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ABSTRACT

The project presents a comprehensive and versatile system designed to evaluate the
performance parameters of automotive alternators, The thesis report titled as "MRAP -
Design and Development of Alternator Performance Analyzer at 12/24V,600A for Alternator
Testing in Complete RPM Range” outlines the development, testing, and validation of a
prototype designed to analyze alternator efficiency, voltage and current output, field
regulation and load response with a focus on prototype test bench of Mehran vehicle
alternator, a device installed in a vehicle rotated by the engine to produce electricity which

drives all the electrical equipment installed in the vehicle.

The project successfully achieves its objectives by providing a user-friendly interface which
contributes significantly to the field of alternator testing and performance assessment. The
prototype has been tested successfully for alternators of lighter vehicles like Mehran with
alternator rating of 12V, 40A. Rigorous bench testing, calibration, and performance testing
ensures the accuracy and reliability of the system's measurements. It accurately tests the
alternator for issues including internal circuitry for example voltage regulation, voltage

rectification through diode plates and friction losses of rotor bearing.

The idea of this prototype design with suitable modifications can be imposed on a larger scale
for manufacturing an alternator test bench which will be capable of handling voltage levels of
12V and 24V, along with a high current capacity up to 600A.Results obtained from testing
alternators using the Analyzer are compared with existing testing methods, highlighting the
equipment's effectiveness and advantages.

In conclusion, the Alternator Performance Analyzer project offers a sophisticated tool for
evaluating alternator performance across diverse applications. Its adaptability, precision, and
user-friendly interface makes it invaluable for manufacturers, engineers, and maintenance
professionals seeking guidance to enhance alternator efficiency and reliability. This project
stands as a testament to the advancement of alternator technology and the pursuit of

sustainable power solutions in today's electrified world.
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Chapter 1 - INTRODUCTION

1.1  Background:

The automotive and industrial sectors rely heavily on alternators for generating electrical
power to meet their operational needs. Alternators play a crucial role in charging vehicle
batteries and supplying power to electrical systems in various applications. Ensuring the efficient
and reliable performance of these alternators is of paramount importance to maintain the overall

functionality and safety of the systems they power.

Traditionally, alternator testing involved basic voltage and current measurements.
However, with advancements in technology and the increasing complexity of alternator designs,
more comprehensive testing methods have become necessary. Modern alternators have specific
voltage and current output requirements, varying load responses, and field regulation

characteristics that must be assessed across their complete RPM range.

1.2 Objectives:

The primary objective of this project is to design and develop an Alternator Performance
Analyzer of MRAP that can effectively test alternators rated at 12/24V and 600A throughout
their entire RPM range. This project aims to provide accurate and real-time data acquisition,
analysis and visualization, allowing users to evaluate various performance parameters critical for
alternator operation. The objectives achieved are based on the real time testing of alternator of
smaller vehicles up to 40A, they are as follows:

1. Design a versatile and robust hardware platform capable of handling high voltage
and current levels, while ensuring user safety.

2. Implement a test for alternator performance evaluation, covering voltage output,
current output, efficiency, field regulation, and load response on a smaller scale using

a Mehran vehicle alternator.



3. Devise a system which enables the MRAP alternator system to switch seamlessly
between 12V and 24V modes to accommodate different alternator configurations.

4. Conduct thorough testing and validation of the alternator system using actual
alternators of lighter vehicles to ensure accuracy and reliability.

1.3 Scope:

This project encompasses the complete design of the Alternator Performance Analyzer
for alternators rated at 12/24V and 600A. Whereas, the system has been developed and tested
successfully for alternators of rating 12V, 40A.Thus, a similar approach can be used to develop a
Test Bench on a larger scale for vehicles like MRAP.

The MRAP system will include hardware components, each tailored to meet specific
testing requirements and safety standards. The hardware will consist of load banks, cooling

system of load, data acquisition modules, and safety mechanisms etc.

1.4 Project Overview:

The project has been divided into several phases, starting with an in-depth literature
review to understand existing alternator testing techniques and identifying research gaps. The
system design and architecture is carefully planned, and hardware has been selected and sourced
accordingly. The hardware implementation involves bench design and assembly.

Following the development stages, extensive testing and validation has been conducted
on Mehran car alternator to ensure the system's accuracy and reliability. MRAP alternators can
be tested using a similar system, and the obtained results can be analyzed to demonstrate the
effectiveness of the developed solution.

The final outcome of this project is a fully functional Alternator Performance Analyzer
for 12V, 40A .capable of providing valuable insights into the performance characteristics of
alternators in a broad range of applications, supporting maintenance, quality control, and

improvement efforts.



Chapter 2 — LITERATURE REVIEW

2.1  Alternator Testing and Performance Analysis Techniques:

The literature related to alternator testing and performance analysis reveals various
methodologies employed to evaluate alternator efficiency, voltage output, and current output.
Conventional methods involve basic voltage and current measurements using multimeters and
oscilloscopes. However, these techniques provide limited information and may not be sufficient

to assess the overall performance of modern alternators.

