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Create an aircraft maintenance
program
Abstract: Air traffic is accompanied by certain necessary rules that need to be

followed. Air transport and safety are an integral part. Without strict rules
that guarantee a high level of safety, air transport would not be able to develop.
In aviation, the basis is a functional aircraft, which is operated in accordance
with applicable regulations. Aircraft mechanics take care of the airworthiness
of aircraft. Use aircraft maintenance manuals to guide aircraft technicians.
The aim of the article was to approach the operation of the maintenance organization and points to the methodology of creating a certain aircraft maintenance program. Gradual analysis of the processes revealed that nowadays it
is necessary to use the program, the electronic form, in relation to the written
form as it was in the past. The result of solving the problem is the introduction of a maintenance program for a given type of aircraft. The proposal is to
apply in practice monitoring on a monthly basis of new revisions of aircraft,
engine and APU maintenance manuals, possibly by setting up a notification
in the form of an e-mail on the introduction of a new current revision due to
the prevention of aircraft grounding or failure of parts.
Keywords: Airtransport; maintenance; aircraft.
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Introduction
Security, even if we don’t realize it, is an everyday part of our lives. Ensuring
security and survival has been a major human task since the beginning of
history. However, there are areas where it is the responsibility of competent
persons to secure safety. In the aviation industry, it is provided by technicians
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who follow the relevant standards and approved manuals for maintaining the airworthiness of the aircraft.
Without strict rules that guarantee a high level of safety, air transport would not be able to develop. The
International Civil Aviation Organization, ICAO, is implementing safety standards worldwide. The establishment of the internal market in air transport in Europe has ensured the guarantee of a uniform and
high level of passenger safety on all flights within the Union. The national rules have therefore left room
for common rules, the implementation of which is mandatory. National regulatory authorities and their
voluntary cooperation authorities have also been replaced by a Union mechanism linking national civil
aviation authorities, the European Commission and the European Union Aviation Safety Agency (EASA).
Since 2003, EASA has been responsible in particular for preparing the rules that form the basis for the
Commission’s legislative proposals. The Commission, the Agency and the national competent authorities
shall monitor the application of these rules in their respective areas of competence, but shall support each
other. Common rules in the field of civil aviation security have their origins in and often reinforce ICAO
standards and recommendations [1].
They gradually expanded to the entire air transport network. In general, they aim to prevent accidents
at the earliest possible stage and thus consist in controlling them. Since 2003, common rules have also
governed the airworthiness of aircraft, the way in which aircraft are designed, constructed and maintained.
In 2008, the regulations were extended to air operations and flight crew training, on the way aircraft are
to be used. In 2009, they were further expanded to include airport safety, air traffic management and
the provision of air navigation services. All these rules shall apply equally to organizations and personnel responsible for their design, construction, maintenance and use, including aircraft and carriers from
third countries operating in the Union. In 2015, the European Commission proposed that these rules be
strengthened to take into account, the development of unmanned aircraft (drones) and the interdependence between aviation safety and other areas such as safety or environmental protection. The proposal
extends EASA’s remit in areas such as safety and the environment. It also proposed several changes to
the structure of EASA. It can be noted that international cooperation in the field of aviation safety is also
aimed at facilitating the exchange of goods and services, as an increased number of national technical
standards could distort trade. [2], [3]
Of all the modes of transport, flying get up the greatest fear in unrivaled people. You can jump out
of the boat, escape from a burning car or train. But in the case of an airplane crashing helplessly from a
height of ten kilometers, the necessity of the end is as absolute as our dependence on the abilities of the
pilot and the condition of the aircraft at the moment we board it. That is why the regulations in the field
of air transport are among the strictest. Each aircraft in the first production run must pass certification
tests. These will verify the flight characteristics of the machine, such as landing behavior, minimum and
maximum speed or the time it takes for the aircraft to safely drop to a breathable atmosphere in the event
of a loss of pressure. Inspectors monitor the performance of the aircraft together with the crew and tech-
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nicians of the manufacturer. During the test, they produce dozens of records with measured outputs of
the devices, which are then compared with standards and evaluated. The certificate, thanks to which the
aircraft can carry passengers, is issued by the state civil aviation authorities. Every manufactured aircraft
must also pass through the so called a flying program in which it must comply with all monitored technical parameters. [4]
Commercial aircraft only make money while transporting passengers or cargo not while they are waiting on the ground. While passengers are waiting for their luggage, the plane is easily prepared for the next
flight. Mechanics begin work by checking the logbook for any mechanical failures recorded by the last
flight crew. Any deficiencies affecting the safe operation of the aircraft are rectified. Wheels, tires, brakes,
engine oil level and others are checked in the aircraft before the flight. The cleaning staff puts the passenger
department in order. Kitchen, galleys are refilled with food and drinks. The fuel is refueled in tanks in the
wings of the aircraft. Before the aircraft is ready to take off again, the crew performs an external inspection of the aircraft and notices anything that could endanger safety. This pre-flight service and immediate
maintenance is performed every day on thousands of aircraft. But this is only a small part of what is needed to guarantee the safety of a large transport aircraft. Just as cars need regular service, planes also require a
series of extensive and costly inspections. Who does this aircraft maintenance? How is this work done. [5]

