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Abstract: Taguchi method is one of a design of experimental (DOE), by using statistical approach to optimize the process
parameters and maintaining the minimum variability and also improve the quality of product. Based on data characterisation,
Nominal is Best in Taguchi methods is suitable application in this study. Its describe the procedures and steps that occur in DOE
to find an optimum quality parameter corresponding quality characterisation. Nominal is the best applied in milling process
of pulp on the hydrapulper with pulp freeness 650 Canadian Standard Freeness (CSF). The result is shown by orthogonal
array, Signal-to-Noise (S/N) Ratio and analysis of variances (ANOVA). Three factors cosidered in this study and namely the
composition of pulp (waste paper), pulp consistency and milling time. The experiment will conducted after determination of
each level and the appropriate orthogonal array was selected. After measuring of pulp freeness produced by the pulp milling
on the hydrapulper, then Signal-to-Noise (S/N) Ratio is calculated. As the conclussion, the factors and levels of optimum
freeness obtained, pulp composition in level 1 (100%), pulp consistency at level 2 (8%) and milling time factor in level 2
(45 minutes). The result of experimental verification was interpreted in the conclusion.

Key words: Taguchi, DOE, pulp, hydrapulper, Nominal is the Best, ANOVA.

customer satisfaction, as one of the fiber cement
company in Indonesia, PT. BBI is committed to

1. Introduction

In the globalization era, the competition among
the business is very tight. One is shown by the
development of materials input in industry. Its
indicated by arising on launching the new products
with variety of brands into the market, either
national and international. In such situation, the
main problem needs to be solve by businesses in
order to survive is by giving focused on satisfaction
to customers compared to the other factors.

There is no doubt that the main factor determining
of customer satisfaction is the quality of product or
services. Organizations or companies which meet
quality requirement of products and services will
be satisfying the customer needs. In fullfilness of

constantly improve their competitiveness and seize
in a larger market, thus increasing in the quality of
products and services as one of the determinants
factor of customer satisfaction.

As one of the flagship products of PT. BBI is a
corrugated fiber cement, which is produced in
Sheet Machine, Line I to IV. Which is one of main
content are milleing pulp in hydrapulper with
specific freeness of 650 Canadian Standard Freeness
(CSF). The freeness of the pulp mill on hydrapulper
currently very varietive, so that, it will have an impact
to overall quality of fiber cement for corrugating
roof. To improve the quality of the pulp production,
so then, its conducted Taguchi experimental design
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approach with characterisation of quality by nominal
is the best, in achieving the freeness of milled pulp
of 650 CSF.

The objectives in this study was to determine the
factors that influence the quality of the pulp slurry
freeness and examine of each level of optimal factor
for the improvement of the quality of the pulp milling
on the hydrapulper.

2. Taguchi Method

This study is used an experimental design approach
with the application of Taguchi method. Taguchi
method is one of a new method in the field of
engineering that objectives to improve the quality
of products and processes and the mean time will
costs and resources to a minimum (Taguchi, 1993;
Kawamura, 2010). The objective of Taguchi method
is to meet the product robust against noise, as it is
often referred as the Robust Design. Robust Design
method, also called the Taguchi Method, pioneered
by Dr. Genichi Taguchi, greatly improves engineering
productivity. By consciously considering the noise
factors (environmental variation during the product’s
usage, manufacturing variation, and component
deterioration) and the cost of failure in the field
the Robust Design method helps ensure customer
satisfaction. Robust Design focuses on improving
the fundamental function of the product or process,
thus facilitating flexible designs and concurrent
engineering. Indeed, it is the most powerful method
available to reduce product cost, improve quality,
and simultaneously reduce development interval.
As the definition of quality according to Taguchi is
loss received by the public since the product was
shipped. Taguchi’s philosophy of quality consists of
four concepts (Taguchi, 1993), as:

1. Quality should be designed into the product and
not just duing control by quality check.

2. The best quality is achieved by minimising the
deviation from the target.

3. Products must be designed to be robust against
environmental factors that could not be
controlled.

4. The cost of quality should be measured in a
function of a certain standard deviation, so that
the loss should be measured in the whole system.

