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Abstract

An automotive alternator converts mechanical energy into electrical energy to power a vehicle's electrical
components and charge the battery. A car’s electrical system’s functionality is heavily reliant on the operational
integrity of both the alternator and battery. During alternator maintenance, a mechanic must remove the alternator
from the confined engine bay, inspect it, clean or replace internal components, re-install it, and then conduct a
test. The mechanic needs to redo all the process if the alternator is still not operating properly. The time period of
this maintenance process could be lengthy due to complexity of the work. Thus, the new test bench aims to
simplify alternator servicing by allowing for off-vehicle testing, reducing maintenance time and cost. The test
bench uses an electric motor to simulate engine rotation, driving the alternator in between 1500 rpm to 2000 rpm
and allowing for voltage output measurement to diagnose potential issues. This avoids repeated removal and
installation of the alternator during troubleshooting. A properly functioning alternator is expected to deliver an
output voltage range between 13.5 V to 14.5 V. A voltage reading below than this range suggests a charging issue,
and the alternator should be removed from the test bench for necessary servicing. This product allows mechanics
to repeatedly test the alternator without reinstalling it in the engine bay, saving time until the issue is resolved.
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1. Introduction

Alternator test bench is a device designed to evaluate the voltage and amperage output of an
alternator. In automotive industry, the alternator test bench is very useful to ease the alternator
maintenance process. The current method consists of testing and analyzing the performance of
alternator at various speed conditions (Tharani et al.,2016). Various types of alternator tester
machines are available in the market, capable of testing the voltage but the price is expensive.
It could reach as high as RM 10,000 — RM30,000 per unit depending on model and technology.

As a result of misdiagnosis, the alternator is among the most frequently returned repair
components. Bench testing an alternator on a test stand is essential to ensure its output falls
within specified parameters. Normal working alternator usually gives reading in between 13.5
to 14.5 V. Readings outside this range may indicates problems with the alternator.

1.1 Problem Statement

As one of a primary component of any automotive vehicle, alternators should be checked
by using a test bench. The process of maintaining the faulty alternator is where the mechanic
has to remove the alternator from engine bay, repair the alternator and install back on its
original place. The problems faced by every mechanics after completing the maintenance
work is to assess the alternator’s functionality and health status. The duration of this work
could be long and challenging depending on types of alternator damage involved. It may
take 1-2 hours or more.

Typical alternator issues include brush degradation, regulator relay malfunction, bearing
seizure, stator winding failure, and diode bridge defects. Mechanics often rely on their
experience or sometimes educated guesses to diagnose and fix issues before reinstalling the
alternator in the vehicle for testing. Should the alternator fail to perform as intended, the
diagnostic and repair procedure is repeated, as previously outlined.
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1.2 Objective

The main objectives of this research are as follows:

i. To develop an automotive alternator test bench.

ii. To aid the servicing and installation tasks performed by mechanic.
iii. To reduce the cost of tool ownership and maintenance work.

1.3 Scope

The scopes of this research are divided into 3 criteria’s:

i. The system should be capable of testing an ideal output voltage of 14 volts.

ii. It must support alternators with current ratings ranging from approximately 70 to 150
amps.

iii. The test bench design is compact and space-efficient, making it suitable for small
workshops specializing in passenger vehicle alternator testing.

2. Literature Review

An alternator is a device that functions as an electrical generator, converting mechanical energy
derived from the engine’s rotation into electrical energy in the form of alternating current. The
main parts of alternator consist of rotor, stator, rectifier, voltage regulator, brush assembly and
slip ring. Most alternators utilize a rotating electromagnetic field combined with a stationary
armature.

In a vehicle, the battery and alternator work together to power the electrical system. The
battery initiates the engine start, while the alternator takes over to power electrical components
such as headlights, radio and panel instruments and recharge the battery while the engine is
running. The battery voltage typically increases from 12.6V to 13.5-14.5V during the charging
process.