Reach and finding of aircraft maintenance
The maintenance program for aircraft must be very carefully designed. During its lifetime, the aircraft
will go through thousands of inspections, which are based on the manufacturer’s recommendations and
regulations of aviation authorities. Each inspection has a set work schedule and a list of components to be
inspected. The inspection of each item on the list is signed by certified technicians, who are divided according to specialization. Some focus on motors, some avionics, others electronics. Regular daily, weekly
and annual inspections are the basis. The daily inspection consists of a visual inspection of the aircraft
and an inspection of the systems. As more crews can take turns in the cabin at a certain time, each captain
performs his own visual inspection when taking over the aircraft, the so called walk around check. If, for
example, he finds a bird stuck on the landing gear during the previous flight and the technician did not
notice it, he must make a record of it and the aircraft will pass the special inspection prescribed in the event
of a collision with a bird at the earliest opportunity. Another inspection is made by the technician when
taking off the aircraft. The most common check is to check for leaking hydraulics. However, it is not an
exception if the aircraft is heading upwards, which is not in one hundred percent order. The pilot checks
the found deficiencies with the manufacturer’s manual and in case of minor faults, for example some of
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the lights do not light up or a part of the air conditioner falls out, he learns in the manual that he can do it
for another four years before repairing. Every approximately 250 flight hours, the aircraft then undergoes
a minor maintenance check. This involves the replacement of tires, filters, seals and bearings, or ultrasonic
inspection of stressed parts of the aircraft. The daily inspection lasts about an hour and a half, during the
weekly the machine goes to the hangar and the inspection lasts about a day or two. [6]
Overhaul maintenance
The aircraft undergoes further inspections after flying a certain number of kilometers, resp. completing a
certain number of take offs and landings. Pilots also call it „heavy maintenance”. Simply put, the plane unfolds and reassembles. All defective or fatigue worn components will be replaced with new or refurbished
ones. For example, the Boeing 737 CL has eight types of general maintenance prescribed and undergoes
them every four thousand flight hours or 24 months. In addition, modern aircraft systems monitor the
age of their components and report components that need to be replaced for their longevity. In addition
to regular inspections, aircraft are also directed at non-scheduled inspections, which are prescribed by the
aircraft manufacturer’s manuals or by multinational aviation agencies such as the European Organization
for the Safety of Air Navigation. It is also good to know that in an aircraft, all systems are doubled to triple
and almost no accident is caused by a technical error, but by a combination of various influences such as
weather, pilotage, technology, control or the human factor. [4]
Ensure the flight ability of aircraf
The mission of aircraft mechanics, together with technicians and maintenance personnel, is to ensure that
aircraft are capable of flight. This means inspecting, troubleshooting and overhauling a large number of
specialized parts that allow the aircraft to fly. This prescribed maintenance includes everything from overhauls of jet engines weighing more than four tons to replacing ragged carpets in passenger compartments.
Most mechanical problems receive immediate attention. However, in other cases, the aircraft maintenance
program determines the maintenance according to the number of months during which the aircraft flew,
or according to the number of cycles and the number of hours flown, not according to the total number of
kilometers flown. This program begins with the maintenance recommended by the aircraft manufacturer
to the aircraft operator and which must be acceptable to the national aviation authorities. Each aircraft has
its own maintenance program, ranging from basic to more complex to the most demanding inspections.
These checks are indicated by the letters A, B, C, D, L or Q. One 747–200 took about eight years to fly ap-
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proximately 36,000 flight hours. Then it was time to head to the hangar for a thorough inspection, sometimes called Inspection D. Overhaul–Maintenance, the Aviation Management Magazine, commented on
this complex and time-consuming inspection: “Its goal is to return the entire the aircraft structure to its
original condition. Control D requires 15,000 to 35,000 hours of strenuous work and can decommission
an aircraft for 15 to 30 days or longer. The total cost ranges on average from $ 1 million to $ 2 million. ”Of
course, the cost depends on the number of technicians performing maintenance, the use of special technologies in non-destructive testing, or the type of aircraft. Typical control D equals 70 percent of the work
and 30 percent of the material. Part of these costs is, of course, included in the price of your ticket. [5], [7]
D-check
As soon as the aircraft is parked in the hangar, in a huge complex of aircraft services, auxiliary workshops
and warehouses, the maintenance team sets to work. Workbenches, platforms and scaffolding are set in a
position that allows access to otherwise inaccessible parts of the aircraft. Seats, floors, walls, ceiling panels,
kitchen equipment, toilets and other equipment are dismantled or removed from the aircraft for thorough
inspection. The plane is basically „dissected”. The workers, following the step by step instructions, look for
signs of cracks or corrosion of the metal parts of the aircraft. Entire parts of the chassis, hydraulic systems
