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Abstract - In metal casting industries, the quality of
molding sand significantly influences the surface
finish,

integrity of the final product. This project presents

dimensional accuracy, and structural
the development of a cost-effective and efficient
Forging Sand Analyzer designed to assess key
properties of molding sand, such as compressibility
and permeability. The device ensures quality
assurance in foundry operations by providing real-
time, repeatable, and precise measurements.
Experimental evaluations show the system offers
accurate insights into moisture content, grain
fineness, and sand behavior under compressive
forces, aligning with AFS (American Foundry

Society) standards.
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1. Introduction
Molding sand serves as the backbone of the casting
process in foundries. Its effectiveness in mold
formation and gas escape directly impacts the quality
of cast components. With increasing demand for
precision and efficiency, monitoringsand properties

has become essential. The proposed Forging Sand

© 2025,IJSREM | www.ijsrem.com

Analyzer offers a practical and affordable
solution to analyze sand behavior during mold
preparation, helping reduce casting defects. In the
forging and foundry industries, molding sand
plays a crucial role in the metal casting process.
Its quality and characteristics directly affect the
precision, surface finish, and structural integrity
of cast components. To ensure that the sand used

in mold and core

production meets industrial standards, a Forging
Sand Analyzer is employed. This system is
equipped with various testing machines to

evaluate essential properties of sand, including

compressibility and permeability—two factors

that significantly influence casting outcomes.
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Impact on Efficiency:

The implementation of the Forging Sand
Analyzer significantly improves the consistency
and quality of molding sand used in casting
operations. Proper control of compressibility
and permeability directly enhances the
performance of molds by:

Reducing Casting Defects: Accurate sand
testing prevents defects such as blowholes, gas
porosity, and dimensional inaccuracies by
ensuring optimal gas escape and mold strength.

Enhancing Surface Finish: Well-compacted and
fine-grained sand, verified through testing,
leads to smoother cast surfaces and less post-
processing work.

Increasing Yield: By minimizing rework and
scrap rates, the analyzer contributes to a higher
yield of acceptable castings.

Optimizing Sand Usage: ldentifying the ideal
moisture and grain size range helps optimize
binder and water usage, reducing material costs.

Enabling Predictive Maintenance: Routine sand
testing aids in early detection of degradation in
sand quality, allowing proactive adjustments
and preventing downtime.

Overall, the analyzer leads to improved
operational efficiency, cost-effectiveness, and
better  quality  assurance in  foundry
environments.

2. Problem Statement
Inconsistent sand quality can lead to casting
defects like blowholes, shrinkage, and surface
roughness. Traditional manual testing methods
are time-consuming and error-prone. There is a
pressing need for a compact, user-friendly sand
analyzer capable of accurate compressibility and
permeability maintain

testing to casting

standards in  small and medium-scale
foundries.the quality of molding sand directly
influences the dimensional accuracy, surface
finish, and mechanical integrity of cast products.
Traditional sand testing methods are often
manual, time-consuming, and prone to human

error, making it difficult to maintain consistent

quality in casting processes. Variations in sand
moisture, grain fineness, and compressibility
can lead to casting defects such as gas porosity,
blowholes, and surface roughness. These issues
result in high rejection rates, increased rework,

and reduced production efficiency.

There is a critical need for a simple, reliable,
and cost-effective system that can measure key
sand properties—particularly compressibility
and permeability—under standard conditions.
Such a system should be compact, easy to use,
and suitable for educational institutes and small
to medium-scale foundries. The development of
a Forging Sand Analyzer addresses this gap by
offering a practical solution for ensuring sand
quality, improving casting outcomes, and

supporting process standardization.

3. Overview of proposed system

The Forging Sand Analyzer includes:

A compressibility testing unit using a

calibrated load and plunger.

e A permeability tester following AFS

standards.

e Manual and mechanical components made

from mild steel and precision gauges.

o Portable, robust design suited for academic
and industrial use.
This

deflection,

device can measure compression
detect moisture variations, and

analyze grain fineness effects.

The proposed Forging Sand Analyzer is
designed to be a compact and efficient system

capable of evaluating the key properties of
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molding sand—namely, compressibility and
permeability. These two parameters are vital for
ensuring the performance and reliability of sand
molds used in casting operations. By addressing
the limitations of manual testing methods, this
system offers a robust platform for enhancing
to medium-scale

quality control in small

foundries and  educational institutions.
The core structure of the analyzer comprises a
rigid mechanical frame fabricated from mild
steel for durability and ease of maintenance. It
includes a vertical plunger mechanism that
applies a controlled compressive load to a
standardized sand specimen, following the
specifications outlined by the American Foundry
Society (AFS). A precision dial gauge with
+0.01 mm resolution measures the resulting
deformation of the sand, giving an accurate
indication of its compressibility.
A secondary unit within the same framework is
designed to test permeability. Using a calibrated
air pressure system, the apparatus assesses how
easily gas can pass through the sand specimen.
This is critical for avoiding casting defects like
blowholes and porosity, which result from
trapped gases during metal pouring. The
permeability test results help foundry operators
determine whether the sand has the optimal

composition for mold and core production.

