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Abstract: This research endeavors to design and integrate a diesel rotary injection pump instructional tool into the
BS in Autotronics program at the University of Science and Technology of Southern Philippines, Cagayan de Oro
City, Philippines. The pedagogical tool is expected to significantly enhance the academic performance of BS in
Autotronics students by providing them with a comprehensive understanding of the fundamentals of diesel rotary
injection pump functionality. The study addresses the knowledge gap in the functionality of diesel rotary pumps,
which is perceived as a significant challenge in the program. The learning outcomes demonstrate the development
of student's cognitive skills, encompassing the rotary injection pump's theoretical and operational aspects.
Furthermore, the actual laboratory activities utilizing the functional components of the mockup provide evidence of
the expected manipulative skill set developed during the course coverage, ultimately preparing students for
occupational applications in the field of autotronics.
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. INTRODUCTION

This study aims to design and integrate a diesel rotary injection pump instructional tool into the BS in
Autotronics program at the University of Science and Technology of Southern Philippines, Cagayan de Oro City,
Philippines, to enhance students' academic performance and skill set. The development of the Diesel Fuel Rotary
Injection Pump has been a significant milestone in the evolution of diesel engine technology, offering a unique
combination of efficiency, performance, and compact design. This study aims to contribute to advancing automotive
technology by investigating the design and performance of rotary diesel injection pumps, focusing on their potential
to enhance fuel efficiency and reduce emissions in modern diesel engines. The study is pertinent to upcoming light,
medium, and heavy-duty diesel engines required to meet increasingly stringent emission standards (such as US
2014, Euro 6, etc.) without sacrificing their existing performance and fuel efficiency, all while remaining cost-
competitive. (Dober, G., Tullis, S., Greeves, G., Milovanovic, N., Hardy, M., & Zuelch, S., 2008).

The rotary diesel injection pump's rotary mechanism and distributor design enable precise fuel delivery to
each engine cylinder, allowing for variable injection timing and improved combustion efficiency. Students are
expected to possess the necessary skill set and competencies in diesel rotary injection pump functionality
fundamentals especially the effects of fuel injection timing, fuel injection pressure, and nozzle hole diameter on
diesel fuel application (Kinoshita, K., Oguma, M., Goto, S., Sugiyama, K., Kajiwara, M., Mori, M., & Watanabe, T.,
2003). Fuel injection pressure is an important aspect of the engines’ power performance to obtain combustion
treatment (Semin, S., ABU, B. R., Ismail, A. R., & Ali, 1., 2009). The fuel injection pump is the lifeblood of the
diesel engine, and its precise fuel delivery must maintain a harmonious rhythm to ensure smooth operation.
Therefore, it is crucial to maintain the pump in optimal condition to guarantee the engine's overall performance and
reliability (Krogerus, T. R., Hyvénen, M. P., & Huhtala, K. J., 2016). Hence, the pump controls the fuel needed to
gain the desired power (Thomson, 2009). Such functionality requires an in-depth study and comprehension by the
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students and instructors as well as acquiring necessary knowledge and skills that aid technical manipulation during
repair, maintenance, and even innovative applications. By examining the performance and limitations of rotary
diesel injection pumps, this study aims to provide valuable insights for automotive technologists and researchers,
ultimately contributing to the development of more efficient and environmentally friendly diesel engines.

This study is motivated by some relevant baseline research conducted by experts in the field of the
automotive industry. The works of Lacey, P., and Lestz, S. (1992), highlighted the effect of low-lubricity fuels on
diesel injection pumps which is of noteworthy input for the current study especially crucial to the practices of
inadequate diesel engine lubrication. Kevorkovich, Vyachelavovich, Igorevich, and Stanislavovna (2018) provided
insights into the diagnosis of the fuel equipment of diesel engines with high-pressure fuel injection pumps. One
important consideration during the diagnostics is to determine the critical particle size of abrasive debris that will
cause significant wear in rotary injection fuel pumps where filtration requirements matter (Bessee, G. B., Yost, D.
M., Lacey, P. I, Lilly, K. L., Jones, G., Becktel, D., & Dueck, L.,1997). The studies mentioned earlier significantly
enhance the learning expectations of both students and instructors who utilize the diesel fuel rotary injection pump
mockup, providing a comprehensive understanding of diesel engine components and their relationship to fuel
injection systems.