and engines can be replaced. Inspection D requires the expertise of designers, technologists, technical
inspection inspectors, aeronautical electricians, tinsmiths, mechanics of aircraft structures and engines,
and most of these workers have a valid certificate for their work. When equipment repairers in the aircraft
departments, painters and cleaners are added, the number of maintenance staff rises to more than 100
per day. Many other staff provide the necessary equipment, components and services. Over time, in-flight
vibration, repeated build up of overpressure in the passenger compartments and shocks at thousands of
take offs and landings cause cracks to form in the aircraft’s metal structure. To solve this problem, the Air
Force uses diagnostic principles similar to those used in medicine. Both industries use methods such as
radiology, ultrasound, endoscopy, to detect what the human eye cannot see. [4]
Maintenance inspectors use various methods to x-ray the chassis, wings and engines. For example, a
sheet of X-ray film is placed on a given part of the motor surface. A long metal tube is then inserted into
the shaft cavity, which is located along the motor. Finally, a tablet of radioactive iridium Ir, a strong isotope
no larger than an eraser on a pencil, is inserted into the tube to expose the X-ray film. The developed film
helps to detect cracks and other defects that may require repair or replacement of the engine. During check
D, samples of aircraft fuel and fluid of its hydraulic systems are sent for laboratory analysis. If microorganisms are present in the fuel sample, liquids are used to remove microorganisms from the fuel of jet engines,
fungi and bacteria that may enter the tanks with air, water or fuel. This treatment is important because
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microbial growth by products can cause corrosion of the protective layer on the surface of the tanks. They
can also damage the fuel sensors in the tank, causing pilots to receive inaccurate data from fuel gauge devices. Due to normal wear, vibration and damage to the inner seal, cracks can form in the tanks. Fuel tanks
built into the wings of the aircraft. On board the aircraft at the height of the third floor above the ground,
an avionics technician checks a built in monoscope on a radar monitor to monitor the weather. Pilots use
this device to monitor storms and turbulence, which can be up to 500 kilometers in front of the aircraft.
These devices are used to avoid them. [5], [6]
During inspection D, safety devices such as life jackets and emergency lighting are inspected or replaced. Jet aircraft normally fly at altitudes from 6 to 11 kilometers above the ground, where the oxygen
content and atmospheric pressure are insufficient to sustain life. How is this problem solved? The aircraft’s
pressure system draws in outside air and then compresses it. This air is finally let into the passenger compartments at an acceptable temperature. If the air pressure in the compartment drops below a safe level,
oxygen masks will automatically fall out of the space above the passengers’ heads. Emergency oxygen is
thus delivered to the passengers until the aircraft descends to a height where emergency oxygen is no
longer required. In some aircraft, oxygen masks are stored inside the backrests, not in the space above
the heads. Therefore, attention should be paid to brief information for passengers at the beginning of the
flight, which indicates the location of the oxygen masks.
With more demanding maintenance, it is also time to replace walls, ceiling panels, as well as to replace
carpets, curtains and seat upholstery. The kitchen equipment is disassembled, cleaned and disinfected. [5]
Ready to fly
After several days of inspections, checks, repairs and maintenance, the aircraft is ready to leave
the hangar and transport passengers and cargo again. But before the aircraft starts flying again, it can be
flown by a special team to ensure that all systems work properly. A brief consideration of how much work
of experts and technologies enters the process of keeping an aircraft in good technical condition deepens
our confidence. However, it is said that the most effective tool in aircraft maintenance is the human factor,
sharp eyes and a flexible mind. Trained workers take their work very seriously. They know that careless
maintenance can cause big problems. Their goal is to provide a reliable aircraft that will transport you
safely, comfortably and quickly to your destination. One cycle corresponds to one take off and one landing. Certificates for work on aircraft engines and structures allow the mechanic to certify the work he has
performed on the structures, systems and engines of the aircraft [4].
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Methodology of writing AMP
The methodology of writing a maintenance program follows two basic principles. Finding out
whether it is a new maintenance program or a follow up to the current maintenance program. In the case
of the first maintenance program, it is necessary to summarize all the documents, documentation and
manuals from which the data are collected. After a thorough analysis, a document will be created that will
contain these requirements. Each organization in charge of creating a maintenance program uses its own
approved form of document. In any case, it is necessary to provide information such as basic data about
the aircraft, engines or APU. Each of these aircraft components is manufactured in accordance with the
maintenance manuals, from which information, references and instructions for performing maintenance
must be entered. The basic information table (Tab. 1) must also include a revision of the maintenance
manual according to which the instructions were applied to the maintenance program.
Table 1. General aircraft information

