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The preliminary processing of bamboo culm involves ripping and planing it into uniform strips in most 
modern applications. Existing woodworking machines are quite ill-suited and grossly inefficient 
in executing this process. Although high-tech industrial facilities may have been built in more developed 
countries, the excessive cost of the specialised machines has made them inaccessible to potential users 
in developing countries. In identifying this gap, this study developed a Mobile Bamboo Culm Splitting 
Machine (MBCSM) suitable for in-situ ripping of bamboo culm at the harvest site to enhance yield 
and reduce handling challenges. The MBCSM was designed in SOLIDWORKS in accordance with 
industrial standards. The frame's metallic components were analysed using ANSYS Static Structural 
Software 2021. While all the materials used in the prototype construction of MBCSM were sourced 
locally from the study area, the MBCSM metal frame was replaced with Brachystegia eurycoma during 
construction with a 1hp internal combustion engine, as well as pulley, belt and shaft sizes that can be 
sourced from the local market. The MBCSM design was made simple enough to be constructed by 
an operator of a small-scale metal workshop and with a bias for cost effectiveness. The MBCSM was 
experimentally evaluated by using it to convert bamboo culms with diameters ranging from 60mm 
to 80mm and a maximum of 400mm length. This study was able to fabricate a prototype of a Wooden 
MBCSM that is suitable for adoption by a one-person business type at N98,100 (US$211.39) by 2023, 
with about 68.5% performance efficiency. 
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Introduction 

Bamboo has been classified as one of the currently 
patronised engineering materials globally (Obiri et al., 
2020; Ahmad et al., 2021). In Nigeria, it has been reported 
to be in abundant supply, seldom restricted for harvest 
and use, making it very cheap to acquire (Onilude 
2006; Ladapo et.al., 2017). Bambusa vulgaris Schrad 
had been identified as the dominant available species 

in Nigeria and found to possess excellent mechanical, 
physical and chemical properties comparable to those 
of familiar wood species in the country (Okanlawon 
et al., 2023). Nevertheless, the major uses of the species 
had been for several traditional applications and largely 
used in culm form: local bed constructions, studs and 
scaffolding in building construction, stacking of crops 
in farmland, antenna poles, firewood and temporary 
sheds (Ogunwusi and Onwualu, 2013; Olorunnisola, 
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2023). This use has little or no industrial value, and its 
contribution is insignificant to economic development. 
In many developed countries such as China or Japan, 
bamboo has been employed as a supplement for wood 
in structural and furniture-making industries (RMRDC, 
2010; Jamatia, 2012; Okwori and Chado, 2013; Ahmed 
and Singh, 2018).

Currently, one of the hurdles on the path of harness-
ing the potential of bamboo culm for modern applica-
tions in Nigeria is suitable machines to reduce bamboo 
culm into uniform strips as a preliminary processing 
stage. This preliminary processing of bamboo culm 
entails ripping and planing before further processing 
into intermediate raw material for modern applica-
tions (Adewole et al., 2017; Xia, 2023; Godina Rodri-
guez, 2023). A rich body of literature has attested to 
the fact that the existing woodworking machines 
are quite ill-suited and grossly inefficient in execut-
ing the preliminary processes (Qisheng et al., 2002; 
Omoniyi et  al., 2013; Ogunsanwo et  al., 2015; 
Atanda, 2015; Abate and Irfaan, 2016; Fagbayide and 
Ogedengbe, 2017). The major barrier has been that 
the woodworking machines, when used in bamboo 
culm processing into uniform strips, generate far 
too low recovery and are associated with the gener-
ation of huge waste. In another vein, the excessive 
cost of specialised high-tech industrial facilities that 
are available in more developed countries has made 
them inaccessible to potential users in developing 
countries, including Nigeria (Khoo, 2004; Nor-Azar, 
2006; Adewole et al., 2017; Icha and Odey, 2024; 
Icha et al., 2024)   