Taguchi method characterise as off-line quality
control, which means as preventive quality control in
product design or production process before arriving
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at the shop floor level. Off-line quality control
is determined at the beginning of the life cycle of
product improvement at the beginning of the product
(to get right first time). Taguchi contribution to
quality are:

1. Loss Function: Represents the loss produced
by the people (producers and consumers) due
to the quality produced. For producers with
the cost of quality carried out by customers is
their dissatisfaction or frustration of products
purchased or used because of poor quality.

2. Orthogonal Array: Used to design an experiment
that efisisen and used to analyze experimental
data. Orthogonal array is used to determine the
minimum number of experiments that can give
as much information as possible all factors that
influence the parameter. The most important
part of the orthogonal array lies in the selection
level combination of input variables for each
experiment.

3. Robustness: Minimizing the sensitivity of the
system to the sources of variation.

2.1. Taguchi Design of Experiments

Taguchi experimental design is an assessment
simultaneously to two or more factors (parameters)
affecting the ability of the average or the variability
of the combined results of the features of the product
or process. Some of the steps proposed by Taguchi to
experiment systematically, namely:

Formulation of the problem

Experimental purposes

Determination of the dependent variable

Identify the factors (independent variables)
Separation of control factors and noise factors

o a6 oo

Specifies the number of levels and the level of
each factor

g. The calculation of degrees of freedom
h. Selection of an orthogonal matrix

i. Placement of the factors and the interaction space
into an orthogonal array

j. Implementation of the experiment according to
an orthogonal array

k. Analyzing the experimental data with ANOVA,
calculate the optimal quality prediction .

I. The implementation of the
experiment.

verification
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Table 2.1. Determination of Total Level and Level Value Factor.

Code Control Factors Unit Level 1 Level 2 Level 3
A Pulp composition (waste paper) % 100 90 80
B Pulp Consistency % 4 8 12
C Milling time minute 30 45 60
Table 2.2. Results of experiments with orthogonal array L, (3").
'g Factors dan Interaction Replication (CSF)
g 1 2 3 4 5 6 78 9 10 12 1| , X Total Mean
a3 A B AxB(1) AxB(2) C AxC(1) AxC2) e e e e e e
1 1 1 1 1 1 1 1 e e e e e e 640 630 640 1910 636.667
2 1 1 1 1 2 2 2 e e e e e e 610 620 630 1860 620.000
3 1 1 1 1 3 3 3 e e e e e e 620 610 620 1850 616.667
4 1 2 2 2 1 1 1 e e e e e e 660 670 660 1990 663.333
5 1 2 2 2 2 2 2 e e e e e e 660 650 650 1960 653.333
6 1 2 2 2 3 3 3 e e e e e e 610 630 620 1860 620.000
7 1 3 3 3 1 1 1 e e e e e e 690 680 690 2060 686.667
8 1 3 3 3 2 2 2 e e e e e e 660 660 670 1990 663.333
9 1 3 3 3 3 3 3 e e e e e e 630 650 640 1920 640.000
10 2 1 2 3 1 2 3 e e e e e e 670 690 670 2030 676.667
11 2 1 2 3 2 3 1 e e e e e e 650 650 670 1970 656.667
12 2 1 2 3 3 1 2 e e e e e e 640 630 630 1900 633.333
13 2 2 3 1 1 2 3 e e e e e e 680 670 670 2020 673.333
14 2 2 3 1 2 3 1 e e e e e e 660 650 680 1990 663.333
15 2 2 3 1 3 1 2 e e e e e e 640 620 630 1890 630.000
16 2 3 1 2 1 2 3 e e e e e e 690 690 710 2090 696.667
17 2 3 1 2 2 3 1 e e e e e e 680 670 660 2010 670.000
18 2 3 1 2 3 1 2 e e e e e e 640 650 640 1930 643.333
19 3 1 3 2 1 3 2 e e e e e e 680 670 680 2030 676.667
20 3 1 3 2 2 1 3 e e e e e e 660 660 660 1980 660.000
21 3 1 3 2 3 2 1 e e e e e e 640 630 630 1900 633.333
22 3 2 1 3 1 3 2 e e e e e e 680 680 700 2060 686.667
23 3 2 1 3 2 1 3 e e e e e e 660 660 670 1990 663.333
24 3 2 1 3 3 2 1 e e e e e e 630 640 630 1900 633.333
25 3 3 2 1 1 3 2 e e e e e e 710 700 690 2100 700.000
26 3 3 2 1 2 1 3 e e e e e e 680 680 670 2030 676.667
27 3 3 2 1 3 2 1 e e e e e e 650 670 670 1990 663.333
Average 656.914

