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Abstract A reliable and accurate size determination of powder particles or solid
particles, in general, depends on the vibrating efficiency of a vibrosieve. Thus, the
study employed the inexpensive design concept of vibration mechanics and mass
balance to improve the quality production of powder. Stress simulation of a vibrosieve
was proposed. The result of the stress simulation using carbon steel materials showed
that there is variation in both yield stress and shear stress. For a 7 N load, a yield stress
of 2.817-2.835 N/m? and a corresponding shear stress of 2.817-2.821 N/m? were
observed. Subsequently, simulation result using alloy steel revealed a yield stress
ranging from 6.204 to 6.212 and a corresponding shear stress of 4.549—4.555 N/m?.
The variation in the stress depicts the fatigue life of the machine overtime. Thus, the
result of increased yield stress showed that the material might likely fail overtime.
This will enable designers to carefully select their material and operating stress which
will be safe for the machine, thereby increasing machine, reliability and efficiency.
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1 Introduction

Sieving or screening is referred to as the separation of solids into two or more parts
based on their size differences. This process has become a very important operation
in the food processing industry as well as in the industrial separation of other solid
particle sizes [1]. For instance, the separation of some particle-based systems has
been found to be contaminated by some reagents during the process, especially in
the pharmaceutical industries due to improper sieving during the process [2]. Conse-
quently, Chen et al. [3] reported that the use of molecular sieves in the separation
of hydrogen isotopes is highly significant but the mole fraction determination is
still a challenge. Thus, previous studies on the domestic application of sieves in
threshing of rice mixture showed that the process is laborious, and the rate of loss
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and quality of the product is highly dependent on the sieving machine [4]. However,
the development of a highly efficient device that can be used for the separation of
some processed agricultural produce remains a challenge due to mass transfer [5].
More so, the determination of the particle size is the key to quality production as
well as having efficient and accurate powder production technique [6—9]. Further to
this, the geometric factor in the design of sieves is still a problem as this relates to
the dynamic and kinematic properties of the particles to be separated [10—12]. These
factors can be simulated in the design process of the sieve in order to get the desired
efficiency during the sieving operation. According to Carpin et al. [13], the surface
area and the length of the particle size distribution limit the compressibility and the
flowability of the powder. This is due to the fact that the size distribution is a function
of the length of a single particle and gives more uncertainties when the morphology
is complex [14—16]. To obtain accuracy and stability in powder production, various
sieve designs must be of a reasonable peak height to reduce the sieving time [17—
19]. Consequently, the drop size and mass transfer coefficient of the particle size
distribution must be taken into consideration at the design stage to achieve a reli-
able product [20-24]. In the present study, the focus is on the development of an
automated sieving machine based on the knowledge of vibration that can efficiently
salvage the time wasted in processing and packaging of agricultural and industrial
products which include wheat flour, yam flour, maize flour and industrial chemicals,
etc., thus making it possible to separate or sieve the powder from impurities and
also making the end product safe for consumption even in the local communities.
More so, the study further investigated the strength of the assembled sieve via finite
element approach to determine the effect of vibration on the yield strength of the
material, hence improving machine reliability.

2 Problem Definition

Vibrosieves have been found to have major factors which pose problems during the
design. These factors or problems include accumulation of materials at the centre of
the sieve due to reduced vibration and the vibrator motor vibrating in the direction
opposite to the expected and inadequate operating efficiency. These problems or
factors contribute to the overall performance, wastage of time and poor quality of
powder production [25, 26]. This research, therefore, focused on the fabrication,
assembly and stress simulation of the vibrosieve to improve the smooth running and
efficient operation of a vibrosieve.
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3 Materials and Methods

3.1 Materials Selection

The machine components include the frame which is cylindrical in shape and made
of carbon steel due to its high strength and corrosion resistance. The frame is coupled
with the wire mesh of which the sieve is attached as well as the electric motor. The
sieve was made from stainless steel due to its corrosion resistance and its ability to
resist failure under repeated loading. The base was made from mild steel because of
its excellent strength and durability, while the springs were used to dampen the vibra-
tion produced by the motor. Cast alloy springs were selected based on compressive
strength and resistant to failure due to repeated vibrations.

