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Additive manufacturing methods and/or 3D printing have become increasingly popular with particular
emphasis on methods used for metallic materials. Selective Laser Melting (SLM) process is one of the
additive manufacturing methods for production of metallic parts. The method was developed
specifically to process metal parts that need to be more than 99 percent dense. In this method, according
to a predefined pattern, the top surface of the powder layer is scanned by the laser and a local (selective)
melt pool is produced in the place of the laser spot which results in a fully dense layer after
solidification. In this study, a semi-coupled thermo-mechanical simulation of SLM process is carried
out in ABAQUS finite element software. In order to simulate the moving heat flux and update material
properties from the powder to the dense solid, the ability of the software for employing user-defined
subroutines is used. Investigation of the residual stress distribution and distortion of a part built using
SLM process are the main objectives of this simulation. Results presented for two different mechanical
boundary conditions show that when the bottom face of the layer is clamped, the top face of the built
layer deforms in a concave shape, while the lateral faces of the layer have simply-supported boundary
conditions and the bottom face of the layer is free, the part is warped.
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Fig. 1 Formation of the thermal residual stresses in selective laser
melting process [11]
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Fig. 3 Variation of specific heat and thermal conductivity coefficients
versus temperature for Ti-6Al-4V alloy in dense solid phase and
powder phase with 40 percent porosity [9, 16]
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Fig. 2 Variation of density versus temperature for Ti-6Al-4V alloy in
dense solid phase and powder phase with 40 percent porosity [16]
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spot to the width direction of the substrate for various mesh size

Gl il B e Sl e 2ye sl jo s me il awslie 4 IS
il a5 o3l

4 oploits 17 0995 1396 Hu5 (o owe Suilfo wise

4 B I8l (28 ke Dlenlal 00y S (L S ol aliee
IS ansgs 00y 5 )L 2355 £55 5 et 52,90 iy Jlae!
OSMaes Al yo bs oMbl b conl 5L wekis ol b g e
b el 38 &y JU s o5 o] s Az g5 b Cypizmad wigd asiie
355 Lasuiie Toa Uiy pi iy ol Slol Seond 3l dsgarme oyl (sles
@ > ye)

b g onslS he gles a4 g il Bles Lol g5 5
Sl b g 5 550 0010 418 alis 5l L o7 pa il i
30 Sebee oddy S £9,0 slp dies Twas o)l las Sy sl
b 3gi0 (@00l S @ sl ) 99 (55l Rl o ol ol
(8 al>y0) wiS” Jlosl | Syzta Lo g ol (Sl 2o

s (S0 Jolod 0 JooSS aline (51> Jelod Senl 5l
Pl Fr o Bl 5l Jlo (nl 0 0nS (o S oeyn 99e
S 5 oad i 5 Jgilo 5 oo slaplS ooles 05 plol Sl
Josle s 0gs el ® e - Sl g9 5 swax slapls b el
O Olee Slml (A )9 5 ead Bl e ()l la)l IS SL
Jles 4 Gil Jebos 5l Jels loS slos @l wond iy
PEASS - (5550 Ll pd b sl 5L 6,150 Jgile 50 0gd e (om0
aY iy b slp ) e sl (g e 0sd (atie 5 i
w9d sl sileand Wsy 5 Jole 5l lasds (@ ) wb jpate
sl 0 1) 2 oz 5 45 by

o g b4
bl alies (iluand Wig) 14 i3 pj pe bl i onl ye
axllls 9 )50 diged jslaie (l sl 09800 (5 T Ao T (yd 5 0nd
=S b el 53 b bl gd anld Sl Jelos a5 [11] 518 5 53
Gilodae GusSLT sgazme ezl Jf38lay o alie gladis 5 Lol

colbie polie sazs a5l oy (gl slools a8 olo pal b 3590 48 050 s

b5 b ool g anTp (SlSosa s (gjluannd s, 5 Sleodls 2 Jgir

uw;l.;l RPREOY ;|)>l )l}él(&)i )1 salaul
Table 2 Summary of thermo-mechanical simulation procedure of
selective laser melting process using ABAQUS finite element software

Slles g4 J=lye

azhd _wdis g5le o 1

28 delz g 508 56 (gl Lo @y atly (SilSe 5 ()l ole e 2
ek 3lige 3

(sdid Jde (ganaSl 5 DC3D8 Lol 5 oolaul 4

At Jo sloplS oo 5

el S o 9 W5 a3 g (owles 3955 4 bogrye (sl yialy oidats 6
ashad adgl slod oo 9 S e )l b Jles! 7