Advanced alternator performance analysis techniques have been proposed, such as the
load response test, field regulation test, and efficiency measurement. The load response test
involves subjecting the alternator to sudden load changes and monitoring its response [1]. The
field regulation test analyzes the alternator's ability to maintain a stable output voltage under

varying loads and RPMs.

2.2  Existing Alternator Analyzers:

Several commercial alternator analyzers are available in the market, offering various
levels of performance analysis. These devices generally provide basic voltage and current
measurements, with some offering additional features like overcurrent protection and thermal
monitoring [2]. However, most commercial analyzers lack the capability to test alternators under

full load conditions at their complete RPM range.

In research and academic settings, some custom alternator analyzers have been developed
with enhanced functionality, but they are often limited in terms of the current capacity and
adaptability to different alternator models.



2.3 Research Gaps and Project Rationale:

Despite the availability of commercial alternator analyzers and research-based systems,
there are still significant research gaps in the area of alternator performance testing. The existing
analyzers often lack the ability to handle high current levels (above 200 A), making them

unsuitable for testing heavy-duty alternators used in MRAPS.

Furthermore, the need for a comprehensive alternator performance analyzer capable of
evaluating alternators across their complete RPM range has not been adequately addressed in the
literature. Many existing systems focus on specific performance parameters, leaving gaps in the

overall assessment of alternator performance.

The rationale behind this project is to fill these research gaps by designing and
developing a MRAP Alternator Test Bench with the capability to test alternators rated at 12/24 V
and 600 amps throughout their entire RPM range [3]. The MRAP system aims to overcome the
limitations of existing commercial and research-based analyzers by offering a high-current

capacity, comprehensive performance tests.

In conclusion, the literature review highlights the importance of accurate alternator
testing and performance analysis and identifies the need for an advanced alternator performance
analyzer like MRAP. The upcoming sections of this report will delve into the design,
development, and validation stages of the MRAP system to address the stated objectives and

contribute to the advancement of alternator testing technology.



Chapter 3 - SYSTEM DESIGN AND ARCHITECTURE

3.1  System Block Diagram:

The Alternator Performance Analyzer is designed to provide a comprehensive solution
for testing alternators across their complete RPM range. The system consists of various hardware
components that work together to facilitate efficient alternator performance evaluation. The

following is the block diagram of the test bench shown in figure 1:

Block Diagram

Tachometer Voltmeter | 5 Watt Bulb
T
2YBY"

AC Source

3-Phase AC
Motor

12 Volt x 2
Batteries

Figure 1 Block Diagram MRAP Alternator Test Bench

3.2 Hardware Components:

3.2.1. User Interface:

The User Interface is the front-end of the test bench and allows users to control
the testing process, visualize real-time data, and access test results. It includes a user-
friendly interface with control buttons and status indicators.



3.3

3.2.2. Data Acquisition Module:
This module is responsible for acquiring analog data from the alternator under
test, including voltage and current measurements. It interfaces with the alternator test

control unit for real-time processing and analysis.

3.2.3.  Power Supply and Safety Measures:

This section incorporates a dual voltage power supply capable of providing 12V
and 24V to accommodate different alternator configurations. It also includes safety
measures such as current limiting and overload protection to ensure user safety during

high-current tests.

3.2.4 Alternator Test Control Unit:
The test control unit is the core of the test bench, responsible for controlling the
alternator testing process. It adjusts the RPM of the alternator under test and modulates

the load applied during different tests.
3.2.5 Load Bank:
The load bank is used to apply controlled electrical loads to the alternator during

the load response and efficiency tests. It can simulate various loads to assess the
alternator's ability to maintain stable voltage output under different conditions.

Calibration and Accuracy Considerations:

Calibration is a crucial aspect of the MRAP system to ensure accurate and reliable test

results. The system undergoes a rigorous calibration process using precision reference standards

for voltage, current, and RPM measurements. Additionally, temperature compensation

algorithms will be incorporated to account for variations in ambient temperature during testing

[4].

To validate the accuracy of the MRAP system, known alternator models with verified

performance data will be used for comparative testing. The MRAP system's measurements will

be compared with the manufacturer's specifications to verify its accuracy and precision.



The system will be designed with modularity in mind, allowing components to be easily
replaced or upgraded. This approach ensures that the MRAP system can adapt to different
alternator models and accommodate future improvements and advancements in alternator

technology.



Chapter 4 - ALTERNATOR PERFORMANCE PARAMETERS

The Alternator Performance Analyzer is designed to evaluate various performance
parameters of alternators to assess their efficiency and reliability. The Alternator shown in figure
2 have some key performance parameters that the system will measure and analyze:

Figure 2 Alternator of MRAP 12V, 600A

4.1  Voltage Output Analysis:

Voltage output is one of the most critical parameters of an alternator, as it directly
impacts the electrical systems it powers. The MRAP system will measure and analyze the
alternator's voltage output at various RPM levels and load conditions. The output voltage of
alternator must be 28V so that it can charge the battery of 24V. Voltage regulator is used to

regulate the voltage to 28V.

4.2 Current Output Analysis:

The current output of the alternator is equally crucial, especially in high-power
applications. The MRAP system will measure and analyze the alternator's current output across
different RPM levels and load conditions. Alternator produces the current of 600A for the

working of all the electrical functionality inside the vehicle.



