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ARFF services are vital for aviation safety, but traditional trainers struggle
with fuel efficiency and environmental regulations. This study aims to develop
a Fuel Distribution Controller for ARFF trainers to enhance fuel efficiency and
compliance. The goal is to improve training while reducing operational costs.
Borg and Gall's Research and Development (R&D) model is the foundational
framework in this study. This R&D model typically comprises ten essential
steps, but for this research, these steps are streamlined into three central stages:
preliminary study, research development, and Validation. These stages
collectively guide a methodical and structured research process, commencing
with comprehensive preliminary investigations, progressing to developing a
research solution, and concluding with a validation phase to ascertain the
innovation's effectiveness. Professional insights from Politeknik Penerbangan
Palembang inform the development of the Fuel Distribution Controller for the
ARFF Trainer, aiming to improve practical aircraft firefighting training. This
innovation enhances fuel efficiency, reduces environmental impact, and
minimizes operational costs. The revamped system simplifies operations and
provides a cost-effective, user-friendly learning experience. This achievement,
verified by experts and users, holds significant promise for aircraft firefighting
training and education.
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Introduction

The primary purpose of ARFF (Airport Rescue and Fire Fighting) services is to save lives and prevent further
damage to aircraft and airport facilities in the event of aircraft accidents or incidents at or around the
airport(ICAO Doc. 9137 Part 1, 2014). ARFF is an integral part of aviation safety services every airport
provides and must adhere to international standards set by the International Civil Aviation Organization
(ICAO). ARFF services encompass providing protection against fire hazards, explosions, and other
environmental dangers. These services also aim to create conditions that can sustain the lives of passengers
and aircraft crew while providing escape routes and initiating rescue efforts for those who require immediate
assistance. To achieve this goal, ARFF services involve trained teams equipped with firefighting and rescue
equipment. ARFF teams must be ready to act swiftly in emergencies and continuously train and develop their
skills to ensure they are prepared to face any scenario. To maintain safety standards and meet regulatory
requirements, airports must ensure that ARFF services are always available and reliable (Putra et al, 2023).
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This includes ensuring that ARFF teams have adequate resources and meet the qualification and training
requirements set by ICAO and national aviation regulators (Trefny et al., 2022).

Furthermore, improvements in technology have made firefighting operations at airports and other places
more effective (Vajdova et al., 2019). Working together and training fire and rescue teams well is crucial while
using better rules and equipment. This way, we can reduce the harm caused by emergencies and keep airports
and their surroundings safe(Tobisova et al., 2018). Thus, ARFF is vital in maintaining aviation safety and
aiding passengers and aircraft crew in emergencies. Apart from the competency of the ARFF team, airports
must also have an Airport Emergency Plan (AEP). The AEP contains detailed information about emergency
response procedures for various types of emergencies, such as aircraft accidents, natural disasters, terrorist
attacks, and hazardous material spills. The AEP outlines the roles and responsibilities of various parties
involved in emergency response, including airport management, airline representatives, fire and rescue
services, law enforcement agencies, and medical personnel (ICAO, 2013; ICAO Doc. 9137 Part 1, 2014;
ICAO Doc. 9137 Part 7, 1991). To meet the competency needs of ARFF personnel and implement the AEP,
Aircraft Rescue and Firefighting (ARFF) training facilities are required. These facilities are specialized centers
that train airport firefighters to respond to aircraft emergencies (Jeffrey C. & Jeffrey S., 2016). ARFF training
facilities provide realistic training scenarios that allow firefighters to practice their skills and prepare for real-
life emergencies. These facilities typically include aircraft replicas complete with engines and other
components, fuel spill areas and other properties designed to simulate various emergencies. The facilities have
special firefighting equipment like foam trucks, dry chemical fire extinguishers and feature control towers or
observation areas where instructors can monitor training exercises.

This research addresses a critical gap in Airport Rescue and Fire Fighting (ARFF) training, specifically
focusing on developing the Fuel Distribution System(Rumizen, 2021) in ARFF trainers used in aircraft engine
replicas. While there are two primary types of ARFF trainers, one using Flammable Liquid Hydrocarbons
(FLH)(Sheet, 2021) and the other using propane as their training fuel(Frolov et al., 2017) changes in
environmental regulations have presented new challenges. Stricter air and water quality regulations have made
it increasingly difficult for ARFF personnel to receive high-quality firefighting training while maintaining
compliance. Additionally, these environmental regulations have significantly driven up the operational costs of
training facilities using liquid hydrocarbon fuels, leading some facilities to either cease operations or switch to
propane-based systems (Bagot et al., 2021). This study contributes to the field by presenting research results
demonstrating a marked improvement in reducing operational fuel consumption and minimizing the
generation of environmentally hazardous byproducts within ARFF training facilities(Warneke et al., 2023;
Zavila et al., 2016, 2019; Zavila & Chmelik, 2017).

