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Abstract. Composite material is a combination of more than one type of material and is
designed to get the best combination of characteristics from each constituent component.
Composite materials have many advantages, including lighter weight, higher strength and
durability, corrosion resistance and wear resistance. This study aims to determine the optimum
conditions of polyester composites bending strength reinforced with Coastal Cottonwood bark
fibers and fly ash fillers. The method used was alkalizing the fiber of coastal cottonwood tree
bark by immersing 5% NaOH solution for 2 hours. The specimen was made by the Hand Lay-
Up method, the fiber volume fraction was 35.8; 40; 50; 60 and 64.14% with filler 2,93; 5; 10;
15 and 17.071%. Bending testing used the ASTM D790 standard and data analysis used the
response surface method with Central Composite Design. The optimization results showed the
best conditions were in the fiber volume fraction of 52.79% and filler volume fraction of 9.73%
with a bending strength of 101.05 N/ mm? The mathematical model obtained from the
experiment is: y = 100.296 + 5.009 x1 —2.710 x, — 10.285 X% - 3,006 x2% - 1,415 x;*X,. Surface
response method is an efficient method used to determine the levels of free change that can
optimize response.
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1. Introduction

Composite material is a combination of more than one type of material and is designed to get the best
combination of characteristics from each constituent component. Composite materials have many
advantages, including lighter weight, higher strength and durability, corrosion resistance and wear
resistance. The concept of using local natural fiber materials as a Composite amplifier to be applied to
various products is a very noble thought [1] Composite materials have many advantages, including lighter
weight, higher strength and durability, corrosion resistance and wear resistance [2-4] The mechanical
properties of composite materials depend on the nature of the constituent materials.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd 1


http://creativecommons.org/licenses/by/3.0

International Conference on Mechanical Engineering Research and Application IOP Publishing
IOP Conf. Series: Materials Science and Engineering 494 (2019) 012010 doi:10.1088/1757-899X/494/1/012010

The main role in fiber-reinforced composites is to move stress between fibers, providing resistance to the
environment which is detrimental and preserves the fiber surface from mechanical and chemical effects
[5,6]. Selection of skin fibers from Coastal Cottonwood trees (Hibiscus tiliaceus) as reinforcement on
composites because Coastal Cottonwood leather fibers have a continuous fiber structure and strong natural
webbing but their utilization is still very limited and usually people use them as a binder to climb coconut
trees and livestock.

Fly ash is one of the residual materials from burning fuel, especially coal. Fly ash is not used and if stacked
in a place can bring unfavorable effects on environmental sustainability. Fly ash can be used as an
aluminum matrix composite amplifier. This can be proven by increasing mechanical properties (bending
strength, hardness and wear resistance) along with increasing levels (weight fraction) of fly ash up to 5%.
The mechanical properties of the aluminum matrix composite also increase with increasing sintering
temperature to 550°C [7].

Based on the description above, the idea arises to analyze the optimization of the bending strength of
polyester composites reinforced by Coastal Cottonwood bark fibers and fly ash filler with the aim to
produce optimum values using response surface method. Where the response surface method has several
advantages, namely minimizing observations using experimental designs [8] and optimizing using the
resulting response equation estimation, generating countur plot andsurface plot where these two plots can
explain the relationship between the interaction of factors and responses produced so that they can be
searched level of factors that provide optimum response [8,9].

2. Research method

2.1 Materials

The resin used is unsaturated polyester. The fiber used was Coastal Cottonwood bark fiber on a stem with a
diameter of S5cm. The filler used was fly ash with 200mesh sieve. There was no special treatment for filler. The
length of fiber used was 15cm. Specimen making was done by using Hand lay up.

2.2 Mold making
Mold making was made by using steel plates with a thickness of 6 mm mold with the size of the specimen
refers to the ASTM D790 bending test standard [10].

2.3 Experiment Design

The data obtained from the bending test results were then processed with a mathematical model using the
response surface method and added with Central Composite Design (CCD). Surface response method is a set of
mathematical and statistical techniques that are useful for analyzing and optimizing models [11], in this study
there are two independent variables that are considered as variables that affect the bending strength of polyester
composites, namely fiber volume fraction and filler volume fraction. The experimental design used was a two-
level factorial design. The data analysis used was with the help of Minitab16 software.

- Fiber Volume Fraction (x 1) =40 ( 1); 60 (+1)
- Filler Volume Fraction (x 2) =5 ( 1); 15 (+1)

Experimental levels in each independent variable were then encoded so that the low level corresponds to -1
and the high level corresponds to 1 to facilitate calculation. The CCD design in the experiment used 2

independent variables, so that the rotability value was + 1.41421 including the value used for coding.

