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ABSTRACT 

In contemporary civil engineering and infrastructure development, 

the physical property thresholds of raw materials dictate the 

structural integrity, load-bearing capacity, and ultimate longevity of 

constructed facilities. Among these raw components, fine aggregate 

sand serves as the foundational matrix in concrete formulation, 

masonry mortar, and structural plastering layouts. However, 

terrigenous or alluvial sand extracted from natural riverbeds or 

open-pit quarries consistently exhibits high volume fractions of 

undesirable oversized particulates, including macro-pebbles, lithic 

gravel fragments, and organic debris. If unmitigated, these 

inclusions manifest as localized stress concentrators and moisture 

traps within cured concrete, severely undermining its structural 

viability. 

To systematically bypass the extreme time latencies and prohibitive 

operational labor costs associated with traditional static, manual 

mesh-sifting methods, this study details the design, kinematic 

modeling, structural fabrication, and empirical testing of an 

automated, electrically driven reciprocating sand filtration machine. 

The mechanical architecture relies on an integrated crank-rocker 

linkage framework engineered to convert high-torque rotary input 

into single-axis linear translation across an inclined screening mesh 

set at an optimal slope angle of 10 degrees. Powered by an efficient 

direct-current motor coupled with an electronic pulse-width 

modulation speed controller, the prototype achieves high-

throughput particle separation based on predefined geometric 

tolerances. Extensive field testing confirms a substantial 

enhancement in output sand uniformity, a notable reduction in cycle time metrics, and complete alignment 

with eco-friendly design criteria. 
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1. INTRODUCTION AND STRUCTURAL SIGNIFICANCE 

The global construction sector is undergoing an era of rapid expansion, marked by the widespread execution of 

dense residential high-rises, modern high-velocity roadways, complex structural bridges, and massive public 

utility infrastructure. The operational demand for high-quality, fine-graded sand aggregates has grown 

exponentially, cementing its role as an indispensable material in civil engineering applications. Within any 

cementitious composite matrix, sand acts as a structural filler that occupies the interstitial voids remaining 

between larger coarse aggregates. The internal surface area binding properties and overall consistency of this 

fine aggregate directly influence the workability, hydration kinetics, slump performance, and ultimate 

compressive strength of the resulting concrete. 

Historically, the construction industry has relied on localized, non-mechanized manual screening frames. In 

this archaic paradigm, laborers manually shovel raw, unrefined sand aggregates against an inclined, static 

woven wire mesh. This traditional setup suffers from several critical operational bottlenecks: high time-latency 

per volumetric unit processed, high physical exertion leading to rapid musculoskeletal fatigue, variable sifting 

velocities resulting in inconsistent grading, and regular blinding or clogging of the mesh apertures, demanding 

frequent operational shutdowns for manual cleaning. 

The core objective of this engineering initiative is to systematically dismantle these microeconomic and 

physical limitations. By developing a highly focused, automated reciprocating sand filtration system, this 

project introduces a reliable mechanical layout that separates high-purity fine sand from coarse material while 

significantly cutting down on operational labor requirements. The mechanical system described in this 

research paper is engineered for versatile deployment across several key domains within the civil construction 

sector, including high-precision residential masonry and mortar formulation, reinforced concrete structural 

batching, high-velocity roadway foundation layouts, and precast concrete element manufacturing. 

2. RATIONALE, STATE-OF-THE-ART REVIEW, AND MARKET RESEARCH 

A detailed analysis of mechanical history reveals a clear evolutionary path for aggregate sizing technologies. 

In the industrial era of the 19th century, the emergence of steam-driven rotary trommels and basic screening 

apparatuses eliminated the need for manual kinetic input, but these early systems were heavily held back by 

massive weight constraints, low fuel efficiency, and a complete lack of portability. The early 20th century 

consolidation phase brought the widespread adoption of electric induction motors, which enabled compact, 

motor-driven sand sieving stations. This era established foundational principles for centralized mechanical 

aggregate sorting plants. 

Mechanized screening advancements between the 1900s and 1930s were characterized by major design 

improvements in eccentric weight vibratory components and structural frame balancing. This period saw the 

registration of early automated screening patents that minimized external structural vibrations while boosting 

particle separation efficiency. Building upon this technological progression, this project adapts research 

frameworks from advanced automated mechanical testing platforms. It introduces precise modifications 

tailored to enhance mobility, structural resilience, and energy independence under demanding on-site 

operating conditions. 

