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The Influence of Laser Scanning Pattern on Tensile Strength of
Polypropylene Powder through the Single Layer Laser Sintering Process.

AliReza Karian, Mahdi Rajaei Jafarabadi, MohammadReza Hazegh Shenava, Saeed Talesh Alikhani
Iranian National Center for Laser Science and Technology, Tehran, IRAN

Abstract- Nowadays, laser 3D printers are one of the best and efficient devices for rapid prototyping techniques. There is
vast number of studies about quality of samples in these printers. In this study, we tried to consider the role of laser scanning
pattern in tensile strength as an important quality factor of the samples which are sintered by laser in single layer procedure.
Experimental samples have been sintered with low power CO, laser on Polypropylene powder with 200 micrometer grain
size. Tensile strength and dimensional deviation of samples have been tested according to ASTM D882 standard and results
are reported eventually.

Keywords: 3D laser Printer, Single layer laser sintering, scanning pattern, Tensile strength, Polypropylene powder

Yy
a3l oy 8 WWW.OPSEIT colu ,0 a5 conl jliel Glyls 5 yg 5o allia ]


http://opsi.ir/article-1-608-fa.html

[ Downloaded from opsi.ir on 2025-07-20 ]

(b gidow - V)

Sty (V) adaly 5l oole Jawgy ol Wiz (65,0 lade

[\]AAT )

Sid ol P (Imm?) sais G 55l E ol e oS
7 Jeils bl alols h (mm/min) Sl cas s V (W)
Sldos 31 e el (MM) GY Cwlses d g (MM) 43
TP b o S a gl adgl esle (Ko i

DIaT o cans a0 alal) 51 oluSas

P 41.]5‘ sbo Ty ‘(CO/S)G)’L..&;} 8. k d.la.g‘) O.‘.‘ 49 as
)2l 5 adsl ol gt 5 (C) ales sl Ty

e

dod 5l Sty S e Sliles ;5 DSClagas
3o Bt pl 50 0ol eolal adgl eole a5 Jlwy S—
QB3 0 7y by Sldas a5 oles ol il 95>
(Tmei2) Jlado ol el g (Ther) oole wgd oo 4
Differential Scanning Calorimetry (DSC) loged .l
sloo Ll ol aling )57 L8, Bixe oole yo (gl
Mg ol Gllae Jale 6550 51 Jol> slos 5 05 iy

V] 0T oo vy el ool Vo leis S35 40 oS

2k —— 15t heating IS P
—_— cooling
k —— 2nd heating
L —

curl caking
window of
2k sintarability

Corr. Heat Flow (Wig)

Temperature ("C)

P7aS— hlsy b ;89 4 by e DSC jlages -V o )leis IS

Hatch *

vy

i O 5 oolKasle YAy OLA..{Q YO LYY

doddio—)

) - N . e . .
G A Gl o 5 5 & e (Sl Aiged Caio w0 el
4 yamio glo She 4 azgi b .cul ool Ol L
oolil JF;‘-S JB (6550 55 05 9 <Bs feS 5l )5 08
Eb:g_{f*gﬁ’ras 395 % 59y Lewsle cnl o 55, £1)))
b del 6)5d gom aw o )0 gy silodised
- Dygo | 55938 ey cle SS ) eolil
SSS ol o eolaiul 050 slag,gld 5l S oS
23 4l oS alwg & adgl oole yog 0,8
skl x>l ahalle o jatie dwais § SUIL Glhs
P BUSE g plsd sln y5d @il 5l ol e a5
l?{éﬂ;ﬁ‘l"% ail g cpl 4 008 e eolatul jias o
ti—to [V]sge o aziS Laser Consolidation

3 G ol 5o 45) oole yogy il 45 O ge oyl 4
slsbiad G —ohbsn (b Sedlges joud oo
@ Il o (Gl oud oslizul DIN16774 (12.84)

a1y 5 ey o by Sy o Y Ky 550
I Hea )0 e 00,5 0 00,88 LSS culbrs g
ab o 55 35 pete aale)S o5l 5 eolial |y Ll
Gl Gk jom gl s, 0 Sl 5 GlSslS
Dygo b o Oldee CAD lawgy ool (s
sl g plsd g e Gloy Bpo Sl 025 (o
slay iy aed 4 0,5 o ISE ashd I 4y
G dw ashad U oS e H18 (LS aY g5, o
oSl oS el & Ll 5l s asle Ll
Aluinl Al j0 g s b s A yorie cewline
@l oSl anw [Lies pl jo w8 o Y 2 YL
g e Y S Sy s Slles 6l (655 oSl
Ol ydd lyme iz g o] 28 plSoinl s
P P AV U E S PRI 5 [ - PN

- 098 o0 Ao 5 (om (G 99 )Y S5 >

3D printer '

Additive Layer Manufacturing ’
Laser Sintering "

Shrinkage "

Degree of Sintering °


http://opsi.ir/article-1-608-fa.html

[ Downloaded from opsi.ir on 2025-07-20 ]

.Iaf).a SSS ;W P).a.llia )é LSILAM oyd -y o)Le..i': JS.»J
i Gioled (ML) (055wg S 8o -Gz slo aigel 4
(oml) Sligen 09

