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Die Hole Parameters vs. Biomass Briquette Properties

Zhixin Gu, Xufeng Zhang, and Kaihong Xu*

Circular moulds, which have multiple holes, are key components of
biomass briquetting machines. The configuration parameters of the die
holes determine the strength and the service life of the circular moulds.
Special testing moulds were designed for this research, and the strain
values of the specific points were detected using strain-gauge
transducers. Then, the mechanical data of the points, including the
positive pressures and the friction and distribution values, were
calculated. Mechanical models were established to explore the stress
change of the die holes by altering the rheological properties of the
straw. In addition, the mechanical models provided the theoretical
principles for analyzing their influence on biomass solidification by
changing the forming pressure of the die holes during the biomass
briquetting process.
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INTRODUCTION

Circular mould briquetting machines are the most significant devices for biomass
briquetting. They can be widely applied in rural areas to produce biofuel without heating.
Circular moulds, which are the cores of biomass briquetting machines, have a row of
many die holes. In the process of biomass solidification, energy consumption and the cost
to produce biomass material increases; however, quality is poor because the circular
moulds are easily abraded, requiring regular replacement.

In recent years, much theoretical research on the circular moulds has been
conducted. Dong and Gao (2010) have simulated the pressing of straw into briquette fuel
using a molding process by ANSYS. By analyzing the variation of stresses of the internal
surfaces of the mold and the die holes, it was found that the concentrated stress on
circular mould’s angularity led to the damage of die holes. Sun et al. (2009) stated that
the main reason for the failure of the plunger-type equipment was an effect of the
relationship between stress and deformation. British scholars Faborode and O’Callaghan
(1989) concluded that the specific energy consumption decreased exponentially with
increasing diameter of the die holes during the biomass briquetting process. Mohsenin
and Zaske (1976) simulated the biomass briquetting process by using the Maxwell model,
and researched the instantaneous deformation of the straw. Scholars have provided a
theoretical basis and experimental data; however, there are still a number of key
technologies that restrict the development of biomass briquetting.

The theories of biomass density forming technology provide a certain analysis of
the forming process and forming equipment design, but there are still some limitations:
The depth of the theoretical research is not enough. Experimental conclusions cannot
directly guide the practice. There is no analysis about the distribution regularity of stress
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and strain in the damageable parts of die holes. The authors carried out experimentation
to deal with these deficiencies.

EXPERIMENTAL

Theoretical Analysis

Softening of the straw occurs because of the high temperature and pressure in the
mould during the briquetting process. Therefore, the length of the mould (dx) is regarded
as a pressure vessel. A simplified force model is shown in Figs.1 and 2.

Fig. 1. The force model
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Fig. 2. Model of die hole

According to the mechanical principle, the parameters in Figs. 1 and 2 can be calculated
using Eq. 1 through 4,
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where F is the extrusion pressure, S is the area of the material, N is the change of stress,
and f is the friction force, which changes in the axial direction. D and | respectively
represent the diameter and length of the die hole. In this paper, oy is the loop strain of the
mould, p is the pressure intensity, and t is the thickness of the mould, assuming that the
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distribution of toroidal strain. oy and ox are uniform in thickness along the mould wall.
The units of the listed variables F, N, f, oy, and ox are Newtons (N); the units for D, |, and
t are mm, the unit of p is Pa, and that of S is mm?. According to the balanced equilibrium
condition, the formulations were calculated using Eqgs. 5 through 7:
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Hooke’s law defines the relationship between toroidal strain (g9 and toroidal
stress (opand ox), which is represented in Eq. 8:

_0y_, O (8)

(9(? E E

Then o, and o, as represented in Eq. 7, are substituted into Eq. 8 to obtain Eq. 9:
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The extruding force is calculated based on the pressure, using Eq. 10:
F=[ dF = p2zrdL (10)
0 0
According to the torque formulae of motor Eq. 11:
P
T =9550— (11)
n

The theoretical value of extruding power is obtained during the process of briquetting, as
shown in Eq. 12,

p_ F #Rn
9550

(12)

where P is the extruding power (kW), E is the elastic modulus of the mould, s is the
friction coefficient, R is the radius of circular mould (m), and n is the working speed
(revolutions/min).

Materials

The experiment used mature corn stalks obtained from a farm near Harbin (capital
of Heilongjian province, China) as the biomass. The roots were removed and the
remaining corn was dried naturally. Then, a self-designed grinder was used to remove
any impurities and to homogenize the particle size (5 to 7 mm). Ground corn was dried in
a stoving chest (Yashilin, China) for 24 h at 105 °C, and set aside to cool to room
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temperature. The moisture content was 11%, 13%, and 15%. Table 1 shows the
characteristics of the corn stalk.

Table 1. Characteristics of the Corn Stalk

Density Heat value Lignin Hemicellulose Cellulose Ash
(g/cm®) (J/g) (%) (%) (%) (%)
1.0-1.2 16325 - 18595 12-18 45 - 50 25-35 8.0-13

The instruments used in this experiment included a dry and wet bulb thermometer
(SMART, China), Vernier caliper (Mitutoyo, Japan), straw stalk grinder, drying oven,
noise meter, balance, electronic scale, platform scale, electric meter, stopwatch, self-
designed forming die, strain gauge, DHS16-A infrared moisture meter (ShuangXu,
China), strain-gauge type transducer, and a self-designed CXJ1500 Vertical Briquetting
machine.

Methods

The strain-gauge transducers were used to measure the die holes for the different
structural parameters. By using mechanical transformation, the positive pressure, friction,
and distribution values were obtained during the process.

