www.ijcrt.org © 2023 IJCRT | Volume 11, Issue 11 November 2023 | ISSN: 2320-2882

IJCRT.ORG ISSN : 2320-2882

INTERNATIONAL JOURNAL OF CREATIVE
9 RESEARCH THOUGHTS (1JCRT)
«*" An International Dpen Access. Peer-reviewed, Refereed Journal

dh
D’

AUTOMATED DETECTION AND SORTING
OF MISSING BALLS IN CAGE-TYPE LINEAR
BALL BEARINGS USING VISION SENSOR
TECHNOLOGY

1Rahul B. Jadhav, 2Dr. Chetan D. Kuthe,

M. Tech Student, Department of Mechanical Engineering
2Professor, Department of Mechanical Engineering
Maharashtra Institute of Technology, Aurangabad, MH, India.

Abstract: In the era of the Fourth Industrial Revolution (4IR), automation and intelligent systems are
reshaping manufacturing and quality control practices. This project introduces a ground breaking solution—
an automated bearing inspection system leveraging advanced technologies and precision engineering
principles. At its core, this system employs a comprehensive array of components, including linear motor
drives, grippers, vision sensors, and proximity sensors, all orchestrated through meticulous wiring and power
circuits. The system's mechanical design optimizes bearing handling and inspection. Its pneumatic and
electrical configurations ensure precise control and seamless operation. Furthermore, this system is not
confined to bearing inspection; its modular nature allows for versatile applications across industries. Through
the fusion of automation, sensing, and precision, this project underscores the transformative potential of
automated quality control techniques in the world of industrial automation, offering unparalleled efficiency,
reliability, and adaptability.

I. INTRODUCTION

As the Fourth Industrial Revolution (4IR) era rapidly approaches, the manufacturing sector is witnessing a
significant surge in automation and unmanned systems. Consequently, the importance of inspection equipment
has been steadily growing. To enhance the accuracy of inspection equipment, intelligent inspection systems,
incorporating advanced algorithms like artificial intelligence, are being developed. These systems aim to
increase productivity and efficiency, playing a pivotal role in supplying high-quality new products in the face
of rapid technological changes. In this context, the significance of industrial inspection equipment technology
has expanded, particularly as intelligent inspection systems offer non-contact measurements and immediate
feedback during manufacturing processes or material handling, making them applicable across various working
environments. Machine vision and vision sensors have emerged as vital components in this transformative
landscape, adapting to new environments through self-learning and significantly expanding their capabilities
beyond traditional image capture.

In precision engineering, the reliability of mechanical components is paramount, particularly in applications
such as automotive systems and industrial machinery. Cage-type linear ball bearings, known for their precision,
feature miniature rollers with a 1.6 mm diameter. However, their manufacturing process has long grappled
with the challenge of missing balls during assembly due to the small size of these rollers, making visual
inspection impractical. To address this, we present a specialized machine using vision sensor technology (VCT)
to autonomously identify and sort linear ball bearings with missing rollers, enhancing efficiency and reliability
in production. This innovative solution underscores the transformative potential of automated quality control
techniques in precision engineering.
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The proposed machine operates seamlessly on the conveyor, initiated by a cycle start button. Gripper-1
handles the bearing's transfer to the inspecting station, where VCT, equipped with advanced image recognition
algorithms, scrutinizes the bearing's interior for missing balls. This task is nearly impossible for manual
inspection due to the roller size and the speed of production. The vision sensor operates with precision, quickly
detecting any irregularities in ball presence or arrangement.

The VCT also incorporates real-time data analysis capabilities. It not only identifies missing balls but can
also assess the overall quality of each bearing, checking for issues such as misaligned or damaged components.
This real-time analysis provides invaluable feedback to production operators, allowing them to make
immediate adjustments to the manufacturing process and prevent the production of faulty components.

