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In this study, the effect of variable parameters of 3D printing on
tensile, compressive and bending strengths and impact
resistance of parts made of Polyoxymethylene by Fused
Deposition Modeling (FDM) method was investigated. The
appropriate solution for printing the first layer and the best level
for each variable was provided to achieve the best print quality
of parts. In addition, the effect of layer height, nozzle
temperature, filling pattern and print filling angle on the
mechanical properties (compressive and bending strengths and
impact and compressive resistance) of the parts was investigated
and the Taguchi method used to design experiments and
determine the effects. According to the results of the
experiments, the highest tensile and bending strengths were
obtained in wiggle and rectilinear print patterns, respectively.
For impact testing, the Wiggle Print pattern provided the
maximum impact energy. Finally, for pressure testing, the best
conditions were observed in the rectilinear pattern. In the impact
test, the nozzle temperature and print pattern were the most
effective parameters, while in the pressure test, the print pattern
was the most effective parameter. In addition, the best print
temperature was reported to be 260 ° C.
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P =Load (N)

L = Support span (50 mm)
b = width of specimen (mm)

t = thickness of beam (mm)

L1 L2 L3 L4 L5 L6 L7 L8 L9

30
25
2
1
1

Bending Stress
o o1 O 01 O

e 3051 3 ol gl N JSi

A



FA-VAA ((1F) VA (o818 Simgs — colke dolibias NP TES TN [ R ISUP T

i L7 5 L2 glapsite Slonkais b gllas ool gladiges V) JSi 50 sdeliasod mls b gillas
iy 653l paxie (gly oaiobesl maw L2 ool jo wleols (olais] 055 4 |, ied alSoiial o YL
30 gy oads LGl -FOITO sy agly 5 o5 il a0 YF 53U lod (i Juw 0.2 40Y glas )| i LS
SFOIFD iy gl L2 Grolejl aiilon o5 ads ol a2 () 005 () Bl gshans (B9 LT (oo
3 o] 538 gm0 08 b QlBglis shans plo Jy Canl 0092 3T iy gl o 4z
g 433 5 S Lol b o gl 51 S

24 24
23 23
wi
, 2 2
g g
= 5 2
a 3
= T 20
= 19 B
k| >
A 18 © 19
rectilinear grid wiggle 0.1 0.2
25.5
24
& s 24
g ' L 25
o 2 8§ u
g 5
S 195 % 195
3 g
N 18 18
=] . . y
= 220 240 30/60 -45/45 0/90

e b3l 53 18 o z gl ol 3T AY USs

D)5 5 JSos i ol 5l am g 0)lo 1) 58l n ity GeldiSoy s S0 0 VY IS gl bl
S s 0 e 35S ol a5 wiS ol 05 annl e eS| sl 4 b 31 ) S ress 53 5,8 o )13
50 Egoge (pl &S clils wlys ies hlas jo (g iy ploniul wisd Cy o Jeb sbivly jo bbans ) oS
G55l o o /Y @Y elis )l daay gl gl S e Boo sl il (S b a5 5,8 oSl
YL sloay ela )l as o S clls @S oyl Olgise Al o cpl U a8 § bl u::'.iLo)'T 90 5l ol ol (6 i
Jib gles ¢ S ui'._lLa)'i Jbe J3b slod 0,50 o slasls ol s“j‘ul‘ Cuadld 3590 0 15 6 5V 6)‘:"5;5‘
OIS N e BNV SRR 0 RN E I BN K T IWPESI § SR N IR RN PR K IS PRSI ¢
Ohite a8 Cadld b cuy slos oy s ol 65 S lgioe 65VL liebl b o J3b slos 5,90 40
csinad Sl 1 YU o g a5 LT 5 L2 oas >l b diged 50 b Gillae oaid ) gy dsgly juiiie (gly ol
1, —FOIFO Sy sy 5 3,00 ouST 390 ol o (bl il Jdow o9 4,5 F0 45,0 oy aygly g auxisls |,
WS (50 (B yme rhans 00 S50 lpieas

