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The influence of 3D printing process parameters on the mechanical performance of PLA
polymer and its correlation with hardness.
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A Systematic Survey of FDM Process Parameter Optimization and Their Influence on Part
Characteristics.

Gle i Added) (Manufacturing i) miws Lee & (FDM) gaiall Cuniill dada
b 8353 (e Lgumaliil [l 1lia 185 Aleall odn i Bakae dawdia elialy Al 2 3la pieal
Gkl (alida & FDM 48 (used o8 «lld aay .ol alaal clsdl ) dalall (50 cilaiial
gl Baga Chriay (A (ailadll Caria e cganll o el Cu Blls 3g93a0 Zacliall
cAadall ASLew Jia cAilide Ldee juleas FDM Ly 4]l culatiall saga il Lol 48 alasil
N adaie o lgilaig dlenll julee dasce adiey Ldclidal) deje ol AWl (mpeg celid) olail
JiY) Jnal) o s Al el GUai AN s dagdll alady agall dge 2225 .FDM
o3 aalf .z Y e Lo Jleel o JI& 285 ¢(3D) aledl) 48 degahaal) Bl 5asa (yind julaall
Jsa Adlall Slaly cadadll saga o cBlaladll 58l Jsa coluhall Gaal CASS J<a dfiad) 430
G dand) sy bl wigy Ll Jleel) (A jgeaill dngl 338 LS L illeall EBlelad (s

[6]. Jlaall 130 (8 Buliicdll SlaSU lalasl = 5idhs ¢ Jlaall 120

séiand) daaaf.2

pda 3 Gl dalad) Caagied Lol ADE delhall lgie jaam lly ALYl gl 4 Sla
O LS il & uilil) e Al sda daeal bl uila ) saall 138 8 cludyall AR daL)
daals clgal ) dalall (90 clatiall sk 853 () il A51Sa] 89 daga Ba (o g )

el clalaels s sas saladl z3saill (e 3y . el
sl dgay 3.3
Sa ) L5 deLall aladiuly mite ) 5S4 Jigas 1.3

Chlad) 2l Gl 8 Laped) LYY 2Ll piatl Ko iy 8 ole) A delhal) crardiad
Slapsill 5 dnalill @bl ae Jabaii Al GadYl 5 @hlball GISE e xaadl o Cus L opyshadly

[2]. S} 40 dellal) Lgalasinly el il delia eS8 ad caal Al FL 0
& Lo 50 g Aeatiadl) Slsall ykiiy hlbad) deliva g Ul 3 sleY) A Aol sadns Gl
& Lt de Ll e gsdl 130 ) hs chld) delia @l e LS L) abid aieas
G iall (a,0) 1 JSa 8 magy [3] allal) ie Lal) a2l s e ) s Lo Ciless



(Il Bl S jae b Cadgh (piesa) Aadys oy 53 inall 11 IS
CAD Design alad) e\.ﬁlulg @.'\.4.“ M/HJ23
Cisw L Lgsire AVl Jlae lgcans Allall de 8 lgalaiinl (Ko 3 mabdl (o aaall Sllia
RN aclly maliyll dgals 2 JSAN Gaw Cus .Soldworks (SilSaal) el jagdl) malind) aadics
Arggal) salagly (Crieall) giiall 2l

- [TYepe—

fim
{e

i
mlsami.

giall sl DN a5 SOIAWOTKS gali dgals 12 ISl
goliny aadi Ua STL Zapeay elldy audaiily (aldll malipy ) mitall precsill Cile Jingi 2 &
Ay Aol dejer (Aadall ASLew L lgie b ) Gladal gulal) auadl aokin JaY ellds .Cura
el a3l Loy gl raliny b Leabialy it iy clyiially Ciliaall (a5 ¢l )y ol
cgabdl) alin JAN avaall miag 3 JSAN L aie bl )yl



2025 Al 75 aall LY lal) ALl Al daala dlas

o
Ultimaker (
= B Qo &
= Owy
+
= = [ wen
e - Bovson
- e
ak -
eReaBs

SISl Galgdl) e galiliy i) a4

sy (oAl B daat o Cul Lo audll ey i) il Al miall augy Aallll a6
(Layer) Gih 8 i iy DU e gt st

