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Abstract

The growing concern about transitioning energy generation from fossil fuels to alternative renewable energy
resources in order to help satisfy the world's energy needs and sustainable environment has made researchers
explore various alternative energy options. Biomass remains a distinctive choice among the alternatives possible.
This research is aimed at developing a machine for pulverizing Raphia seed. The approach to this research
involves the design of components of the machine; Finite element analysis (FEA) analysis of the structural parts
of the designed machine; fabrication and assembling of components and design of experiment for evaluating the
performance of the machine. FEA analysis of the 3D CAD model for rotor and frame assembly was done using
Autodesk Inventor. The result showed that the maximum stress of 103.1 MPa and 97.74 MPa respectively
experienced by the members of the rotor and frame assembly are within safe values, and is not susceptible to
structural failure during operation. Performance evaluation revealed the machine has a throughput of 11.85 kg/hr.,

a pulverizing efficiency of 97% and can pulverize to an average particle size of 624 pm.
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Introduction

Energy is an indispensable need for humanity and
also the driving force for the development of every
nation. The increasing energy consumption;
depleting and increasing prices of fossil resources;
and the adverse environmental impact of greenhouse
gas emission are key factors to the global energy
challenge, which has put the world on a quest for
new alternatives to secure the future energy demand
(BP, 2017; EIA, 2016; Lund and Salgi, 2009).
According to Atadashi et al. (2011) and Oshewolo
(2012), non-renewable energy sources contribute
over 86% of the global energy supply and are
depleting rapidly. These problems have thus
intensified the global search for alternative energy
means and sustainable technology that can counter
the shortcomings of non-renewable energy sources
(Fapetu et al., 2018).

Over the last decade, there has been a rise of a
number of alternative energy sources. While the
viability of each can be argued, they all contribute
something positive when compared to fossil fuels.
Lower emissions, lower fuel prices and the reduction
of pollution are all advantages that the use of
alternative fuels can often provide (Owusu and
Asumadu-Sarkodie, 2016). Biomass seems to be
more promising as a source of renewable energy as

it is more reliable and sustainable. Biomass energy
is obtained either by direct burning or by converting
biomass to a more conventional form of solid fuels
such as briquette, dung, cakes or in a pulverized
form; or into liquid fuels such as ethanol and bio-
diesel; or into gaseous fuels (biogas) (Garg et al.,
2007; Ramages and Scurlock, 1996).

Raphia palm tree is one of the most economically
useful plants in Africa. Every part of the tree has
many uses. The leaves are used as material for
furniture and shelter construction; sap from the trunk
is fermented into palm wine; and the fruit is used to
produce edible oil (Dauda et al., 2018; Akpan and
Usoh, 2004). According to Dauda et al. (2018), there
are about five species of it in Nigeria and they are
found dominantly in the southern part of the country.
Raphia palm fruits and seeds are shown in Plates 1
and 2 respectively.

Raphia palm seeds are very hard. Dauda et al. (2018)
reported a breaking force of 30.06 kN at 9.6%
moisture level. Pulverizing the seed can
accomplished through the process of crushing and
grinding. Due to this high hardness, there is need to
develop an efficient machine for pulverizing the
seed into fine uniform form. Dauda et al. (2018)
conducted a study to determine the physical and
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Plate 1: Raphia palm fruits