VAY



ol 5 sl 5 K e VFA-VAA L(OF ) VA (B, gl — oke anlibiad

e Gilo3T il sl 50T .0 Jur

Factors DF SS MS F P Percentage contribution (%)
Infill pattern 2 69 35 01 0.87 11.59
Layer thickness 2 133 66 03 0.11 15 .57
Nozzle temperature 2 584 292 1.7 0.025 33.55
Raster angle 2 79 395 3  0.012 39.28

lp ol 5T ala 5l ams 5) cnl 5l 09 00l a8 S a5 10 0=0.5 g 5 il ly 5T Slasslma 4o

g Sk 68 i 93 (sl (Jy Cebls (s )logime polie s gl 5 J3b sles sl P-value (ies s
i (nl @ Ol S pate (lEsei 1) o sire L3 i8S L 50 0o pd a axgi L aaY el
Ollesl @l (g3 2 g gl 5 Led e 90 b ol slayite (o 5l 5 e ialejl 50 45T e,
sl 525 oo ialog] 5o oS halejl wtles B Joar las it 138,85 il o (55508 ot oS
5o sk 3o (gaiglgsil § (6,8 IS g &5 L ] ) l“"‘“’) xSz 2l 1y 58 b o e
Olale e e i bailesl sy 093 5l (GBS EE i WS e e 1) 00l Jlesl slag iyl
6o 4 53 463553 5L ) U3 slas o)l 1y 3B i ot Jlost (lag s plp o loais) (S
Y clales 45 035 o ol b ol ol ST oy Dt Cotlo consl sty lis 4 dorgi b 0,5 o 3
ol el (J3b slos Lili8l a8 o0 S dx g 55 iS5 ol 4 b S e g0l S Ay gy (Sdies @

i ol (IS (i dadiged Caypy ol ol gl Gillas aS 05dd [ Kodes (g9, ey i5sd ojlailsl iy

A pd
SANTAM SIT- w,5 9030 olfiws 3l eolictwl L ASTM D6110 o Jasbiw b gllas 4505 9051 (sladiges
Q5 L5 iolesls e 200B

Q05 g0)] ol Y Yl

VAY



FAVAA (OF ) VA (15 gy — soke anlidad Pled p ol yd b ko puil sy

Energy Absorbed (J)
O FR,P N WM OUGILO N

B = I I I m | [ | |
3 L4 L5 L6 L7 L8 L9

L1 L2 L
Q06 i)l s NP U

sloialesl Jsb o saiodz 65,50 Vb ghhls LY 5 L9 sladises cosnliussay mls Lulul 5
e

s Ve b s iaden oI Y gli) Sy i 550 LD s o Le el s

o Ll &S5l 4y 0jlbgd e due /Y Y glai )l ogy odls iy yed Ye/F e laald, Cuyyy agly g ol 5 Sl

15 ams e Uil laimlel o 1) oy bt oo STy Cadd (gl SV slaaY glis,) a5 aiS o

93,8 sl a0 Y8 5l glos in oo <V @Y gl |l LO b alin oy oS0 55 L7 coisole aiges

@ b gsbe 5383 (o) lp Yo Ngdioo (Byxe lopite gshaw sln 55 4z e SFOIFO Cwpy als

oy daxlye Lol 15T Llos

E=

2.5

15

infill pattern

0.5

= Ll N w
layer thickness
-

rectilinear grid wiggle 03

0.1 0.2
3 \’_

[ R TURN N
rasterangle

nozzle temperature
[=] =]

30/60 -45/45 0/90

4536 Gialo3l 55 1 yite Zglaws ol 3l 10 JSis
VAL



ol g padl g Fums Lo 1FA-VAA (1) VA (o8l i gy — soke dolidiad

i |y ays 65l it o Gl gl Jifﬁ S 555 ol o)Ll L digel mpdgi 15 45 jsbolen
Gl s el £ab90 e olgS 15 Lol S VO S 5l sdelcinsdy bS] ool oolainl gy 08 S
2 Sy g 008 GlagSll 5 ool polaisl 395 4 4o el o |y ()38l i (JKag
85 )8 (g slaas,
50 diles (s i sled (gl e (6,108 1 lre it Gl jie Lo /Y oY gl 500 o
Ve aygly o aup ely 6o (gl cils 1) (IO ST o iy ol F il 4z o VP glos (LS ioles!
ol )l BT 51 oalinal b o yeiio 5 Sy ()08 51 (50 (gm0 Consl 00 8100 s u’)’)bfr-‘l‘ Olyea