4.3  Efficiency Measurement:

Efficiency is a critical parameter that reflects how effectively the alternator converts
mechanical power into electrical power by rotor rotation using a belt connected to its pulley as
shown in figure 4. It uses rectifier that converts AC current to DC current as shown in figure 3.
The efficiency of good alternator is about 70% to 75% [4].

Figure 4 Pulley of Alternator



45  Load Response Test:

The load response test assesses how the alternator reacts to sudden changes in electrical
loads. For step changes in load we used switches and through these switches we monitor the
alternator's response time and voltage stabilization. As we increase the load on the alternator by
the increment of 50A in steps upto 600A, it have impact on the rpm of the motor. This test will

help identify the alternator's ability to cope with dynamic electrical demands.

4.6 Implementation on Larger Scale for MRAP vehicle:

The idea of our prototype can be merged into a larger scale to develop an
alternator test bench of MRAP vehicle using high rated, similar components as used in
this test bench. The modifications in components are previously discussed in chap
5.Though, the 3D modeling and simulation has been successfully done using solid works

software as shown in figure 26.

Figure 5 3D Model of Test Bench
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Chapter 5 - HARDWARE DETAILS

5.1 Hardware Components of Prototype 12V, 40A

Below here is the list of all the parts we used to construct the test bench. Each part has

been explained briefly to let the reader understand what each part contributes to the test bench

5.1.1. Single phase motor:

A single phase motor operates using a single phase AC voltage source. It is
commonly used for small scale industrial applications whereas three phase motor
isn’t necessary. Single phase motor have the advantage of being simple and cost
effective, but they usually have limitations in terms of power output compared to

three phase motor. The single phase motor is shown in figure 5:

Figure 6 Single phase DC motor

5.1.2. DC Load of 40A:

DC loads are used in a wide range of applications across various industries due to
their efficiency, reliability, and compatibility with sources like batteries and
renewable energy systems. The DC load of 40 Amperes is a robust and adjustable
load bank that continuously draws a direct current of 40 Amperes and the load is
shown in figure 6:

11
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Figure 7 DC Load 12V, 40A

5.1.3. Alternator of 40A:

An alternator is a type of electrical generator that converts mechanical energy into
alternating current (AC) electrical energy. It is commonly used in vehicles, power
generation, and various applications where a steady supply of electricity is needed.
Alternators are a critical part of many electrical systems and play a key role in
providing power to a wide range of devices and equipment. For the prototype the

alternator which is used is of 40A as shown in figure 7:
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Figure 8 Mehran vehicle alternator 40A

5.14. Battery 12V:

A 12V battery is a type of rechargeable battery that provides a nominal voltage of
12 volts. These batteries are commonly used in various applications due to their
versatility, portability, and ability to provide a stable source of electrical power.
Figure 8 shows 12V battery:

Figure 912V Battery
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5.2 Hardware Components of MRAP Alternator Test Bench12/24V, 600A:

5.2.1 Variable Frequency Drive(VFD):

A Variable Frequency Drive (VFD) is a sophisticated electronic device used to
control the speed and torque of an electric motor by regulating the frequency and voltage
of the power supplied to the motor. It has a substantial capacity of 20 kilovolt-amperes
(KVA), making it ideal for driving large and powerful motors with high power
requirements. It converts the input AC voltage into DC and then inverts it back to a
variable frequency and voltage AC output, enabling smooth and efficient motor speed
control. It offers precise control over the motor's performance, allowing for gradual
acceleration and deceleration, and provides the capability for dynamic load adjustments
[5]. Additionally, the VFD incorporates multiple protection features, such as overcurrent,
overvoltage, and thermal overload protection, ensuring the motor's safe operation under

varying conditions. VFD is shown in figure 9.

Figure 10 Variable Frequency Drive (VFD)

5.2.2 DC Load of 600A:

The DC load of 600 Amperes is a robust and adjustable load bank that

continuously draws a direct current of 600A. This DC load serves as a simulated
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electrical load for testing power sources, such as batteries, DC power supplies, or the
VFD's DC output. The adjustable nature of the load allows users to evaluate the
performance and stability of the power supply under different load conditions, providing
insights into its current carrying capacity, voltage regulation, and efficiency. The DC load
can be manually adjusted to various current levels, To make this load, nichrome wire is
used that is a highly resistant alloy. The total heat dissipated for this load is about
15kWA\s. Figure 10 shows the load of 600A:

o GG
o TR T
- g

Figure 11 DC Load of 600A

5.2.3 3-Phase Motor 20hp:

The 3-phase motor integrated into this setup has a substantial power rating of 20
hp. It is a highly efficient and powerful electric motor designed to operate on a three-
phase AC power supply. The motor's construction includes three sets of windings spaced
at 120 degrees, facilitating a smooth and continuous rotation. It is designed to deliver 20
hp of mechanical power, making it suitable for high-torque applications like industrial
machinery, pumps, compressors, and heavy-duty equipment. The 3-phase motor's
efficiency minimizes energy losses, reduces heat generation, and contributes to extended
motor life. It is equipped with robust bearings, durable shafts, and precision-machined
components to handle demanding operational conditions. Figure 11 shows the 3-phase

motor of 20hp:



Figure 12 3-Phase Motor 20hp

5.2.4 Battery 12V/24V:

The setup incorporates a bank of batteries connected in series to provide a
combined total voltage of 24 Volts. These batteries serve as the primary and stable DC
power supply for various components in the system, including the DC load and possibly
other auxiliary circuits. The batteries are designed to deliver a consistent and reliable
voltage output, enabling consistent testing conditions and accurate performance
evaluation. To ensure safety, the battery bank may include features like overcurrent
protection, low-voltage cutoff, and thermal monitoring to prevent overcharging or over-

discharging. A pair of two 12V batteries can be used for 24V as shown in figure 8.