To optimize production costs and ensure robust structural safety margins, a rigorous market survey was 

conducted across commercial manufacturing districts, specifically tracking supplier performance parameters in 

Visnagar. Investigations focused on heavy-duty structural members capable of absorbing cyclic mechanical 

loads. A detailed comparison was drawn between Varahi Steel and Raja Steel. Varahi Steel offered structural 

grade 35x5 mm Mild Steel (MS) angles at a competitive price of 55 rupees per kilogram compared to 57 

rupees per kilogram at Raja Steel. Consequently, two standardized 20-foot MS angle lengths were purchased 

from Varahi Steel to construct the primary load-bearing chassis. To meet standard fine-aggregate plastering 
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profiles, technical evaluations at Ajit Screw Bolt led to the selection of a uniform woven wire mesh screen 

featuring precision square apertures measuring 4x4 mm over a total flat layout area of 4x3 feet. This screen 

was procured at a fixed commercial cost of 300 rupees. 

3. KINEMATIC MODELING AND MECHANICAL DESIGN PARADIGMS 

The operational success of this automated sand filter relies on a structural design that converts continuous 

rotary power into single-axis linear reciprocating motion. Before committing to physical fabrication, the entire 

structural assembly was digitally modeled inside an advanced computer-aided design environment. This 

process verified spatial layouts, eliminated material interference risks, and optimized center-of-gravity 

placements. The system layout features an elevated upper frame inclined at an angle of 10 degrees, which 

directly holds the active screening mesh. Suspended safely below this active screening zone is an integrated 

collection funnel system formed by three structurally interlinked steel sheets. To maximize gravity-assisted 

material flow and prevent fine particles from sticking to the walls, this lower collection hopper is set at a steep 

angle of 15 degrees. This design allows filtered material to slide smoothly into collection bins positioned 

outside the main footprint of the machine. 

The core mechanical movement relies on an optimized four-bar linkage configuration that drives the 

continuous reciprocating frame. Power transfers from the high-torque motor shaft directly to a balanced drive 

wheel. An eccentric pin located at a radius (r) on this drive wheel connects to the sloped screening frame via a 

rigid steel connecting rod. The mathematical formula governing the total linear stroke length (S) of the 

screening mesh is defined by the kinematic relationship S = 2 * r. As the drive wheel completes a continuous 

360-degree rotation, the eccentric pin configuration translates this rotary movement into a smooth back-and-

forth linear stroke along the path of the support rollers. This constant mechanical acceleration changes 

direction rapidly at each stroke limit, overcoming the static friction bonds holding individual sand granules 

together. This localized vibration forces fine particles down through the open apertures while driving 

oversized gravel along the 10-degree incline to be safely rejected out the lower end of the machine. 

4. STRUCTURAL COMPONENTS AND MANUFACTURING COST ESTIMATION 

The technical layout of the prototype consists of five major integrated components: the load-bearing structural 

chassis, the high-torque DC drive assembly, the active filtration screen, the low-friction linear support system, 

and the electronic drive governor. The chassis is fabricated entirely from 35x5 mm structural mild steel angles 

and features cross-braced vertical and horizontal members designed to absorb high-frequency vibratory 

stresses without experiencing structural warping or joint cracking. The high-torque DC drive assembly 

includes a high-efficiency direct-current motor mounted securely to a reinforced baseplate, linked to a heavy 

pulley mechanism that acts as a localized flywheel to smooth out torque surges during heavy material loading. 

The active filtration screen features a heavy-duty 4x3 foot high-tensile wire screen with precision 4x4 mm 

square openings clamped tightly to eliminate localized sagging. 

The low-friction linear support system features six precision-ground radial rolling bearings strategically 

positioned along the guide tracks to allow smooth, low-resistance linear movement. The electronic drive 

governor is a robust 2000W pulse-width modulation solid-state voltage regulator that allows operators to 

precisely tune the reciprocating frequency based on the moisture levels and density profiles of incoming sand 

samples. To verify commercial viability, a strict financial ledger tracking all manufacturing and component 

procurement costs was compiled during prototype development, resulting in a total cost of 5,010 rupees. 
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No. Component Description Technical Specifications Qty Line Cost (₹) 

1 High-Torque DC Drive Motor Low-Power, High-Starting 

Torque 

1 Unit Included 

2 Structural Mild Steel L-Angles Structural Grade, 35x5 

mm Profile 

12 kg ₹1,790 

3 Woven Filtration Mesh High-Tensile Steel, 4x4 

mm Apertures 

1 Unit ₹300 

4 Deep-Groove Rolling Bearings High-Carbon Chrome 

Steel, Radial 

5 Units ₹300 

5 Eccentric Connecting Mechanism Machined Steel Linkage 

with Flywheel 

1 Assy. ₹800 

6 Interlinked Collection Sheet Metal Standard Gauge Mild 

Steel, 1.2 mm 

1 Set ₹1,270 

7 Electronic Power Governor Solid-State PWM 

Regulator (2000W) 

1 Unit ₹550 

5. METRIC PROCESS METHODOLOGY AND EXPERIMENTAL WORKFLOW 

The construction and validation of the automated prototype followed a strict, quality-controlled mechanical 

workflow. First, raw structural steel angles were precisely cut to drawing specifications using high-speed 

abrasive cutting discs. The structural joints were then assembled using heavy-duty shielded metal arc welding 

to ensure maximum rigid strength under high cyclic vibrations. Next, the primary upper frame was set at a 

fixed 10-degree incline relative to the horizontal base. Precision measurements verified that the parallel guide 

tracks were perfectly aligned, avoiding uneven loading on the rolling elements. 

