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Effect of Pore Defects on Tensile Properties of Al1-Mg-Sc-Zr Alloy Formed
by Selective Laser Melting

Feng Zhenyu, Ma Jiawei, Qi Shuo, Zhang Hongyu, Chen Kun
College of Safety Science and Engineering, Civil Aviation University of China, Tiangin 300300, China

Abstract Pore defects adversely affect the mechanical properties of laser-additive manufacturing alloys. To elucidate the
effect of pore defects on the tensile properties of Al-Mg-Sc-Zr alloy formed by selective laser melting (SLM), this study
characterizes the internal pore defects of the alloy in three dimensions using X-ray computed tomography and obtains the
tensile properties of the alloy through room-temperature tensile tests. Based on the pore data and tensile-test results of the
Al-Mg-Sc-Zr alloy, a representative volume element (RVE) model that reflects the constitutive and pore characteristics of
the material is established. Assuming an unchanging matrix of the Al-Mg-Sc-Zr alloy formed by SLM, the tensile
properties of the alloy are evaluated for different porosities and pore sizes in the RVE model. The calculations show that
the tensile strength and elastic modulus of the alloy decrease obviously when the porosity increases. And, when the pore
size increases, the tensile strength of the alloy decreases significantly, but the elastic modulus does not change
significantly. When the pore size exceeds 100 pm, obvious stress concentration appears around the pores.
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Table 1 Chemical composition of Al-Mg-Sc-Zr powders

Element Mg Sc Zr Cr

Fe Mn Ti Si Zn Al

Mass fraction / % 4.64  0.68  0.29 <0.01

<20.01 0.12 0.65 0.023 0.069

<20.01 Bal.
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Table 2 Particle size distribution of AI-Mg-Sc-Zr powders

Powder DV(10) DV(50) DV (90)

Particle size /pm 23.546 37.716 59. 899
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Table 3 X-CT technical parameters

Equipment Value
Detection model Varian P2530
Detector pixel /pm 139
Scan mode Cone beam scanning

Radiation source to detector distance /mm 600
Radiation source to sample distance /mm 20
Tube voltage /kV 140
Tube current /pA 70

Filter material/mm Cu0.5

Scan resolution /mm 0.005

JEREIr A AE 0. 47~0. 63 Z [8] , Ul B £L Bt 79 12 AR 8 L
W 3Rt BLERE /N T 0.4 /YR KLWDE ROR 45 &
@%Bﬁ(}

5 8 B 8

Frequency /%
—
=

o
T

B2 X-CTHHMEE R (a) =4EE A 5 (b) FL BN SF 2010 5 (o) FL BB IE B2 201

Fig. 2 Scan results of X-CT. (a) Three-dimensional reconstruction image; (b) pore size distribution; (c) pore sphericity distribution
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Fig. 3 Schematic diagram of tensile specimenEs dimensions
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Fig. 4 RVE model with randomly distributed pores
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Table 4 Material parameters of Al-Mg-Sc-Zr alloy formed by SLM

Type Name Value
General Density /(kg-m *) 2660
Young’s modulus /GPa 66.13
Elastic
Poisson’s ratio 0.30
Plastic Yield stress /MPa 477. 45
Hardening modulus /MPa  202. 14
Isotropic hardening
Hardening exponent 9.86

% 18 B ROA% 2 B LA e e 2 SRS, T
T Al-Mg-Sc-Zr & & MBS B B E SCALBR Y %5 2
FOSPERCEE , 22 5 45 T ALBR B AR 2 K.
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Table 5 Material parameters of pores

Type Name Value
General Density /(kg+m ) 2.66
. Young’s modulus /Pa 66.13

Elastic ) .
Poisson’s ratio 0.30
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Fig. 6 Dispersion of tensile strength
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Fig. 7 RVE model with defects. (a) Porosity is 0.5%; (b) porosity is 1.5%; (c) porosity is 2.5%
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5.5906x10°

4.89177=108
4.19295> 108
3.49412=10°

2.79530=10°
2.09647=10°
1.39765=10°
6.98825x107

0.40213

(d)
Stress /Pa

7.22604x10°
6.32279=10°
5.41953x10°
4.51628x10°

3.61302x10%
2.70977=10%
1.80651x10°
9.03255x107
8.47077

E11 FLBR# 2.5% F AR FLERR F RVE B 1 2550 1 < B - (2) 25 pmi; (b) 50 pmi; (¢) 100 pm;; (d) 150 pm; (e)175 pm
Fig. 11  Equivalent stress cloud maps of RVE models with different pore sizes at 2.5% porosity. (a) 25 pm; (b) 50 wm; (¢) 100 pm;
(d) 150 pum; (e) 175 pm
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JUASFLBR Z 8] H B0 1 45 e 1 A5 2800 17, BB 24> LB
R R A A, 23 X6 A 4 B A B 7 A S B I

