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Abstract
This study i1 nvestigates the influence o
parameters, | aser power, scan spacing, and

of polymer parts manufact-trkeded@dr pml-pamydami
GFand polypropylene (PP). The purpose of t

parameters affect tensile properties, incl
stress under bending conditions. To addr es:
deswieg according to ASTM D638 standards, wh
t hrpeoea Nt bending tests. Samples were fabric
power and scan spacing at two build orient
charactvwasds zpmdari fooor med t h rpooui gnht tbeennsdiilneg atneds ttst
St etsrsai n and-sftireax inr dle hatvn ®gs f or each mate
condition. The results show that | aser pow
densi tyantdiygmifffiect i ng part densification,
and flexural stress. Hi gher | aser power <co
particle fusion, resulting in increased st
energy input |l ed to thermal defects and red
significant i mpact, with 0° specimens exhi
fl exural stress compar ed -ptloa n9%0 °blosnpde cniggm ér res
interl ayer adhesi on. Based on these findin
perf or mamrmpcreo doufc eSIL arts i s governed by the
parameters and anisotropic behaviablerequi
and -quaglhi ty component s. It i s recommended
process parameters, i mprove control of pow
mi crostructur al characterizatiomd and inve

processing methods for comparison.
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Nomenclature

Abbrevi ati ons

AM-Addi tive Manufacturing

ASMEB meri can Society of Mechanical Engineer
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PCPaCake
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SLMSel ective Laser Melting
SL-Selective Laser Sintering

STdSt andard Tessellation Language
TPU her mopl astic Polyurethane
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Introduction

Additive manufacturing -aiAdk)d “dpersoicgens s(eGAL
to cretahienuditgiatal sl iceshbypfbdbhdi dgsl agdr sl
mat erial together based on the slices to f

Additive manufacturing (AMepooiveat s omiadgn

subt ramcd ifveer mati ve manufacturing te€thniques:s

compl ex geometries [1]. By building compon
model s, AMpeodbtesonhhef intricate internal
thatdidfe cult or i mpossible to achieve usin
mat ewaisatle by wusing only the materi al requir

resoafrfcieci ent manufacturAiMn@ |l appmprso aalp.i dAgdiot

and shortened development cycles, enabling
mar ket . I n powder bed fusion processes suc
fabricated without dedicated tooling and w

increasing design freedom and manufacturin
Additive Manufacturing (AM) encompasses

t hat differ in material form, energy sourc

include:

1. Powder Bed Fusi on

2. Materi al Extrusion

3.Vat photopolymerizati on

4 Material jetting

5.Binder jetting
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6.Direct energy deposition

7.Sheet |l amination

Among these seven AM process categories
pol ymer and metal components due wia hits ab
good di mensional accuracy and mechanical p

steps associated with additive manufactur.

Product Design Convert to G codes 3D Printing R s | B e
= for 3D Printers Process

Figure 1: General System of Additive Processes [2].

Accordingly, the present study focuses
Specificavegti ght son focusedacrdt B®O Pptruccdy i
techpiagaenet ers. There are two types of sel
SintesL8y and Selective Laser Melting (SLM
on si mil ar tdhirefiyffnecri pilrest he temperatures used.

Selective Laser SiihtasridngoWwdles) proca&spo
|l aser systematically sinters particles, bu
Laser Melting (SLM) uses met al p opmdleyr me rh a t
powder [ 3]

The purpbhesoMitwhakee School of Engine

Science in Engineering (MSE) Specialty Pap
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into thefi sfel eendcee | aser sintemeoaba@Bt8)
properti es paonldy npeorr opsairttys ,ofpart usuhgrly thos
pol yamide 12Z i(lRAI1d2)nylgonasls2, and polypropyl
Research Problem and Research Question

The mechanical performance of parts pro

(SLS) is strongly influenced by prhatesls pa

spacing and | ayer thickness [ 3]. | mproper
defects including porosity, reduced mechan
Therefore, developing a clear understandin

parameters asgdipactl gadproyucemdzcogp8hb8nt s

Il n this study, particular attention 1is
spacing, as these parameters directly cont
bet ween powder particles. Despite their im

parameters on difisoenyepofvumkby materstabed

Accordingly, this paper addresses the f.
power and scan spacing in SLS affect the m

strength, and failure behavGr,r poonffdypaopyg!l pn

(PP)

This paper is organized as follows. The
of additive manufacturing, selective | aser
par ameter s, and porosity. The Methods sect

testing procedures. The Resul ts fainrddi Am@ad .y s
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Finally, the Conclusion summari zes the key

future wor k.
Background

AM Process Categories

As previously introduced, additive manu
fundament al process categories. These incl
Deposition (DED), Materi al ExtrusiFasi OMEX)

(PBF), Sheet Lamination (SHL) ,6s whde d/tait o® h o
briefly defines and explains each category
in this study.

Binder Jetting (BJ)

Binder Jetting (BJ) is an addibiwvaeégi manu

agent is selectively deposited onto | ayers
Unl i k e -btalseerdmaglr ocesses, BJ does fragtt emel t t h
production and reduced ther mal di stortion

Directed Energy Deposition (DED)

Directed Energy Deposition (DEDjerigy,a p
such as a |l aser or electron beam,s meglpti cradt
supplied in the form of powder ormpwonreent sen
[ 4] .

Sheet Lamination (SHL)
Sheet Lamination (SHL) builds parts by

cutting them into the desired shape [4].
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Materi al Extrusion ( MEX)

Mat eri al Extrusion (MEX) is a process i
through a nozzle to bubdsepamddcufl myeur ibryg |l
raw materi al is initially in solid fil amen
then solidified to create the final part .
(FFF), which is widely tfsfeac tdiuveenes s t[s4 ,si 5|
Material Jetting (MJ)

Material Jetting (MJ) produces parts by
mat er isall i tdh &tc eme nt , -reermsaob luitn go nh if gebautrufraecse a n c
finishes [5].

Vat Photopolymerization (VP)

Vat Photopol ymerization (VP) is a proce:
photopolymer resin into solid | ayers. I n t
exposed to light, causing it to solidify a

example is Stereé6lithography (SLA) [5,
Powder Bed Fusion (PBF)

Powder Bed Fusion (PBF) is a process th
selectively fuse regions of a powder bed |
such as Direct Met al Laser Sintering (DMLS
Laser Melting (SLM), Selective Heat Sinter
(SLS) . Il n SLS, powder materi al I's fused in

along the X, Y, and Z directions [6].
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The SLS Process

Selective | aser sintering is a process
wder bed to | iqguefy (either partially or
ntering is performed in a selected regio

rough-di menshomweeal geometry of the part be
ni shed, the build chamber is | owered, an

ehe previous |l ayer. This TWwh®yi,ntpeareeads, aaa d |

entually the parts themselves, @awme suppo
ed for additional support structures suc
inciple of Selective Laser Sintering (SL

Selective | aser sintering (SLS) is an a
rts by fusing powdered -ema¢egyal asayerl| my!
ocess, a thin | ayer of powder is first e
ser beam then selectivelysecageoanmber gurf
f ibyeda digital 3D model, causing the powd
get her and form a solid | ayer [ 7]

Once a | ayer is completed, the build pl
ickness, and a new |l ayer of powder is sp
ans and fuses the matetiah basetdeopathe

nNtinues untdilmetnhsei oennatli rceo mphorneeent s ar e f ul
l ustrates the basic setup of twed&kVyect.i
ed with polymer powder s, espegrnadd s nyl o

her maFeguwmés3[f@lesents the seiqueheceéi o
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powder spreading, |l aser irradiatnidon, therm
solidification. The applied | aser energy g
particles to fuse tobhygtatyer. pTlorceewsgh nrge p d ehte
gradually transforms from | oose powder int

One of the main advantages of SLS is th
structures because the surrounding unfused
fabrication. This allows the production of
i mpossible to achieve using traditional ma
for rapid prototyping, f unucstei opnaarlt atbeddutieit rtgo,
to produce strong, durable, and di mensi ona

However, the surface finish of SLS part
ot her additive manufacturing processes [ 7]
size, partial mel ting of particbkean apdegr
and | ayer thickness. These process variabl

including density, mechanical strength, an



Scanning Mirrors

Delivery Piston

Delivery Piston

Figure 2: Schematic Laser Sintering Process [8].

Recoater Lasermotion _; ...
spreading and irradiation |
‘ . \ RS |
\i N / o N i

Selective
Solidification Laser g)Thermal

crystallization \Sinteringyl 4icq cion |- l,
=

Coalescence

‘o9 X5 s O

Figure 3: Illustration of SLS Procedure [9].
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Applications of SLS
Aerospace
Selective | aser sintering is widely use

|l ight weight components with complex geomet

structur al el ements can be prodtucramgr owdd r
fuel efficiency and overall avalcuallte pfear or
prototyping, allowing engineers t-®9cglueckly
producti on. I n addition, SLY iixst usrseesd to f a
manufacturing aids, helping reduce product

Aut omoti ve
Il n the automotive sector, SLS supports

perf oromarcneg ed components without requiring

This makes it ideal for prototyping functd.i
The process is also sui twadbd ecdmpomamtud ,a cit nuc
housings, mounting brackets,vanudmea ndreri or

specivwdhizelde applications.

