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1. Introduction
Program BEND [
] is used at Fermilab for the design of cosine-theta type superconducting magnet end parts. Although this program is very powerful, there is no user documentation for this program. In this note, we show graphically the effect of two of the BEND parameters-Shift and Blunt on the shape of the end parts. We illustrate this for the inside and outside bounding surfaces of the different conductor groups from the first high-field dipole model, HFDA01 cross-section [
, 
]. 

2. Parameter Shift

Parameter Shift is used to change the distribution of twist along the guiding strip [
]. Positive values of shift cause more of the twist to be distributed early in the strip, while negative values distribute more twist late in the strip. The recommended values for this parameter are between -2 to 2. We show graphically the effect of this parameter in Figures 1 to 7. 

Figures 1 and 2 show the top view of the inside and outside surfaces of the outer layer, return end conductor group 3 (OR3) for an A-length of 110 mm and an inclination angle of 40.17° (as suggested by program BEND). It is observed that increasing the value of shift from -2 to 2 has the same effect as pulling the free edge out as indicated by the arrow in the figure. However, this effect is observed to reverse in direction and decrease in magnitude if a smaller inclination angle of 25° is used, as seen in Figures 3 and 4.
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Figure 1: Inside surface of outer layer-return end conductor group 3, A length = 110 mm, Inclination Angle=40.17.
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Figure 2: Outside surface of outer layer-return end conductor group 3, A length = 110 mm, Inclination Angle=40.17.
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Figure 3: Inside surface of outer layer-return end conductor group 3, A length = 110 mm, Inclination Angle=25.

Figure 4: Outside surface of outer layer-return end conductor group 3, A length = 110 mm, Inclination Angle=25.

Figure 5: Outside surface of outer layer-return end conductor group 1, A length = 40 mm, Inclination Angle=28.9.

Figure 5 shows the top view of the outside surface of the outer layer, return end conductor group 1 (OR1) for an A-length of 110 mm and an inclination angle of 28.9° (as suggested by program BEND). It is observed once again that increasing shift from -2 to 2 has the same effect as pulling the free edge outwards as indicated by the arrow. However, for this conductor group the magnitude of this effect is observed to be much smaller than that for the previous conductor group, OR3. Once again, this effect is observed to reverse in direction on using a smaller inclination angle, as shown in Figures 6 and 7 that use an inclination angle of 20° instead of 28.9°. However, in contrast to the previous case, the magnitude of this effect is observed to increase on using a smaller inclination angle. 
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Figure 6: Inside surface of outer layer return-end conductor group 1, A length = 40 mm, Inclination Angle=20.
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Figure 7: Outside surface of outer layer-return end conductor group 1, A length = 40 mm, Inclination Angle=20.
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3. Parameter Blunt

Parameter Blunt is used to change the radius of curvature of the free edge [4]. A blunt of zero is the default value and has no effect on the strip. Positive values of blunt pull the free edge of the strip out near its termination and are used to relieve sharp radii at the nose of the group. Negative values pull the free edge out near its middle and are used to improve areas between groups that may be too thin to support part manufacturing integrity. The recommended values for this parameter are between 0 to 0.5.

Figures 8 and 9 show the top view of the inside and outside surfaces of the outer layer, return end conductor group 3 (OR3) for an A-length of 110 mm and an inclination angle of 40.17° (as suggested by program BEND) for different values of blunt. It is observed that as expected the effect of increasing the blunt value is to pull the free edge outward as shown in these figures. Similar effect is observed, for example, for the inside surface of the outer layer, lead end conductor group 3 (OLL3), as shown in Figure 10.
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Figure 8: Outer layer-return end conductor group 3, A length = 110 mm, Inclination Angle=40.17.
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Figure 9: Outer layer-return end conductor group 3, A length = 110 mm, Inclination Angle=40.17.
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Figure 10: Outer layer-lead end conductor group 3 (oll3), A length = 50 mm, Inclination Angle=22.0.
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