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Abstract
Rapid prototyping (RP) technologies have been emerged as a fabrication method to obtain engineering components within a short
span of time. In this method components weremodeledusing three dimensionalcomputer aided designand fabricated using fused
deposition modeling technique, so called as desktop 3 D printer. In this present investigation, ABS + hydrous magnesium silicate
compositewas considered as material for fabricating components, andmechanical properties of ABS compositewere evaluated.
For the fabrication and test of samples ASTM standardswas followed.Samples were prepared with different layer thicknessand
printing speed were prepared. Based on the experimental results, it is suggested that samples with low printing speed, and low
layer thickness has resulted maximum tensile and flexural strength. This investigation not only provides a complex dependency of
mechanical properties on manufacturing process parameters, but develops a statistical significant influence of printing speed and
layer thickness. It is concluded that mechanical properties are greatly influenced by the printing speed and the layer thickness,

but printing speed is more influence than the layer thickness.
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1. INTRODUCTION

RP technique is extensively used to fabricate scale models
of physical parts or assemblies using three-dimensional
computer aided design (CAD) data at a faster rate. FDM is a
technique in RP that is based on surface chemistry, thermal
energy, and layer manufacturing technology. In this process,
filaments of heated thermoplastic are extruded from a tip
that moves in the x-y plane. The CAD data is fed to the 3D
printingsoftware and generate NC codes, the NC codes are
given input to 3D printing machine.That allow designers to
quickly create tangible prototypes of designs, rather than
just two-dimensional drawing. The material extrude from
the nozzle and deposited on the table based on the NC code
generated by the software, once one layer is completed the
table moves down of an layerthickness and the process will
continues is called additive manufacturing (AM) process
[1], commonly known as FDM. As a result, much of the
research is focused on transforming this technology towards
manufacturing production grade material and end use
products [2]. Existing commercial AM machines are
currently being modified to an extent to improve their
accuracy and capabilities. However, high cost, material
restriction, and difficulty in studying process parameters are
an issue. But in this context, the present work is focused on
the study and optimization of a novel open-source and low-
cost 3D printing machine is used, for the fabrication of
samples. Several manufacturing process parameters are
there in that layer thickness and printing speed are
considered for the present study.

The controlled extrusion head deposits very thin beads of
material onto the build platform to form the first layer [3-6].
The platform is maintained at a low temperature, so that the
thermoplastic is quickly hardens. After the platform is
lowered by the specified distance (i.e., layer thickness), the
extrusion head deposits a second layer upon the first. The
process is continued to form the desired prototype of
specified dimensions [7]. Supports are built along the way,
fastened to the part either with a second weaker material or
with a perforated junction.

Said et. al. [6] have studiedfive different raster orientation
causes alignment of polymer molecules along with the
direction of deposition during evaluation processof the
tensile and flexural samples. Since semi-molten filament is
extruded from nozzle tip and solidified in a chamber
maintained at certain temperature, change of phase is likely
to occur. As a result, volumetric shrinkage takes place
resulting a weak interlayer bonding and high porosity. Ahn
et. al. [8] have reported that process parameters such as air
gap and raster orientation significantly affect the tensile
strength of FDM fabricated part as compared to other
parameters suchas raster width, model temperature and
colors through experimental design and analysis. In
addition, built parts exhibit anisotropic properties depending
on build orientation as far as tensile and flexural strength is
concerned. Khan et. al. [9] have alsoproposedexperimentally
and statistical approach to design optimization of ABS part
fabricated through FDM technique that the layer thickness,
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raster angle and air gap are the three main influence process
parameters that effects the elastic performance of the ABS
prototype parts. Lee et. al. [10] have studiedtwo different
manufacturing method like 3D printer and nano composite
deposition (NCDS). In 3D printing five various process
parameter were considered such as raster orientation, air
gap, bead width, color, and model temperature for FDM
method. Sampleswas measured compressive strengths, and
most of them showed anisotropic compressive
properties.Experimental results show that compressive
strength has more by 11.6% for axial sample as compared to
transverse sample. It has been notices that the deformation
was more in bottom layers than the upper layers, and high
stacking section lengths are responsible for large
deformations. If chamber temperature was increased,
deformation gradually decreased and became zero when
chamber temperature equals glass transition temperature of
material. Hence, it was proposed that material used for part
fabrication must have lower glass transition temperature and
linear shrinkage rate.In this paper, tensile strength properties
of ABS + hydrous magnesium silicate composite material
made by desktop 3D printer process with different build
parameters such as layer thickness and printing speed are
discussed.

