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ABSTRACT

methods. Although the resins used in the DLP process are commonly used

in clinical applications, some of them lack experimental information on
mechanical properties, such as fatigue behavior. The focus of the present research is to
examine the effect of process setting of the DLP method on the fatigue life of acrylic
dental materials. It is expected that the setting parameters have a significant effect on
the curing of the resin and consequently on the mechanical properties, especially the
fatigue behavior of the samples made of acrylate dental materials by the DLP process.
Layer thickness, exposure time, and light intensity are considered as input parameters
of the DLP process.
Methods: A rotating bending fatigue test was conducted under a 0.6 bending stress
and a frequency of 25 Hz. After that, to achieve the stress-life relationship, samples

Hypothesis: Digital light processing (DLP) is one of the additive manufacturing

with longer and shorter fatigue life were placed in two different levels of fatigue
stress (0.4 and 0.8 bending stress). In addition, analysis of variance (ANOVA) was
additive manufacturing, used to examine the correlation between parameters and the effect coefficient of each

digital light processing, parameter on the fatigue resistance of printed samples.

Findings: A direct correlation between resin curing and the fatigue life of the fabricated
samples was observed. Insufficient resin curing or over-curing led to a decrease in the
process parameters, fatigue resistance of the samples. The longest fatigue life with a value of 86459 cycles
was achieved for the sample fabricated with the following parameter settings: layer
thickness of 25 um, exposure time of 2.8 s, and light intensity of 160 W/m?. The
minimum fatigue life (48569 cycles) was obtained for the sample fabricated with the
following parameter settings: layer thickness of 100 um, exposure time of 2.8 s, and
light intensity of 160 W/m?.

fatigue life,

analysis of variance (ANOVA)
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Fig. 1. (a) Dimensional characteristics of fatigue specimen and (b) printed specimen with base.
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Table 2. Full-factorial design experiments.
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Table 1. Values of different levels of parameters.

Level
No. Parameter
1 2 3
1 Layer thickness (um) 25 50 100
2 Exposure time (s) 2.8 4.5 7.2
Light intensity (W/m?) 160 200 | 250
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Fig. 2. The effect of layer thickness variation on the fatigue behavior of printed samples at different levels of exposure time and

light intensity.
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Fig. 3. The results of DSC for the samples.
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Fig. 4. The effect of exposure time and light intensity
variation on the fatigue behavior of the printed samples at

different levels of layer thickness.
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Table 3. Summary of ANOVA results.
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Parameter Level Mean fatigue life Variance Std. deviation | Std. error of mean | Partial eta squared
1 76762 45273195 6728 2242
Layer
. 2 70620 19935163 4464 1488 0.741
thickness
3 55761 29684407 5548 1816
1 67540 184777581 13593 4531
Exposure
iy 2 68501 119579196 10935 3645 0.012
e 3 67101 51730630 7192 2397
Light 1 67887 187744059 13701 4567
1
. g . 2 68616 133617733 11559 3853 0.024
intensity
3 66640 33633593 5799 1933
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Table 5. Results of correlation test between parameters in fatigue test.

Control variable Parameters Layer thickness Exposure time Light intensity
Layer Thickness 1.00 -0.026 -0.075
Fatigue life Exposure Time -0.026 1.00 -0.001
Light Intensity -0.075 -0.001 1.00
VEeY ol yotg 0 Lo qduip oms Jus <ol (5 J5I9iS5 9 ol cpale almo 74y




ST 51333 Slgo ST JUB) 3 JUsTS 293 GBI 3 999 )3 53ialrd sl sl 3l w)

SAS e 5y s Lo s Jalla bl 5 OUs 05 5 3eS
o 5 ey Sl e S ol el ], Saest e gl
gl o 53 Jol sl 5 Gles (b e SRl oy
@L’J 2l als 1 4 g ‘.5<:““" Cuglie Culg 53 5 A e
Gl 1Al L ols OLE s (gls puite o Staar 05051
YIRS VP U Y L CER ) PN VR T AR PN
5 DA AL sy oy A Al b cpl e
A osgrig e 0 ol eSSyl LS ol A6 ol
S el 31 i (—0/0 V) Y Cabs el Lol bl
bl g Saen oSo Scal (200 Y8) Y Culis 5 G
Slacwls s o g 4t pl Ad ey AL Ul 5 O
S 5 e wgr (93505 Sl bl Bl sy S ein S
Yerum 5 Y0 4Y Cubis boeddasrle gladgad gl o 0
0 S ey (e 255 et ST sl ek Gl
DL, L O BLS 5 ¢ g sy Son 5 2l S a0 gl Sl eslizal |
s Olgsa L5 o DLP Loy, b sddatle Sladss Koot

Al ST latass sl p golentng wues

&l

1. Yan Z., Zeng J.J., Zhuge Y., Liao J., Zhou J.-K., and Ma G.,
Compressive Behavior of FRP-Confined 3d Printed Ultra-High
Performance Concrete Cylinders, J. Build. Eng., 83, 108304,
2024.

