Neuroquantology | April 2015 | Volume 13 | Issue 4 | Page 577-591]| Doi: 10.48047/NQ.2015.13.4.878
Dr.Thirtha Prasada H P, Design of an loT-Based Autonomous Lubrication System for Manufacturing Equipment

3

Design of an loT-Based Autonomous Lubrication System for

Manufacturing Equipment
Dr.Thirtha Prasada H P
Associate Professor, Department of CAE ,Mechanical Engineering, VTU CPGS Muddenahalli,
Chickballapur District, Karnatka, India.

Abstract

This paper presents the design and simulation of an Internet of Things (loT)-based
autonomous lubrication system for manufacturing equipment. The proposed system aims to
address the limitations of traditional lubrication methods by leveraging real-time data from
loT sensors to automate and optimize the lubrication process. A MATLAB-based simulation is
used to model the system, focusing on key components such as sensor integration, data
transmission, and control algorithms. The system's primary objective is to reduce human
intervention, improve equipment reliability, and minimize maintenance costs by ensuring
timely and precise lubrication. Simulation results indicate that the loT-based system
significantly enhances lubrication efficiency, reduces wear on components, and improves
overall system performance in comparison to conventional methods. This research
underscores the potential of IoT technology in revolutionizing lubrication systems for
advanced manufacturing environments, offering a foundation for further development and
implementation in industrial applications.
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1. Introduction

Lubrication plays a crucial role in maintaining the operational efficiency and longevity of
manufacturing equipment by minimizing friction, reducing wear, and preventing overheating
of mechanical components. The importance of lubrication in ensuring the smooth functioning
of machinery cannot be overstated, as inadequate lubrication can lead to equipment failure,
increased maintenance costs, and unscheduled downtime, all of which significantly impact
productivity[1]. Conventional lubrication systems have traditionally relied on manual
intervention, where operators monitor lubricant levels and apply lubrication based on
predefined schedules[2]. However, these systems often suffer from several limitations. The
primary issue lies in the human factor, as operators may overlook or delay lubrication tasks,
leading to under-lubrication or over-lubrication, both of which can harm the equipment[3].
In addition, manual systems cannot provide real-time feedback or data on the condition of
the equipment, resulting in inefficient lubrication practices and missed opportunities for
predictive maintenance[4]. These shortcomings make traditional lubrication systems less
reliable, especially in complex and high-demand manufacturing environments.
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To overcome these limitations, the integration of Internet of Things (loT) technologies into
lubrication systems offers a promising solution. loT-based autonomous lubrication systems
can continuously monitor various operational parameters such as temperature, humidity,
vibration, and lubricant levels using sensors, and apply lubrication autonomously based on
real-time data[5]. This approach eliminates human error, provides real-time insights into
equipment health, and ensures that lubrication is applied precisely when and where it is
needed, thus optimizing the lubrication process and improving overall system efficiency.
Moreover, loT-enabled lubrication systems can support predictive maintenance strategies by
generating data that can be analyzed to anticipate potential failures and reduce unplanned
downtime[6]. The automation of the lubrication process not only enhances equipment
performance but also reduces maintenance costs and extends the lifespan of machinery.
Given these advantages, the development of loT-based lubrication systems represents a
significant step forward in manufacturing practices, particularly in industries that rely on high-
precision equipment.

This research aims to address the inefficiencies of conventional lubrication systems by
proposing the design and simulation of an loT-based autonomous lubrication system[7]. The
problem this study addresses is the lack of real-time, automated lubrication management in
manufacturing equipment, which can lead to suboptimal performance and increased
maintenance costs[8]. The proposed solution is an loT-based system that autonomously
adjusts lubrication levels and schedules based on sensor data, reducing the need for human
intervention and improving operational efficiency. The main objectives of this study are to
design a smart lubrication system that incorporates loT sensors to monitor real-time
parameters, simulate the system using MATLAB, and evaluate its performance in comparison
to traditional lubrication methods. This simulation will model key components of the system,
including sensor integration, decision-making algorithms, and actuator control, with the goal
of demonstrating the benefits of autonomous lubrication in manufacturing environments.