Heal t hcare

SLS plays an important role in mefdical
patsertific devices [ 9, 10]. These include
devices designed to match individual anato
to produce surgical tool s with tcioompdlelxy,s ha
researchers are exploring ipsodseing bboma

structures for tissue engineering and rege
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Consumer Products

Thfel exi bility of SLS all ows maniutfteemd,ur e
including eyewear, jewelry, and other pers:
devel opment of prototypes dupiodudcthe desi g
i mprovement and innovation. This capabilit
producing | imited edition or customized go
Architecture and Construction

SLS is used in architecture to produce
and present building designs [10]. The pro
features that may be difficult to fabricat
experimentation with new design concepts a
Education and Research

Educati onal i nstitutions wusei IB4LISr u ot ico re:
tools in engineering, science, and design
understand complex concepts throabbophgbkyc
on SLS to quickly fabricate experi mental p
devel opment across multiple scientific and
Materials Used in Selective Laser Sintering (SLS)

Selective | aser sintering commonly uses
polyamide materials being the most widely
characteristics and widespread industri al
are the primary materials wused in SLS beca

durability, and process reliability [10].



polypropylene (PP) are also used
for specific applications [11].
additives such as glass fiber to
performance [ 12]. Furthermore,
used SLS material with good i
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properties, including strengt h,

moi sture absorption, which
perfor mance.
as -esel components.

Nyl on 11 (PA11)

PA11 has similar properties
[ 15] . I't is derived from renewabl e
option. PA1l1l also performs well
good mechanical stability.

Pol ypropylene (PP)

Polypropylene is valued

flexibility [15]. It i s commonly

stability is important.
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to challenges such as shrinkage and reduce
Polyether Ether Ketone (PEEK)

PEEK i spea fhoirgnhance engineering thermopl a

strength, stiffness, and resistancested hig
in demanding industries such as aerospace
mechanical and ther mal performance is requ

Thermopl astic Polyurethane (TPU)

TPU is an elastic and fl exibl e-Imakteer i al
properties [15, 16]. 't is commonly wused f o
seal s, protective covers, and wearable com

Challenges in Selective Laser Sintering of Polymers

Al t hough SLS offers many advantages, se
during the manufacturing process.
Powder Degradation and Handl ing

Pol ymer powder can degrade after repeat
printing cycles. This degradatigunamayyrpta
Contamination from reused or miaxeddrpowddbdi $

Ther mal Ef fects and Warping

The high temperatures involveddeawelSdEls c
internal stress during cooling [pI7ThtilPgope
process is essenti al to minimize distortio

Surface Quality
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Parts produced with SLS often have a ro
basperdkocess [17]. Additional finishing oper a
coating, may be required to achieve smooth
Di mensional Control

Achieving precise dimensions can be cha

parameters, | ayer thickness, and powder ch
accuracy [ 17]

Part Orientation and Design Considerations
Al t hough SLS does not require support s
during printing can affect i1its mechanical
geometries may also require careful pl anni
printing.
Material and Production Cost s
Some SLS materi-pesfoempaceabbVyymegb, ca
Mai ntaining consistent materi al gual ity an
for controlling production cost s.

Po#f#rocessing Requirements

After printing, excess powder must be r
surrounding areas. Additional treatmagnt s,
be necessary to improve mechanicalSLWpS opert
manufacturing depends on proper madred i al S

effectprwvec ositng -gtuoa leintsyu rpea rhtisghwi t h r el i abl
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SLS Process Parameters

The quality and performance of parts pr
depends on sever al key process parameters
t her mal behavior [17].

LaserPowerd et er mi nes t he amount of energy de

| aser power ensures proper particle fusion

guality. However, excessive power may <caus

Scan Speedr ef er s t o the velocity of the | ase
speeds increase productivity but may reduc
speeds i mprove fusion but can cause overhe

Layer Thicknessa f f ect s part resolution and mech
|l ayers produce better surface finish and h
print time but may | ower part quality.

Hatch Spacingi s t he di stance between adjacent
ensures uniform melting and strong bonding
very small spacing may cause overheating.

Bed Temperature and Preheatingh el p mai ntain uniform the

reduce thermal stress. Keepingtéempepaiwwdee
i mproves |l ayer bonding and minimizes war pi

Powder Characteristics, including particle size, s h
influence powder fl owability, packing dens
spheri cal particles generagupnl ptgdooepmoea

Overall, optimizing these parameters i s es
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di mensicemalacy, and spurofdauccee df ipnairsths.i n SLS
Porosity in SLS Parts

Porosity is a common defect in pcaarnts pr
negatively affect mechanical strength, den
when voids or trapped air remain between p
during the sintering process. Tphreocleeswdlngof
conditions such as | aser power, Ismmrno pEereed
paramet ereisttherctti om hi gh or too—deamw with r
prevent full mel ting and bonding between p

Powder characteristics also play an i mp

powder reuse can affect packi ngl idkeenlsiihtoyodan

pore formati on. I n addition, porosity may
insufficient, which is referred to as inte
and maintaining consistent powder quality
i mproving the mechanical properties and r e

Literature Review

The purpose of this MSE Specialty Paper
investigation focused on an analysis of ho
and build parameters affect the mechanical
failure behavior) of polymer parts produce
engineering ther mopl asst iacrse. elTvhael unaetsdhda mhyc atl e
Before commencing the analysi s, a review o

shows the |Iiterature search strategies tha
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rel evant |l iterature.

Table 1: Google Scholar Search Results Containing Keywords Related to Laser Power and Build

Orientation.

Googl e Scholar Search Numb e
Doc umg
("pol yami de -GIF2'" ORR p'oHAylp2r opy !l en34, 60 (
pol yurethane”) AND "additive m
torsional OR mechanical)

("pol yami de -GIF2'" OFRR p"oHAylp2t dvey Imeonn 1l 2, 00 (
pol yurethane”") AND "additive
S

m
intering” OR SLS) AND (bendin
"polyamide 12" AND "additive m4, 050
sintering” OR SLS) AND (bendin
"PA-GE" AND "additive manufactu|38
sintering” OR SLS) AND (bendin

pol ypropyl ene AND "additive ma|20, 80
sintering” OR SLS) AND (bendin
"polyamide 12" AND "additive m1l,560
sintering” OR SLS) AND (bendin

("l aser power"™ OR "scan spacin
"PA-GE" AND "additive manufactul|8
sintering” OR SLS) AND (bendin

("l aser power"™ OR "scan spacin
"polyamide 12" AND "additive m691
sintering” OR SLS) AND (bendin

("l aser power" OR "scan spacin

pol ypropylene AND "additive ma|9, 550
sintering” OR SLS) AND (bendin

("l aser power"™ OR "scan spacin
"PA-GE" AND "additive manufactul|b
sintering” OR SLS) AND (bendin

("l aser power" OR "scan spacin

pol ypropylene AND "additive ma|3, 840
sintering" OR SLS) AND (bendin

("l aser power"™ OR "scan spacin

pol ymers AND "additive manufac|3, 620
sintering" OR SLS) AND (bendin

("l aser power"™ OR "scan spacin
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e Laser Sintering (SLS) is a wi
or producing polymer components

properti esdy ayher pfrwsiesrs dfn vpd wde

er, where final part quality is
wer, scan speed, scan spacing,

control these parameters provid
Recent devel opments in additiyv
these parameters to Iimprove pro
rning and predictive modeling a

behavior and reduce experiment

bi omedi cal and clinical appl i

(@]
Q

components from different mater
ensity is one of the most criti
a function of | aser power, scan
si on ared diedmmosn sftircaatte do nt. h aCta uh if g hee
chani cal properties such as Youl
ength in polyamide components |
haracteristics also play a sign
article size, shape, and powder
nd final p-asrutc hq waasl itthye e[o8p]®.]] bRe Wiu
hat SLS polymers experience com
ty, particle coal escence, and r

behavior.



33

At | ow energy density |l evels, SLS parts
strength, and brittle fracture behavior, w
and mechani cal properties [17]. However, e
as ther mal degradation and warping, indica

be identi fied.

|l nsufficient energy input | eads to inco
bonding, resulting in increased porosity a
contrast, adequate energy input promotes b

According tetad7r]i,nghnasluafnmi i ci ent processing
bonding and higher void content, whereas h
integrity and reduces defects.

Mat eri al composition and powder reuse s
guality. Accor deitn[gdlt.]Jo, Ztalre i mrgehsad maane of bot F

powder particles can affect melting behavi

mechani cal performance. Therefore, control
mai ntaining consistent part quality.
Build orientation is another iimportant

to thkey ageer nature of SLS, parts exhibit a
components built parallel to the powder be
tensile strength and stiffness compared to
Comparative studies have also examined dif
based additive manufact urit Nfgll8ne tchoordpsa.r eRdo r

polyamide 12 (PA12) parts produced by SLS .
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di fferences in density, surface finish, an

processing mechani sms.

Overall, the literature demonstrates th
compl ex interaction between process par ame
orientation. Careful optimization of these
performance and part reliability. Continue

driven optimization are expected to furthe

manufacturing [2, 3]
Methods

Il n order to evaluate how SLS | aser powe
properties of stiffness, strength, and f ai
GF, and PP, the following methods were empl
the SLS production of test specimens in wh
mechani cal pr opeaitmerss owe rt en ¢tehnesrs t eevsaal nuda tfel de

testing.

All test specimens were desighed in acc
flexural testing, the curved sections of t
removed using Materialise Magics 26 to obt
tests [20]. Build preparation was perfor me

Parts were oriented in two dirkertions r

]

each batch, powder was prepared using the

The powder consisted of

=

ecyc |peadr to vecearkfe o(wP C

and virgin materi al accor di nngatteor itahle tryapd .o



part placement 1in the

the total powder mass

t hen weighed in kilog
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build setup, the max

required based on th

rams, uskoroughly mixe

Table 2: Ratio Mixing of Each Material.