The ARFF trainer consists of three main components: the control and observation building, the Specialized
Aircraft Fire Trainer (SAFT), and the maneuver area with the fuel spill fire trainer. The SAFT comprises a
modified Boeing 737 aircraft model, measuring 75 feet long, capable of simulating dozens of aircraft fire
scenarios, both inside and outside, generated by computer systems. This system can be quickly shut down in
emergencies or in the event of malfunctions, but further evaluation is required improve fuel efficiency(Patle et
al., 2014). In alignment with this, ARFF trainers are typically provided by airports or training institutions
primarily for competency requirements. However, for full-scale exercises in implementing the Airport
Emergency Plan (AEP), ARFF trainers are typically represented by solid material stacks. There is a need for
ARFTF trainers with enhanced fuel efficiency in these scenarios (Sampey, 2013).

Politeknik Penerbangan Palembang, a vocational education institution under the Ministry of
Transportation, plays a crucial role in preparing ARFF personnel as part of the aviation workforce. In
providing competency training for the Aviation Firefighting and Rescue Diploma program and initial ARFF
training, the institution already possesses an ARFF trainer. However, initial observations in this research
revealed a significant operational fuel consumption. Observations indicated inefficiencies in fuel distribution
and centralized control, making it challenging for operators, instructors, and teachers to select scenarios. Based
on this background, this research aims to develop a Fuel Distribution Controller for the ARFF Trainer to
enhance the efficiency of practical training in aircraft firefighting operations. This initiative addresses the need
for more effective fuel management and scenario selection, ultimately improving the training experience for
ARFF personnel.

Method

In this research, we have adopted an adapted version of the Research and Development (R&D) model initially
proposed by Borg and Gall(Amalia et al., 2022). While the traditional R&D model comprises ten distinct steps,
we have recognized the necessity for a more streamlined and flexible approach that aligns with the evolving
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landscape of research methodologies and the specific requirements of our study. This adaptation has been
informed by the changing needs of research practices and is supported by insights from other researchers (Aka,
2019; Gustiani, 2019).Our adapted model condenses the ten original steps of the R&D process into three core
stages: preliminary study, research development, and Validation. This adjustment was made to enhance the
efficiency and effectiveness of our research activities while maintaining the scientific rigor necessary for robust
research outcomes(Sugiono, 2005, 2014). The model recognizes that in the rapidly evolving field of research,
flexibility and adaptability are essential. By taking this approach, we aim to address the unique demands of our
research while ensuring that the scientific principles underpinning our methodology remain intact. This
adaptation allows us to navigate the complex landscape of modern research, providing a structured yet
adaptable framework to guide the creation and Validation of new products in a way that maximizes the impact
of our research endeavors. It is a response to the ever-changing needs and methodologies of the research
community, enabling us to stay at the forefront of scientific inquiry.

This research project commences with a structured approach that includes observations and interviews
involving professionals from Politeknik Penerbangan Palembang, who are recognized experts from the
industrial sector. Additionally, cadets, who serve as end users in the learning process, are interviewed to gain
comprehensive insights. The goal of these interviews is to measure various factors crucial to the development
of the Fuel Distribution Controller for the ARFF Trainer. To maintain consistency and guide these interviews,
an interview guide is employed to ensure that specific areas of interest are covered. Sample questions in the
interview guide include inquiries about the current operational challenges faced by ARFF trainers, their
experiences with existing systems, their expectations for improvements, and their perceptions of the
environmental impact. These insights serve as the foundation for designing a solution that truly enhances the
efficiency of practical training in aircraft firefighting operations and addresses the identified needs.