mechanical properties of Raphia palm kernel at three
different moisture content levels of 9.69%, 14.69%,
and 19.69%. The result of the physical properties of
the kernel determined revealed that the major
diameter, intermediate diameter, minor diameter,
geometric mean diameter, sphericity, surface area,
true density, bulk density, porosity, and angle of
repose respectively ranged between, 42.41-43.43
mm, 35.88-36.69 mm, 23.81-25.31 mm, 33.09-
34.29 mm, 7.80-7.93, 32.01-34.31 cm2, 1.17-1.50
g/mm3, 0.8-1.19 g/mm?®, 31.62-42.18%, 40.24-
42.180 and coefficient of static friction ranged
between 2.55-0.44 and 0.5-0.14 on plywood and
steel respectively. While the mechanical properties
ranged between 11.01-30.06 kN for maximum force,
5.6-12 kN for bio-yield point and 10.55-12.75 mm
for deformation on horizontal loading and 9.44-
11.77 kN for maximum force, 4.7-3.8 kN for bio-
yield point and 8.1-7.70 mm deformation on vertical
loading. A conclusion drawn from the study is that
at higher moisture content, the sample breaks faster
as moisture content was observed to have an
influence on the compressive strength of Raphia
palm kernel. Similarly, Fabunmi et al. (2015)
investigated the physical and mechanical properties
of Raphia seed. The geometric mean diameter and
sphericity are 32.85 mm and 50.74 %, respectively.
The peak values of force and deformation at break
were 12.925 kN and 14.050 mm, respectively. It was
observed that the pressure in cracking the seed in
longitudinal position is greater than when placed in
transverse or natural position. Both studies provide
data for efficient handling and equipment design.
However, they both did not investigate the
combustion process and characteristics of Raphia
seed. Muhammed (2013) developed a rough
grinding equipment to grind biomass materials and
produce standard size of particle materials. In the
research, finite element analysis technique was used
to predict the displacement magnitude and identify
the worst stress locates in the structures using
SolidWorks Simulation. Egbe and Olugboji (2016)
developed a double roll crusher from locally
available materials for low hardness rocks. The

Plate 2: Raphia palm seeds

throughput capacity of the machine was
1.43tonnes/hour. The theoretical efficiency of the
double roll crusher when crushing limestone was
60% while that of kaolin was 80%. Kawuyo et al.
(2017) conducted a study to carry out the
performance evaluation of a grain milling machine
using maize (Sammaz - 12 variety) and millet (Lake
Chad Dwarf variety) at different moisture range of
8.3% to 24.6% and 6.4% to 27.2% (db) respectively.
this machine works by impact action of the rotary
hammers. The rotating hammers are directly driven
by the petrol engine outlet shaft. As grains are
delivered into the milling chamber from the hopper,
they are hit by the rotating bars against the flat bars
fixed around the drum. It was found that, the milling
efficiency and milling rate decreased from 86.3% to
40% and 20.4 to 12.5kg/h for maize respectively and
89% to 26.6% and 23.4 kg/h to 12.1 kg/h for millet
respectively as the moisture content was increased.
Ngabea et al. (2015) developed a magnetic sieve
grinding machine that was used to grinds corn,
cassava, millet, guinea corn to flour. The machine is
powered by a 5.96 kW diesel engine. Performance
evaluation showed that 10.5 g of the machine parts
were worn out after 10 hours of grinding. The
throughput capacity and the efficiency of the
machine are 600 kg/hr and 87.5% respectively.
Ugwuegbu et al. (2017) developed a 5 kg laboratory
ball mill which was tested using limestone as feed
material. Bond’s equation was used to calculate the
specific and shaft powers required to drive the mill
at the specified capacity, and also to size the mill.
The design results show that the minimum shaft
power required to drive the ball mill is 0.2025
horsepower, the length of the mill at a fixed mill
diameter of 210 mm is 373 mm, and the required
shaft length and diameter are 712.2 mm and 30 mm
respectively. The results of the particle size analysis,
before and after the grinding test, show that the
values of F50, F80, P50, and P80 of the limestone
that was fed into the mill are 650 microns, 1950
microns, 47.5 microns and 85 microns respectively.

FUTAJEET Vol. 19 (1) (https://doi.org/10.51459/futajeet.2025.19.1.114



Development of a Pulverizing Machine for Raphia Palm Seeds

The works available in literature provides a good
background information and designed procedures
for the development of pulverizing machine.
However, there is need to develop a machine that
can be used to pulverize Raffia seed, having its
unique mechanical properties of high breaking
force, into standard particle sizes. Therefore, this
work aimed at developing a pulverizing machine for
Raffia seeds.

Materials and Method

Materials and Equipment

The tools and equipment used for the work are meter
rule and vernier caliper for taking the measurement;
scriber for marking out; hacksaw for cutting
operation; vice for holding the workpiece; welding
machine for welding process, spanner and
screwdriver for fastening parts with bolt and nut or
screws as the case may be; and grinding machine for
cutting and finishing off worked surfaces.

