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Abstract. The "Stainless Steel Property Checker" is an advanced, microcontroller-based em-
bedded system designed to automate the non-destructive testing (NDT) and verification of
stainless steel materials. Stainless steel is ubiquitous in industrial, construction, and biomedical
sectors due to its high corrosion resistance and tensile strength. However, the visual homogene-
ity across different grades—specifically widely used austenitic grades (e.g., 304, 316) and mar-
tensitic/ferritic grades (e.g., 410, 430)—poses a significant challenge for quality assurance. The
inadvertent mixing of grades or the utilization of substandard alloys can precipitate catastrophic
failures, ranging from structural collapse to critical chemical contamination in food processing
units. To mitigate these risks, this research proposes a portable, cost-effective, and highly relia-
ble testing apparatus. The system integrates a suite of sensors, including Hall-effect sensors for
magnetic permeability analysis, conductivity probes for electrical resistivity profiling, and force
sensors for surface hardness correlation. A central processing unit, utilizing platforms such as
Arduino or Raspberry Pi, acquires real-time sensor data, processes it through predefined algo-
rithms, and compares the results against a calibrated database of standard metallurgical proper-
ties. The final output determines the specific grade of the material and assesses its surface qual-
ity, displaying the results instantly on a digital interface. By replacing subjective manual in-
spections and expensive laboratory spectroscopy with a unified, portable electronic solution,
this project aims to revolutionize on-site material verification, ensuring adherence to safety

standards and enhancing industrial operational efficiency.
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l. Introduction

The current global scenario indicates that a significant majority of road accidents occur
due to drunk driving. Drivers under the influence of alcohol are not in a stable physical
and mental condition, leading to rash driving on highways which poses severe risks to
the lives of road users, including the driver. The legal framework in India currently
prohibits drivers from drinking and driving, imposing fines as a deterrent measure.
However, effective observation and enforcement against inebriated drivers remain a
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significant challenge for law enforcement officers and road safety authorities. Accord-
ing to the Indian Ministry of Statistics, thousands of road accidents were reported in
2016.

Il. Literature Survey

Overvigwof Non-Destructive Testing (NDT) Non-destructive testing (NDT) is piv-
otal in maggrial science for evaluating properties without causing damage. The literature
reveals séveral dominant methods for steel characterization, each with distinct ad-
vantages and limitations.

Electromagnetic Methods (Eddy Current & Magnetic Permeability) Research by
Davis (1994) highlights that magnetic response is the most rapid indicator of stainless
steel microstructure. Austenitic steels (300 series) are generally non-magnetic in their
annealed state, whereas ferritic and martensitic steels (400 series) are strongly mag-
netic. However, austenitic steels can develop partial magnetism after heavy machining
or cold working. Existing commercial eddy current probes used to detect these phase
changes are often bulky and sensitive to lift-off effects (distance from the surface). This
system simplifies this approach by using discrete Hall-effect sensors to provide a binary
or gradient-based magnetic profile.

Handheld XRF (pXRF) for Composition Verification Handheld X-ray Fluorescence
(XRF) is considered the industry standard for grade verification. It identifies elements
like Chromium, Nickel, and Molybdenum by measuring fluorescent energy emitted af-
ter X-ray bombardment. While highly accurate, the literature (Kumar & Singh, 2021)
emphasizes the high capital cost (often exceeding $15,000 USD) and regulatory bur-
dens associated with radiation-emitting devices. This validates the need for a hon-radi-
ometric, sensor-based alternative.

Electrical Resistivity and Electrochemical Tests Electrical resistivity is an intrinsic
property varying with alloy composition. Studies show that adding alloying elements
like Nickel and Molybdenum changes conductivity by altering the electron mean free
path. Although resistivity measurements are common in labs using four-point probe
methods, they are rarely found in low-cost portable devices due to difficulties in main-
taining consistent electrical contact on oxidized surfaces. This project attempts to over-
come this by integrating robust contact probes.

Hardness & Surface-based Indicators Surface hardness helps infer mechanical prop-
erties and work hardening. However, hardness alone cannot identify alloy chemistry
and must be combined with composition or magnetic tests for reliable grade classifica-
tion. Combining NDT methods (e.g., eddy current + hardness) increases assessment
confidence.

I11. Problem Statement

In the diverse landscape of industrial manufacturing, the precise identification of stain-
less steel grades is a non-negotiable requirement for safety and longevity. The core
problem addressed by this project is the unavailability of an affordable, portable, and
multimodal verification system.
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Specific challenges include:

e Visual Similarity: Grades 304, 316, and 410 appear identical to the naked eye,
leading to frequent mix-ups in stockyards and fabrication shops.

e Cost of Compliance: Small workshops cannot afford XRF analyzers, leading to a
lack of quality control in lower-tier supply chains.

e Destructive Nature of Lab Tests: Sending samples to labs requires cutting mate-
rial, which is not feasible for finished products or installed infrastructure.

e Time Latency: Lab reports can take days to return, halting production or installa-
tion processes.