3 Result Table 3.2. Factors Interaction Solutions A and B.
Interaction B, B, B
Based on Taguchi experimental and the result to the A, 624.444 645.556 663.333
orthogonal array, the data processed came out as A, 655.556 655.556 670.000
follows: A, 656.667 661.111 680.000
Table 3.1. Response Pulp Freeness Average of Factors Effect.
A B (AxB)1 (AxB)2 C (AxO)1 (AxC)2
Level 1 644.444 645.556 651.852 653.333 677.407 654.815 656.296
Level 2 660.370 654.074 660.370 657.407 658.519 657.037 656.296
Level 3 665.926 671.111 658.519 660.000 634.815 658.889 659.259
Variance 21.481 25.556 8.519 6.667 42.593 4.074 2.963
Rank 3 2 4 5 1 6 7
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To reach the intended target (nominal is the best),
the determination of the optimal factor level is the
result on the test that approach the pulp freeness on
650 CSF. So that, the optimal combination of factors
level are:

A1 = Waste paper 100%.
B2 = Pulp Consistency 8%.
C2 = Milling time for 45 minutes.

The percentage contribution from the Table 3.4 shows
that the factor C (milling time) was contributed to the
most of average freeness of the pulp, which 55.205%
followed by factor B (consistency) 20.084% and
factor A (waste paper) 14.561%.

To obtain the target of nominal is the best,
combination of optimal factor level achieved in the
average value of S/N ratio is the lowest level of each
factor, indicating the smaller of the value closer to
the target. The optimum level factors are:

A1 = Waste paper 100%.
B2 = Pulp Consistency 8%.
C2 = Milling time for 45 minutes.

3.1. Analysis of Varians (ANOVA) S/N
Ratio Pulp Freeness Average

The ANOVA for S/N Ration Pulp Freeness Average
is shown of Table 3.7 and Table 3.8:

Table 3.3. Analysis of Variance Combined Pulp Freeness Average.

Sources v SS MS F - Ratio F- Table
A 2 2,237.860 1,118.930 21.839 3.007
B 2 3,047.737 1,523.868 29.743 3.007
AxB(1) 4 361.317 90.329 1.763 3.007
AxB(2) Pooled (III)
C 2 8,198.354 4,099.177 80.008 3.007
AxC(1) Pooled (1I')
AxC(2) Pooled (1)
Error 16 819.753 51.235 - -
Total 26 14,665.021 - - -
Table 3.4. Percentage Constribution.
Sources v SS MS SS’ p(%)
A 2 2,237.860 1,118.930 2135.391 14.561
B 2 3,047.737 1,523.868 2945.267 20.084
AxB(1) 4 361.317 90.329 156.379 1.066
C 2 8,198.354 4,099.177 8095.885 55.205
Error 16 819.753 51.235 - -
Total 26 14,665.021 - - -
Table 3.5. Response S / N Ratio Pulp Freeness of Factors Effect.
A B (AxB)1 (AxB)2 C (AxC)1 (AxC)2
Level 1 25.986 26.238 27.232 28.289 29.343 24.717 25.741
Level 2 26.709 25.922 26.399 25.045 24.549 26.404 26.412
Level 3 26.971 27.506 26.033 26.332 25.774 28.544 27.728
Variance 0.985 1.584 1.199 3.244 4.794 3.827 1.987
Rank 7 5 6 3 1 2 4
Table 3.6. Factors Interaction Solutions.
Interaction B, B, B, Interaction C, C, C,
A 28.079 23.686 26.191 A 26.121 23.686 28.150
A, 26.013 27.287 26.826 A, 30.303 25.877 23.947
A 24.621 26.791 29.499 A 31.604 24.084 25.224
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Table 3.7. Analysis of Variance
Freeness.

