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Study on the effect of thickness of layers, temperature and speed of nozzle on
circularity error and surface roughness of holes in parts produced during fused
deposition modeling
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Article Information Abstract
Original Research Paper Due to the increasing need of industries to prototyping with the highest accuracy and lowest cost, the
Received: 9 January 2020 application of rapid prototyping technology as a modern and rapid method has been considered to reduce the

First Decision: 10 February 2020

Accepted: 4 March 2020 time between design to production and market to product. Fused deposition modeling is one of the most

common methods in 3D printing and rapid prototyping, but the components produced in this way are usually

of poor geometric accuracy and surface quality. Circularity error in the cavities is one of the important

Efiﬁ%ﬁ%smon modeling (FDM) geometrical and tolerances errors. In this study, the experimental study the effect of process parameters such

3D Printer as layers’ thickness, temperature and speed of nozzle on the surface roughness and circularity error of the

Circularity error samples is investigated. The sample is a rectangular that has three holes in three different plates and the

Surface roughness measurement of circularity error and surface roughness have been done in three directions and three different
plates, respectively. The results showed that the lowest values were obtained for the surface roughness of the
holes in the XY plane for a nozzle temperature 270 °C, printing speed 30 mm / s and layer thickness 0.2 mm.
Also, the minimum value for the circularity error of the holes was obtained on the XY plate for the nozzle
temperature 210 °C, printing speed 30 mm / s and layer thickness 0.4 mm. During the response surface
optimization, the model optimized value was 1.174 pum for the surface roughness and 0.114 mm for the
circularity error.
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Table 3 Technical specifications of the surface roughness tester
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Table 6 Analysis of variance related to surface roughness of holes in
XY plane
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Table 7 Analysis of variance related to surface roughness of holes in
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Fig. 7 Comparison of surface roughness of holes in XY plane by
response surface methodology and experimental method
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Fig. 8 Comparison of surface roughness of holes in XZ plane by
response surface methodology and experimental method
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Table 9 Error percentage for surface roughness of holes, response
surface method and experimental method
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Fig. 10 Comparison of the effect of process parameters on surface
roughness of holes

oo i o (625 2 il (sl ol 53l e analin Vo Y

cob 55 2 Smlp slagtally el b izen
Sy D80 WLV (_ngJ&wla).uXY 4.7&.0)\) l.&vo).f:_>
mhes et 5 olsd sl el £o el el a8 F 18
ol o o anlllas cWlie 4l s oo el el el e
Dalecl a8 bl ai;
S odd Glaie bl aline gd o canline a5 eb les
ke eSSl 4 deoyis mhaw CudST e b
b S oS g iU sles jlade op i wulies

Y oplouis Y 095 AYAQ juo colpal 3wls3 5 el (Swiseo

56~4b@aww5)g5|a‘xzw)ouo)béjaw6)))wb&,\J&Q‘u

S 9
2.6
Variable
—&— SR-YZ Plane (um)
2.4 —m— FITS3

SR-YZ Plane (pm)

2 4 [ 8 10 12 14 16 18 20
Experimental Order

Fig. 9 Comparison of surface roughness of holes in YZ plane by
response surface methodology and experimental method
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Nozzle Temperature (°C) | Nozzle Speed (mmy/s)| Layer Thickness (mm) | CE-XYPlane (mm) | CE-XZ Plane (mm) | CE-YZ Plane (mm)
1 270 30 04 00245 03817 03185
2 270 60 04 02573 0.2959 0.2979
3 210 30 0.2 00925 02754 0.0875
4 210 60 0.2 0.1336 04508 03026
5 210 60 04 02205 04930 0.4698
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18 240 45 04 0.1100 0.1765 01823
19 270 30 0.2 0.1426 0.2576 0.2261
20 240 45 0.2 0.1370 02142 0.1045

Fig. 14 Measured values for circularity error of holes for coded
parameters
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Table 10 Analysis of variance related to circularity error of holes in
XY plane
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Fig. 11 Surface roughness changes versus layer thickness and nozzle
temperature (print speed 45 mm/s) (print Speed 45 mm/s)
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Fig. 12 Surface roughness changes versus layer thickness and printing
speed (nozzle temperature of 240 ° C)
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Fig. 13 Surface roughness changes versus printing speed and nozzle
temperature (layers thickness 0.3 million)
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Table 11 Analysis of variance related to circularity error of holes in XZ
plane
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Table 12 Analysis of variance related to circularity error of holes in YZ
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Fig. 15 Comparison of circularity error of holes in XY plane by
response surface methodology and experimental method
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Fig. 16 Comparison of circularity error of holes in XZ plane by
response surface methodology and experimental method
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Fig. 17 Comparison of circularity error of holes in YZ plane by
response surface methodology and experimental method
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Fig. 21 circularity error changes versus printing speed and nozzle
temperature (layers thickness 0.3 million)
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Fig. 22 Optimal values for the surface roughness quantities and the
circularity error of the holes
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Fig. 19 circularity error changes versus layer thickness and nozzle
temperature (print speed 45 mm/s)