2. EXPERIMENTAL DETAILS

The initial goal was to manufacture the samples withvarious
process parameters.The samples were maintain fixed and
varying parameter (table 2 and 1). The varying
manufacturing parameters are different layer thickness (0.2
mm, 0.25 mm and 0.3 mm) and with different printing
speeds (30mm/s. 40 mm/s and 50mm/s). For all the sample
are preparedwith fixed parameter, like nozzle diameter(0.6
mm), extruder temperature (~240 ‘C) and the built platform
temperature (70 "C).Based on the statistical modeling tool
ANOVA for this process condition 13 different combination
of samples are given. All combination were subjected to
tensile and flexural tests condition. For the slicing of data
and feeding the process parameters slice 3r software was
used. The test samples were modeled and manufactured
using ASTM standards.

Table: 1 Various process conditions for specimen
preparation

Sample Samplel  Sample 2 Sample 3
parameter
Layerthickness, 11 -05 L2025 13=03
mm
Printing Speed.  g1-30  s2=40  $3=50
mm/s
Nozzle N1=0.4  N1=05  N1=0.6
diameter, mm

Table : 2Fixed Factors
Factor Unit Values
Part Fill style degree 45/-45
Nozzle Temperature °C 240
Bed temperature °C 70
Infill % 70

For testing the samples an Intron-universal testing machine
with 10 KN load cell was used. Different fixtures were used
based on ASTM standard, for testing the samples. The
machine was maintained a cross head speed of 1 mm/min
for the tensile and the flexural samples. The tensile test was
stopped when the specimen reaches 2.5% elongation or the
specimen breaks. A 3 point bendmethod was followed for
the flexural strength. Since the physical properties of many
materials (especially thermoplastics) can vary depending on
ambient temperatures, it is desired to test samples at
temperatures that simulate the intended end user
environment [11].

3. RESPONSE SURFACE METHODOLOGY
AND EXPERIMENTAL DESIGN

RSM is a method of finding the option of an independent
manufacturing constraints in the magnitudes form as:

y = f(xq,X2,X3, cur o x,) te (1)

Analysis of Variance (ANOVA) [12]is performed to foresee
the proposed model by utilizing the second request relapse
examination are ascertained and organized in Table 3.
ANOVA gives a thought regarding the quadratic model for
conceiving the flexural quality of tests with relapse esteem p
under 0.05 are critical. For this investigation 2° factorial
experimentation method was follows, with total thirteen
experiment. Table 3 provide the detail of sample preparation
method using ANOVA.

4. RESULTS AND DISCUSSION
4.1 Tensile test

Tensile strength is determined for RP models prepared from
a 0.6mm diameter nozzle with variation in printingspeed and
layer thickness. It is found that the tensile stressis decreased
with increase in layer thickness as well tensile stressis
decreased with increase in printing speed. However, this
effect is less as the layer thicknessis increased. Therefore,
the layer thickness played a significant role in tensile
properties of ABS + hydrous magnesium silicate
compositematerial printed with 0.6mm diameter nozzle
and60% fill density.

Table 4 provides the fit summary of the quadratic model
before elimination. It is statistically significant for analysis
of tensile stress. This results quadratic model for tensile
stress in the form of ANOVA were given in the Table 4:
The R? value was 99.15 %. This clearly indicates the
regression graph provides an admirable description to the
correlation between the tensile stress and the independent
factors. The p-value of the model is lower than 0.05 or 95%
confidence indicated that the model is considered as
statistically significant. From the ANOVA technique, it is
calculated that the value of F ratio of the proposed model
doesn’t exceeded the standard value. The effect of the factor
for F value is high, that indicate the facture is more
influence the response process.
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Table:3ANOVA table for ABS composites

Run Std Fz_:lctor L Factor 2. Printing Speed R1: Tensile stress R2: Flexural Strength
Layer thickness

1 1 0.2 30 28.5 48.59
2 2 0.3 30 25.5 37.29
3 3 0.2 50 25 36.16
4 11 0.25 40 24 35.03
5 5 0.2 40 27 41.81
6 8 0.25 50 21 33.9
7 10 0.25 40 24 35.03
8 6 0.3 40 24.5 35.03
9 12 0.25 40 24 35.03
10 9 0.25 40 24 35.03
11 4 0.3 50 18 24.86
12 13 0.25 40 24 35.03
13 7 0.25 30 26 38.42

