		8.00E-02		-1.80E-02		3.45E-03		-1.54E-03		-0.110372		1.07E-02		0.1113637				-0.000234		0.001401

		5.780196		10000		3.231105		-3.543157		-0.2456566		7.98E-02		-1.79E-02		3.26E-03		-1.78E-03		-0.1101791		1.09E-02		0.1114767				-0.000334		0.001053

		6.743561		10000		3.230562		-3.542947		-0.2456806		7.97E-02		-1.79E-02		3.17E-03		-1.70E-03		-0.1102604		1.09E-02		0.1113481				-0.000877		0.001263

		7.706922		10000		3.229315		-3.543253		-0.2458057		7.98E-02		-1.79E-02		3.31E-03		-1.60E-03		-0.1102787		1.08E-02		0.1112892				-0.002124		0.000957

		8.670278		10000		3.227095		-3.543366		-0.2458099		7.98E-02		-1.79E-02		3.25E-03		-1.68E-03		-0.1102501		1.08E-02		0.111337				-0.004344		0.000844

		9.633612		10000		3.220929		-3.543915		-0.2458387		7.97E-02		-1.81E-02		3.27E-03		-1.62E-03		-0.1102779		1.08E-02		0.1112493				-0.01051		0.000295

		R1=195

		-0.4798604		10000		-2.66538		-3.897715		-0.2745293		8.15E-02		-2.49E-02		2.26E-03		-1.20E-03		-0.1132059		-8.08E-04		0.1110911

		-1.919442		10000		-2.665737		-3.898992		-0.2741985		7.94E-02		-2.34E-02		1.89E-03		-1.44E-03		-0.1112979		-1.88E-03		0.1116796

		-2.879162		10000		-2.665785		-3.89818		-0.2747183		7.92E-02		-2.39E-02		2.16E-03		-1.06E-03		-0.1111466		-1.94E-03		0.1116149

		-3.838883		10000		-2.665605		-3.898387		-0.2745755		7.93E-02		-2.38E-02		1.95E-03		-1.12E-03		-0.1108803		-1.86E-03		0.1115147

		-4.798604		10000		-2.665336		-3.898362		-0.2747578		7.95E-02		-2.38E-02		1.73E-03		-1.18E-03		-0.1111266		-1.88E-03		0.1115601

		-5.758325		10000		-2.665546		-3.898325		-0.2745336		7.97E-02		-2.38E-02		1.79E-03		-1.17E-03		-0.1110743		-1.81E-03		0.1116487

		-6.718045		10000		-2.665445		-3.898285		-0.2744868		7.95E-02		-2.37E-02		1.97E-03		-1.21E-03		-0.111124		-1.86E-03		0.1115121

		-7.677764		10000		-2.666179		-3.898459		-0.2744802		7.95E-02		-2.39E-02		1.95E-03		-1.09E-03		-0.1110703		-1.87E-03		0.1115678

		-8.63748		10000		-2.667211		-3.898291		-0.2744243		7.95E-02		-2.38E-02		1.74E-03		-9.61E-04		-0.1110466		-1.68E-03		0.1114863

		-9.597191		10000		-2.668854		-3.898535		-0.2745186		7.95E-02		-2.37E-02		1.97E-03		-9.77E-04		-0.1111967		-1.74E-03		0.1115798

		R1=250

		-0.4701502		10000		-31.97314		-5.110145		-0.3453773		8.28E-02		-5.11E-02		-2.80E-03		1.82E-03		-0.1134057		-6.51E-02		0.1131894

		-1.880601		10000		-31.97383		-5.11298		-0.3445525		8.22E-02		-5.09E-02		-3.62E-03		2.92E-03		-0.1146804		-6.49E-02		0.1138881

		-2.820901		10000		-31.97377		-5.112853		-0.3439169		8.22E-02		-5.12E-02		-3.75E-03		2.74E-03		-0.1144875		-6.52E-02		0.1140706

		-3.761201		10000		-31.97365		-5.112725		-0.3440893		8.24E-02		-5.11E-02		-3.62E-03		2.78E-03		-0.1141879		-6.54E-02		0.1139778