The structure of the paper is organized as follows: Section | introduces the background,
motivation, and problem statement, setting the stage for the research. Section Il presents a
review of related works and existing solutions in the field of loT-based lubrication systems,
highlighting the gaps in current research. Section Ill describes the proposed methodology,
including the system design, sensor selection, and MATLAB simulation setup. Section IV
presents the results of the simulation, analyzing the performance of the proposed system and
comparing it with conventional lubrication systems. Finally, Section V concludes the paper by
summarizing the key findings and suggesting future research directions, including hardware
prototyping and real-world implementation.

2. Literature Survey

Existing lubrication systems have been primarily manual or semi-automated, relying on
operators to monitor and apply lubricant based on pre-established schedules or visual
inspections[9]. These systems, though effective in some environments, are prone to
significant limitations. Manual lubrication practices are vulnerable to human error, such as
inconsistent lubrication application, missed maintenance schedules, or over-lubrication,
which can lead to waste, environmental issues, and even equipment damage[10].
Additionally, conventional systems lack real-time monitoring and control, making it difficult
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to adjust lubrication dynamically based on actual operating conditions[11]. While semi-
automated systems have been developed to alleviate some of these issues by offering basic
automated scheduling, they still depend heavily on human oversight and often fail to adapt
to changing conditions[12]. These limitations underscore the need for a more advanced,
automated solution that can monitor and adjust lubrication in real-time, providing a higher
level of accuracy and reliability while reducing human intervention.

The integration of Internet of Things (IoT) technologies into manufacturing systems has
revolutionized various aspects of industrial operations, including predictive maintenance,
condition monitoring, and system optimization. loT-based systems use a network of sensors
to collect real-time data from equipment, which is then transmitted to a central system for
analysis[13]. This data can include temperature, pressure, vibration, and other critical
parameters, allowing manufacturers to monitor equipment performance continuously. By
leveraging this data, loT systems enable predictive maintenance, where potential failures are
detected before they occur, minimizing unplanned downtime and reducing maintenance
costs[14]. Furthermore, loT technologies facilitate condition-based monitoring, where
maintenance activities are performed only when necessary, optimizing resources and
extending equipment life. In the context of lubrication systems, loT allows for precise
monitoring of lubricant levels, temperatures, and other operational conditions, enabling the
lubrication system to autonomously adjust and deliver the right amount of lubricant at the
right time[15]. This shift towards loT-driven systems has enhanced operational efficiency and
reliability across various industrial sectors, providing a foundation for integrating loT into
lubrication systems.

Autonomous systems in manufacturing, particularly in the context of lubrication and
maintenance tasks, are gaining increasing attention due to their potential to improve
efficiency, reduce human error, and optimize resource usage[16]. Autonomous systems
utilize advanced algorithms and sensors to make real-time decisions based on operational
data. In the context of lubrication, these systems can automatically detect the need for
lubrication based on machine conditions, apply the required lubricant, and adjust lubrication
schedules accordingly without human intervention[17]. Such systems are particularly
beneficial in high-demand environments where maintaining optimal lubrication is critical for
equipment performance and longevity. Moreover, autonomous lubrication systems can be
integrated with broader autonomous maintenance frameworks that not only manage
lubrication but also monitor and optimize other aspects of machine health, such as wear and
tear, temperature, and vibration[18]. The shift toward automation in manufacturing
processes has the potential to significantly reduce maintenance costs, improve productivity,
and extend the lifespan of equipment by ensuring that the machinery operates under optimal
conditions.