The die holes are cylinder and symmetrical. Therefore, the measuring points should
be arranged in a strain rosette. By reading the strain value of the different measurement
points one can determine the stress concentration area and the biggest stress points. Then
it is possible to analyze the change rules of the stress in the internal of die holes. Nine
types of experimental die holes were used experimentally, with a diameter of @30, ¢35,
and @40, and an aspect ratio of 4, 5, and 6, respectively. Each die hole was measured at
six points in axial direction, as shown in Fig. 3.
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Fig. 3. The strain-gauge positioning

Because the resistance changed only slightly, it was necessary to set up a strain
bridge and to magnify the resistance. Every measurement used a full-bridge, as shown in
Fig. 4.

Fig. 4. The full-bridge circuit
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The four main factors that affected the biomass briquetting process included the
heating treatment, moisture content, die hole diameter, and the aspect ratio. In this study,
experimental factors were examined in levels 1 through 3, as shown in Table 2.

Table 2. Factor Level

Experimental level

Experimental factor

1 2 3

Heating treatment A Untreated Tempering Quenching
Moisture content (%) B 11 13 15
Diameter (¢) C(mm) 30 35 40
Aspect ratio D 4 5 6

Untreated: the non-heat treated 45# steel;
Tempering: the 45# steel after integrated heat treatment of quenching and tempering;
Quenching: the 45# steel after quenching treatment.

The experimental methods used include:

1) The same diameter and aspect ratio, and different moisture content.

2) The same moisture content and aspect ratio, and different diameter.

3) The same diameter and moisture content, and different aspect ratio.
Each experiment was repeated 5 times using the same factors level materials, and the
average was reported in the results.

RESULTS AND DISCUSSION

The strain includes the normal strain (x,; ) and shear strain (y,; ). The
experimental results are shown in Table 3.

Table 3. Experimental Data

Strain (10°6)

A B C D Density Xi» Vg (1sks<9, 1<is5)
1 2 3 4 (glcmd)
Xy Yii

11 1 1 1 0715 70,73,77,72,67,63 -71,-72,-77,-76,-66,-63
2 1 2 2 2 0913 169,170,172,166,163,163 -168,-171,-167,-165,-163,-162
3 13 3 3 0821 163,165,168,163,160,157 -162,-166,-167,-162,-160,-157
4 2 1 2 3 0.738 100,103,107,105,96,93 -99,-102,-106,-105,-94,-92
5 2 2 3 1 0783 126,129,130,127,125,124 -127,-129,-131,-127,-125,-123
6 2 3 1 2 0811 137,140,141,130,123,121 -139,-140,-140,-130,-122,-121
7 3 1 3 2 0874 167,169,170,164,160,158 -168,-170,-169,-164,-158,-157
8 3 2 1 3 0.746 97,98,101,97,95,93 -96,-99,-102,-95,-93,-92
9 3 3 2 1 0.733 96,98,100,97,94,88 -96,-99,-100,-97,-93,-86
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The measurements for the experiment included the thickness (t= 3 mm), the
Poisson ratio (x#=0.269), and the elastic modulus (E = 2.08 x 10° MPa). Then, Eq. 9

was used to calculate the pressure at each point. Figure 5 shows the results for the
numerical treatments.
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Fig. 5. The pressure distribution for experiments 1 through 9

Then, the pressure distribution was analyzed by fitting a curve with the least
squares method. The curve for experiment 1, p=a+bL+cL*, was used to predict the

results of the other experiments, then establish equations, with the results obtained as
below:

6 6
$,=6,5,=>1,=42,5,=> 17=364,
i=1 i=1

6 6 6
S;=> 12=3528S,=> L =36400,T,=> p, =20.27,
i=1

i=1 i=1

6 6
T,=> Lp =139.16, T, = > Lip, =1028.42

i=1 i=1

6a+42b + 364c = 20.27
Bringing them into equations: < 42a + 364b + 3528c =139.16 (13)
364a +3528b + 364000c =1028.42

The results were obtained using the Polyfit function in MATLAB (MathWorks,
USA), where a= -6.5408, b= 3.7830, c= -0.273, and the resultant polynomial fitting was
p=-6.5408 + 3.783L- 0.273L2.

According to the data, the radius, r= 1.5 cm, and the length, L= 12 cm, were used
to determine the extruding force (Eg. 10) of Fi= 5.18 kN. According to search of the
references, R= 0.9 m, 4= 0.35, and n= 100r/min, then fed them into Eq. 12; therefore, the
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theoretical value of the extruding power was Pi1= 17.086 kW. Similarly, the pressure
values for the other eight experiments were used to calculate the extruding power.

According to the experimental data, the maximum strain value appeared at the
point where the feed chamber and the forming cavity meet. Therefore, during the
briquetting process, die holes bear a lot of asymmetric alternating stress, in addition to the
friction of the material, which produces bending stress and contact stress.

CONCLUSIONS

1. According to the data, the different structural parameters of the die holes led to
diverse mechanical properties, such as strain force. The strain force of different points
on the same hole decreased when increasing the depth of the die hole.

2. In the strain of six measurement points, the contact point of the chamber of feedstock,
and the molding of chamber had maximum strain, which illustrated that the strain
forces of the contact point were more concentrated, leading to contact fatigue and
damage to circular moulds.

3. The pressure of every test point was calculated using a theoretical derivation.
Confirming extruding forces and calculating theoretical values of the power of
extrusion are foundational for optimizing the circular mould machines.
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