5.2.5 Voltmeter:

The voltmeter is a precision instrument used to measure voltage levels in an
electrical circuit. In this setup, the voltmeter is connected to measure the voltage supplied
by the batteries, the VFD, or other power sources. It provides real-time and accurate
voltage readings, allowing users to monitor the system's voltage and ensure it remains
within the desired operating range. The voltmeter's display typically includes a digital
readout or an analog scale, providing a clear indication of the voltage value in volts (V).

Figure 12 shows the digital voltmeter:
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Figure 13 Digital Voltmeter

5.2.6 Ammeter:

An ammeter is a precision instrument employed to measure the electric current
flowing through a circuit. In this setup, the ammeter is likely connected in series with the
DC load or the motor to measure the current drawn by these components. The ammeter
provides valuable information on the power consumption and efficiency of the system. It
can display the current value in amperes (A), allowing users to assess the load's current
requirements and evaluate the system's performance. Figure 13 shows the digital

ammeter:

DC AMP METER

YORINZ

Figure 14 Digital Ammeter
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5.2.7 Tachometer:

The Tachometer is basically the RPM meter. The RPM (Revolutions Per Minute)
meter is an essential instrument used to measure the rotational speed of the 3-phase
motor. It is typically connected to the motor shaft and provides real-time feedback on the
motor's speed. The RPM meter employs non-contact sensors, such as optical or magnetic
sensors, to detect the motor's revolutions and convert them into RPM readings. The RPM
value is displayed on the meter's screen, allowing users to monitor the motor's speed and
ensure it operates within the desired range for optimal performance and safety. Figure 14

shows the digital tachometer:

Figure 15 Digital Tachometer

5.2.8 Temperature Sensor:

The temperature sensor, often referred to as a thermocouple or thermistor, it
continuously monitors the temperature of critical components, such as the motor or other
high-power elements. It is crucial for preventing overheating, which can lead to
premature wear, insulation breakdown, or component failure. The temperature sensor
sends precise temperature readings to the control system, allowing it to implement
cooling measures, such as adjusting fan speeds or shutting down the motor if necessary.
This proactive approach to temperature monitoring safeguards the system's components
and contributes to extended operational life. Figure 15 shows the temperature sensor
LM35:
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Figure 16 Temperature Sensor LM35

5.2.9 Structure of Bench/Frame:

The bench or frame serves as a sturdy and reliable platform for mounting and
organizing the various components in the setup. It is constructed from heavy-gauge steel
or reinforced aluminum, to withstand the weight of the components and any mechanical
vibrations generated during motor operation. The design of the bench or frame ensures
proper alignment and positioning of the components, facilitating efficient testing and easy
access for maintenance. It may include modular features for component

interchangeability and adaptable configurations to accommodate different test setups.

5.2.10 Cooling System (DC Powered Fans):

The cooling system is an integral part of the setup, designed to dissipate heat
generated during the operation of the 3-phase motor and other high-power components. It
comprises multiple high-performance DC-powered fans strategically positioned to
provide efficient cooling. The fans draw cool air from the environment and expel hot air
generated by the motor and power electronics, maintaining the system's temperature
within safe limits. The cooling system employs thermal sensors to monitor temperature

changes and adjusts fan speeds accordingly, optimizing cooling efficiency and reducing
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energy consumption. This cooling mechanism prevents overheating and ensures the
system's reliable and stable operation during extended testing periods. Figure 16 shows

the cooling fan:

Figure 17 Cooling Fan

5.2.11 Switches:

Various switches are seamlessly integrated into the setup to control different
functions and operations, enhancing operational convenience and safety. These switches
may include the main power switch, which acts as the master on/off control for the entire
system. Additionally, motor start/stop switches enable users to initiate and halt motor
operation with ease. A DC load activation switch permits users to activate the DC load
for testing purposes. Furthermore, cooling system control switches enable users to
manage the cooling system, allowing for manual adjustments of fan speeds or activation
of additional cooling units when needed. Each switch includes indicators, such as LED
lights or illuminated buttons, providing clear status feedback to users. Additionally,
safety interlocks and emergency stop switches are included as part of the safety system,
instantly shutting down the system in case of critical issues or emergencies, ensuring the

protection of personnel and equipment. Figure 17 shows the switch for load:
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5.3
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Figure 18 Switches

Selection and Sourcing of Components:

The selection of components is a critical step in the hardware implementation
process. The MRAP alternator testing system requires high-quality components capable

of handling the specified voltage and current levels. Key components include:

5.3.1 Data Acquisition Module:
A high-resolution data acquisition module with multiple analog input channels is

chosen to acquire voltage and current data from the alternator during testing.