Method

Hopper design

The Raphia seed is fed into the machine through the
hopper, with frustrum cross-section and dimensions
as shown in Figure 1.

150

Determination of shaft speed
The pulley of the rotating hammer shaft is designed
to be bigger in order to trade speed for shaft power.
The shaft speed is thus determined using Equation
(3) (Khurmi and Gupta, 2010).

Demp — Nemp ( 3)
Demp Nemp

where:

Demy is the diameter of the electric motor pulley
(125 mm); D,y is the diameter of the main shaft
pulley (200 mm); N, is the speed of the electric
motor (2500 rpm); and Ny, is the speed of the
hammer shaft. Ngp,,, = 1562.5 rpm.

Determination of the power required to crush the
seed

The power required to crush the seeds is determined
using Equation (4) (Kovacs, and Kerényi, 2019;
Shan et al., 2024).

P=Txw @)

Figure 1: Hopper

The volume of the hopper is determined using
Equation (1).

Vy = pr - ch (1)

Where: V), is the volume of hopper, V, is the
volume of full pyramid, and V, is the volume of the
pyramid section cutaway.

The volume of a regular pyramid is given by
Equation (2).

prramid = 1/3 xbxh (2)

where b is the base area and h is the height of the
pyramid.

V= 0.00924 m’

where:

P. is the power required by the hammer; T, is the
breaking or crushing torque; ® is the angular
velocity of the shaft.

The breaking or crushing torque T is obtained using
Equation (5) (Oji et al., 2019).

T.= Fxr %)

where:

F. is the is the force required to break or crush the
Raphia seed given in Dauda et al. (2018) to be 30.06
kN; r is the distance from the axis of the shaft and
the head of the hammer (75 mm).

T, = 2.2545kNm

The angular velocity of the shaft (o) is obtained
using Equation (6) (Khurmi and Gupta, 2010).
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27N
W= T (6)
60

W = 163.6 rad/s

Therefore, the power required by the hammer Pc to
crush the seed is obtained by substituting the
determined parameters into Equation (4).

Pc =268.8 kW

Power required on the main shaft
The power required on the main shaft is supplied by
electric motor. It is obtained using Equation (7)

P, s=Pc xSF (7)

where:
P, s is the power required on the main shaft; and SF’
is service factor 1.3

Using a service factor of 1.3, power required on the
main shaft is thus obtained

Py, =349.44 kKW

Selection of belt type

Considering the power required on the main shaft
(349.44 kW), standards (IS: 2494-1974) for belt
drive was consulted to select belt type. Belt type E
was selected with 125 mm and 200 mm driver and
driven pulley diameters respectively (Khurmi and
Gupta, 2010).

Determination of belt power transmission centre
distance and length

The power required by the main shaft and hammer
assembly is provided by the electric motor through
belt power transmission system represented by the
schematic diagram in Figure 2.

According to Udo et al. (2015), the maximum and
the minimum centre distances can be obtained using
Equations (8) and (9), and the average given by
Equation 10.

Electric motor
pulley

k&

Crnaxca = 3(Demp + Demp) (3
Cminca = 0-55(Demp + Dmsp) )
Cmin.cdt Cmax.c
Cavg.cd = +¢ (10)
where:

Demyp and Dy, is the diameter of the electric motor
and main shaft pulleys, given to be 125 mm and 200
mm respectively;

Cinin.ca 1s the minimum centre distance (975 mm);
Ciax.ca 1s the maximum centre distance (378.75
mm); Cgpgcq 18 the average centre distance (677
mm).

Given that the selected centre distance (Ccd) must
fulfil the following conditions:

Cinin.ca < Ced < G cq; and Ced > Demp

therefore, a centre distance of 550 mm was selected
and a correction factor of 0.95 corresponding to the
centre distance is chosen.