(typically 3%—-4% moisture), as moisture greatly
affects compressibility and permeability. By
levels,

pre-screening moisture the system

ensures reliable and consistent test results.

Mechanically, the system features components
like a C-clamp for securing the sand mold, a
steel plunger for uniform pressure application,
and mild steel plates for the framework. The
modular design makes it easy to disassemble for
maintenance and transport, while its manual

operation ensures it can be used even in areas

with limited access to power.

4. Key Features of the Proposed System:

Compact Design: The analyzer has a small
footprint, making it ideal for use in constrained
spaces such as student labs or small-scale
foundries. Despite its size, it retains all functional
components necessary for high-quality testing.
Manual and Mechanical Operation: It
operates without reliance on electricity, which

The Forging Sand Analyzer also integrates a
moisture analysis step using an external moisture
analyzer before specimen testing. This ensures

the sand falls within the ideal working range
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not only reduces operational costs but also
enhances mobility and flexibility in testing

locations.
High Accuracy Measurement: Fitted with a
precision dial gauge capable of measuring

compressibility with a resolution of +0.01 mm,
ensuring reliable and repeatable data collection.
Dual Functionality: Combines compressibility and
permeability testing into a single system, allowing
for comprehensive analysis of sand quality in a
compact form.

Moisture Screening: Before compressibility

and permeability tests, the sand’s moisture

content is measured to ensure it falls within the

ideal working range (typically 3-4%),

enhancing test reliability.

Standard-Compliant: The system design aligns
with guidelines from the American Foundry Society
(AFS), making it suitable for educational
demonstrations and industrial applications alike.

5. Cost-Effective Construction: Made using
mild steel and standard components, it
ensures affordability without compromising
durability or performance, making it
accessible to small foundries and educational
institutions.

Durable and Rigid Frame: Constructed from mild
steel, the frame ensures stability during operations,
reducing vibration or flexing that could impact
measurement accuracy.

Educational Value: Due to its clear design and
visible operation, the analyzer serves as an
excellent teaching aid, allowing students to
understand fundamental principles of foundry sand
testing.

Field-Ready: Lightweight and easy to transport,
the analyzer is well-suited for remote or on-site
applications, providing flexibility in field testing
scenarios.

Scalable and Upgradeable: Future versions of the
analyzer can be enhanced with features like digital
readouts, automated loading mechanisms, and data
logging systems for industrial use.

Safety Features: Mechanical stops and manual

controls help ensure safe operation, minimizing

risk during usage even in hands-on learning
environments.

5. Operation Principles

The Forging Sand Analyzer operates on the
principles of mechanical compression and
airflow measurement to assess two critical
properties of molding sand: compressibility

and permeability.

Compressibility Testing

e A standardized sand specimen (@50 mm x
50 mm) is prepared with controlled moisture

and clay content.

e The specimen is placed under a vertically

guided plunger.

e A known force (typically around 600 N) is

applied using a lever or weight mechanism.

e The compression of the sand is measured
using a dial gauge with a resolution of +0.01

mm.

e The amount of deformation indicates the

e sand’s moldability and compaction behavior.

Permeability Testing

e The same or a different sand sample is

placed in a sealed chamber.

e Air is passed through the sample at a

constant pressure.

e A permeability meter measures the time
taken for a fixed volume of air to pass

through.
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e This reading reflects the sand’s ability to

allow gas to escape during casting.
Moisture Pre-Check

o Before testing, sand moisture content is

verified using a portable moisture analyzer.

o Ensuring the sand is within the ideal moisture
range (3%—4%) improves the accuracy of
both tests.

The entire system is manually operated, ensuring
independence from power supply and making it
suitable for on-site testing. The simple yet robust
mechanism ensures consistent and repeatable

measurements, critical for evaluating the

suitability of sand for mold production in

foundries.

6. Benefits of the Proposed System:

eThe Forging Sand Analyzer offers several
advantages that make it a valuable tool for
both educational and industrial applications:

e Improved Casting Quality: By accurately
evaluating compressibility and permeability,
the system helps minimize casting defects such
as blowholes, gas porosity, and poor surface
finish.

e Enhanced Process Control: Regularmonitoring of
sand properties ensures consistent mold
performance, reducing variability in casting
results.

o Cost-Effective Solution: Built with affordable
materials and designed for manual operation,
the analyzer reduces equipment costs and
eliminates the need for electricity.

e Educational Use: The simple design and visible
mechanics make it an excellent teaching tool
for engineering students studying foundry
technology.

e Portability: Compact and manually operated, it
can be easily transported and used in field
testing or remote foundry locations.

e Repeatable and Reliable Results: The system

provides consistent test data, improving
confidence in quality control decisions.

e Supports Sand Reuse: Helps monitor the
condition of reclaimed sand, allowing
foundries to reuse sand without compromising
quality.

e Eco-Friendly Operation: No electrical or fuel-
based input is required, making the system
environmentally sustainable.

e Time-Saving: Quick setup and testing process
speeds up sand evaluation, leading to faster
decision-making and improved production
efficiency.