MATLAB has been widely used in modeling and simulating loT-based systems, particularly in
industrial applications, due to its powerful computational and simulation capabilities. In the
field of predictive maintenance, MATLAB has been employed to simulate the behavior of loT-
based systems by modeling sensor data collection, data analysis, and decision-making
processes. Researchers have utilized MATLAB to simulate machine learning algorithms for
fault detection, enabling real-time monitoring and predictive maintenance of equipment[19].
Similarly, MATLAB has been used to model loT-based lubrication systems, simulating various
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scenarios to understand how sensor data can be used to trigger lubrication actions based on
equipment conditions. These simulations are critical in testing system behavior under
different operational conditions, providing valuable insights before implementing physical
systems[20]. Furthermore, MATLAB's integration with Simulink allows for the development
of complex system models that can simulate the interaction between sensors, controllers,
and actuators, offering a detailed understanding of how an loT-based lubrication system will
perform in real-world applications. The use of MATLAB for simulating loT systems in
manufacturing has been a key enabler in advancing the development of autonomous systems,
providing a risk-free environment to refine system designs and improve their performance.

Despite the significant progress made in loT-based lubrication and maintenance systems,
several gaps remain in the existing research. While there has been a growing focus on the
integration of loT for predictive maintenance and optimization, many studies still rely on basic
models that do not fully account for the complexities of real-world manufacturing
environments. Existing systems often lack comprehensive integration between sensors,
actuators, and control algorithms, limiting their ability to respond to dynamic conditions in
real time. Additionally, many studies on autonomous lubrication systems are still in the
conceptual or experimental stage, with limited practical implementation. There is also a lack
of research focusing on the simulation and modeling of autonomous lubrication systems
specifically for high-demand manufacturing equipment, which often operates under varying
loads, temperatures, and environmental conditions. The proposed loT-based autonomous
lubrication system aims to address these gaps by integrating advanced sensor technologies,
real-time decision-making algorithms, and a simulation model using MATLAB to predict and
optimize lubrication needs. By developing a comprehensive, autonomous system that adapts
to the real-time operating conditions of manufacturing equipment, this research contributes
to bridging the gap between theoretical models and practical implementation, providing a
pathway for more efficient and reliable lubrication in manufacturing environments.

3. Proposed Method
3.1 System Overview

The proposed loT-based autonomous lubrication system is designed to improve the efficiency
and reliability of lubrication processes in manufacturing equipment. The architecture of the
system, as depicted in Figure 1, consists of several key components that work together to
ensure optimal lubrication is applied based on real-time data from the manufacturing
equipment. The system begins with a set of loT sensors that continuously monitor various
parameters of the equipment, such as lubrication levels, temperature, humidity, and wear
conditions. These sensors send data to a central microcontroller, which processes the data
using predefined control algorithms to determine the appropriate lubrication action. If the
dataindicates that lubrication is necessary, an actuator system activates the lubrication pump
to apply the required amount of lubricant to the equipment.

The loT-based system is built around the central microcontroller, which serves as the brain of
the system, making real-time decisions based on the data it receives from the sensors. The
microcontroller is connected to the sensors via an loT communication protocol, which enables
the real-time transmission of data. Once the microcontroller processes the data, it sends
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control signals to the actuators that manage the lubrication pump. These components work
together to form an automated, self-regulating lubrication system that reduces human
intervention, improves equipment lifespan, and enhances operational efficiency.
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Figure.l: Architecture of the loT-Based Autonomous Lubrication System
3.2 1oT Sensors and Data Collection

The system utilizes a variety of 10T sensors to collect crucial data from the manufacturing
equipment. The primary sensors involved in the system include temperature sensors,
humidity sensors, vibration sensors, and lubrication level sensors. Each of these sensors plays
a specific role in monitoring the condition of the equipment and determining the lubrication
needs.

Temperature sensors are used to measure the operating temperature of the machinery,
which is an important indicator of lubrication requirements. High operating temperatures can
indicate friction or wear, signaling the need for lubrication. Similarly, humidity sensors
monitor the moisture levels in the environment, as excessive humidity can affect the
lubrication quality and cause corrosion. Vibration sensors are crucial for detecting abnormal
vibrations in the equipment, which may indicate wear and tear or misalignment, further
signaling the need for lubrication. Finally, lubrication level sensors continuously monitor the
amount of lubricant in the system, ensuring that the equipment always has enough lubricant
to function optimally.