Six precision radial rollers were installed on the guide tracks to support the active screening frame, ensuring 

smooth linear translation while eliminating lateral twisting during high-speed operation. The high-torque 

motor and eccentric drive linkage were firmly bolted to a reinforced section of the chassis, and the connecting 

rod was pinned directly to the sloped mesh frame, creating a positive mechanical drive assembly. Finally, the 

lower collection hopper was formed by welding three pieces of sheet metal into a smooth funnel configuration, 

ensuring that all filtered fine sand is gathered cleanly without material spillover. To guarantee absolute 

compliance with engineering drawing tolerances, formal inspection cycles were executed across every stage of 

production using digital vernier calipers, high-precision micrometers, bevel protractors, and optical alignment 

levels. 

6. ENGINEERING EVALUATION: ADVANTAGES AND CURRENT LIMITATIONS 

The system delivers excellent economic efficiency, as transitioning from manual labor to an automated 

machine delivers significant cost savings, allowing construction operations to break even quickly on project 

budgets. It features high output speeds; the steady reciprocating action significantly reduces sorting cycle 

times, accelerating the supply of fine aggregate to down-line concrete mixing stations. It has a zero 

environmental footprint because the low-power electrical drive system operates cleanly without producing 

direct atmospheric emissions, maintaining a healthy, emission-free workspace on construction sites. Excellent 

mobility is achieved since the chassis stands on heavy-duty, high-load caster wheels, allowing operators to 
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easily maneuver the machine across rough site terrain. Furthermore, flexible input options allow the electrical 

control system to run on standard grid power, portable storage batteries, or remote off-grid solar arrays. 

Despite these advantages, the prototype currently exhibits two main limitations. First, it relies on a manual 

loading requirement, meaning that the current prototype configuration requires manual shoveling to feed raw 

material onto the upper section of the screening mesh. Second, it incurs screen swapping latency, as processing 

varied grades of sand—ranging from coarse concrete aggregates to ultra-fine finishing plasters—requires 

stopping the machine to manually replace the screening mesh panel. Future revisions will address these issues 

with mechanical feeding upgrades. 

7. EMPIRICAL RESULTS, PERFORMANCE ASSESSMENT, AND FIELD RESULTS 

The prototype underwent systematic field testing using raw river sand samples containing varying amounts of 

moisture and stone contaminants. Sieve testing was conducted to evaluate the grading efficiency of the 

automated reciprocating system. Sifting data confirms that the machine successfully separates fine particles 

from oversized contaminants, delivering an output sand sample with a volumetric purity score of 93.4%. The 

automated vibration profile breaks up damp sand clumps easily, reducing fine sand loss in the waste stream by 

four times compared to traditional static screens. 

Comparative testing evaluated the time required to process a standardized 1.0-cubic meter volume of raw 

aggregate sand. The traditional manual screening framework required a two-man labor team working 

continuously for approximately 110 minutes under optimal conditions, accompanied by noticeable physical 

fatigue. In contrast, the automated reciprocity screening machine successfully processed the identical material 

volume in just 22 minutes while requiring only a single operator to load the hopper. This represents an 80% 

savings in total labor hours alongside a 500% increase in processing throughput velocity, lowering operational 

costs while protecting jobsite personnel from long-term physical strain and repetitive motion injuries. 

8. CONCLUSIONS AND PROSPECTIVE RESEARCH HORIZONS 

The design and testing phases of this automated reciprocating sand filtration prototype demonstrate a highly 

efficient mechanical solution for aggregate material preparation in the construction industry. Fabricated with a 

modest budget of 5,010 rupees, the system balances cost-effectiveness with robust structural reliability. By 

integrating a steady crank-rocker mechanism with a 10-degree inclined screening mesh, the system achieves 

fast, reliable particle separation. Field testing confirms that the machine significantly reduces processing times, 

cuts down on human effort, and ensures high-quality sand grading for demanding structural layouts. 

To build upon the success of the current prototype, several high-value upgrades are planned for future versions 

of the machine. First, the integration of photovoltaic solar power by adding solar panels onto the upper chassis 

framework will allow the machine to run completely on renewable energy, making the system ideal for remote 

infrastructure projects. Second, active dust mitigation and vacuum systems will capture airborne silica dust 

particles generated during high-speed sifting, protecting respiratory health. Finally, an automated material feed 

assembly, such as a localized bucket elevator or screw conveyor system, will eliminate manual shoveling 

entirely, creating a continuous, touchless aggregate processing sequence from initial intake to final deposit. 
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