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proposed mechanism will improve the efficiency of the pineapple leaf
fibre extraction process that simultaneously enhances the quality of the
output fibres.

1. Introduction

For thousands of years, agriculture has played an important role in everyday life. Agriculture plays a crucial role
in decreasing poverty, increasing incomes, and enhancing food security for the majority of the world's poor, who
reside in rural areas and mainly engaged in farming activities. Additionally, agriculture is also essential to
economic growth, it contributes 4% to the global gross domestic product (GDP), especially it can be more than
25% of GDP in some least developing countries [1]. Therefore, humans continuously developed tools and practices
to improve agricultural output.

The history of agriculture’s automation witnesses various automatic machines and systems conceptualized,
fabricated, and developed. For instance, ZhaoDe-An et. al. and colleagues introduced an autonomous robot for
harvesting apples, incorporating a manipulator, end-effectors, and image-based servo systems in its system [2].
Likewise, X. Ni et. al. introduced a design for an apple-picking robot that utilizes image recognition techniques [3].
W Lili et. al. conducted research to create a tomato harvesting robot, employing a laser navigation control system
in conjunction with the proportional-integral-derivative (PID) algorithm [4]. Li, Shichao et. al. constructed an
autonomous navigation system for agricultural machinery which comprises a master and a slave agricultural
machinery, the slave follows the master to perform an automatic navigation task [5]. In addition, several
researchers have contributed publications on designing automatic machines including plucking machines [6-10]
and machines designed for automatic fruit harvesting [11-13].

Pineapple is a type of bromeliad plant that lives for many years. These leaves are enveloped by an epidermal
layer, containing the essential parenchyma tissue with delicate-walled cells. Within this tissue, there are diverse
bundles of fibers with varying diameters [14]. Observation on characteristics of pineapple fibers, the tensile
strength and resilience are remarkable points. Besides, their abundant presence in nature contributes to the
development of sustainable and environmentally friendly production methods. One of popular products from
pineapple fibres is silk which is fabricated by weaving the fibres together. Pineapple silk possesses durability,
strength, and properties comparable to traditional ones. In the conventional method, the extraction process of
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pineapple fiber is implemented by manual which consists of three stages such as preparation of pineapple leaves,
scratching of leaves, and extraction of fibers [15].

During the leaf preparation stage, the surface of the leaf undergoes a thorough cleaning to remove any dust
or soil, simultaneously the withered or rotten leaves are eliminated. In addition, this stage is to cut off the thorns
on two rears of the leaves. In the next stage, the flesh of the leaf is delicately scratched to reveal the fibers. The
final step involves extracting the fibers from the scratched pineapple leaves, followed by a thorough washing and
drying process. Afterwards, the fibers undergo chemical treatment to prepare for the weaving process. As can be
concluded that the conventional method is time-consuming and low efficiency, with no guarantee of the extracted
fibers' quality. To improve the efficiency of the pineapple leaf fibre extraction process in the future, it is crucial to
automate the entire process.

The field of fibre extraction observed numerous automatic machines which were studied to replace the
traditional technique. To be illustration, C. Veera ajay et. al. presented a manually operated machine designed for
extracting banana fibers [16]. Likewise, an automatic extraction machine was developed by Sachin Poudel and his
colleagues [17]. In addition, a jute fibre extraction machine was designed and evaluated by Md. Rejaul Karim et.
al. [18]. Especially, James McCrae invented a leaf fibre extraction apparatus [19] while Zhangjiagang Shengtai fibre
company created an extraction device for fibre in plant stems and leaves [20]. Moreover, Nguyen, NK. and Nguyen,
VT introduced the first prototype of lotus fiber extracting machine [21]. However, the disadvantage of the previous
studies is that the input leaves move gradually in one-way direction, leading to a difficulty in obtaining perfectly
clean output fibers.

This paper introduced a novel prototype of the pineapple leaf fibres extracting machine using bidirectional
rolling mechanism. It is implemented by a planetary cam-gear system which creates the bidirectional motion of
the input material and makes the output fibre cleaner. The efficiency of the new machine was confirmed through
the simulation and experiment results. The remains of this paper are organized into three sections such as Section
2 addressed to the principle and structure of the proposed machine, Section 3 presented the simulation model
and experiment, finally, Section 4 included some conclusions.