Preliminary Study Research Development Validation
Preliminary Need Planning Validation
Observation Analysis Expert

Development

Desi,
&n Revision
Product
Design Testing
Limited Revision
Testing
Revision Final Product

Figure 1. Conceptual Framework

Results and Discussions

Regarding the design of the fuel distribution controller for the ARFF Trainer, the researchers conducted
interviews with professionals from Politeknik Penerbangan Palembang to understand the aircraft trainer's
operational and maintenance procedures. The standard operating procedures for maintenance management
are outlined in AC 150/5220-17B, which pertains to various types of Aircraft Rescue and Fire Fighting
(ARFF) Training Facilities. To prevent damage, Politeknik Penerbangan Palembang performs monthly
inspections to ensure the readiness of the ARFF trainer (Seung et al., 2014).From the interviews, it was found
that the existing ARFF trainer comprises the following components: Burn Area Structure, Vehicle
Maneuvering Area, Aircraft Mock-up, Control Station, and Support Systems. Among these components, three
were identified as problematic in their operational implementation, namely the aircraft mock-up, control
station, and support system. In the aircraft mock-up(Hutapea et al., 2023; Pan et al., 2023), where ignition
points are located at various positions for ignition, there was an issue with immediate ignition. This was due to
the ignition spark being too far from the propane gas produced(Gémez Montoya et al., 2018). The main
reason for this was that the propane gas couldn't accumulate but was released immediately. It required a gas
collection material to accumulate enough quantity for the spark from the spark plug (Lyle et al., 2007). Another
noteworthy aspect from the interview results is the Control Station, a system that enables operators to
configure and control real combustion exercises in the training facility. The control station can use either
manual or automatic control systems to manage simulation variables. The challenge here is that both manual
and automatic systems can only be operated from one location (the watchroom), which is situated on the
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second floor of the PPKP Politeknik Penerbangan Palembang building. This limitation has caused difficulties
for instructors in the practical operation. Therefore, there is potential for a new design to address this issue. An
intelligent control system for a fire control and burning training laboratory was presented, which includes a gas
supply area, a flow-pressing area, burning area, and a control area (Chamorro-Atalaya et al., 2021).

Support Systems consist of functional units necessary for the proper functioning of the training facility and
the simulation of various types of aircraft fires(Adu et al., 2018). Each support system comprises supporting
components that form the system (for example, a fuel distribution system includes storage tanks, pumps,
related pipes, etc.). This section is critical in determining the magnitude and quantity of fuel consumption.
Due to the considerable distance between the fuel supply and the aircraft mock-up, a significant amount of fuel
is required, which poses a challenge for operators during operations because of the limited fuel supply.
Moreover, the automatic valve, which controls the fuel output(Rumalutur et al., 2020; Sari & Utama, 2021), is
also located in a difficult-to-reach position, making maintenance or repairs challenging. The spray nozzles
(spuyer) also play a crucial role in determining the realism of the generated flames and the quantity of fuel
used in the simulation. Additionally, the phase changes in liquid fuel spray flames represent the primary mode
of energy conversion in many high-power-density practical combustion devices (Wang et al., 2020).In essence,
understanding how the phase of liquid fuel spray flames changes is crucial for realistic fuel combustion
simulations.

On the positive side, the utilization of the Fuel Distribution Controller for the ARFF Trainer has proven to
be a transformative addition to aviation firefighting training. It simplifies and accelerates training operations
while simultaneously achieving a remarkable reduction in fuel consumption. This dual achievement not only
enhances the efficiency of training exercises but also aligns with sustainability goals, an increasingly vital
consideration in today's training scenarios. One notable aspect is the synergy between the Fuel Distribution
Controller and Project-Based Learning(Chen et al., 2022; Helle et al., 2006). This approach, where cadets
engage in hands-on, experiential learning, has seen significant benefits. The incorporation of the Fuel
Distribution Controller enriches the learning experiences of cadets by fostering their creativity and deepening
their understanding of aviation firefighting practices. The ability to engage with a realistic fuel fire scenario,
controlled by the Fuel Distribution Controller, empowers cadets to gain practical insights and develop critical
skills. Our findings, derived from a combination of observations and interviews, further emphasize the
remarkable benefits of this technology. Notably, the Fuel Distribution Controller has demonstrated a
substantial reduction in fuel consumption during training exercises, aligning with sustainable and cost-efficient
training objectives. This outcome echoes the research findings of Jubiao et al. (2010), Sielegar and Self (2015),
and Zhou and Zhang (2012), which highlight the significance of optimizing fuel use in aviation training.
Moreover, the Fuel Distribution Controller has untapped potential as an educational resource. It can be
seamlessly integrated into cadet lectures and training sessions to enhance their understanding and foster a
more innovative and engaging learning atmosphere. This aligns with the educational principles of active and
experiential learning, providing cadets with a hands-on experience that reinforces theoretical knowledge. The
study conducted by R.S. (2018) supports this approach, indicating that practical, hands-on learning enhances
comprehension and retention.(R.S., 2018). (Jubiao et al., 2010; Sielegar & Self, 2015; Zhou & Zhang, 2012)