'IV. Aim and Objectives Aim

Aim: To design the "Stainless Steel Property Checker," a device capable of determin-
ing the material grade in real-time by analyzing its magnetic signature, electrical resis-
tivity, and surface hardness correlation.

Objectives:

1. Democratize Access: Provide a cost-effective alternative to expensive XRF ana-
lyzers for SMEs and independent inspectors.

2. Portability: Create a handheld solution that replaces stationary laboratory equip-
ment.

3. Non-Destructive Analysis: Enable grade deduction (austenite vs. ferrite) without
damaging the sample.

4. Real-Time Verification: Replace subjective manual inspections with an instant
electronic display of results.

V. System Architecture

The system follows a sensor-based data acquisition model where analog signals are
conditioned and processed by a central microcontroller.

The architecture utilizes a central processing unit (Arduino or Raspberry Pi) to acquire
real-time sensor data. The system integrates Hall-effect sensors for magnetic analysis,
conductivity probes for resistivity, and force sensors for hardness. Raw signals, partic-
ularly from resistivity probes, are amplified using Operational Amplifiers (Op-Amps)
and filtered to remove noise before being processed by the microcontroller's algorithms.
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V1. Components

e Microcontroller (Arduino/Raspberry Pi): Acts as the central processing unit to
acquire sensor data, run algorithms, and drive the display.
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e Hall-Effect Sensors: Used for magnetic permeability analysis to distinguish be-
tween magnetic (ferritic/martensitic) and non-magnetic (austenitic) grades.

e Conductivity Probes: Designed with robust contact points to measure electrical
resistivity.
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e Force Sensors: Utilized for surface hardness correlation.

o Digital Interface (LCD): Displays the final material grade and surface quality in-
stantly.

VII. Working

The development and operation of the system follow a structured methodology:

1. Sensor Characterization and Calibration Individual sensors are first calibrated

against known reference standards (Certified SS 304, SS 316, and mild steel).

e Magnetic Sensor: A threshold voltage is determined to separate magnetic grades
from non-magnetic ones.

e Resistivity: A constant current source ensures voltage variations strictly reflect
material resistance.

2. Signal Conditioning Raw signals are processed to ensure accuracy. Op-Amps am-

plify weak resistivity signals, while low-pass filters remove noise.

3. Data Processing (Firmware) The firmware, written in Embedded C/C++, runs on

the microcontroller.

e Main Loop: Continuously polls the sensors.

e Averaging Algorithm: To ensure stability, the system takes 50 rapid readings and
calculates the average before making a decision.

e Decision Logic: The system uses conditional logic to classify material. For exam-
ple: IF magnetic_val < 10 AND resistivity > threshold THEN print "SS 316".

4. Output Generation The processed data is compared against the calibrated database,

and the specific grade is displayed on the screen.
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VIII. Results

Prototype Validation: The assembled device was successfully tested in a work-
shop environment.

Accuracy: Blind tests were conducted where operators identified masked steel
samples. The device's results were compared against manufacturer tags to calculate
acauracy.

Real#ime Analysis: The system successfully provided instant verification of ma-
teriabgrades, distinguishing between standard grades like 304 and 316 based on
the integrated sensor data.

IX. Advantages and Applications

Advantages:

1.

Cost-Effective: Significantly cheaper than Handheld XRF analyzers, making it
accessible to SMEs.

2. Portable: Handheld design allows for on-site verification in stockyards or installed
infrastructure.

3. Non-Destructive: Does not require cutting or damaging the sample, unlike lab-
based mechanical tests.

4. Rapid Results: Provides instant feedback, eliminating the days of latency associ-
ated with off-site laboratory testing.

Applications:

1. Industrial Manufacturing: Quality assurance in fabrication shops to prevent
grade mix-ups.

2. Construction & Infrastructure: Verification of structural steel to prevent col-
lapse or failure.

3. Biomedical & Food Processing: Ensuring the correct grade (e.g., 316) is used to
prevent chemical contamination.

4. Marine Environments: Distinguishing Grade 316 (corrosion-resistant) from

Grade 304 to prevent rapid pitting corrosion.

Future Scope :
The system has vast potential for future enhancement, particularly with Industry 4.0
integration:

Machine Learning (ML): Future iterations could use a Raspberry Pi with a neural
network to detect subtle non-linear correlations between magnetism, resistivity,
and temperature, improving accuracy for exotic alloys.

IoT and Cloud Connectivity: An ESP32 Wi-Fi module could upload results to a
cloud database, enabling real-time remote tracking and digital audit trails.

Mobile Application: A Bluetooth-connected app could generate PDF reports and
store historical test data.

Spectroscopic Sensors: Integration of miniature optical sensors could bring the
device closer to XRF capabilities at a fraction of the cost.
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XI. Conclusion

The "Stainless Steel Property Checker" addresses a critical gap in industrial quality
control by offering a portable, electronic alternative to expensive or destructive testing
methods. By leveraging the correlation between microstructural phases and physical
properties, the system successfully deduces material grades without damage. This pro-
ject demonstrates the viability of sensor-based systems as primary screening tools, de-
mocratizing access to material verification and enhancing safety standards across in-
dustries.
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