By completing the course content on diesel fuel injection systems utilizing the mockup, students are expected
to develop a comprehensive understanding of diesel engine components and their relationship to fuel injection
systems, enabling them to effectively troubleshoot, diagnose, and repair diesel engines. Through hands-on
experience with disassembling, testing, and reassembling fuel injection components, students gain practical skills in
maintaining and adjusting timing units, fuel ratio controls, and identifying fuel system designs.

Additionally, students learn to prioritize personal safety, maintain shop cleanliness, and utilize repair
literature to diagnose and resolve fuel system failures, preparing them for successful careers in the diesel engine
maintenance and repair industry. The specific objectives of the study are:

. To design a diesel rotary injection pump mockup that contains the essential components and functionality of the
system.

. To develop and implement a diesel rotary injection pump mockup integrating all components to perform the
fundamental functionality of the system.

. To evaluate the cognitive and manipulative skills of the students on the utilization of the diesel rotary injection
pump mockup using acceptable evaluation parameters.

The development of a diesel rotary injection pump mockup for automotive technology aims to address the
knowledge gap in the functionality of diesel rotary pumps, providing students with a hands-on learning experience
that enhances their understanding of the theoretical and operational aspects of the pump. Through the manipulation
of the mockup's functional components, students develop their cognitive skills, including the ability to apply
theoretical knowledge to real-world scenarios. The course coverage also exposes students to the essential parts and
operational functionality of the rotary injection pump, preparing them for occupational applications and enhancing
their overall learning experiences.

1. METHODOLOGY
The Design

The design parameters to be considered in this proposed study are anchored on the fundamental setup of the
diesel rotary injection pump system in conjunction with the desired pedagogical mockup as shown in Figure 1. It
typifies a basic setup of the aforesaid system that describes the connectivity of the fundamental components in a
complete fuel injection pump system. Diesel fuel stored in the tank passes through the fuel filter before being
pumped to produce higher pressure towards the injector via the fuel line. The system also provides a return line back
to the fuel tank for the excess fuel from the pump and the injector.

Figure 2 provides a more detailed illustration of the diesel rotary injection pump system, highlighting the
number of injectors and the routing of the high-pressure fuel lines. In this diagram, multiple injectors are connected
to the high-pressure fuel lines originating from the rotary pump. It is crucial to note that any internal fuel leakages
from the injectors and the pump must be returned to the fuel tank to maintain proper system operation.
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The comprehensive illustration in Figure 2 enables a better understanding of the interconnections between
the rotary pump and the fuel injectors, while the mechanical frame details in Figure 3 demonstrate the structural
integrity and practicality of the mockup's design. These visual aids contribute to the overall understanding of the
diesel rotary injection pump system and its components, which is crucial for students and professionals working in

the field of automotive technology.

The mechanical frame of the diesel rotary injection pump mockup, as shown in Figure 3, includes
dimensional details that allow for the secure mounting of specific components. The frame is constructed using angle
bars that are strategically welded together to ensure stability and durability. The frame design allows for easy access
to the pump's components and facilitates the installation of the necessary accessories, such as the fuel tank, filters,

and pressure gauges.
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Figure 1: The Diesel Rotary Injection Pump
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Figure 2: The Diesel Rotary Injection Pump
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Figure 3: The Mechanical Frame

The Development and Implementation

In this section, the integration of the components comprising an operational diesel rotary injection pump will
be implemented and interconnected accordingly. As depicted in Figure 1 and Figure 2, the components necessary
for a functional system have to be implemented. The output of the proposed study is expected to be utilized as an
instructional mockup for laboratory use. Figure 4 shows the front and isometric views of the training tool that
depicts the entire mock-up in a computer-aided design concept with the components mounted on a robust
mechanical frame. The elements of the training tool are properly labelled for better identification.
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Figure 4: The Mock-up Isometric View
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The Evaluation

This section describes the output of the study by assessing the performance acceptability of the mockup as
per the generally acceptable evaluation parameters established. The evaluation parameters measure the mockup’s
aesthetics relative to workmanship, physical arrangement, and pressure line harnessing. The trainer is also measured
by employing its technical functionality in terms of its mechanical and electrical components’ operability. Likewise,
the mobility of the mockup is also determined in terms of its manageable weight, compactness, and mechanical
framework stability. The marketability of the trainer is also measured in terms of appearance, functionality,
mobility, and affordability. Finally, the mockup’s academic impact is measured through its capability to translate
theories into skills, industry relevance, dynamic teaching and learning, and address a real-world problem. Table 1
shows the acceptability survey parameters and its five-point rating scale in Table 2 bearing its corresponding
adjectival ratings that serve as a guide in the conduct of the acceptability assessment.