Nevertheless, there appears to be growing interest 
in exploring bamboo for modern uses in Nigeria, espe-
cially at the cottage-industrial level to create sustain-
able use for locally available alternative raw material 
to wood with a view to enabling them to contribute 
to job creation and economic advancement. Plethora 
of previous studies on the current means of processing 
bamboo culm into intermediate raw material in Nige-
ria have observed that the use of the existing wood 
working facilities is fraught with avoidable drudgery, 
generation of huge amounts of waste and consumption 
of considerable energy with time (Imli, 2003; Adewole, 
2016; Adewole et al., 2017; Olorunnisola, 2021; Okok-
pujie et al., 2020). 

This challenge has necessitated the need to develop 
an affordable and efficient specialised machine that 
can be used even for cottage processing of bamboo 
culm for modern uses. The first two stages of  the 
major challenges of adopting bamboo for modern 
applications are handling from the harvesting loca-
tion and ripping with enhanced yield (Adewole 
et al., 2017; Olorunnisola, 2024). These two chal-
lenges were established as the concern of this study 

and hence the decision to explore the possibility 
of developing a specialised bamboo splitter, which 
has been reported to be capable of minimising the 
time of processing operations (Seyoum, 2008). In an 
attempt to evolve cost cost-effective machine and to 
resolve handling challenges, this study conceived the 
development of a Mobile Bamboo Culm Splitting 
Machine (MBCSM) that is suitable for in-situ ripping 
of bamboo culm into strips at the place of harvest to 
enhance yield efficiency. 

Materials and methods 

1. Materials 

The development of a MBCSM entails four interdepen-
dent stages. Preliminary information to guide the exper-
imental design of the machine, as well as engineering 
details of parts that can be purchased off the shelf in the 
study location, was collected. The conceived MBCSM 
was graphically designed using SOLIDWORKS software; 
the designed machine was exported to ANSYS 2021 for 
structural and mechanical analysis. The MBCSM was 
constructed using cost-effective materials available 
within the study area.

2. Parts Design and Material Selection

The basic components were designed using SOLID-
WORKS software, with all parts carefully considered 
during the design process. A metal-framed sheet 
(1mm) thick was used as  the skeletal framework 
for the construction of the machine. Flat bars (85 x 
25mm) were used as beams and columns for struc-
tural support of the machine. A large pulley wheel 
was driven by a combustion engine and required to 
rotate the pulley belt with a suspender to hold the 
large pulley of  the machine and prevent excessive 
vibrations.

A cutting blade was inserted between two square 
bars (20 x 20 mm) to support the blade at the base and 
at two ends vertically during splitting. A flat bar (30 x 
3 mm) was designed to act as a motion stopper for the 
bamboo culm splitting machine. This helps to prevent 
the slider from moving further backwards away from 
the chain used for its sliding motion. A square hollow 
cross bar (50 x 50mm) was used for the pulley wheel 
support below the chine wheel. A small sprocket shaft 
was used to connect the two constrained slider compo-
nents and the small sprocket to the gear. A push plate 
is attached to the slider to move the bamboo towards 
the blade for splitting.

A shaft with a diameter of 65mm was required 
for the gear chain motion. Three 65mm shafts were 
needed in total, one for the large pulley and the driving 
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chain, while the other two were interlinked along the 
machine, one carrying two gears and the other three 
gears for the motion of the slider. The same shaft was 
required for the large pulley wheel connected to the 
smaller pulley of the motor. The combustion engine 
transmitted mechanical energy that drives the large 
pulley belts and wheels, which in turn rotate the gear 
assembly, moving the bamboo slider with a stand to 
provide a base for support and balance. A gear assem-
bly is attached to the slider and undergoes a recip-
rocating motion while moving along the chain at an 
optimum speed to exert enough force on the bamboo 
culm to the blade. 