2. Design of Proposed Machine Structures

2.1 Working Principle

The principal diagram of the proposed machine is described in Figure 1. After harvesting process, the pineapple
leaves undergo a cleaning procedure to remove dust and soil, simultaneously eliminating any low-quality leaves.
The processed leaves are fed and rolled by two rollers; the rollers have a role in clamping the leaves while it is
scratched by the blades of the rolling cage. In this process, the rollers employed a bidirectional rotation
mechanism to repetitively scratch the leaves. Consequently, the blades will remove the epidermis and retain the
fibres, the pineapple leaf fibres will be stripped of its parenchymal tissue and taken to the conveyor to bring
outside. To easily assemble and maintain, the machine is separated into four modules such as rollers, scratching
cage, conveyor, and frame.

rollmg blade cage

pressing rollers

fresh pine leaf

finished pine fibers

an)
P

conveyor
belt

Engine's shaft
attached roller

Fig. 1 Principal diagram of the proposed machine
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2.2 Transmission System of Power

The motion of three components such as rollers, cage, and conveyor are actuated by a DC motor only. Torques
from the motor’s shaft is transmitted via reducer box and belt systems. The rollers have dual role in clamping and
guiding the leaf into the scratching cage while the blades were used to scratch and remove the leaf’s flesh. After
this stage, the fibre will be exposed and collected on the below conveyor. In addition, to ensure safety of the
system, when the motor’s overload occurs, the belts will slip and separate the movement between the driving and
driven shaft.

Through experiment, the leaves need feeding into the machine at a rate of 1000 mm/min. To do this, the
rollers require to rotate at 20 rpm. Simultaneously, the conveyor-driven rollers maintain a speed of 60 rpm, and
the rolling blade cage operates at 800 rpm. Figure 2 shows a structural diagram of the proposed machine in which
GT refers to the reducer box; I corresponds to the shaft of the rolling blade cage; II represents the intermediary
shaft; I1I denotes the shaft of the driving pulley, IV stands for the driving shaft of the gear transmission, finally, V
designates for the driven shaft of the gear transmission.
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Fig. 2 Power transmission diagram

The power of DC motor is expressed as Equation 1.

P, P P, P
P =(—+—+—+—)*s 1
T\ ne me my (1)

Where P, P;, P,, Py, and P. are shaft power of motor, cage, roller, conveyor, and pinion gear, respectively,
N, Ner Ny, and 1, are coefficient of efficiency on the shaft of cage, roller, conveyor, and pinion gear, respectively,
n, = 0.93; n, = 0,84; n, = 0.88; 1, = 0.85; s is overload factor, s is selected to 2.

The shaft power of cage is expressed as Equation 2.

1
Pl=(l+Ml)*wl=(Em*r12+F*T'l)*27T*nl (2)

(1 10 % 0.157 +50 £ 0.15) + 2 833
= |—* * * * *
5 . . T s
Where I is inertial moment, w,; is angular velocity of the cage, M, is torque from the blades, 1; is a radius of
the cage, Fis a force from the blade acting on the pineapple leaf.
The shaft power of rollers is expressed as Equation 3.

= 664.05 (W)

0.06

20
P=M,*w, =F, *1,* 2r *n, = 300 *27‘[*%:18.85(W) (3)
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Where F, is friction force between the roller and the leaf, r, is a radius of the roller, n, is velocity of the roller,
w, is an angular velocity of the roller.
The shaft power of conveyor is expressed as Equation 4.

Py, = M, wb=Qb*u*rb*Zn*nb=100*0.25*%*2n*%=4.71(W} (4)

Where @, is the load in the working process,  is a friction factor, 73, is a radius of the conveyor’s roller, w, is
an angular velocity of the roller, n,, is velocity of the conveyor’s roller.
The shaft power of pinion gear is expressed as Equation 5.