Table 1: The Performance Acceptability Survey

Evaluation Parameters Very | Poor | Fair | Good | Excellent
Poor
1 2 3 4 5

1.) | How do you rate the physical appearance of the
training tool in terms of the following?

a. workmanship

b. arrangement

c. pressure line harnessing

2.) | How do you rate the technical functionality of the
trainer in terms of the following?

a. the mechanical components of the trainer function
according to the trainer’s design specifications.

b. the electrical components of the trainer according to
the trainer’s design specifications

c. the overall technical function of the trainer operates
following the design parameters.

3.) | How do you rate the mobility of the trainer in terms of
the following?

a. the trainer is lightweight

b. the size of the trainer is compact

c. the foundation of the trainer is stable

4.) | How do you rate the marketability of the trainer in
terms of the following?

a. appearance

b. functionality

c. mobility

d. autotronics relevance

e. affordable

5.) | How do you rate the academic impact of the trainer?
a. translate theory to skills

b. addresses a real-world problem

c. dynamic learning

d. automotive industry relevant
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Table 2: The Five-Point Rating Scale

Rating Adjectival Rating Scale Range
1 Very Poor 1.49 - below
2 Poor 1.50-2.49
3 Fair 2.50 — 3.49
4 Good 3.50-4.49
5 Very Good 4.50 - above

Likewise, this study also measures the Pre/Post Test Performance Outcome Self-Assessment drawn from
pre-selected respondents which were the students of the aforesaid program as shown in Table 3 where the elements
and performance criteria are depicted. In this cognitive and manipulative assessment, the study adopted the unit of
competency promulgated by Training.gov.au which is the National Register of Vocational Education and Training
(VET) in Australia. This unit describes the skills and knowledge required to inspect and service diesel fuel injection
systems. It involves preparing for the task, inspecting the fuel injection system for leaks, inspecting the air filter,
reporting the inspection findings, servicing and adjusting the system, and completing workplace processes and
documentation. It describes the elements of the essential outcome and the performance criteria that describe the
performance needed to demonstrate achievement of the element as manifested by the students and other users of the
laboratory mockup. The assessment instrument applies to those in the automotive service and repair industry. The
diesel fuel injection systems include agricultural machinery, heavy commercial vehicles, light vehicles, marine
vessels, motorcycles, mobile plants, and outdoor power equipment.

Table 3: The Elements and Performance Criteria

Elements - describe
the essential
outcomes.

Performance Criteria - describe the performance needed to demonstrate achievement of
the element.

1. Prepare to inspect
and service diesel
fuel injection system

1 Determine job requirements from workplace instructions

2 Source and interpret servicing information

3 Identify hazards associated with the work and manage risks

4 Select and check tools, equipment, and materials for serviceability

2. Inspect diesel fuel
injection system

1 Inspect according to manufacturer specifications, workplace procedures, and safety and
environmental requirements

2 Compare inspection results with manufacturer specifications

3 Report inspection findings according to workplace procedures

3. Service diesel fuel
injection system

1 Carry out service and adjustments according to manufacturer specifications, workplace
procedures, and safety and environmental requirements, and without causing damage to
components or systems

2 Carry out post-service testing according to workplace procedures, including engine start-
up check for leaks and operation

4. Complete work
processes

1 Conduct final inspection according to workplace procedures and confirm the vehicle is
ready for use

2 Clear work area and dispose of or recycle materials according to workplace procedures

3 Complete documentation according to workplace procedures
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1. RESULTS AND DISCUSSION
The Design and Development

The fuel injection pump is a vital component in a diesel engine, as it is responsible for delivering the
precise amount of fuel to each cylinder at the exact moment required for combustion. This intricate process involves
the pressurization and distribution of fuel through a complex system. The pump's primary function is to regulate the
fuel flow using a metering valve, ensuring that the correct amount of fuel is delivered to each cylinder. The pump's
operation is closely tied to the engine speed, as it adjusts its pressure output accordingly. This allows the pump to
maintain optimal fuel delivery and combustion efficiency across a range of engine speeds.