The real-time data from these sensors is transmitted to the central microcontroller via an loT
communication protocol. The data transmission occurs through wireless networks such as Wi-

Fi or Bluetooth, ensuring that the system can continuously collect data without the need for
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manual checks. Once the data reaches the microcontroller, it is processed to determine the
lubrication requirements of the equipment.

3.3 Control Algorithms and Decision-Making

The heart of the loT-based lubrication system lies in the control algorithms that determine
when and how lubrication should be applied. These algorithms are designed to analyze the
data from the loT sensors and make real-time decisions based on predefined threshold values.
For example, if the temperature sensor reports a rise in temperature above a set threshold,
the algorithm will trigger the lubrication system to release the required amount of lubricant
to reduce friction and prevent overheating. Similarly, if the vibration sensor detects irregular
vibrations, the system will initiate lubrication to mitigate wear and tear caused by friction.

The decision-making process is automated, ensuring that lubrication is applied only when
necessary and in the correct amount. The system is designed to optimize the lubrication
process by considering multiple factors simultaneously, including the type of equipment,
operating conditions, and the environmental factors that can influence lubrication needs. This
reduces the likelihood of over-lubrication or under-lubrication, both of which can lead to
inefficiency and equipment damage.

Additionally, the system uses machine learning techniques to refine the control algorithms
over time. As more data is collected and analyzed, the system becomes better at predicting
lubrication needs, further improving its performance and reliability.

3.4 MATLAB Simulation Setup

The system’s behavior, including sensor interaction, decision-making, and actuator control, is
modeled and simulated using MATLAB. MATLAB is an ideal platform for this type of simulation
because of its powerful computational capabilities and integration with Simulink, a tool that
allows for the simulation of dynamic systems. In the simulation, the behavior of the loT
sensors, data transmission, and control algorithms is modeled to evaluate the performance
of the autonomous lubrication system.

Simulink is used to create a block diagram representation of the system, including the sensors,
microcontroller, control algorithms, and actuators. The simulation allows for the testing of
different scenarios, such as varying sensor inputs, changes in operating conditions, and
different lubrication thresholds. MATLAB’s built-in functions and toolboxes, such as the loT
toolbox and control system toolbox, provide the necessary support to simulate the data flow
and control decisions effectively.

The MATLAB simulation also enables the visualization of sensor data and system
performance, making it easier to analyze and optimize the system’s design before
implementing it in a real-world environment. By using this simulation platform, the proposed
system can be thoroughly tested under different conditions, ensuring its reliability and
effectiveness in real-world applications.

3.5 Integration with Manufacturing Equipment
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The integration of the loT-based autonomous lubrication system with existing manufacturing
equipment requires careful consideration of compatibility and operational requirements. The
system is designed to be flexible, ensuring that it can be easily adapted to different types of
machinery, including pumps, motors, and CNC machines. The sensors are installed at critical
points of the equipment to ensure accurate data collection without interfering with the
equipment's normal operation.

The microcontroller and actuator system are integrated into the existing control
infrastructure of the manufacturing equipment. The system uses wireless communication to
transmit data from the sensors to the microcontroller, ensuring that the lubrication process
is monitored in real-time without the need for complex wiring or physical connections. This
wireless setup not only simplifies the installation process but also reduces the risk of
interference or damage to the equipment.

One of the challenges of integration is ensuring that the loT-based system works seamlessly
with the equipment’s existing control systems. To address this, the system is designed to
operate independently of the equipment's existing lubrication mechanisms, acting as an
enhancement rather than a replacement. The decision-making algorithms ensure that the
lubrication process is synchronized with the equipment’s needs, and the system can be easily
calibrated to match the specific requirements of different machines.

