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Study on the Measurement of Physical Properties in the Metal Powder for Rapid Prototyping

- Proposal of the Measurement of Thermal Conductivity and Absorption of Laser Beam -

Tatsuaki FURUMOTO, Takashi UEDA, Akira HOSOKAWA, Satoshi ABE and Tomas H.C. CHILDS

In this paper, a simple method for the measurement of thermal conductivity and absorption of laser beam in fine metal

powder for rapid prototyping is proposed. When the heating time of the metal powder ¢ is sufficiently short in comparison

with the time until the metal powder reaches its maximum temperature T (#/7<0.1), and the measurement depth from a
surface Z is longer than the diameter of the heat source a (Z/a>1.23), it is shown that the thermal conductivity of a metal

powder can be precisely calculated by measuring the time that the temperature takes to reach its maximum value. As work

materials, chromium molybdenum steel powder (SCM) and copper powder, whose diameters are 10um, 20um and 30um,

are used.

As a result of measuring the thermal conductivity and the absorption of laser beam in various metal powders, the

thermal conductivity of a metal powder is quite small compared with that of the metal, and the materials, the shapes and the

diameter of a metal powder have little influence on thermal conductivity. The absorption at the surface of a metal powder is
larger than that of the metal, and there is little difference among the materials.

Key words: rapid prototyping, thermal conductivity, absorption of laser beam, chromium molybdenum steel powder,

copper powder
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Fig.1 Model of heat source at semi-infinite solid
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Table 1 experimental condition for measuring thermal conductivity

Laser type Yb:fiber (CW)
Wavelength A 1075 nm
Spot size 2a  3.5mm
Irradiation time At 3sec
Irradiation energy E 26.1J
Thermocouple Type K (Chromyl-Alumel)
Measurement depth z  7Tmm
Diameter of wire ¢  0.1mm
¢=2a Laser beam

z | Metal powder

Vessel to Oscilloscope

Thermocouple
Type: K (¢=0.1mm )

Fig.2 Schematic illustration of experimental set-up
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Table 2 Experimental conditions for measuring absorption of laser beam

Table 4 Specification of the metal powder

Material SCM Cu
Shape Regular | Imegular | Regular
Particle diameter [pm] 30]10] 20103710
Specific heat® C [J/g*K] 0.46 0.38
Bulk density (measured) p [ke/m’]] 4688] 4690]3762] 4033] 4688] 4783

Laser type Nd:YAG (PW)
Wavelength 1064nm
Pulse duration T 03ms
Peak power W 633W
Irradiation energy perpulse  Ep 190 mJ
Number of pulse n 1

Photo diode S5821
Cut-off frequency 25 MHz
Active area 1.2 mm
Spectral response range 320 - 1100 nm

Table 3 Specification of photo diode

Cut-off frequency 25 MHz
Active area 1.2 mm
Spectral response range 320 - 1100 nm

Laser beam

)

/d’
/ |

7225

Integral sphere

Condenser lens

Coated by

BaSO, powder ™ Laser

B . detector

Metal powder

Fig.3 Schematic illustration of experimental set-up
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Fig.4 SEM images of SCM powder
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Fig.5 SEM images of Cu powder
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Fig.6 Output of the thermo couple
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Fig.7 Comparison between SCM powder and copper one
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Fig.8 Relation between the bulk density and thermal conductivity
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Fig.9 Comparison between regular powder and irregular one
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Fig.10 Relation between the average particle diameters and thermal
conductivity of metal powder
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