The belt pitch length (Lpe;) is which is the
circumferential length at the pitch width is obtained
according to Khurmi and Gupta (2008) using
Equation (11)

Lyere = 2Ccd + 1.57 (Demp + Dimsp) +

(Demp+ Dmszﬂ)z
BT (11)

Lbelt =1612.8 mm

Design of main shaft rotor assembly

On the main shaft, a set of hammers separated by
spacers held together by mounting rods are mounted
to form as rotor assembly as shown in Figure 3.

Figure 2: Schematic diagram of the power transmission from electric motor to main shaft
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Mounting rod

Spacers

Hammers

Main shaft
Figure 3: Rotor assembly
Bearing 1 L1 L_—1 L__| Bearing Pulley
\ il Ea ./
—=HH-—=HH{-——HH— a
= e =
I J

Figure 4: Rotor assembly with pulley and bearing support

In order to determine the various design parameters
of the shaft, the loading of the main shaft was treated
as a simply supported beam with uniformly
distributed load (hammers, spacers and rods
weights) which is represented as a point load acting
at the center of the two bearing supports with an
overhang load (pulley weight) on one side as shown
in Figure 4.

Let R; and R, be the reactions at the bearing
supports; Fpg. be the weight of the uniformly
distributed load by the hammers, spacers and the
mounting rod acting as a point load; F,g, be the
combined weight of the main shaft pulley and the
tight slide and slack side belt tensions.

According to Khurmi and Gupta (2010), the
torsional moment on the main shaft can be obtained
using Equation (12).

60Pms

My = (Tts - Tss) Dmsp/2 = m (12)

Mr=2135.3 Nm

where Mr is the torsional moment on the shaft due
to the loading; T;s and Ty are the tight side and
slack side tensions respectively.

Speed of the main shaft pulley (Vmsp) is obtained
using Equation (13) (Udo et al., 2015).

Vmsp = (r X Dmsp X Nmsp)/60 (13)

Vmsp =1636 m /s

The ratio of tight side and slack side belt tension is
given by Equation (14) (Udo et al., 2015).

Tes _ jgosessing)
ss

(14)

Substituting Equation (14) into Equation (12) and

making Tss the subject gives Equation (15)
2My

Dmsp(lo,ue/Z.B sinff _ 1)

T, = (3.15)

where:
B is half the groove angle of the pulley;

p is the coefficient of friction between the belt and
the pulley;

0 is the angle of lap or contact between belt and the
pulley [6=(n-2a)], and a is given by equation (16)
(Demp - Dmsp)

@= 2Ccd (16)
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pu=0.29
Therefore, 6 = 3.01 rad

Substituting the obtained parameters into Equation
(15), Tss is obtained to be

Tss=1235.3 N

Tts was obtained to be 22587.9 N from Equation
(14)

The loading, shear force diagram and the bending
moment of the main shaft is represented in Figure 5.
Where Fi is the loading as a result of the hammers,
spacers and rods weights; and Fip is the loading at
the point the main shaft pulley is located on the shaft,
being the summation of the tight side and slack side
tension and the weight of the pulley itself. The
various reactions at the bearing support were
obtained.

Fyor [119.2 N}

|

The maximum bending moment (Mp) on the main
shaft pulley was obtained to be 715.2 Nm as shown
in Figure 5.

The diameter of the main shaft is determined using
Equation (17) (Khurmi and Gupta, 2008).

D = [—— V(KyM,)? + (KrM7)? '3 (17)

1
TSms
where: D is the diameter of the shaft (m); S is the
allowable shear stress of the main shaft which is 42
MN/m2; K, and Kt are the combined shock and
fatigue factors applied to bending moment and
torsional moment (given as 3) due to high level of
fatigue and shock; and My, and Mr are the maximum
bending and torsional moments (Nm) respectively.

D=0.229m0.187 m

Frrp (238404 N)

l load diagram

+ R 280 mm

_ 30 mm

B (—250L.1 V)

B: (264607 N)

i 23B404N,

/ Shear force

LTI

26203 N

B=nding moment

iB7T.7 :Nm

diagram

7152 N'm

Figure 5: Load, shear force and bending moment diagram of the rotor assembly

Resolving the forces vertically, and taking moments
about pointR 2, R 1=-2501.1 NandR 2 =26460.7
N

Selection of bearing

For the machine, a ball rolling contact bearing with
the standard designation 307 was used. This decision
was made based on the sort of load that the bearing
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will carry both at rest and during operation, as well
as the diameter of the shaft (Khurmi and Gupta,
2010).