MateriaVirgin PC

OF Gl ass

PA12 33 % 33 %

33 % 0 %

PAL2 GlI
Field (

21% 33 %

33 % 13 %

Pol ypro40% 30 %

30% 0 %

This study i nvest.i

parameters and buil d

Three materials were

GF), and opyl en

pol ypr

in three primary

Mechani cal charact

Tensile speci mens wer

were manufactured as

bending. The experi me

power, and scan spaci

relative to the XY pl

orientation of t he

SPp

paral |l el to the XY pl

was varied at 20, 25,

0.008 in. These range

| aboratory staff a

by

gated the influence o

orientation on the me

ev akluatleedd: ppooldyyaamiddee (

e (PP). Each materi al

b estpeelta & i tco cmanisn tsaiemcmgat er

erizatdipomnitndolemdeadgb o

e designed accordi

ng

simplified rectangul a

ntal design considere

Speci mens were fa

ng.
ne&, gtuo eevdaliddtuestamitse

ecimens with respect

ane, whil eL atsheas e oame r9

30, 35, and 38 W, an

s were selected based

nd extended to includ
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capture variations in energysidretnesriitryg, Thptsi

bonding, and potential overheating effects

Figure 4: Slicing Software Setup of Tensile Specimen.

Each materi al batch included multiple p
the same build using a DTM Sinterstation 2
t hermal conditions f&Artaltlal spécibMenspeicn meim
fabricated per material, with five speci me
180 tensile specimens overall. The use of
statistical reliability. Some specignens we

inconsistencies during early use of the te

To ensure repeatability, all speci mens
build platform. Powder preparation foll owe
(PC), and overflow (OF), wusing consistent
thoroughly c¢cl eaned between material change

ranged from 14 to 16 hours depending on th
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inside the chamber for an equivalent durat
to reduce ther mal gradients and maintain u

After fabrication and cooling, the samp
manually cl eaned. Loose powder was first r
sandbl asting and pressurized air to elimin
process ensured that surface artifacts did
mechanical testing results.

Speci men di mensions were measured- using
sectional areas wermrch dgauwrgenilneerdg tohv,erasa 2l |
Strain measurements were obtained using an
deformation tracking during tensile | oadin
spreadsheet soft wasrter afionr asnuabl syesqg use natn ds tgrreaspsh

Figure 5 illustrates the ASTM D638 tens
referred-bbaoaeaspacdmgn. The | abeled di mensi
(t), and gauge |l ength (l), which define th
section ensures uniform stress distributio
st etsrsai n behavior.

Thickness I—“- Length —|
CICZTe‘:;ng ® ® I(;’NC:::,Itghe ov:/,i:’tgu
Length
Length Overall
Figure 5: Dog-Bone Tensile Test Specimen [22]. Wi d Wi h i ¢ ktnGeasusg:e Lengt h:
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al testing was -p¥rbtorwmedsabki hgs
i pped with a 5,000 N |l oad cell
uidelines, with testing speeds
time range [22]. The testing s
urement, i s shown in-IFXgure 6.
esting mafch3 |nTeh eu ssepde cfi onre nt @ nss inmoeu
b e tawmeade ma nt veax t gernisppsnet er i s attach

measure strain during | oading.

ement and accurate capture of mecha

ur

al

properti es -pweirnet ebvean duiantge dt eussti nc

Each specimen was placed on two s

appl i

D

d at the midpoint until def

t esti ng #dsi ssphloancne menn tF idgautrae wre.r elL orae

processed.-pbhing fbhiegqui egptesentco® n

ral testing. The speci mdmenigs hsupp

oad is applied at the center. Thi

of flexural strengdihsmaihaceaemetrdt n

ected data were exported -and an

d-sftlireax mr &lurwvtersesenabling direct ¢

arameter slT,abdred 3b pirlod i a@lreise mt astuimonay

st

s perfor med.



Table 3: Summary of Stress-Strain Tensile Testing.
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Orientation | Watts (W) Inches (In.) Number of Specimens
90°¢° 35 0.006 5
90 ° 38 0.005 5
PA 12 o° 30 0.007 4
GF 0° 35 0.006 5
90°¢° 30 0.007 5
o° 38 0.005 5
90°¢° 30 0.006 5
o° 25 0.008 5
90°¢° 25 0.008 5
PA 12 90°¢° 35 0.004 5
o° 30 0.006 5
90°¢° 35 0.004 5
90°¢° 30 0.006 5
90°¢° 25 0.007 5
o° 25 0.007 5
PP
o° 30 0.006 5
90°¢° 20 0.008 5
o° 20 0.008 5
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he

Orientation | Watts (W) Inches (In.) Number of Specimens
90¢° 35 0.006 5
o° 38 0.005 5
PA 12 oo 30 0.007 4
GF o° 35 0.006 5
90°¢° 30 0.007 5
o° 38 0.005 5
90¢° 30 0.006 5
90¢° 25 0.008 5
o° 25 0.008 5
PA 12 90°¢° 35 0.004 5
o° 30 0.006 5
90¢° 35 0.004 5
90¢° 30 0.006 5
90¢° 25 0.007 5
o° 25 0.007 4
PP
o° 30 0.006 4
90°¢° 20 0.008 3
o° 20 0.008 5

f

exu



Figure 7: MSOE’S Shimadzu EZ-LX, Using Three-Point Bending Test.

41
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Results and Analysis

Tensile testing was performed on all sp.
the effect of | aser power and builEkcedi ent
and a PDF summary report. Excel data were
tensil e bars.

Stress—Strain Behavior-GF
90A OriewWanation, 0B5 Inches

Figure 8 predgamticn tchug vetsr dog t he first

fabricated in the verWatctall aosreire nppoavte ro na n(d 0OC
spacing. All specimens show similar mechan
repeatability.

The curves exhibit an initial l'inear el
deformation until fracture. The ul40 maa e t
43 MPa, while failure strain varies betwee

variations among specimens may be attribut
|l ocal ©Pwoeoailty.the results demonstrate con:

vertically built specimens under the selec
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Stress—Strain Behavior of SLS Polymer-GF-35W-0.006-V Specimens

45
..—-""""--_—_
40 - R
35| .
30 - - i
©
o 4
= 25¢) .
?
© 20 + 1
)
15 - :
Specimen 1
10| —— Specimen 2 T
Specimen 3
5 Specimen 4 4
Specimen 5
O 1 1 1
0 0.05 0.1 0.15 0.2 0.25

Strain (mm/mm)

Figure 8: Stress-Strain Curves for GF Tensile Specimens with 90° Orientation, 35-Watt, 0.006 in.

90A Orietwmwaation, 0B8 Inches
Figure 9 s hsotwsaitnh ec usrtwreesssf or GF speci men

orientati onWatotO °l)a suesri npgowedr and 0. 005 1 nch

closely grouped, indicating good repeatabi
All specimens exhibit an i1igradabal |l naehr
plastic deformation until fraanges. The ul

approxi mately 46 and 48 -Wdtat, oavdn dfirg iiilenrdei ght
strain varies between about 0.31 and 0. 36
ducti lhitggherThleaser power and r eidutcedl axam s
bondandg densi fication, resulting itnh3encr eas

W and 0.005 in. parameters produced strong
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specicmmempsared to the previous group.

50

Stress—Strain Behavior of SLS Polymer-GF-38W-0.005-V Specimens
I I | I I | |

45

T

40

T

(o8]
an
I

w
o
T

Specimen 1
Specimen 2
Specimen 3 =
Specimen 4
Specimen 5

Stress (MPa)
(%]
(4] ]

e
o

—
(&)

10

1 | | 1 1 |

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 04
Strain (mm/mm)

Figure 9: Stress-Strain Curves for GF Tensile Specimens with 90° Orientation, 38-Watt, 0.005 in.

OA Or i enWaattti,on0,. 03007 I nches

FigurelO shawad nstcruesvyes for theeglamesnsti
fabricatedWaib Sa&aSemtp8@er andho0r0@dnitml ¢
orientation, showing consistent mechanical
exhibits an initial | inear elastic region
indicating progressive pl ast intatdee ftoernnsaitlieon
strength of approximately 29 to 34 tMPa, wi
0.22 mmheemrel atively close grouping of the
under these processing conditions. Slight
attributed to inherent porosity, tiypecadi s

SLfabricated GF composites. Thenpmhowviedontoald
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bearing capacity along the tensile direct.i
compared to vertically oriented speci mens.
35 Stress-Strain Behavior of SLS Polymer-GF-30W-0.007-H Specimens
30 + -
25+ s
g
s 20
w
w
Q45 Specimen 1 N
n Specimen 2
Spec!men 3
10 Specimen 4 ]
5 - - -
O 1 1 1 1
0 0.05 0.1 0.15 0.2 0.25

Strain (mm/mm)
Figure 10: Stress-Strain Curves for GF Tensile Specimens with 0° Orientation, 30-Watt, 0.007 in.
OA Or i enWaattti,on0,. 03066 | nches

Figure 11 sbBowsainhheusweesforcedes @B&Eci mel

fabricatedWaitn KSaSent p @sbcearn asnpda cOi.n0g0,6 wi t h h

orientation, demonstrate i mproved mechanic
i nput conditions. All specimens exhibit a
hardening, reaching ultimate tensile stren

strains around@he.80ghb 0l 84t eming of the <c

consistency and repeatability. Tihreg ilnick elay
enhance interlayer bonding and reduce poro
Theori zont al orientation further supports ¢

direcbnonjbuting to the overall i mproved m
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Stress—Strain Behavior of SLS Polymer-GF-35W-0.006-H Specimens

45
40 - 'T .
35| .
30 - 1
E Specimen 1
= 251 Specimen 2 ]
o Specimen 3
® 20 - Specimen 4 J
5 Specimen 5
15 F .
10 | 1
5 - -
O 1 1 1 1 1 1
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35

Strain (mm/mm)

Figure 11: Stress-Strain Curves for GF Tensile Specimens with 0° Orientation,35-Watt, 0.006 in.