3.2 Methods

3.2.1 Design Concept and Calculations

The methods involved the design equations of component parts based on vibration
requirement.
For a mass of 1 kg, speed of motor required for the sieve N = 950 rpm [27]

= 2N 950 x PN _ 995 rads 1)
w = 60 = 60 = D rad/s

Unbalanced mass eccentricity is given by » = 50 mm = 0.05 m.
Force exerted by the electric motor to cause vibration is given by [26].

F = mw’r ()

F=1x99.5> x 0.05 = 495N

The force produces an amplitude on the powder given by
Mass of frame + sieve = 20.5 kg (as simulated in Solidwork)

F =ma

I : _F _ 495 _
To find the vibration amplitude a = - = 57z = 0.0241G.
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Fig. 1 Frame design

3.2.2 Solidworks Models of Components and Assembled Parts
of the Sieve

The vibrosieve operates with a powerful single-phase electric motor which was
designed and integrated to the body of the machine for mass balance. When the
motor vibrates, the trough attached to the frame shakes making the sieve attached
to the frame shake also and then, eventually, discharges a fine smooth and medium
size product according to the design of the aperture. The vibration per minute is
1450, and an amplitude of 2—4 mm was selected for the design according to [28].
The component design and complete assembly of the vibrosieve are shown.

4 Figures

See Figs. 1,2, 3,4, 5 and 6.

5 Results and Discussion

Figures 1, 2, 3, 4 and 5 present the individual components of the vibrosieve, which
include the frame design with an integrated trough, through which the sieved or
screened particles flow. In addition, the design of the sieve is shown in Fig. 2. A size
of about 75 pm was selected for the aperture for smooth and quality production.
More so, Figs. 3 and 4 represent the base support for the entire design, which is
the sensitive part which supports the vibration and the movement of the springs,
while Fig. 5 represents the springs which serve as vibration dampers and Fig. 5 is
the complete assembly of the vibrosieve.
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Fig. 2 Sieve design

Fig. 3 Base support of the
machine

Fig. 4 Single-phase electric
motor
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Fig. 5 Spring for vibration
damping

Fig. 6 Complete assembly
of vibrosieve

Further to this, the finite element approach was employed to study the variation in
stresses between carbon steel and alloy steel for the fabrication materials. The yield
stress and the shear stress observed were demonstrated on the simulation result.

Figure 7 displays variation in the yield stress as the material vibrates with an
assumed force of 7 N causing vibration. A yield stress of 2.827-2.835 N/m? was
observed. However, the equivalent shear stress was noted to be between 2.817 and
2.821 N/m? as seen on Fig. 8. Thus, fatigue might set in after a long operation.

Applying the same analysis using alloy steel for simulation of yield stress and
shear stress, it was noted that the vibration effect was evenly distributed with a yield
stress ranging from 6.204 to 6.212 N/m? and shear stress of about 4.54-4.555 N/m?
(Figs. 9 and 10).

6 Conclusion

A vibrosieve was designed, fabricated and assembled by carefully selecting materials
for the individual component. The entire assembly was subjected to stress simulation
using different materials under a specified load of 7 N to determine the yield stress
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Fig. 7 Finite element model of yield stress (carbon steel)
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Fig. 8 Finite element model of shear stress (carbon steel)

and shear stress. The result of the simulation showed that carbon steel gave less yield
stress and shear stress of 2.827-2.835 N/m? and 2.817-2.821 N/m? compared to the
alloy steel having 6.204—6.212 and 4.549—4.555 N/m?. This implies that the former
will perform better in service compared to the latter due to increased fatigue life
overtime. The design and proposed simulation of the vibration process will help in
improving machine design and reliability.
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Fig. 9 Finite element model of yield stress (alloy steel)
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Fig. 10 Finite element model of yield stress (alloy steel)
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