Bl 12 45 7 24 RVE 881 (1 fL B K S 0.5%
1.5% B, 50 pm F1 100 pm FL B R SF ) Von Mises 55434
R Hz B, AT LA B 15 12 FR i N S R 1
T FLBR R 2. 506 B SRR T 2 2L AL R
P2 50 pm B, RVE 5 3Y H 1) die KA 800 7 ) 307 KR

(@)

Sugmx 108 Sﬁég?x 108
4.80695x10° 5.35733x10°
4.12024%10° 4.5920%10°
3.43353x10° 3.82667x10°
2.74683x10° 3.06133x10°
2.06012x10° 2.2060x10°
1.37341x108 1.53067x10°
6.86707x107 7.65333x107
11.2042 10.1331

(C)Str /Pa Stress /Pa

5.57128x10% 7.44852x10*
4.87487<10° 6.51746x10°
4.17846x10° 5.58639x10*
3.48205x10° 4.65533x10°
2.78564x10° 3.72426x10°
2.08923x10° 2.79320x10°
1.39282x10% 1.86213x108
6.96410x107 9.31065x107
9.92512 9.91957

s 2 LB R SF S 100 pwm 1, RV E A5 8 (4 f5 ok 25 4%
T BRAEFLBR R B . 25 A LLRE 12T DAAE S, Y
FLBRTE 0. 5% ~2. 5% yu [l W i, RsF/hF 50 pm 1
FLBR X B 4 09 S5 0N 7 43 A 5 /0N S RN T R Y
A by A AE LR R I RSE KT 100 pm 9 FLBR X A 42
P4 25 250N T 43 A 52 T A2, A AL B L o B T B Y
IPAE: L2

El12  RVEBIYNERON )= Bl () FLBR R 0.5 % , FLBR R SF 9 50 pm; (b) FLBE AR 0.5% , FLER R SF 2 100 pm;
(e)fLBR A 1.5% , FLBR ST 29 50 pms (d) LB R 1.5% , FLEE R ST 100 pm
Fig. 12 Equivalent stress cloud maps of RVE models. (a) Porosity is 0.5% , pore size is 50 pm; (b) porosity is 0.5% , pore size is

100 pum; (c) porosity is 1.5% , pore size is 50 um; (d) porosity is 1.5% , pore size is 100 pm

Lo T 3FALER T 5 A LB R T 1 RVE £
-5 15 3] 49 K Von Mises 2884 W J1{H , Al LLE 3,
AHEL T ALBR R FLBR R SF X RVE B8 o 5 A 45 5% 1

UREMA TR o M ALBR R SF A 25 pm A1 50 pm B, RVE
T Y 1 S5 RN T B KA 4k F5 #E 530~560 MPa, {H X4 fL,

B R SF R F 100 um Ji , RV E AR R (R 255000 F1 e KA BR
TH#2 610 MPaZz | o X B : G LB R SF /T 50 pm

I, LB 5 4 04 25 2800 3 20 A S RN 5 %?LB}'@R#
KT 100 pum I8, £L B QA7 76 X0 45 46 10 25 8508 77 3

M B2 K

#6  FARFFLE R AL B RVE R A9 45 8% N ) e KA

Table 6 Maximum equivalent stress of RVE model with different porosity and pore size

Equivalent stress /MPa

Porosity /% — — — — —
Pore size 1s 25 pm Pore size 1s 50 pm Pore size 1s 100 pm Pore size is 150 pm Pore size is 175 pm
0.5 533.88 549. 36 612.27 712.25 743.95
1.5 534.33 557.13 744.85 716.83 756.73
2.5 536.42 559. 06 724.43 722.60 755.72
s A W45 19 SLM BB Al-Mg-Sc-Zr & 4 9 FL B e b 40 s
o 45 Te

AR SCEE T XA THI BB Z 47140 0 2 7 A 3

FVRL A P RE BCHE L 57 T & FL BB RA 19 Al-Mg-Sc-Zr
A4 RVE A A KIE T RVE B8 597 50tk ,
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P A i i FL B B 88 i R R FL B SR BE n F) 3%
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AW ER. B ER2.5% 8, fLBRR T H
175 pm A AP hiam LB R SF R 25 pm 9 & 4
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B R ), LB R ST X6 B b 5 B A 52 ma /N o Bl FL R
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