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This document summarizes magnetic and electrical calculations done on the BHZ20 dipole magnet in order to confirm that it can be used in the future LINAC4 transfer line to the PS Booster.
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1. INTRODUCTION
The BHZ20 is a C-shape pulsed dipole magnet. It is used in the LINAC2 transfer line to the PS Booster. It has a switch function. When it is powered it deflects the beam to the PSB. If not, the beam goes to the dump. Regarding the high importance of this magnet for the accelerators chain and the fact that there is no spare available, a project for the fabrication of a new spare magnet was approved.

The BHZ20 will be re-used in the future LINAC4 transfer line to the PSB, with a new angle and for a higher Energy (160 MeV compared to the 50 MeV of the LINAC2). The new magnetic field, the dissipated power and other important parameters are calculated in this document to confirm if this magnet can be used in the new conditions, and if the spare magnet can be fabricated on the same basis that the original magnet.

[image: image1.jpg]"

"
i e S

.





Figure 1: BHZ20 installed in the LINAC 2 transfer line to the PSB

2. magnetic field of the bhz20 in the linac4

Data:

- LINAC 4 energy Ek:



0.16
GeV

- H- ion rest energy E۪:



0.938
GeV
- BHZ20 deflection angle α in LINAC4:

24
°
- BHZ20 magnetic length:



1.045
m

- BHZ20 yoke length:



0.9
m

- BHZ20 yoke width:



0.4
m

- BHZ20 gap:




104
mm
- BHZ20 good field region:



280
mm

- Number of turns per coil:



59

- Number of coils:




2

· Curvature radius ρ:
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· Arc length L in the magnetic field:
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· Sagitta s:
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· Working width l:
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Figure 2: BHZ20 good field region
· β(v/c):
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· Momentum p:
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· Magnetic rigidity Bρ:
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· Magnetic field B:
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· Theoretical current I:
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3. simulation of the magnetic field in the bhz20

A simulation of the magnetic field in the BHZ20, done with POISSON shows that the iron is a bit saturated in the upper and lower part. This is due to a smaller section of the yoke at that place. The current has to be increased from 531.6 A to 589.8 A in order to have a magnetic field of 0.758 T.

· Magnetic field distribution in the cross section:
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Figure 3: magnetic field computation of the BHZ20 using Poisson
4. dissipated energy and cooling
Magnet:

- Magnet inductance:



0.095
H
- Magnet resistance at 20°C:


0.06
Ω
- Magnet resistance at working temperature:
0.0635
Ω



  (T° water inlet 20°C, T° water outlet 50°C)
- Conductor size:




12*12
mm

- Cooling channel diameter:


6
mm

- Number of turns per coil:



59

- Number of coils:




2 (water circuits in parallel)

- Conductor length:




195
m
Powering cycle:

- Rise-time:





250
ms

- Fall-time:





170
ms

- Flat top duration:




150
ms

- Cycle total time:




900
ms

· I RMS:
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· Dissipated Power in the magnet at working temperature:
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· Required cooling flow for a temperature rise ∆T of 25°C :
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· Water velocity :
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· Pressure drop ∆P :
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The magnet BHZ20 can be operated in that condition but in order to minimize the pressure drop, the conductor of the spare magnet coils will have a cooling channel of 6.5 mm diameter. In that case the new cooling condition of the spare magnet will be as follow:

- Magnet resistance at 20°C:





0.063
Ω
- Magnet resistance at working temperature:



0.067
Ω

  (T° water inlet 20°C, T° water outlet 50°C)

- Dissipated power in the magnet at working temperature:

7.5
KW
- Required cooling flow for a temperature rise ∆T of 25°C:

4.5
L/min

- Water velocity:







1.13
m/s
- Pressure drop ∆P:







6.6
bar
5. power supply requirements
· Peak voltage Upeak rise during the rise time induced by the magnet:
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The induced voltage due to the DC cables resistance needs to be added to the Upeak rise
in order to insure a good operating condition of the power converter.

· Peak voltage Upeak fall during the fall time induced by the magnet:
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6. installation of the bhz20 in the l4 transfer line

The existing BHZ20 magnet is screwed on a mechanically-welded intermediate support. This intermediate support is installed on a 3 points mechanically-welded floor support in order to adjust the 3-D positioning and the tilt of the magnet (Figure 5). 

The spare magnet will have the same reference plane and fixing holes for the installation on the intermediate support.

Originally in the Linac4 application, it was foreseen to have a dump just after the BHZ20, so the magnet would have been turned by 200°, but it is not the case anymore in the definitive Linac4 design. So, the geometrical center of the magnet will be slightly moved and the floor support will be rotated by 20° to reach the new position, as described in the figure 4.

Remark: In the Linac4 application, the BHZ20 will deflect the beam in the opposite direction compared with the Linac2. As it will be H- ions, the polarity of the magnet will remain the same.
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Figure 4: positioning of the BHZ20 in Linac2 and Linac4
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Figure 5: BHZ20 support
7. VACUUM EQUIPMENT

The BHZ20 used in the LINAC2 has a Y shape vacuum chamber, because of its switch function. There is no available spare vacuum chamber for this magnet. In case of replacement of the magnet during the LINAC2 operation (until 2014), the vacuum chamber of the existing magnet will be removed and reinstalled in the spare magnet.

In the LINAC4 application, the BHZ20 will not have anymore a switch function, so a new vacuum chamber will be designed and fabricated.

8. conclusion

The present magnet BHZ20 meets the requirements for the new operating conditions in the LINAC4 transfer line.

Some additional studies on the equipment used in parallel i.e. the power converter, the DC cables, the demineralized water network and the vacuum equipment need to be completed to confirm their compatibility with the new BHZ20 operating conditions, listed in this document.
Furthermore, the exact characteristics of the powering cycle may be trimmed in order to achieve a stable magnetic field within 2(10-4 on the flat-top. It is foreseen that some magnetic measurements of the field stabilization are to be done on the BHZ20 magnet during the next LINAC2 shut down.
Field homogeneity at I = 589.8 A, B = 0.758 T
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