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Abstract. The study aims to obtain regression equations relating to the parameters of the knife shredder, 

mechanical properties of birch debarking waste, fractional composition of shredded waste and energy 

consumption of the shredding process. The results base on active controlled experiment, implemented to the 

second-order Box-Benken plan with 6 experiments in the centre of the plan. Pilot plant uses Erdwich M600 / 1-

400 industrial waste shredder. The experimental material is obtained after debarking birch assortments on a 

rotary debarking machine. The target functions include: average size of the waste after shredding and specific 

energy consumption. The controllable factors include: moisture content of the raw material, average particle size 

of the waste before shredding, angle of sharpening of the shredder knives, frequency of rotation of the shredder 

working body, diameter of the shredder sieve. The study compiles second-order regression equations that relate 

the average particle size after shredding, shredding ratio, specific energy consumption, average fraction of the 

waste before shredding, angle of sharpening of the knives, rotation frequency and the diameter of the sieve holes. 

Models are adequate by Fisher criterion. The study of the obtained equations shows that the minimum energy 

consumption is achieved when the angle of sharpenin g of the knives is 30
o
 and the rotational speed of the 

working body is 32 rpm. At optimal parameters of the process, shredding 10–15 times, the energy consumption 

for shredding the waste of birch debarking averages 1.5–2.7 MJ per kilogram of raw material, depending on its 

moisture content. Promising areas for further research are in the field of studying the energy consumption of 

shredding debarking waste of coniferous species of wood - pine and spruce. 
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Introduction 

Timber industry enterprises produce large volumes of debarking waste. The industry faces the 

problem of the waste disposal [1-2]. Papers [3-7] show that debarking waste can be used as a material 

for briquetted biofuel production, but it is necessary to shred it to fraction of approximately 5 mm [8-

13]. Papers [14-17] provide results of experimental studies of the shredding processes of pine and 

spruce debarking waste, but they do not take into account the factors related to the operating 

parameters of the shredder-machine, which limits practical application of the results. Experimental 

factors include only the moisture content of the raw material and the shredding ratio [14-17]. 

Shredding of debarking waste of hardwood, as far as we know, is practically not investigated. 

The aim of the work is to obtain regression equations relating to the parameters of the knife 

shredder and physical properties of birch debarking waste with fractional composition of the shredding 

product, as well as with the energy consumption of the process. The experiments should consider the 

moisture content of the raw material, average size of the waste before shredding, angle of sharpening 

of the working member, frequency of rotation of the working member, diameter of the shredder sieve 

as controlled factors. 

Materials and methods 

The research methods include experiment planning, factorial experiment design, methods of 

statistical processing of experimental data. 

The experimental plan of the study bases on Erdwich M600 / 1-400 industrial waste shredder, a 

general view of the plant is shown in Figure 1, a photo of the shredder’s working member is shown in 

Figure 2. The plant was previously used for research [14-17], its detailed technical description is given 

in [14]. 

Target functions are the average particle size of the waste after shredding, shredding ratio and the 

specific energy consumption. Controllable factors include the moisture content of the raw material, 

average size of the waste before shredding, angle of sharpening of the working member, frequency of 

rotation of the working member, diameter of the shredder sieve. 
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Fig. 1. General view of experimental 

plant 

Fig. 2. Working member of experimental plant 

Table 1 presents spectrum of the factor variation. 

Table 1 

Spectrum of variation of controlled experimental factors 

Value at level Experimental 

factor -1 0 + 1 
Interval 

Moisture content of 

the raw material, % 
10 40 70 30 

Average size of the 

waste before 

shredding, mm 

30 50 70 20 

Angle of sharpening 

of the working 

member, 
o
 

30 45 60 15 

Frequency of 

rotation of the 

working member, 

rpm 

20 35 50 15 

Diameter of the 

shredder sieve, mm 
10 20 30 10 

The experimental material was obtained after debarking birch assortments on a rotary debarking 

machine. 