2. Hanon M.M., Ghaly A., Zsidai L., Szakal Z., Szab¢ 1., and
Katai L., Investigations of the Mechanical Properties of DLP
3d Printed Graphene/Resin Composites, Acta Polytech. Hung,
18, 143-161, 2021.

3. Maines E.M., Porwal M.K., Ellison C.J., and Reineke T.M.,
Sustainable Advances in SLA/DLP 3D Printing Materials and
Processes, Green Chem., 23, 6863-6897, 2021.

4. ChenF,LiR., SunJ.,, LuG., Wang J.,, WuB., LiJ., Nie J., and
Zhu X., Photo-Curing 3D Printing Robust Elastomers with Ul-
tralow Viscosity Resin, J. Appl. Polym. Sci., 138, 49965, 2021.

5. Xiang H., Wang X.,Ou Z., Lin G., Yin J., Liu Z., Zhang L., and
Liu X., Uv-Curable, 3D Printable and Biocompatible Silicone
Elastomers, Prog. Org. Coat., 137, 105372, 2019.

6. Patel D.K., Sakhaei A.H., Layani M., Zhang B., Ge Q., and
Magdassi S., Highly Stretchable and UV Curable Elastomers
for Digital Light Processing Based 3D Printing, Adv. Mater.,

?QY‘ &Y Sddawhpoig & 0 )lasis qauiaby o JUs roaks (5I9)93S5 9 pole (ole dlxo

Oleson il b a8 Calins )3 o8 o 53 bl Ll
o 5okl e BB 3y S e sdudy (b Sl 5 Dol
AL el (Ko ee JES sl s XS o My RS (St
e GRlB L Ll (LB e 5 S bl s s Oleses
3 oS sl b sl el b oud b AL

Aas e OLi ) b e 5 ods el b

S 5 Ao

Odd y Ode Y Cobs il A Jl ol ass s
Sl ST s 3l eddatle ok sob  Saust jes p iU
MJUQ.ADLPJ,';_i\f‘Qb&jjbcé.ifd.b)@)f}))ﬁ)ls
iy ooslae Cjﬁ“ w03l gl el S glp Al
Bl T sl sl el s a5 S
oS @Lu' W wﬁ)ﬁyéﬂ\)gwéb;lﬁj)ﬁ&ﬂ
S gl (g oS S 5 e ol (35 SIS S ol
Lo gbuaY Calbes 035 mie Jdoa iy BB o pde ol

29, 1606000, 2017.

7. Zhu G., Hou Y., Xu J., and Zhao N., Digital Light Processing
3D Printing of Enhanced Polymers Via Interlayer Welding,
Macromol. Rapid. Commun., 43, 2200053, 2022.

8. Safai L., Cuellar J.S., Smit G., and Zadpoor A.A., A Review of
the Fatigue Behavior of 3D Printed Polymers, Addit Manuf., 28,
87-97, 2019.

9. WangY., Li X., Chen Y., and Zhang C., Strain Rate Dependent
Mechanical Properties of 3d Printed Polymer Materials Using
the DLP Technique, Addit. Manuf., 47, 102368, 2021.

10. Bayne S., Ferracane J., Marshall G., Marshall S., and Van Noort
R., The Evolution of Dental Materials over the Past Century:
Silver and Gold to Tooth Color and Beyond, J. Dent. Res., 98,
257-265,2019.

11. Souza L.F.B., Pires T.S., Kist P.P., Valandro L.F., Moraes R.R.,
Ozcan M., and Pereira G. K.R., 3D Printed, Subtractive, and
Conventional Acrylic Resins: Evaluation of Monotonic Versus
Fatigue Behavior and Surface Characteristics, J. Mech. Behav.
Biomed. Mater., 155, 106556, 2024.

12. ImeriA., Fidan L., Allen M., Wilson D., and Canfield S., Fatigue



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

- OblSe 5 s9yhicly wge

Analysis of the Fiber Reinforced Additively Manufactured Ob-
jects, J. Adv. Manuf. Technol., 98, 2717-2724, 2018.

Ekoi E.J., Dickson A.N., and Dowling D.P., Investigating the
Fatigue and Mechanical Behaviour of 3D Printed Woven and
Nonwoven Continuous Carbon Fibre Reinforced Polymer
(CFRP) Composites, Compos. B: Eng., 212, 108704, 2021.
Corbett T., Kok T., Lee C., and Tarbutton J., Identification of
Mechanical and Fatigue Characteristics of Polymers Fabricated
by Additive Manufacturing Process, In ASPE Spring Topical
Meeting, 186-189, 2014.