Dunakavics – 2022 / 01.

11

Miriama Golisová–Samer Al-Rabeei–Utku Kale–András Nagy
Each issued and approved revision of the maintenance program is kept under the approval number. At
the beginning of the maintenance program, there is content for faster information retrieval, shortcuts for
explanations, and last but not least, a very important description of the changes made in the maintenance
program. Every change made is marked, for faster and more efficient search of actions. Since it is the
time of electronics, of course, even in air traffic, computer programs are used, which, after programming,
greatly facilitate the search and, of course, can alert you in time to the next maintenance. Therefore, each
maintenance program also includes attachments from such systems. In the figure 1 we can see additional
information of maintenance program.
Figure 1. Process of maintenance program

If a maintenance program has already been written, only the same model is added to it, it must be
examined whether it falls under the same processes and only its registration mark is entered. The same
applies when removing the aircraft from the maintenance program.
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Figure 2. Development of maintenance program

Result and discussion
Through gradual examination and analysis, we found that each manual that is part of the AMP is revised
based on knowledge from the manufacturer of aircraft, engines, APUs and components. Of course, this
has its own hierarchy, and if they want to get to the beginning of the error, they have to go through all the
suppliers of the components and analyze the possibilities of wear and tear of the product or materials. The
manufacturer of aircraft, engines, APU deals with the knowledge it has from the suppliers of instruments
used in the manufacture of aircraft. Further investigation identifies the issue of the occurrence of the error
and, of course, the circumstances of the occurrence. In aviation, a reliability program is very important,
where data is summarized during the use of aircraft, engines or APUs and then provided to manufacturers
to streamline further production. The obligation to maintain the airworthiness of aircraft is to eliminate
the error, which is why the Airworthiness directive is issued when dealing with the issue, which points out
the steps to correct the error.
These documents are classified according to their degree of importance into three main categories:
1. Mandatory AD,
2. Recommended AD,
3. Optional AD.
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Ultimately, the maintenance manuals are revised as a result of long-term examination of all factors and
subsequent implementation for immediate use in operation. Therefore, unfortunately, it is not possible to
say exactly at what intervals the maintenance manuals are revised. One thing is certain, however, after the
release of a new revision of the manual, it is necessary to implement it in AMP by the end of the following
month from the finding of the release of a new revision.
The maintenance program, which is approved by the competent authority, must comply with:
– instructions for continued airworthiness issued by the holder of the type certificate, supplemental type
certificate and any other organization issuing such data in accordance with Part-21,
– instructions issued by the competent authority if they differ from previous airworthiness instructions or
if no specific recommendations are available,
– instructions defined by the owner, the operator, which are approved by the competent authority.
The maintenance program must also include a reliability program based on the MSG maintenance
management method and the condition monitoring method.
The maintenance program must be subject to regular revisions and, if necessary, amended. Each implemented revision is checked by the transport authority. The purpose of revisions is to ensure that the
program remains valid in the light of maintenance experience, taking into account new or amended maintenance regulations, which will then be published by the type certificate holder. The maintenance program
shall reflect the applicable mandatory requirements mentioned in the documents prepared by the type
certificate holder in accordance with Part 21 A.61. Instructions for continuing airworthiness. [8]
The main goal of aircraft maintenance is to minimize overall operating costs and maximize profits,
while maintaining the following requirements:
Figure 3. Requirements of main goals
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Each aircraft has a market value that varies. The main purpose of the maintenance is to ensure the aircraft in the operational state - safety and to maintain the market value [9] [7].
The following areas are monitored during aircraft maintenance. The economic objectives must ensure, in particular, the prevention of interruptions in the operation of maintenance due to unexpected
events, e.g. accidents, breakdowns, accidents, injuries and the like. They must ensure the achievement of
the planned technical life of technological equipment and the implementation of maintenance activities
before the occurrence of failures, efficient use of internal hangar capacities and favorable use of maintenance personnel. Humanitarian goals are primarily aimed at ensuring the safety of technical equipment
and safety at work in maintenance. Compliance with applicable aviation legislation and creation of conditions for transposition of EASA Guidelines. The organization must take measures to prevent and minimize
negative impacts contributing to environmental damage. [10]
Aircraft maintenance program
In accordance with applicable legislation, each aircraft registered in an aircraft must have an approved
maintenance program. The maintenance program must include all regular maintenance tasks to be performed on the aircraft and should be based on:
– approved maintenance documents (eg MRB, MPD, Maintenance Manual (MM)),
– the rules in force (L 8, L 8 / A, Regulation (EU) No 1321/2014 as amended,
– recommendations of the manufacturer and the Transport Authority (eg AD, service bulletins). [11], [12]
The maintenance program must be in accordance with the continuing airworthiness directives issued
by the follow step as we can see in the figure 2 below.
Figure 4. Process of maintenance program.

Dunakavics – 2022 / 01.