4. Results and Discussion
4.1 Simulation Results

The MATLAB simulations conducted for the loT-based autonomous lubrication system
demonstrate the system's performance under different operational conditions, including
variations in temperature, vibration, humidity, and lubrication levels. Each figure represents
a critical aspect of the system’s behavior and effectiveness in optimizing lubrication
processes.

Figure.2. is the simulation demonstrates the lubrication level over time, showing how the loT-
based system continuously adjusts lubrication based on the equipment’s operational
conditions. The graph exhibits the system's ability to apply lubrication dynamically in response
to oscillations in operational conditions, maintaining an optimal lubrication level. The
lubrication level fluctuates slightly due to environmental changes, but the system ensures
that it remains within a desired range, reducing the likelihood of over-lubrication or under-
lubrication. These oscillations are a result of the sensor feedback mechanism that
continuously monitors the system and adjusts lubrication levels accordingly.

The simulation in Figure 3 highlights the inverse relationship between temperature and
lubrication level. As the temperature rises, the lubrication level decreases, suggesting that the
loT-based system compensates for increased friction by adjusting the lubrication accordingly.
The system activates lubrication when temperatures surpass a predefined threshold to
prevent overheating and ensure efficient machinery operation. This relationship is crucial for
mitigating the risks associated with thermal stress in machinery components.
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Figure 4 depicts the correlation between vibration levels and the need for lubrication. The
results show that as vibration levels increase, the need for lubrication also increases. This
simulation confirms that the loT-based lubrication system detects vibrations caused by wear
and tear or misalignment in machinery. When excessive vibrations are detected, the system
triggers lubrication to prevent further damage, demonstrating its capacity for proactive
maintenance and reducing downtime associated with mechanical failure.

Figure 5 explores the impact of humidity on lubrication efficiency. The simulation shows a
decrease in lubrication efficiency as humidity levels rise, which may result in lubrication
breakdown or contamination. The loT system adjusts lubrication settings based on real-time
humidity data, ensuring that lubrication remains effective even under varying environmental
conditions. This figure emphasizes the system’s ability to adapt to external environmental
factors, thereby maintaining optimal lubrication performance.

Figure 6 illustrates the lubrication process in response to time-based triggers and thresholds.
The graph shows that lubrication is applied when the lubrication level falls below a certain
threshold, ensuring that the system is only activated when necessary. This scenario highlights
the efficiency of the loT-based lubrication system in conserving resources by applying
lubrication only when required. The threshold mechanism helps minimize over-lubrication,
optimizing the system's overall efficiency and reducing maintenance costs.

In Figure 7, the temperature threshold at which the lubrication pump is activated is
demonstrated. The results show that the pump is triggered once the temperature exceeds
the threshold, ensuring that lubrication is applied before overheating becomes a risk. This
threshold-based activation reduces unnecessary wear on machinery components and
prevents potential damage from excessive heat. The system’s responsiveness to temperature
fluctuations enhances its reliability and prevents system failure.

Figure 8 displays the real-time data collection from multiple sensors. The simulation captures
the continuous data flow from temperature, humidity, and vibration sensors, illustrating how
the loT-based system monitors and responds to real-time operational changes. This data
provides critical feedback to the control algorithms, enabling the system to make timely
decisions about when to activate lubrication. The ability to monitor and process data in real
time demonstrates the system's efficiency in maintaining equipment health and reducing
human intervention.
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Figure 8: Real-Time Data Collection from Sensors
4.2 Performance Evaluation

The performance of the proposed loT-based autonomous lubrication system was evaluated
in comparison to traditional lubrication methods, which rely on manual monitoring or semi-
automated scheduling. The key performance metrics considered for this evaluation include
efficiency, system response time, and maintenance costs.

Efficiency

The loT-based system demonstrates superior efficiency by applying lubrication only when
needed, based on real-time sensor data. Unlike traditional methods, which may either over-
lubricate or under-lubricate due to fixed schedules or manual errors, the loT system adjusts
lubrication dynamically based on actual operating conditions. As seen in Figure 2 and Figure
6, the lubrication levels remain within optimal ranges without unnecessary waste, maximizing
resource usage.