Uil sles 5 b Calbis cas » sapls lhs Sl 14 JSCb
(40 5 o oo O 56 i o)

Hold Values
Wezzle Temperature (°C) 240

024

CE-HPlane (mmi™t

01z

00§

Layer Thickness (mm)

Fig. 20 circularity error changes versus layer thickness and printing
speed (nozzle temperature of 240 ° C)

(VF- i o)

A



695 lwal (US| yaw el

e 23 o pin zhaans (§ 049 9 159018 LB 33 UL i w9 Lod dddyY colius i3l dnllios

application.: Wiley and Sons Inc, 2005.

[2] S. Upcraft, R. Fletcher, The rapid prototyping
technologies, Rapid Prototyping, pp. 318-30, 2003.

[31 A. Manmadhachary, Y. Kumar, Improve the
accuracy, surface smoothing and material adaption
in STL file for RP medical models, Journal of
Manufacturing Processes, pp. 46- 55, 2015.

[4] ASTM F2792-12a, Standard Terminology for
Additive Manufacturing  Technologies, ASTM
International, West Conshohocken, PA,2012.

[5] S. Sheth, P. George, Experimental investigation,
prediction and optimization of cylindricity and
perpendicularity during drilling of WCB material
using grey relational analysis, Precision Engineering,
pp. 33-43, 2016.

[6] M. Curtis, T. Farago, Handbook of Dimensional
Measurement, Industrial Press Inc, 2014.

[7] Stephen Mellor, Liang Hao, and David Zhang,
Additive manufacturing:A  framework  for
implementation, Int. J.Production Economics, pp.
194-201, 2013.

[8] I. Gibson, W. David, Additive manufacturing
technologies. pp. 1-238, 2010.

[9] P. Geng, J. Zhao, Effects of extrusion speed and
printing speed on the 3D printing stability of
extruded PEEK filament, Advances in Materials and
Manufacturing Engineering, pp. 266-273, 2020.

[10]G. Singh, P. kumar. Methods to Improve Surface
Finish of Parts Produced by Fused Deposition,
Manufacturing Science and Technology, pp. 51-55,
2014,

[11]S. Kumar, V. Kannan, G. Sankaranarayanan.
Parameter optimization of ABS-M30i parts produced
by fused deposition modeling for minimum surface
roughness. International Journal of Current
Engineering and Technology, pp. 93-97, 2014.

[12] M. Perez, G. Sanchez , A. Collado, Surface Quality
Enhancement of Fused Deposition Modeling (FDM)
Printed Samples Based on the Selection of Critical
Printing Parameters, Materials, pp. 1-13, 2018.

[13]B. Najafloo, M. Nouri, A. Rezadoust. A Review on
Fused Deposition Modeling, Polymerization, pp. 74-
85, 2015.

[14]1H. Varia, B. Goyal. A Review on Effect of Process
Parameters on Surface Quality and Properties of
Parts Realized by Selective Laser Sintering Process.
International Conference on Ideas Impact and
Innovation in Mechanical Engineering, pp. 45-51,
2017.

[15]F. Knoope, A. Kloke, V. Schoeppner. Quality
improvement of FDM parts by parameter
optimization, AIP Conference Proceedings, pp. 1-5,
2017.

[16] A. Ravi, A Study on an In-Process Laser Localized
Pre-Deposition Heating Approach to Reducing FDM
Part Anisotropy, PP. 1-57, 2016.

[17]1. Gibson, D. Rosen, B. Stucker, Additive
Manufacturing Technologies: Rapid Prototyping to
Direct Digital Manufacturing, Springer, pp. 143-173,
2010.

