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Table 1 Additive manufacturing material processes

HH##EFE(mm*s™')  EOLTRW) gk
500 1500 =
600 1500 3%
700 1500 =
700 1500 P

K 2 A #EZE N 500 mm/s. 600 mm/s
700 mm/s B i 3 09 AR B o3 o3 A . BRI 4
FE] L 31 il AR B A3 B 43 A A S L
2 W] LA 0 40 i 3 T DA D b Rk 3R T 1
P 2 T 44 o R 1) ) 2 1 B

AR VIR Z E & 5070 M R AR R Ky 7.6
g/min, FZ YL IR Z LMy 0.5 mm, P T 10
BB EE 2k 4 mm., WLRLUY % 7075 454 40 3
Al 1) AT OB B 50 mm. Ry By 1A 5 AL
il 2 R AR S th AT, N TR AR LS8
Xof A A8 4 TETAELRES B8 1) 52 ) ol TS ] T 25 4 1 AN [
AOHERE. RIS, AN SRS U)o T AR [ RUST Y



* 640 -

W g 22 4l

2024 4E4 45 %

o0
o0
.O\

0 i
B EESEAEE/Z

W=

(a) BOGKACTIREA R B

(a) Schematic diagram of laser melting deposition technology
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(b) Powder scanning electron microscope image
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Table 2 Comparison of tensile results in different

directions of specimens

A S E 78N RRCL7ES
#7716 Bt (MPa) f it (MPa)
&I 13594 13172 13333 13366
Hiidrm - 13473 12877 13509 13286
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B R RE S ZE AR ) 250 T AT A I R 2 4ok
MFEIRE BE 2 240, 5 mm. ML 0.1
mm/ min, JTARLVEFE A TR S5 08, PR AR i 3R
TS Ean &l 3 fr 7. Pl 5l i 45 Rk 2
7~ PR IR 1 B B an i 5 PR, HH, 700 mm/s
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Fig. 2 Material composition distribution maps at various scan rates
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Fig. 3 Comparison of surface morphology of tensile specimens
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(a) Overall schematic diagram of fracture morphology
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Fig. 4 SEM detection of fracture morphology of non-standard tensile specimens cut at a scanning rate of 600mm/s
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Table 3 Tensile test results comparison

G iR RS 1R
MR T Z Lo Y ER U ES it 588 3 PO 5 Y ER U LES i 5 R

(MPa) %) (MPa) (MPa) %) (MPa)
500 mm/s 267.22 16.5 128. 62 239.21 14.0 120. 64
600 mm/s 283. 31 17.5 149. 64 265. 85 16.0 139. 60
700 mm/s 300. 83 22.0 152.43 282.67 20.0 141.63
700 mm/s(h) 337.67 17.0 195. 68 321.32 14.0 180. 67
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Fig.5 Tensile test results comparison chart

RLRE 55 6 ¥ 14 25 25 b1 RIS 7 107 7 ) 2660 EE A
6 JIr /i« X e P 4 R f) R T 1 78 4 R B X
FORUBE 1R R 1L JiE AR A BR oK A5 5 L i AR B R O
T S o BE AT 5 R 3l R AR SCIA O X B R 2
F1 T R S T RS S 9 A7 A TS B AR SO
M RLRE BE AT W 5801 ) 3 1 HLRS 12 0F b1 B )
SR RE Y R . 7R SO B 3 A i b R 3% T HL
Rl I 5|6 17 g B L TS W R OB i R SR R E AT
BIE 58 A .

2 REEREMENHEDREKE

2.1 REEHRMNE

ABIEFE b B I AR A B K 25 8 mm,
Y REHy 2.5 mm. FEREAR SR MR B,y TR IR
T IERE AR AT R — A TR R R L AR
2 24k v, 5 R T T 17 KL it A D). 7E R
5 TR JEE I AT — 2 352 1T 390 1T 199 20 A A 5256 T
) 2 TR 30 K808 7 3D Sl BB (B 5. VHX-
T100) AT R AR i (8 FH 9 T2 A 52 B2 A7 B2 S L 2%
ML Professional 3D, 525 By 15 3% 11 & 4 £ 4
wE 8 frR.