Frame design

The frame assembly is shown in Figure 6 presenting
different views of the machine. Design of the frame
focused primarily on maximizing the frame’s
stiffness and strength. The frames were created from
separate parts and then merged to create
homogenous bodies, discounting the effect of joints
on the ultimate stiffness of the frame.

324 115
* 26+ [~
T
2
306 L
F 636 1
~—368—
I
I
LN
o~
< |
© —268—
U -

FEA of the structural parts of the machine
Finite element analysis (FEA) was carried out on the
3D CAD models created in Autodesk Inventor
which was used to assess the behaviour and
structural stability of the rotor and frame assemblies
under loading. In order to produce solid meshes for
the FEA analysis, the rotor assembly and frame
assembly finite element models (FEMs) were
discretized into 36379 elements and 62647 nodes,
respectively.

272

- =32

Figure 6: Frame Design

Material Selection

The material used in the fabrication of each
component parts to provide an efficient, reliable,
workable, stiff, and long-lasting machine is based
primarily on: availability of material locally; easily
rough machined or otherwise easily worked; rigidity
and strength so as to be able to resist bending and to
be able to carry weight of the parts; relative
cheapness of the material while being able to meet
the safe functional requirement.

The various component parts of the machine were
fabricated using various appropriate manufacturing
techniques, and assembled.

Finite Element Analysis (FEA) and Performance
Evaluation

The components of the machine were analyzed
using FEA in order to assess how the design works
under loading conditions; and the performance
evaluation of the machine.

Performance evaluation

Sun-dried Raphia seeds were fed into the machine to
evaluate its performance. This was conducted by
feeding a sample of 3 kg of the well sun-dried
Raphia seeds into the machine and recording the
output mass and time taken for the pulverization to
be done. A total of five trials were conducted. The
output mass was measured using a weighing
balance, a stopwatch was used to monitor the time.

The following performance indicators were then
determined using the average values;

i. Throughput capacity (Q¢p)

Throughput is the rate at which the sample to passes
through the machine. This was measured in kg/hr.,
and determined using Equation (18) given by
Mohamed et al. (2015).

Qup = out (18)

Tp
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where M,,,; is the mass of pulverized seed and Tp
pulverizing time.

ii. = Pulverizing efficiency (Pey)
It is the ratio of the mass of pulverized seed collected
from the machine to the mass of seed fed into the
machine. This was obtained using Equation (19)
given by Oji et al. (2019).
Mo

Peff = M:: x 100 (19)

where M, is the mass of seed fed into the machine.

fii. Particle size distribution and analysis

The particle size distribution of crushed seed is
determined using the sieving method, which
involves the use of a sieve and a sieve vibrator. The
sieve vibrator has 1700, 1200, 900, 600, 500, 420,
and 212 pm sieve sizes arranged in decreasing
sequence of size with a collector beneath them. The
sieve vibrator was run for 20 minutes after 600 g of
crushed seed was put into the layer of sieves. Using
Equations (20) to (23), particle size analysis was
performed to estimate the average particle size.

USO+LSO

Avegs = (20)

%oMretainea = 8L x 100 (21)

TMyetained
6
z:i=1 Pmean dia (22)

M 0 =
mean dia 6
2:i:1 %Mretained

Nodes:62647
Elerments:36379

&

M
Peff.bps - M yersized 23)
where: Avegis the average sieve size; USO and LSO
is the upper and lower sieve openings or size;
%M, etqinea percentage mass retained; Myerqinea 1S
the mass retained; TM,otqineq 1S the total mass
retained; Mypean dia 1S the mean diameter of the

mass; Ppean diq  particle  mean  diameter;
Peff pps is the efficiency of the machine based on

the particle size analysis; My is the total mass

sieved; and M persizeq 1S the mass of oversized
particles.