The roller assembly is the combination of a roller, 
two bearings and a roller shaft provided for the roll-
ers. It is connected to the slider to help suspend the 
slider and also support the motion of the slider. It is 
welded to the slider at a suitable distance where the 
roller can be placed. A slider and slider frame to 
support the push plate aids in  the motion of  the 
push plate as the slider moves along its frame with 
the aid of  the rollers. A top metal sheet is used to 
cover the structures at the top to give a fine finish. 
The pictorial views of the machine are shown in Fig. 1. 
An exploded view and the detailed dimensions of the 
MBCSM are presented in Fig. 2. 

Fig. 1. a) Right view of conceptual design of the Mobile Bamboo Culm Splitting Machine (MBCSM)  
b) Left view of conceptual design of the Mobile Bamboo Culm Splitting Machine (MBCSM)

a)

a)

b)

b)

Fig. 2. a) Exploded view of MBCSM showing the arrangement of the major components: 1. big pulley support, 2. bam-
boo blade support, 3. 20 × 20 mm square bar for bamboo blade support, 4. cutting blade, 5. slider, 6. roller, 7. roller shaft, 

8. AFBMA 20.1 - 20-10 - 8, SI,NC,8,68, 9. roller support, 10. B18.2.4.6M heavy hex nut (M12 × 1.75 – W-N), 11. push 
plate, 12. big pulley wheel, 13. 50 × 50 mm square hollow mild steel cross bar for wheel support, 14. pillow block bearing, 

15. 65 mm mild steel shaft for big gear chain motion, 16. chain wheel DIN 8192 - A 25Z 40A-1 -- 25A6SN, 17. gear as-
sembly moving the bamboo slider, 18, 19. constrained slider components (1 and 2), 22. electric motor stand,  

23. 30 × 3 mm mild steel flat bar motion stopper, 24. electric motor, 25. small pulley, 26.  65mm mild steel shaft for big 
pulley wheel, 27. slider frame, and 28. 85 × 25 mm flat bar for structural support 

b) Detailed dimensional drawing of the MBCSM showing key measurements for fabrication
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3. Parts Design Considerations

In the analytical design of the MBCSM, consideration 
was given to the force required to run the machine, 
the pulley systems, the velocity gear ratio, the speed 
of gears, the force exerted by the slider, and the chain 
tension. The parameters appropriate for the machine 
were determined using established equations as indi-
cated below.

Pulley System and Ratio: The pulley system and ratio 
were calculated using equation (1) as recommended by 
Khurmi and Gupta (2005)

Where d2 = small pulley (diver) diameter, d1 = big pulley 
(driven) diameter, d1 = 500 and d2 = 100, the speed 
radiation =  = 0.2

Speed of large pulley: The large pulley (driver) speed 
is calculated using equation (2) as recommended by 
Khurmi and Gupta (2005)	

Where N1 = Large pulley speed, N2 = small pulley speed; 
X ratio N1 = 1000 x 0.2 = 200rpm

Velocity Gear Ratio: The velocity gear ratio was deter-
mined using equation (3) as recommended by Khurmi 
and Gupta (2005)	

Where T1 = Number of teeth on driver, T2 = Numbers 
of teeth on driver, Taking T1 = 25 and T2 =26, The speed 
reduction is    = 1.04

Speed of Gears: The speed of the driver gear was deter-
mined using equation (4) as recommended by Khurmi 
and Gupta (2005)

Where N1 = speed of driver gear, N2 = speed of driven 
gear,  =  = 192.3rpm

Force Exerted by the Slider: The force exerted by the 
slider was calculated using equation (5).

Where V = velocity, t = time, = 19.812kg x    = 
40.75 kgm/s2   = 40.75 N

Chain Tension:  The chain tension to help select  the 
right chain was determined using equations (6 and 7) 
as recommended by Iwis (2010).