As the rotor within the pump rotates, it creates a cavity that pushes the fuel through the distribution system.
This system is designed to deliver the fuel to each cylinder in the specific firing order of the engine. The precise
timing and delivery of fuel are critical for efficient combustion and optimal engine performance. The fuel injection
pump's ability to regulate fuel flow and pressure ensures that the engine runs smoothly and efficiently, making it an
essential component in modern diesel engines.

Figure 5 shows the comparative design and its actual mockup developed for laboratory pedagogical tools
as covered by the diesel injection pump course in the BS in Autotronics program of the USTP, Cagayan de Oro
Campus. As per the design parameters, the actual mockup depicts the integration of the essential components that
comprise the whole system to be operationally useful during laboratory activities.

IGNITION KEY

AC SAFETY
SWITCH

AC MOTOR 220

FUEL LINES
FUEL FILTER

ROTARY INJECTION
PUMP

FUEL TANK

BATTERY

Figure 5: The Diesel Rotary Injection Pump Mockup
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Figure 6: The Diesel Injection Pump Coupled with a Motor

Figure 6 shows the coupling of the diesel rotary injection pump with an electric motor as its prime mover.
In this mockup, the electric motor drives the pump into its function through its corresponding rotation. As with
every other injection pump in diesel vehicles, the purpose of the rotary injection is to deliver the correct amount of
fuel to each cylinder. The pump is responsible for delivering the fuel at the right time so it can be combusted. The
fuel enters the distributor fuel injection pump through the inlet passage. It is typically drawn from the fuel filter. The
fuel that is coming into the pump is regulated by the metering valve. The pressure that the rotary injection pump
works with varies according to the engine speed. As the rotor rotates, the inlet bore in the rotor aligns with the inlet
bore in the pump head. As the rotors align, they are pushing the fuel from the cavity. The distribution system
distributes the fuel to each cylinder. The fuel is distributed in the firing order of the engine.

Figure 7 depicts a closer look at a rotary injection pump with thermoplastic tubing serving as a fuel line.
Diesel engines need an injection pump to pressurize and calculate the fuel, delivering it to each cylinder at the right
moment. The combustion relies heavily on the ability of the pump to provide a timely and precise air-fuel mixture
into the chamber. This is why even a small defect in the pump can disrupt the whole combustion process, leading to
poor performance.

Injection

/

Figure 7: The Injection Pump Figure 8: The Fuel Tank Figure 9: The Primary Fuel Pump
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Figure 8 depicts the diesel fuel tank that serves as the main storage source of fuel. Figure 9 shows the primary
fuel pump of the mockup which maintains a steady supply of fuel into the system. Figures 10, 11, and 12 display
the fuel cup, injector, and fuel tube lines which serve crucial roles during the manipulative adjustments, bleeding,
and calibration of fuel supply into the system. The fuel injector is a critical component of the modern automobile,
responsible for atomizing and injecting fuel into the combustion chamber. For simulation, the system ignition switch
is represented by the momentary push button switch shown in Figure 13 through which the electric motor prime
mover depicted in Figure 14 rotates the diesel rotary injection pump drawing its fuel supply via the fuel pump
shown in Figure 15.

Switch

Fuel pump

Elctric mott

Figure 13: The Switch Figure 14: The Fuel Pump Figure 15: The Electric Motor

The Evaluation

The evaluation in the present study covers the acceptability assessment relative to the performance of the
diesel injection pump mockup in consonance with the generally acceptable evaluation parameters. The study also
conducted a Pre-Test and Post-Test on the performance outcome of the students relative to the exposure to the
pedagogical mockup. Likewise, a Pre-Test and Post-Test were undertaken to determine the manifestation of
performance evidence and knowledge evidence of the students engaged in the use of the diesel injection pump.