Table: 4ANOVA -Response Surface Reduced Quartic model for Tensile stress without elimination

Source Sum of Squares df Mean Square F Value P-Value Effect
Model 80.12 7 11.45 82.98 <0.0001 significant
A-Layer Thickness  3.12 1 312 22.66 0.0051 Significant
B-Printing Speed 12.50 1 1250 90.62 0.0002 significant
AB 4.00 1 4.00 29.00 0.0030 significant
A2 4.44 1 444 32.16 0.0024 significant
B/2 2.67 1 267 19.34 0.0070 significant
AN2B 0.083 1 0.083 0.60 0.4721 In-significant
AB"2 2.08 1 208 15.10 0.0116 significant
Residual 0.69 5 014
Lack of Fit 0.69 1 069
Pure Error 0.000 4  0.000
Cor Total 80.81 12
R? = 0.9915, adj. R = 0.9795
Coded factor equation Thickness x Printing Speed + 1.27
Tensile 2414 -125xA-25xB-AB + x Layer thickness”2 -0.98 x 3)
stress = 1.27 x A*2 -0.98 x B"2 -0.25 x 2) Printing Speed”2 -0.25 x Layer
AN2B -1.25 x AB"2 Thickness™2 x Printing Speed -
The transformed value of the coded factors (A and B) with 1.25 x Layer thickness x Printing
the actual factors, hence the Eq. 2 can be written as: Speed”2
Tensile 24.14 - 1.25 x Layer Thickness —
stress = 2.5 x Printing Speed —Layer
31.0 0.00 signifi 4.94
Table:5 ANOVA -Response Surface Reduced Quartic AB 400 1 400 5 14  cant
model for Tensile stress after elimination N 344 0.00 signifi 5.49
Sum Mea = p. Effect % A2 444 1 444 3 11 cant .
Sourc of d n contrib A 20.7 0.00 signifi 3.3
e Squa f Squ Vua; V:(: ution B"2 267 1 267 1 39 cant
res are ABM2 208 1 208 16.1 0.00 signifi 2.57
< . ... 99.04 7 69 cant
Model 80.0 6 13.3 103. 0.00 signifi Resid
3 4 54 T, cant ual 077 6 013
A- signifi Lack
Layer 313 1 313 242 0.00 cant of Fit 0.77 2 039
Thick ' ' 6 26 Pure 0.00 0.00
4
ness Error 0 0
B- o signifi  52.8 Cor 80.8 1
Prini 426 | 426 33L 000 cant T<2:)tal 1 2
ng 7 7 18 7 R? = 0.9904, adj. R” = 0.9809
01
Speed
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Table 5 shows the ANOVA table of quadratic model after
the backward elimination. The result of the reduced model
shows that the model is significant with a R? value as
99.04% and the adjutant R? value as 98.09%. The effect of
the significant F values and the factor A is Layer thickness,
factor B Printing speed, combination first order term factor
of AB, second order term of A, second order term of B and
combined First order term factor of A and second order term
factor of B.After eliminating the non-significant terms the
regression model is fairly fitted with the observed data,
hence the final response model equation for the tensile stress
is given in coded factor.

Tensile stress =24.14-1.25 X A-25xB -AB + 1.27 x
A"2 -0.98 x B"2 -1.25 x AB”2 4)

Normal Plot of Residuals

scooan

toorm g N\ oo,

Resomn

Fig. 1 Normal probability plot of residuals for tensile stress

Figure 1 shows that normal probability plot of residuals for
the tensile stress. It gives the proportionality of the
information about factors which influence with ANOVA
results. It is noticed that the straight line formed by the
results, indicated that the errors are distributed normally,
which is the good sign of correlation.

Figure 2 clearly illustrated that the layer thickness range
between 0.2 and 0.205 mm and the printing speed range
between 30 and 32.5 mm/s, the tensile stress value lice
greater than 28MPa as shown from the contour graph.
Further, it is also indicated that while the printing speed
between 33 and 44 mm/s and the layer thickness 0.205 and
0.245 the tensile stress spears to reduce to 26 MPa.

