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Fig.1. Schematic and prototype of wet cattle manure size reduction machine (1- Frame, 2- Thresher unit, 3- Anti-
thresher, 4- Spring and adjustment screw, 5- Chamber, 6- Bearing, 7. Electric motor)
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Table 1- Characteristics of selected spring

 Olasiv WSL 31 1)
Characteristics of spring Dimension
(095 Siws yow 93) Jled (sloails dlass 5
Number of Active Coils (Squared and Ground)
Bl Jg 10.2 mm
Free length
Ly Jsbo

80 mm
Solid length
P uci’l:ﬁ )]‘3 45 mm
Mean coil diameter
i dye 70 x 10° Pa
Shear modulus
Jside jla 6 mm

Wire diameter
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Fig.4. Hammer mill with power analyzer and special energy consumption measure
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Fig.5. Prototype of wet cattle manure size reduction machine
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Table 2- Geometric mean particle diameter and standard deviation at various types
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150 35 1.06 0.16
150 40 1.08 0.22
150 45 1.16 0.21
200 35 1.05 0.12
200 40 1.05 0.23
200 45 1.02 0.24
250 35 1.26 0.23
250 40 131 0.22
250 45 1.38 0.21
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Table 3- Analysis of variance of geometric mean particle diameter
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Source of variation df Sum of square
ly9d ce o Rotational of speed 2 0.353 690.827**
sk, slei=e Moisture of content 2 0.038 74.089%*
k) e x g s 4 0.004 3.499*
Moisture of contentx Rotational of speed
s Error 18 0.005

70 g 7N pdaw > Jessl (gl> gne Sy % g %
**and * show significant difference at 1% and 5% level of probability, respectively.
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Fig.7. Distribution of particle size and percent mass retained on sieve: A) Rotational speed 150 rpm, B) Rotational
speed 200 rpm, C) Rotational speed 250 rpm
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Table 4- Calculation of particle size distribution of cattle manure grinds obtained from size reduction machine using
three different rotational speed and three different moisture content (w.b%)

(%) gk y ggimo 93 S o Py — 9l oge3! N S S &
Moisture content  Rotational speed (rpm) Shapiroe Wilk Test” Skewness” Kurtosis® Observation
(w.b %)

35 150 W=0.835; P=0.151 -0.478 -2.99 P >0.05
35 200 W=0.874 ; P=0.283 -0.425 -2.75 P >0.05
35 250 W=0.877; P=0.297 -0.056 -2.15 P >0.05
40 150 W=0.87; P=0.267 -0.333 -2.64 P >0.05
40 200 W=0.903 ; P=0.426 -0.127 -2.68 P >0.05
40 250 W=0.911; P=0.474 0.076 -1.77 P >0.05
45 150 W =0.87; P=0.265 -0.439 -2.82 P >0.05
45 200 W=0.925; P=0.564 0.095 -1.72 P >0.05
45 250 W=0.924 ; P=0.559 0.196 -1.68 P >0.05

a: Shapiroe Wilk Test: Data is normally distributed if P > 0.05;Wis statistical value of the test; P is the probability value
used to accept or reject the hypothesis of whether the data is normally distributed or not.

b: Skewness: Skewness to the left (negative value); Skewness to the right (positive value).
c: Kurtosis: Peak is lower than expected for the normal (negative value); peak is higher than expected for the normal

distribution (positive value).
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1- Shapiro- wilk test
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Introduction

The annually production of cattle manure is estimated around six million tons in Iran. Manure transportation

with high moisture and low density recognized as crucial issue. The densification of dry or wet manure is the
profound method for decreasing the manure volume which reduces the cost of handling and storage. Besides, the
particle size is one of the important factors in the pellet production. Ball mills, vibratory mills, hammer mills,
knife mills, two roll mills, colloid mills, attrition mills, or extruders can be used for size reduction of biomass.
Specific energy consumption for size reduction of biomass highly depends on moisture content, bulk and particle
densities, feed rate of the material, particle size distribution (initial/final particle size) and machine variables.
The present study is conducted for wet cattle manure size reduction machine. Furthermore, the relationship
between moisture content (35, 40 and 45 %w.b) and drum of special size reduction machine in rotational speed
(150, 200 and 250 rpm) considering geometric mean diameter of particle and size distribution of wet cattle
manure were investigated. A factorial experiment under randomized complete design method was employed
with three replications.

Materials and Methods

The main parts of machine include drum, concave, spring and adjusting screw. The main function of this
thresher machine is to combine crushing and cutting in order to conduct the size reduction methods, i.e., to apply
compressive and shear forces to the cattle manure particles. The drum is also equipped with several rows of
sharp-edged milling segments. The spring constants were determined by evaluating the slope of the force vs.
deflection curves. The rotational speed of drum was changed in the range of 100-700 rpm during these
experiments. In the test of the machine physical properties of grinds such as geometric mean diameter of grind
particles and particle size distribution were determined. One kg of cattle manure was grinded in each test and the
particle size distribution of grinded cattle manure was determined according to ASAE standard S319.3. The
moisture content of cattle manure was obtained according to ASAE standard S358.3.

Results and Discussion

The initial and final particle size of the materials are 20 millimeters and less than 5 millimeters, respectively
and the angle of nip is 30 degrees (according to the installation space limitations), the diameter of the drum is
310 millimeters. The spring constant was equal to 24.371 N / mm and on the basis of the experiments a drum
speed in the range of 150-250 rpm is considered to be optimal settings for the milling for cattle manure
disintegration. The results of Table 4 show that for wet cattle manure with 35% (w.b) moisture content at 250
rpm rotational speed of drum (P > 0.05; Skewness = -0.056; Kurtosis = -2.15), 40% (w.b) moisture content at
250 rpm rotational speed of drum (P > 0.05; Skewness = 0.076; Kurtosis = -1.77), 45% (w.b) moisture content at
200 rpm rotational speed of drum (P > 0.05; Skewness = 0.095; Kurtosis = -1.72), in grinds that would
potentially produce better compacts. The geometric mean particle size and standard deviation for each test are
shown in Table 2. According to Table (2), the lowest geometric mean of particle size is related to rotational
speed of 200 rpm and a moisture content of 45% (w.b), and the highest at rotational speed of 250 rpm and a
moisture content of 45% (w.b) can be observed.

Conclusions
1- The use of cattle manure of thresher machine reduces the specific energy consumption of cattle manure by
92% compared to the conventional method (using drying and hammer mill) in the pellet production.
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2- The lowest geometric mean diameter of wet cattle manure was 1.02 millimeter for drum rotational speed of
200 rpm at 45% (w.b) moisture content and the highest was 1.38 at rotational speed of 250 rpm and a
moisture content of 45% (w.b%).

3-  The best particle size distribution was observed for milling of wet cattle manure with 35% (w.b) moisture
content at 250 rpm rotational speed of drum (P> 0.05; Skewness = -0.056; Kurtosis = -2.15), 40% (w.b)
moisture content at 250 rpm rotational speed of drum (P> 0.05; Skewness = 0.076; Kurtosis = -1.77), 45%
(w.b) moisture content at 200 rpm rotational speed of drum (P> 0.05; Skewness = 0.095; Kurtosis = -1.72)

Keywords: Geometric particle diameter, Particle size distribution, Wet cattle manure, Wet cattle manure size
reduction machine



