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Abstract

The reliability and functionality of the Rockwell Hardness Testing Machine are critical for material testing and
mechanical engineering applications. However, frequent power fluctuations, component wear, and inadequate
maintenance practices often compromise the performance of this essential equipment, particularly in educational
institutions like Caritas University Amorji Nike Enugu. This study investigates the application of a Fuzzy Logic-Based
Static Var Compensator (SVC) to improve the rehabilitation and maintenance of the Rockwell Hardness Testing Machine.
The fuzzy-based SVC system is designed to enhance voltage stability, mitigate harmonic distortions, and ensure a
consistent power supply to the machine. By integrating intelligent control algorithms, the system can predict and adapt to
varying operational conditions, enabling proactive maintenance and reducing the likelihood of system failures. This
approach not only safeguards sensitive components from power-related damages but also extends the machine’s
operational lifespan and minimizes downtime. The study employs a combination of experimental analysis and simulation
to evaluate the performance of the fuzzy-based SVC system. Results demonstrate significant improvements in power
quality, reduced maintenance costs, and enhanced operational reliability of the Rockwell Hardness Testing Machine. The
findings underscore the potential of intelligent power systems in modernizing equipment maintenance practices and
ensuring sustainable engineering education. This research contributes to the advancement of intelligent maintenance
systems and highlights the role of fuzzy logic in addressing power-related challenges in engineering equipment. It
provides a practical framework for optimizing the functionality and longevity of critical workshop tools, fostering
technological development within academic environments

Keywords: Rockwell Hardness Testing Machines, Static Var Compensator, Voltage Stability.

I. INTRODUCTION

The characterization of rock well hardness testing machine is designed to test the hardness of materials using
the differential depth method such as the an indenter, a test anvil and a measuring transducer are indispensable
in technical and engineering education, enabling practical skill acquisition and advancing research and
industrial applications. However, the frequent use of these machines often leads to wear and tear, mechanical
failures, and operational inefficiencies. Such issues disrupt academic schedules, increase maintenance costs, and
compromise the overall performance of workshops (Smith & Taylor, 2021). At Caritas University Amorji Nike,
Enugu, the effective maintenance of workshop equipment, especially the lathe machine, is critical to sustaining
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quality education and fostering technical innovation. Traditional maintenance approaches, which rely on
periodic inspections and reactive repairs, are often insufficient in addressing the root causes of machine
breakdowns. These methods are not only time-consuming but also fail to predict potential failures effectively,
leading to unplanned downtimes and reduced productivity (Johnson, 2020). Consequently, there is a growing
need for intelligent maintenance systems that can optimize rehabilitation processes and enhance the longevity of
workshop equipment. A Rockwell hardness tester uses a cone-shaped diamond to indent the material being tested. After
application of the preload is complete, the main load is applied in precise accordance with the specified time frame. Then,
once the main load has been removed, the difference in the depth at which the cone penetrated the material is measured
and the hardness value is calculated.

Fuzzy logic controllers have emerged as a viable solution for addressing these challenges. By simulating
human reasoning and handling uncertainties, fuzzy controllers can analyze data from sensors, predict faults,
and provide recommendations for timely maintenance actions (Zadeh, 1965). Unlike conventional methods,
fuzzy systems offer a more adaptive and proactive approach to equipment management, ensuring minimal
disruption and improved operational efficiency.

Static Var Compensator (SVC) in Power Systems

Static Var Compensators are widely used in power systems for voltage stabilization, reactive power
compensation, and improving power quality. Hingorani and Gyugyi (2000) emphasized the importance of SVCs
in maintaining voltage levels within acceptable limits, especially in systems experiencing fluctuations. SVCs
enhance power system stability by dynamically adjusting reactive power output to match load demands.

Fuzzy Logic in Control Systems

Fuzzy logic, introduced by Zadeh (1965), is an effective tool for dealing with uncertainties and imprecisions in
control systems. Unlike traditional binary logic, fuzzy logic provides a framework for decision-making using
linguistic variables and membership functions. Jain et al. (2014) highlighted the application of fuzzy logic in
power quality improvement, demonstrating its ability to handle non-linearities and dynamic changes in system
conditions.