Farkas A.Z., Galatanu S.-V., and Nagib R., The Influence of
Printing Layer Thickness and Orientation on the Mechanical
Properties of Dlp 3D-Printed Dental Resin, Polymer, 15, 1113,
2023.

Munguia J. and Dalgarno K., Fatigue Behaviour of Laser-
Sintered PA12 Specimens under Four-Point Rotating Bending,
Rapid Prototyp J., 20, 291-300, 2014.

Qiu C., Panwisawas C., Ward M., Basoalto H.C., Brooks J.W.,
and Attallah M.M., On the Role of Melt Flow into the Surface
Structure and Porosity Development during Selective Laser
Melting, Acta Mater., 96, 72-79, 2015.

Ojo S.A., Bowser B., Manigandan K., Morscher G.N., Dong
Y., Gyekenyesi A.L., and Scott-Emuakpor O.E., Improving
Fatigue Life of Additively Repaired Ti-6Al-4V Subjected to
Laser-Assisted Ultrasonic Nanocrystal Surface Modification,
Int. J. Fatigue, 173, 107663, 2023.

MukherjeeT.,Zhang W.,and DebRoy T., An Improved Prediction
of Residual Stresses and Distortion in Additive Manufacturing,
Comput. Mater. Sci., 126, 360-372, 2017.

Zeng Y.-S., Hsueh M.-H., and Hsiao T.-C., Effect of Ultravio-
let Post-Curing, Laser Power, and Layer Thickness on the Me-
chanical Properties of Acrylate Used in Stereolithography 3D
Printing, Mater. Res. Express, 10, 025303, 2023.

Lu L., Fuh J., Nee A., Kang E., Miyazawa T., and Cheah C.,
Origin of Shrinkage, Distortion and Fracture of Photopolymer-
ized Material, Mater. Res. Bull., 30, 1561-1569, 1995.

Zirak N., Shirinbayan M., Benfriha K., Deligant M., and
Tcharkhtchi A., Stereolithography of (Meth) Acrylate-Based

Photocurable Resin: Thermal and Mechanical Properties, J.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

V&Y il gyotg F 0 )losh auludig o JUw osly $I919iSS 9 pole (sole dlxo

ST 1333 Slge S JUid) ys JUazsd )95 YIS 33 U9 I3 S 3islpd Sl il ply il ()1

Appl. Polym. Sci., 139, 52248, 2022.

Dizon J.R.C., Espera Jr A.H., Chen Q., and Advincula R.C.,
Mechanical Characterization of 3D-Printed Polymers, Addit
Manuf., 20, 44-67, 2018.

Shen M., Zhao W., Xing B., Sing Y., Gao S., Wang C., and
Zhao Z., Effects of Exposure Time and Printing Angle on the
Curing Characteristicsand Flexural Strength of Ceramic Samples
Fabricated Via Digital Light Processing, Ceram Int., 46, 24379-
24384, 2020.

Ni R., Qian B., Liu C., Liu X., and Qiu J., A Cross-Linking
Strategy with Moderated Pre-Polymerization of Resin for Ste-
reolithography, RSC Adv., 8, 29583-29588, 2018.

Waulft J., Schmid A., Huber C., and Rosentritt M., Dynamic
Fatigue of 3D-Printed Splint Materials, J. Mech. Behav.
Biomed. Mater., 124, 104885, 2021.

Lohbauer U., Rahiotis C., Krimer N., Petschelt A., and Elia-
des G., The Effect of Different Light-Curing Units on Fatigue
Behavior and Degree of Conversion of a Resin Composite,
Dent. Mater., 21, 608-615, 2005.

Awaja F., Zhang S., Tripathi M., Nikiforov A., and Pugno
N., Cracks, Microcracks and Fracture in Polymer Structures:
Formation, Detection, Autonomic Repair, Prog. Mater. Sci., 83,
536-573, 2016.

Mohsenzadeh R., Shelesh-Nezhad K., and Navid Chakherlou
T., Experimental Study on Wear Behavior of Polyacetal Nano-
composite Gears, [ran. J. Polym. Sci. Technol. (Persian), 36,
151-165, 2023.

Mohsenzadeh R., Soudmand B., and Shelesh-Nezhad K.,
Failure Analysis of Pom Ternary Nanocomposites for Gear
Applications: Experimental and Finite Element Study, Eng.
Fail. Anal., 140, 106606, 2022.

Mohsenzadeh R., Shelesh-Nezhad K., Chakherlou T., and
Yaghini H., Gear Life and Failure Mode Versus Meshing Stress
in Polyacetal/Carbon Black Nanocomposite Gears, Eng. Fail.
Anal., 131, 105859, 2022.

Dowling N.E., Mechanical Behavior of Materials: Engineer-
ing Methods for Deformation, Fracture, and Fatigue Pearson,

Chapter 10, 516-221, 2012.

74¢