The engine’s crankshaft rotation transmits mechanical power via a drive belt to a pulley
mounted on the rotor shaft. As the rotor spins, its embedded magnetic field rotates within the
stationary stator windings, inducing an alternating current (AC) through electromagnetic
induction. This AC output is then converted into direct current (DC) by a rectifier assembly
comprising multiple diodes, ensuring a stable DC supply for the vehicle’s electrical system.

Alternator is subject to mechanical, electrical and magnetic losses because of involvement
of energy transformation (Adamiec et al.,2018). Various tests can be performed to measure the
operational efficiency in actual operating conditions or on a test bench (Whaley et al.,2004).
Voltage regulator testing can be performed by revving the engine to 2000 rpm and monitoring
the alternator output voltage. Any rises above 15V or less than 12.5V may indicates a
regulator’s problem. (Weibin et al.,2014). Part load and full load tests are conducted. Various
parameters such as speed, voltage and current are under various testing conditions by using
components like PLC, SCADA, profibus and servo drive (Tharani et al.,2016).

There are numerous types of alternator test benches available on the market, featuring a
wide range of designs and price points. Over time, these test benches have evolved to enhance
user convenience and simplify the diagnostic and maintenance process. Table 1 shows
comparison between three different test benches.
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Table 1: Existing product comparison

Product Types Feature

o Features: Designed for testing the latest generation computerized starters and
"smart" alternators with COM, BSS, LIN, and RVC - PWM control signals.

o Advantages: Offers enhanced operator safety with a work area cover, automatic
alternator belt tensioning, and adjustable tooling fixtures for quick mounting.

Type A

o Features: Equipped with a 2.2kW single-phase motor and digital ammeter and
voltmeter for precise measurements.

e Advantages: Supports 12V and 24V testing with switchable load increments
and includes built-in rectifier and regulator testers.

o Features: Allows testing of 12/24V alternators and voltage regulators under
load, with real-time oscillogram displays for comprehensive diagnostics.

e Advantages: User-friendly interface requiring minimal operator training,
suitable for a wide range of alternator types.

Type C

3. Methodology

Problem Identification

Concept Design & Evaluation

Detail Design
Material & Part Selection

Fabrication & Assembly

Testing &

Analvsis

Finishing

Figure 1: Methodology Flow Chart

Development concept A, illustrated in Figure 2, incorporates an adjustable rheostat set to 14
V, with the rotor capable of spinning up to 1000 rpm. When the alternator operates at this
voltage level, the recoil current can be measured. This current represents the electromagnetic
response generated by the alternator’s rotor as it spins within the stator windings. A recoil
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current above 44 A indicates that the alternator’s internal components, such as the rotor
windings and brushes, are in good condition, allowing it to generate sufficient magnetic flux
for proper operation. Conversely, a recoil current below this threshold may suggest issues like
worn brushes, damaged windings, or poor electrical connections, which can impair the
alternator’s performance and charging capability. Thus, measuring the recoil current provides
a valuable diagnostic indicator for assessing alternator health without requiring full operational
load testing.

Figure 2: Development Concept A

Development concept B illustrated in Figure 4, employs a straightforward approach utilizing
a hand drill to spin the alternator and a multimeter to measure the output voltage. While this
method is simple and cost-effective, its practicality and safety are questionable due to several
factors. Firstly, the hand drill provides inconsistent rotational speeds, making it difficult to
maintain the alternator within the optimal testing range (typically 1500-2000 rpm). This
variability can lead to unreliable voltage readings and inaccurate diagnostics. Secondly, the
manual operation increases the risk of mechanical hazards such as slippage, sudden
acceleration, or loss of control, which could result in injury or damage to the alternator and
surrounding equipment. Additionally, the absence of proper mounting or shielding exposes the
operator to moving parts and electrical components, further compromising safety. To improve
this concept, incorporating a motorized drive with speed control and secure mounting fixtures
would provide more stable and repeatable testing conditions. Adding protective covers and
safety interlocks would enhance operator safety, making the testing process both more reliable
and safer.