Furthermore, the machine's decision-making process is swift; if all balls are present and specifications met,
the bearing proceeds on the output conveyor, ensuring uninterrupted production. However, if a missing ball or
other quality issue is detected, gripper-2 redirects the bearing to a rejection bin, isolating defective components
for further analysis or disposal. This concept represents a ground-breaking fusion of precision engineering,
automation, and advanced VCT, elevating the quality of cage-type linear ball bearings and streamlining
manufacturing while ensuring that no defective components reach the end-users.

Il. LITERATURE SURVEY

2.1 Industrial Inspection Equipment: Past and Present

The historical evolution of industrial inspection equipment is an essential starting point for understanding
the context of intelligent inspection systems. Early inspection methods relied on manual labor and rudimentary
tools. The transition to automated inspection marked a significant advancement, improving accuracy and
efficiency in quality control processes’.

2.2 Vision Sensor Technology Advancements

Vision sensor technology has undergone remarkable advancements in recent years. Innovations in image
sensors, image processing algorithms, and optical systems have paved the way for highly sophisticated
inspection equipment. Researchers have continuously improved the capabilities of vision sensors, making them
integral components in modern manufacturing and logistics?.

2.3 Machine Vision and Automation

Machine vision, a subset of computer vision, plays a pivotal role in automation across various industries.
Literature highlights its applications in smart factories, robotics, and autonomous navigation systems. Machine
vision algorithms enable the recognition and analysis of target objects in images, facilitating tasks like
automated inspection and robot guidance.

The literature discusses various research methodologies in machine vision applications, such as rule-based
inspection and deep learning-based inspection. Studies highlight the strengths and weaknesses of these methods
and provide insights into their practical implementation.® .

2.4 Artificial Intelligence in Inspection Equipment

Artificial intelligence (Al), particularly deep learning, has been instrumental in enhancing the accuracy and
capabilities of inspection equipment. Al-driven algorithms are increasingly used for defect detection, object
recognition, and quality control in manufacturing processes. Real-world examples illustrate how Al is
revolutionizing inspection.®

2.5 Industry 4.0 and Automation Trends

The Fourth Industrial Revolution (Industry 4.0) is characterized by the integration of digital technologies
into manufacturing processes. Automation and unmanned systems are rapidly advancing in this era, with
intelligent inspection systems playing a crucial role in ensuring efficiency and quality. The manufacturing
sector's adoption of Industry 4.0 technologies is reshaping production environments.

The literature underscores the integration of intelligent inspection systems with Industry 4.0 and the
Industrial Internet of Things (l110T). This integration enables real-time data exchange and decision-making,
further enhancing manufacturing efficiency and product quality.®’
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2.6 Non-Contact Measurement Technologies

Non-contact measurement technologies are gaining prominence due to their versatility and ability to provide
accurate measurements without physical contact. These technologies, including vision sensors, laser scanners,
and 3D imaging systems, find applications in material handling, dimension measurement, and more.>*°

2.7 Emerging Technologies in Inspection

Emerging technologies, including 3D scanning and hyperspectral imaging, are gaining traction in inspection
equipment. These technologies offer new dimensions of data collection and analysis, expanding the
possibilities for inspection in various industries.

By synthesizing and analyzing the literature in these areas, this research paper aims to provide a
comprehensive overview of intelligent inspection systems and vision sensor technology's role in advancing
automation and quality control in the manufacturing and logistics sectors. The paper will also explore current
changnges, future prospects, and strategies for implementing automation systems in the context of Industry
4.0.>

I11. HARDWARE COMPONENTS

3.1 FRL Unit

The FRL unit, an acronym for Filter, Regulator, and Lubricator, is a pivotal component in pneumatic
systems. It ensures the quality and management of compressed air by filtering out contaminants, regulating air
pressure, and providing controlled lubrication. This component safeguards downstream pneumatic devices
such as valves and cylinders, enabling precise control and enhancing their longevity and performance.

3.2 Vision Sensor with HMI

A vision sensor equipped with built-in Al technology offers innovative solutions to overcome several
challenges. Traditional vision sensors and smart cameras often struggle with issues like varying ambient light
conditions, product individuality, and changes in part positions. However, the integrated Al system addresses
these challenges effectively. By leveraging Al, the sensor can analyse a database of registered OK and Not-
OK product images, considering a range of characteristics including color, brightness, shape, area, and edges.
This Al-driven analysis allows the sensor to automatically configure optimal detection settings, adapting to the
specific conditions of each inspection.