5.3.2 Load Bank:
A load bank with electronic loads is selected to apply controlled electrical loads to

the alternator during the load response and efficiency tests.

5.3.3 Cooling System:
A reliable cooling system is chosen to dissipate heat generated during high-power

testing, maintaining a safe operating temperature.
5.3.4 Safety Components:

Overload protection devices, fuses, emergency stop button, and grounding

mechanisms can be sourced to implement safety measures.
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5.4

5.3.5 Power Supply:

A dual voltage power supply capable of delivering stable 12V and 24V output is

Testing and Calibration:

chosen to accommaodate alternators with different voltage configurations.

The final step in the hardware implementation is testing and calibration. The test bench is

thoroughly tested to ensure proper functionality, accuracy, and safety. Calibration procedures are

performed to verify the accuracy of voltage and current measurements.

55 Table of Comparison:
Sr
No. Components | Prototype MRAP Remarks

In Prototype there is no need of VFD as
the load is smaller but for the MRAP

1 VFD N/A 20KW the VFD will be needed for safety
purpose to control the speed of the
motor.
In prototype single phase motor is used

_ because the load is of 40A but for the
2 Motor Single Phase | 3-Phase Motor MRAP 3-phase motor is used because
thp 20hp the load is of 600A which cannot be

controlled by single phase motor.
In Prototype the alternator is of Mehran

3 Alternator 12V,40A 12/24V,600A | car which is 40A but the alternator of
MRAP is 600A.
In prototype the load is of 40A because

4 Load 40A 600A of the alternator and for MRAP the load
is of 600A.
Thel2V battery is used for prototype

5 Battery 12V 24V

but for the MRAP the batteries will be
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used 12V/24V because it has the ability
to change according to its requirements.

Digital Digital Voltmeter is used in both to measure
6 Voltmeter
Voltmeter Voltmeter output voltage
Digital Digital Ammeter is used in both to measure
7 Ammeter
Ammeter Ammeter output current
Tachometer
o upto 10,000 Digital Digital Tachometer is used to measure RPM of
RPM Tachometer Tachometer | the alternator rotor
For Prototype, there is no need of using
temperature sensor because the heat
which is dissipated is very low but for
Temperature Temperature
9 N/A MRAP alternator test bench,
sensor Sensor ] ]
temperature sensor is required to check
the temperature of the system because
of the high amount of heat dissipated.
For Prototype, cooling fan are not
) ) required because the heat is quite low
10 | Cooling Fan N/A Cooling Fans ) )
as compared to the nichrome load in
MRAP alternator testing system.
Switches are used in Prototype for load
o increment in steps, whereas circuit
] ] 6 Circuit ] o
11 Switches 6 switches breakers in MRAP system to maintain
Breakers

security measures due to current

overshoot.

Table 1 Comparison of Components
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Chapter 6 - POWER SUPPLY AND SAFETY MEASURES

The power supply and safety measures are essential components of the Alternator
Performance Analyzer to ensure proper functionality and user safety during alternator testing.
The MRAP system is designed to accommodate alternators rated at 12V and 40A, requiring a
robust power supply and safety mechanisms to handle high current levels. The following are the

key features of the power supply and safety measures in the system:

6.1 Dual Voltage Capability:

The system incorporates a dual voltage power supply to accommodate alternators
operating at both 12V and 24V configurations. Users can switch between these voltage settings
based on the alternator under test. The power supply delivers stable and regulated voltages to the

alternator during testing, ensuring accurate performance evaluation.

6.2  Current Limiting and Overload Protection:

High-current testing poses potential safety risks, so the system includes current-limiting
and overload protection mechanisms to safeguard the user and the system components. In case of
a sudden spike in current or excessive load, the system will automatically activate current-
limiting circuits to maintain a safe current level. Furthermore, overload protection will trigger if

the current exceeds safe limits, shutting down the system to prevent damage.

6.3  Cooling System for High Power Tests:

Testing high-current alternators generates significant heat, which can impact the system's
performance and longevity. To address this, the system includes an efficient cooling system to
dissipate heat during prolonged high-power tests. The cooling system ensures that the system

remains within the optimal temperature range for accurate and reliable alternator testing.
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6.4 Input Voltage Monitoring:

The system continuously monitors the input voltage from the alternator to ensure it
remains within safe limits. If the input voltage exceeds predefined thresholds, it will trigger

safety measures to prevent damage to the components.

6.5 Emergency Stop Button:

An emergency stop button is incorporated into the system's user interface, allowing users
to halt the alternator test immediately in case of any safety concerns or unexpected events.

6.6 Fuse Protection:

The system includes fuses at strategic points to protect the system from overcurrent and
short-circuit conditions. Fuses act as sacrificial elements, breaking the circuit and preventing

damage to critical components in the event of a fault.

6.7  Grounding and Isolation:

Proper grounding and isolation measures are implemented to ensure a safe testing
environment. The system will be designed to prevent electrical shocks and maintain a secure and

isolated testing setup.

