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3- Multi-channel precision power meter
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1- Drum chipper
2- Knife ring flaker
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Figure 1. Driyer chamber.
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Figure 2. Multi channel precision power meter device.
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Figure 3. Drum chipper.
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Table 1. Experimental design.

<58 ) Sl Sl i
Species Moisture (%) Thickness (cm) Cutting velocity (m/s)
(1) »ye Poplar 18 4 16
(1) 5o Poplar 18 4 20
(1) 5o Poplar 18 4 24
(1) 5o Poplar 18 8 16
(1) 5o Poplar 18 8 20
(1) »swe Poplar 18 8 24
(1) 5o Poplar 40 4 16
(1) »swe Poplar 40 4 20
(1) 5o Poplar 40 4 24
(1) 5o Poplar 40 8 16
(1) 5o Poplar 40 8 20
(1) »swe Poplar 40 8 24

1- Load power
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Continue Table 1.

<5 SIS BROVES gt L
Species Moisture (%) Thickness (cm) Cutting velocity (m/s)
(2) Lk Oak 18 4 16
(2) Lk Oak 18 4 20
(2) Lk Oak 18 4 24
(2) Lk Oak 18 8 16
(2) L Oak 18 8 20
(2) L5k Oak 18 8 24
(2) L Oak 40 4 16
(2) Lk Oak 40 4 20
(2) Lk Oak 40 4 24
(2) L5k Oak 40 8 16
(2) L5k Oak 40 8 20
(2) b, Oak 40 8 24
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Main Effects Plot for energy Drum chipper
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Figure 4. Graph of main effects on energy consumption in drum chipper.
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Table 2. Confidence level of main and interaction effects in drum chipper.

REBIECSE

Sl gl S5 5 53 b ae (55

X |
e Jelse Energy consumption in drum chipper
Variable parameters Degree of freedom
MS P value
el 1 2365.69 0.00”
Species
e 1 3.45 0.032"
Moisture
= 1 0.03 0.315™
Thickness
N 2 93.4 0.00"
Velocity cutting
el 2 3.9 0.023"
Species x Moisture
s alses - Z Hok
el 2 9.18 0.001
Species x Thickness
S S 2 547 0.001"
Species x Velocity cutting
Zales X o
et 2 20.55 0.00
Moisture x Thickness
S X s 2 0.83 0.829™
Moisture x Velocity cutting
S e s 2 8.95 0.02"
Thickness x Velocity cutting
S X g x 5 1 7.78 0.089™
Species x Moisture x Thickness
SR X b X 05 2 35 0.011"
Species x Moisture x Velocity cutting
S & - l:w 5 S *ok
S S RS e S 2 9.58 0.00
Species x Thickness x Velocity cutting
e 2 3.59 0.01
Moisture x Thickness x Velocity cutting
R 48 0.7
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Interaction Plot for energy Drum chipper
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Figure 5. Graph of interaction effects on energy consumption in drum chipper.
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Pareto Chart of the Standardized Effects
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Figure 6. Pareto graph for energy consumption in drum chipper.
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Table 3. The effect of variables on energy consumption.
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Abstract

Background and Objectives: Wood chipping is an important step in wood chipboard factories.
Producing high quality chips with effective dimension and size, not only guaranties high quality in
final product, but also reduce produce time in secondary machines and subsequently energy
consumption. The aim of this study was evaluation of effective parameters on energy consumption in
drum chipper which was done in Rosenheim University of applied sciences (Germany). In this regard,
the effect of wood species, cutting velocity, moisture content and wood dimensions were evaluated.
For precise investigation of energy consumption in each situation of experimental design, equal weight
of the trunk converted to chips. Also, chips thickness was also considered constant in all the tests.

Materials and Methods: In this study, Poplus termula and Quercus Robur were used. First,
samples through band saw blade ESTERER Model EB 1400 converted to lumbers with dimensions
4x8 cm and 8x8 cm. Then samples dried in chamber LAUBER TROCKNUNGSTECHNIK with
automatic system to reach 18 and 40 percent moisture content. Next samples based on experimental
design which were prepared with factorial design and equal weight of the trunk, feed to drum
chipper. By adjusting the axis rotation speed on drum chipper, the cutting velocity was managed at
3 levels of 16, 20 and 24 meters per second. The energy consumption during the process by Multi-
channel precision power meter was measured.

Results: After analyzing data, results showed that factors of species, moisture and cutting velocity had
significant effect on energy consumption in drum chipper at 95 percent confidence level. Main effect
plot showed that, Oak species compared to poplar, 40 percent moisture compared to 18 percent, 20 m/s
cutting velocity in comparison with 24 and 16 accounted for less energy consumption. The results of
analysis of variances showed that the main effect of thickness on energy consumption is not significant.
Also results showed that, cutting velocity had the most main effect and moisture content had the least
main effect on energy consumption at 95 percent confidence level.

Conclusion: The results of interaction plot showed that while thickness did not have significant
main effect on energy consumption, it was effective in reaction to other parameters. Oak with
40 percent moisture, 4 cm thickness and 20 m/s cutting velocity had the least energy consumption,
whereas poplar with 18 percent moisture, 8 cm thickness and 20 m/s had the least energy
consumption. This difference in energy consumption may be happened due to difference in texture
and visco-elastic properties of two species against cutting forces. Probably in poplar species,
increasing moisture content and decreasing thickness to 4 c¢m, increased wood deformation against
cutting force and this behavior results in more energy consumption during cutting.
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