As the bearing rotates on the rotating arm, these advanced sensors continuously monitor the selected area,
detecting the presence or absence of a ball within the bearing. This setup is finely tuned to identify missing
bearings promptly. When a discrepancy is detected, the sensor communicates with the Programmable Logic
Controller (PLC) to make a real-time decision regarding the bearing's status, categorizing it as either OK or
Not-OK. This seamless integration of vision sensors and Al technology ensures efficient and accurate quality
control in manufacturing processes.

Additionally, the Human-Machine Interface (HMI) plays a vital role in enhancing the functionality and user-
friendliness of the vision sensor system. The HMI provides a user-friendly interface for operators to interact
with the vision sensor, monitor the inspection process in real-time, and access critical data and feedback.
Through the HMI, operators can configure inspection parameters, view inspection results, and receive
immediate alerts or notifications when anomalies are detected.

The integration of the HMI with the vision sensor system simplifies the setup and operation of the machine,
making it accessible to operators with varying levels of expertise. Moreover, it allows for seamless interaction
between the Al-driven vision sensor and human operators, facilitating efficient decision-making and
troubleshooting when needed. Overall, the HMI serves as a bridge between advanced technology and human
control, making the vision sensor system a powerful and adaptable tool for quality control in manufacturing
environments.

3.3 PLCES (Programmable Logic Controller for Efficient Sequential Control)

It is a compact and highly efficient PLC designed for fundamental sequential control tasks. It excels in
executing instructions efficiently and is primarily utilized for managing AC motor drives, offering control
functions for forward and reverse running, RUN, and STOP commands. This PLC is particularly adept at close-
loop control, alignment mark detection, shielding, immediate variable speed adjustments, and implementing
S-curve acceleration/deceleration profiles.
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Key Specifications:

« MPU Points: PLCES boasts a capacity of up to 60 MPU (Main Processing Unit) points, making it
suitable for handling a variety of control tasks.

«  Program Capacity: With a program capacity of 16k steps, PLCES can accommodate complex control
sequences and logic.

»  Communication Ports: The PLC is equipped with three COM ports, including 1 RS-232 port and 2 RS-
485 ports. These ports can operate independently, functioning as Master/Slave configurations, facilitating
seamless communication with other devices.

« Max /O Points: PLCES offers versatile 1/0 configurations, supporting up to 256 input points combined
with 16 output points, or vice versa, providing flexibility for interfacing with various sensors, actuators, and
external equipment.

* Analog and Temperature Modules: The DVP-EX2 MPU, integrated into PLCES, features 12-bit
4AD/2DA capability, making it compatible with analog and temperature modules with 14-bit resolution. This
enhances the PLC's ability to handle analog input/output signals and temperature sensing applications.

»  High-Speed Inputs: PLCES is equipped with eight high-speed input points, including two points for
100 kHz and six points for 10 kHz. These inputs support various counting modes, including U/D (Up/Down),
U/D Dir (Up/Down with Direction), and A/B counting, making it suitable for applications involving fast and
precise counting.

Overall, PLCES represents a versatile and efficient PLC solution tailored for essential sequential control
tasks, offering a robust set of features and capabilities that can be applied across a range of industrial automation
and control applications.

3.4 Relay Board

A relay board serves as an integral component in electrical and control systems. Essentially, a relay is an
electrically operated switch consisting of two sets of terminals: input terminals for control signals and output
terminals for operating contacts. The switch can feature various configurations of contacts, including make
contacts, break contacts, or combinations thereof.

Relays find utility in situations where there is a need to control a circuit using a separate low-power signal
or when multiple circuits require control through a single signal. Their historical roots trace back to their use
as signal repeaters in long-distance telegraph circuits, where they refreshed incoming signals by transmitting
them to another circuit. Over time, relays have played pivotal roles in various applications, including telephone
exchanges and early computers, where they were employed to execute logical operations and manage the flow
of signals.

