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Investigation of Parameters Affecting the Roughness and Cylindricality of Holes in
PLA Parts Made of 3D Printing by Fused Deposition Modeling Process Using
Response Surface Method

M. Khosravi®™, S.M. Hosseini?, M. lakhi®
! Assis. Prof., Mech. Eng., Birjand Univ. of Tech., Birjand, Iran.
2 M.S. Student, Mech. Eng., Birjand Univ. of Tech., Birjand, Iran.  * M.S. Graduate, Mech. Eng., Univ. of Birjand, Birjand, Iran.

Abstract

In this paper, the effects of input parameters on the roughness and cylindricality of a hole were investigated
using fused deposition modeling (FDM). The roughness and dimensional accuracy are very important for a
3D printed part. The investigated input parameters are injection speed, solid percentage, and layer thickness.
The experiments were designed using the response surface method and 51 PLA samples were printed. To
measure the roughness and dimensions of the manufactured products, a roughness-testing machine and a
coordinate measuring machine (CMM) were used. The basis of this study is the comparison of roughness
and deviation from the center to find the optimal set of the investigated parameters to achieve higher quality.
The optimal levels of parameters for the minimum simultaneous roughness (0.016 mm) and cylindricality
(5.98 microns) are a layer thickness of 0.1 mm, injection speed of 40 mm/s, and solidity percentage of 15%
when the pattern is triangular. The results also suggest that the layer thickness has the strongest effect on the
surface quality in comparison with the injection speed and percentage of solidity.

Keywords: Rapid Prototyping; 3D Printer; Fused Deposition Modeling; Response Surface Method.
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" Fused Deposition Modeling (FDM)
8 Selective Laser Sintering (SLS)
° Stereo Lithography (SLA)
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! Rapid Prototyping (RP)

2 Computer Aided Design (CAD)

® Additive Manufacturing

* Rapid Manufacturing

® Acrylonitrile Butadiene Styrene (ABS)
® Polylactic Acid (PLA)
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Predicte

Predicte

Actual Actual
(St 0 (St sty 9 (o281 slokin loged -1 S (615t O (st sty 9 (281 lokin 3gad —VA JSC
Tlagw o9 sl b Lo
99 Slailgimll gl ANOVA 30T - A Jgu
Source Sum of Squares df Mean Square F-valu P-value
Model 156.61 9 17.40 502.14 <0.0001
TL 0.42 1 0.42 12.255 0.0057
\% 0.086 1 0.086 2.50 0.1452
SP 153.19 1 153.19 4420.75 <0.0001
Residual 0.35 10 0.035
Lack of ft 0.35 5 0.069
Pure error 0.000 5 0.000
Cor total 156.95 19
b Slo 1y ANOVA 5007 -4 Jguz
Source Sum of Squares df Mean Square F-valu P-value
Model 3.72e-3 9 4.14e-4 12.12 0.0003
TL 2.02e-4 1 2.02e-4 5.93 0.0352
\% 1.68e-4 1 1.68e-4 4.92 0.0509
SP 2.3e-4 1 2.3e-4 6.74 0.0267
Residual 3.42e-4 10 3.42e-4
Lack of ft 3.42e-4 5 6.83e-5
Pure error 0.000 5 0.000
Cor total 4.07e-3 19
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