Results and Discussion

FEA result of the rotor and frame assembly

The rotor assembly finite element (FEM) model was
discretized into 36379 elements and 62647 nodes for
the generation of a solid FEA mesh as shown in
Figure 7.

The FEA findings revealed a maximum stress of
103.1 MN/n?; a maximum displacement of 0.2317
mm; a maximum strain of 3.99x10**and a minimum
factor of safety (FOS) of 2 with loads of 119.2 N and
3,000 N on the shaft and hammers, as presented in
Figures 8 to 11 respectively. It was observed that the
maximum stress on the member is less than the yield
strength of (250 MN)/m? of the mild steel used for
the parts of the rotor assembly.

Figure 7: Rotor assembly meshing
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Type: Von Mses Stress Type: Displacement
Urit: MPa Unit: mm
01-Sep-21, 5:09:12 PM 01-Sep-21, 5:09:15 PM

103.1 Max 0.2317 Max
825 0.1853
6519 0,139 j
41.2 0.0927
206 0.0463
0 Min 0 Min
Figure 8: Stress distribution within Figure 9: Resultant
rotor assembly members displacement of the rotor
Type: Safety Factor
Type: Equivalent Strain Unit: ol
g?—Eeﬂ—ZlJ 5:15:41 P 01-5612-’341;)(5309:14 .
3.99e-04 Max
3.192e-04 12
2.394e-04 9 E\ N
1.5%e-04 &
7.981e-05 301 Min
3.73e-10 Min 0

Figure 10: Equivalent strain distribution  Figure 11: Factor of safety layout on the
within the rotor assembly members FEM of the rotor assembly

Similarly, as shown in Figures 12 to 16, the FEM model for the frame assembly was discretized into 17964
elements and 38575 nodes in order to produce its solid mesh for FEA.

Nodes:38575
Elements: 17964

Figure 12: Frame assembly meshing
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The FEA static analysis result showed that it
experienced a maximum stress of 97.7 MN/m?; a
maximum resultant displacement of 0.499 mm; a
maximum strain of 3.78 X 10~ and a minimum
FOS value of 2.1 when forces of 321 N and 430 N is
applied representing the loading due to the weights
of the entire body of the grinding unit and the
electric motor, respectively, as shown in Figure 4.7
to 4.10. The maximum stress value derived from the
FEA s also noted to be below the 250 MN/m? yield
strength of mild steel used as component material.

Type: Yon Mises Stress

Unit: MPa

01-Sep-21, 4:15:27 PM
97.74 Max

Figure 13: Stress distribution within
frame assembly members

Type: Equivalent Strain

Urie: ul

01-Sep-21, 4:15:47 PM
3777204 Max

3.022e-04
2,266e-04
1.511e-04
7.555e-05

2.499e-10 Min

Figure 15: Equivalent strain distribution
within the frame assembly members

Table 1: Performance evaluation test result

The results of the FEA analysis implies that, under
normal working conditions, both the rotor and the
frame assembly will function satisfactorily as
designed without failing under loading, as the
maximum stress values obtained from the FEA of
their components are well below the respective point
of yielding of selected materials.

Productivity and efficiency test

The result of the test carried out by feeding a sample
of 3kg of Raphia seed in the machine for
pulverization is presented on Table 1.

Type: Displacerment
Unit: rrm
01-5ep-21, 4:15:41 PM

0.49%4 Max

03995

0,2997

0.1998

0.0999

0 Min

Figure 14: Resultant displacement of
the frame assembly members

Type: Safety Factar

Unit: ul

01-Sep-21, 4:15:40 PM
15 Max

12

Figure 16: Factor of safety layout on
the FEM of the frame assembly

Test sample  Mass before pulverizing (kg) Mass after pulverizing Time (secs)
(kg)
1 3.00 2.91 930
2 3.00 2.90 900
3 3.00 2.93 894
4 3.00 2.89 810
5 3.00 2.90 886
Average 3.00 291 884

Throughput (Q;,) is 11.85 kg/hr;and Pulverizing Efficiency (P,rs) is 97%
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A throughput and pulverizing efficiency of
11.85kg/h and 97% were obtained respectively, and
this implies that there was 3% mass loss during the
testing. Aside the effectiveness of the hammers in
crushing the seeds, the high pulverizing efficiency
obtained is also because the particles of the seed
were not sticking to the wall of milling chamber and
other moving parts.

