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Abstract

Functionally graded properties are characterized by the gradual variation in composition and structure through the volume

of the material, resulting in corresponding gradation in properties of the material. Direct laser melting (DLM) is a prototyping

process whereby a 3-D part is built layer-wise by melting metal powder with laser scanning. Studies have been performed on

the functionally graded properties induced by direct laser melting of compositionally selected metallic powders. For the

current study, quadrangle structures were fabricated by DLM using Fe-Ni-Cr powders having variable compositions.

Hardness and EDX analysis were conducted on cross-sections of the fabricated structure to characterize the properties. From

the analysis, it is shown that functionally graded properties can be successfully obtained by DLM of selected metallic

powders with varying compositions.

Key Words : Force Functionally Graded Materials(FGM), Powder Processing, Mechanical Properties, Hardness Test, Direct
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Fig. 1 Schematic drawing of the direct laser melting system
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Fig. 2 SEM image of powders used for DLM: (a) Fe-
16Ni-4Cr, (b) Fe-21Cr-8Ni
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Table 1 Chemical composition(wt. %) of powders: (A) Fe-16Ni-4Cr, (B) Fe-21Cr-8Ni
LD. Mixing Ratio Fe Ni Cr Al Si Cu S Mo Mn

Fe-16Ni-4Cr 100%A: 0%B Bal. 15.69 | 3.96 0.76 0.72 0.32 0.24 0.12 -

Fe-14Ni-8Cr 75%A: 25%B Bal. 13.83 | 8.26 0.64 0.74 0.31 0.21 0.15 0.50

Fe-13Ni-10Cr 67%A: 33%B Bal. 13.21 9.70 0.60 0.74 0.30 0.20 0.15 0.67

Fe-12Ni-13Cr 50%A: 50%B Bal. 11.97 | 12.57 | 0.52 0.76 0.29 0.18 0.17 1.01

Fe-11INi-15Cr 33%A: 67%B Bal. 10.73 | 1543 | 0.44 0.77 0.28 0.16 0.18 1.35

Fe-10Ni-17Cr 25%A: 75%B Bal. 10.11 | 16.87 | 0.40 0.78 0.28 0.15 0.19 1.51

Fe-21Cr -8Ni 0%A: 100%B Bal. 8.25 21.17 0.28 0.79 026 0.12 0.21 2.02
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Fig. 4 Schematic of cross hatching scanning technique:
(a) first layer(0°), (b) second layer(90°), (¢) third
layer(180°), (d) fourth layer(270°)

Table 2.Processing condition for DLM tests

Laser power (W) 200

Scan rate (mm/s) 110, 150
Powder layer thickness (um) 40

Fill spacing (um) 60

60" layer

54" layer
53" Jayer
52" layer

Fig. 5 Cross sectional view showing process-induced

pores(scan rate 150mm/s)
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Fig. 6 Deposited simple quadrangle structure from scan
rate 110mm/s: (a) fabricated quadrangle shape,
(b) cross-sectional microstructures

Ne)
\D
OO
°\°
o
Hlir
flo
o
™

110mm/s o A= =
TAFS = 150mm/s4 A UF &S 99.5%%
A YEelsth 28 A5 Al e
a 2 HA7A oyA7F A
T 7R 8 #olA Weo] =xd
] &8AI71A SalA 150mm/se] 735
HAgg Ao -ﬂrﬂﬂt} 150mm/s %S~
BN 52545 Apolol A #zEE oF 100um =
H-E Fig. 5°ﬂ LERSATE mEbA] o]
DIM Al A= FASEEESE 110mn/s2 A5}
A= ‘10}213}.
Fig. 6 #lo]A &4
Ao A Az AT FREC] FA4S e FoR
1=
B

o2 b UE W )

ol

fo B N Az _ll-)

7]

@ o N rmodr o >
O{N'



oA AH && Al 5%
600
—=— Fe-16Ni4Cr —<— Fe-11Ni45Cr
—e— Fe-14Ni8Gr —»— Fe-1ONiH{7Cr
—a— Fe-13Ni-10Cr Fe-8Ni210r
E 500 —v— Fe-12Ni-13Cr RS
g — ., L s =
e
©
E
300 - k_"\m——A/W
5 | S e e — |
S C——0—¢9—¢— 9 — 06— 00—
2005——250 880 7200 16002000

Distance from surface, um

Fig. 7 Vickers hardnesses of various powders

I : Fe-16Ni-4Cr

II': Fe-13Ni-10Cr

III: Fe-8Ni-21Cr
b 1V: Fe-13Ni-10Cr
> V : Fe-16Ni-4Cr

A4

Vickers hardness
measure direction

substrate

Fig. 8 Schematic drawing of functionally graded
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