Table 1. Level codes with level values
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3. Results and discussions

3.1 Regression

Level -1,41421 -1 0 1 1,41421
Code
X1 35,86 40 50 60 64,14
X2 2,93 5 10 15 17,071
Table 2. Experimental Design
Run Volume Volume Y
fraction of fraction of Bending
fiber (%) filler (%)

1 40 5 Y1

2 60 5 Y2

3 40 15 Y3

4 60 15 Y4

5 35,86 10 Y5

6 64,14 10 Y6

7 50 2,93 Y7

8 50 17,071 Y8

9 50 10 Y9

1 50 10 Y10

0

1 50 10 Y11

1

1 50 10 Y12

2

1 50 10 Y13

3

Table 3. Regression Analysis Result
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Response Surface Regression: Bending versus FV Fiber; FV Filler

Estimated Regression Coefficients for Bending
Term Coef  SECoef T P
Constant 100.296 1.600  62.682 0.000
FV Fiber 5,009 1.265 3.960 0.003
FV Filler -2.710 1.265  -2.142 0.069
FV Fiber*FV Fiber -10.285 1.357  -7.582 0,000
FV Filler*FV Filler -3.006 1.357  -2216 0,062
FV Fiber*FV Filler -1.415 1.789  -0.791 0455
S=3.57789 PRES =188.378

| R-50=91,85% R-5q(pred)=83,07% R-Sg(adj) =86,19%

From the data processing using the Minitab 16 software, the result showed in Table 3 shows 91.95% of the
response variations can be explained by this estimation. From this table we also get the estimated
parameters of the model. Based on the results of the analysis, the following models were obtained:

Bending strenghth= 100,296 +5,009 x; — 2,710 x2 — 10,285 x,? — 3,006 x2> — 1,415 x1*x2 (1)

3.2 Analysis of Variance (ANOVA)

Tabel 4. Output ANOVA Minitab 16
Analysis of Variance for Bending

Source DF SeqSS AdjSS AdjMS F P
Regression 5 1022,98 102298 204,596 15,98 0,001
Linear 2 259,44 259,44 129,718 10,13 0,009
FV Fiber 1 200,69 200,69 200,695 15,68 0,005
FV Filler 1 58,74 58,74 58,742 4,59 0,069
Square 2 755,53 755,53 377,767 29,51 0,000
FV Fiber *FV Fiber 1 692,70 735,94 735941 57,49 0,000
FV Filler*FV Filler 1 62,84 62,84 62,838 491 0,062
Interaction 1 8,01 8,01 8,009 0,63 0455
FV Fiber *FV Filler 1 8,01 8,01 8,009 0,63 0,455
Residual Error 7 89,61 89,61 12,801
Lack-of-Fit 3 8,72 8,72 2,905 0,14 0,929
Pure Error 4 80,89 80,89 20,223
Total 12 1112,59

From the data processing using the Minitab 16 software, the results shown in Table 4 are obtained from the
ANOVA output, it can be concluded that the right model for this case is the second order model (Square).
To examine the significance of the second-order model, we can see the p-value of Regression in the table.
The p-value = 0.001 was smaller than the significance level = 5%, this means that the independent
variables have a significant influence on the bending strength of the composite and make a meaningful
contribution to the model. The testing procedure that was also carried out is:

3.3 Test the suitability of the regression model (Lack of Fit)
Hypothesis:
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HO: There is no lack of fit

H1: There is a lack of fit

From the Lack of Fit test, the model obtained p-value = 0.929 or greater than the significance level of = 0.05,
there was no lack of fit, so it can be concluded that the regression model is suitable or appropriate [8,9]

3.4 Residual assumption test results

The residual assumption test is to check the adequacy of the model not only to pay attention to the lack of
fit, but also to do residual analysis.
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Figure 1. Residual Vs Fitted Value Graph
In Figure 1 it can be seen that the residual versus fitted value plot, the residuals are scattered randomly
around zero prices and do not form a specific pattern. This indicates that the assumption of identical
residuals is fulfilled (Gapsari, 2018).

3.5 Normality Test

Probability Plot of Bending

MNormal

£

Mean 2,12
SCev 9529
= ™ LY 1
KS 0436
%0 /-’/ Fvalue i, LaU
80 o
1 ~a
- £2 i
T 60 4
2 oo ~ -
E ]
3 4
2 -
~
1n //‘
e
(s s
70 80 S0 100 1lo 120
Bending

Figure 2. Normality Strenght Test

The assumption of residual normality was done by the Kolmogorov-Smirnov test.