Jed LAdhde ddee ulew € <G8 slel) A8 degladl PLA sl SolSal) o) by
oladl (el gy cdeliball Aoy ¢ pdall DS Agdall ASlew Aelilall Hha da)) dnai)l) dalsal)
L) pailadll e € IS0 (iadl) uleall sl doaad S5 of oS . (Lanl Jaaig olid)
i @3 aill o WS L aall mhad) dagady dlSl Adlally chiiall daglies () daglie Jia

[4]. Gt 1) delilall Jalge s cilalae D L Calidy aaly = 3gai 2 Y dapllal

iy zili 1.4

Bliaa) ddeall julea o 2l PLA eha¥ Al (ailadlly ol jlaai¥) 3l sk oSa
L led) il 8 a8y ST USas miy Lae

) aal daal) Al Dl 38y Lgd aSailly ol A0 delibal) dulee jules agh a2 ¢ jlaisly
Al ALy Aelblll 8 dapn Jie Glpiie et DA e PLA bl cglhall | Sl
Bagal) Ale s difiag dasle MadY) A degudae ilatie 1) (e (Kb cAeLilall A gy ¢ gdall A8ES,
DB dalyys delday Laldll Gl B s 38y il Gedl z Y lad EOB aeal & 4de
laged (o st IS Logaill dad slhel & Cun (phaad) doge) LSS dialsal) e Jualal)
okl dih iy desadl) dayy Geld S s o) zisa delia ahall (Qusll i) il
aiag Lndanddl Cilajanl) il Salall mhas o cdayy dlyaty (o)) Hluas pladial) & Eus (Profilometry)



sl

Glpaie Cuds & [B]agiaill (1) dbalge Aoy (Lgddll laugic)‘RET Agidll dabas Gles S

1. Jsaall 3 5)s<aall de bl

Colaall (S Al de Ll el 1 gl
el i | pplal) dbliS Aslaw Ciliadal) Slaad) dslew | ghaall axe
(Rd) Lulally Adcd)
Infill Infill " = Wall | Wall count
- \ -
Pattern Density ==l Top/botto Thickness
Tib m layer
thickness
Cubic 20% 1.0 mm 8 1.0 mm 4

Ol 5 LS L ey s gl 365 aned A Glaalpall L Gl (e oS o 4l Lule

bl dagaig debhall ey o S35 Al Glburie peed Ll i e

ol gialy g gabaall (g JSAN (3l 14 <

(A Al 2.4

2 Jsanll (3dy (Ag¥) Lyaill deldall cilyiia aad
SV Apail deLal) ufjial)ls 12 Jsanl

Travel speed Infill Speed Print Speed Printing Layer
temperature Height
150 mm/sec 50 mm/sec 50 mm/sec 200 c 0.2 mm




2025 ol 75 2l Laul)  glall Al )3l daala dlas

] die s culs 26 J<al

dele 5.5 doleall Cpind Gus 2 Joaal) b clndl Gig laliell & Al duadl 4 <) Jie
Ao Aagaty 5 UK jeday Lo 33y )l mhaadl doge culSy JPLA Lk e Tie 12 clgials
Y654

4l dual). 3.4

3 Jsanl) (8 Al dyall de Ll clyiaia asd

A el de Ll el 13 Jpasl

Travel speed Infill Speed Print Speed Printing Layer Height
temperature
140 mm/sec 45 mm/sec | 45 mm/sec 200c 0.16 mm




2 o8y duall 17 IS

2 a8 duall s il 8 JSAD

delu 6.11 ddeal) cdjrind us 3 Joaall 8 cibiall 33y Wicbb & Al duad) 6 JSE) S
3 Appesi Aasaly 7 USED el Lo 33y oyl hacdl Aagas cuil€y PLA Lk (pa 1ie 12 cSlgiudlg
IS G Anlaalls el Selasy (oY) duatll ae Anlaall LB djaall (385 dagaill Cumiis) %60
O cAellall ds s ASlews (maidd (g a2 o Aagaill da s dacssie (aladdl & cuud) L6 KAl 8
geaiall Cargll sa 1aag) LAkall ASlaws (il e 31T Al (Aeyudly delilall dn)) (A il
s eiiall A€l0al) Gildaalga o ddidal) delidall it 80 Aaby Gl LEDEN el ey o

