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Abstract - Biomass densification machines can compress crushed crop straw and other agricultural
residues into biomass densified fuels with a specific shape and density under certain external force,
temperature, and humidity conditions. Existing biomass densification machines primarily produce
solid biomass fuels in the form of rods, blocks, and pellets. In order to improve the moulding
efficiency of biomass briquette machines and increase the effective contact area between biomass
fuel and oxygen during combustion, a bidirectional screw extrusion biomass honeycomb briquette
machine is designed. The briquette machine consists of two main components, the screw extrusion
device and the moulding device. The screw extrusion device facilitates continuous material
transport via a screw, while the moulding device compresses the crushed biomass material into a
honeycomb shape within the moulding sleeve through a crank-slider mechanism. Additionally,
since the densification machine compresses the biomass material from two directions, it enhances
the production efficiency of biomass densified fuels. The design of this briquette machine is of

significance for promoting the widespread use of biomass densified fuels.
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1. Introduction

Biomass densification technology refers to the
technology of compressing crushed crop straw and
other agricultural residues into biomass densified
fuels with a specific shape and density under certain
external force, temperature, and humidity conditions
[1-5]. Biomass densified fuels have some advantages
such as easy storage and transportation, high
calorific value, and no pollution [6-7].

Francis Inegbediona et al. designed a screw
extrusion forming machine, while Xiang Yu et al.
developed a biochar extrusion forming machine.
Both types of machines are primarily used to
produce rod-shaped biomass densified fuels (as
shown in Figure 1(a)) [8-9]. Wang Weiwei et al.
designed a bionic vertical ring die biomass pellet
machine based on a honeycomb structure, and Di
Mingli et al. developed the LH-600 biomass pellet
forming machine. These two types of machines are
designed for producing biomass pellets (as shown in
Figure 1(b)) [10-11]. Wu Gaofeng et al. optimized the
forming cylinder of a hydraulic piston press forming
machine, while Cai Hongzhen et al. designed a
vertical plunger press biomass forming machine.

Piston press forming machines produce block-
shaped biomass densified fuels (as shown in Figure
1(c)) [12-13]. These three types of forming machines
produce solid biomass densified fuels, which reduce
the effective contact area between the biomass fuel
and oxygen, leading to a slower combustion rate and
lower calorific value. Additionally, most forming
machines adopt a unidirectional feeding mechanism
for biomass materials, which decreases the forming
efficiency of biomass densified fuels.
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(a) Rod-shaped (b) Pellets  (c) Block-shaped
Figure 1: Solid biomass densified fuels

To address these issues, a bidirectional screw
extrusion biomass honeycomb briquette machine
has been proposed [14-16]. The slider of the
extrusion moulding part of this machine is uniformly
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distributed with punching pins, which, in
combination with the screw extrusion device,
compresses the biomass material into a honeycomb
shape within the moulding sleeve. This design
increases the effective contact area between the
biomass fuel and oxygen, thus improving the
combustion rate of the biomass densified fuels.
Furthermore, since this machine compresses and
moulds the biomass material from two directions, it
increases the production rate of biomass densified
fuels.

2. Performance Comparison of Common
Biomass Solidification Forming
Equipment

Before the processing of biomass material, the screw
extrusion forming machine needs to be heated and
preheated, thus increasing the power consumption
for producing each ton of biomass fuels in the
extrusion forming process. Therefore, this type of
equipment has the problem of high energy
consumption. In addition, the output of this type of
equipment is not high, which cannot meet the needs
of actual production. At the same time, the main
working component of the screw extrusion forming
machine is the screw, and its service life shall not
exceed 500 hours at most.

As the piston punch forming machine only
extrudes the biomass material in the forming hole,
its extrusion energy consumption is about effective
energy consumption, so it has the advantage of
relatively low energy consumption. However,
because it can only realize the extrusion forming of
biomass material once a time, it has the problem of
low productivity. At the same time, the forming
cavity of the piston punch forming machine is easy to
wear, and it is generally repaired once every 100h,
but some biomass material with less SiOz can last for
300h.

Compared with the first two types of forming
machines, the die roll forming machine is evenly
distributed with many forming holes on the inner or
outer surface of the ring die. The roller can extrude
the biomass material in multiple forming holes at the
same time, so the productivity is greatly improved.
However, the traditional die roll forming machine
uses the outer curved surface of the ring die and the
roller to extrude, therefore, the biomass material at
the unopened position of the ring die are also
squeezed unnecessarily, which results in additional
energy loss and increases the energy consumption of
the die roll forming machine.

In summary, the characteristics of various types
of biomass solidification forming equipment can be
summarized as shown in Table 1 [17-19].