Al plol
@ Slojl il lg 6T £ Jgar
Percentage of contribution (%) B F MS SS DF Factors
16 .84 0.785 0.25 1.65 3.3 2 Infill pattern
4.94 0.976 0.02 0.17 0.3 2 Layer thickness
32 .82 0.047 1.62 7.49 15 2 Nozzle Temperature
45.4 0.083 3.88 12.03 24.1 2 Raster angle

S s Jlade o0 5 v o Y el g 36 sles w5551 (sl P-ValUE Jlade 45,0 iolesl o
5 0, ladiges 41,5 plSoxial 2 Sty dgly sl SRS (2,5 0705 e sl 4y SalesT 5 092
@ ey Sl o b a0 NS o8 @Y elis)l g Jib les iy oo sl e sl Iy
A 50 bl aigy zobaw 5 Wed €8 L o 0S8 uite aw nl b a5 a3V L sladiges
o b awslio o (g o138 5136 slos a5 ols lis o ialojl (sl b puiiie el lg UL 09 aid S
a5 285 Al g e o oo duslio (LB ilesl g0 0 sdeliissds mls b asS ol (S8 00 Loy
ont 5 Oleta SISy ol b oaiian  sladisel CuieS p 8,8l Lol slayeiie 5 (Ko o3 sles
A eGilejl 93 b aleojl cnl )9 9585 Jlosl 0926 o5 > (] Jadlge Baod ol 50 e olidil glauitie
)l ol ( Ld ilesl g0 b es b ysie 638,50 mmlt ol Solite gy Jlag! Sa s g 0956
el 43l gl [0 (B LialesT 90 b duslie 13 6yt (638 5 Wty (65 ko iy tnlo)]

05“’)—‘ Ko )| oolaul l.> 9 ASTM D695 .)J..\JL’;..J uuL..:‘ﬁ c..\&@\).‘a dL{M\.S9_oJ 6‘)‘.’ )Li..é S
S50 1.3mm/Min lediges [Led s4,0 Jloel e yus 285 plowil o5 Ve 2od b L 2100 Jow Zwick/Roell
& ladiges (b 5z b gy (J6 slad 5 S o580 ¥ glisf el ¥l talesl ol po b it S
Sy yy 0929 (92 Cadld alez ladiged JLid (jaeil (6wl s digly e il ol o w0gr laslgal S
s a0 Ve aygly o 4 Cond cdbiian p Jlgie 4l g0 ;0 AT 0g (SISO 4 bbdiged JSls sloars,
L;:.iLaﬂ ol o e ol L;)L.\f)...;l.; 3l 0 Slopls &0 Os.o)'] Ol 50 o2 aiged alats plaw g wisls o0
WS S

VAo



1PANAA (VP ) VA (B by — oole aobibias %) PESRPINCTY JE QAT UE TIOR | pge

8 8
7 a7
0
a 6 6
E 5 | 5
g ° &
g 3 - |3
rectilinear grid wiggle 0.1 0.2
8
g ’ \/
2
-3
g 4
[=H
=]
2] 2
i)
N
3 0
= 220 240 260
i sy b el )y 53l 5IUT 0P S
S SalosT (sl (il g 36TV Jgu
Factors DF SS MS F P Percentage contribution (%)
Infill pattern 2 69 3.5 01 0.87 11.59
Layer thickness 2 133 6.6 03 0.11 15 .57
Nozzle temperature 2 584 292 1.7 0.025 33.55
Raster angle 2 79 395 3 0012 39.28

2 b jaite oles o9 0,50 6l @=0.5 55 L p-value Jads ¥ Jgao o sdslcansa b gllas
85| ite (slp (Jg el oy (g)logime ke (Sl sled 5 Sty g5 it 90 gl lad (alesT b
3 Slakd g ladiges Sy (5l e B 8, @l el ol 605,56 U555 pvalue Jade 4 a>g5 b 4y
s 1, I35l cp ity e I35 VL )55, 5l S g 36 sles it g5 Lid il
A G LS (gl a0 VP lade (g5 5 2 U sled 5 ol pniSo, e s e