Figure 3 illustrate the response surface elimination for the
tensile stress with the individual parameters of the layer
thickness and the printing speed. As the figure shows the
tensile stress tends to decrease steadily with the increase in
printing speed and slightly by the layer thickness. Since the
printing speed will have more influence in the tensile stress
with slight increase of layer thickness. From Table 6, model
indicate that the percentage contribution for the factor B to a
higher percentage of 52.8. It clearly shows that the layer
thickness has been less significant on tensile stress when
compared with the printing speed.

B Proting Bpeud (smmiy)

A Layer Thickness e

Fig. 2 Contour graph indicate the effect of layer thickness
and printing speed on tensial stress

Tersde Shress (NP3)

B Primng Speed (mmvy)

A Layer Thoknass (mm

Fig. 3 Response surface graph indicate the effect of layer
thickness and printing speed on tensial stress

From the results, it is clearly shown that the ABS + hydrous
magnesium silicate composite material fabricated using 0.6
mm nozzle with 0.2 mm layer thickness and 30 mm/s
printing speed exhbited a maximum tensial strength of 28.5
MPaand the sample with 0.3 mm layer thickness and having
printing speed of 50mm/sshowed a lowest tensile stress of
17 MPa. The tensile strength of 0.3 mm layer thickness with
a printing speed of 50 mm/svery low, probably due to the
additive manufacturing/ layered manufacturing samples
have weak interlayer bonding or inter layer porosity [6]. The
result further conforming that the layer orientation of
additive manufacturing/ layered manufacturing samples
contributes to the anisotropic properties [8]. Tensile testing
causes low strength interference between 2D laminates or
layer to delaminate prior to the fracture of 2D laminates or
layers. Delamination is frequently observed in layered
materials and the stress variation was due to the
delamination [10].

4.2 Flexural strength

Table 3clearly shows the experimenta results results of
flexural strength of ABS the ABS + hydrous magnesium
silicate composite material fabricated using 0.6 mm nozzle
with 0.2 mm layer thickness and 30 mm/s printing speed
exhibited a maximum flexural load of 48.59 MPaand the
sample with 0.3 mm layer thickness and having printing
speed of 50 mm/s showed a lowest flexural load of 24.86
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MPa. The flexural load of 0.3 mm layer thickness with a
printing speed of 50 mm/sexhibited very low flexural laods.
This is probably due to the additive manufacturing samples
have weak interlayer bonding or inter layer porosity and also
suggested by other reseachers [6]. The results further
confirming that the layer orientation of additive

manufacturing/ layered manufacturing samples contributes
to the anisotropic properties [8]. Flexural testing which
causes to the low strength interference between 2D
laminates or layer to delaminate prior to the fracture of 2D
laminates or layers. Delamination is frequently observed in
layered materials, stress variation due to delamination [10].

Table:7 ANOVA -Response Surface Reduced Quartic model for Flexural strength without elimination

Source Sum of Squares df Mean Square F Value P-Value Effect
Model 32767 7 46.81 42.52 0.0004 significant
A-Layer Thickness 2298 1 22.98 20.88  0.0060 significant
B-Printing Speed 1022 1 10.22 9.28  0.0285 significant
AB 0.000 1 0.000 0.000  1.0000 In-significant
AN2 1134 1 11.34 10.30  0.0237 significant
B"2 015 1 0.15 0.14  0.7263 In-significant
AN2B 2086 1 20.86 18.95  0.0073 significant
AB"2 681 1 6.81 6.19  0.0553 In-significant
A3 0000 O
B"3 0000 O
Residual 550 5 1.10
Lack of Fit 550 1 5.50
Pure Error 0.000 4 0.000
Cor Total 333.17 12
R? = 0.9835, adj R” = 0.9604
The Table 7 provide the fit summary of the quadratic model Flexural 35.42-3.39xA-2.26xB
was statistically significant for analysis of tensile stress. The Strength = +8.724e° x AB + 2.03 x A™2 - (5)
results the quadratic model for Flexural strength in the form 0.23 x B"2 -3.96 x A”"2B - 2.26 x
of ANOVA were given in the Table 7. The R? value was AB"2

98.35% and adj R? was 96.04%. This clearly indicates the
regression graph provides an admirable description to the
correlation between the flexural strength and the
independent factors. The p-value of the model is lower than
0.05 or 95% confidence indicated that the model is
considered as statistically significant. From the ANOVA
technique, it is calculated that the value of F ratio of the
proposed model doesn’t exceeded the standard value. The
effect of the factor for F value is high that indicate that
facture is more influence the response process.