Table 4 presents the acceptability assessment of the mockup with its corresponding evaluation parameters
where the most significant results depicted Very Good Mean ratings across Aesthetics except for its pressure line
harnessing. Likewise, its Functionality also drew the same Very Good ratings except for its overall operational
functionality. The Mobility of the mockup garnered Good ratings across all parameters. The overall Impact of the
tool received Very Good ratings across all aspects. There were 22 respondents mostly students that participated in
the survey.
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Table 4: The Performance Acceptability Assessment

Parameters Mean

. Aesthetics

The physical appearance of the mockup in terms of workmanship 4.55

a. The physical appearance of the mockup in terms of component 4.59

arrangement

The physical appearance of the mockup in terms of pressure line harnessing 4.45

Functionality

The functionality in terms of its mechanical component 4,55

The functionality in terms of its electrical system 4.64

The functionality in terms of its overall operation/process 4.45

Mobility

The trainer is lightweight 414

The trainer is compact 4.32

The trainer’s foundation is stable 4.45
. Impact

The trainer translates theory into practice 4.55

The addresses a real-world problem 4.59

The trainer provides dynamic teaching and learning 4.68

The trainer is relevant to the automotive industry 4,77

Table 5 presents a comparative analysis of the pre-test and post-test results of the respondents, focusing on
the performance outcomes related to the use of diesel fuel injection systems. The study aimed to assess the
transformative impact of the instructional intervention on the student's performance.

Before the intervention, the students were pre-tested on their work-related performance requirements,
particularly their preparedness to inspect and service diesel fuel injection systems. The pre-test results revealed that
while some students exhibited certain abilities, the majority did not demonstrate the desired performance outcomes.

However, after a comprehensive series of lectures and the utilization of the diesel injection pump mockup as
an instructional tool, the post-test results showed a significant improvement in the student's performance. The
students were evaluated based on the same parameters used in the pre-test, and the results indicated that 100% of the
students manifested evidence of the expected performance outcomes.

The use of the diesel injection pump mockup as a pedagogical tool played a crucial role in enhancing the
student's understanding and practical skills related to diesel fuel injection systems. By providing hands-on
experience and reinforcing the theoretical concepts through lectures, the instructional intervention effectively
transformed the students' performance, enabling them to demonstrate the required competencies in inspecting and
servicing diesel fuel injection systems.

The findings presented in Table 4 highlight the effectiveness of the instructional approach and the potential of
the diesel injection pump mockup in improving the academic performance of BS in Autotronics students. The study
underscores the importance of integrating practical tools and hands-on activities into the curriculum to bridge the
gap between theoretical knowledge and real-world applications, ultimately preparing students for successful careers
in the field of automotive technology.

Table 5: The Performance Outcome Assessment

Parameter Pre-Test Post-Test
(Percentage) (Percentage)
. Prepare to inspect and service Diesel Fuel Injection
System
Can determine job requirements from the workplace 24 100
instructions
Can source and interpret servicing information 16 100
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Can identify hazards associated with the work, and manage 20 100
risks.
Can select and check tools, equipment, and materials for 16 100

serviceability.
. Inspect the diesel fuel injection system
Can inspect according to manufacturer specifications, 24 100
workplace procedures, and safety & environmental
requirements

Can compare inspection results with manufacturer 24 100
specifications

Can report inspection findings according to workplace 24 100
procedure

Service diesel fuel injection system

Can carry out service and adjustments according to 16 100

manufacturer specifications, workplace procedures, and

safety & environmental requirements, without causing

damage to components or systems

Can carry out service testing according to workplace 20 100
procedures, including engine start-up, check for leaks, and

operation

Table 6 presents the Performance Evidence of the students based on the parameters stipulated herein. The
performance evidence assessment of students dealing with diesel fuel injection systems yielded positive results by
comparing their corresponding Pre-test and Post-test relative to the Performance Evidence parameter utilized.
Performance evidence across the stipulated parameters yielded 100% results except on the parameters indicated
below which yielded 96% ratings:

« locate and interpret information required to inspect and service diesel fuel injection systems
* execute manufacturer’s specifications and procedures or equivalent documentation
« document procedures, including inspection findings such as recommendations for required repairs or adjustments

Table 6: The Performance Evidence Assessment
Parameter Pre-Test Post-Test
(Percentage) (Percentage)

