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Design of Experiment for Evaluating The Optimal Condition in Drying
Process of Rubberwood
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Abstract

This research work aimed to evaluate the optimal condition in drying process of rubberwood that had been
applied in lumber trade of rubberwood. The design of experiment approach and result analysis by applying the
Minitab program of version 16 were applied in the present study. The study factors affecting on % moisture content
as standard required were temperature, time and open-close damping in drying process. In the present experiment,
the material was 2 inch-thickness rubberwood through a fumigation process. After applying experimental design of
completely general factorial model, It was found that the factors of temperature and time in drying, affected on the
wood moisture significantly statistic. After that, the optimal drying condition of rubber wood was evaluated by applying
Box-Behnken Design. The analytical result concluded that regression equation of drying condition of rubberwood
was % moisture content =343.640 —0.788A —42.464B + 1.339B” + 0.053AB which derived from analysis of reliable
datain 8- 12% limited moisture content range.
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General Linear Model: Humidity versus Temp, Time, Damper

Factor Type Lavels Values
Temp fixed 2 65, 70
Time fixed 3 4, 8, 12
Damper fixed 2 2,3

Analysis of Variance for Humidity, using Adjusted 55 for Teats

Source DF Seq 55 Adj S5 RAdj MS P
Temp 1 47.7 47.7 47.7 21.31 0.000
Time 2 13588.2 13588.2 679%4.1 3036.62 0.000
Damper 1 5.8 5.8 5.8 2.61 0.119
Temp*Time 2 12.7 12.7 6.4 2.84 0.078
Temp*Dampar 1 4.2 4.2 4.2 1.89 0.182
Time*Damper 2 1.4 1.4 0.7 0.30 0.740
Temp*Time*Damper 2 9.2 9.2 4.6 2.05 0.151
Error 24 53.7 53.7 2.2
Total 35 13722.9
S = 1.49579 R-5q = 99.61% R-5g{ad)) = 99.43%
Main Effects Plot for Humidity
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Response Surface Regr Humidity Temp, Time, Damper

The analysis was done using coded units.
Estimated Regression Coefficients for Humidity

Term Coef SE Coef I E
Constanc 16.1967 0. 72.113 0.000
Temp -0.7612 o -5.535 0.003
Time -13.2163 0. -96.090 0.000
Damper 0.2225 0. 1.618 0.167
Temp*Tamp 0.1352 0. 0.687 0.522
Time*Time 5.3692 0. 26.520 0.000
Damper*Damper 0.0217 0. 0.107 0.919
Temp*Time 0.5300 0. 2.725 0.042
Temp*Damper -0.0575 0.1 -0.296 0.779
Time*Damper -0.3825 0.1 -1.966 0.106

5 = 0.389022
R-5q = 95.35%

PRESS = 10.0161
R-Sq{pred) = 99.34% R-3g(adj) = 99.26%

Analysis of Variance for Humidity

Source DF Seq 55 Adj 55 QAdj MS F
Regression 9 1511.34 1511.34 167.93 1109.61 0.0
Linear 3 1402.39 1402.39 467.46 3088.85 0.0
Temp 1 4.64 4.64 4.64 30.63 0.0
Time 1 1397.35 1397.35 13597.35 9233.31 0.0
Damper 1 0.40 0.40 0.40 2.62 0.
Square 3 107.24 107.24 35.75 236.20 0.0
Tesp*Tamp 1 0.23 0.07 0.07 0.47 0.
Time+*Time 1 107.01 106.44 106.44 T03.34 0.(
Damper*Damper 1 0.00 0.00 0.00 0.0 0.
Interaction 3 1.72 1.72 0.57 3.79 0.
Temp*Time 1 1.12 1.12 1.12 7.42 0.0
Temp*Damper 1 0.01 0.01 0.01 0.09 0.7
Tims*Damper 1 0.59 0.59 0.59 3.87 0.
Residual Error - 0.76 0.76 0.15
Lack-of-Fit 3 0.60 0.60 0.20 2.65 0.288
Pure Error 2 0.15 0.15 o.oe
Total 14 1512.10
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Response Surface Regression: Humidity versus Temp, Time
The analysis was done using coded units.

Esctimated Regression Coefficients for Humidity

Term C SE Coef
Constant 16.
Temp =-0.7

2
Time -13.2
3

1o b

Time*Time 5.
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PRESS = 4.63684

R-5q = 99.88% R-Sq(pred) = 99.69% R-Sqg(adj) = 99.E83%
Fﬂalyais of Variance for Humidity
Sourc DF Seq S5 Adj S5 Adj MS F P
Regression 4 1510.28 1510.28 377.57
Linear 2 1401.99 1401.99 701.00
Temp 1 4. 4.684 4.64
Time 1 97. 7.35 1397.35
Square 1 7. 16 107.16
Time*Time 1 107.16 16 107.16
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Pure Error 8 1.24 0.21
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