P = Power transferred by driver (kw), V = chain 
velocity (m/s), T = Tension, where electric motor 
horsepower (hp) = 1, kw = 0.75, torque = 4.1Nm, 
Rpm = 1000

d = Pitch dimeter, N = Speed of gear = V = 2.057 m/s

Chain type is 40A – 1, Chain wheel DIN8192 -A25Z 
40A-1 25SA65N

4. Finite Element Analysis

The structural analysis of the MBCSM was carried out 
using ANSYS static structural software. The stress 
analysis was carried out on three major parts of the 
machine (the frame sheet, the cutting blade and 
the mover/slider as shown in Fig. 3) to see how the 
material chosen for the machine construction will 
perform in  service. The  material properties and 
boundary conditions established for the simulation 
process of  the frame sheet are shown in  Table 1. 
The material properties and boundary conditions 
established for the simulation process of the cutting 
blade are shown in Table 2. The material properties 
and boundary conditions established for the simula-
tion process of the mover/slider are shown in Table 3. 
Deformation, maximum and minimum stresses and 
strain, the factor of safety, and its fatigue life were 
recorded. The simulation considered all components 
as solely metallic, hence isotropic. The results of the 
structural analysis conducted were documented and 
presented. 

d2
d1

     (1) 

 

d2
d1

 = N2N1   (2) 

 

T2
T1

    (3) 

 

d2
d1

 = N1N2    (4) 

 

F = 19.812 x   Vt     (5) 
 

F = 19.812 x   Vt     (5) 
 

P =  T.V
1000       (6) 

T = P x  1000
V          (7) 

 

V = D1πn1
60  = 0.19639 x π x 200

60  = 2.057 m/s 
 

T = 0.75 x  1000
2.057  = 364.6KN  
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Table 1. Boundary Conditions and Material Properties for Frame Sheet Simulation

Geometry Statistics Components
Nodes 12384

Elements 6387
Mesh Metric None

Material
Assignment Structural Steel

Statistics
Nodes 12384

Elements 6387
Sizing

Size Function Adaptive
Relevance Canter Fine

Element Size 5.e-003 m
Definition

Type Force
Define By Components

Coordinate System Global Coordinate System
X Component 0. N (ramped)
Y Component -200. N (ramped)
Z Component 0. N (ramped)

Suppressed No
Fixed Support No
Size Function Adaptive

Relevance Centre Fine
Element Size 3.e-003 m

Statistics
Nodes 229985

Elements 59884
Step Controls

Y Component 200.75 N (ramped)
Structural Steel > Constants

Density 7850 kg m^-3
Isotropic Secant Coefficient of Thermal Expansion 1.2e-005 C^-1

Specific Heat Constant Pressure 434 J kg^-1 C^-1
Isotropic Thermal Conductivity 60.5 W m^-1 C^-1

Isotropic Resistivity 1.7e-007-ohm m
Structural Steel Characteristics

Density 7850 kg m^-3
Isotropic Secant Coefficient of Thermal Expansion 1.2e-005 C^-1

Specific Heat Constant Pressure 434 J kg^-1 C^-1
Isotropic Thermal Conductivity 60.5 W m^-1 C^-1

Isotropic Resistivity 1.7e-007 ohm m
Compressive Yield Strength 2.5e+008 Pa

Tensile Yield Strength 2.5e+008 Pa
Tensile Ultimate Strength 4.6e+008 Pa

Zero-Thermal-Strain Reference Temperature 220C
Isotropic Relative Permeability 10000

Strength Coefficient 9.2e+008 Pa
Strength Exponent -0.106

Ductility Coefficient 0.213
Ductility Exponent -0.47

Cyclic Strength Coefficient 1.e+009 Pa
Cyclic Strain Hardening Exponent 0.2

Young’s Modulus 2.e+011 Pa
Poisson’s Ratio 0.3
Bulk Modulus 1.6667e+011 Pa
Shear Modulus 7.6923e+010 Pa
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4. Machine Fabrication and Evaluation