90A OrieMaatio0, iONBo@milnnacltheGondi ti on

Figure 12 pretsreaits ¢hreves rfees GF speci m
vertical ori enWatt onhag®O°poweasi ngn®@00. 007 i I
condition). The curves show sifmiillaurr et rsemrds
observed compared to higher energy condit:i

All specimens exhibit an initial ' i near
def ormation before fracture. Thefulmi @8t e
to 27 MPa, which is significantly | ower th
strain varies between about O0.10 and 0. 14

The | ower | aser power and | arger scan s
bonding and increased porosity,Ovieeraadliln,g tthoe

nomi nal cMWMaditti ®&n 00F0in. ) pr ogarcfeadr méhrecd ow
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among the tested parameter sets.

Stress—Strain Behavior of SLS Polymer-GF-30W-0.007-V Specimens

30
25 / 1
§ e~y
=
20 + -
o
(a
=
w 15+ —
o
g
]
10 : -
Specimen 1
Specimen 2
5 Specimen 3 -
Specimen 4
Specimen 5
O 1 1 1 1 1

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
Strain (mm/mm)

Figure 12: Stress-Strain Curves for GF Tensile Specimens with 90° Orientation, 30-Watt, 0.007 in.

Why does -0h@e030i W. condition show the I

Al t hough the 30 W and 0.007 in. camnnddi ti on

el ongation, it may offer i mproved Ildowemsi o
t hermal gradients during processirreg. dumd r
stresses and distortion, making ft&ae nomi na
applications where geometric accuracy and
maxi mum mechani cal performance.

OA Or i enWaattti,on0,. 03085 | nches

Figure 13 sBowsainhheusweiesforcedes mBe&Eci me
produced wvWat tSLISasagr 3Bower and 0. 0050 °i)n. s
orientation, show further enhancement i n m
exhibi-defai wedlel astic region foll owed by si

ultimate tensile strengths of approxi mat el
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strains aroundTHe l1citmvds 3amen/enimosel y group:¢
repeatability and uniform material consol.i
tighter scan spacing |likely promotes i mpro
stronger interlayer bonding. This results
strength. The horizontal orientation cont.i
tensile direction, contri butisneg dbos etrhvee ds uupr

t hepgewcessing conditions.

Stress—Strain Behavior of SLS Polymer-GF-38W-0.005-H Specimens
| | | |

50
45 - — =
40 - .
35 -
l:tLU 30 [- Specimen 1 N
= Specimen 2
w 25 F Specimen 3 -
b4 Specimen 4
5 20 - Specimen 5 i
16 .
10 - :
5+ i
O 1 | | 1
0 0.2 04 0.6 0.8 1 1.2 14

Strain (mm/mm)

Figure 13: Stress-Strain Curves for GF Tensile Specimens with 0° Orientation, 38-Watt, 0.005 in.

Aver age&tStairems Lurves of GF Speci mens

Figure 14 showssttrhagd na vceurravgees sftorressspeci me
|l aser powers (38, 35, and 30 Watt) and ori
shown in Figure 14. The elastic modul us an

calculated from the initial I inear tmadi on
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unli ke some |iterature reports, the O0°o0orie
higher strength or modulus compared to the

break was similar for both orientations ac

Averaged Stress-Strain Curves of SLS Polymer GF Spemmens

s | / |‘

m GF-38W-0.005-V
s GF-30W-0.007-V

GF-35W-0.0086-V | -
e (G F-35\W-0.006-H
s GF-30W-0.007-H
s GF-38\W-0.005-H

Ny |

0 1 1 | 1 | |
0 0.05 0.1 0.15 0.2 0.25 0.3

Strain (mm/mm)

N
o
T

w
wn
T

w
o
|

|

Stress (MPa)
(] =]
o [4;]
| I
|

—
(4]
[

Figure 14: Average Stress-Strain Curves of GF Specimens.

Youngos RKRMaedid It s

Young’'s modul us represents the stiffnes:
l inear el asti etrreaginomnc uofvet He24sjt.r elsns t hi s st
calcul ated for each gresupabg takveganhbdeapp
regression to the initial l i near portion.
modul us.
The results obtained are:

GF38W. 6W:5 112. 01 MPa
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GF30W. B\M:7 98. 72 MPa

GF35W. 6\M6 124. 20 MPa

GF35W. 06H:6 102. 60 MPa

GF30W. GH:7 99. 30 MPa

GF38W. OH:5 113.51 MPa

Overal Il35Wh@0 &K oup exhibited the highes
indicating the greatest stiffness among al
particle fusion and optimal energy input d
bonding and reduces porosity.

Il n general, higher glass fiber content
have a much higher modulus than the pol yme
materi al However, the results show that s
or | aser power alone, but rather on their
densi ty.

The influence of building orientation i
(V) specimens generally showed slightly hi
to horizont al (H) specimens. This behavior
parts, where interlayer bondpilnagn e nb otnhdei nbgu.i
However, the differences between orientati
processing conditions have a stronger inf/l
Fractureamd Oxthenoed Speci mens

The experimental results conf ivrew ttihcealpr
and horizontal orientation. For the vertic
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consistent with the direction of ahe appli
relatively straight and uniform manureert,o i n
nor mal stress actingeperpendTidihscaometto cead et |
prediction that wvertical orientati-on domin
sectional area.

For the horizontal orientationanghedfr a
or more irregular crack proghaeq@at idgdnr.e sBleiss
addition to normal stresses. The observed
horizont al | oaediomyg niantterdo dwlddsursehearausi ng c
pl anes of maxi mum shear stress rather than

Overall, the agprrecedmecntte db ef trweegetduarttdh @oarli e n t
fracture surfaces dbmenstbtadatswhehemeexpali caé
the specimens foll ows established stress a
validates the theoreticegl25ekpepcdr.atilédnshbws

fracture patterns of specimens for vertica
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Figure 15: Fracture Patterns of Specimens for Vertical and Horizontal Orientation.

Stress-Strain Behavior of PA

90A oriewWatnt, od,0B® | nches

Figure 16 i | fsusrtariant ebse htahvei osrt roefs sltS PA s
30Natt | aser power and 0.006 in.speanmepasaci
show a congilsatseantc ealesgptoincse, reaching high

approxi mately 35 to 38 MPa and | arge strai
ductility. The c¢close overlap of the curves
materi al behavior, while the higheayesrtreng

bonding and reduced porosity due to increa
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Stress-Strain Behavior of SLS Polymer-PA-30W-0.006-V Specimens
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Figure 16: Stress-Strain Curves for PA Tensile Specimens with 90° Orientation, 30-Watt, 0.006 in.
OA ori enNaatti,or0,. 0OD8 I nches

Figure 17 sBowsinhhbetbwvess of SRS PA sp.
Watt | aser power and 0.008 in. s@e&ercisneacs n
exhibit a cphabsstentespasse¢c otaappngxumat
23 to 27 MPa with relativeduycthiilgiht ys.t r@o mp ar
vertical builds, the horizentrahgothi emnteatioo
ifhayer bonding. However, the gl iegtetrigy | owe

settings suggests that reduced | aser power

densification and weaker interparticle bon
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Stress—Strain Behavior of SLS Polymer-PA-25W-0.008-H Specimens
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Figure 17: Stress-Strain Curves for PA Tensile Specimens with 0° Orientation, 25-Watt, 0.008 in.

90A oriewWatt, oh,0B4% I nches

Figure 18 pretseaits bédlkRasvsiorssef RS PA s
35 W |l aser power and 0.004 i n. sscpaenc isnpeancsi n
achieve high ultimate strengtharagfe sppraoni
values (1.5 to 1.75), indicating excellent
curves demonstrate strong r epeactoanbbiilniattyi oann
of higher | aser power and finer scan spaci
interl ayer bonding, | eading to significant!/

to |l ower energy conditions.
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Stress—Strain Behavior of SLS Polymer-PA-35W-0.004-H Specimens
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Figure 18: Stress-Strain Curves for PA Tensile Specimens with 0° Orientation, 35-Watt, 0.004 in.

OA ori epWaatti,or,. 0® I nches

Figure 19 i | Isutsrtariant ebse htahvei osrt roefssSLS PA s
30WVatt | aser power, O0.006 i n. Aslclans psepca cmenngs,
exhibit a similar trend, an initial ' i near
nonlinear region indicating plastic deform

reaching an ultimate strength of 41 to 43

sudden failure, as indicatedcbhysthHeg gharupe
demonstrating good repeatability and consi
ulti mate strength and failure strain sugge
porosity between specimens. Overall, the m

hi gh el ongation before fracture.
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Stress—-Strain Behavior of SLS Polymer-PA-30W-0.006-H Specimens
I | | T T
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Figure 19: Stress-Strain Curves for PA Tensile Specimens with 0° orientation, 30-Watt, 0.006 in.

90A OriewWwaation, 0BB I nches

Figure 20 sBowsinhhbetbwvess of SLS PA sp.

hi gher | aser power (35 W), smallerLs&an sp
the previous case, all specimens exhibit a
smooth transition into plastic defofmati on

about 41 to 43 MPa, with slightly hihgher a

previous condition. The curves aercyYl amscely
better interlayer bonding due té&ahigher en
occurs at |l arger strain value®veédallitothi@

condition demonstrates more uniform mechan

el ongation before fracture.
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Stress—Strain Behavior of SLS Polymer-PA-35W-0.004-V Specimens
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Figure 20: Stress-Strain Curves for PA Tensile Specimens with 90° Orientation, 35-Watt, 0.004 in.

90A Oriemaatiboclhes

Fi g rbkehows t-&8eratnebshavior of SLS PA sp
W | aser power, 0.008 in scan spacing, and
similar response, starting with a |inear e
def ormati on.

The maxi mum stress reachedtiasd rMPlagt, i vel
indicating weaker mechanical performance <c
occurs at straitil®.2&,uevs torcelndgh®. X&r i ati on
close grouping of the curves suggests reas
failure strain indicates some variability
' imited stiffness and strength for vertica

| arger scan spacing, |ikely due to insuffi
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Stress—Strain Behavior of SLS Polymer-PA-25W-0.008-V Specimens
[ | | | |
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Figure 21: Stress-Strain Curves for PA Tensile Specimens with 90° Orientation, 25-Watt, 0.008 in.