Lalinss F o mudas 5 oz )5 Laos sbml cculg (B s

) - 8
Ladly pj sgl> bl (2o )0l
S s 25 5 8 e o SNl ol
‘5}‘)]? GL:“')“) u"L“"Jﬁ'
! User-defined
2 Create Predefined Field
3 Stefan-Boltzmann constant
4 Job
° Dynamic-Implicit
148


https://dorl.net/dor/20.1001.1.10275940.1396.17.4.43.9
https://mme.modares.ac.ir/article-15-7951-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-24 ]

[ DOR: 20.1001.1.10275940.1396.17.4.43.9 ]

OblSed 9 Suops S3e

Calito S5 AL ol padb e diges dalad S il (5ls 25l b bl a9 ST xS 39330 <133l 6 lwasds

12000 ‘
A
0 Lines= Present R
10000 [t Symbols= Fu and Guo [11]
—‘ Laser Power i
A 1: 20W
8000 ! 2 40w i
3: 60W

6000

4000

Temperature (°C)

12000 |
N2
[ Lines=Present )
10000 ,V\ Symbols=Fu and Guo [11]
F X Laser Power i
X 1: 20W
80005 2:40W —
~ y v 3: 60W
éi Y YYB 4
g L &3 _
= 6000 5 %
] F B™ 4
£ Ha
8 A000PR iy e
L A il
QW
- |1 —
2000 1 E’yuy- R
L OO~ B
854
0 ~20°C —
| | |
0.0E+00 5.0E-05 1.0E-04 1.5E-04
Width (m)
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width direction of the substrate for various laser power

Oy slp ankd sligy sliwly )0 aie) (69) y5ed Gl oo 5l Led g5 6 S5
Sglae 5

abads 1 eS8 > bas conl Jb o pl ol joe 4 cos YL G)l>
098> b Mle) curo b g Y e askad (550 Coons @ 5 (200
3 %eS il lwly jo &l 355 ylae a5 09, 00 LAl e ls

e i il e 15 S8 e e o 1) oo Ol 7SS
b ol ilannd 5| Jolo @l o 050 alidle amsie oS |,
ol S i 1y T G 5 55 gy s Swl Y]
O 50 aS el (soglrol sla el )l 5l (S bdo @ ey SBS
Wloaid 8 yee [11] 4ls5 g 4

ad o Aly slahais gly 1) o Olpess Comdy § ainn 8 S
cElo gy (b o dais cpl (gbes Jld) aes oo plis aiw ) oole ol
<l 40 Glgi b oS 5 215 20 Glgi b (S y5d 90 b ol s, @Y B
a3 5 glylo Hla 5,50 alats glos Jlid, SO 4 axgi bl 0uls o)
1ojleds Y (o5 cuds p5 o ol VS, cole Shles ald o a5
0.0025 ;yloj b ol 9, |, codle Oldee 5 5 diis oo de) (59,
los ousioly abais 5l 50 jae Lamedy Al e ol jo w0 oo bl 4l
5 03 Oy 5l G B 55 0550 Al oo Rl SSU by ]
Y 5 I elasl 5l ey ol 18 oS ol 4z 0 20 adsl sles len
il 00125 oy aledl b 0gi o i agl 001 S 4y ondasle
Jolss @Y cale dl> o 1o 090 o0 T 0 peo aY cile lp ol g
Oles IS Eaazme d oS Cnl (5,8 SS alo o SO g 5 Sl al> e S
Aeolil salgs Jobo 4y a5l 0.0625 Y 5 sl

6l Cgd (g a cudaisle A ST (SWiloge i Judoi -2-4
Kt

alf (Selasey iloterd 5l Jole @l ooy Ban i ool o
Joe sl TIBAIAV sl 318 5T og 5 S a¥ 5 Sy el
Culs §10B10mm? phis mhow b Jdaiie coSe dliue owain
Ol gy 9,500 100 2l glas b 3 aliws (pl jo .ol 0.5mm
el 0abaid § Las o 2y 80 lg5 g 100mm/s

149

2000 _
0 ~20°C —|
| | |
.0E+00 5.0E-05 1.0E-04 1.5E-04
Depth (m)

Fig. 5 Temperature distribution from center of the laser spot to the
depth direction of the substrate for various laser power
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Fig. 9 The phase change from the powder state to the dense solid state
during SLM process; (2) - (e): the laser moves around the boundaries of
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Fig. 12 Variation of the normal displacement component along several
paths on the layer, which is clamped at the bottom face
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Fig. 11 Distortion of the layer subjected to the laser heat flux for
two different boundary conditions; case (a): the bottom face is
clamped and case (b): the lateral faces are simply-supported.
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