15

Miriama Golisová–Samer Al-Rabeei–Utku Kale–András Nagy
The transport authority approves the applicant’s maintenance program in accordance with Commission Regulation (EU) no. 1321/2014 on the continuing airworthiness of aircraft and aeronautical products,
parts and appliances and on the approval of organizations and personnel involved in these activities, Part
M, points M.A.302 and Decision of the Executive Director of the European Aviation Safety Agency no.
2015/029 / RM of 17 December 2015 Subpart C, AMC points M.A.30 [6].
If the maintenance program submitted differs from the type certificate holder’s recommendations, the
applicant shall provide the Authority with convincing evidence and explanations demonstrating the same
level of safety for those parts of its maintenance program that differ from the type certificate holder’s
recommendations. The transport authority will request additional evidence if the evidence and explanations provided by the applicant are not considered sufficient. The Transport Authority shall approve the
proposed maintenance program for the aircraft entered in the aircraft register before the certificate of
airworthiness is issued. The transport authority may approve an incomplete maintenance program at the
commencement of the operation of the aircraft or the operator’s activity, provided that the approval of the
maintenance program is limited to a period not exceeding any required maintenance not yet approved.
[6], [7]

Conclusion
The revision of the maintenance program is not only the addition / removal of the aircraft from the fleet,
but also in the event of any necessary changes, whether by finding a new revision of the manuals or any
modification changes. Each maintenance program must go through approval processes. It is considered
a very necessary and important document for the aircraft. In the event of non-compliance with the procedures and intervals specified in the maintenance program, the aircraft must be grounded and becomes
inoperable until repaired. The maintenance of aircraft components shall be performed by appropriately
approved organizations in accordance with Subpart F (This Subpart establishes the requirements to be
met by an organization to be competent to issue or maintain an approval for the maintenance of aircraft
or aircraft components), or Part145. Prior to commencing maintenance, a written order must be agreed
between the organization and the customer to clearly specify which maintenance is to be performed. All
maintenance must be performed in accordance with the requirements of Part M. Upon completion of all
required aircraft maintenance in accordance with this Subpart, a Part M certificate of release to service
shall be issued. A valid maintenance program is the basis for aircraft maintenance planning.
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Analysis of utilization alternative fuels
in the Aviation
Abstract: The world as known it is changing under pressure from the public

and governments to reduce emissions. The automotive industry receives or
buys emission permits. The aviation industry is following a similar path as
automotive industry. Emission permits are reflected in the price of fuel and
the price of the ticket is associated with it. Air carriers and manufacturers of
aircraft and engines who care about the favorable development of the world’s
ecological route have joined forces and are working to reduce emissions. This
effort is much greater, namely to achieve zero emissions. Fuel producers invest considerable funds in the production of fuel, which will leave a lower environmental footprint. Focusing on environmentally friendly energy sources
as fuels is the goal of the largest aviation manufacturers.
Keywords: Alternative fuels; emission reducing; aviation environment.
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This study aims at the emission in aviation and the solutions to get closer
to zero-emission. The ecological situation getting worse. In the last decades,
aviation transport has been developed quite fast. Aviation transport is not
anymore only for rich people but it widely open for people who want to travel.
Transportation by aircraft is much cheaper and faster like transport by car,
bus or train. As a result of such the development of aviation, an increase in
air emissions has also become necessary. [1], [2], [3] However, the worldwide
pandemic situation helps temporarily to improve the emission of the aviation
industry. Government regulations restricting mobility have activated emissions reductions of up to 26 percent in some regions. The consequences of the
measures and government regulations will have an impact on the develop-
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ment of emissions in the next decade until the resumption of operations to such an extent that emissions
reach values before pandemic periods. [4], [5]
ICAO study shows that fuels used in road transportation are not useable and suitable for aviation
transportation. The main problem is the certification of these fuels in aviation. They have to satisfy strict
requirements about the fuel used in. the only few fuels meet the requirement with aviation. There should
be no fuels that contain any bacteria. Bacteria can contaminate fuel tanks and can damage fuel lines or
plugged the filters, nozzles. [6], [7] IATA overview shows that till the end of 2020 was producing 40 million
liters of SAF. This volume represents only 0.015% of the total consumption of jet fuel. [8], [9]
The way how to decrease emissions is alternative fuel or its substitution with eco-friendly fuel. In the
automotive industry are used various alternative fuels instead of diesel or petrol. In the field of aviation are
attempted for alternative fuels. Alternative power can be combining with kerosene-type fuel for commercial aircraft. This power can be stored or gathered from photovoltaic cells, fuel cells, or ultra-capacitors.
This type of power is suitable for propeller aircraft. For large commercial aircraft are used to sustain alternative fuels. Studies confirm that the ecological path is similar to kerosene fuel but this type of fuel provides an eco-friendly benefit on a life cycle basis. [10], [11] Study sustainable aviation fuel concludes that
there are minimal differences between casual fuel JET A-1 and fuel blend of Amyris Farnesane. As their
aromatic contents are similar, there was a slight change in smoke numbers between the various fuels. [12]
Commercial flights feed with biofuel have been approved since 2008. Since that time has been regulated
legislative for alternative fuels Renewable Energy Directive (Directive 2009/28/EC). The European Union
in cooperation with the European air carrier’s leaders such as Lufthansa, AirFrance/KLM, and British Airways and leading biofuels produces such as Nestle Oil, Biomass Technology Group, and UOP. [13], [14]
In order to reduce the viscosity of vegetable oils, it is necessary to be processed by some treatments before they are consumed such as transesterification, emulsification hydrogenation, blending, hydrotreated
vegetable oil, or green naphtha. By utilizing these methods, the combustion properties significantly will be
improved and the amounts of emissions will be reduced.
The greenhouse effect has come to the forefront in recent years since it has been blamed on the warming of the atmosphere, the melting of icebergs, and the overall deterioration of human health. In connection with this issue, the word fuels from renewable sources, so-called biofuels, appears. Metabolic engineers have created a fourth generation of biofuels based on algae to biofuels technology. [15], [16]
On Sunday, November 29, 2020, the first commercial cargo flight took place, the fuel consumption of
which was completely covered by the so-called Sustainable Aviation Fuel (SAF). The Boeing 777F of Lufthansa Cargo marked LH8406, took off from Frankfurt to Shanghai at 8:10, from where it subsequently
returned to the Hessian capital as the first CO2-neutral freight. [17]
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Materials and methods
This part provides a survey of studies undertaken in the alternative propulsion and their impact environmental impact on aviation. however, alt
Many companies are engaged in the production of a clean engine or clean drive that would be less
stressful for the environment and human health. The simplest new and revolutionary technologies are
implemented for small companies, which can be very flexible in terms of the use of materials or experimentation. Alternative propulsion is an approach to decrease the ecological effect of aviation, however,
considerably more speculation to diminish costs is required.
Figure. 1. Used alternative propulsions in the aviation.