Relay boards provide the necessary interface between control signals and the operation of electrical circuits,
making them indispensable in a wide range of control and automation systems. Their versatility and ability to
isolate low-power control signals from higher-power circuitry make them fundamental components in modern
electrical and electronic applications.

3.5 Linear motor drive

A linear drive, specifically a rod less cylinder with a linear motor drive, operates using a double-acting
mechanism. These cylinders are notable for their compact installation length compared to the stroke length.
They offer the advantage of directly mounting loads and devices onto the slide, simplifying the assembly
process. Position detection in these linear drives is achieved through proximity sensors, ensuring accurate and
reliable positioning. All adjustment settings are conveniently accessible from one side, and they can be
equipped with variable end stops and intermediate position modules for added versatility.

In the context of this machine, the rod less linear motor drive plays a crucial role in facilitating the movement
of the parallel gripper from one location to another, as dictated by specific requirements. Additionally, this
linear drive is responsible for directly moving the bearing within the machine. This efficient and precise motion
control is instrumental in the overall functionality of the system, ensuring that components are positioned
correctly and the inspection process runs smoothly.

3.6 Parallel Gripper

Parallel grippers are widely utilized components in pick and place operations, particularly in scenarios
where the emphasis is on enhancing productivity through reduced cycle times and increased speeds. To meet
these demands effectively, grippers must exhibit attributes such as extended service life, robust performance,
and swift repair capabilities. The DHPC parallel gripper is designed with a wear-resistant ball bearing guide,
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ensuring durability even under heavy usage. It features pinholes that facilitate precise positioning on various
mounting surfaces, enhancing its versatility.

In the context of these machines, the parallel gripper assumes a pivotal role in the movement of the bearing.
Comprising two gripper fingers, it collaborates with the grippers to securely hold the bearing. Initially, it
transports the bearing to the rotating arm for inspection. Subsequently, after the inspection process is
completed, the gripper once again lifts the bearing and deposits it onto the conveyor belt. This sequence of
actions is integral to the machine's operation, allowing for the repetitive and precise handling of components
like bearings with efficiency and accuracy.

3.7 Feed Separator

The feed separator, in this case, is represented by the HPV (High-Performance Valve), which is equipped
with two plungers featuring twin pistons, a non-rotating piston rod, and a locking mechanism. What sets the
HPV apart is its streamlined and efficient operation, requiring the activation of only a single valve. The internal
mechanics of the HPV take charge of the entire separation process, making it a time-saving solution.

One of the key advantages of the HPV feed separator is its ability to facilitate the sequential flow of bearings,
allowing them to move one after another with precision. This capability is invaluable in applications where a
continuous and organized feed of components, like bearings, is essential. By automating the separation process
and ensuring a consistent, sequential flow, the HPV contributes to improved efficiency and reduced manual
intervention in manufacturing and assembly processes.

3.8 Guided Drive:

The guided drive is an integrated drive and guide unit housed within a single unit. This component is notable
for its robust construction, offering high resistance to torques and lateral forces. It features a guide system that
can include either plain or recirculating ball bearings, ensuring smooth and precise motion.

In the context of the machine, the guided drive plays a pivotal role in controlling the movement of the linear
drive, specifically the rod less cylinder. Its primary function is to facilitate the lifting of the bearing upward
and then accurately depositing it at the desired location. This precise and controlled motion provided by the
guided drive is crucial for the efficient and accurate operation of the system, ensuring that components, such
as bearings, are handled and positioned with precision.

3.9 Solenoid valve:

A solenoid valve serves as an efficient means of translating electrical signals into pneumatic actions. By
applying an electrical current to the solenoid, it promptly directs compressed air through the valve and into the
pneumatic circuit, allowing for precise control of various pneumatic functions. Solenoid valves are known for
their compact design, and they are particularly compatible with small VUVG valves, offering a wide range of
valve functions.