Aver age&tStanems Lurves of PA Speci mens

Figupee®2nts t hestarvaeirm gceuwdr vse sr efsosr al | Sl
groups, where the average response for eac
mul tiple samples and then plotted. Overal/l
polymers, an initial I|inear el astualregion
failure. Clear differences can be observed

orientations:
PA25W. OGM0U8s hows the | owest stiffness and
indicating weaker interlayer bonding in th
PA25\W. OO 8performs slightly better than i

exhibits relatively |l ow strength and duct:i
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PABOW. BW6demonstrates i mproved stiffness
25W conditions, due to increased | aser ene

PASOW. GHO6f urt her confirms that hori zont a

stiffness and strength, as the lhgadsis app
PA35W. OW0W4s hows the highest overal/l perfo
with increased stiffness, strength, and el

PAS5W. GHD4ex hi bits the best mechani cal be

sti fadmdessst ress | evels, confirming that higt
horizontal orientation | eads to superior m
Il n summary, the results confirm that ho
stronger than vertical ones, and increasin
spacing) i mproves mechanical performance a
Averaged Stress—Strain Curves of SLS Polymer PA Specimens
T T T T T T T T T
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Figure 22: Average Stress-Strain Curves of PA Specimens.

Youngbs RMsdiu It s

The Young’s modulus of the PA speci mens
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l inear el asti etrreaginomnc uofv etshe Astlrieneesar regr e
was used, and values were averaged for eac
Resul t s:

PA25\W. OM:8 75. 03 MPa

PASOW. OM:6 95. 17 MPa

PA25\W. OH:8 69. 04 MPa

PAS5W. OH:4 85. 91 MPa

PASOW. OH:6 89. 11 MPa

PAS5W. OM:4 85. 87 MPa

The -3RAV. B0 6Sampl es showed the highest st

controlled by energy input and bonding qua
sufficient melting without degradation, wh
overheating and reduce performance. Scan s
overlap and bonding, while | arger spacing

overheating.

Orientation affects stiffness due to an
when the | oad aligns with continuous scan
more on weaker interlayer bonding. This is

modul us.
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Stress-Strain of Polypropylene

90A oriewatt, od, 0B® | nches

Figus@doi3 tbheratnebehavior of v(ePrPt)i cal l

speci
spaci

Al

me

ns fabricated-Wastnbasthe fbssceagpr ands b

ng.

five specimens exhibit consistent m

repeatability of the process. The curves s

ini ti
appro
fract
high
vari a
bondi
buil d

Ov
produ

fusi o

al

X i

nonlinear el astic region folbfowed
mately 25 to 26 MPa. Aftersutdedepeack
e. The relatively |l arge strain at f
ctility of the polypropyl Minrromat er i
on in failure strain among speci men
or porosity;f awhiipaa ttaerde ecsoprenoina li lny Si
rientation where interlayer bonding
all , the seWetctt elda eaarr apnewesrr san B 0t i gt
d parts with uniform strength and g

and mechani cal performance.
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Stress—Strain Behavior of SLS Polymer-PP-30W-0.006-V Specimens
| I I I
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Figure 23: Stress-Strain Curves for PP Tensile Specimens with 90° Orientation, 30-Watt, 0.006 in.

OA ori enAWaatti,orm, 0D®B I nches
Figusadoi4 t-beratnebehavior of polypropy

fabricated usi ngWathte [SasSe rprpocveesrs, al. 02008 i n.

horizontal (H) orientation. Compared to th
| ower overal/l mechani cal performance. The
initial nonlinear elastic region fotdewsd

i s reduced to about 20 to 22 MPa, which i s

observed previously. Additionally, the str:;:
mm/ mm) i ndicating reduced ductility. The e
bonding, which can be attri bsuctaend stpoa ctihneg,l o

resulting in |less effective fusion between



63

Hori zontal orientafplamegesnercalgtyn,i mpitov
processing parameters dominate, | eading to
variation between specimens is again prese
overall consi st dmcys uimsmasrtyi,| It hri sa comalb Ite .on
|l ess ductil e tper tianp olrit@mlcieg totfi squf fi ci ent e
power and small er scan spacing) for achiev

printed polypropyl ene.

Stress—Strain Behavior of SLS Polymer-PP-20W-0.008-H Specimens
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Figure 24: Stress-Strain Curves for PP Tensile Specimens with 0° Orientation, 20-Watt, 0.008 in.

90A oriewatmt,i od,0@B I nches
Figus@do®S tbheratnebekavindredofp ¢IPyPropyl e
speci mens f alWwattcaladewi powépb, O.exQ7 cian. s cC

orientation. Al specimens exhibit a typic
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with a nonlinear elastic region, followed
ultimate stress of about 27 to 28 MPa. Aft
instead, the samples show a sudden drop in
plastic deformati on.

The close overlap of the curves in the
good repeatability and consi stentostdiinfgnes
during the SLS process. Howevemm/ mme vari a

reflects some -depsoatteapybandi hgyeffects du

ori enbae¢ili @ainl., the specimens demonstrate hi
performance, with failure governed more by
material stiffness.
30 Stress—Strain Behavior of SLS Polymer-PP-25W-0.007-V Specimens
I T [ I T | I | |
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Figure 25: Stress-Strain Curves for PP Tensile Specimens with 90° Orientation, 25-Watt, 0.007 in.
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OA ori enNaatti,or,. 0D I nches

Figus@doi6 t-beratnebseskaviindredofp ¢IPyPropyl e
speci mens f alWattcatadewi powe@b, G.oxG7zoint.alsc.
ooientation. Similar to the vertical sampl e
initial nonlinear el astic region followed
ulti mate stress of approxi mahel werRtdi ¢ @l 126 ¢
samples. After the peak, failure occurs ab

plastic deformati on.

The curves are closely grouped, demonst
more scatter is observed compared to the v
to 1.85 mm/ mm, showing variability in el on

Overall, the horizontally built speci me
strength, but comparable ductility. The di
effects, where | ayer alignment relative to
bonding and | oad transfer, resulting in ma

compared to vertical speci mens.
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Stress—-Strain Behavior of SLS Polymer-PP-25W-0.007-H Specimens
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Figure 26: Stress-Strain Curves for PP Tensile Specimens with 0° Orientation, 25-Watt, 0.007 in.

OA ori enNaatti,or0,. 0D®B I nches
Figupee2ent ssttrhaei mtlhempasviindre do fp dPWYHPr opyl
speci mens pr-Watutc eldasvdrt hp 8wer , G.oxrG6z oint.als c e
orientation. The curves show a typical duc
nonlinear elastic region followefd by strai
approxi mately 27 to 28 MPa. After reaching
softening region, where stress slightly de
plastic deformation and necking prior to f
Al | speci mens display veryrebosae,overl a
indicating high repeatability amagaamid or m

relatively |l arge failure strainducdit. idl ittoy 3ar
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toughness. Overall, the resultsbadamdiirmamg,t earcc
enhanced plastic deformation capability, w

rather than abrupt fracture.

Stress—Strain Behavior of SLS Polymer-PP-30W-0.006-H Specimens
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Figure 27: Stress-Strain Curves for PP Tensile Specimens with 0° Orientation, 30-Watt, 0.006 in.

90A oriewatmt,i oh,0@® Inches
Figus@do®%8 t-beratnebsHawirdrc adfe dS(WWEPI)y pr op

speci mens pWatdtu cleads earti m2cllwe s ¢c a0 . § P &cuiinlgd, and

orientation. Al five specimens exhibit co
repeatability of the SLS processsmoundher t he
nonlinear increase in stress with strain

no shar p;iynisetledadp,oitnhte mat er i al dgerfaodruraaltliyo nt.r
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The specimens reach a maxi mumastuasls of
0.48 to 0.52 mm/ mm, followed by afnr adtrwrpd.

The relatively high strain at failure i
variation between curves suggests uniform
conditions.

Overall, the results demonstrate that v
provide reliable strength andtdperti menper f

variation.

Stress—Strain Behavior of SLS Polymer-PP-20W-0.008-V Specimens
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Figure 28: Stress-Strain Curves for PP Tensile Specimens with 90° Orientation, 20-Watt, 0.008 in.

Aver agettaieds Lurves of Polypropyl ene Speci
Figupee?2@nts t hestarvaeirm gceudr asetrsri efsasr e & L S
polypropylene (PP) specimens under differe

spacing, and build orientation).
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Overall, al/|l curves show typiceal addctci |
egion followed by gradual pl astpipee adef or ma
et ween parameter sets

The 30 W, 0. 00360W.nGW)6 weorntdiicdalon( R hi bi t s
trength and ductility, reaching stresses
p to 0.8 strain. This indicates i mproved
nergy input.

The 25 W conditions (both 0.007 in., V
24 to 26 MPa) and moderate ductility, sug

The 20 Wcoh.ddG8 oine show the | owest stre
specially in the-22000.iGOHt avlhi eahi d mti dtsi an
tress (20 MPa). This reflects weaker bond

rientation effects.

Additionally, vertical specimens gener a
trength and elongation, indicating better
Il n summary, increasing | aser power and
nergy density), along with vertical orien

erformance and dwuctility of SLS PP parts.
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Figure 29: Average Stress-Strain Curves of PP Specimens.
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PROW. OW:8 83. 05 MPa
Overal I25W.hG0 WP oup exhibited the highes

indicating the greatest stif f2r0af.s0Ha8Bmong t h

showed the | owest stiffness.