Particle size distribution

The result of the particle size distribution
experiment that was carried out using 600g of the
pulverized Raphia seed is presented in Table 2.

It can be seen that the overall mass retained was
599.6 g, which is some fraction less than the mass of
the sample used for the experiment. This is owing to
the fact that some of the particles must have been
lost due to the equipment's vibration. Also, at the
1700 and 1200 pm sieve sizes, 8.1 g and 11.88 g of
the Raphia seed particle were retained, respectively.
Because the machine screen is designed to be 1000
pm, these particles are considered over-sized.

The average particle size was then determined by

particle size analysis, and the results are shown in
Table 3.

Table 2: Particle size distribution

The average particle size of 624 pm was obtained.

The pulverizing efficiency based on the particle size
analysis was obtained considering the mass retained
in sieve sizes 1200 and 1700 pm as oversized. (the
screen designed for the machine is 1000 pm). A
pulverizing efficiency of 96.82% was obtained.

From Table 3, it can be seen that at (212, 420, 500,
600, 900, 1200, and 1700) um screens, 4.4%, 8.0%,
4.1%, 33.7%, 46.4%, 2.0%, and 1.4% of the particle
sizes were retained respectively. The sieve sizes,
900pum and 600um, both retained a much higher
percentage of the material. As a result, the average
particle size (624pm) found falls between 600 and
900pum. This result is in agreement with the design.
This implies that the machine can effectively
pulverize the seed to an average particle size of 624
um when a 1000 pm screen is used in the milling
chamber, as indicated by the 96.82% efficiency
attained based on particle size distribution. Figures
17 shows the Orthographic and Isometric drawings,
while Figure 18 show the exploded drawing of the
machine.

S/N Sieve Size (um) Mass Retained (g)
1 1700 8.1

2 1200 11.88

3 900 269.28

4 600 195.45

5 500 24.07

6 420 46.4

7 212 25.5

8 Pan 19.10

Total 599.6

Table 3: Particle size analysis of the pulverized Raphia seed

Sieve Size (um) Average Sieve Size

Mretained (g) %Mretained Pmean dia (llm)

(wm) (%)

212 106 25.50 4.4 465.5
420 316 46.40 8.0 25250
500 460 24.07 4.1 1906.8
600 550 195.45 33.7 185123
900 750 269.28 46.4 34779.9
1200 1050 11.88 2.0 21482
1700 1450 8.10 1.4 2022.6

Total 580.68 100 62360.4
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Figure 17: Orthographic and Isometric drawing of the machine

PARTS LIST
ITEM | QTY |PART NUMEER
1 1 [Frame
2 1 |[Lower casing
3 1 [Saeen
4 1 [Rotor
ssembly
5 1 |Upper casing
[ 1 [Electric mobor
7 1 [Buttom plate
] 1 Hopper
E] 1 [Delivery duct
10 1 [AHSIJAFEMA
16.1- 30 x 62
b 18

11 1 [Bearing
30706 GOST
35592-75

V] T [damp KV=30
GoST
17675-80

13 1 [|W-Belt

14 1 [Groowed
Pulley1

15 1 [Groowed
Pulley2

16 2 |bearing helder

17 1 [k cover

Figure 18: Exploded view of the Raphia seed pulverizing machine
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Development of a Pulverizing Machine for Raphia Palm Seeds

Conclusion

A pulverizing machine for Raphia seeds was
developed and evaluated. The FEA static analysis
result showed that it experienced a maximum stress
of 97.7 MN/m?; a maximum resultant displacement
of 0.499 mm; and a maximum strain of 3.78x10*
when forces of 321 N and 430 N were applied,
representing the loading due to the weights of the
entire body of the grinding unit and the electric
motor, and is not susceptible to structural failure
during operation. Performance evaluation revealed
the machine has a throughput of 11.85 kg/hr., a
pulverizing efficiency of 97% and can pulverize to
an average particle size of 624 pm.
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