(Ll
A 4031.4.4

4 Jeanll (38 Aull Lpaill de Lhall Cilyria Jaad

BE) Loyl de Ll el 14 Jaal)

& ail) :\G‘)u sdall :\.G‘)u lﬁhh.“ 3.9‘)“ Byladl 3.%).\ lﬁ:lh“ Ao
Travel speed Infill Print Speed Printing Layer
Speed temperature Height

130 mm/sec 40 mm/sec | 40 mm/sec 205¢ 0.12 mm




2025 ol

75 2aall

¥ o slall Al

Al drals Al

3 8 dual) 19 <l

3 Al s cila 110 JSa

dele 10.25 Lleal) cijaind Gus 4 Joaall 3 i) iy iebh & Al duall 8 J<A) Jia
3 Aapesi Aasaly 9 UKD el Lo (35 aylall hacdl Aagas i€y PLA Lk (pa 1ie 12 cSlgiudlg

%80

) 4 )\a. 5

LD laill T cila iially DAL Ciran Gum 5 Jpanll 3y il aad

5 Jsaal)
ala e DAL
Gl | dagad s dspu s phalldays | daw b
Hours |~y | ajam AN de L) Ak | dgad




sl

Travel Infill Print Printing Layer
speed Speed Speed temperat | Height
ure
5.5 65% 150 50 50 200 ¢ 0.2 mm 1
mm/sec | mm/sec | mm/sec
6.11 | 60% 140 45 45 200 ¢ 0.16 2
mm/sec | mm/sec | mm/sec mm
10.25 | 80% 130 40 40 205 ¢ 0.12 3
mm/sec | mm/sec | mm/sec mm
90

80
70 ——
60 ‘\; /

50
40
30
20
0 e————————
150 mm/sec 140 mm/sec 130 mm/sec - sl
50 mm/sec 45 mm/sec 40 mm/sec
50 mm/sec 45 mm/sec 40 mm/sec
200 c 200 c 205 ¢
0.2 mm 0.16 mm 0.12 mm

EREN Cylaal deball ol patial laalt il Al liste 11 Jaladl)

OS G gl Jramady ojlad GO shal aay delihall cilyiia cilajie Ll linie 1 Jabadall Jiay

Aellall Slasy Griwall Gajs dagaill da s dbalse (adn Lo die



2025 Al 75 2l LY lal) ALl Al daala dlas

M 0.2 mm 200 ¢ 50 mm/sec 50 mm/sec 150 mm/sec
m0.16 mm 200 c 45 mm/sec 45 mm/sec 140 mm/sec

0.12 mm 205 c 40 mm/sec 40 mm/sec 130 mm/sec

%74
%¢Y

~

Gpinaall pieail) il g dagail) oo 12 Jaladl)

st Y Al 4 yiin) ) Gall dguie DA il Aasaill dud Gl 2 Jalail) e
el ks alasilg disel

Aoy Slo daalsall sda il (il o) aba)) deldal) Gy A Aoy (add dnaal 38 miagy
Oes i) pala e 5E0 L) Al i) (hahs desedll AR (8 addey mhaad dagadll
3935all Al g JumdY) sa iVl slll aedly EEN Aoadll 3y il old Jaadl daladdl

Ao gl diaalgas



0.2 mm 200 c
50 mm/sec 50
mm/sec 150

e Y ALl
0.12 mm 205 ¢ 0.16 mm 200 ¢
40 mm/sec 40 45 mm/sec 45
mm/sec 130 mm/sec 140
mm/sec mm/sec