The results suggest that mechanical sti
conditions, particularly the balance betwe
energy input appears to promote more effec
bonding, |l eading to higher stiffness. Il n c
incomplete melting and increased porosity,

Build orientation also affects the mech

consistent compared to processing paramet e

show slightly higher or comparable stiffne
|l ayer bonding and |l oad direction. However,
relatively small, indicating that energy i
direction in determining Young’s modul us f

Figus@doW8 a bar chart that compares ave

PA, GF, and GPRfsislpleed mewnwilson general l guexhi bi

to the reinforcing glass fibers, while pol
hi gher ductility. PA12 samples showed inteil
also indicate that | aser power, scan spaci

properties of the SLS printed speci mens.
During the tekteagnyplfogl @) speci mens,

samples appeared to show higher strength ¢



72

behavior could be influenced by t.he met hod
some tests, the strain was mistakenly <calc
than the gauge | ength. Since strain shoul d
full l ength | eads to an underestimation of
stiffness. Therefore, the observed discrep
rather than the actual materi al behavior.
50 Comparison of Ultimate Tensile Strength for SLS Polymer Specimens
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Figure 30: Comparison of Tensile Strength for SLS Polymer of PA-GF-PP.



Table 5 summarizes the stressain results from tensile testing.

Table 5: Summary of Stress—Strain Results from Tensile Testing.

Orientation | Watts (W) Inches (In.) |Strength (MPa) |Strain(mm/mm)
PA 12 90° 35 0.006 43 0.24
GF

90° 38 0.005 48 0.36

0° 30 0.007 34 0.22
0° 35 0.006 43 0.34
90° 30 0.007 27 0.14

0° 38 0.005 46 1.3

90° 30 0.006 38 0.65

0° 25 0.008 27 0.68

PA 12

90° 25 0.008 15 0.26

90° 35 0.004 43 1.2

0° 30 0.006 43 1.1

90° 35 0.004 47 1.75

90° 30 0.006 26 2.2

PP 90° 25 0.007 28 1.8
0° 25 0.007 26 1.85

0° 30 0.006 28 3.6

90° 20 0.008 21 0.52

0° 20 0.008 22 0.95
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on in tensibeecelsemdgitgh i &s tihte i ¢
e (pulling) force, expressed ei
of the original gauge | engt h. E
ore it breaks. It reflects the

cturing [27].

forms are used:

on at yield: The amount of stre

ermanentl| vy.

on at break (or fracture): The

t finally breaks.

ngation materials (li ke many me
out sudden failure. Low el ongat

fail with | anldlmi twad nphhagstfi2d]def or mati on.
glass fibers and the vertical build orient
elastic region with small el ongation at br
apparent reduction in Il engtheafyteantheacthbasn
per manent deformation. This behavior is <co
of ¢lidsilsed SLTShepotleynnseirlse. speci mens were tes:
LX testing machine.

pl astic

or

The SLSi gl assspeci mens showed |bhrmitttelde t

ent atii

on

def ormati on. Because of the presen

, the tensile bars fractured sh



75

at break. No visible necking was observed.
is attributed to elastic recovery rather t

consistent with the knofwinl Imed h&n$ cmdl ymeesmpo.

The tensile specimens weXetdetsitregl ma ¢ migr
Before testing, an initial gauge | ength of
tensile test, the fractured specliemegitsh wea se

measur ed usalnigpea .diTdiet gpler cent el ongation w

foll egiumg i on:

El ongats—en p(mm

wher e:

0= initial gauge |l ength (50 mm),

0= final gauge | ength after fracture.
This value represents the ductility of

speci men elongated before failure.

Figus@doWs a bar chart comparing the ave
di fferent materials, | aser polwehrosws stchaant sp
polypropylene (PP) printed at 30 W |l aser p
orientation exhibited the highest el ongati
result indicates that the specimens produc
greatest ductility.

I n comparfiislolngd gnyalsssn and PA12 sampl es s
val uyseese Fi gur.e Thd sarbe had i or is expected due

properties. Polypropylene is a motéefll ayi b
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contains reinforcing glass fibers that 1inc

PA12 typically exhibits higher stiffness al

As a result, polypropylene depkeci mansowebef

fractur e.
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Figure 31: Average Elongation for GF.
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Figure 32: Average Elongation for PA.
10 Average Elongation for Polypropylene

~ ~ ~
- ()06. N 006.

% O o Nl Nad
<@ By ?? v ?? ) ?? 5 o® o) o a2
Processing Condition

Figure 33: Average Elongation for PP.
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Three-Point Bending Test Polypropylene
90A Oriebatiof, 0RB8 Inches
Figusd@édoWd tphoei ntthrbeeendi ng ( f |-fexhurriad @t eébck h ¢

polypropylene (PP) specimens produaed at 2

vertical orientation, wusing r ecwiammbgcuhiare t e
fixture compatibility. Il n a -®Bhii mta dluesntdiinm g e
be performed on rectangul ar tensile bars b
support geometry, or | oading nosegqtuisré i mi

specific di meoeipomsrandospamat the Shi madz
accommodate. As a result, rectangular tens
available fixture and machine travel [ i mit

geomet r-yt amdarodcd [ 28] .

All three specimens display a smooth in
indicating typical ductile pol yomet i nekaVvio
and reach maxi mum fl exural stresses of app
to 6. 5%.

After the peak:

T One specimen shows a suddédn kdr dp aicrt ug ter

abrupt failure.

T The other two exhibit a more gradual de
progressive failure while stild]l carryin
Despite the use of tensile bars instead

sti || show good consistency between sampl e
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stress. The materi al demonstrates moder at e
geometry difference may slightly affect ab
Overall, wvertically built SLS PP at the

perf or manc es,t abnudta rtdh es preccn men geometry shoul

to standard bending test results.
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Figure 34: Flexural Stress-Flexural Strain Curves Using Three-Point Bending Test for PP-20W-

0.008-V.

OA Or i enWaattti,on0,. 03006 | nches
Figupeel38&nt g otima tbhrerneda ng ( f I-fexlurriad 9t ec s

polypropylene (PP) specimens builathdat 30 W

horizont al orientation. Al speci mens show

increasing rapidly at | ow strain and reach



80

11% strain. Compared to the previous 20 W

i mprovement in flexural strength, due to h

After the peak, the curves exhibit a gr
fracture, showing progressive f aitlourle aalnd
up to 25 to 27% strain, which reflects str
propagation. The close overlap of the curyv
materi al properties across samples. Overal
| aser power and reducing scan spacieg, | ead
even in horizont al orientation.
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Figure 35: Flexural Strain-Flexural Stress Curves Using Three-Point Bending Test for PP-30W-

0.006-H.
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OA Or i enWaattti,on0,. 02067 | nches

Fi gwsd@o¥s tphoei ntthrbeeendi ng (fl exural) behe
pol ypropylene (PP) specimens fabri cantded at
horizontal orientation.

All specimens exhibit a simi respons
and reaching a peak stress of 4Zhte 50 MPa
indicates good stiffness and strength, tho

After the peak, the curves show a gradu
behavior with progressive damage rather th
l oad up to 18 to 21% strain, demonstrating

There is some variation between speci me
peak behavior, suggesting slight nconsi st
intermedi ate energy | evel Overal , this <c
performance, with reasonable strength and

energy (30 W,

0.006 in.) case.
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Figure 36: Flexural Strain-Flexural Stress Curves Using Three-Point Bending Test for PP-25W-

0.007-H.

90A Orieiaation, 0R3 Inches

Fi g3isBadows tphoei ntthrbeeendi ng (fl exural) resfyg
polypropylene (PP) specimens fabri caantded at
vertical orientation.

All specimens demonstrate a similar tre
smoothly and reaching a peak stress of abo
indicating good stiffness and strength. Co
energy |l evel, the str epnegatkh biesh ackd nopea rdd thléee,r s
peak, the curves show mixed failure modes:

T Some specimens exhibit a sharp drop in
T Ot hers show a more gradual decline, mai

which suggests more ductil e, progressiyv
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This variation indicates greapeci memas t e
l' i kely dohuweayer | bgedi ng effects an@veamalslot r
vertically built specimens at this conditd.i
to high ductility, -pbeuatk wbiethha vlieosrs ccoompsairsetde nt

orientation.
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Figure 37: Flexural Strain-Flexural Stress Curves Using Three-Point Bending Test for PP-25W-

0.007-V.

OA Or i enWaattti,on0,. 02008 | nches
Figus@do®W8 t he 4sltexaud malbedtarv@aign tf rboenm dai ntgh

test -pfi BtLeSd pol ypropylene (PP) speci mens f

0.008 in. scan spacing (horizontal orienta
The curves exhibit a typical ductile fI
elastic region followed by a steady increa

approxi mately 42 to 48 MPa. After reaching
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gracuwdltening behavior, indicating progress
than i mmedi ate fracture.

The specimens show some vmaadakibhdhawi drn,

overall trends are consistent. The fl exura
reflecting good ductility under bending | o
after peak stress, suggesting |l ocalized cr
carrying capacity over a | onger deformati o

Overall, the results indicate moderate
significant deformation capability, with f
mechani sms such as | ayer delamination and
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Figure 38: Flexural Strain-Flexural Stress Curves Using Three-Point Bending Test for PP-20W-

0.008-H.
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90A OrieWaatiof, 086 Inches
Figupeel3@ents thsestfhexubah aspiooenst§ rboenm dai ntc

test -pfi BtLeSsd pol ypropylene (PP) speci mens f

0.006 in. scan spacing, and vertical orien
response, starting with a nonlinear el ast:i
up to a peak flexural strength of approxim
speci mens exhibit a gradual stress reduct.

and damage evolution rather than sudden fr
All specimens follow a similar trend, d
slight wvariations are o0bserake b eihma vtilog .i Mihte

strain extends beyond 25%, highli gimdiemg hi

bendi ng
Overall, the mat-eeaminghoapalbitlabl gy adbad
failure governed by gradual mechani sms suc

propagation, rather than abrupt breakage.
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3Points Bending Test-PP_30W_0.006_V
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Figure 39: Flexural Strain-Flexural Stress Curves Using Three-Point Bending Test for PP-30W-

0.006-V.