+10-3
Pr=Mr*a)r=Fr*rr*2n*nr=ﬁ*2'28 10 *2n*1—(2)=1.8(W) (5)

2.28 2 6

Where F, is tangential force on pinion gear, 7; is a reference radius of the pinion gear, w, is an angular velocity
of the pinion gear, n, is a velocity of the pinion gear.
Finally, the power of DC motor is calculated by Equation 6.

_(PL,Pe, Pb, Pr _ (66405 | 1885 471 | 18 _
Poc = (m + Ne + np + nr) *S$= ( 0.93 + 0.84 + 0.88 + 0.85) * 2 =1487.89 (W) (6)

The output power of DC motor is selected to 1500W and a spindle’s rotation speed of 1500 rpm, the gear
reducer box has the transmission ratio of u,,, = 1: 3 resulting in a driven shaft speed of n: = nac/unge = 1500/3 =

500 rpm, where nqc is the motor’s spindle speed.
The blade cage’s speed is calculated by Equation 7.

ny = ny.uy = 500.2 = 833 (rpm) 7)

Where us is a speed ratio of belt transmission mechanism, u; = 5/3.

2.3 Design of Scratch Cage

Figure 3 displays the 3D model of the scratching cage which was created using SolidWorks tools (CAD software,
Dassault System). The material of the cage is a heat-treated steel C45 which has a yield stress of 330-460 MPa,
tensile strength of 570-700 MPa.

To avoid the slip phenomenon, the tensile force of the belt needs to satisfy Equation 8.

!
Fp el "%+1
Fy = 2 ¥ e, (8)
Where F, is tensile force, F; is tangential force on pulley, f' is converted friction factor, a is an angle of belt
contact.
Where the tangential force on pulley is expressed by Equation 9.

__1000P _ 1000P _  6+107x0.67

F. = = =
t mxdp*ny 63
v —_—

2 60000 7!*63*1500*100

= 21493 (N) 9)

With P is motor power, dz is driving pully diameter, nz is velocity of pulley. The converted friction factor is
determined by Equation 10.

r_ f _ 0,2 _
fr=—"_t_=_2__0585 (10)

sin (g) sin (%)

With fis friction factor between pulley and belt, 8 is wedge angle of belt. The angle of belt contact is described
by Equation 11.

@, = 180 — (d, — dy) * = = 180 — 37 x —— = 174.98" = 3.05 (rad) (11)

With di is driven pulley diameter, a is distance of pulley centers. Finally, the minimum tensile force of the belt
is calculated by Equation 12.

!
Fr el "%41 _ 21493 0%9573054q
2 effra_i T 2 £0.585+3.05_1

= 314.17 (N) (12)

Fy =
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Fig. 3 Scratching cage Fig. 4 Force applied onto the leaf by the blade

Figure 4, the principle of the pineapple fibre extracting process is illustrated. As can be seen, the leaf gradually
enters the working area, at the same time the blade will rotate and scratch on the leaf to progressively eliminate
the flesh. The fibre is guided to the below conveyor belt to carry outside.

The shaft diameter of the cage is expressed by Equation 13.

_ 3 Mtdj
4 = \’0.1[0] (13)

Where d; is diameter of shaft division, [¢] is yield point of material, [c]=600 Mpa, M is converted inertial

moment presented by Equation 14.
My = /sz +0,75 * T;? (14)

Where T is torque, M;j is the total bending moment and is determined by Equation 15.

Mj= [My;* + My° (15)

Diagram of the force acting on the cage’s shaft as presented in Figure 5. Contact angle between the blade and
pineapple leaf, « = 45°, force to remove the layer of epidermis is defined by experiment, F=50N, the length of
shaft segments [y = 46 mm, [, = 242 mm, l; = 334 mm, l, = 67 mm.

