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Abstract—This technical note list the design parameters used for designing the coil ends for the second high field dipole model, HFDA02.

1. Introduction
HFDA02 is the second model of a series of Nb3Sn cosine theta dipole models to be fabricated at Fermilab as part of the High Field Magnet program for a future Very Large Hadron Collider (VLHC). The production report for this model can be found as Fermilab Technical Note [
]. This note presents the design parameters that were used in the design of the coil end parts. The design parameters for the coil ends for the first model-HFDA01 can be found in [
]. An optimization of the conductor end inclination angles was performed [
, 
, 
] for the second dipole model along with a more prudent use of Bend parameters Shift and Blunt. 

Fig. 1 shows the cross-section of the dipole model. Fig. 2 presents the cross-section of the lead and return ends of the dipole model. It also shows the convention used for naming the conductor groups in the end. The first alphabet of the name represents whether it is the inner layer (I) or the outer layer (L). The second alphabet represents if it the lead end (L) or the return end (R). The conductor groups are then numbered sequentially starting from the first wound conductor group to the last wound conductor group. Note that since the lead end parts are not symmetrical, there are two different files for each conductor group represented by the third alphabet for the lead end side input files: (L) for the left hand side and (R) for the right hand side.
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Figure 1: Cross-section of the dipole model.
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Figure 2: Lead end and return end cross-sections of the ends.

2. Design Parameters
With the above introduction, we now present the design parameters that were used in the design of the coil ends. Program BEND was used for the design of the end parts. Tables 1 to 4 present the bend input parameters that were used in designing the coil end parts. Note that the references on program BEND can be referred to understand what these design parameters mean. It is the intent of this paper only to document the design parameters that were used and we do not intend to provide details on program BEND here. Some of the other details can be found in [
]. The drawings for the coil end parts are documented as Fermilab part numbers 5520-MD-376582 to 5520-MD-376602. Fig. 3 to 12 show the design in further details.

Table 1: Bend design parameters for the inner layer lead end.
Input File
A-Length
YZ Inclination Angle
Offset
Shift
Blunt

Ilr1
21
20
-
0
0.5

Ill1
21
20
-
0
0.5

Ilr2
35
25
5
0
0

Ill2
35
25
5
0
0

Ilr3
45
25
6.7
0
0.316

Ill3
45
25
6.7
0
0.168

Ilr4
75
25
3.3
0
0.175

Ill4
75
25
3.3
0
0.143

Ilr5
90
25
7
1.4
0.168

Ill5
90
25
7
1.4
0.168

Table 2: Bend design parameters for the outer layer lead end.
Input File
A-Length
YZ Inclination Angle
Offset
Shift
Blunt

Olr1
40
20
-
0
0.398

Oll1
40
20
-
0
0.143

Olr2
40
20
15
0
0.143

Oll2
40
20
15
0.263
0.112

Olr3
40
20
25
0.263
0.112

Oll3
40
20
25
1.8
0.5

Olr4
55
25
0
0
0.087

Oll4
55
25
0
0
0.015

Olr5
67
25
15
0.04
0

Oll5
67
25
15
0
0.102

Olr6
85
25
0
0
0.025

Oll6
85
25
0
0
0.113

Table 3: Bend design parameters for the inner layer return end.
Input File
A-Length
YZ Inclination Angle
Offset
Shift
Blunt

Ir1
21
16.8
-
0.36
0.5

Ir2
45
25
11.7
0
0.316

Ir3
90
25
10.3
0
0.214

Table 4: Bend design parameters for the outer layer return end.
Input File
A-Length
YZ Inclination Angle
Offset
Shift
Blunt

Or1
40
20
-
0
0.143

Or2
55
25
25
0
0.087

Or3
85
25
15
0
0.117
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Figure 3: Outer layer, lead end cross-section.
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Figure 4: Top view of the outer layer, lead end.
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Figure 5: 3-D representation of the outer layer, lead end side.
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Figure 6: 2-D cross-section of the outer layer.
[image: image6.png]AW

AN

80 100 120

140

160 180

200

220




Figure 7: Inner layer, lead end cross-section.
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Figure 8: Top view of the inner layer, lead end.
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Figure 9: 3-D representation of the inner layer, lead end side.
[image: image9.png]iy

>

S

N
S




Figure 10: 2-D cross-section of the inner layer.
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Figure 11: 2-D cross-section of the inner and outer layers.
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Figure 12: Inner and outer layer, lead end cross-section.
OR3





OL2





OL6





OL4





OL1





IR3





IL5





IL1





IR2





IL4





IR1





OR2





OR1





OL5





OL3











Reference:





[�] D. R. Chichili, et al., “Nb3Sn Cos() Dipole Magnet, HFDA-02 Production Report, ” Fermilab Technical Note TD-01-036, May 2001.





[�] S. Yadav, “Design Parameters for the Coil Ends for the First High Field Dipole Model-HFDA01, ” Fermilab Technical Note TD-01-056, June 2001.





[�] S. Yadav, “Effect of Conductor YZ–Inclination Angle on the Quality of Conductor Positioning and Confinement for the Superconducting Magnet Ends,” Fermilab Technical Note TD-00-072, (2000).





[�] S. Yadav & I. Terechkine, “Design Issues for Coil End Parts for the High Field Dipole at Fermilab,” Fermilab Technical Note TD-00-073, (2000).





[�] S. Yadav & I. Terechkine, “Rapid Prototyping - From Concept to Reality - Application for the Design Optimization of Superconducting Magnet End Parts Using Selective Laser Sintering,” Fermilab Technical Note TD-00-059, (2000).





[�] S. Yadav, D. R. Chichili, and I. Terechkine, “Coil End Parts Design and Fabrication Issues for the High Field Dipole at Fermilab,” IEEE Transactions on Applied Superconductivity, Vol. 11 (1), pp. 2284-2287, (2001).





10