of Taguchi Method to Improve Production of Pulp on Hydrapulper Milling

Combined S/NRatio Pulp 4 = Conclusions and Discussion

As the definition of pulp freeness on milling process

Sources v S5 MS S8 p(%0) is spread/decomposition of pulp fibers after the
B 2 12649 6325 -19.567 -4.217 milling process, the measuring standard of freeness
AxB(2) 4 48029 12.007 -16.405 -3.535 on industry are generalise in three types, such as;

Canadian Standard freeness (CSF), Schopper Riegler
C 2 111.667 55.834 79.450 17.121

(°SR) and Williams Slowness (s).

Table 3.8. Percent contribution of S/N Ratio Pulp Freeness.

Table 4.1. Interpretation of Measurement Results of Pulp

. Freeness Average.
Sources v SS MS  F-Ratio F-Table — —
A Pooled T Pulp freeness Average Prediction ~ Optimize
i Average (m) 643.210 643.210+4.380

B 2 12649 6325 0393 3.112 Taguchi sl ) . )

Experimental  §/N Variabil ty 22589  22.589+3.524
AXB()  PooledIl Verification  Average (m) 646210 646.21056.829
AxB(2) 4 48.029 12.007 0.745 3.112 Experimental g/N Vanablhty 15580  15.589+7.860
C 2 111.667 55.834 3.466 3.112
AxC(I) 4662 1655 1.027 3.112 As the result from Taguchi experimental, it shown
AxC(2) Pooled 11T that the freeness of pulp produced from hydrapulper
Emor 14 225518 16.108 i ) m1llm'g predlctlot} increasing the quality. Also, as .the

experimental verification data showed an increasing
Total 26 464.064 - - - in the quality of milling process significantly and

The percentage contribution from the Table 3.7

the freeness of the pulp milled on hydrapulper more
stable.

and 3.8, shows that the factor C (milling time)

contributed to the most of average freeness of the

4.1. Research limitations

pulp, which is 17.121% followed by interaction of

factors AXC (1) 0.381% and an average interaction

AXB (2) -3.535%.
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Figure 4.1. The Current Pulp Freeness Produced from Hydrapulper Milling.
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Figure 4.2. The Pulp Freeness Produced from Hydrapulper Milling On Experimental Verification
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measuring instruments will be determining the
accuracy on the result of study. Furthermore,
reference to relevant support, with the access to
reference study related will facilitate the next coming
research in the same field and differences method
and instruments. Number of limitations in the this
study, are:

1. The measurement scale on range was used a
multiply of 10. So that, the measuring results are
less accuracy on readings than compared to the
results of calculations verification on Taguchi
experimental.

2. The lack of references on this study. In this study
there was little impediment as a comparison.
Furthermore, the comparison was used cross
references study in the sense of the pulp.

The Taguchidesignexperimentalisconsideredintothe
factors that influence the quality characteristization,
without considering to the interference factors. Thus,
the experiment was focused on the implementation
of complexity and significant costs. As the engine
noise is not included in this study, the effect of
engine noise also can affect the accuracy and quality
of experimental results.

5. Conclusion and Discussion

5.1. Conclusion

1. The quality improvement of the pulp freeness
produced from hydrapulper milling was shown
by Taguchi experimental design implementation

References

with the character of nominal is the best (650
CSF). The obtained factors and the level of each
factors that influence the pulp freeness produced
from hydrapulper milling processing, as follows:

a. The composition of recycled paper (waste
paper) at the level 1 (100%).

b. Pulp consistency at level 2 (8%).

¢. Milling time at level 2 (45 minutes).

2. The use of recycled paper of cement bags (waste
paper) is decreased the production cost of the
fiber cement roofing. As the price of recycled
paper of cement bags are generally cheaper
than new paper that used as an imported, and at
the same time maintaining appropriate quality
standards.

5.2. Discussion

In addition to the conclusions, the recommendation
on more accurate and detail of experimental results
to quality improvement are as follows:

1. Carefully use a measuring tube with a scale size
and clearly, will avoid errors in reading, so it will
produce accurate information or data that used as
the experimental results.