In the context of these systems, there is a single electrical interface coupled with six solenoid valves. This
configuration allows for versatile and controlled activation of various components or pneumatic functions
within the system. The solenoid valves play a crucial role in ensuring that the right amount of air pressure is
directed to the appropriate components at the right time, contributing to the overall efficiency and functionality
of the system.

3.10 Induction motor with speed controller

The induction motor with a speed controller is a variable-speed motor designed to work in conjunction with
a speed controller. It operates on a single-phase power supply, accommodating both 100 VAC and 200 VAC,
with power ratings ranging from 3 W to 90 W. These motors are typically equipped with a reduction ratio that
can vary from 1/3 to 1/200 and feature a round shaft. They offer a range of functions, including variable speed
control, braking, normal and reverse run modes, as well as soft-start and soft-stop capabilities.

Key feature of these motors is their ability to maintain a constant speed despite changes in frequency, with
help of feedback control with a built-in taco-generator. This ensures precise control over motor speed regardless
of fluctuations in power supply frequency.

In the context of these systems, these motors, in conjunction with gearheads, provide rotational motion to
the rotating shaft. This rotating shaft is instrumental in rotating the bearing for the inspection of ball bearings,
ensuring that the inspection process is carried out accurately and consistently, ultimately contributing to the
quality control of the components.
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3.11 Proximity sensor:

The Square Inductive Proximity Sensor employs passive infrared technology to detect the presence of
motion. These sensors belong to the category of non-contact sensors, capable of detecting objects without any
physical contact. They are particularly suited for detecting metallic objects in industrial automation settings,
including those composed of iron, copper, and aluminum. In the context of this machine, four Square Inductive
Proximity Sensors are integrated for specific functions:

First sensor serves as a fail-safe mechanism. If the required number of bearings is not detected on the
conveyor, this sensor triggers a command to halt the machine's cycle. It ensures that the machine only operates
when a sufficient quantity of bearings is available on the conveyor.

The second sensor is essential for the functioning of the feed separator. It plays a critical role in ensuring
that the feed separator operates correctly and consistently.

The third sensor is employed to assist the parallel gripper. It determines the presence of a bearing, indicating
whether it's available for the gripper to pick up and process further.

Fourth Sensor: The fourth sensor is responsible for sensing the presence of bearings on the exit conveyor.
Once a bearing is detected, it initiates the operation of the exit conveyor, ensuring the seamless transfer of
processed bearings.

These Square Inductive Proximity Sensors provide essential feedback and control within the machine,
enabling it to operate efficiently, respond to changing conditions, and maintain the desired workflow
throughout the production process.

3.12 Conveyor:

Conveyors are indispensable, robust, and dependable components commonly employed in automated
distribution systems. When integrated with computer-controlled pallet handling equipment, conveyors enable
the seamless and efficient handling of goods in various sectors, including retail, wholesale, and manufacturing
distribution. They represent a labor-saving system that significantly enhances operational efficiency.

One of the key advantages of conveyors is their capacity to facilitate the swift movement of large volumes
of goods throughout a process. This rapid material handling capability enables companies to manage higher
volumes of goods using less storage space and reduced labor expenses. Conveyors are instrumental in
streamlining the logistics and distribution processes, ultimately leading to increased productivity and cost-
effectiveness for businesses.

To summarize, conveyors play a pivotal role in modern distribution and manufacturing systems, offering a
cost-efficient and space-saving solution for the movement of goods, contributing to improved operational
efficiency and productivity.

3.13 Switched mode power supply:

A switched mode power supply (SMPS) is an electronic power supply that incorporates a switching
regulator to efficiently convert electrical power. SMPS offers several advantages over traditional linear
regulators. One of its primary benefits is significantly higher efficiency, reaching up to 96%. This efficiency is
achieved because the switching transistor used in SMPS dissipates very little power when it acts as a switch.

SMPS systems also present other advantages, including compact size, reduced noise levels, and lighter
weight due to the elimination of bulky line-frequency transformers. They are known for generating comparable
heat to linear regulators but are much more efficient. Additionally, standby power loss in SMPS is often
substantially lower than that of transformers, making them more energy-efficient.