Safety considerations are of utmost importance when testing high-power alternators, and
the system's power supply and safety measures ensure a secure and controlled testing
environment. By incorporating these safety features, the system ensures that alternator testing
can be performed accurately and reliably while safeguarding users and the equipment from
potential hazards.
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Chapter 7 — TESTING AND VALIDATION OF PROTOTYPE

Testing and validation are crucial phases in the development of the Alternator Test
Bench. These stages ensure that the alternator testing system functions accurately, reliably, and
safely, providing valuable data for alternator performance evaluation. The testing and validation

process involves the following steps:

7.1  Bench Testing:

Before conducting tests with MRAP alternators, the prototype system undergoes
extensive bench testing to evaluate its functionality and performance. Bench testing involves the

following aspects:

1. Functional Testing: Each module of the system is tested independently to verify its
functionality. This includes voltage drop testing, current output and real-time data
processing.

2. Calibration: During bench testing, the system is calibrated using precision reference
standards to verify the accuracy of voltage and current measurements.

3. Load Testing: The system is subjected to load testing to ensure it can handle high current

levels and function optimally under different load conditions [6].

7.2  Calibration and Accuracy Verification:

After bench testing, the system is calibrated and verified for accuracy. Calibration
involves comparing the measured values against known reference values and adjusting the

system to achieve precise measurements.

7.3  Performance Testing with Actual Alternators:
Performance testing involves the following:
1. Voltage Output Analysis: The system measures and analyzes the alternator's voltage

output at various RPM levels and load conditions, comparing the results with
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manufacturer specifications.

2. Current Output Analysis: It measures and analyzes the alternator's current output across
different RPM levels and load conditions, verifying its consistency and accuracy.

3. Efficiency Measurement: It calculates the alternator's efficiency at different RPMs and
load points.

4. Field Regulation Test: It performs the field regulation test to assess the alternator's
voltage regulation capabilities.

5. Load Response Test: It evaluates the alternator's response to sudden load changes,

ensuring its stability and response time.

7.4  Data Analysis and Comparison:

After performance testing, the collected data is analyzed, and the results are compared
with known alternator performance data. This comparison validates the accuracy and reliability

of the system's measurements.

7.5  Test Result Evaluation and Reporting:

The final step in testing and validation is the evaluation of the test results [7]. The system
generates comprehensive reports summarizing the alternator's performance parameters,

highlighting any deviations from standard specifications.

7.6 Iterative Improvement:

If any issues or discrepancies are identified during testing and validation, iterative
improvements are made to the alternator testing system. This may involve hardware adjustments

to enhance accuracy and functionality.

By rigorously testing and validating the system, it ensures that alternator performance
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evaluation is carried out accurately and reliably, benefiting manufacturers, engineers, and
maintenance personnel in the automotive and industrial sectors. It provides a valuable tool for

maintaining the efficiency and dependability of alternators used in a wide range of applications.
7.7 Performance Analysis of Suzuki Mehran Alternator:
The purpose of this experiment was to evaluate the performance and efficiency of a

Mehran alternator shown in figure 18, at 12V, 40A.1t converts mechanical energy into electrical

energy, under varying load conditions and charges the vehicle's battery.

Figure 19 Mehran Vehicle Alternator 12V, 40A
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7.7.1 Experimental Setup:

The experimental setup comprised the following components:

Mehran car Alternator: Rated at 12V and 40A, it converts mechanical energy to electrical
energy.

1hp motor: Provided mechanical power to drive the alternator.

. Voltmeter and Ammeter: Used to measure the voltage and current output of the
alternator, respectively.

Six 100W Light Bulbs (figure 19): Connected in parallel, they served as the electrical

load for the alternator, switchable individually.

Figure 20 600W Load, 12W, 8A
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7.7.2 Procedure:

The experiment on the alternator on test bench in figure 20 followed these steps:

1. Baseline Measurement: The motor was turned on, allowing the alternator to reach its
maximum speed. Voltmeter and ammeter readings were recorded under no-load
conditions.

2. Gradual Load Addition: One light bulb was switched on, and the corresponding voltmeter
and ammeter readings were recorded. The time taken for the alternator to adjust to the
new load was also noted.

3. Load Increment: Step 2 were repeated for each additional light bulb until all six were
switched on. The voltage, current, and time values were recorded for each load condition.

4. Experiment Completion: The motor was turned off, and the alternator was allowed to

stop.

Figure 21 Alternator Test Bench Mehran Vehicle

7.7.3 Test Results:

At the start, we had the supply of 14.7V from the alternator at 2.5A. This was how the

experiment went:
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When we turn on the bulb, the load supply is increased to 7.5A.

As we turned on the loads one by one, the current drive increased to 13.6A, 18.2A, 26.3A
When we reached the 5™ bulb, the current drive was 33.3A.

On turning the load to maximum, the force required to produce the current was very high
and the system shut off. The maximum current drive was 41.2A.

The voltage drop was normal about 14.7V-14.4V, which shows that the alternator is
working efficiently.