System Response Time

In traditional lubrication systems, response times can be delayed due to manual intervention
or fixed schedules. The loT-based system, however, provides real-time responses to
operational conditions, with the microcontroller activating lubrication as soon as the sensors
detect deviations from preset thresholds. This quick response is demonstrated in Figure 6 and
Figure 7, where lubrication is triggered immediately when necessary, minimizing the risk of
equipment damage due to lack of lubrication.
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Maintenance Costs

Maintenance costs are significantly reduced with the loT-based system, as it minimizes
human intervention and prevents mechanical failures caused by improper lubrication. The
system’s ability to detect wear and tear through vibration and temperature data (Figure 3 and
Figure 4) allows for proactive lubrication, reducing the need for costly repairs and unplanned
downtime. Furthermore, the system’s efficiency in applying lubrication only when required
leads to lower resource consumption, which also contributes to cost savings.

4.3 Discussion

The results of the simulations demonstrate the effectiveness of the loT-based autonomous
lubrication system in improving the efficiency, reliability, and cost-effectiveness of lubrication
processes in manufacturing equipment. The system’s ability to monitor real-time operational
conditions and adjust lubrication based on sensor data is a significant advantage over
traditional lubrication systems, which are often prone to human error and inefficiencies.

One of the primary strengths of the loT-based system is its adaptability. As shown in Figures
3, 4, and 5, the system can adjust to varying environmental factors such as temperature,
humidity, and vibration. This adaptability ensures that lubrication is always optimized,
regardless of changing operational conditions. Additionally, the system’s real-time monitoring
and decision-making capabilities, as demonstrated in Figures 6, 7, and 8, reduce the need for
manual oversight and allow for proactive maintenance, preventing potential failures before
they occur.

However, there are also potential limitations to the system. While the simulations
demonstrate the system’s effectiveness in controlled conditions, the actual implementation
in a real-world manufacturing environment may face challenges, such as sensor calibration,
communication reliability, and system integration with existing equipment. Ensuring that the
loT system is compatible with different types of machinery and communication protocols will
require careful consideration during the design and deployment phases.

The practical implications of implementing the loT-based lubrication system in real-world
environments are promising. By automating the lubrication process, manufacturers can
significantly reduce downtime, enhance equipment lifespan, and lower maintenance costs.
The system’s ability to optimize resource usage and respond to changing operational
conditions will make it an invaluable tool for industries that rely on high-precision machinery,
such as automotive, aerospace, and manufacturing.

In conclusion, the proposed loT-based autonomous lubrication system represents a
significant advancement over traditional lubrication methods, offering improvements in
efficiency, reliability, and cost-effectiveness. While there are challenges to overcome in real-
world implementation, the system’s potential to revolutionize lubrication practices in
manufacturing is evident from the simulation results.

5. Conclusion
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The loT-based autonomous lubrication system showcases the potential of loT technologies in
transforming manufacturing maintenance practices. By automating the lubrication process,
the system improves efficiency, reduces human intervention, and optimizes resource use,
ultimately leading to lower maintenance costs and extended equipment lifespan. The
simulation results validate the system's capacity to respond dynamically to operational
changes, making it a robust solution for modern manufacturing environments. This approach
significantly outperforms traditional lubrication methods, offering a more intelligent, cost-
effective, and sustainable solution for equipment management. Future research could focus
on hardware prototyping and the real-world implementation of the loT-based lubrication
system to validate its performance in operational environments. Testing in actual
manufacturing settings will help refine the system's algorithms and address challenges
related to sensor calibration, communication reliability, and integration with existing
machinery. Further work could also explore the integration of advanced loT technologies,
such as edge computing for real-time data processing, and Al-driven predictive maintenance
to further enhance the system's capabilities in anticipating and preventing equipment
failures.
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