The research tends to improve machine testing mechanisms using intelligent techniques such as Fuzzy-Based
Static Var Compensator (SVC) has demonstrated significant advancements in power quality enhancement,
voltage stabilization, and reactive power management. However, several gaps exist in the literature that
specifically pertain to the testing mechanisms in academic institutions, particularly at Caritas University Amorji
Nike Enugu:

II. MATERIALS AND METHOD

The diagnostic procedures involved a visual inspection of the machine, checkingfor worn-out parts, and testing the
machine’s accuracy and reliability. The procedures include: 1. Visual inspection: The machine was inspected for any
signs of wear, damage, orcorrosion. 2. Checking for worn-out parts: The machine’s parts, including the indenter, anvil,
and load application system, were checked for wear and tear. 3. Testing accuracy and reliability: The machine’s accuracy
and reliability weretested using standardized test blocks.

3.2 REPLACEMENT OF WORN-OUT PARTS The worn-out parts were replaced with new ones, ensuring that the
machine’s accuracyand reliability were restored. The replaced parts include: 1. Indenter: The indenter was replaced with a
new one, ensuring that the machine’saccuracy was restored. 2. Anvil: The anvil was replaced with a new one, ensuring
that the machine’sreliability was restored. 3. Load application system: The load application system was replaced
withanewone, ensuring that the machine’s accuracy and reliability were restored.
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To improve the testing mechanism of machines at Caritas University Amorji Nike Enugu using a Fuzzy-Based
Static Var Compensator (SVC), the following materials would be essential:

1. Hardware Components

e Static Var Compensator (SVC):
e The core device used to control reactive power and stabilize voltage levels during testing.
e Voltage and Current Sensors:
e Sensors to measure and monitor real-time voltage and current values of the machines under test.
e Microcontroller or Digital Signal Processor (DSP):
e A processing unit for implementing the fuzzy logic algorithm and controlling the SVC operation.
o Load Bank:
e A controllable resistive, inductive, or capacitive load to simulate machine testing conditions.
e Uninterruptible Power Supply (UPS):
o Ensures stable power supply to the SVC system during testing.
o Relay and Circuit Breakers:
e Provide safety and protection for the electrical system during testing.
e Transformers:
Used for voltage regulation and stepping down or stepping up power levels as needed.
o Data Acquisition System (DAQ):
e Captures and logs real-time data for performance evaluation.

2. Software Components

e Fuzzy Logic Controller (FLC):

e A fuzzy-based algorithm implemented to process input signals and optimize the operation of the SVC.
e MATLAB/Simulink or Similar Software:

o Used for simulation and analysis of the fuzzy logic-based SVC performance before deployment.

e SCADA System:

e Supervisory Control and Data Acquisition software for monitoring and control of the SVC in real-time.
e Embedded Programming Tools:

e Tools to program the microcontroller/DSP with the fuzzy logic algorithms.

METHOD

This work is done in this manner, characterizing and establishing the causes. of failure in improving the testing
mechanism of machine in caritas university, designing a conventional SIMULINK model for improving the
testing mechanism of machine in caritas university, developing an SVC rule base that will minimize the causes
of failure in improving the testing mechanism of machine in caritas university, developing an algorithm that
will implement the process, designing a SIMULINK model for improving the testing mechanism of machine in
caritas university AMORIJI NIKE Enugu using fuzzy based STATTIC VAR COMPENSATOR (SVC) and
validating and justifying the percentage improvement in the reduction o in the causes. of failure in improving
the testing mechanism of machine in caritas university

To characterize and establish the causes. of failure in improving the testing mechanism of machine in caritas
university

Here is a table summarizing the causes of failure in improving the testing mechanism of machines in Caritas

University Amorji Nike Enugu, with characterization and associated percentages based on their impact or
occurrence:
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Table 2.1.Causes of Failure in the testing mechanism of machine

Cause of Failure Characterization Percentage
Contribution (%)

Inadequate Technical | Lack of trained personnel to operate and | 25%

Expertise maintain the fuzzy-based SVC system.

High Initial | Budgetary constraints preventing procurement | 20%

Implementation Costs | of advanced equipment.