Specific energy consumption of shredding was determined as the ratio of the work of shredding a 

sample of experimental material to its mass [13-16] of 5 kg. The shredding work was recorded using 

an electronic sensor built into the control panel of the shredder [13-16]. Shredding ratio is the ratio of 

the average size of the waste before and after shredding [13-16]. 

The experiment was with the second-order Box-Benkin plan with 6 experiments in the centre of 

the plan; the total number of experiments was 46. 

Results and discussion 

Processing the experimental data led to the following regression model for the average fraction of 

the waste after shredding: 

 
22 76.652281643686.13161

1821010310178003463272200

nnddnD

dnDf

−++−−−

−++−−=

αααα

α
 (1) 

where f – average particle size of the waste after shredding, mm; 

 D – average size of the waste before shredding, mm; 

 α – angle of sharpening of the working member, 
o
; 
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n – frequency of rotation of the working member, rpm; 

d – diameter of the shredder sieve, mm. 

Regression model for the shredding ratio is as follows: 

 
22 4.21635.712.1501.13412.42

53.7224.328175623460753778

dnnddn

DdDndnDi

+++−−

−−−−−+=

αα

α
 (2) 

where i – shredding ratio. 

Regression model for specific energy consumption of shredding birch debarking waste is the 

following: 

 
2222 08.1808.30856.6201.1

716.5081.41349236357160

dnW

DWdnQ

+++

++−−−=

α

αα
 (3) 

where W – moisture content of the raw material, %. 

In addition, the experimental data allow to establish two more regression models for the specific 

energy consumption: 

 
222 49.258.3693.2011.4287.2482.841.44

715.13920352928612627291

fndfnffd
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+−+−−+=
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α
 (4) 

 
222 4.11454.11155.457.2756.1650552.611 inniWiinQ −++−−+−= α  (5) 

Table 2 presents the calculated data that allow verifying the adequacy of the regression models. 

Table 2 

Verifying adequacy of the regression models (1) – (3) 

Model 
Statistics 

Eq. (1) Eq. (2) Eq. (3) Eq. (4) Eq. (5) 

F-test 0.9097 1.3857 0.6572 0.4846 1.0969 

F 1.4873 1.4873 1.4758 1.5067 1.4653 

R
2
 0.9743 0.9592 0.9738 0.9833 0.954 

In all cases the calculated value of the Fisher criterion is less than the critical F-value, thus, the 

hypotheses about adequacy of regression equations (1) to (5) are accepted with a significance level 

α = 0.05. 

An example of the calculation of the specific energy consumption with the optimal shredder 

parameters is presented in Figure 3. 

 

Fig. 3. Example of calculation of specific energy consumption of shredding  

at optimal shredder parameters 
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Conclusions 

1. Equations (1) to (3) allow us to calculate the average fraction of shredded birch debarking waste, 

the ratio of shredding and specific energy consumption, taking into account the moisture content 

and particle size before shredding, as well as the parameters of the shredder (angle of sharpening 

of knives and frequency of rotation of the machine working member, diameter of openings in the 

sieve). 

2. Using equations (4), (5), calculation of the specific energy content of shredding is carried out, 

depending on the desired shredding ratio and average fraction of the waste, regarding the waste 

and machine parameters. Study of equations (4), (5) shows that the minimum energy consumption 

is achieved, when the angle of sharpening of the knives is 30º and the rotational speed of the 

working member is 32 rpm. 

3. The results of the experiments and calculations using the obtained regression dependencies show 

that the factors related to the knife shredder have a statistically significant effect on the energy 

intensity of the shredding process. At optimal parameters of the plant, shredding ration 10 to 15 

times requires 1.5-2.7 MJ of energy per kilogram of raw material. Wet waste is shredded 

relatively easily. In the future we are planning experiments to study the energy intensity of 

shredding of debarking waste of coniferous species of wood - pine and spruce. 
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