Average Fl-8&xueab 6HorabPolypropyl ene

Figupeed4@nts aver-ageaf hegur apeosisnitr emsa t
bending test of polypropylene (PP) speci me
curves were processed in MATLAB, avémaged
represent the overall mechani cal response.
Stiffness Compari son

Stiffness is reflectedtirmimnheuirviet walk hs
region, where a steeper sl ope indicates a
deformati on.

The-3PMY. OGO 6condi tion (yellow curve) show

al | tested samples. This is evident from i
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|l evel s achieved at | ow strain. The behavio
be attributed to the higher | aser energy d

Il n cont raaGW, OM 6ceonRdA t i on (bl ue curve) de
| ower stiffness than the horizont al buil d
mai nt aibearli mgdcapacity over a wider strain
def ormation response before failure.

The-2BRY. OO 7( or ang2a25Wa6Wd7(PPPur pl e) sampl es

intermedi ate stiffness. Their reduced sl op
|l owering the | aser power and increasing th
|l eading to |l ess effective fusion between |

The-2PRY. OO 8 ampl e (green curve) perfor ms

shows the | owest stiffness, indicated by t
|l ow strain. This behavior is consistent wi
resulting in poor interlayer bonding and e

Overall, the results clearly show a str
parameters and mechanical performance. Hi g
spacing (30W, 0.006 in.) produces the most
while | ower power and | arger spacing reduc
interl ayer bonding. Among -Bl toobndutabhnent
provides the best overall me ¢ h adn icooanld i g @ rofno

represendts. the | owe
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Average Flexural Stress-Strain Curves (3-Point Bending Test)
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Figure 40: Average Flexural Strain-Stress for PP.

Three-Point Bending Test for PA
OA Or i enWaattti,on0,. 03006 | nches
Figus@dods t he 4Hsltexaud malbedtarv@aeign tf rboenm dai ntgh
test -pfi BtLesd pol yami de (PA) specimens fabri
in. scan spacing, and horizont al orientat.
The curves exhibit a stiff and ductile
initial slope indicating high fl| exaak!l st
fl exur al strength of approxi mat edtyr 689hbs,t o 8
most specimens show a sharp dr p.,asitnci cat.i
deformation. While the majority of sampl es

specimen failed earlier (around Béhdgrai n)
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or defects. The close grouping of the rema
consistent mechanical per f or mainghe .s tOvesrr catl H
stiffness under bending, wit hbymoldreirtattiee dluick
fracture following peak | oad, ilntkerlryali ndd fue

in the SLS structure.
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Figure 41: Flexural Stress-Flexural Strain Curves Using Three-Point Bending Test for PA-30W-

0.006-H.

OA Or i enWaattti,on0,. 02068 | nches
Figupeed2nts thsestfhexrxubeahaspiooenst$ rboenm dai ntg
test -mpfi IBtLe&Sd pol yami de (PA) speci mens fabri
in. scan spacing, and horizont al orientati
The curves show a ductile flexural resp

region foll owed by continuous strain harde
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approxi mately 44 to 50 MPa. The initial sl

indicating moderate flexural stiffness.
After reaching the maximum stress, the

indicating fracture after | imited plastic

10%, with some variability among sg¢gierrdg mens

or |l ocalized defects. Overall, the results

|l imited ductility, and failure is primari/l

propagation under bending | oad.

- | ] 3Poir"|ts Benc{iing Tes]t-PA_Zs}N_D.DOSI_H

45 - §

40 - y

W
[&)]
T

W
o
T

Specimen 1
Specimen 2
Specimen 3
Specimen 4

N
o

Flexural Stress (MPa)
]
(4]
|

15 Specimen 5 N

10 -

5 -
0 ! I 1 I I
0 1 2 3 - 5 6 7 8 9

Flexural Strain (%)

Figure 42: Flexural Stress-Flexural Strain Curves Using Three-Point Bending Test for PA-25W-

0.008-H.

OA Or i enWaattti,on0,. 03064 | nches
Figus@do&3 t he 4sltexau malbedtarv@aign tf rboenm dai ntgh
test -prfi BtLe&Sd pol yami de (PA) speci mens fabri

in. scan spacing, and horizontal orientat:i
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flexur al response, with a steep initial sl
strain hardening up to a peak flexural str

After the peak, the speci mens display a
decreases slowly with increasing strain. T
and progressive damage, ratheextbkbadssug@gdeéen

to 20%, demonstrating signifiThetcured @g mart ¢

closely grouped, showing good repepa&t abil it
behavior and failure strain is olesrved, |
interl ayer bonding. Overall, the results i
enhanced ductility, with failure governed

def ormation and crack propagationeunder be
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Figure 43: Flexural Stress-Flexural Strain Curves Using Three-Point Bending Test for PA-35W-

0.004-H.
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90A Orieiaation, 0BB Inches

Figusé@édodd tphoei ntthrbeeendi ng ( f |-fexhurriad @t eébck h &
polyamide (PA) specimens produced at 35 W |
vertical orientation.

All specimens exhibit a consistent resp

and reaching a high peak stress of 95 tolo0

significantly higher than t he pollyy pgrroepaytleern
strength and stiffness of PA, along with t|

After the peak, most curves show a shar
sudden fracture compared to PP. However, a
the peak, suggesti nglhlei neiutrevde sp raorger ecsl soisved yf
indicating good repeatability and uniform

nterl ayer bondi ngOwaer alhl s thhigh eomdigtyi o mp

flexural strength andl skeffaebsrebbéehawviaoar

=y

ighlight-ohfy béewéeeadetrength and ductil it
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3Points Bending Test-PA_35W_0.004_V
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Figure 44: Flexural Stress-Flexural Strain Curves Using Three-Point Bending Test for PA-35W-

0.004-V.

90A OrieMaatiof, 0RB Inches

Fi gusédo&S tphoei ntthrbeeendi ng ( f |-fexhurriad gt ek h &
polyamide (PA) specimens produced at 25 W |
vertical orientation.

All specimens exhibit a similar trend,
reaching a peak stress of 30 to 33 MPa at

hi gher energy (35 W, 0.004 in.) condition,

reduced, indicating weaker interlayer bond
curves show a rapid drop in stress, sugges
deformation. Some speci mdmsg fnaitli ceeaarblliee rv atr

mechanical performance, | ikely due to inco
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Overall, this condition results in moderat
consistency, highlighting the i mportance o
for achieving opti mal mechani cal propertie
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Figure 45: Flexural Stress-Flexural Strain Curves Using Three-Point Bending Test for PA-25W-

0.008-V.

90A Orieiaation, 0B6 I nches

Figus@do&6 t he 4Isltexaumalr estprommse of pol yan
printed at 30 W |l aser power, O0.006 in. sca
speci mens exhibit a smooth and gradual i nc
fl exural strengths of -¥TDlted7mhaMPri aComphe
extended, indicating higher ductility. Fai
10%), with some specimens showing sudden d
| on@erea!l IPA demonstrates good strength with
deformation behavior, although variability

in |l ayer bonding or internal structur e.
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3Points Bending Test-PA_30W _0.006_V
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Figure 46: Flexural Stress-Flexural Strain Curves Using Three-point Bending Test for PA-30W-

0.006-V.

Average Fl-8xueab 6HbrabPA

Figus@dodd averagstfrlaexurcalpoetarn d h@sntda n §

for polyamide (PA) speci mens. For each pro
curves were averaged in MATLAB to reduce Vv
mechames@adhsampl es differ in | aser power (V

Stiffness Compari son

Stiffness in these samples i s-setvraaliunat ed
curves within the elastic region, where a
and i mproved resistance to deformati on.

The-3BAYV. OHD4condi ti on (orange curve) demo

and strength overall. I't exhibits the stee
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stress of approximately 85 MPa. This stron
effective fusion, driven by the combinatio
tracks, which toget-hendpdomayerdense and w

The -3PAY. GO 6sampl e (light blue curve) als
although slightly | ower than the 35W condi
strong mechanical integrity and demonstrat
suggesting a balanced combi natWhem afhes tbruan
orientation is changed to vertical, a noti
PA35W. OW4sampl e (yellow -targé) s$h o hosweesiedeba
than its horizontal <counterpart, highlight

mechani cal behav-30W. 09i6Mi Isamlpy e t(lwe eA cur

moderate stiffness and fails earlier than
further confirming that vertical orientat:i
|l ess favorable | oad alignment and interl ay

A more pronounced drop i n mechrmarli gwal pr

conditio-BSW. DHOS8s #lipl e (dark bl ue curve) shiq
strength, which can be attributed to | ower
results in insufficient energy input and w
more evi dezns5tW.i O 8aempPPe (purpl e curve), whi
| owest stiffness and strength overall. I t s
i nt err laadyhee si on dredrliinmi tcag alcod g .

Overall, the results clearly show that

mechani cal behavior. Hi gher | aser power <co
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0.004) produces the most rigid and stronge
i nput significantly degrades performance.

consistently outperforms vertical orientat
stronger effective bonding betwe88BWI ayer s.
O. OH4sampl e shows the best overal-R5Wechanic
0.0MW8ondition performs the weakest.

Average Flexural Stress-Strain Curves (3-Point Bending Test)

—_

PA 25W 0.008 H
PA 356W 0.004 H
PA 356W 0.004 V
m— PA 25W 0.008 V
PA 30W 0.006 V
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Figure 47: Average Flexural Stress-Strain for PA.

Three-Point Bending Test for GF
90A Oriemwmwaationd, 0BG Inches
Figus@do8 f | exturailnsh e lfaisliloed o(f GRY)l asspse c i

fabricated at 30 W |l aser power, Ot.Or0e’e i n.
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poibrethdi ng.

