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are present that significantly reduce the quality and economic value of the product, necessitating the use of
efficient mechanical separation methods in the post-harvest stage. Among various cleaning and grading
equipment, gravity separators hold particular importance due to their ability to separate particles based on
differences in density and aerodynamic characteristics. The efficiency of these machines depends on
parameters such as vibration frequency and amplitude, longitudinal and lateral slopes of the separation
deck, airflow velocity and volume flow rate, number of blowers, and feed rate. Previous studies have also
confirmed this performance sensitivity; notably, Bagheri et al. (2017) demonstrated that proper adjustment
of parameters, including a frequency of 400 cycles per minute, an amplitude of 5 mm, an air velocity of 5.7
m/s, and longitudinal and lateral slopes of 2° and 1°, respectively, increases the separation efficiency of
impurities in lentils up to 90.2%. Furthermore, the findings of Shekari Shishvan (2019) indicate a significant
difference in bulk density and terminal velocity between Lallemantia seeds and their associated impurities,
recommending the use of a gravity separator for the removal of gravel, straw, and weed seeds. Despite the
positive outcomes of these studies, most domestic research has been conducted on simpler gravity separator
models equipped with only a single blower, a configuration that lacks sufficient capacity for the complete
separation of the various materials present within the product bulk. Moreover, in many cases, particularly
for medicinal plant seeds, separation is still carried out manually, a method that is costly, time-consuming,
and inefficient. Accordingly, this research aims to design, fabricate, and evaluate an advanced gravity
separator that can mechanically and efficiently remove impurities—particularly small stones—from
granular medicinal plants and legumes by exploiting the physical and aerodynamic differences among the
constituent materials.

Materials and Methods

To design a gravity separator machine for cleaning and grading legumes and medicinal plant seeds, the
separation mechanism was first designed considering locally available technologies in Iran. Subsequently,
the necessary engineering calculations were performed in accordance with relevant standards. Based on the
design drawings, and taking into account the required dimensions and material specifications, the gravity
separator machine was then constructed. The performance of the developed machine was evaluated using
Lallemantia seeds. Through experimental evaluation, the optimal values of the machine’s operational
parameters as well as the separation efficiency for this seed type were determined.
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Results and Discussion

The fabricated gravity separator features three velocity zones and three centrifugal blowers mounted on
the main chassis. The airflow rate and velocity can be adjusted using inverters. A crank and slider
mechanism, driven by a 3 HP electromotor, vibrates the upper screen of the machine. The vibration
frequency is adjustable via an inverter, and its amplitude is 10 mm. The upper section of the machine utilizes
a steel wire mesh screen with both a wire diameter and an aperture size of | mm. Given the varying densities
of different materials within the Lallemantia seed bulk and the distinct output airflow rates of each blower,
the combination of the machine’s vibration and its longitudinal and transverse slopes (set at 2.24° and 4.79°,
respectively) causes the various components, such as gravel, straw, chaff, and seeds of high and low density,
to follow different trajectories. Consequently, they are discharged through separate outlets based on their
densities. Additionally, the material feed rate onto the screen surface is adjustable. The machine was
evaluated using a 10 kg sample of Lallemantia seeds containing 186 g of gravel. The highest separation
efficiency was achieved at longitudinal and transverse slopes of 2.24° and 4.79°, respectively, with an
output air velocity of 3.9 m/s in the first velocity zone above the wire screen, and 3 m/s and 2.3 m/s in the
subsequent two velocity zones, respectively. Under these settings, the amount of gravel discharged from
the machine’s first outlet, which is dedicated to high-density materials, was approximately 182 g, and the
separation efficiency of the machine was calculated to be 97.8%. This level of efficiency demonstrates the
machine’s high performance in removing impurities and improving product quality.

Conclusion

In this research, a standalone, cost-effective gravity separator was successfully designed, fabricated, and
evaluated with the aim of achieving maximum efficiency in cleaning fine seeds. The results demonstrated
that this machine, equipped with 5 distinct outlets and a processing capacity of 450 kg/h, is capable of
separating fine impurities, such as gravel, from Lallemantia seeds in a single stage with a remarkably high
efficiency of 97.8%. Beyond its successful performance in cleaning Lallemantia seeds, the high
adjustability of all operational parameters, coupled with the quick and easy replaceability of the wire mesh
screen, grants the machine exceptional versatility. Consequently, by applying the appropriate settings, users
can effectively and rapidly employ this machine for the cleaning and grading of a wide variety of other seed
products.
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Fig 1. Schematic diagram of the gravity separator machine
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and outlet section (A, B, C, D, E, and F are the machine
outlets arranged sequentially for materials with high to

very low density) 4. Inverter 5. Centrifugal blowers 6.
Main chassis 7. Vibratory section 8. a, b, and c indicate
regions with different air—flow velocities 9. G indicates the
analyzed beam)
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Fig 3. Components of the gravity separator’s screen system

(1. Upper wire screen 2. Sub-frame 3. Lower perforated
plate (scalper) 4. L-shaped support angles 5. Product guide
plates to the outlets)
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Fig 6. Crank and slider mechanism of the vibration system

(1. Vibration shaft 2. Bearing 3. Eccentric shaft 4. UCT
bearing 5. Connecting rod 6. Rod-end bearing)
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Fig 4. Screen vibration system
(1. Leaf springs 2. Chassis 3. Steel sheets 4. Electric motor
5. Rod-end bearings)

=55 ol a4 Lol ol Jlait gl (55 az )l —0 JS

Fig 5. Canvas (tarpaulin) used to connect the main frame
to the vibrating frame
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Fig 7. Power transmission system from the electric motor
to the vibrating frame
(1. Driven pulley 2. Belt 3. Driving pulley 4. Electric
motor)
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Table 1. Technical specifications of the fabricated gravity
separator machine
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Fig 9. Fabricated gravity separator machine

(Outlets 1 to 5 discharge the seeds in order from highest to
lowest density)
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Table 2. Specifications of the sieve vibration system of the
gravity separator machine
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