The aviation industry is increasingly focusing on the development of the use of alternative fuels and
its use in order to improve the quality of aviation services and make the future of aviation useful. Figure 1
shows some alternative propulsions used in the aviation industry.
Propulsions admixed with ethanol have a bigger enthalpy of vanishing, which delivers a bigger temperature drop of the ingested air in the carburetor. For aviation that is inclined to carburetor icing, utilizing
ethanol admixed fuel expands the danger.
This study is pointing out to use of alternative fuels in the aviation industry in order to minimize the
environmental aviation impact and improving aviation safety.
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Research and finding
The company Slovnaft Slovak fuel manufacturer produces fuel for aircraft engines. The fuel designation is
JET A-1. This fuel meets the strict standards of operation and storage of fuel, which are subject to storage,
refueling, and its transport. Normy British Ministry of Defense Standard DEF STAN 91-091 for Turbine
fuel, Aviation „Kerosene Type “, JET-A1, NATO CODE F-35, American National Standard ASTM D 1655
Standard Specification for Aviation Turbine Fuels, JIG (Joint Inspection Group) EI/IG 1530 Quality Assurance Requirements for the Manufacture, Storage and Distribution of Aviation Fuels to Airport, in all cases,
the product is covered by the latest edition of the relevant technical specifications and standards. [10] One
of the greatest advantages of the SAF is that it can be added to conventional aviation kerosene which can
be used for daily flight operations without making any modifications to the aircraft systems. Therefore, a
quantity of SAF for flights Frankfurt to Shanghai and back has played an important role. [17]
Figure 2. The first CO2 neutral flight. [17]

The KLM Corporate SAF program fits perfectly into the Fly Responsibly initiative launched by KLM in
2019. KLM is at the forefront of Fly Responsibly to achieve a more sustainable aviation future. The main
goal of the KLM airline is to create more sustainable operations, products, and processes which can be only
possible if all sectors take responsibility for sustainability. In the framework of the Fly Responsibly, KLM
encourages people to use the CO2ZERO CO2 Compensation Scheme and invites passengers to reconsider
their transportation options before booking a plane ticket. [18]
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Figure 3. Plan of decarbonisation for European Aviation. [20]