As a result, we've created a fuel distribution controller for the ARFF Trainer device, a hands-on tool for
aircraft firefighting training. This upgrade enhances the existing ARFF Trainer at Politeknik Penerbangan
Palembang. We've made it user-friendly by developing an Android-based control system that connects via Wi-
Fi (IoT pairing)(Ehsan et al., 2022; Li et al., 2014; Singh, 2023). This means easy online access from
anywhere, anytime. Our goal is to make it simple for teachers, instructors, and students to operate and
maintain the system, providing a more realistic, efficient, and cost-effective learning experience worldwide.
This device focuses on two main parts: the Control Station and Support System. The Control Station allows
operators to set up and manage real fire training exercises safely. It's transformed from a fixed unit to a mobile
one, including:

Mobile Container

Central to the design and functionality of the Fuel Distribution Controller for the ARFF Trainer is the
specially crafted Mobile Container. This ingeniously engineered container serves as the core of the entire
system, embodying both compactness and organization to house all the essential components required for
seamless operation. Within the Mobile Container, one finds a well-thought-out arrangement that optimally
accommodates vital elements such as fuel storage, pumps, control systems, and distribution mechanisms. Each
of these critical components has its designated space, ensuring that the entire system is meticulously organized
for streamlined operations. The container is partitioned into five distinct compartments, and each
compartment is carefully configured to serve a specific purpose, enhancing accessibility and operational
efficiency. This meticulous organization significantly contributes to the user-friendliness of the system.
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Trainers and operators will find it effortless to access and set up the equipment for training exercises. The
clarity and ease of use afforded by the segmented compartments mean that trainers can swiftly access the
components they need, reducing setup time and ensuring the training sessions run smoothly. The mobility
offered by the Mobile Container is a game-changer in the context of aviation firefighting training. This
portability allows trainers to easily transport the system to different training locations, adapting to various
scenarios and training environments. Such flexibility ensures that the training can be tailored to meet specific
objectives and that it can be conducted in diverse settings. In conclusion, the Mobile Container is a remarkable
feat of engineering within the Fuel Distribution Controller for the ARFF Trainer. Its clever organization,
compact design, and mobility enhance the system's user-friendliness, making it an invaluable tool for trainers
and instructors. This component reflects a commitment to efficiency and adaptability, qualities that are
essential in the dynamic field of aviation firefighting training."

Top View

Rear View Interior Compartment

Figure 2. Design of Fuel Distribution Controller for the ARFF Trainer

Electrical System

The Electrical System within the Fuel Distribution Controller for the ARFF Trainer device stands as a critical
cornerstone of the entire setup. This system is meticulously designed and rigorously integrated to ensure
uninterrupted and reliable operation. Serving as the powerhouse, it assumes the pivotal role of providing the
essential electrical supply to all critical components, making it a linchpin of the system's functionality. One of
the core responsibilities of the Electrical System is to ensure that every element of the Fuel Distribution
Controller operates with precision and consistency. The electrical supply it provides powers a multitude of
components, ranging from control systems to distribution mechanisms and beyond. This level of integration
and power management is essential to maintain the system's efficiency and effectiveness, especially during
intensive training exercises. A testament to the technical precision of this system is the meticulously designed
electrical diagram. This diagram offers a visual representation of the intricate electrical connections and
components, creating a roadmap that guides the operation of the entire system. It serves as a critical tool for
both understanding the system's inner workings and ensuring its optimal functionality. In essence, the
Electrical System within the Fuel Distribution Controller for the ARFF Trainer device epitomizes the
commitment to operational reliability and technical excellence. By providing a steady and robust electrical
supply to all critical components and offering a clear visual guide through the electrical diagram, it underlines
the system's efficiency and dependability. This precision and technical acumen are invaluable in the context of
aviation firefighting training, where safety and accuracy are paramount."
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Figure 3. Electrical System of Fuel Distribution Controller for the ARFF Trainer

