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Abstract

A new production target for secondary particles at the J-PARC Hadron Facility is now under development. The new
target is planned to be a rotating disk type with cooling fins, and one candidate material for the target is pure tungsten
because of its high density, high thermal conductivity, and high strength at elevated temperatures. However, complicated
shaping such as bent cooling fins is very difficult by machining for the tungsten material. One possibility is the metal
additive manufacturing method, i.e., a metal 3D printer. If the 3D printer can be applied to the tungsten, a complicated
shape (or near net shape) seems to be realized. However, the concrete data on physical properties and mechanical strength
are insufficient for the target design. Thus, test specimens made of tungsten were fabricated with the 3D printer, which is
a laser powder bed fusion type. In this paper, the results of tensile tests and a modeling test are reported.
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Figure 1: Plan view of the Hadron Experimental Facility at
J-PARC.
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Figure 2: Schematic drawing of the prototype model for the
rotating-disk-type production target.
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Figure 3: Photograph during additive manufacturing (3D
printing) for the previous test specimen reported in Ref.

[8].
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Table 1: Parameters of Additive Manufacturing

Current Previous
production Production [8]
Laser Power (W) 300 200
Laser Diameter (« m) 75 75
Layer Thickness (« m) 20 15
Scan Speed (mnv/s) 200 300
Hatching Spacing (mm) 0.09 0.07
Energy Density (J/mm?) 833 645
Mean Particle Size (1 m) 11 11
Particle Shape Spherical Spherical
Material of Substrate SUS316L SUS316L
Temperature of Substrate 20C 20C
Atmosphere Argon gas Argon gas
Model Name of 3D-printer ~ EOS M290 Mlab 200R
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Thickness: 2.5 mm

Figure 4: Photographs and dimensions of the tensile-test
specimen.

Table 2: Lists of Materials for the Test Specimen

Name of the test Material description

specimen

Pure-W (AM) Pure tungsten (>99.9%) made by
additive manufacturing (3D printing).

Pure-W (AM) Pure tungsten (>99.9%) made by

with HIP additive manufacturing (3D printing).

Before machining, HIP
(176MPa,1850°C,3h) was processed.

Pure tungsten (>99.9%) made by
conventional method (rolled material)

Pure-W (conventional)

W-alloy (conventional) Tungsten alloy (W-97%, Ni-2%, Cu-
1%) made by conventional method
(sintered material).
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Figure 5: Stress-strain curves for the pure-tungsten
specimens at room temperature obtained by the tensile
tests. The strains were measured by strain gauges.

Table 3: Results of Tensile Tests at Room Temperature
(The error shows a standard deviation between specimens.
The strains were measured by strain gauges.)

Tensile Strain Young's
Strength [%] modulus
(nominal) [GPa]
[MPa]
Pure-W (AM) 44 (£2) 038 (£0.11) 14 (%2)
Pure-W (AM) 63 (£4)  0.07(+0.02) 134 (=11)
with HIP
Pure-W 546 (+28) N/A N/A
(conventional)
W-alloy 669 (£39) > 1% 314(£6)
(conventional)
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Figure 6: Photographs and SEM-images on the rupture
surface after the tensile tests.

Pure-W(AM)

Figure 7: SEM images around the rupture position viewed
from the side direction.
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Figure 8: Drawing of the manufacturing test assuming the

production-target disk. The fin thickness is 2 mm.

Figure 9: Photographs of the target disk made of pure
tungsten with additive manufacturing.
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Figure 10: Photograph of a test sample with a dimension
of 10X 10X 10 mm?® made of tungsten alloy (W-97%, Ni-
2%, Cu-1%) with additive manufacturing by the MLab-
200R.
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