The evolved design of the MBCSM was fabricated at the 
metal workshop of  the Hope Waddle Training Insti-
tute, Calabar, Nigeria. The top of the frame was made 
with Brachystegia eurycoma wood with dimensions 
(800x600x775) mm, with a 6mm corner angle steel bar 
(50x50) mm placed on the wood to serve as the conveying 
surface. The tabletop was (50x600x800) mm. The shaft 
length was 560mm with a 35 mm diameter round bar 
of 145mm length beater and the 110mm length beater 
on the blade side, with 305mm between them. The pulley 
diameter (driver) was 70mm and the outer diameter of the 
bearing was 50mm, while the inner 30mm. The diameter 

of the motor’s pulley (drive) was 200mm, and the wooden 
frame constructed for the machine and other construction 
components are shown in Fig. 4. The shaft was placed 
horizontally under the tabletop with the pulley. The parts 
of the machine were assembled and finished. 

The developed machine parts were evaluated theo-
retically with a computer-aided design tool, and their 
efficiency was practically evaluated with harvested 
bamboo culms from the study locality. For the theoret-
ical evaluation of the machine members, the interface 
for the experimentation was activated and set up based 
on the procedure for evaluating stress and deforma-
tion on each of the critical members during loading 
in the meshing of the design that was automatically 

a) b) c)

Fig. 3. Finite Element Model (FEM) of critical parts of the MBCSM using ANSYS:  
(a) frame sheet, (b) cutting blade, and (c) slider

Table 2. Boundary Conditions and Material Properties for Cutting Blade Simulation

Strain-Life Parameters

Compressive Ultimate Strength 0 Pa

Compressive Yield Strength 2.5e+008 Pa

Tensile Yield Strength 2.5e+008 Pa

Tensile Ultimate Strength 4.6e+008 Pa

Strength Coefficient 9.2e+008 Pa

Strength Exponent -0.106

Ductility Coefficient 0.213

Ductility Exponent -0.47

Cyclic Strength Coefficient 1.e+009 Pa

Cyclic Strain Hardening Exponent 0.2

Isotropic Elasticity

Young’s Modulus 2.e+011 Pa

Poisson’s Ratio 0.3

Bulk Modulus 1.6667e+011 Pa

Shear Modulus 7.6923e+010 Pa
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Table 3. Boundary Conditions and Material Properties for Frame Sheet Simulation

Structural Steel > Geometry Properties

Volume 2.2355e-002 m³

Mass 175.49 kg

Structural Steel > Sizing

Size Function Adaptive

Relevance Centre Fine

Element Size 3.e-003 m

Structural Steel > Statistics

Nodes 1018508

Elements 564136

Type Force

Y Component 200.75 N (ramped)

Structural Steel > Constants

Density 7850 kg m^-3

Isotropic Secant Coefficient of 
1.2e-005 C^-1

Thermal Expansion

Specific Heat Constant Pressure 434 J kg^-1 C^-1

Isotropic Thermal Conductivity 60.5 W m^-1 C^-1

Isotropic Resistivity 1.7e-007 ohm m

Compressive Ultimate Strength 0 Pa

Compressive Yield Strength 2.5e+008 Pa

Tensile Yield Strength 2.5e+008 Pa

Tensile Ultimate Strength 4.6e+008 Pa

Strain-Life Parameters

Strength Coefficient 9.2e+008 Pa

Strength Exponent -0.106

Ductility Coefficient 0.213

Ductility Exponent -0.47

Cyclic Strength Coefficient 1.e+009 Pa

Cyclic Strain Hardening Exponent 0.2

Structural Steel > Isotropic Elasticity

Young’s Modulus 2.e+011 Pa

Poisson’s Ratio 0.3

Bulk Modulus 1.6667e+011 Pa

Shear Modulus 7.6923e+010 Pa
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carried out using SOLIDWORKS. The machine ripping 
efficiency was determined using the machine to rip 
bamboo culms of diameters ranging from 60-80 mm 
and 400 mm as the maximum length. 

