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Abstract

A new rotation-type production target for high power beam in the Hadron Experimental Facility at J-PARC is now
under being developed. Since the production target is installed in the airtight chamber, the driving shaft for the rotation
has to be connected to a motor unit with a rotation sensor, which is located outside the chamber, via an airtight rotation
coupling on the target chamber. In this design, robustness of the airtight-coupling part in long period is a challenging
issue. Also, a radiation shield around the motor unit with the shaft tends to be large and expensive. Therefore, a new
rotation method, that is a wind-turbine method using a part of helium gas for cooling inside the target chamber, is under
being developed. In the wind-turbine method, the compact and robust target chamber can be designed, because the
coupling and the motor unit with the shaft outside the chamber are not necessary. However, in the wind-turbine method,
the rotation sensor has to be installed in the target chamber. Since radiation level in the target chamber is very high,
commercial rotation sensors are difficult to be applied. Therefore, we have developed a new radiation-resistant rotation
sensor using a ceramic-insulation cable. In this paper, conceptual design and basic characteristics of a prototype of the
rotation sensor are reported.
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Figure 1: Schematic design for the new rotation-type
production target.
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Figure 2: Photograph of a mockup of the rotation target
disks with a gas-turbine driver.
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Figure 3: Design of a prototype of a rotation sensor with a
4-poles rotor.
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Figure 4: Schematic drawing of the rotation-target unit
with the prototype of the rotation sensor.
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Figure 5: Calculation results for the 4-poles rotor with a
simple 2-dimensional model using the static magnetic-
field FEM solver [5]. The upper pole is for the excitation
coil and the lower pole is for the pickup coil. The left figure
shows rotor facing side at 0 degree and the right figure
shows rotor non-facing side at 45 degree.
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Figure 6: Photograph of a prototype of the rotation sensor
with a 4-poles rotor. A gap between the pole and the rotor
is 0.5 mm. The right side is the excitation coil, and the left
side is the pickup coil.
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Figure 7: Histories of the induced voltage from the pickup
coil at 200 rpm with a current in the excitation coil of 3 A.
The voltage output of the general-steel case is normalized
to an equivalent number of ampere-turns for the pure-iron
case.
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Figure 8: Summary of the induced-voltage amplitudes
from the pickup coil.
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Figure 9: Linearity of the rotation speed displayed on the
controller.

Table 1: Stability of the output rotation speed from the
controller. The G in the table means a standard deviation of
the output voltage from the controller.

Rotation speed Stability
26 in rpm (in %)
40 rpm 22 ipm  (5.5%)
100 rpm 0.82 rpm  (0.82%)
150 rpm 0.077 rpm (0.051%)
200 rpm 0.44 rpm_ (0.22%)
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Figure 10: Histories of the output voltage from the
controller during a ramp-up period from O rpm to each
rated speed.

Table 2: 90%-response Periods of the Rotation
Sensor

Rotation speed 90% response period
in seconds.
40 rpm 1.2 sec.
100 rpm 1.5 sec.
150 rpm 1.7 sec.
200 rpm 1.9 sec.
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