Table 1. Comparisons of three kinds of biomass curing

equipment

. . .. |Ener .
Equipment Productivity Consi}rlnption Abrasion
Screw
extru'smn Low High Severe
forming
machine
Piston punch
forming Low Low Severe
machine
Die roll
forming High High Severe
machine

3. Structure and Working Principle
3.1 Structure

The bidirectional screw extrusion biomass
honeycomb briquette machine mainly consists of
two major parts: the screw extrusion section and the
extrusion moulding section. The screw extrusion
section includes a unidirectional motor, couplings, a
reducer, a feeding device, and a moulding sleeve,
among other components. The extrusion moulding
section mainly includes a bidirectional motor,
couplings, a reducer, and a crank-slider mechanism,
as shown in Figure 2.

2 3 4 2 11 2 4 3 2 1

5006 7 8 9 10 6
1. Unidirectional motor; 2. Reducer; 3. Feeding
device; 4. Moulding sleeve; 5. Bolt; 6. Coupling; 7.
Base; 8. Connecting rod; 9. Crank; 10. Slider; 11.
Bidirectional motor
Figure 2: Bidirectional screw extrusion biomass
honeycomb briquette machine

3.2 Working Principle

During operation, the crushed biomass material
enters the machine body from the feeding devices on
both sides under the action of gravity. Each side of
the briquette machine is driven by a unidirectional
motor to transport the biomass material into the
moulding sleeve via a screw. At this point, the
biomass material is continuously pushed and
compressed within the moulding sleeve by the
screw.
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Meanwhile, the bidirectional motor drives the slider
to the opposite end inside the moulding sleeve. The
slider briefly stays within the extrusion sleeve,
where it works in conjunction with the screw
extrusion device to compress the biomass material.
Since the slider is uniformly equipped with punching
pins, the biomass material is compressed into a
honeycomb shape. After the extrusion moulding is
complete, the slider exits the moulding sleeve, and
the moulded honeycomb-shaped biomass densified
fuels is pushed out of the moulding sleeve. The
process then proceeds to the next cycle.

4. Design of Screw Extrusion Device
4.1 Structure and Working Principle of the
Screw Extrusion Device

The screw extrusion device is an indispensable
component of the bidirectional screw extrusion
biomass honeycomb briquette machine. It mainly
consists of a unidirectional motor, reducer, coupling,
extrusion screw, extrusion sleeve, and other
components, as shown in Figure 3. During the
biomass honeycomb briquette moulding process, the
screw extrusion device primarily serves the
functions of conveying and compressing the
material. Additionally, the screw extrusion method
offers advantages such as smooth transport and
continuous material feeding.

1. Moulding sleeve; 2. Feed inlet; 3. Bolt; 4. Coupling;
5. Reducer; 6. Motor; 7. Screw
Figure 3: Screw extrusion device

The output end of the motor on the right side of
the screw extrusion device is connected to the
reducer via a coupling, and the output end of the
reducer is connected to the screw via another
coupling. When the right-side motor is powered on,
it drives the reducer to operate. Once the speed of
the reducer reaches a certain requirement, it drives
the screw to rotate. As the crushed biomass material
enters the machine body through the feed inlet, it is
pushed into the moulding sleeve by the continuously
rotating screw. As the amount of material in the
moulding sleeve increases, the pushing action of the
screw is simultaneously converted into a
compressive force, causing the material to be
compressed and moulded inside the moulding
sleeve.

4.2 Selection of Motor and Reducer

Given that the required total output of the
briquette machine is Q=200 kg/h(i.e, the
unidirectional output Qi1=100 kg/h), and the specific
power consumption is S=40 kg/kW-h, the required
power for the briquette machine is calculated as
follows:

_

P, S

(1)
After calculation, P1=2.5kW, so the motor model
is selected as Y132S-6, with a rated power of
P1=3kW, a speed of n1=960r/min, and an efficiency
ofn=83% [20].
The chosen reducer model is BWD10-17-0.5-B3.

4.3 Design of the Extrusion Device

The main structure of the extrusion device
consists of two parts. The first part is the extrusion
screw, and the second part is the extrusion sleeve.
The extrusion of the biomass is achieved through the
cooperation of these two components, as shown in

Figure 4.
2 1
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1. Extrusion screw; 2. Extrusion sleeve
Figure 4: Screw and sleeve

(1) Design of the Extrusion Screw

1) Determination of the screw diameter Ds.

The selection of the screw diameter is related to
the rotational speed. In actual production, after the
screw speed is determined, the diameter of the
extrusion screw on one side can be derived from
Equation (2):

Q =2BDin )

Where, Q is the production capacity in kg/h; Ds is
the screw diameter in mm; n is the screw rotational
speed in r/min; B is the discharge coefficient,
typically ranging from 0.000003 to 0.000007.