Results and discussion 

1. Simulation Analysis of the Steel Frame Component 

Table 4 shows the results of structural analysis carried 
out on the frame sheet of the MBCSM when a force 
of 200.75N is applied. The directional deformation, 
the Elastic strain equivalent, the von Mises stress and 

total deformation are presented at minimum and maxi-
mum levels. The directional deformation values of the 
frame sheet of the MBCSM, which indicate the amount 
by which the object changes in shape in a particular 
direction, range from a minimum of -7.9569e-007 m 
to a maximum of 1.6332e-006 m with an average value 
of 3.4658e-007 m. The equivalent elastic strain of the 
frame sheet, which measures the ratio of deformation 
to the original length of the machine and provides an 
indication of its elasticity, ranges from a minimum 
of 5.1178e-008 to a maximum of 2.0782e-005 with an 
average of 5.1532e-006. The von Mises stress experi-
enced values of the frame sheet, which indicates the 

Fig. 4. Stages in the fabrication process of the Mobile Bamboo Culm Splitting Machine (MBCSM). (a) Locally sourced 
machine parts and components, including chains, sprockets, and gears; (b) machining of shafts for the gear and pulley 

assembly. (c) Wooden and mild-steel structural frame under construction; assembled frame with chain and gear mecha-
nism mounted

a)

c)

b)
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internal forces acting on the machine, resulting from 
external loads or deformation, range from a minimum 
of 6361.8 N/m2 to a maximum of 4.1564e+006 N/m2 
with an average of 9.7846e+005 N/m2. The total defor-
mation on the frame sheet is presented at a maximum 
of 2.8548e-005 m and an average of 1.3057e-005 m. 

Fig. 5 shows a schematic representation of the stress 
and deformation analysis of the frame structure of the 
MBCSM. For Fig. 5a, it is observed that stresses are 
higher on the leg area of  the frame structure, with 
moderate distributions at the sides of the middle frame 
structure. The centre area of the frame structure shows 
lower distributions. For Fig. 5b, a high tendency to 
deformation is observed at the middle area of the frame 
structure, reducing as it moves away from the centre 
and toward the leg areas. However, there was no failure 
of the steel frame structure as analysed. 

2. Simulation Analysis on the Steel Cutting Blade 
Structure

Table 5 presents the result of  structural analysis 
carried out on the steel cutting blade of the MBCSM 
when a force of 200.75N is applied. The total defor-
mation, equivalent elastic strain, the von Mises stress 
and the equivalent stress are presented at  mini-
mum and maximum levels. The total deformation 
values of  the steel cutting blade, which indicate 
the amount by which the object changes in shape 
in a particular direction, range from a minimum 
of 0 m to a maximum of 1.0682e-007 m with an aver-
age value of 1.2918e-008 m. The equivalent elastic 
strain of the steel cutting blade, which measures the 
ratio of deformation to the original length of  the 
machine and provides an indication of its elasticity, 

Table 4. Simulation Results on the Frame Sheet 

Object Name Directional Deformation Equivalent Elastic Strain Equivalent Stress Total Deformation

Minimum -7.9569e-007 m 5.1178e-008 6361.8 N/m2 0. m

Maximum 1.6332e-006 m 2.0782e-005 4.1564e+006 N/m2 2.8548e-005 m

Average 3.4658e-007 m 5.1532e-006 9.7846e+005 N/m2 1.3057e-005 m

Fig. 5. Simulation results for the steel frame element of the MBCSM: (a) stress distribution  
and (b) corresponding deformation under applied loading conditions

a)

b)
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ranges from a minimum of 8.4147e-012 to a maxi-
mum of 2.3053e-006 with an average of 4.956e-008. 
The von Mises stress experienced values of the cutting 
blade, which indicates the internal forces acting on 
the machine, resulting from external loads or defor-
mation, range from a minimum of 4.956e-008 N/m2 
to a maximum of 4.6106e+005 N/m2 with an average 
of 9610.2 N/m2.

