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Abstract

Cotton production is an important sector in the development of West
African countries, particularly Benin. This waste constitutes an unused
resource and a threat to the environment. The aim of this work is the
design and manufacture of a defibrator and a thermopress for the
valorisation of this waste into insulation panels. These two machines
have been dimensioned and designed using TopSolid, Schemaplic,
Matlab and RDM6 software. The defibrator is manual and enables the

shredding of fiber waste and the extraction of impurities. The
thermopress is manual and has an electric heating and temperature
control system. It can form 30 mm thick panels with a surface area of
400 x 400 mm2 at temperatures up to 200 °C. These two equipments
have made it possible to produce new bio-based materials that will help
reduce the harmful effects of climate change.

Copy Right, IJAR, 2021,. All rights reserved.

Introduction:-

Nowadays, the problem of environmental protection concern all the world, especially in industrialized countries.
The whole planet is aware of the harmful consequences related to the emission of greenhouse gases. According to
statistic, buildings are the second largest emitters of carbon dioxide after industry [1]. That’s why the fight against
global warming necessarily involves buildings. In order to reduce the building's impact on the environment, the use
of eco-materials will have to be developed. Therefore, it would be wise to look into the use of materials from natural
origin such as plants (wood, straw, hemp, flax, rice husks, cotton by-products ...) that are renewable, recyclable,
sustainable and can contribute to limiting greenhouse gas emissions because of their ability to trap CO, [2-3]. In
addition, the use of these bio-sourced materials will reduce construction costs.

In Benin, cotton waste are rejected into the environment. A proportion is simply burned by the population (figure 1)
[4]. This bad practice contributes to the rise of CO, nature. It should be emphasized that this waste, even if it is
biodegradable, poses problems in terms of environmental management [5-7].
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Fig. 1:- (a) Discarded and burned crushing factory waste (b) Discarded textile factory waste [4].
In addition, several studies have shown that it is possible to manufacture building materials, particularly thermal and
acoustic insulation materials, from cotton waste [8-12]. The use of insulation panels made from cotton waste
requires a defibrator and a thermopress. The defibrator allows the separation of the fibers and their cleaning for the
incorporation of a binder. The thermopress allows the shaping by thermocompression of the said panels. It is a very
productive process that allows the stamping of composites, particularly adapted to composites coated with a
thermoplastic resin and bio sourced materials [13].

In view of the cost and energy consumption of existing thermoforming press models [9,10,14-16], it would be better
to design and manufacture a less expensive and energy-intensive thermoforming press so that artisans are able to
produce insulation panels from these by-products.

This work is devoted to the design and manufacture of the defibrator and thermopress. Some materials based on
these by-products were manufactured to validate the efficiency of the said machines.

Nomenclature:-
Elements Symbols Unity en IS
Manual force Fm N
Fe N
Elemental force
. Ft N
Thermocompression force
Weight of the upper hot plate P N
Weight of the upper insulation plate Pi N
Weight of the U-iron of the spreader Poal N
Weight of the spreader Po N
Thickness of glass wool i mm
Thickness of the insulation plate € mm
Thermal conductivity of glass wool 4 W/m.K
Thermal conductivity of steel A W/m.K
Deformation €
2
Surface or section 3 mm
a OC 1
Thermal expansion coefficient
Diameter of the spreader axis d mm
Diameter of the square pitch screw dn mm
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Length of the square pitch screw tv mm

Length of the square pitch nut H mm

Length of the pillars Ly mm

Elasticitylimit Re MPa

Maximum bending moment Mmax N.mm
Rail Height h mm

Thermal resistance Rth K/W

Coefficient of safety s

Materials and Methods:-

Materials:

Conventional machining and welding techniques were used to manufacture these two machines. As a matter of fact,
the main materials used are as follows:

computer ;

CAD and calculation software (TopSolid; Matlab and RDM6) ;
electrical circuit design and simulation software (Schemaplic)
parallel turn ;

universal milling machine ;

hole drilling machine ;

welding station ;

angle grinder ;

9. calliper ;

10. angle ;

11. power saw ;

12. and machining accessories

PN B WD

Methodology:-
The design of the defibrator and the thermopress was the object of several technological choices taking into account
the constraints imposed by the use and also the dimensioning of the main parts of these machines.