Due to the lignin in the material, which gives it a
certain viscosity and makes it prone to adhering to
the screw, a smaller value for (3 is chosen. Therefore,
3=0.000003, and the screw diameter Ds is calculated
to be 82.2 mm. Given that the screw series diameters
are 30, 45, 65, 90, 120, 135, 150, 160, 200 mm, the
selected extrusion screw diameter is Ds=90 mm [21].

2) Determination of the Length-to-Diameter Ratio
L/DS

In daily production, the length-to-diameter ratio
of the extrusion screw is generally fixed. This means
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that once the screw diameter is determined, the
length can be adjusted to achieve the desired length-
to-diameter ratio, making the screw longer. When
the screw reaches a certain length, the material stays
inside the moulding sleeve for a longer period,
making it easier to compress and mould. However, if
the length-to-diameter ratio is too large, it becomes
inconvenient for screw installation, and more energy
is consumed during machine start-up. The
determination of the length-to-diameter ratio L/Ds is
based on both the intrinsic factors of the production
process and external environmental factors. The
chosen length-to-diameter ratio is S=4, with the
extrusion screw length L=360 mm.

3) Determination of Other Screw Parameters

The width of the screw thread e is generally
taken as e=(0.08-0.12)Ds. If the screw thread width
e is too small, the strength of the screw will be
insufficient. On the other hand, if the thread width is
too large, the capacity will be reduced. Therefore,
various factors must be considered to determine the
screw thread width. The chosen width is e=10 mm.

4) Strength Verification of the Extrusion Screw

(D Taking the right extrusion screw as an
example, the material pressure acting on the screw
during extrusion can be approximated as the
pressure applied at the left end of the screw. The
resulting shrinkage stress is denoted as oc. The force
F can be calculated using the following formula:

w
F = (1.125 — 1.25) x Z@"‘P (3)

Where, F is the material extrusion pressure in N;
¢ is the diameter of the honeycomb briquette in mm;
P is the pressure exerted on the screw in MPa.

According to relevant data, the required pressure
ranges from 1 MPa to 6 MPa. To facilitate the
moulding of honeycomb briquettes, the pressure p is
chosen to be 6 MPa, with a coefficient of 1.25, and
¢=100mm. The required moulding force can be
calculated that F=5.89x104 N.

The shrinkage stress oc can be calculated from
Equation (4):

F

Oc =7, 3 4
o )
Where, F is the material extrusion stress in N; do
is the root diameter of the screw in mm. By
calculation, the compressive stress oc generated by

the material pressure P is 9.56 MPa.
@ During the extrusion process, the shear stress
exerted on the screw can be calculated using the

following formula:

T 955x10°Lxq
T = — =

T
W 16Ds° (1—C®

(5)

Where, t is the shear stress in MPa; T is the
torque from the motor in N-mm; Ws is the screw's

torsional section modulus in mm?; n is the screw
rotational speed in r/min; mn is the extrusion
transmission efficiency.

Ds is the outer diameter of the extrusion screw in
mm; C is determined by do/Ds. By calculation, the
shear stress t generated by the torque T is 4.4 MPa.

(® During operation, the material will fill the gap
between the extrusion screw and the sleeve.
Therefore, the bending stress caused by the screw's
weight can be neglected in the calculations.

@ The resultant stress or of the extrusion screw

is given by:
Op=+/ 02 + 41 (6)

Where, o is the resultant stress in MPa; oc is the
compressive stress in MPa; t is the torsional shear
stress in MPa.

The resultant stress o is calculated as 14.52 MPa,
which is less than the allowable stress [6]=25 MPa,
thus meeting the required specifications. Here, [o]
refers to the allowable stress for the extrusion screw.

(2) Design of the Extrusion Sleeve

The extrusion system is a crucial component of
the briquette machine, and the extrusion system
consists of two parts: the screw and the moulding
sleeve. Through the cooperation of these two parts,
the entire moulding process is completed, including
material transport, extrusion, and moulding.
Therefore, the design of the extrusion sleeve body
directly determines the quality of the moulded
product and is a critical component of the extrusion
system.

The extrusion screw and extrusion sleeve must
work in close coordination. The gap precision
between the screw and the sleeve is extremely
important, as it significantly affects the moulding
process. A larger gap 8§ makes it easier for the screw
and sleeve to mesh, but the material may stay in the
sleeve for too long, which negatively impacts the
moulding efficiency. On the other hand, a smaller gap
6 increases the difficulty of installation and
production, and it also leads to higher energy
consumption during operation. Based on experience,
a gap of 6=10mm is chosen. The sleeve wall
thickness is set at 10 mm, giving the sleeve an outer
diameter D=130 mm, an inner diameter d=110 mm,
and a length L=460 mm.