Yoojlats S ;0 DI2R Lyl (Sod yiew a4z
Aol il 55 5 sae opl dx e a5 Cnl (Gwb)
Jaie X sl g yhad @ ase b [Flewd xag Y
el Cewds h=0.2mm o5lail 1 o 8,5 Ll 0 1.25

Vooled S5 e oSl 5oT Jus s bl gl

..).:.b)f ‘5.'>|).|o
| 02
Tensilg 4
Guide T
£ o D
K @

0.2 MM 5le alols b oSl il slasSI Y o Loty IS5

Db sl diges olagl B pae A LY o led S 0
S sl 65N B LS g Saz 5 Giley] S
oS slisly jo (g Ll cdle ) 5 e &S >
Sz g Ogee il diew oS > L4 X-pattern |

Yo

i s o&isls AYAY ol YO LYY

2 o3l oz -Y

A ool 2W ol L COyp ) 551 LialeyT ol o
28 mm ,lad LZNSe cwie SO vy ) 9,5 Sl
8 5 iy skl ol plul 127mm Sgls alols
o 3l 38 i Al 4 axes Locwl TMM swae
Ol SeiS )5S 5 005 by Olys b 3 oy
09l o as Hhd aulxe (gl 1 il o0 1.05 sg0>

ol 0als oolauwl 3 alal, 5

H $P alolb F LLO; 3 zoe Job A 30,8 (nl po
Y

A 9,50 200 T gon wls b bl b jends (s,

[7] sl o ol P7

s slzl Glr ond Jib &S J5S e
oslizul Y(CNC) (goas J,uS pimmms 5 5l ¢ liie
sloo g a8y » ek 1650 oy Cawl ool
42,5 130 @lhao DSC by 4 azgi b pRin
oy 5l GRSolr Cuz b A s ol Sl
Sgrade ()39 Ldlows 515 s I ganlannsT lile 5
428,5 o,40 DIN EN 1089 s luliw! b YU _osls L
() alal, 5l eils alols ile)l ol ,o el ot

A% oolaiwl Sl jila b o ool Coway

oL s Woamm) sile alols hoalal, ol o oS
Cod Xy M) g b el e 5o 55
£l b gillas a5 ¢l (Overlap Ratio) glig.es
(SSS) aalr > K i T s Saies

L7088 oo Comes

Grain size "

Computer Numerical Control *
O3S 55 oS0 ks

Solid State Sintering "


http://opsi.ir/article-1-608-fa.html

[ Downloaded from opsi.ir on 2025-07-20 ]

(S Azl g cou-F

Y ool &5 cul pasine baylogei 5 @l (g Sl
S wrs M B L LSl sl & s
ol ol (3.085MP@) (g ity 2t ol
So Y S S (LS Ll s (Ql
Ole Jed 5l (Ghbsn ) i S-aed ey
35 5l G55 o oyt pytla alols 5 oSl ity
hes oo 3 ol Jige oad i A SEAS alSoui
i s oS ] o a5 s8I e bl (55!
L) iS5 Gy ool (2287 glisly S50
plsd Sde 2iS liwl) po G WS (o0 Jed
oole i (B 695 Sy (o0 S A O o
PR 9 (S e azyo 1, Vb el oS Gl o
205 (oo PVL (S plSoctul i )3 g e (Shex
Loosds o sl diges ;o (golel O a5l (o
) e b gl alisdle LB Sglis wilises slagS!
i oad i &Y g sl s oSl 55 e

Syl Gl

Gl (Zoyai b diged IS Cud [0 gy Sl (7
Qi oy edd ylinw sl diges o Sl CaSs S

O oot IS5 . S
22l -0

[1] Islam, M. et al."Temperature profile and imaging analysis
of laser additive manufacturing of stainless steel”, Physics
Procedia, 41, 2013, 835-842

[2] Fielder, L. et al. "Evaluation of Polypropylene powder
grades in consideration of the laser sintering
processability” Journal of Plastics Technology, 3, 2007,
4

[3] Pilipovic', A. et al. "Influence of laser sintering parameters
on mechanical properties of polymer products”, 3™
International Conference on Additive Technologies,
DAAAM specialized conference, 2010, Nova Gorica,
Slovenia

[4] Kruth, J.P. et al "Binding mechanism in laser sintering and
selective laser melting” proc. 15" Solid Freeform
Fabrication Symposium, 2004

[5] ASTM D882, "Standard test method for tensile properties
of thin plastic sheeting"

g dugd olKls VYAV ol YO b VY

Sope & Hpl oS> DoY-pattern L faS (5550

el (Introvert Helical) J51s 45 9,00 5l gl

S e olsd K dawgt oy Sliolesl 1 oy b Y

ol yiiew diged VA (55, S(MM/MIN) pes e L, 2tON

Width/Thic<8) ASTMDBB2 s Juilicl coxs (oS aus o

OIS ondsS b golal &S o3l [A] Sl oy ploxil

obal Slpis 5 2esS Ces @l — ) o)l Jooo

Pattern Helical X Y

Parameter

Mean Peak Stress(MPa) 0.628 | 1.622 | 3.085

Standard Deviation PS 0.156 | 0.175 | 0.146

Mean Width 0.041 | 0.035 | 0.043
deviation(mm)

Mean Length 0.031 | 0.011 | 0.012
deviation(mm)

Peak Stress (MPa)
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