Figure 3: Development Concept B

Development concept C illustrated in Figure 3, comprises a motor capable of rotating up to
2500 rpm, a drive belt, and a power source supplied either by a battery or a 3-pin plug. Once
the alternator reaches a rotational speed between 1500 and 2000 rpm, the output voltage and
current can be measured. For a healthy alternator, the voltage output should fall within the
range of 13.5 to 14.5 volts. This design offers several advantages over simpler test setups. The
higher rotational speed capability (up to 2500 rpm) allows the alternator to be tested across a
broader operational range, closely simulating real engine conditions. Using an electric motor
as a drive source provides consistent and controllable speed, improving the accuracy of the
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voltage and current measurements. Furthermore, the inclusion of a belt drive ensures
mechanical isolation between the motor and alternator, reducing vibration and wear on
components. The flexibility of power supply options (battery or 3-pin plug) enhances the
portability and usability of the test bench in various workshop environments. Compared to
designs limited to lower rotor speeds or static voltage application (such as those relying solely
on rheostats), this concept enables dynamic testing under realistic load and speed conditions.
This facilitates more reliable diagnostics and helps identify issues like voltage regulation faults,
winding defects, and bearing problems with greater precision.

Figure 4: Development Concept C

Table 2 indicates that Design C is the most suitable design, as it offers greater advantages
compared to Design A and B. Design C demonstrate superior practicality and gives good
durability among the three alternatives, making it the optimal choice for reliable and efficient
alternator testing.

Table 2: Selection process for concept design

Design A Design B Design C

Durability X X v
Practicality X X v
Cost X v X

Size v v X
Power Output X X v
Maintenance v X v
Total 2/6 2/6 4/6

After selecting the third concept design as a final product design, detailed drawings were
developed as shown in Figure 5. Overall measurement of the test bench is 110cm(L) x
40cm(W) x 36cm(H).

Figure 5: Detail design
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The frame is constructed from mild steel with a powder-coated finish to ensure durability
and resistance to corrosion in workshop environments. The pulleys are manufactured from
high-strength aluminium alloy to balance weight reduction and mechanical robustness. The
belt used is a reinforced V-belt designed to withstand repeated stress and maintain grip during
operation. The angle of contact between the pulley and belt is optimized at approximately 150
degrees to maximize friction and minimize slippage. Assembly instructions specify the use of
precision-aligned bearings and tensioning mechanisms to facilitate easy adjustment of belt
tension, ensuring consistent performance across varying loads.

The main project components consist of steel base stand, motor, panel board, alternator,
bench bracket and drive belt as shown in Figure 6. The assembly and fabrication process were
done at welding workshop. After completion of the fabrication, a series of testing have been
carried out in order to determine the functionality of the bench and make a necessary
modification.

Figure 6: Main parts of alternator test bench
4. Result & Discussion

Figure 7 shows an operating procedure of the test bench. Firstly, the malfunction alternator has
to be removed from engine bay. Then, the alternator needs to be installed at the test bench
bracket. After that, belt installation with proper tension. Adjustment of the belt tension can be
made through bolt slot. To test the function of the alternator, electric motor (represents the
engine) will drive the alternator at 1500 to 2000 rpm via belt. At this speed, good alternator
will show an output voltage of 13.5 to 14.5 V at the panel. With the reading, mechanic is able
to identify the types of alternator problems to be solved. If the voltage reading is low (12.5V
or lower), it indicates charging problem and mechanic could remove it from the tester bench
and do appropriate maintenance work. After the problem has been rectify, the alternator can be
reinstalled back at the engine bay.

L)

Step 1: Remove Step 2: Alternator Step 3: Belt Step 4: Start the
alternator from engine | installation at the installation and test
bay bench tension check
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Figure 7: Operating procedure of alternator test bench
Maintenance time for manual method

Currently, mechanics at Bateriku Sdn. Bhd. workshop used manual method to do a
maintenance work. An alternator replacement normally will take about 1-2 hours depending
on model and location of the alternator at engine bay. To remove the alternator, drive belt has
to be taken out, disconnect the wire and unbolted it from the bracket. Installation process will
follow the reverse sequence. Some vehicles have a high mounted alternator which would be
easy to access. However, in some other models, underbody panels and components need to be
removed to have an access to the alternator.