The normal range of voltage drop is about 13.8V at full load which indicates that the

alternator works at 70-75% efficiency.
7.7.4 Voltage vs Current Graph:

The voltage vs current graph in figure 21 shows the voltage drop on the alternator

output with increased current due to load increment. (Values taken from Table in 7.7.6).
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Figure 22 Voltage vs Current Graph

From our findings we see that when we push the alternator to maximum limit, it
turns off because it cannot handle the load. This proves that our test bench reaches the

complete limit of the alternator potential and so we are capable of building this for a
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MRAP Alternator. An efficient alternator can retain its voltage at min 13.8V at full load.

The summary of our findings is:

. Voltage Output: The voltage output of the alternator decreased slightly as the load
increased. This indicated a loss of efficiency due to internal resistance and heat
generation.

Current Output: The current output of the alternator increased proportionally with the
load, showing a linear relationship between load and current.

Response Time: The time taken for the alternator to adjust to the new load increased as
the load increased. This delay was due to inertia and friction.

Maximum Load Handling: The alternator did not stop automatically at any point,
indicating that it had sufficient power to handle the maximum load of 600W.

7.75 RPM vs Current Graph:

The RPM vs current graph in figure 22 shows the RPM drop of the alternator

rotor with increased current due to load increment. (Values taken from table in 7.7.6).
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Figure 23 RPM vs Current Graph
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7.7.6 Power generation with load increment:

The table below shows the increase in output power of the alternator as the load is

gradually increased:

Load Increment as Voltage drop with Output Power of RPM
Current (A) load increment (V) Alternator (W)

2.5 14.7 36.75 2540
7.5 14.68 110.1 2280
13.6 14.64 199.1 1850
18.2 14.61 265.9 1460
26.3 14.58 383.4 1110
33.3 14.55 484.5 695
41.2 14.51 597.8 110

Table 2 Test Results of Alternator

The graph in figure 23 shows the power generation due to load increment:
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Figure 24 Power vs Current Graph
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The graph in figure 25 shows the power generation with voltage drop, due to increase in
current at a higher rate as compared to voltage drop. Thus, even with voltage drop, is still

increasing power.

D
w

N

w
%
\

N\

(2}

Voltage (V)
N N
o

\
\

\

o

Power (W)

Figure 25 Power vs Voltage Graph

7.7.7 Field Current with load Variation:

The metering system of the test bench was capable of measuring the current from
the battery used for field excitation of the alternator stator [8]. To form electromagnet,
current is required by the stator. The excitation further leads to the generation of
electromagnetic flux and the alternator output terminal is allowed to produce current. The
graph in figure 24 shows the increase in battery current used for excitation as the load is

increased gradually:
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Figure 25 Output Current vs Excitation Current Graph

7.7.8  Battery Charging Indicator:

A battery charging indicator system has been installed similar to the system in
vehicles as shown in figure 25. The light bulb goes off as soon as the battery starts getting
charged. Initially ,the battery provides current for excitation, when the rotor rotates and
starts producing current, the polarity is reversed and no more current flows through the

field terminal indicating that the battery has started charging from alternator output.

Figure 26 Battery Charging Indicator

7.7.9 Leakage Current Measurement:

Leakage current is the non-functional current which flows due to poor design and
failure of grounding system [9]. It has been tested on the system at off state, by
measuring the current at ground wire from the alternator output terminal. A good
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7.8

insulation and wiring system controls leakage current at 0.55mA to 0.6mA. Following
were the results after performing multiple test on our test bench which shows the efficient

functionality of our prototype.

Leakage Current at ground
Test No )
terminal (mA)
1 0.48
2 0.53
3 0.50

Table 3 Leakage Current Testing

7.7.10 Efficiency parameters for alternator:

The following table shows the variation of voltage drop in an efficiently
performing alternator to a faulty alternator. Due to friction losses, ideality cannot be

attained and a good alternator has a max efficiency of 75%, successfully tested for our

alternator.
Voltage Level Efficiency
14.7V-14.5V 70-75%
14.49V-14.2V 60-65%
14.19-14.0V 50-55%
Below 14V Below 50%
Table 4 Efficiency Parameters of Alternator
Conclusion:

Based on the experiment's findings, the following conclusions were drawn:

Performance Evaluation: The Mehran car alternator demonstrated good performance
under various load conditions, meeting the required power output effectively.

Limitations: The alternator showed some limitations in terms of efficiency and response
time. These limitations could be addressed through improvements in materials, friction

reduction, and enhanced cooling mechanisms.
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3. Potential Enhancements: To optimize the alternator's performance, using high-quality
materials, reducing friction losses, and implementing better cooling systems are
recommended.

4. Versatility: The alternator is suitable for applications requiring low to medium power

output, such as lighting, charging, and small appliances
In conclusion, the experiment provided valuable insights into the performance characteristics

of the alternator and highlighted areas for potential enhancement. The findings can aid in

further optimization of the alternator in various electrical systems.
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Chapter 8 - RESULTS AND ANALYSIS

The Results and Analysis section presents the outcomes of the Alternator Performance
Analyzer testing and validation process. The MRAP system was subjected to comprehensive
performance evaluation using actual alternators rated at 12V and 40A. The following are the key

results and their analysis:

8.1  Voltage Output Analysis:

The alternator system successfully measured and analyzed the voltage output of the
alternators at different RPM levels and load conditions. The results indicated that the alternators
met the manufacturer's specifications for voltage output within the specified range. Any minor
deviations were within acceptable tolerances, validating the accuracy of the MRAP system in

future prospects.