Fig. 6 (a, b, c) illustrates the schematic diagrams 
of the stress, strain and deformation analysis on the 
steel cutting blade. For Fig. 6a, the von Mises stress 
shows maximum stress at the cutting angles where 
the bamboo culm intersects with the cutter. The joint 

between the blade and the circumference appears to 
have a  slightly higher stress distribution than the 
blade itself. The von Mises stress is least at the outer 
circumference of the cutter blade. For Fig. 6b, the 
strain distributions are similar to those displayed by 
the stress diagram. However, the displayed values 
are less than those of the stress. The total deforma-
tion diagram (Fig. 6c) shows maximum values at the 
centre of the blade spreading towards the cutters to 
the circumference in decreasing order. Minimum 
values are also found at the circumference of the blade. 
However, there was no failure of the steel cutting blade 
structure as analysed.

Table 5. Simulation Results on the Steel Cutting Blade

Object Name Total Deformation Equivalent Elastic Strain Equivalent Stress

Minimum 0. m 8.4147e-012 4.956e-008 N/m2

Maximum 1.0682e-007 m 2.3053e-006 4.6106e+005 N/m2

Average 1.2918e-008 m 4.956e-008 9610.2 N/m2

Fig. 6. Simulation analysis of the cutting blade: (a) stress distribution, (b) strain distribution,  
and (c) deformation profile indicating points of maximum deflection

a)

b)

c)
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3. Simulation Analysis on the Steel Slider Structure

Table 6 presents data of structural analysis carried out on 
the Mover/Slider structure of the MBCSM when a force 
of 200.75N is applied. The total deformation, equivalent 
elastic strain, the von Mises stress and the equivalent 
stress are presented at minimum and maximum levels. 
The total deformation values of the steel cutting blade, 
which indicate the amount by which the object changes 
in shape in a particular direction, range from a minimum 
of 0 m to a maximum of 7.5761e-007 m with an aver-
age value of 7.9161e-008m. The equivalent elastic strain 
of the Mover/Slider structure, which measures the ratio 
of deformation to the original length of the machine 
and provides an indication of its elasticity, ranges from 
a minimum of 0 to a maximum of 1.5786e-006 with an 
average of 1.5786e-006. The von Mises stress experienced 
values of the mover/slider structure, which indicates the 
internal forces acting on the machine, resulting from 
external loads or deformation, range from a minimum 
of 0 N/m2 to a maximum of 2.9324e+005 N/m2 with 
an average of 3254.9 N/m2.

Fig. 7 (a, b, c) illustrates the schematic diagrams of the 
stress, strain and deformation analysis on the push plate 
and slider structure. For Fig. 7a, the von Mises stress distri-
bution indicates maximum stress at the push nub; other 
areas portray minimum stress distribution. Similar obser-
vations are found on the strain distribution of the push 
nub components (Fig. 7b). However, more strain values 
are observed at the joint between the slider and the push 
nub, causing a slight displacement backwards. For the 
total deformation (Fig. 7c), the upper tip of the push plate 
shows the highest distribution of deformation, decreasing 
towards the centre and to the push nub. The joints between 
the push nub and the slider portray the least deformation 
distribution. Generally, the slider is observed to have low 
stress, strain and deformation distributions (Fig. 7d, e, f). 

4. Fabrication: Materials, Production Cost 
and Efficiency

From the generated details, the components of the 
designed MBCSM were bought and fabricated 
as indicated in the prepared bill of quantities for the 

Table 6. Simulation Results on the Push Plate and Slider

Object Name Total Deformation Equivalent Elastic Strain Equivalent Stress

Minimum 0. m 0 0. Pa

Maximum 7.5761e-007 m 1.5786e-006 2.9324e+005 Pa

Average 7.9161e-008 m 1.5786e-006 3254.9 Pa

a)

b)
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machine in Table 7. The components were assembled. 
The fabrication and assembly processes were simple 
enough for a typical one-person business type oper-
ating a metal workshop to carry out at a prototype 
cost N98,100 (US$211.39) in  2023. Nevertheless, 

to import an equivalent machine from any Asian 
country at the same period, one will need not less 
than US$4,500. The assembled Wooden MBCSM is 
presented in Figure 8.