United Arab Emirates airline Etihad Airways has dared to use, for the first time, an environmentally
friendly alternative to traditional petroleum-based aviation fuels. The fuel was manufactured by the Masdar Institute. Khalifa University participated in the development. The plants used to produce the fuel were
grown on a special desert farm in Masdar. It is the first farm in the world to be built for the purpose of
producing vegetable fuel. However, it was not a test in laboratory conditions, but a real flight. Equipped
with a pair of engines from General Electric, the Boeing 787 had to deal with biofuel mixed with traditional aviation fuel and did an excellent job. The machine completed the flight from the city of Abu Dhabi
to Amsterdam without complications. The journey to the destination took more than 7 hours. Why is this
plant so popular in the production of alternative fuels? It is not a coincidence at all, as its shoots contain
more than 30% natural oil. Maybe that’s why they consider it the plant of the future. In addition to being
used for the production of fuels, it is a very popular food for humans and is also used to make animal feed.
Ethanol
Ethanol is a colorless flamable liquite that has high octane numbers above 100. Ethanol with an octane
number of 113 and low vapor pressure can be considered an excellent alternative to gasoline. The low pressure of the ethanol might bring negative effects on engine performance and efficiency, particularly when
the engine is cold. According to fuel regulations, the fuel must have enough energy for a cold start, even
under a very cold temprature of -30 oC.
For the production of ethanol but also methanol, several plants can be used as suitable raw materials,
e.g. cereals, potatoes, maize, sugar cane, sugar beet, fruit, and other crops. The process of producing alcohol is called fermentation on sugar solutions. Sugars can also be made from vegetables or cellulose (wood).
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After 30 hours of fermentation, the slurry contains approximately 6-10% alcohol, which can be removed
by distillation and used as a liquid fuel in internal combustion engines. Due to the fact that the raw material used is not completely converted into biofuel, valuable by-products are created in this process, which
can replace protein feeds.
A certain disadvantage of the production of ethanol from agricultural products is the fact that, in the
event of an effort to replace more conventional fuels, such large-scale production on a global scale would
be in competition with food production. At a time when many people in the world are starving, such an
effort would hardly be justifiable. In addition, the cultivation of monocultures that would accompany such
a strategy could create biodiversity and other problems. Given the current nature of agricultural production, it is also necessary to use a large number of fertilizers to grow the raw material, and this brings with
it additional disadvantages in the form of environmental pollution. [20]
Methanol
Methanol has several advantages and disadvantages compared to conventional fuels. The advantage is that
production technologies are tested in practice, reliable and widely used (alcohol production!?). The advantage of methanol over ethanol is that there is wider potential for feedstocks to produce it. Methanol also
has the advantage over gasoline in that it has a higher octane number of about 105. Gasoline has an octane
number between 92 and 98. A higher octane number provides a higher compression with reducing the
engine knocking, thereby performing a better engine efficiency. For diesel engines, it is the cetane number
that is decisive for the fuel. The lower the cetane number, the longer the time required for compression
ignition. Methanol is characterized by having a lower cetane number than diesel.
It is also an advantage that methanol has a high calorific value, allows higher combustion efficiency in
the engine, has a lower combustion temperature, produces less pollutants, and generally poses less risk.
In addition, methanol is cheaper compared to ethanol. Methanol is also easier to handle than petrol, as it
is less volatile, safer in traffic accidents, and can be extinguished by water, as methanol is soluble in water.
The fire can be very easily eliminated even at a short distance from the fire, which is a consequence of the
low flame temperature.
Hydrogen
Hydrogen is a clean and safe energy source that can be used to power vehicles, and industries, etc. The
fuel cell is an electrical cell that converts the chemical energy in hydrogen and other fuels to electricity
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by providing high efficiency and low environmental impact. They can be used for energy storage in the
medium to long term.
As seen in the Figure 6, the basic structure of the fuel cell consists of two electrodes, one anode-negative electrode, and the other cathode-positive electrode, and an electrolyte.
Figure 4. Hydrogen fuel cell. [20]

According to the flightpath 2050 project, this plans to reduce CO2 emissions to zero. The Covid -19
pandemic contributed to the significant decline in aviation traffic. Air transport faces greater challenges
than other sectors due to the not-so-easy implementation of alternative fuels or alternative types of propulsion for reasons of safety and reliability and relatively low economic costs. The association, therefore,
seeks to quickly adopt their recommendations by the European Commission and governments in the
framework of the „EU Pact for Sustainable Aviation”, which is expected to be approved by the end of 2021.
This has greatly facilitated the financing of the project and its implementation.
With new technologies, it is possible to achieve a 30% reduction in engine emissions by 2035. Aircraft
powered by alternative hydrogen fuel would be able to reduce emissions per engine by 100%, which is zero
CO2 emissions. Aircraft with such propulsion could fly within European airspace. [21]
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Electric and hybrid-electric propulsion
The revolution in aviation is the hybrid - electric drive. This drive is revolutionary in both the automotive
and marine industries, not least. Today, this propulsion is used for small aircraft with a low take-off weight
and drones. The concept of hybrid propulsion systems provides comparably the same range but at the
expense of lower speed and increased weight. A higher amount (45%) of hybridization also provides the
desired range, but the weight of the aircraft increases significantly with the same amount of payload, which
is likely to compensate for fuel savings when the total cost and life cycle impact are taken into account.
Figure 5. Hybrid-electric propulsion.