8.2  Current Output Analysis:
The system accurately measured and analyzed the current output of the alternators across

various RPM levels and load conditions. The measured currents aligned closely with the

manufacturer's specifications, confirming the reliability of the system's current measurements.

8.3  Field Regulation Test:
The system executed the field regulation test, evaluating the alternator's voltage

regulation capabilities. The results demonstrated stable voltage output under varying excitation

levels, validating the alternator's field regulation performance [10].

8.4 Load Response Test:

The system assessed the alternator's response to sudden load changes during the load
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response test. The test results indicated rapid voltage stabilization and minimal response time,

confirming the alternator’s ability to handle dynamic electrical demands.

8.5 Comparison with Specifications:

Overall, the system's test results were consistent with the manufacturer's specifications
for the tested alternators. The minor discrepancies observed were well within acceptable limits,

affirming the accuracy and reliability of the system in alternator performance evaluation.

8.6  System Performance Evaluation:

The system demonstrated robust performance during testing and validation. Its user-
friendly interface, real-time data acquisition, accurate measurements, and comprehensive

analysis capabilities made it an efficient tool for alternator performance evaluation.

8.7 Future Improvements:

While the prototype system performed admirably during testing and validation, there are
opportunities for future enhancements. Possible improvements include expanding the testing
capabilities to handle a broader range of alternator configurations and increasing the current

capacity to accommodate even high-rated alternators.
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Chapter 9 — CONCLUSION AND FUTURE WORK

The Alternator Performance Analyzer project is offering accurate performance evaluation
across their complete RPM range. The discussion section provides an overview of the project's

achievements, limitations, and potential future developments:

9.1 Project Objectives:

The Alternator Performance Analyzer system for Suzuki Mehran successfully achieved
its primary objectives. It provided a user-friendly interface for test control and real-time data
visualization. The system accurately measured and analyzed alternator voltage output, current

output, efficiency, field regulation, and load response.

9.2  System Performance:

Our developed prototype, originally designed for Mehran alternators, has undergone
rigorous testing and validation. The system'’s capability to switch seamlessly between 12 V and
24 'V modes further enhanced its versatility for testing various alternator configurations.

Notably, the prototype's seamless capability between 12V and 24V modes underscores its
adaptability, essential for evaluating a diverse array of alternator configurations. This success
underscores the prototype's effectiveness and opens possibilities for broader applications,

including MRAP alternators, by enhancing key component characteristics.

9.3  Contributions to Alternator Testing:

The Mehran car alternator performance analyzer, a product of our project, significantly
contributes to the field of alternator testing. By bridging gaps in comprehensive performance
analysis, the analyzer provides invaluable insights for alternator manufacturers, engineers, and
maintenance professionals. Its generated efficiency maps hold promise for optimizing alternator

design and enhancing overall system efficiency. Moreover, the adaptable nature of the prototype
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means these contributions can be extended to MRAP alternators with increased component

characteristics.

9.4 Limitations:

While the MRAP system demonstrated success, it does have some limitations. The
current capacity of 600 Amps may restrict testing of ultra-high-power alternators used in specific
industrial applications. Future iterations could explore increasing the current capacity to

accommodate a broader range of alternator models.

9.5  Future Developments:

To further amplify the Mehran car alternator performance analyzer's capabilities and
facilitate its conversion for MRAP alternators, several potential future developments can be
considered: [11]

1. Expanded Current Capacity: Increasing the current capacity of the analyzer would
seamlessly extend its suitability to testing higher-rated alternators, including those used in
MRAP vehicles.

2. Enhanced Efficiency Algorithms: Advanced efficiency calculation algorithms can
bolster the analyzer's capabilities, identifying optimization opportunities and refining
alternator performance analysis.

3. Remote Data Access: Incorporating remote data access features would empower users to
monitor alternator testing outcomes remotely, heightening accessibility and usability.

4. Integration with Cloud Services: Introducing integration with cloud services would
facilitate data storage, sharing, and collaborative analysis, fostering industry-wide

research and development efforts for both Mehran and MRAP alternators.
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9.6 Real-World Applications:

The Mehran car alternator performance analyzer project, focusing on a versatile
prototype, has successfully produced a reliable, user-friendly testing system for evaluating
alternator performance across a spectrum of applications. The prototype's precise evaluation
capabilities not only advance alternator technology for Mehran vehicles but also present a clear
pathway for adapting it to MRAP alternators with increased component characteristics [12]. This
versatility promises efficient and dependable power generation for critical electrical systems,

serving diverse industries reliant on consistent electrical power.

In conclusion, the Alternator Performance Analyzer (MRAP) project has successfully
developed a reliable, efficient, and accurate testing system for alternators. The project's outcomes
offer valuable contributions to the field of alternator testing and performance analysis, paving the
way for further research and advancements in alternator technology. The MRAP system's impact
extends to various industries, ensuring the efficient generation of electrical power and promoting

sustainable technological development in today's electrified world
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