Control System

The Control System within the Fuel Distribution Controller for the ARFF Trainer is a vital component that
orchestrates and supervises all critical operations. It is a sophisticated and versatile system designed to ensure
the seamless functioning of the entire setup. This Control System is built on a dual approach, integrating both
a manual control system and an Android-based Internet of Things (IoT) application. The manual control
system serves as a dependable backup and provides an alternative means of operating the Fuel Distribution
Controller. It is engineered to offer control through relay switching, enhancing the system's reliability and
robustness. This manual control system is an essential fail-safe mechanism to ensure that operations can
continue even in the event of technological glitches or unexpected situations. The second facet of the Control
System is an innovative Android-based IoT application(Amalia, Nugraha, et al., 2022; Taufiq et al., 2016).
This application is developed to offer operators a user-friendly and efficient means of controlling the Fuel
Distribution Controller remotely(Saloni, S., & Hegde, 2016). It leverages the power of the Internet of Things,
allowing operators to oversee and manage operations from anywhere with a connection to the internet(Cui,
W., Du, C. & Chen, 2019). This level of remote control and accessibility is a significant advancement,
enhancing the efficiency and convenience of using the system. One notable aspect of the Control System is its
integration of the eW-Link application and Sonoff smart Wi-Fi switching devices. The eW-Link application is
a pivotal element, facilitating seamless communication and control of the Fuel Distribution Controller. It
provides operators with a user-friendly interface to monitor and adjust various parameters, ensuring that the
system operates optimally. The Sonoff smart Wi-Fi switching devices are instrumental in providing wireless
control capabilities. These devices, known for their reliability and robust performance, enable remote
switching and monitoring of critical functions. Their integration with the Control System enhances the overall
efficiency and accessibility of the Fuel Distribution Controller. In summary, the Control System within the
Fuel Distribution Controller for the ARFF Trainer is a technologically advanced and comprehensive solution.
It merges a dependable manual control system with a cutting-edge Android-based IoT application, providing
operators with flexible and efficient control options. The inclusion of the eW-Link application and Sonoff
smart Wi-Fi switching devices underscores the system's commitment to delivering reliable, user-friendly, and
remotely accessible control of critical operations."

Pump and Distribution System

The Pump and Distribution System is an integral component of the Fuel Distribution Controller for the ARFF
Trainer, serving a pivotal role in ensuring the effective delivery of Fuel Liquid Hydrocarbon (FLH) fuel to the
Boeing engine trainer. This system is engineered to generate the necessary pressure to produce a controlled
and pressurized fuel fire, a fundamental requirement in aviation firefighting training scenarios. One of the key
functionalities of the Pump and Distribution System is to create the requisite pressure for simulating a realistic
fuel fire within the training environment. This process is vital for the training and assessment of aircraft
firefighting personnel, allowing them to practice and refine their skills in responding to fuel-related fires
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effectively. By accurately replicating real-world conditions, this system enhances the training experience and
contributes to the development of critical skills. Additionally, the Pump and Distribution System has a direct
and significant impact on fuel efficiency. It is designed to optimize the delivery of FLH fuel, ensuring that the
right amount is dispensed for each training exercise. This approach not only conserves valuable resources but
also contributes to cost savings and sustainability, aligning with the growing emphasis on environmental
responsibility in training exercises. Another noteworthy advantage of this system is its impact on the
maintenance of the pneumatic valves employed for fuel distribution control. By efficiently regulating the flow
of fuel, the Pump and Distribution System minimizes wear and tear on these critical components. This
reduced strain translates into simplified and less frequent maintenance requirements, thus increasing the
overall reliability and longevity of the system. In summary, the Pump and Distribution System is an essential
element of the Fuel Distribution Controller. Its primary function is to ensure the delivery of FLH fuel at the
appropriate pressure to create controlled fuel fires for aviation firefighting training. Moreover, it makes a
significant contribution to fuel efficiency and eases the maintenance demands on the pneumatic valves.
Through its multifaceted role, this system enhances training effectiveness, reduces operational costs, and
underscores the commitment to both safety and sustainability in aviation firefighting training scenarios.