Y Y3 Y Y:
I - | i o
/ y M \ / M \ U
X
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Fig. 5 Diagram of the force acting on the cage’s shaft
Set of equations are expressed in Equation 16-19.
ZFxt=X1+X2+X3+X4_=O (16)
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szt:_Y0+Y1+Y2+Y3+Y4=0 (17)
ZMX(O) =X3*l1+ X4_*(l1+l2)+X2*l3 =0 (18)
zMy(O) :Y3 *ll+ Y4*(l1+lz)+Y2 *l3_Yo*(l3 +l4_) =0 (19)

With X; = X, = ¥; = ¥, = “X0 = 20050 - 35,36 (W)

2

After solving Equation 16-19, the obtained solutions are as follows: X; = —17.68 N; X, = =17.68N; Y; =
—80.7 N; Y, = 359.51 N. Moreover, the results of moments are calculated as M.y4; = 3813.87 Nmm; M4, =
18992.64 Nmm; M35 = 21059.09 Nmm; My, = 639.13 Nmm. Substituting the converted inertial moment to
Equation 13, the estimated diameters for the shaft segments are found to be: do = 5.22 mm; d1 = 8.46 mm; dz =
14.45 mm; d3 = 14.95 mm. However, for practical fabrication considerations, the structure of the shaft is selected
as follows: do=16 mm; di= 20 mm; d2= 18 mm; d3= 15 mm.

2.4 Design of Bidirectional Rolling Mechanism

In Figure 6, rollers (1) and (2) play a crucial role in ensuring grip of the leaves, leading to allowing the blade to
have sufficient time to thoroughly clean the leaf's flesh. Through the experiments, these rollers need to operate at
a speed of 20 rpm while the leaf moves at a speed of 0.06 m/s. Consequently, a diameter of 60mm is selected for
the rollers. On the right side of Figure 6 is zoom out of a planetary cam-gear mechanism which consists of a spur
gear and an internal and external cam-gear, is designed to create bidirectional rolling motion of the rollers. Firstly,
the leaves will be supplied to rollers for beginning of scratch. After a certain interval, the leaves are retracted for
a secondary scratch. These cyclic processes continue until the leaves exit the rollers. The principal diagram of this
mechanism is shown in Figure 7.

Internal cam-gear

External cam-gear

Roller 2
Spur gear

Fig. 6 3D model of roller with planetary cam-gear mechanism
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Fig. 7 Planetary cam-gear mechanism

Assuming that Z; is the number of sun gear, Z, is the number of internal gears and Z; is the number of planet
gear, geometric condition of the planetary gear system as expressed by Equation 20.

Zz=21+2*Z3 (20)
Dividing Equation 20 to Zs, obtaining Equation 21.

Z _ 74

55 t? 21

SetT,= ?; T,= ?, leadingto T, =T, + 2
3 3

If the percentage of remaining tooth number of the sun gear is a %, the percentage of remaining tooth number
of the sun gear is (1- a) %. The ratio of the length of journey in forward and backward direction is presented by
Equation 22.

Sa axTy
5% T Gramen (22)

Due to constraint conditions of working space, this research selected Z; = 18; Z; = 28, thus Z, = 64.
Assuming that the length of journey in forward direction is double times in the backward one, b=2. Solving
Equation 22 obtained a=0.82, thus, the remaining tooth number of the sun and internal gear, Z; = 0.8205 * 28 =
22.974 (23 teeth); Z; = (1 — 0.8205) * 64 = 11.487 (11 teeth).

In summary, the comprehensive 3D model of the proposed machine is designed using SolidWorks 2020 as
depicted in Figure 8. The machine comprises four main components such as rollers with planetary cam-gear
mechanism, scratching cage, conveyor belt, and a frame. The entire motion of the proposed machine is actuated
by a DC motor only.

Fig. 8 3D model of entire proposed machine

3. Results and Discussion

3.1 Simulation of Fibre Extraction Process

Before fabrication, simulation is needed to verify the design of the machine that will save time and significantly
diminish the overall cost of fabricating the machine [22-24]. To investigate the deformation of the leaf and the
generation of pineapple leaf fibers, this study simulated the interaction between a leaf and the roller system as
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well as scratching cage. The simulation file was set up using LS-PrePost and executed in LS-DYNA (CAE software,
Livermore Software Technology Corporation).