All specimens exhibit a similar trend:
indicatiphasel astbiedavi or, foll owed by a pea
After reaching the maximum stress, the cur

failure typildald onffatglrasad s.

There is some variation in strain at fa
induced variability (e.g., local density o
demonstrate high stiffness and relatively

fractur e.
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Figure 48: Flexural Stress-Flexural Strain Curves Using Three-Point Bending Test for GF-30W-

0.007-V.

OA Or i enWattti,on0,. 03007 | nches

Figusédo&8 t he 4Isltexau malr estprolmsed o(f GH)l asspse
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printed at 30 W |l aser power, 0.007 in. sca

All specimens display a smooth increase
peak flexural strength of 55 to 65 MPa, <co
more extended, with failure occurring at h
i mprduedi |l ittlye Wedtikeal samples, the stres:
gradual for most specimens, suggesting | es
Overall, horizontal orientation results 1in

strength and greater strain to failure.
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Figure 49: Flexural Stress-Flexural Strain Curves Using Three-point Bending Test for GF-30W-

0.007-H.

90A Oriebatiof, 0B6 Inches
FigupeeS@ents thsestfhexubae hfaisliloed 9(fGR)l as s

speci mens printed at 35 W | aser power, 0.0
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orienfme i omeci mens show a consistent incre:

higher peak fl exural strength of 70 to 75

the 30 W cases. After the peak, most curve:
brittle failure, although a few speci mens
fracture. Failure occurs around 9% to 12%
speci mens. Overall, the higher | asandpower
stiffer parts, but the vertical orientatio
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Figure 50: Flexural Stress-Flexural Strain Curves Using Three-Point Bending Test for GF-35W-

0.006-V.

OA Or i enWaattti,on0,. 03085 | nches
Figus@dow$s a consistent mechanical respo
increases rapidly with strain in the iIiniti

a gradual transition to a nonlinear region
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a similar peak flexural stress of approxim
repeatability and uAfitfeorr nt emead teirn calt lpe omeaxsisr
noticeable drop occurs, indicating the ons

and -maberx debonding. The relatively high
of high | aser power (38W) and small scan s
strong interlayer bonding. Addictoinadama lbluyt,e st |
i mprovébearoadg capacity by aligning | ayers
Overall, the results indicate that this pr

consistency, and predictable failure behav
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Figure 51: Flexural Stress-Flexural Strain Curves Using Three-Point Bending Test for GF-38W-

0.005-H.

OA Or i enWaattti,on0,. 03066 | nches
Figueehbbits a similar overall trend, w
strain before reaching a peak value of app

38Md. BiOb. condition, the peak stress is sli
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strenlgd hi.ni ti al |l inear region represents el
region associated with plastic deformati on
observed, particularly in the strain at f a
or internal porosity. The sudde-ni ke ofpai Ihuis:¢
|l i kely due to fiber Dhealkawer alnals enratp o we rcr (
scan spacing (0.006 in.) result in reduced
bonding and slightly higher porosity. Desp
repeatability, confirmchgnstabl pebtibrsmhinghk

hi gher energy input conditions.
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Figure 52: Flexural Stress-Flexural Strain Curves Using Three-Point Bending Test for GF-35W-

0.006-H.

90A Oriebatiof, 0B8 Inches
Figus@dow3 t he 4sltexaumalbedhtarve vy of sampl e
|l aser power of 38 W scan spacing of 0.005

pl atAlbr mspeci mens exhibit a similar trend:
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elastic deformation, foll owed by a gradual
peak flexural strength around 70 to 73 MPa
curves show a drop, Thedreatingemgt etioak ©Qa
curves suggests good repeatability and con
processing parameters. The 90° build orien
ductility -pobaparedséwseani onst ha earlier fa
speci mens. Overall, this parameter-o0set pro

failure, indicating a balance between stif
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Figure 53: Flexural Stress-Flexural Strain Curves Using Three-Point Bending Test for GF-38W-

0.005-V.

Average Flexural Strain-Stress for GF
FigupeeSénts aver-ageafhegu-pabast bemdan§
test forH gilmfser dede(rGF) pol ymer speci mens.

curves were averaged in MATLAB to reduce e:
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resentaiheesamplpenseary in | aser power |
entation (H/ V).

ffness Compari son

Stiffness in these samples is -détraimine
ves in the elastic region, where a stee
ormati on a-bdarmpgovepdabbhdty.

The -3@RAV. GO 5condi tion (purple curve) exhi
ength among all tested samples. This 1is

k stress exceeding 80 MPa. The strong m

fidfmartri x bonding, which is promoted by hig

spa

cing, resohsohgdiahed wékrlucture.

The -3GRAV. BM06sampl e (yell ow curve) also de

although slightly | ower than the 38W hori z
orientation, it maintains strong mechanica
i nput can partial | yr ecloantpeedn svaet aek nfeosrs eosr.i ent a

The -3@RAV. BMO5( green c-B85We BH &nldi gcGFt bl ue cul
conditions -sthogwhmedeffinhess, with similar p
MPa. I n these cases, the influence of buil
pronounced at higher energy densities, whe
effects.

A noticeable reduction i nR30p®ro®6HOT mance i
sample (orange curve), which exhibits mode

app

roxi mately 60 MPa. This behavior indica
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scan spacing reduce the energy

ng between | ayers.

e weakest perf or3mMa\W.c@W0 rcso nsde eten oinn (tdhaer k

), wh
stres
i on,

er al |

ich shows the | owest stiffness,
s of about 45 MPa. This indicate
particularly when combined with

, the results demonstrate that h

0.005 in.) produce the highest stiff

orcement significantly enhances stiff

high

ont al
en ho
ast,

ng, a

er energatdenxsiboineds ngheise mhirkee e f
orientation generally provides

rizont al and vertical buil ds bec

| ower power and | arge,y wWeaeakerspac

nd di mini shed mechani ca8Wpropert

GO 5s ampl e shows the best owWaOAAION 7per f or me

condition

is the weakest.
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Average Flexural Stress-Strain Curves (3-Point Bending Test)
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Figure 54: Average Flexural Stress-Strain Curves for GF.

Figus@dows5 that glass fiber reinforced n

strength among all tested materials, follo
polypropylene (PP) demonstrates the | owest
fiber nylon is attributed to the reinforci

enhances stibfefame nng amagp alco da g .

|l ncreasing | aser power i mproves interla
resulting in higher flexural stress. Simil
overl ap between adjacent scan tracks, prod
| ower | aser power and | arger scan spacing

formation, | eading to decreased mechanical
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speci mens generally show higher flexural s
to i mproved |l oad transfer along the | ayers
90 Flexural Strength Comparison (SLS Materials)
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Figure 55: Comparison of Maximum Flexural Strength of SLS-Fabricated PP, PA12, and Glass Fiber

Reinforced Nylon.
Conclusion

This study systematically investigated
sintering (SLS) process parameters, | aser
t he mechanical behavior of polymer materi a

(PP), d&nd leldadsxGF) composites. The results

highly interdependent and play a critical

ultimately mechanical performance under bo
From-mi dtigred perspective, the research
achieved. The findings demonstrate that in

appropriate scan spacing, enhances energy
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fusion. This |l eads to higher strength and
stronger interlayer bonding. However, the
resulting from high | aser powervebybahedciw
part quality by introducing thermal defect
Therefore, an optimal combination of | aser
uni form densification without compromising
Build orientation was also found to sig

due to the inherent anisotropy of the SLS

orientation consistently exhibited superio
specimens. This behavior is at tprliabnet)ed t o
compared to weaker interlayer adhesion in

i mportance of considering orienhbaainiomgdur.i

ations.

o

appl i

Overall, this study emphasizes that mec
by a combined effect of process parameters
broader engineering perspective, the findi
optimization can be used to tailor materi a

use of SLS forudencompoméntand end

Despite these contributions, sever al |
study focused primarily on three parameter
while other influenti al factors such as sc
were not independently controlled or varie

(@]

(virgin, overfl ow, and part ake) may have
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affected consistency across samples. The e
materials (PA, PP, and GF), which may | i mit
pol ymer systems. -sHuerctihfeircmocroen,dintaicohnrsea eand en
were not fully isolated, which could influ

Future work should focus on expanding t
i ncorporating scan speed and energy densit
powder quality and reuse. Advanced charact

approaches could further enhance wnder st an

parameters, microstructure, and mechanical
Recommendations

Based on the findings of this investiga
to i mprove the experimental approach, enha
research in selective | aser sintering (SLS

First, it is recommended that future ex
of process parameters. While this study fo
orientation, incorporating additional par a

-

bed temperature would provide a mpoorpeerctoymp

relationships. |l n particular, evalwuating e
identify opti mal processing windows more e

Second, i mproved contr ol of materi al Co
use of mixed powders (virgin, overfl ow, an
mechani cal performance due to differences

Future studies should consider wusing fully
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and documenting powder reuse ratios to bet

Third, increasing the number of test sp
statistical reliability and reduce uncerta
identical conditions would all ow floirt ypett e

|l eading to more robust conclusions.

Fourt h, addi ti onal mechani cal character
focused on tensile and fl exur al behavior,
fatigue, and fracture toughness would prov

perf or manwoer Ifdorappelailcati ons.

Fifth, further investigation into micro
Techniques such as microscopy or porosity
internal defects, | ayer bonding quality, a
behavior. This would strengthen the under s
properties.

I n terms of future research, it is reco
mat eri al s, -piemdloudiamg ehipgh ymers and reinfor
whet her similar trends apply across differ
SLS hwiott her additive manufacturing processe
provide val uabl edeipnesnidgehntts pienrtfoo rpnraonccees sdi f f e
devel opment of optimized process maps or p
toolus dcassist in selecting appropriate com
orientation for spectafmgc rapplincanidass riaé¢d

next step, fabrication of a functeéw®mnhiahgpirb
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under real service conditions would furthe

findings.
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