—
' — 1l - ’ T @ 'Tree
“WeLink Propane L e
Mo fuel S  EereEmTeer
Automatic Control Manual Control
Figure 4. Control of Fuel Distribution Controller for the ARFF Trainer
Limited Testing

After the meticulous design phase of the Fuel Distribution Controller for the ARFF Trainer, a limited yet
pivotal testing phase was initiated, involving cadets from the Diploma Three Program in Aircraft Rescue and
Firefighting. The results of this testing phase stand as a testament to the remarkable efficiency and practicality
of the system. One of the most striking achievements was the substantial reduction in fuel consumption. The
original FLH (Fuel Liquid Hydrocarbon) tank capacity of 5,000 liters was significantly optimized, now
requiring a mere 60 liters. Similarly, propane (LPG) usage underwent a remarkable transformation, reduced
from 100 kg to just 15 kg. This remarkable efficiency underscores the exceptional utility of the Fuel
Distribution Controller for ARFF Trainer, effectively curbing resource consumption and enhancing
sustainability. Furthermore, the system's components underwent a notable reconfiguration for improved
accessibility and maintenance. The pneumatic valve, previously situated inside the aircraft mockup, is now
thoughtfully placed within a single mobile container. This relocation not only streamlines inspection and
maintenance processes but also ensures the system's robustness and longevity. The control system itself has
undergone a transformation, shifting from its original centralized location in the watch room to a more
versatile setup. Now, it can be effortlessly operated from anywhere using the e-WeLink app on an Android
device, facilitated by the SonOff smart switching technology with Wi-Fi pairing. This enhanced control system
offers unprecedented flexibility and convenience. A significant indicator of the system's improved efficiency
lies in the performance of the flow meter. Initially, a mere 22 liters of FLH was detected, assuming it had to fill
the empty pipeline. During the critical first three minutes of firefighting (encompassing the pre-burn, full fire,
and post-fire phases), the flow meter displayed a total consumption of 27 liters. This implies that only
approximately 5 liters of fuel were utilized for extinguishing the fire. This dramatic reduction in fuel
consumption and improved firefighting efficiency stands as a testament to the ingenuity of the system's design
and its successful implementation. Several factors contribute to this enhanced fuel efficiency, as highlighted in
previous studies. The reduction in the length of the pipeline(Kirk & Logan, 2015; Sielegar & Self, 2015), as well
as the size of the sprayer nozzle, plays a pivotal role in optimizing fuel consumption. Smaller nozzle openings
release less fuel, generating a finer misty spray that results in a larger, more controlled flame(Kashkarov et al.,
2018; Sharma et al., 2015; Wang et al., 2020). These improvements not only enhance the safety and effectiveness
of firefighting but also underscore the positive environmental impact of the Fuel Distribution Controller.
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Design validation

Design validation is a crucial phase in the product development process. During this stage, the product design
is meticulously assessed and verified to ensure that it aligns with the intended objectives and
requirements(Abdullah et al., 2021; Koscielny et al., 2017). As highlighted by Abdullah in 2021, experts play a
pivotal role in this validation process. Two experts, each specializing in their respective fields, meticulously
evaluate the product using three key indicators to assess its suitability. These critical indicators encompass the
evaluation of fuel efficiency, the ease of use and control, and the realism of output. The validation results
obtained from these experts' assessments are then compiled and presented in a comprehensive manner in Table
1. This table provides a detailed breakdown of the scores awarded by the experts for each of the key indicators,
allowing for a thorough understanding of the product's performance in each area. The culmination of this
assessment reveals that the product, in this case, the Fuel Distribution Controller for the ARFF Trainer, has
received an impressive average score of 4.704. This score translates to an impressive 94.08% in terms of its
validation percentage. Such a classification unequivocally categorizes the product as 'very valid,' indicating
that it surpasses the necessary criteria for suitability and functionality and does not necessitate any further
revisions. This outcome underscores the successful and well-executed design of the product, setting it on a
path for effective use and application.