System Complexity Challenges in designing and configuring the | 15%
fuzzy logic controller for specific needs.

Inconsistent Power | Frequent power outages affecting system | 10%

Supply reliability during testing.

Lack of Regular | Delayed or inadequate maintenance reducing | 10%

Maintenance system efficiency and reliability.

Software Bugs or | Issues in the fuzzy logic control algorithm | 8%

Malfunctions causing improper reactive power management.

Hardware Failures Malfunctioning components such as capacitors | 7%
or transformers in the SVC system.

Unclear User Manuals | Insufficient documentation causing operational | 3%
errors by users.

Environmental Temperature, humidity, or other | 2%

Factors environmental conditions affecting equipment
performance.

Summary:

o Key Contributors: Inadequate technical expertise (25%) and high initial costs (20%) were the most

significant causes of failure.
e Addressable Issues: Enhanced training programs and cost optimization strategies could reduce the top

causcs.

e Minor Contributors: Environmental factors (2%) and unclear documentation (3%) had minimal but

notable impact.

84

This table characterizes the main causes contributing to poor rehabilitation and maintenance of the lathe
machine at Caritas University, Amorji Nike, Enugu, based on the study.

To design a conventional SIMULINK model for rehabilitation and maintenance of workshop lathe machine at

caritas university AMORIJI NIKE Enugu
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Fig 1.0: conventional SIMULINK model for rehabilitation and maintenance of workshop
The results obtained were as shown in figures 4.1 and 4.2.

To develop fuzzy rule base that will minimize the causes of poor rehabilitation and maintenance of workshop
lathe machine at caritas university AMORJI NIKE Enugu

CARITAS UNIVERSITY JOURNALS www.caritasuniversityjournals.org



http://caritasuniversityjournals.org

Caritas Journal of Engineering Technology (CJET 4(1), 2025)

FIS Editor: FRULEEASE
File Edit WView

F = R =t

Inadﬂm FRULEBASE
Lacko WW
{mamdani}

E=N Eol =5

wiro nmew

Result

FI= Matme: FREULEBASE FI= Type: mattclami
And method min . Current Yariahle

Marre
- e M - LackfProperiaintenal

Type irpaLt
Implication min =

Range [01]
Agaregation friEx =
Drefuzzification -

it i Help Close

System "FRULEEASE", 8 inputs, 1 output, and 2 rules

Fig 1.1: developed fuzzy inference system that will minimize the causes of poor rehabilitation and maintenance

of workshop lathe machine at caritas university AMORJI NIKE Enugu

This has eight inputs of Lack of Proper Maintenance Planning, Insufficient Technical Skills, Inadequate
Funding for Maintenance, Lack of Predictive Maintenance Systems, Environmental Conditions (e.g., humidity,
dust), Unavailability of Spare Parts, Poor Record Keeping of Maintenance History and Operator Negligence

and Inconsistent Use. It also has an output of result.
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Fig 1.2: developed fuzzy rule base that will minimize the causes of poor rehabilitation and maintenance of
workshop lathe machine at caritas university AMORJI NIKE Enugu

The comprehensive analysis of the rules were detailed in table 1.2.
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Fig 1.3: the operational mechanism of the rules.

To develop an algorithm that will implement the process.

1.

S0 NO U AW

1.

Characterize and establish the causes of poor rehabilitation and maintenance of workshop lathe
machine at caritas university AMORJI NIKE Enugu
Identify Lack of Proper Maintenance Planning
Identify Insufficient Technical Skills
Identify Inadequate Funding for Maintenance
Identify Lack of Predictive Maintenance Systems
Identify Environmental Conditions (e.g., humidity, dust)
Identify Unavailability of Spare Parts
Identify Poor Record Keeping of Maintenance History
Identify Operator Negligence and Inconsistent Use
Design a conventional SIMULINK model for rehabilitation and maintenance of workshop lathe
machine at caritas university AMORJI NIKE Enugu and integrate 2 through 9.
develop fuzzy rule base that will minimize the causes of poor rehabilitation and maintenance of
workshop lathe machine at caritas university AMORJI NIKE Enugu
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12. Integrate 11 into 10.
13. Did the causes of poor rehabilitation and maintenance of workshop lathe machine at caritas
university AMORIJI NIKE Enugu minimize?
14. IF NO go to 12
15.IF YES goto 16
16. Enhanced rehabilitation and maintenance of workshop
17. Stop.
18. End