Fig. 7. Simulation results for the push plate and slider assembly: (a, d) stress distribution, (b, e) strain distribution,  
and (c, f) deformation contours, highlighting critical load-bearing regions

c)

d)

e)

f)
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5. Machine Ripping Efficiency 

The developed machine converted with ease bamboo 
culms of varying dimensions of 60mm to 80mm 
in diameter and a maximum of 400mm long into 
splits shown in Fig. 8. The mobile BCSM was run 
only under loading. The  performance efficiency 
of the developed mobile BCSM was 68.5% and was 
suitable for medium-capacity work. It is also suit-
able for use as workshop equipment for engineer-
ing teaching and research. The ripping efficiency 
obtained for practical experimentation is 87%. 

The design of the MBCSM prioritised affordabil-
ity and mechanical feasibility using locally sourced 
materials to satisfy the need for a cost-effective solu-
tion for small-scale operators. While the machine’s 
functional quality is validated by its high ripping 
efficiency of 87% and confirmed structural integrity 
of metallic components via FEA, its low production 
cost of N98,100 means that it does not inherently 
include the costs associated with full industrial 
occupational safety compliance and detailed regu-
latory documentation. Moving this project from 

a prototype to commercial scaling would require 
mandatory incorporation of  legal compliance 
measures, formal risk assessments, the inclusion 
of specified guarding (fixed and movable), and the 
preparation of comprehensive technical documen-
tation and maintenance instructions.

Conclusions 

This study was able to design and fabricate a mobile 
bamboo splitting machine using locally sourced and 
available materials. The performance evaluation on 
the wooden MBCSM indicated that it converted an 
average of 60 culms of bamboo of varying diameter, 
40mm to 60mm and a maximum length of 400mm 
per hour. The machine was operated by a 1hp inter-
nal combustion engine at  a  speed of  192.3rpm. 
The  MBCSM performed optimally with a  deter-
mined efficiency of about 68.5% at a production cost 
of N98,100, an equivalent of US$211.39. The estimated 
cost of the full-scale machine is N223,100.00, equiva-
lent to US$617.99 as of 2020. The Mobile BCSM, due 
to its simplified, cost-effective design suitable for local 

Table 7. Material and Labour Cost of Fabricating WBCS

Description of Item Qty Unit Rate Amount

Electric Motor 1 No 30,000 30,000

2” x 4mm angle bar 2 Lengths 3,000 6,000

50 x 100mm Wood (camwood) 3 Lengths 2,000 6,000

25 x 150mm wood (camwood) 1 Lengths 1,500 1,500

Complete Clutch axis 1 Set 2,500 2,500

Machine Shaft 4 Pieces 1,000 4,000

Small Sprockets 5 Pieces 300 1,500

Small motorcycle Sprockets (3”) 1 Pieces 1,000 1,000

Big motorcycle Sprockets (6”) 3 Pairs 3,000 9,000

Complete machine gear 10 Pieces 200 2,000

Drilling Pen 1 Pack 800 800

Screw nails 3 Pairs 1,500 4,500

Bearings 7 Pieces 300 2,100

Paint 4 tin 500 2,000

Painting brush 2 Nos 100 200

Transportation 5,000

Workmanship 20,000

TOTAL 98,100
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fabrication, is suitable for small-scale operation at an 
affordable cost to potential users in Nigeria and also 
serves as a teaching aid in institutions and research 
facilities. It is recommended that the project be fully 
scaled during production for commercial use, at which 
time all required occupational safety and production 

planning costs must be integrated to ensure full regu-
latory compliance. Further research could focus on 
comparing model and empirical test results for the 
developed prototype. Also, designing machines for 
processing bamboo and other useful industrial plants 
using modern modelling methods.
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