2. The use of Taguchi experimental design can be
developed, such as in engineering tests to find the
best product quality in manufacturing line. And
also improved the quality of product for fiber
cement roofing and other products are affected
by several factors and levels.

Athreya, S., Venkatesh, Y.D. (2012). Application Of Taguchi Method For Optimization Of Process Parameters In Improving The Surface
Roughness Of Lathe Facing Operation. International Refereed Journal of Engineering and Science (IRJES). 1(3), 13-19.

Bellavendram, N. (1995). Quality by Design: Taguchi Techniques for Industrial Experimentation. Prentice Hall, London.
Cho, B. U., Ryu, J.Y., Song, B.K. (2008). Pilot Study on the Manufacture of Kraft Paper from OCC. Journal of Korea Technical Association of

The Pulp and Paper Industry, 40(5), 27-35.

Daoxing, Y., Hong, L. (2016). Fluidization Characteristics of Medium-High-Consistency Pulp Fiber Suspensions with an Impeller.
International Journal of Rotating Machinery Volume 2016. Hindawi Publishing Corporation. Article ID 3902723, 8 pages.

https://doi.org/10.1155/2016/3902723

Dobrzafiski, L.A. (2007). Application of Taguchi Method in The Optimisation of Filament Winding of Thermoplastic Composites. International
Scientific Journal, 28(3). Published monthly as the organ of the Committee of Materials Science of the Polish Academy of Sciences.

Fatoki, J.G., Omoniyi, T.E., Onilude, M.A. (2015). Design and Fabrication of a Hydrapulper for Disintegrating Disused Tetra Pack® Beverage
Cartons. European International Journal of Science and Technolog,4(6), 113-123.

Gharehkhani, S., Sadeghinezhad, E., Kazi, S.N., Yarmand, H., Badarudin, A., Safaei, M.R., Zubir, M.N.M. (2015). Basic Effects of Pulp
Refining on Fiber Properties - A Review. Carbohydrate polymers, 115, 785-803. https://doi.org/10.1016/j.carbpol.2014.08.047

Int. J. Prod. Manag. Eng. (2019) 7(2), 125-131

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International


https://doi.org/10.1155/2016/3902723
https://doi.org/10.1016/j.carbpol.2014.08.047
http://creativecommons.org/licenses/by-nc-nd/4.0/

An Analysis of Implementation of Taguchi Method to Improve Production of Pulp on Hydrapulper Milling

Hassan, K., Kumar, A., Garg, M.P. (2012). Experimental Investigation of Material Removal Rate in CNC Turning Using Taguchi Method.
International Journal of Engineering Research and Applications, 2(2), 1581-1590.

losip, A., Nicu, R., Ciolacu, F., Bobu, E. (2010). Influence of Recovered Paper Quality on Recycled Pulp Properties. Cellulose Chemistry &
Technology, 44(10), 513.

Juran, J.M., Godfrey, A.B. (1998). Juran’s Quality Handbook. 5" Edition. A Division of The McGraw-Hill Companies. USA.

Kamarudin, S., Zahid, A., Wan, K.S. (2004). The Use of taguchi Method In Determining The Optimum Plastic Injection Moulding Parameters
For The Production of A Consumer Product. Jurnal Mekanikal. Disember 2004, Bil.18, 98-110.

Kawamura, T. (2010). Performance Measures for Robust Design and Its Applications. 4th International Workshop on Reliable Engineering
Computing (REC 2010). ISBN: 978-981-08-5118-7. Published by Research Publishing Services.

Khalilitabas, A.A., Khorrami, M., Sobhani, J. (2009). Effects on Wood-pulp Fibers on The Mechanical Properties of Cement Composites. In
The 3rd International Conference on Concrete and Development.

Kumar, N.S., Simha, S.T.P. (2012). Experimental Investigation on Seismic Resistance of Recycle Concrete in Filled Steel Columns — Taguchi’s
Approach. 15 WCEE Lisboa.

Lajis, M.A., Radzi, H.C.D., Amin, A.K.M.N. (2009). The Implementation of Taguchi Method on EDM Process of Tungsten Carbide. European
Journal of Scientific Research, 26(4), 609-617.