		-4.701502		10000		-31.97371		-5.112606		-0.3442109		8.22E-02		-5.11E-02		-3.69E-03		2.56E-03		-0.1144013		-6.55E-02		0.1141439

		-5.641802		10000		-31.97384		-5.112759		-0.3441532		8.23E-02		-5.11E-02		-3.47E-03		2.82E-03		-0.1143526		-6.53E-02		0.1140137

		-6.582103		10000		-31.97378		-5.11275		-0.3440191		8.24E-02		-5.10E-02		-3.52E-03		2.86E-03		-0.1143685		-6.55E-02		0.1139244

		-7.522403		10000		-31.97373		-5.112693		-0.3441749		8.25E-02		-5.11E-02		-3.61E-03		2.77E-03		-0.1144078		-6.53E-02		0.1140125

		-8.462703		10000		-31.97377		-5.112719		-0.3441456		8.23E-02		-5.11E-02		-3.70E-03		2.72E-03		-0.1143421		-6.53E-02		0.1140162

		-9.403004		10000		-31.97378		-5.112621		-0.3441312		8.24E-02		-5.10E-02		-3.60E-03		2.77E-03		-0.1143446		-6.54E-02		0.1139086
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		Double aperture dipole magnet with warm iron yoke

		(parameters comparison)

		R1,		R2,		S_iron/magnet,		I @11T,		Tr. Fun @11T		Quench field, T		Bfr @11T,		Maximum multipoles change in cycle

		mm		mm		cm^2		kA		T/kA		(Jc=2000 A/mm^2		mT		Db2		Db3

												@12T)

		Warm iron yoke, double aperture magnet

		190		200		122.5		23.45		0.469		11.4		770		36.00		1.50

		190		210		251.3		23.28		0.473				560		28.00		1.20

		190		230		527.8		23.06		0.477				290		10.20		0.64

		190		250		829.4		22.89		0.481				90		3.54		0.18

		190		260		989.6		22.85		0.481				28		1.24		0.07

		250		260		160.2		23.57		0.467		11.3		281		9.10		0.16

		250		270		326.7		23.50		0.468				188		5.24		0.10

		250		280		499.5		23.44		0.469				95		2.22		0.04

		250		290		678.6		23.41		0.470				22		0.64		0.02

		250		300		863.9		23.39		0.470				4		0.07		0.01

		Cold iron yoke, single aperture magnet

		60		200		1040.8		20.00		0.550		12.0		80		0.00		2.50

		Cold iron yoke, double aperture magnet

		N/A		260		1794.8		19.64		0.560		12.0		60		0.40		0.60
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Fringe field

Iron area
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Fringe field @11T and iron yoke area vs. iron outer radius 
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		Forces and multipole deviations due to coil blocks misalignment in double aperture dipole with warm iron yoke @ 11T

		R1, mm		R2, mm		Relative coil blocks shift				Forces per coil blocks, kN/m												Multipole deviations

										Left block				Right block				Total

						Dx, mm		Dy, mm		Fx		Fy		Fx		Fy		SFx		SFy		Db2		Db3		Da1		Da2		Da3

		190		260		0.0		0.0		-7.6		0.0		7.6		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0

						1.0				-0.9				15.1				14.2				1.0		-0.1

						2.0				6.2				22.4				28.6				1.9		-0.2

						5.0				25.9				46.9				72.8				5.1		-0.5

						0.0		1.0		-7.9		3.0		7.9		3.0		0.0		6.0		0.0		0.0		1.6		-0.4		-0.0

								2.0		-8.0		5.9		8.0		5.9				11.8						3.1		-0.8		-0.1

								5.0		-8.5		14.9		8.5		14.9				29.8						7.8		-1.9		-0.2

		250		290		0.0		0.0		259.7		0.0		-259.7		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0

						5.0		0.0		264.6		0.0		-254.3		0.0		10.3		0.0		0.7		0.1		0.0		0.0		0.0

						0.0		5.0		259.6		2.9		-259.6		2.9		0.0		5.8		0.0		0.0		3.0		-0.4		-0.0