(3 duall) FEN Adail) e dagail) diealge 333l 13 Jaladal

dalles Clales dagllal) clac) Pla (g dagad Lol Lo Jpemnll g &3 3 Al puagy 3 Jaladdl)
PLA 8ala) g53 (a aladinlig c820a0 die 3 Saasa

dalanl) it 4BUia. 6

ped it ge FDM &g glasials (s Lalll 2500 salall) PLA sale Canda el 138 8
Ly & dddey (Shall deju codall deje cdelidall deju ihall A dadall ASLen) dallae ilalas
al Baagl Gim 16203 cllaladall 38y i) d5jlae 5 L clie GG o dwaddl e lalaall s ik
Lyl Aagatll 225 o) ase 0.16 mm (1) 0.2 mm s« (layer height) deldal) dads dSlecs e pe
GBlailly Bl gaasal Glldg 5lide dauds ASlew JS Culprial) Afial Gl X5 Lasy Gn Lo (S
Skas) vie Baasl Lo 13y Luws sus 4SS Clialsay disllae prlaw dagad uiad] Allial) il
Aogllaall dadall ASlecdl aalis (5a) Chuaid chaid) iy 0.12 MM el Aol dda dSlaw

ALl )il 8 lgdle Jgeand) 5 ) e Juad) dagat ddealge o Jgeanl] (63 L 12ag

:&luagil). 7

(hseal) sl sladl Aighys el olal) Aadlee cilales D 5 pe SHLEAYs coladl) JleSiad
Aolall ae 385 Loy Lagin BlayY) Ly cdegadaall Clial) A0y 2al) 568 Ay 5 . (Akdal) clawsg
Byl de Ll calalae] (pe oSGl



2025 Al 75 aall LY lal) ALl Al daala dlas

Glagllall ddaulsy aoiatl) cillee Lgie gy Ally Less Bl Ghall o 8 BLaYl aiaill ik
Colady Gilaal ehal Jhaind dals elllia 13g] . Laa¥ly Cuaaill caas clile ally slad) A5
Dl AulSaly Aaylall s3gl Clul€aY) dijaag ohail) ey alall (gginall slieY dinng denlS

raalal)

[1] Hanona M. , Dobosa J. ,Zsidaia L. “ The influence of 3D printing process parameters on
the mechanical performance of PLA polymer and its correlation with hardness™ .10th CIRP
Sponsored Conference on Digital Enterprise Technologies (DET 2021).

[2] C. Education, "What is 3D  Printing,” [Online].  Available:
https://www.createeducation.com/about-us/introduction/. [Accessed 3 /5/ 2025].

[3] U. Brekeley, "Berkeley Mechanical Engineering,” [Online]. Available:
https://me.berkeley.edu/resources/student-machine-shop/. [Accessed 3 /5/ 2025].

[4] A. A. J. L. C. F. Kunz, "Innovation Infrastructure& Services. Switzerland Innovation
Park Biel," 2017.

[5] AMFG, "3D Printing Support Structures: A Complete Guide,” 17 October 2018.
[Online].  Available:  https://amfg.ai/2018/10/17/3d-printing-support-structures-guide/.
[Accessed 4 /6/ 2025].

[6] J. O'Connell, "3D Printing Infill: The Basics for Optimal Results,” ALL3DP, 24
February 2022. [Online]. Available: https://all3dp.com/2/infill-3d-printing-what-it-means-
and-how-to-use-it/. [Accessed 4 /6/ 2025].



s

Studying the effect of different 3D printing process
settings on product properties in terms of smoothness
and manufacturing time.

Abstract

The presented research aims to study the effect of different 3D printing process settings on
the surface smoothness properties and manufacturing time of a PLA product. Fused
deposition modeling (FDM) technology was used to manufacture test samples. The
advantages offered by 3D printing can be utilized in other industries to produce high-
quality products at the lowest possible cost and time. The comparison aims to demonstrate
the ability and flexibility of 3D printing to produce prototypes at high speeds, along with
the low cost and time required to produce a single prototype. A model (a timing gear in an
internal combustion engine) was selected and approved for study, and a computer model
was designed using Soldworks. The model was then exported to Cura to process the layer-
cutting process, determine the print head movement paths, and set other printing settings.

Keywords: 3D printing, computer model, layer—cutting, Fused deposition modeling (FDM).