Thermopress study and dimensioning:

Mechanism type selection:

Hydraulic and pneumatic presses provide great efforts with very good precision, but their manufacture is very
expensive for this use (thermopressing of panels) [17]. Moreover, this thermo-press is intended for the elaboration of
laboratory samples, not for large production. It will thus be of mechanical type with a screw-nut system. Comparing
the characteristics of the different types of threads, the square threads correspond to the screw-nut system of the
thermo-press mechanism; because this type of thread has a very good efficiency and is adapted to the
transformations of movements [18,19].

Thermo press functionning:

After the analysis of the thermoforming process, the synoptic diagram of its operation was created using TopSolid
software (Figure 2a).
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Fig. 2:- Thermo-press: (a) Synoptic diagram (b) Kinematic scheme.

Legend:

1: Crank; 2: Square thread nut; 3: Frame column; 4: Square thread screw; 5: Connecting piece; 6: Upper hot plate; 7:
Lower hot plate and mold; 8: Table

A: Crank and screw (1+4); B: Crank + upper heating plate (5+6); C: Frame (2+3+7+8)

The thermo-press mechanism consists of several parts that form a total of three (3) equivalence classes (A, B, C) in
the system. They have made it possible to have the kinematic diagram above (Figure 2b).

Dimensioning of the main parts:-
The thermopressing force Ft exerted on the material is a function of the manual force Fm and is given by the
following expression
F FM'LL'”+ZP s weight (1)
=t arts wei
! Pas &

With : L; the length of the lever.
ZParts weight =F, + B +P  +b, 2

The following parts have been dimensioned with the conditions of resistance and the characteristics of the materials
used [20-22] :

I&S.(PC +P+P,+P)

o the diameter of the spreader axis: ; d > 3)
w TR,
. . 4.s.Fe
o the diameter of the square pitch screw : ; d, = 4
m.Re
. nd. |tE
e the length of the square pitch screw : ; L, < 1—6“ T %)
2.Fe.
o the length of the square pitch nut : ; H> 1 eIi (6)
md, .

n €

o the length of the pillars : ; L, <4mh* fOOFﬂ (7

For the calculation of these different parts, the maximum value of the manual gripping force Fm for a normal man is
500 N [23].
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Thermo-heating study:

The temperature of the thermopress

The compression temperature must be controlled during thermocompression. The physical, chemical and
mechanical properties of the plates depend on the compression temperature. For thermocompression, the
temperature must be below 180°C. Above this temperature, the mechanical properties of the plates drop. The best
thermocompression temperatures are between 140°C and 180°C [9,10].

Thermal expansion of the upper hot plate

During heating, the hot plates expand. This expansion results in an increase in the dimensions of the plates. As the
lower hot plate is free, the expansion will be unconstrained. Research has shown that the temperature variation and
the variation of the dimensions of an object are related by the following relationship [20,24]:
s=a AT (®)
AL L-L

0 LO

h

AT is the temperature variation; AT =T -1, .
Insulation of hot plates

To avoid heat loss during thermopressing, thermal insulation of the hot plates is essential. This insulation can be
done by using glass wool which will be inserted between the two plates (Figure 3).

7

N

L
DRI

N

.

Hot Plate insulation board

Glass wool
Fig. 3— Insulation of the hot plate

This insulation allowed the temperature on the upper surface of the plate to be lowered. It creates a thermal
resistance to avoid losses.

Ra= % i ;as
S .

a

[25] (10)

Electrical circuit of the hot plate heating system:

An electrical circuit has been designed to regulate the temperature of the thermopress. This circuit maintains the
temperature of the hot plates at the temperature chosen by the user. It consists mainly of a temperature regulator
(thermostat) 0°C - 400°C, a contactor D-09: 220 V, a bipolar circuit breaker and heating resistors. The circuit has
been designed using Schemaplic software.

Analysis and dimensioning of the defibrator:

Description and functioning:

The defibrator is manual. It consists of an upper spindle, a lower spindle, a frame composed of three supports, two
guide shafts, four guide supports, two spindle holders and the assembly elements. It is made of a simple mechanism:
a reciprocating translation movement. The upper spindle is set in reciprocating translation motion by the user. It is
guided by the spindle holders which slide on the guide axes of the slide. Figure 4 shows the synoptic diagram of the
defibrator.
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Fig. 4:- Synoptic diagram of the defibrator.

Dimensioning of main parts:
The defibrator has two axes that guide the upper broach. It is subjected to a lineal load that is uniformly varied (q)
and dynamic. The dimensioning of the guiding axis has been done in the RDM6 software in the FLEXION menu.
Figure 5 shows the static diagram of the guide axis.
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Fig. 5:- Guiding axis.