Another noteworthy advantage is the reduced size of the transformer used in SMPS compared to traditional
line-frequency transformers, typically operating at 50 Hz or 60 Hz, depending on the region. The smaller
transformer requires fewer expensive raw materials like copper, contributing to cost savings and resource
efficiency.

In summary, SMPS is a sophisticated and efficient power supply technology that offers improved efficiency,
smaller form factor, reduced noise, and lower standby power loss compared to traditional linear regulators,
making it a preferred choice for various electronic applications.
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IV. DESIGN
4.1 Pneumatic Circuit Diagram:

Fig. 1, Pneumatic Circuit Diagram

The pneumatic circuit diagram for this automated bearing inspection system plays a pivotal role in ensuring
the precise control and coordination of pneumatic components. It encompasses a network of pneumatic valves,
cylinders, and actuators that work harmoniously to regulate air pressure and control the movement of grippers,
separators, and other essential components. The diagram illustrates the sequencing of operations, such as the
gripping and releasing of bearings by the parallel grippers, the separation of bearings at the feed separator, and
the redirection of faulty bearings to the NOT OK Bin. The pneumatic circuit diagram serves as the pneumatic
"brain" of the system, orchestrating the complex interplay of components to achieve a seamless and efficient
inspection process, ultimately contributing to the quality control of bearings in industrial automation.

4.2 Power Circuit Diagram:
The power circuit diagram for this advanced automated bearing inspection system delineates the vital
electrical infrastructure that supplies energy to drive the system's various components
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Fig.2, Power Circuit Diagram
. It comprehensively illustrates the distribution of power from sources such as switched mode power
supplies, motors, and solenoid valves, ensuring that each component receives the requisite voltage and current
for its operation. Safety mechanisms, such as circuit breakers and fuses, are integrated into the diagram to
safeguard against electrical faults. With meticulous attention to detail, the power circuit diagram guarantees
the efficient and reliable distribution of electrical power, underpinning the system's functionality and
contributing to the precision and quality control of the bearing inspection process in industrial automation.

4.3 Motor Circuit Diagram:

The motor circuit diagram within this automated bearing inspection system provides a comprehensive
overview of how electrical power is harnessed to drive the crucial motors and actuators. This diagram
delineates the connections and control mechanisms for induction motors, ensuring precise speed control,
direction, and synchronized movement. It showcases the integration of speed controllers, feedback systems,
and power supplies, orchestrating the rotational motion required for bearing inspection. Additionally, safety
features such as emergency stops and protective devices are embedded within the motor circuit to ensure secure
and reliable operation.
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Fig. 3, Motor Circuit Diagram
This motor circuit diagram not only facilitates the efficient functioning of the system but also underscores
the significance of electrical control in driving the precision and automation required for meticulous quality
control in the bearing inspection process.

4.4 WIRING DIAGRAM:
The wiring diagram for this precision automated bearing inspection system serves as a visual blueprint,
detailing the intricate network of electrical connections that power and control the machine's components.
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Fig. 4, Speed Change, Unidirectional rotation Wiring

It outlines the precise arrangement of wires, cables, and connectors, indicating how power is distributed,
signals are transmitted, and sensors and actuators are linked. With clear labelling, color coding, and
standardized symbols, the wiring diagram ensures that every electrical connection is accurately established,
fostering seamless communication and precise control within the system. This comprehensive diagram is not
only instrumental during assembly and troubleshooting but also crucial for maintaining the system's reliability
and safety, making it an indispensable component in the world of precision engineering and automation.