Martin, N., Anglani, N., Einstein, D., Khrushch, M., Worrell, E., Price, LK. (2000). Opportunities to Improve Energy Efficiency and Reduce
Greenhouse Gas Emissions in the US Pulp and Paper Industry. Technical report. U.S. Department of Energy Office of Scientific and
Technical Information https://doi.org/10.2172/776606

Moretti, J.P., Mancini, S.D., Antunes, M.L.P.,, de Paiva, J.M.F. (2015). Recycling Scrap Automotive Heat Shield Insulation Material. Journal of
Material Cycles and Waste Management, 17(1), 33-41. https://doi.org/10.1007/s10163-013-0222-x

Nasir, M. (1999). Metode Penelitian. Ghala Indonesia: Jakarta.

Olutoye, M. A. (2005). Design of a Manually Operated Paper-Recycling Machine. Leonardo Electronic Journal of Practices and Technologies,
4(7), 49-54.

Onilude, M.A., Omoniyi, TE., Akinyemi, B.A. (2013). The Design and Fabrication of A Recycled Paper Egg Tray. Amer. Int. Jou. of Cont. Res.
Roy, R.K. (2010). A Primer on the Taguchi Method. 2™ Edition. Society of Manufacturing Engineers. Dearborn: Michigan. USA.

Selvaraj, D.P.,, Chandramohan, P. (2010). Optimization of Surface Roughness of AISI 304 Austenitic Stainless Steel in Dry Turning Operation
Using Taguchi Design Method. Journal of Engineering Science and Technology, 5(3), 293-301.

Siagian, D., Sugiarto (2006). Metode Statistika Untuk Bisnis dan Ekonomi. PT. Gramedia Pustaka Utama: Jakarta.
Sogjanto, I. (2009). Desain Eksperimen Dengan Metode Taguchi. Graha llmu: Yogyakarta.

Taguchi, G. (1993). Taguchi on Robust Technology Development: Bringing Quality Engineering Upstream. Okhen Associates. Tokyo. Japan.
ASME Press New York. https://doi.org/10.1115/1.2905506

Teixeira, D.E. (2012). Recycled Old Corrugated Container Fibers forWood-Fiber Cement Sheets. International Scholarly Research Network.
ISRN Forestry. Volume 2012, Article ID 923413, 8 pages. https://doi.org/10.5402/2012/923413

Verma, J., Agrawal, P, Bajpai, L. (2012). Turning Parameter Optimization for Surface Roughness of ASTM A242 Type-1 Alloys Steel by
Taguchi Method. International Journal of Advances in Engineering & Technology, 3(1), 255-261.

Worrell, E., Martin, N., Anglani, N., Einstein, D., Khrushch, M., Price, L. (2001). Opportunities to Improve Energy Efficiency in the US Pulp
and Paper Industry. Lawrence Berkeley National Laboratory, 1-56.

Yadav, U.K., Narang, D., Attri, PS. (2012). Experimental Investigation and Optimization of Machining Parameters for Surface Roughness in
CNC Turning by Taguchi Method. International Journal of Engineering Research and Applications, 2(4), 2060-2065.

http://www.ekodokeell.co.cc/2010/05/proses-pembuatan-pulp-dengan-proses.html (accessed on December 23, 2016).

http://fandikasbara.wordpress.com (Dzar, abu, (2009). Proses Pembuatan dan Pengolahan Limbah Industri Pulp, accessed on November
28" 2016).

http://www.google.com/2011/07/makalah-pulp-and-paper.html (accessed on November 26™, 2016).

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Int. J. Prod. Manag. Eng. (2019) 7(2), 125-131

131


https://doi.org/10.2172/776606
https://doi.org/10.1007/s10163-013-0222-x
https://doi.org/10.1115/1.2905506
https://doi.org/10.5402/2012/923413
http://www.ekodokcell.co.cc/2010/05/proses-pembuatan-pulp-dengan-proses.html
http://fandikasbara.wordpress.com
http://www.google.com/2011/07/makalah-pulp-and-paper.html
http://creativecommons.org/licenses/by-nc-nd/4.0/