Manifest Performance evidence of criteria and foundation skills in
diesel fuel injection system

Can demonstrate the ability to complete the tasks outlined in the 40 100
elements

Can perform the criteria and foundation skills 12 100
Can inspect and service diesel fuel injection system on at least two 44 100

different vehicles or machines
. Demonstrate knowledge evidence to complete the tasks outlined in
the elements, performance criteria, and foundation skills

Can locate and interpret information required to inspect and service 52 96
diesel fuel injection systems

Can locate and interpret information provided by customer and 52 100
supervisor

Can execute manufacturer’s specifications and procedures or equivalent 36 96
documentation

Can execute workplace procedures required to inspect and service diesel 20 100

fuel injection systems
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Can establish serviceability of tools and equipment 52 100
Can document procedures, including inspection findings such as 48 96
recommendations for required repairs or adjustments

Can perform housekeeping procedures, including examination of tools 44 100

and equipment, storage of equipment identification, tagging and

isolation of faulty equipment, disposal of excess materials, and recycling

procedures

Can perform the work health and safety (WHS) requirements relating to 36 100
inspecting and servicing diesel fuel injection systems, including

procedures for working with high-pressure diesel fuel systems, working

with high-voltage diesel fuel injectors, working with stored fuel

pressures, engine start-up and shut-down, environmental requirements,

including procedures for trapping, storing, and disposing of fluids

released from fuel systems, application, purpose, and operation of air

filter and air intake housing and ducting

Can identify the functionality of mechanically controlled diesel fuel 36 100
injection system and components, including types and applications of

fuels, including diesel and biofuels, fuel tank and lines, fuel filters and

sediment filters, fuel supply pumps, injection pumps, including in-line,

rotary, injector pipes, injectors, and overflow or leak-off pipes

Can perform service and adjustment procedures for diesel fuel injection 36 100
systems, including servicing sediment filters, replacing fuel filters,

bleeding fuel system as required, servicing air filter and air intake

housing and ducting, engine speed adjustments as required and

operational testing, and post-service testing procedures for diesel fuel

injection system.

The lack of practical exercises in performing tasks using the mockup and its associated supplementary
learning materials may contribute to the evident inadequacy in knowledge manifestation. Without sufficient hands-
on experience and engagement with the mockup and related resources, students may struggle to effectively apply
theoretical concepts to practical scenarios, resulting in a limited demonstration of their understanding and
proficiency in utilizing the mockup.

V. CONCLUSIONS AND RECOMMENDATIONS

The diesel fuel rotary injection pump mockup demonstrated exceptional performance acceptability, with
students exhibiting a high level of proficiency in operating and maintaining the system. The mockup's effectiveness
in enhancing students' practical skills and knowledge was evident through the significant improvement in their
performance outcomes and evidence, as affirmed by the overwhelming majority of students who reported a
substantial enhancement in their understanding and proficiency. The results indicate that the mockup played a
crucial role in bridging the gap between theoretical knowledge and real-world applications, preparing students for
successful careers in the field of automotive technology. Overall, the diesel fuel rotary injection pump mockup
proved to be a valuable instructional tool, contributing to the development of highly skilled and competent
professionals in the industry.

Based on the results showing a 96% rating from respondents on performance evidence and the less significant
findings related to the mockup's mobility, the following recommendations can be made:

While the diesel fuel rotary injection pump mockup demonstrated exceptional performance in terms of
enhancing students' practical skills and knowledge, as evidenced by the 96% rating on performance evidence, the
study also revealed that the mockup's mobility was a less significant factor in its effectiveness.

To further improve the mockup's utility and accessibility, it is recommended to explore ways to enhance its
portability without compromising its core functionality, such as incorporating wheels or a more lightweight design.
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Additionally, the study suggests that the mockup's performance can be optimized by ensuring that it is
strategically placed in the learning environment, allowing for easy access and integration into the curriculum.

By addressing these minor limitations and building upon the mockup's strengths, as highlighted by the
overwhelmingly positive performance evidence ratings, the diesel fuel rotary injection pump mockup can continue
to serve as a valuable instructional tool, contributing to the development of highly skilled professionals in the field
of automotive technology.
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