Coded factor equation

The transformed value of the coded factors (A and B) with
the actual factors, hence the Eq. 5 can be written as:

Flexural 35.42 — 3.39 x Layer Thickness -
Strength = 2.26 x Printing Speed +8.724e™ x
Layer Thickness x Printing Speed
+2.03 x Layer Thickness *2 -0.23
X Printing Speed ~2 -3.96 x Layer (6)
Thickness ~2 x Printing Speed -
2.26 x Layer Thickness x Printing
Speed "2

Table:8 ANOVA -Response Surface Reduced Quartic model for flexural strength after elimination

Source Sum of Squares df Mean Square F Value P-Value Prob >F Effect % contribution
Model 320.71 4 80.18 51.46 <0.0001 significant 96.26
A-Layer Thickness 14386 1 143.86 92.33 <0.0001 significant 43.1
B-Printing Speed 1022 1 10.22 6.56 0.0336 significant 3.06
A2 1212 1 12.12 7.78 0.0236 significant 3.63
AN2B 2086 1 20.86 13.39 0.0064 significant 6.26
Residual 1246 8 1.56

Lack of Fit 1246 4 3.12

Pure Error 0.000 4 0.000
Cor Total 333.17 12

R?=0.9626, adj. R” = 0.9359
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Table 8 shows the ANOVA table of quadratic model after
the backward elimination. The result of the reduced model
shows that the model is significant with a R? value as
963.26% and the adjutant R? value as 93.59%. The effect of
the significant F values and the factor A is Layer thickness,
factor B Printing speed, combination first order term factor
of AB, second order term of A, second order term of B and
combined First order term factor of A and second order term
factor of B.After eliminating the non-significant terms the
regression model is fairly fitted with the observed data,
hence the final response model equation for the flexural
strength is given in coded factor.

Flexural Strength =35.35-4.9x A —-2.26 x B + 1.94 x A"2

-3.95 x A"2B 7)
‘Normal Plot of Residuais
= a
> 2 3
-
-
& . -
2 g
I 3 « 3
§ 3 @

ia® “em N % in in =

Examaly Stdentzed Rescuas
Fig. 4 Normal probability plot of residuals for flexural
strength

Flexural Strength (MPa)

B Pyinteg Speed (mms)

A Lirper Thekness [rn)

Fig. 5 Contour graph indicate the effect of layer thickness
and printing speed on flexural stress

Flanural Steangth (MPa)

A Layer Thickeess (men) Tl & Prnirg Spoed (mm/s)

Fig. 6 Response surface graph indicate the effect of layer
thickness and printing speed on flexural stress

Figure 4 shows that normal probability plot of residuals for
the flexural strength. It gives the proportionality of the
information about factors which influence with ANOVA
results. It is noticed that the straight line formed by the
results, indicated that the errors are distributed normally,
which is the good sign of correlation.

When the layer thickness range between 0.2 and 0.21 mm
and the printing speed range between 30 and 34 mm/s, the
flexural strength value lice greater than 45 MPa as shown
from the contour graph (Fig. 5). Further, it is also indicated
that while the printing speed between 34 and 41 mm/s and
the layer thickness 0.21 and 0.23 the flexural strength spears
to reduce to 40 MPa.

Figure 6 illustrate the response surface elimination for the
flexural strength with the individual parameters of the layer
thickness and the printing speed. As the figure, shows the
flexural strength tends to decrease steadily with the increase
in layer thickness and slightly by the printing speed. Since
the printing speed will have more influence in the tensile
stress with slight increase of layer thickness. From Table 9,
model indicate that the percentage contribution for the factor
A to a higher percentage of 43.1. It clearly shows that the
layer thickness has been significant on flexural strength
when compared with the printing speed.

4. CONCLUSIONS

ABS + hydrous magnesium silicate composite material was

successfully fabricated by using desktop 3D printer, based

on the various manufacturing parameters. With a help an

empirical model analysis of manufacturing parameter

influence on tensile and flexural in PLA led to the following

conclusions:

1. A maximum tensile and flexural strength values are
reported for samples whichhas low layer thickness of
0.2 mm andprinting speed of 30 mm/s.

2. The tensile stress increases steadily with decrease in
printing speed and slightly by an increase in the layer
thickness.
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3. The Flexural strengthwas increased consistently with
decrease in the layer thickness and slightly increasedby
the printing speed.

4. The mathematical models were developed to predict the
tensile stress and flexural strength parameter subject to
manufacturing process parameters.
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