The bending strength condition of this beam is :

32.5.M
D 23— [20] (11)
7.R,

Design of the defibrator and the thermopress:

The design of the different parts was done in the TOPSOLID software, 2010 version, using the different results of
the dimensioning of the parts. This software also allowed the assembly of the thermopress and the defibrator to
simulate the operation of the mechanisms.

Manufacturing of the defibrator and the thermopress:

Both pieces of equipment were manufactured using the conventional mechanical manufacturing method. After the
design, the ranges of machining of the different parts were established. The parts were manufactured with the
necessary machine tools and tools. The machines were then assembled according to the different requirements of the
design.
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Results and discussions:-

Dimensions of the main parts of the defibrator and thermopress:

The analysis of the design and the dimensioning of the elements made it possible to know the characteristics and
dimensions of the main parts. The results of the different dimensioning of the thermopress parts are in the following
table.

Table 1:- Dimensioning of the thermopress.

Parts Solicitations Dimensioningresults Choice
(mm) (mm)
Square Pitch Screws Compression Root diameter d;; > 42.30 d, =48
Buckling Length L,, <1080.38 L, =455
Square pitch nut Shear Nutheight H >18.63 H=50
Pillar Compression Rail height 2 >38.40 h= 60
Buckling Length Lys <10906.51 Lys =660

The choices made respect the conditions of resistance of the dimensioning and the availability on the Beninese
market. For the defibrator's guide axis, the dynamic dimensioning allows us to have the critical position of the
dynamic load (upper broach + carrier). From the RDM6 software, we can see the bending moments in the axis
(Figure 6).

M (N.m)

3.78

Himi= Q.00 0.2 o7 1.00

0,500

Fig. 6:- Bending moment in the guide axis (RDM6).

The critical cross-section is in the middle of the axis (x¢c=0.5 m) and the maximum bending moment is Mmax = 3.78
N.m. From the strength condition, the diameter is D > 8.55 mm and the choice of the corresponding diameter is 18
mm. This choice was made to limit the deformation in the middle of the guide axis. However, it should be pointed
out that from a diameter of 14 mm, this deformation is 0.756 mm less than the unit. The choice of 18 mm is once
again justified by the availability on the Beninese market.

Thermo-heating study:
In order not to limit the use of the thermopress too much, the maximum temperature has been limited to 200°C. This
limit keeps the temperature within the recommended range [9,10].

The initial length of the plates so that the final length L is equal to 400 mm at a temperature of 2000C was
determined using expressions (8) and (9).

L, =0,398m
The initial length of the hot plate is then 398 mm.

Using expression (10) and the thermal conductivity of the plates, we have 4, =0,042 W /mK,A, =45 W /m.K
and therefore, R, =1,50 °C/W .Let be a reduction of1,50 °C per unit of heat output.
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Temperature monitoring circuit:
The monitoring circuit for the thermopress temperature is as shown in the following figure. It has been designed and
simulated in the Schemaplic software.

b= L =4 = &
Module

Logique

1 = 1=
02|03,

Fig. 7:- Thermopressing electric circuit.

Design and drawing of construction plans:

The results of the different dimensioning results have made it possible to design the different parts of the
thermopress and the defibrator. The computer-aided design of the thermo-press and the defibrator is shown in the
following figure:

Fig. 8:- Design: (a) Thermopress (b) Defibrator.

Manufacturing of the defibrator and thermopress:

After the design of the thermo-press, the machining ranges were carried out and then the production started on the
machine tools of the Abomey-Calavi Polytechnic's manufacturing workshop. The following figure shows the
defibrator and thermopress.
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Fig. 9:- Thermopress (a,b) and Defibrator (b) after manufacturing.

Testing of the defibrator and thermopress:
To confirm the operation and performance of the machines manufactured, insulation panels were produced using

them. Figure 10 shows these panels.

Fig. 10:- Panels made with the machines: (a) waste cotton fibres + manioc starch, (b) waste cotton fibres + glue

waste from the textile factory.

Conclusion:-

This study has enabled the design and manufacture of two equipments that permit the valorisation of by-products of
the cotton sector. This waste, added to a binder, could produce thermal insulation panels in buildings. The use of
these panels in buildings would reduce the effect of CO, on the environment and solve some environmental
problems. These materials must be characterised for compliance with the standards in vigour in the building field.
However, the equipment manufactured is manual and is therefore intended for laboratory work. For a good
performance of these machines, it will be necessary to improve them by making the defibrator motorised, the
defibrator and the thermopress semi-automatic with a temperature and pressure control system.
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