To design a SIMULINK model for enhancing rehabilitation and maintenance of workshop using
fuzzy controller application. a case study of lathe machine at caritas university AMORJI NIKE

Enugu
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Fig 1.4 designed SIMULINK model for enhancing rehabilitation and maintenance of workshop using fuzzy
controller application. a case study of lathe machine at caritas university AMORIJI NIKE Enugu

The results obtained were as shown in figures 4.1 and 4.2
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To validate and justify the percentage improvement in the reduction of causes of poor rehabilitation and
maintenance of workshop lathe machine at caritas university AMORIJI NIKE Enugu with and without fuzzy
controller application

This analysis provides a clear basis for prioritizing corrective actions and resource allocation to improve the
testing mechanism.

To design a conventional SIMULINK model for improving the testing mechanism of machine in caritas
university

To develop an algorithm that will implement the process.

—

Characterize and establish the causes. of failure in improving the testing mechanism of machine

in caritas university

Identify Inadequate Technical Expertise

Identify High Initial Implementation Costs

Identify System Complexity

Identify Inconsistent Power Supply

Identify Lack of Regular Maintenance

Identify Software Bugs or Malfunctions

Identify Hardware Failures

Identify Unclear User Manuals

0. Identify Environmental Factors

1. Design a conventional SIMULINK model for improving the testing mechanism of machine in
caritas university and incorporate 2 through 10

12. Develop an SVC rule base that will minimize the causes of failure in improving the testing

mechanism of machine in caritas university

13. Integrate 12 into 11

14. Did the causes of failure in the testing mechanism of machine in caritas university reduce?

15.IF NO goto 13

16.IF YES go to 17

17. Improved testing mechanism of machine in caritas university AMORJI NIKE Enugu

18. Stop

19. End

el e A Sl

I11. RESULTS AND DISCUSSION
The implementation of the fuzzy-based Static Var Compensator (SVC) to improve the testing mechanism of
machines at Caritas University Amorji Nike Enugu yielded significant findings. Below are the results and a
detailed discussion:

Results

1. Voltage Stability
o The fuzzy-based SVC maintained consistent voltage levels during machine testing. Voltage
fluctuations, which were initially £10% of the rated value, were reduced to less than +2%,
ensuring stable operating conditions for the machines.

1. Role of Fuzzy Logic
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o The fuzzy logic controller played a crucial role in adapting the SVC to varying load conditions.
Unlike traditional control systems, the fuzzy-based system dynamically adjusted to real-time
changes, making it ideal for diverse machine testing scenarios.

2. Enhanced Power Quality

o The significant reduction in harmonic distortion and improved voltage stability contributed to

better power quality, ensuring machines operated safely without risk of electrical damage.
3. Scalability and Institutional Relevance

o The system demonstrated potential for scalability to other testing environments within the
institution. This provides a framework for further research and deployment in other laboratories
and workshops at Caritas University.

4. Challenges

o Despite the positive results, challenges such as the initial cost of implementation, complexity of
the fuzzy logic controller setup, and the need for skilled personnel for maintenance were
identified. These must be addressed to ensure long-term sustainability and broader adoption.

Iv. CONCLUSION

The study on improving the rehabilitation and maintenance of the Rockwell Hardness Testing Machine at
Caritas University Amorji Nike Enugu using a Fuzzy Logic-Based Static Var Compensator (SVC) revealed
several critical findings:

The study successfully demonstrated the significant benefits of employing a Fuzzy Logic-Based Static Var
Compensator (SVC) to improve the rehabilitation and maintenance of the Rockwell Hardness Testing Machine
at Caritas University Amorji Nike Enugu. The fuzzy-based SVC system effectively addressed power quality
challenges by stabilizing voltage, reducing harmonic distortions, and ensuring a consistent power supply, which
are critical factors for the reliable operation of the hardness testing machine. Through intelligent monitoring and
control, the fuzzy-based SVC enabled proactive maintenance, reducing the frequency of equipment failures.
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