£q

& o5 4o - F
Sty g Lod Aoy Cualnd b gm0 s9kate 4 (B
wlo ladiges )3 booyi> mhw 65 5 Sonld laz J3b
s wal 45 Canl 0ud alowl Gl Slasay anld b end
Db oo S 7 4 odel Casay

GlS s XY amio 03U S o o]l glis -
amio (pl ;5 oad sbml 0i> gopb sla 5 mhaw 6
syl b J3b a5 Y-Z g X-Z o M5 1y il oo
50 oo ol oy 38 diwnS g as oS > Ll o 0 ,a
ol 3 U g 5 sspls <S> Jols XY amio
0l o |y azio (il )0 mlaw (605 Sgup A Wll oo aio
AL a5 0ad o 36 &S > 6351l g9 (eizmen o
OY S pasio XY axmao 0 4 » gl 4 oad olx
Crond 33 Sl Jol> Y-Z g X-Z sladmio o 5 dige
loio ol 6l |y ol sl bl a8 wsl o 5 las
ool il o o

Caaldes a5 ab asine wad alxil bl Judss b -
5 ol ansls bhojis mhaw 625 p 1) b cn i daay
iy @ il Ce g s 36 e iy 4 o1 51
ol 42213 naigas rhams (525 2 | 58 (i

9 XY axio ;0 boyi> mhaw (55 lp jlade (p S -
Cwles o Yemm/is 5L ce s YY-°C 50 slos ol @
oS Jol> o /Ymm 4y

s &S QD asidne wdd plxil )bl s b -
el ails bo i ggpls glbas 1 sl e o5t

XY azao j0 bo,as> gg9pls oz ol Jlade o eSS -
Calies 5 ¥ommis 35 e Y1 -°C 56 sles ol3l 4
a8 o> +/Fmm Y

Slde gl mhaw by 4 ead el iluange b -
5 ywog,Soe VVY imhas (6 05 6l (Jow Jawgs ool aig
ol ool sy yio oo IVVY (5 pls slas> 6l

s b e 3 )-1.)‘33 —A
R lal:)u‘ JLo...u u‘ﬁ‘ﬁ ..\>‘9 u;o)Lu‘ olj oKisls g

ol

A4

[1] N. Rafig, Rapid prototyping-principles and

Y ooplouds Y 093 AVAA o cwlpal 3us3 5 el (Swiseo


https://link.springer.com/book/10.1007/978-981-15-1307-7
https://link.springer.com/book/10.1007/978-981-15-1307-7
https://pdfs.semanticscholar.org/f575/626cf798bd3602ef34a2340b3b2e60e41200.pdf
https://pdfs.semanticscholar.org/f575/626cf798bd3602ef34a2340b3b2e60e41200.pdf
https://pdfs.semanticscholar.org/f575/626cf798bd3602ef34a2340b3b2e60e41200.pdf

695 lwal (US| yaw el

e 23 o pin zhaans (§ 049 9 159018 LB 33 UL i w9 Lod dddyY colius i3l dnllios

Materials and Manufacturing Engineering, pp. 1-15,
2020.

[25]J. Mago, R. Kumar, R. Agrawal, Modeling of Linear
Shrinkage in PLA Parts Fabricated by 3D Printing
Using TOPSIS Method, Advances in Additive
Manufacturing and Joining, pp. 267-276, 2020.

Y oplouis Y 095 AYAQ juo colpal 3wls3 5 el (Swiseo

[18] B. Vasudevarao, D. Prakash, sensitivity of RP
surface finish to prgcess parameter variation,
Additive Manufacturing Technologies, pp. 251-258,
2000.

[19]M. Sazli, A. Mohd, Optimization of surface
roughness in FDM 3D printer using response surface
methodology, particle swarm optimization, and
symbiotic organism search algorithms, International
Journal of Advanced Manufacturing Technology, pp.
1-15, 2019.

[20]M. Shunmugam, M. Kanthababu, Advances in
Additive Manufacturing and Joining, particle swarm
optimization, and symbiotic organism search
algorithms, The International Journal of Advanced
Manufacturing Technology, pp. 1-735, 2018.

[21]H. Radhwan, Z. Shayfull, Optimization parameter
effects on the quality surface finish of the
threedimensional  printing  (3D-printing)  fused
deposition  modeling (FDM) using RSM,
International Journal of Advanced Manufacturing
Technology, pp. 1-7, 2019.

[22]N. Kumar, R. Vikas, Comparative Study and
Measurement of Form Errors for the Component
Printed by FDM and PolyJet Process, International
information and engineering technology association,
pp. 353-359, 2019.

[23]1D. Pramanik, A. Manda, A. Kuar, An experimental
investigation on improvement of surface roughness
of ABS on fused deposition modelling process,
Materials Today, pp. 1-8, 2020.

[24]1H. Cherkia, S. Kar, Fused Deposition Modelling and
Parametric Optimization of ABS, Advances in


https://link.springer.com/book/10.1007/978-981-15-1307-7
https://link.springer.com/book/10.1007/978-981-15-1307-7
https://scholar.google.com/citations?user=2TeWDm8AAAAJ&hl=en&oi=sra
https://link.springer.com/book/10.1007/978-981-32-9433-2
https://link.springer.com/book/10.1007/978-981-32-9433-2

