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Study on Surface Morphology and Roughness Variation of NiCr Alloy
Curved Surface Manufactured by Selective Laser Melting
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Abstract In order to directly fabricate customized metallic parts with complicated surface, the surface quality
of curved surface feature manufactured by selective laser melting (SLM) technology should be ensured. The
parameters of NiCr alloy are optimized by orthogonal experiment and two kinds of cylinders are fabricated with
X-Y inter—layer staggered scan strategy. The surface morphologies of curved surfaces of the parts are studied using
three dimensional super depth digital microscope and scanning electron microscope, and the corresponding surface
roughness is measured. The results show that when fabricating the parts with curved surface placed in different
spatial positions, contour error in layer and stair effect among layers stacked lead to the staircase—shaped profile
and anastomosing morphology on curved surfaces, and even the worm-like or granular morphology on overhanging
curved surfaces when the tilt angle is larger than 60°. Variation of the value of R, is consistent with surface
morphology. The results provide important guidance to improve surface quality of the parts with curved surface
fabricated by SLM.
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Table 1 NiCr alloy powder chemical compositions (mass fraction, %)

Ni Cr Mo Mn Si C

60.5 26.25 11.21 0.04 1.8 0.01
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Table 2 Factors and levels of Ly (3*) orthogonal test

Experiment No. Laser power /W Scan speed /(mm/s) Scan space /mm
1 130 400 0.07
2 130 600 0.08
3 130 700 0.09
4 150 500 0.08
5 150 600 0.09
6 150 700 0.07
7 170 500 0.09
8 170 600 0.07
9 170 700 0.08
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Fig.2 Any curved surface by superposition of planareas
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Fig.3 Schematic diagrams of cylinder models. (a) Vertical cylinder; (b) transverse cylinder
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Fig.4 Testing schemes of cylinders
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Table 3 Measurement results of cubes

Experiment No. 1 2 3 4 5 6 7 8 9
Relative density /% 96.85 95.97 94.90 97.47 96.02 96.38 95.66 97.84 96.49
Surface roughness /pm 7.18 10.23 14.91 5.47 13.75 8.42 6.76 10.06 11.45
(@ A ®

5 N T B JEL A AT T AR RLCR o () SRR RIS (b) BEAT T 1A

Fig.5 Fabricating results of cylinders with different wall thicknesses. (a) Vertical cylinders; (b) transverse cylinders

1203004-4



L G-

FIE7R  Z A R Ak e W, AT W S R R S
3.2 HIE M IRIFE
3.2.1 Yk @k A @ 5 AT

P 6 Sk Y T A AS [0 3 A 1) 2% 1 B0 L . A T A S ()0 3 o) 22 T T 0 R RT3, HE A
o T T A T 5 R R A R BRI S, B L a=45° il , F T A BT SRR AE X R4 A, T Z S Ry
T J2 () 1 425 2 0 0 R Y OB 8 B 8, BRI OB S . B 7 SR 1/4 SO0 il T 79 SEM I, 35 B R UL J2 ] I 1 4%
PR FEa=90°H T , i T S5 4 4E S v 8] U135 00 17 149 - &5, SF- & 1 0000 ol T S S SE A AR TR I & B R S, HL
B il /)N, 15 B TR BE 28 3 A8 /N 56 2% A TR ARAE I8 55 L 7E a=45°4b &5 B e/ .

a=0°

a=30°

a=90° Z

Pl 6 AT T A [l 003X 14 28 1T TE 550 1 P 7 AT 1AM i 1T SEM 4]
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vertical cylinder vertical cylinder
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Fig.8 Schematic diagram of vertical cylinder contour error. (a) Schematic diagram of scan line filling; (b) profile morphology of the part
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Fig.9 Surface morphology in different test angles of transverse cylinder
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Fig.11 SEM morphology of transverse cylinder B. (a) Outside surface; (b) internal surface
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Fig.12 Schematic diagram of anastomosing morphology
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Fig.13 Surface roughness of vertical cylinders with different wall thicknesses

N RGEAE T A BE T 5 | Z A (0 58 B R 22 5 15 [ RO 1 A& A FH WS 3 TR B2 1) 52 W), o A ] BE JEL )
FETA A LB Y RAE MR (A, 22 428 500 AR 8 Xof R A T A 5 T AR B2 1) 52 00 G 2R P, 0 181 15 s o T DL A A T
A B AN it T B R AR R A/ TR AL TR A B RAA, 45 5 7E =040 , RAGFEARZY 5 wm , 1705 HE A A0 i 17T 69 R, 20
KT AL TR A RAE o 33 B8] 24 ih T R 28 5 Xl i) I #1450, J2 ) 7 A= 1 e B 158 22 A3 R T [ AR A A i

1203004-7



[(a)

x

—=—0.5 mm

—=—0.5 mm
——15mm
——2.5 mm

30

60 90 120

Test angle /(°)

150

30 60 90 120 150
Test angle /(°)

Pl 14 7 [m] B J5E A0 B A THD A4S A B9 SR TDRLRE 2 o (o) ST TE 5 (b) P00 it T

Fig.14 Surface roughness of transverse cylinder A with different wall thicknesses. (a) Outside surface; (b) internal surface
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Fig.16 Fabrication of customized crowns. (a) CAD model; (b) SLM crowns
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