The wiring design for speed change and unidirectional rotation within this system is a critical component of
its functionality. It ensures that the induction motors responsible for bearing rotation can smoothly transition
between different speeds and maintain consistent unidirectional motion. This wiring configuration incorporates
speed controllers, feedback systems, and power supplies to precisely regulate motor speed while maintaining
a controlled rotation direction. The wiring design guarantees the seamless execution of speed changes and
unidirectional rotation, crucial for accurate and efficient bearing inspection in industrial automation.
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Fig.5, Normal/reverse rotation wiring

The wiring scheme for normal and reverse rotation control in this system is pivotal for ensuring versatile
operation. It empowers the induction motors to effortlessly switch between forward and reverse directions,
granting flexibility in bearing inspection processes. This wiring configuration seamlessly integrates switches,
relays, and motor controllers to facilitate the quick and precise adjustment of rotational directions as needed.
The ability to easily toggle between normal and reverse rotation adds a valuable dimension to the system's
functionality, enabling comprehensive quality control of bearings in various orientations and configurations
within industrial

4.5 MECHANICAL DESIGN:

The mechanical components design for this system incorporates specialized elements like the gripper jaw,
gripper mounting plate, cylindrical mounting plate, cylinder assembly etc. The gripper jaw is expertly
engineered to securely hold and manipulate bearings during the inspection process. It interfaces seamlessly
with the gripper mounting plate, ensuring stability and precise control.
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Fig. 6, Cylindrical Plate

The cylindrical mounting plate provides a robust foundation for bearing handling and inspection operations.
The cylinder assembly, on the other hand, facilitates smooth and controlled linear motion, allowing for precise
positioning of the gripper and bearings. Together, these mechanical components form an integrated system that
optimizes bearing manipulation and inspection, contributing to the overall efficiency and accuracy of the
automated process.

V. MACHINE ASSEMBLY AND APPLICATION:

The successful operation of this automated bearing inspection system relies on the meticulous assembly and
synchronized functionality of its diverse components. The linear motor drive, guided by proximity sensors,
delicately conveys bearings to the feed separator, where they are precisely isolated for individual scrutiny.
Simultaneously, the conveyors maintain a steady flow of bearings, ensuring a seamless workflow. The parallel
grippers, operating in tandem, facilitate the secure handling of bearings. Parallel Gripper-1 lifts the bearing,
positioning it onto the rotating shaft at the inspection station. Here, the induction motor, with its speed
controller, orchestrates the rotational motion of the bearing while the vision sensor meticulously examines it
for missing components. This dynamic coordination allows for real-time defect detection and immediate
response. Depending on the inspection result, Parallel Gripper-2 acts swiftly, either directing the bearing to the
NOT OK Bin or seamlessly transferring it to the Output Conveyor. Square Inductive Proximity Sensors
continuously monitor the presence of bearings at various stages, ensuring the smooth progression of operations.
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Throughout, the switched mode power supply efficiently manages the power distribution, underscoring the
collaborative harmony that defines this system's role in efficient bearing quality control within industrial
automation.

Fig. 7, Machine Assembly

VI. CONCLUSION

In conclusion, the automated bearing inspection system represents a significant leap forward in the realm of
precision engineering and quality control. Through the harmonious integration of advanced components such
as linear motor drives, parallel grippers, vision sensors, and sophisticated proximity sensors, this system
embodies the transformative potential of automation and sensing technologies. It streamlines the manufacturing
process for cage-type linear ball bearings, addressing the long-standing challenge of missing balls during
assembly with precision and efficiency. This innovation not only enhances the reliability of bearing production
but also underscores the pivotal role of automated quality control in modern manufacturing. As we stand at the
cusp of the Fourth Industrial Revolution, this project serves as a testament to the power of automation,
efficiency, and precision in shaping the future of industrial automation and product quality assurance.

Moreover, the versatility and adaptability of this automated inspection system extend beyond its immediate
application in bearing quality control. The principles and technologies harnessed within this system have the
potential to revolutionize quality assurance in a wide array of industries. Whether applied to the inspection of
electronic components, automotive parts, or food products, the modular nature of this system allows for
seamless integration into various manufacturing processes. By leveraging advanced automation, precision, and
sensing capabilities, this innovative system lays the foundation for enhanced product quality and efficiency
across diverse industrial sectors, illustrating its potential to be a transformative solution far beyond the realm
of bearing manufacturing.
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