The test results with a significance level of = 0.05 are shown in Figure 4.2.

Hypothesis:

HO: Residual regression model is normally distributed

H1: Residual regression models are not normally distributed

From the test results using the Kolmogorov Smirnov statistic value (KShitung) is 0.136, while the
Kolmogorov-Smirnov value from the table (KStabel) for = 0.05 and the observations number 13 is 0.361.
Because KShitung<KStabel, then HO is accepted. This means that the residuals from the model obtained
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have normal distribution

3.6 Composite Composition Optimization Using Respond Surface Method

With a mathematical model of the response surface has identified the optimum composition of the
composite to produce the best bending strength. Composite manufacturing with variance of contraction
weight (35.85%, 40%, 50%, 60% and 64.14%) and filler volume fractions (2.93%, 5%, 10%, 15%, and
17.071%) which can influence composite bending strength have been predicted using the response surface
method. Contour plot predictions for bending strength of polyester composites are reinforced by Coastal
Cottonwood bark fibers with fly ash filler as shown in Figures 3 and 4

Contour Plot of Bending vs FV Filler; FV Fiber
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Figure 3. Plot Optimization of Response Surface Method from the Strength of Bending vs. Fiber
Volume Fraction, Filler Volume Fraction

From Figure 3, it can be seen that the fiber volume fraction (35.86%, 40%, 50%, 60% and 64.14%) of the
filler volume fraction (2.93%, 5%, 10%, 15% and 17.071%) then from the plot of the response surface
method optimization from bending strength vs. fiber volume fraction, filler volume fraction, it can be seen
that the bending strength value > 100 fractions of fiber volume can be started from 50% to 60%. While the
bending strength value > 100, for the filler volume fraction will be obtained at the point with filler starting
from 2.93% continues to increase to a point of 15%.
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Surface Plot of Bending vs IV Filler; IV Fiber
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Figure 4.Surface Response Strenght Bending vs. Fiber Volume Fractions,
Filler Volume Fraction

From visual observations in Figures 3 and 4 it can be seen in the fiber volume fraction (40%, 50% and 60%)
and the filler volume fraction (5%, 10%, 15%) respectively that the optimal volume fraction variation on
bending strength was obtained at the fiber volume fraction is 50% while for the filler volume fraction variation
decreases from 15% volume fraction.From the research results on the effect of fiber volume fraction and filler
volume fraction, the largest bending strength was obtained at 50% fiber volume fraction where bending strength
increased with increasing fiber volume fraction level and filler volume fraction level but at 60% fiber volume
fraction decreased bending strength, this was due to the resin is not able to completely wet the fiber so that the
bond between resin and fiber becomes weak.
Finding the optimum point using the quadratic model that has been stated according to the data and coding
as the bending strength model obtained from regression testing as in equation 1. Value of the optimal
bending strength of the model that has been obtained
Bending strength = 100,296 + 5,009 x; - 2,710 x2 - 10,285 x;2 - 3,006 x2% - 1,415 x; * x»

= 100,296 + 5,009 (0,2793) -2,710 (-0,0535) -10,285 (0,2793)*-3,006 (-0,0535)>- 1,415

(0,2793* -0,0535)

= 101.05 N/mm?
While the results of bending testing with optimal point values which using a fiber volume fraction of
52.79% and a volume of filler volume of 9.37%. There is bending strength as in table 4.6.
From the results of optimal value testing based on the response surface method at 52.79% fiber volume
fraction and 9.37% volume filler fraction the bending strength is equal to 101.23 N/mm?. The results of
these optimal conditions are then tested to have a difference of 0.2%.

4. Conclusions

From the research results, testing and the test results discussion that have been carried out, therefore

conclusions can be drawn as follows:

1. From the data analyzed using Minitab 16 output the p-value> of (5%) means that all factors are
statistically significant. The model obtained from the experiment is:
y =100.296 +5,009 x; —2.710 x> — 10.285 x; — 3.006 x2 — 1.415 x1*x>

2. Based on the analysis results using the response surface method, the best conditions were found at
52.79% fiber volume fraction and 9.73% filler volume fraction with a bending strength of 100.05N /
mm?>.

3. By carrying out direct testing on the results of the optimal conditions of the response surface method
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and bending strength of 101.23 N/mm?. The optimal condition is a difference of 0.2%.
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