TR R A 5 B — 28 T R R M (SR T b 3
A7 ORL Y - RO RO B 3l L i UG B ORL D 2
PERE A 252 PR 3R S bR R TR AR 5 R A 1 g
H A SCOREAR I B R 1 2 T T A5 ke F 9 2 T R ) 4R
HOGF TR R B 3 2 RE 5

0 2ok P A A 2 ROk A L SR T RLRE Y AR AT B
A A A T T 2 AR T e A Bk P
S T PR LR R L L T % T RLRE B 1 B0 2
I3 THT IO ) 4R v B4 S
2.2 REEREMY

$E R T 3 3 TR S5 B TR AT AR Sy 22 07 45
AR W PR BE AL AR 1T L 1 52 O ) B vk 3 T
TE 258 P B HR I A A AR AL 05 B - R 5 B T B
Iy g kBB RIS LS R

w(x) = D> A cosCnfir + @) (D

BEUARSC 600 mm/s 4748 3 A 1] 45 A9 1L {1 1A



+ 644 - IE A Sy 2 2 4R 2024 4R 45 %

400 400 3
— HR — MK
— B — b
300+ 3001
s =
o o
\2/ 200F E 2001
R R
= =l
1001 100
0 — 0 ——
0 5 10 15 20 25 30 0 5 10 15 20 25 30
R AR (%) REAE (%)
(a) 500 mm/s (b) 600 mm/s
400 400
— Mk — MK
— e o
300+ 300
s =
e &
% 200F \E-/ 200
R =
= &
100 100
0 e 0 T T H—
0 5 10 15 20 25 30 0 5 10 15 20 25 30
JRE7E (%) NLZE (%)
(¢) 700 mm/s (d) 700 mm/s(h)

Pl 6 4% 4714 T 4] A BOREIL il 52 6 25 SROB M 5 LR X L ]

Fig. 6 Smooth vs. rough comparison of material tensile test results at various scanning rates
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Fig. 7 Surface topography data of materials prepared under various process conditions
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Fig. 9 Surface stress concentration factor for materials prepared at various scanning rates
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Fig. 10 Finite element analysis model
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Fig. 12  Finite element simulation validation of tensile test results
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Fig. 13 Comparison of stretching simulation results be-

tween smooth and rough models
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Fig. 14 Normal distribution fitting graph of surface stress

concentration factor data for 600 mm/s materials
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Table 4 Statistical data of stress concentration factor generated by surface morphology

IR (mm x5 1) Bfi H{H PR 2 o AL 5B R 2 5 (MPa)
500 2.98/-0.98 1. 00 0.35 120. 64
600 2.38/-0.15 1. 00 0.28 139. 60
700 2.34/0.01 1. 00 0.31 141.63
700(h) 2.98/-0.78 1. 00 0. 37 180. 67
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Table 5 Converted results of the linear regression equation for yield strength

A (mm > s 1) LW R B (MPa) YA PrifE 2z o Priv it (MPa)
500 128. 62 .00 0.35 119. 22
600 149. 64 .00 0.28 140. 76
700 152. 43 .00 0.31 142. 48
700(h) 195. 68 .00 0.37 180. 62
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Investigation on the Influence of Surface Topography Reconstruction and Yield

Strength of High-strength Aluminum Alloys in Additive Manufacturing

Ziliang Dong' Zhengkun Cheng® Xiaonan Zhang' Pin Wen'
(! Department o f Engineering Structures and Mechanics, School of Science ,
Wuhan University of Technology. Wuhan, 430070)
(*School of Undergraduate Education , Shenzhen Polytechnic University , Shenzhen, 518885)

Abstract To investigate the impact of surface topography on the mechanical properties of additive
manufacturing materials, in this paper, high-strength aluminum alloy specimens were fabricated by the se-
lective laser melting method. The influences of scanning speed, heat treatment, deposition direction, and
surface roughness on tensile mechanical properties were examined. The surface topography measured by an
optical microscope was reconstructed based on the Fourier series and MATLAB software, and the analyti-
cal solution of the stress concentration coefficient of the surface topography was derived using the Airy
stress function. Finite element analysis was conducted using ABAQUS software to validate the analytical
results. The probability density function of the stress concentration coefficient was obtained through nor-
mal fitting, and a method for evaluating the reliability of the material based on yield strength was pro-
posed. The proposed methodology in this paper is of reference significance for the quantification of surface
roughness and its effect on yield strength of other additive manufacturing materials and specimens.

Key words additive manufacturing, stress concentration factor, reliability analysis, surface topogra-

phy, simulation modeling