5. Design of the Moulding Device
5.1 Structure and Working Principle of the
Moulding Device

The moulding device is an important component
of the bidirectional screw extrusion biomass
honeycomb briquette machine. It is driven by a
bidirectional motor, which moves the crankshaft to
achieve the reciprocating motion of the sliders on
both sides. The main function of the moulding device
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is to compress the biomass material and mould it
into a honeycomb shape with five 20 mm holes. The
biomass briquettes with holes can burn more
efficiently, allowing for complete combustion.

As shown in Figure 5, the moulding device is
driven by a bidirectional motor, which is connected
to the reducers on both sides via couplings. The
output of the reducers is then connected to the
crank-slider mechanism. During operation, the
motor drives the reducers, which in turn drive the
crank-slider mechanism. When the slider moves into
the extrusion sleeve, it briefly stays inside the sleeve
while the screw continues to push the material
toward the slider, completing the extrusion
moulding of the biomass. During this process, the
slider needs to work in coordination with the screw
extrusion device to achieve the compression and
moulding of the material.

1 2 3 5 4

1. Bidirectional motor; 2. Coupling; 3. Reducer;
4. Track; 5. Slider; 6. Connecting rod; 7. Crank; 8. Bolt
Figure 5: Moulding device

5.2 Scheme Selection and Analysis

Analysing Figure 6, although Scheme (a) has
many components, it is not conducive to production
as it may get stuck. Scheme (c) has a cam mechanism
that can move back and forth, but achieves vertical
motion. Scheme (b) is the most suitable choice, with
a very simple structure, stable performance, and
minimal energy loss, so scheme (b) is chosen.

—

/
{

(a) Guide rod-slider mechanism

Lot

—

(b) Crank-slider mechanism

EIIN

(c) Cam mechanism
Figure 6: 3 punching mechanism schemes

5.3 Data Calculation of the Moulding
Mechanism

As shown in Figure 7, the design adopts a
concentric crank-slider mechanism [22-24]. In this
mechanism, the hinge centres of the crank and slider
on the crank-slider mechanism lie on the same
horizontal line, meaning that there is no “dead-
centre” characteristic.

Figure 7: Crank-slider mechanism

The lengths of the crank and connecting rod are
as follows:

AB (A1B1. A2B2) =125mm

BC (B1C1. B2C2) =175mm

As shown in Figure 5, the two extreme positions
of the crank are Bl and B2. The corresponding
extreme positions of the slider define the slider's
stroke. To determine this, first draw a horizontal
extension line through point A. Then, using point A
as the centre, draw a circle with radius AB, creating
the first circle. Select an arbitrary point on this circle,
labelled as point B. Next, using point B as the centre,
draw a second circle with radius BC. This second
circle intersects the horizontal extension line from
point A at a point labelled as C. The position of point
C is the midpoint of the slider's hinge.

Determination of the Extreme Positions of the
Slider (C1, C2):

Since the crank-slider mechanism is concentric,
the trajectories of the crank, the extreme positions of
the slider, and the extreme positions of the two
cranks (B1, B2) all lie on the horizontal extension
line through point A. The circle with radius AB,
drawn previously, intersects the horizontal
extension line through point A at two points, B1 and
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B2. Then, using the length of BC as the standard
extension line B1A, the point C1, found through this
method, is one extreme position of the slider.
Similarly, for B2, the length of BC is used as the
standard extension line, and the point C2 is found.
The measured length of C1C2 is the stroke of the
slider. The measured value is C1C2=250 mm.

The positions of B1, C1, B2, and C2 define the
slider stroke, as shown in Figure 7.

Since the production rate is 200 kg/h, the
unidirectional production rate is 100 kg/h. The
slider moves reciprocally, and during each stroke, it
can only compress one briquette. Using the formula
m=p-v, where the biomass moulding density is
between 1.0 g/cm® and 1.4 g/cm® and the
honeycomb briquette has five 20 mm diameter
holes, the total diameter is $=100 mm and the height
h=100 mm, the volume of the honeycomb briquette
can be calculated as v=775cm3. Given the
unidirectional production rate of 100 kg/h and the
mass of one honeycomb briquette being 775 g, it is
known that the slider needs to move back and forth
129 times per hour for one side. The crank speed is
n=129r/h (n=2.15r/min).

5.4 Selection of the Motor and Reducer for
the Moulding Mechanism

The unidirectional crank speed is 129 r/h, so the
selected bidirectional motor model is YB3-80M2-2,
with a rated power of P=6kW/h, speed
n=1500 r/min, and efficiency n=83%.

The selected cycloidal needle wheel reducer
model is BWD5/BLD5-7.5.

6. Conclusions

A bidirectional screw extrusion biomass honeycomb
briquette moulding machine has been designed. This
machine can compress the crushed biomass material
into a honeycomb briquette shape, increasing the
effective contact area between the biomass densified
fuel and oxygen. Additionally, the moulding machine
uses a bidirectional motor to drive the extrusion
moulding devices on both sides, effectively
improving the production rate of biomass densified
fuels.
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