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Study on the Sintering Characteristics of the Mixed Metal Powder with Yb Fiber Laser
- Evaluation of the Adhesion Force of the Sintered Material on the Different Surface Plate -

Tatsuaki FURUMOTO, Takashi UEDA, Akira HOSOKAWA, Abdullah Yassin and Satoshi ABE

In order to manufacture the part of a small lot at lower cost and shorter lead-time, various techniques, such as a rapid
tooling, reverse engineering and high speed milling, are proposed. Recently, milling-combined laser metal sintering system,
which is the device of sintering the metal powder and milling the sintered metal with end mill at the one process, has been
developed to produce the injection molding dies. In this report, the sintering characteristics of the metal powder used for
rapid tooling with Yb fiber laser are described. Relationship between the scanning speed of laser beam and the width of
sintered material on the different surface plate are investigated. Moreover, the cross section of sintered material is analyzed
with EPMA and cutting force is measured by the dynamometer in the various conditions.

As a result, it was shown that the suitable irradiation energy for laser sintering should be selected to obtain the good
shaped structure, which is occurred the melting, the cohesion and the solidification of the metal powder repeatedly. The
shape of sintered material is formed like a spherical in the conditions of too much energy supply, and not formed partially in
the conditions of a little energy supply. The melted metal powder with the generated heat by laser irradiation alloyed with
the plate surface on the process of the solidification. The specific cutting force of sintered material on the surface with

sandblast is quite larger than that on the standard surface by the difference of the wetting of melted metal powder.
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Table 1  Specification of the Yb fiber laser

Laser type Yb fiber (CW)
Beam diameter ¢ | 84um
Wavelength A 1070 nm
Maximum output energy P 40W
Scanning speed F ' 1-3000 mm/s

Table 2 Specification of the metal powder

Material SCM, Cu, Ni
Shape Irregular
Particle mean diameter 30 ym

Bulk density 4190 kg/m?®
Absorption ratio (1070 nm) 25%
Thermal conductivity 0.14 W/mK

Laser beam

N, in blade

Z-axis stage
Fig.1 Schematic illustration of the sintering unit
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Fig.2 Beam profile at focus spot
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Table 3 Experimental conditions

Powder thickness d | 50 um
Scanning speed F 10 - 1000 mm/s
Sandblast (#35)

Sintering surface
Standard (#800)

20pm

Fig.3 SEM image of the metal powder
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(a) Standard (b) Sandblast
Fig.4 SEM image of the plate surface for sintering
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Fig.5 Roughness profile of the plate surface for sintering
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Table 4 Cutting conditions for sintered material

Tool material Solid carbide

Diameter ¢ 6mm

Shape Flat end mill

Cutting speed V | 75.4 m/min

Feed rate f 0.01 mm/tooth
/ End mill

Sintered line Plate

(a) Before cutting

(b) After cutting
Fig.6 Schematic illustration for the measurement of cutting force

ZOLEONSEEERNELZE 25 4190 kg/mE 72y, HE
JBE & Bl LT B0%FLEE & 725 2 E 3o T A 9,

EEM AR 3 IR T. EBE, AT —Y RICHE T
¥ 7L — FSPCC, t=32mm)iZ, ZAF— L 77T L— R HNT
JEZAS 50 pm THJ— L7225 X ) ISR R AR S, T4
PRIV —VREEEL THRERERE L. 2o, L—FR
AR OBENC X DB EZ TR 0, L—EEREE F
=20~1000 mm/s TEAL &, 1557 Bk 2 FEARBEIER((K)
=8 . SMZ1500) TE LB L TE DOIEE T2, BERE
MBI, ZA1 L REERED L CRIE MR AT B L, AR bE
FEDDEINTINNLE L 7o L OAFRITEREL L CER L. 7ak, BE
FEMOESHFNCBIT D HMESIE 1.2mm Tii—L7-.

F72, 7 L— hOREIRIEOE T L DHERERAEZ i 5
72, FEHET L — N LAEHET L — N & WA BRRI(#35) TH
K77 2 MLEE U7z LICBERE SRR AT o7z, 72k, L
— NORmIRER L) — LT B2, FKHE#800 ORFERK T E
Fr=7L— N TEBR L. £ 7L — FRH % SEM TBIZ L=k
BER 4, KA T 07 7 A W) AUREERL: SURFCOM)
OWEMREZR b 1T, &7 L— MREOM SIS, FETL
— MAE2YRa=0.6 um, > K77 A MEiAA Ra=35um & 72 o7,

WIZ, L—F T L 2@B M ROURL - BEiE A =X L%
BEd 27290, Fv— b RCERE LT A Vs E 7 7 A v
1 &2 CHIHr - WFEE U714, U2 EPMA(H A 1-(R) Y
JXA-8100)%& FHNCordT Lz, BEfidiE, o K772 Ma kiC
F =100 mm/s OEEE THERE L7 D% iz,

IBlT, &7 b— bEICHT BEERE OB AN A T 5
HELT, £ IINTRITHER-EFETER LT 1 Vi E
RIVINT LT, 0k &4 2UHHEHE TIE AHH A A
A Z (R : 9251A) THIE L7z, FEBRFIEOHIKX 2K 6, 5
FEER 4 1RT. ERICHOD TR, ¢=6 mmOEiE~ 7

v hZU RIVTHY, AEONDUNMITI0°DHDEMEH L.

FRIT, FETIA BEE LT L— RSB RN EE L

X 6@ & HIC TR Fig T A VEEEICK L CEE
W72 A LI UT-, kic, THAG L 7L — N4 il
SH, BO)IRT K T L— b OB O EYIEIT D
LEITAEUDUEIRARE L-. 2 LT, &bn-lEhhs
PO IEIEIRHZEH L, 71— MNEOEWIS L B LSS

200pm 200pm

(b) F =100 mm/s

200um

(c) F =500 mm/s

(d) F =800 mm/s
Fig.7 Photo of the sintered line on the sandblast surface
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Plate edge Sintered material
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Fig.9 EPMA analysis of cross section of the sintered line
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Fig.10 Waveform from the dynamometer
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Fig.11 SEM image before and after cutting (F=100mm/s)
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Fig.12 Specific cutting force of the sintered line at each surface
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Fig.13 SEM image of the sintered line after cutting
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