Sample testing

Five different samples of alternator have been tested which consists of 4 faulty and 1 good
alternator. The purpose of using good alternator for testing is to get the base time of removal
and installation at the engine bay without doing the repair work.

Selected mechanics with similar competency were performing the maintenance work of two
different methods. Mechanic A, by using test bench and Mechanic B, by using manual method.
Same alternators (5 units) have been used for those two methods. Table 3 and Table 4 shows
the test result for Mechanic A and B respectively. Removal, troubleshoot, installation and total
time have been recorded to evaluate the difference between test bench and manual method.

Table 3: Testing result of Mechanic A by using test bench method

Alternator R‘emoval Troubleshoot  Installation .Total Voltz}ge Types of No..o.f
mple time (t, time (t, min)  time (t:, min) time (T, reading fault repetitive
samp min) » > min) (volt) y work
No. 1 35 0 42 77 14.3 None 0
No. 2 40 35 42 117 12.5 Worn brush 1
No. 3 38 80 40 158 152  Resulator 3
failure
Stator
No. 4 43 60 38 141 10.5 winding 2
burnout
No. 5 47 30 48 125 11.6 Worn 1
bearing
Average 40.6 41 42 123.6 — — —
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Table 4: Testing result of Mechanic B by using manual method

Alternator Removal Troubleshoot  Installation .Total Volt?ge Types of NO'.O.f
1 time (t,, i t, min) time (ts, min) time (T, reading fault repetitive
sample min) ime (t, mi ! % i min) (volt) vy work
No. 1 39 0 40 79 14.3 None 0
No. 2 42 36 42 120 12.5 Worn brush 1
No. 3 96 82 108 286 152  Regulator 2
failure
Stator
No. 4 98 59 102 259 10.5 winding 2
burnout
No. 5 47 28 48 123 11.6 Worn 1
bearing
Average 64.4 41 68 173.4 — — —

From Table 3, the base time for alternator replacement (sample number 1) without any
troubleshooting work is 77 minutes. This is normal work time for Mechanic A. From Table 4,
base time for alternator replacement without any troubleshooting work is 79 minutes. This is
normal time for Mechanic B.

The other four samples have a different type of faulty with some amount of repetitive work
due to incorrect faulty prediction of alternator problem. This will increase total work time.
However, test bench method is able to reduce the removal and installation time because the
mechanic can skip the work process at engine bay. It is significantly may shorten the total time,
T. For example, sample number 3 have the longest total time (158 minutes) because mechanic
required three times of repetitive work to identify the true issue which is voltage regulator
failure. Nevertheless, it is still consuming less time compare to manual method as shown in
Table 4. Although Mechanic B required two times of repetitive work to solve the problems for
alternator number 3, total time is higher (286 minutes). Removal and installation process at
engine compartment obviously contribute to the increased amount of time.

The other result also supports the evidence as shown at the alternator number 4. Both
Mechanic A and B required two times of repetitive work with total time of 141 minutes and
259 minutes respectively to identify the stator winding burnout and complete the whole
process. The time difference between both mechanics is 118 minutes.

The average total time for Mechanic A is 123.6 minutes compare to average total time for
Mechanic B with 173.4 minutes. This gives a difference of 49.8 minutes between test bench
and manual method. It clearly shows that, by using alternator test bench, it may save time by
28.7% and hence save the labour cost.

Cost

Total parts and manufacturing cost for this project is RM1,200 compare to current market test
bench price which is between RM 10,000 to RM30,000. Although, the function of alternator
test bench in the market is more but for the purpose of Bateriku Sdn. Bhd. workshop usage it
is just enough.
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5. Conclusion

The study explored the feasibility of developing an alternator test bench to assist with alternator
maintenance. The result proves that average total work time could be reduced by 33%.
Mechanics are able to skip the installation and removal time on the engine bay during
troubleshooting process which is very helpful. Less time means cost reduction in terms of
labour. High cost of ownership with the purchase of test bench in the market may also be
avoided. As a conclusion, the study has fulfilled the objectives stated which are to develop an
alternator test bench, to aid the servicing and installation tasks performed by mechanic and to
reduce the cost of tool ownership and maintenance work.
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