Table 1. Results of The Validation

Indicator Average Percentage Result
fuel efficiency 4,750 95,00 Very valid
easy to use and control 4,604 92,08 Very valid
realistic output 4,758 95,16 Very valid
Average 4,704 94,08 Very valid

Product Trials to Final Product

Once the product design has been validated by experts and received a 'very valid' classification, the next critical
phase involves conducting extensive testing of the product. In this phase, a comprehensive assessment of the
product's real-world performance is carried out. To achieve this, a group of 40 participants was carefully
selected, representing a cross-section of basic and senior aircraft firefighting trainees from diverse airport units
across Indonesia. These participants bring valuable practical insights to the evaluation process, considering
their varying levels of experience and expertise in the field. To thoroughly gauge the practicality and
effectiveness of the product's development, a structured questionnaire was administered to the participants.
This questionnaire comprised 20 questions designed to cover a spectrum of vital aspects, including product
feasibility, ease of operation and maintenance, fuel efficiency, and the realism of the fire output. The questions
were thoughtfully crafted to elicit feedback on each of these crucial dimensions, ensuring a comprehensive
evaluation. The valuable feedback and insights garnered from this extensive product testing and evaluation
process are meticulously compiled and presented in Table 2. This table serves as a detailed repository of the
evaluation results, offering a comprehensive overview of the product's performance in real-world scenarios. It
provides a valuable source of information for further insights and decisions related to the product's
development and potential refinements.

Table 2. Result of the Practicality Criteria

Indicator Average Percentage Result
product feasibility 4,67 93,42% Very practical
ease of operation and maintenance 4,59 91,75% Very practical
fuel efficiency 4,69 93,80% Very practical
the realism of the fire output 4,66 93,13% Very practical
Average 4,65 93,02% Very practical

The results of the response questionnaire, as presented in Table 2, provide compelling evidence of the
remarkable practicality and efficacy of the Fuel Distribution Controller for the ARFF Trainer. With an
impressive average rating of 4.65 and an overall percentage of 93.02% across the assessment indicators, this
product has received substantial recognition for its practicality and user-friendliness. These outstanding
findings strongly resonate with Butt and Rehman's (2010) emphasis on the profound significance of such
accomplishments in the field of product development (Butt & Rehman, 2010; Leninkumar, 2017). However, it
is essential to recognize that the implications of these results go beyond mere numerical ratings. They
underscore the transformative potential of this innovative product. By effectively addressing the operational
challenges encountered by ARFF trainers, the Fuel Distribution Controller has the capacity to streamline
training activities, reduce fuel consumption, and create a more user-friendly environment for learners. These
improvements are not only vital for enhancing the training experience but also hold the promise of long-term
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cost savings, a benefit that can significantly impact the financial sustainability of ARFF training facilities. In
addition to its implications for ARFF training, this innovation can also be linked to safety in chemical
processes. When chemical accidents occur, the release dynamics of hazardous substances depend on various
factors, including the physical state of the substances involved. Understanding the properties of these releases
and how they change under different conditions is crucial for managing chemical incidents (Brambilla &
Manca, 2011). The Fuel Distribution Controller's ability to enhance safety, efficiency, and preparedness in the
aviation firefighting sector sets a significant precedent for how research and innovation can drive substantial
improvements in industry-specific training methods. While the practicality and efficiency of the Fuel
Distribution Controller have been established through these findings, it is vital to consider the broader
implications. These implications extend beyond the specific use case of ARFF training to encompass industrial
and educational innovation. As ARFF personnel benefit from this product, its utility may inspire similar
advancements in other professional training fields. The adaptable and user-focused nature of the controller
opens the door to potential innovations in various educational settings. Looking ahead, the significance of
these findings for future research and practice cannot be overstated. Researchers in the field of aviation
firefighting and professional training should draw inspiration from this study to explore further avenues of
innovation. The success of the Fuel Distribution Controller demonstrates that addressing specific operational
challenges with tailored solutions can lead to transformative outcomes. Future research endeavors could focus
on refining and expanding the capabilities of such innovations, contributing to the continued enhancement of
aviation safety and firefighting training.

Conclusions

The Fuel Distribution Controller for the ARFF Trainer stands as a remarkable achievement in the realm of
aircraft firefighting training. Through a comprehensive process involving professional consultations, this
Android-based, IoT-integrated system successfully addresses operational hurdles, promoting operational
efficiency and reducing fuel consumption. With expert validation and practical trials yielding consistently high
scores, it attains over 90% in terms of practicality and usability, reaffirming its excellence. This cutting-edge
solution offers not only user-friendly attributes but also a cost-effective approach, thus closely aligning with its
intended mission. The transformative power of this innovation has the potential to reshape and elevate aircraft
firefighting training globally, serving as a testament to the significance of research and innovation in
surmounting real-world challenges and fostering tangible advancements in professional training and
education.
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