In order to focus solely on understanding of the pineapple leaf's reactions during machine operation, the 3D
model of the machine was simplified by only retaining the rollers and the scratching cage that also helps reduce
computational cost and time saving. As a result, the simulation model remains as shown in Figure 9. The next step
involved importing it into LS-DYNA for obtaining the meshed model as presented in Figure 10.

Fig. 9 Simulation model in SolidWorks Fig. 10 Meshing process in LS-DYNA

The scratching cage and rollers were meshed by the solid meshing method and are divided into 28361
elements while the pineapple leaf adopted Smoothed Particle Hydrodynamics (SPH) model, it is divided into
83952 particles. The reason is that SPH model is most suitable for highly deformable models by representing them
with discrete particles. This method was usually selected for complicated simulation processes because of its
ability to obtain accurate results while saving computational time. The AUTOMATIC_NODES_TO_SURFACE card
with node set type 4 was used as a contact between leaf and blade, roller. To set the movement of the leaf, roller
and blade, CURVE card is used.

The blade and the rollers are made of C45 steel, the properties of this material are detailed as follows: density
of 7850 (kg/cm3), Young’s modulus of 205000 MPa, and Poisson’s number of 0.3 [25]. For simulation, it was
supposed to be completely rigid and was modeled by MAT_RIGID card. On the other hand, the properties of the
pineapple leaves are density of 1.526 (g/cm3), tensile strength of 170 MPa, and Young’s modulus of 6260 [26].
The simulation duration is configured for 3 seconds that ensures sufficient time for deformation and fiber
extraction while reducing processing time.

The output data is presented in a D3PLOT file, the sampling period in the NODOUT data was set to 0.1 seconds
to decrease the collected points and prevent the results from aliasing phenomena. The executive time was
approximately 4 hours when running on Lab’s computer with the configuration of 64G RAM, Ryzen 9 3900X (3.8
GHz, 70MB cache 12C/24T) chip.

The simulation results depicted in Figure 11 reveal that under the pressure of the rollers, the leaf moves
gradually heading to the blades as presented in Figure 11a. The leaf’s flesh is extracted into numerous particles
and drops down as shown in Figure 11b.

(a) (b)

Fig. 11 Simulation result (a) Feeding process; (b) Pineapple fibre extraction
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3.2 Fabrication of The Proposed Machine

Figure 12a presents the fabrication of the proposed automatic pineapple leaf fibre extraction machine. The
specifications are described as follows: 980mm length, 750mm width, 535mm height, and weight of 90.5 kg. To
reach the best performance, the pineapple leaves are required within specific dimensions such as a length within
the range of 200 to 300 mm while a width between 10 to 15 mm. The machine achieves a productivity rate of 10-
15 leaves per minute corresponding to 4-5 kilogram per hour that is 1.5 times more efficient than the handcrafted
method. In addition to significantly enhancing yield, the proposed machine guarantees the quality of the extracted
fibers as depicted in Figure 12b. The planetary cam-gear mechanism works properly to create the bidirectional
motion, that makes the fibre cleaner. To consider the performance of the new machine, 30 test runs were
conducted. As a result, the success rate of fibre extraction is 27, accounting for 90%. A situation where the leaf
was broken, and the leaf moved inside the scratching cage in two remaining situations.

(b)

Fig. 12 Pineapple fibre extraction machine (a) Fabrication of machine; (b) Extracted pineapple fibre

4. Conclusions

This research presented an innovative design of the automatic pineapple leaf fibre extraction machine which
applied a bidirectional rolling mechanism to create the bidirectional motion of the input leaf and simulated the
traditional pineapple leaf fibre extraction motion of the craftsman. The machine's 3D model is made using
SolidWorks 2020, and the simulation of the fiber extraction process is implemented in LS-DYNA to analyze leaf
behavior and determine the optimal structure for the proposed machine. Experimental results demonstrate that
the machine smoothly operates with a high confidence level of 90%. By applying planetary cam-gear mechanism,
the leaf will be scratched more times than the conventional fibre extraction machine. Remarkably, its productivity
surpasses the traditional extraction process by 1.5 times while guaranteeing the quality in the produced fibers.
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