5 5 4
Sl ls> p (Siphy gl 5 (Fisdn s (S slos @Y glis)f sloially 58l (saios ol o
(Impact ) 4,5 4 Cwglie 5 (Flexural strength) s sSol (Tensile strength) _cas sl
5 o sl G gm; gy 4 smtns Folz b Gl STl izl eadiaisls olakid resistance
oy e p 695 g Jib sled ¥ glis)) el aw 3T 55 (Compress) Led ialejl sl i Julos
(e g S u';gLo)"l 5o sl Hlad vg5 5l 605 b, riS blie j0 badiges 7 S Joged b illas 0y S
b lla iols olais] 055 & latigas plSoxial 1 58 (i o it (S slod 5 Sty (Sishy 49l

A



ol g padl g Fums Lo FA-VAA (1) VA (3,15 idgts — sole dolilind

5 Jib &lp VP sles 0.3mm Y glas)| awiggle oy o650 jo ciniS plSoiiul o 5Yb do islos] zls
e b 0.2 Y elas )| arectilinear 5o o (ies diges glp Sy ol Al Jol> /A0 Sxisdy 4l
S 5 Uik sles s ialojl jo ol 5)l5S -FOIFO Saigdh s agly g o5 il ax 0 YE 5L sles
Sl 5 S8l sy 693 Lad alas 5o g it Bpme b el 5 5l ey s e
a9ly 5 oS il ax 0 Y8+ 36 lod o oo <Y Y glis | wiggle o,y o5S s ialel (sl 09
s o Laulps e olad Galesl sl waled po g 0yl walf |y s 5l it VP (Sigdy
A i) 56 Gl a0 Y8 gled ¢ e o +/) Y glas | aectilinear
[y 095 ,34) pasein )HL o ialo;] 50 el 51 K ,o a5 Conl e Jhows 4S5 opl @ axg g (g y9l0b
@ by e Jglaz g o loges 4 oy Oyl £ 4 azgi b cuasS 1 YL jo Slalad Cuy yy (gly 090 oY a5 il

Slos 55 Condy cn i il sales (sl caadld Cgd sl Jib sled 9590 50 (Jg 09 axxlye Giulojl o
A ilE ol T il ax o YE-

References

[1] Jacobs, P. F. (1995). Stereolithography and other RP&M technologies: from rapid prototyping to
rapid tooling. Society of Manufacturing Engineers. https://books.google.com/books/about/S
tereolithography and Other RP_M_Technol.html? id=dvOWAAAACAAJ

[2] Masood, S. H., & Song, W. Q. (2004). Development of new metal/polymer materials for rapid
tooling using Fused deposition modelling. Materials & Design, 25(7), 587-594.
https://doi.org/10.1016/j.matdes.2004.02.009

[3] Allahverdi, M., Danforth, S. C., Jafari, M., & Safari, A. (2001). Processing of advanced
electroceramic components by fused deposition technique. Journal of the European
Ceramic Society, 21(10), 1485-1490. https://doi.org/10.1016/S0955-2219(01)00047-4

[4] Wu, G., A. Langrana, N., Sadanji, R & ,.Danforth, S. (2002). Solid freeform fabrication of metal
components using fused deposition of metals. Materials & Design, 23(1), 97-105. https://do
i.0rg/10.1016/S0261-3069(01)00079-6

[5] Panda, S. K., Padhee, S., Sood, A. K., & Mahapatra, S. S. (2009) .Optimization of Fused
Deposition Modelling (FDM) Process Parameters Using Bacterial Foraging Technique.
Intelligent Information Management, 1(2), 9. https://doi.org/10.4236/iim.2009.12014

[6] Nikzad, M., Masood, S. H., & Sbarski, I. (2011). Thermo-mechanical properties of a highly filled
polymeric composites for Fused Deposition Modeling. Materials & Design, 32(6), 3448-
3456. https://doi.org/10.1016/j.matdes.2011.01.056

