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Laser Direct Manufacturing W/Ni Telescope Collimation Component

ZHONG Min-lin, YANG Lin, LIU Wen-jin, ZHANG Hong-jun, SUN Hong-qing

(Laser Processing and Rapid Prototyping Center , Mechanical
Engineering Department , Tsinghua University, Beijing 100084, China)

Abstract Laser direct manufacturing (LDM) is intensively developed in recent years to directly and flexibly
manufacture metallic components with full metal density, functions and properties, especially for some specific
materials or geometry. This paper presents a project work on laser direct manufacturing a novel designed collimation
component for out-space hard X-ray modulation telescope. The research work contained the characteristics study of
overlap multi-pass laser cladding of tungsten or tungsten nickel alloys, the microstructure analyses and the
processing stability of laser direct manufacturing. The research indicated that a triangle shape clad appeared when
vertically overlap W and W90Nil0 alloy. The W60Ni40 and W45Ni55 alloys showed good forming capability for
manufacturing. With optimized parameters: laser power of 2000 W, beam diameter of 3 mm, scanning speed of 0. 3
m/min and powder feed rate of 8 g/min, the cylinder shaped W60Ni40 collimation component was successfully
manufactured with diameter of 191 mm, height of 307 mm, thickness of 3 mm. No cracks and obvious porosities
occurred. The results proved that laser direct manufacturing could be well used to manufacture specific material and
geometry component with good quality, which are very difficult or even impossible by conventional manufacturing
methods.
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Fig. 1 Section pattern of the collimation component
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Table 1 Laser cladding parameters

Laser Beam Beam Scanning  Powder
power mode diameter speed feed rate
1300 W,
2000 W 01* 3mm 0.3 m/min 8 g/min

F2 BHMG-EMRELL (wt.-%)
Table 2 W and W-Ni powder mixtures (wt.-%)

Pure W WIO0Ni10 W60Ni40 W45Ni55
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Fig. 2 Triangle shaped multi-pass laser clad of
W (a) and WI0Nil0 alloy (b)
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Fig. 3 Microstructure of laser clad W ((a), (b)) and W90/Nil0 (c)
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Table 3 Chemical composition of different areas in laser

sintered tungsten layer by EDX

Composition
Label Position (weight percentage)
Fe w
A Grey particles 99.3
B Inter-particle matrix 58.0 39.1
C Dendrite 61.8 35.0
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Fig. 4 Phase diagram of W-Ni alloy
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Fig. 5 Microstructure of laser clad W60Ni40 (a)
and W45Ni55 (b)
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Fig. 6 Temperature stability in the melt pool
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Fig. 7 Simulation manufacturing of W60Ni40

cylinder sample
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Table 4 Dimension comparison of the LDM

simulation sample

Diameter/mm | Thickness/mm
Designed 33.0 3.0
Actual sample | Maximum 32.9 3.3
top Minimum 32.7 3.0
Actual sample | Maximum 32.8 3.0
bottom Minimum 32.6 3.1

Sample length: 185 mm.
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