7. Literature Survey

Studies have shown that improper sand
testing increases casting rejection rates. Early
works by Pehlke and recent research by Jain et
al., Rajput, and Kulkarni emphasize the
significance of sand compressibility and the
role of 10T in modern analyzers. Research
continues to focus on Al integration, sand reuse
analysis, and predictive maintenance. The
Forging Sand Analyzer is a specialized system
designed to evaluate various physical and
mechanical characteristics of molding sand to
ensure it meets the stringent requirements of the
forging and foundry industries. This literature
survey provides a comprehensive overview of past
and current research, industrial practices, and
technological developments related to sand
testing, with a focus on compressibility and
permeability testing as integral components of

a modern sand analyzer.

e The sand used in forging and foundry
operations is a critical element of the casting
process, directly influencing the dimensional
accuracy, surface finish, and integrity of the

o final metal products. Improper control or
monitoring of sand properties can result in a
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wide

e range of casting defects, such as blowholes,
poor mold strength, metal penetration, or
surface roughness. The demand for higher
quality castings and process efficiency has led
to the

e cevolution of advanced sand

methodologies and equipment.

testing

8. The

Production:

Impact of Dust on Solar Panel

Sand testing is vital for maintaining consistency
in the molding process and ensuring high-quality
final castings. Without regular monitoring, even
minor changes in sand
properties can lead to major casting defects. Key
objectives of sand testing include: Ensuring
adequate mold strength to hold shape during metal
pouring.

Providing sufficient permeability to allow gases

escape, reducing defects like blowholes or gas

porosity.

Maintaining optimal moisture levels and binder
composition.

Supporting sand  reuse  strategies  without

compromising casting quality.

A Forging Sand Analyzer serves as a comprehensive
platform for evaluating these variables, integrating
various instruments that assess compressibility,
permeability, green and dry

strength, moisture content, and grain fineness.

The Forging Sand Analyzer, equipped with

dedicated  testing  machines like  the
Compressibility  Testing  Machine and
Permeability Testing Machine, offers an

efficient and reliable method for assessing these

parameters.

e The Compressibility Testing Machine

evaluates the moldability and compaction
behavior of the sand, ensuring molds can be

packed uniformly around patterns.

e The Permeability Testing Machine
determines how easily gases can escape from
the mold during pouring, helping to avoid

trapped gases and casting defects.

By routinely analyzing these sand properties,
foundries can maintain consistent casting
quality, reduce waste, and improve production
efficiency. The Forging Sand Analyzer is,

therefore, a key component in the quality

assurance process of any metal casting
operation.
9. Concept of solar panel cleaning

mechanism. The motor will drive the rotary
mechanical brush which will clean the solar
panel.

The motor connected to the rack and pinion
will move the brush mechanism forward and
backward, the water spraying system will wet

the solar panel to enhance the cleaning process.

10. Future scope:

e Automation:
digital gauges.

Integration of sensors and
o Multi-testing capability: Add shear, shatter,
and tensile tests.

¢ Cloud Integration: For remote monitoring and
defect prediction using Al.

e Commercial Prototype: Scaled versions for
industrial use.
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e Portability: On-site testing kits for remote
foundries.

Conclusions

The project aimed to design and develop a low-
cost, efficient, and user-friendly sand analyzer
for compressibility testing, and the objective was

successfully achieved.

The developed equipment allows for the precise

measurement  of  compressibility—a  vital
property of molding sand that directly affects the
dimensional accuracy and surface finish of cast

components.
During the trials, it was observed that:

Moisture content, grain fineness, and sand type

play critical roles in determining compressibility.

Proper control of compressibility ensures
adequate mold strength while allowing gases to
escape during casting, reducing the chances of

defects like blowholes or shrinkage cavities.

The machine showed high repeatability and

reliability,  with ~ minimal  variation in

measurements.

The use of readily available materials and a
simple mechanical setup made the machine
economically viable and highly accessible for

technical institutions and small foundry units.

The testing procedure using the developed
analyzer is aligned with AFS (American
Foundry Society) standards, further ensuring
that the system is suitable for real-world

applications.

e Overall,

this project contributes to the
advancement of foundry sand quality control

techniques, which are essential in improving

the overall efficiency of casting operations.
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