[7] Lee, B. H., Abdullah, J., & Khan, Z. A. (2005). Optimization of rapid prototyping parameters for
production of flexible ABS object. Journal of Materials Processing Technology, 169(1),
54-61. https://doi.org/10.1016/j.jmatprotec.2005.02.259

[8] Rayegani, F., & Onwubolu, G. (2014). Fused deposition modelling (FDM) process parameter
prediction and optimization using group method for data handling (GMDH) and differential
evolution (DE). The International Journal of Advanced Manufacturing Technology, 73(1-
4), 509-519. https://doi.org/10.1007/s00170-014-5835-2

[9] Wu, W., Geng, P., Li ,G., Zhao, D., Zhang, H., & Zhao, J. (2015). Influence of Layer Thickness
and Raster Angle on the Mechanical Properties of 3D-Printed PEEK and a Comparative
Mechanical Study between PEEK and ABS. Materials, 8(9), 5834-5846. https://doi.org/10.
3390/ma8095271

YAV


https://books.google.com/books/about/Stereolithography_and_Other_RP_M_Technol.html?id=dvOwAAAACAAJ
https://books.google.com/books/about/Stereolithography_and_Other_RP_M_Technol.html?id=dvOwAAAACAAJ
https://doi.org/10.1016/j.matdes.2004.02.009
https://doi.org/10.1016/S0955-2219(01)00047-4
https://doi.org/10.1016/S0261-3069(01)00079-6
https://doi.org/10.1016/S0261-3069(01)00079-6
https://doi.org/10.4236/iim.2009.12014
https://doi.org/10.1016/j.matdes.2011.01.056
https://doi.org/10.1016/j.jmatprotec.2005.02.259
https://doi.org/10.1007/s00170-014-5835-2
https://doi.org/10.3390/ma8095271
https://doi.org/10.3390/ma8095271

1PANAA (VP ) VA (B by — oole aobibias %) PESRPINCTY JE QAT UE TIOR | pge

[10] Nabipour, M., Behravesh, A. H., & Akhoundi, B. (2017). Effect of printing parameters on
Mechanical Strength of Polymer-Metal composites Printed via FDM 3D printer. Modares
Mechanical Engineering, 17(1), 145-150. http://mme.modares.ac.ir/article-15-8030-en.html

[11] Altan, M., Eryildiz, M., Gumus, B., & Kahraman, Y. (2018). Effects of process parameters on
the quality of PLA products fabricated by fused deposition modeling (FDM): surface
roughness and tensile strength. Materials Testing, 60(5), 471-477. https://doi.org/10.3139/1
20.111178

[12] Shanmugam, V., Das, O., Babu, K., Marimuthu, U., Veerasimman, A., Johnson, D. J., Neisiany,
R. E., Hedengvist, M. S., Ramakrishna, S., & Berto, F. (2021). Fatigue behaviour of FDM-
3D printed polymers, polymeric composites and architected cellular materials. International
Journal of Fatigue, 143, 106007. https://doi.org/10.1016/j.ijfatigue.2020.106007

[13] Roy, R. K. (1990). A Primer on the Taguchi Method VNR competitive manufacturing series.
Society of Manufacturing Engineers. https://books.google.com/books/about/A_Primer_on_t
he_Taguchi_Method.htmI?id=0UI54mrYdqIC

[14] Taguchi, G., Chowdhury, Subir., & Wu, Yuin. (2004). Taguchi's Quality Engineering Handbook.
Wiley-Interscience. https://doi.org/10.1002/9780470258354

YAA


http://mme.modares.ac.ir/article-15-8030-en.html
https://doi.org/10.3139/120.111178
https://doi.org/10.3139/120.111178
https://doi.org/10.1016/j.ijfatigue.2020.106007
https://books.google.com/books/about/A_Primer_on_the_Taguchi_Method.html?id=OUI54mrYdqIC
https://books.google.com/books/about/A_Primer_on_the_Taguchi_Method.html?id=OUI54mrYdqIC
https://doi.org/10.1002/9780470258354