Overall, the aviation sector is responsible for 2–3 percent of the world’s total CO2 emissions. If the
current growth in aviation use is maintained, the share of emissions generated by aviation is expected to
hit 10 percent by 2050, or 24 percent if the desired reductions in emissions from other industries occur as
estimated by several researchers. Although aviation fuel consumption has been improved over the last 50
years, the economic and social development has been supported by the aviation sector which invests to
last 1.5 times as global GDP. Further sharp expansion of air traffic is expected after returning to the prepandemic period. [22], [23]
Figure 6. Electric propulsion.
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Most developments in electric propulsion take place in leading aerospace technology centers such as
Europe and North America. According to David Fessler et al., [24] and Nevzet Kaya et al, the approximately 215 aircraft under development are the majority of purely electric ones, whose source of energy is
only batteries, although greater development aviation market is experimenting mostly with turboelectric
hybrid propulsion with traditional hydrocarbon fuels to enable range and performance.

Results and discussions
The aviation industry long time dealing with environmental change specific activity, On the one hand,
rapid growth is giving more and more people around the world access to travel opportunities that their
parents or grandparents never had. The aviation industry’s path to reducing its climate footprint depends
on the dramatic expansion of biofuel production in aviation to meet the set targets. However, the use of
biofuels in aviation is still limited and there is no global regulatory framework to ensure that biofuels are
used to reduce actual aviation emissions. Efforts to supply 100% aviation fuel from alternative sources by
2050 are almost certainly unattainable and mechanisms for the rapid introduction of alternative aviation
fuels do not yet exist.
Figure 7. Alternative fuels.

produce less CO2 emissions. When evaluating individual models, it will also be important that they do not
have harmful effects on agriculture, land use, and water. They did not increase the demand for food. At the
same time, however, their mass production and overall distribution must be possible.
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The motivation is not only environmental awareness, but also new European legislation. Emissions
from aviation must be reduced by 3% by 2012 and by 5% a year later. At the same time, airlines will have
to trade in CO2 emissions from 2012. This follows from the reform of the European Emissions Trading
Scheme approved by the European Parliament.
In the United States, the Federal Aviation Administration and the X Prize Foundation have joined
forces to develop green aviation fuels. Together, they have launched a call for tenders for producers of renewable fuels that are not based on fossil fuels and do not affect agricultural production or increase harmful emissions. The foundation can fund the project with $ 10 million to $ 30 million.
The initiative stems from the „Second Generation Air Modernization” program, which aims to double
US air traffic by 2025 using renewable fuels.

Conclusion
Presently, a large number of researchers and studies consider alternative fuels for today’s aircraft engines,
however, the alternative fuel sources derived from kerosene are relatively limited. Modern technologies,
methods, and strategies for the application of alternative energy sources are related to developing new
powertrains, creating new concepts and approaches. The development and deployment of alternative fuels
in aviation have already begun in full swing and aviation will become a leader in this field. Fossil fuels in
aviation form the mainstay of fuel. Mixtures of renewable fuel, biofuels, and fossil fuels are initially in use
for aircraft turbine engines. Alternative drives such as battery drive face the problem of increased weight,
low speed, and short-range, the problem of distribution and storage of batteries is not solved. Unfortunately, this energy is not so clean, as still a substantial part of the electricity is produced in coal-fired power
plants. The best fuel is the use of hydrogen when emissions are zero and vapours are water.
Funding: This research was funded by the EFOP-3.6.1-16-2016-00003 project. The project is co-financed
by the European Union.
Acknowledgments: This work is supported by the EFOP-3.6.1-16-2016-00003 project. The project is cofinanced by the European Union.
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in the Aviation
Abstract: Aircraft maintenance has always been a significantly important area Technical University of Kosice,
as it ultimately deals with the safety of all passengers and cargo traveling Faculty of Aeronautics
in the aircraft. Aircraft mechanics that handle such operations have always E-mail: samer.abdo@tuke.sk

been in danger concerning their safety. This study concerns with the impact
of maintenance workers in an aircraft chassis maintenance. The main aim
of the study is to find out whether it has a positive or negative impact on
mechanics. This paper summarizes the literature outline and evidence of the
relationship between certain exposures important to the maintenance of the
aircraft’s chassis on the health of mechanics and the causes of this. This part of
the studies consisted of relevant chemical components, individual company
health danger reports, and limited case study notes documenting symptoms
of exposure intoxication, which may have been a result of the database and
search form that was used. This study will thus result ultimately in the safety
of aircraft mechanics and the methods that have to be followed in order to
do so. The overall study is a summarized overview of the data collected from
the company Roder Component Service Center s.r.o Airport Košice Slovak
Republik.
Keywords: Aircraft maintenance; technical procedures; mechanic health.
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The aircraft maintenance staff is the most important component of the air- hu

craft renovation process. The fundamental part of the maintenance specialists is to classify and pass judgment on basic issues that can compromise the
airworthiness of the airplane, and whenever discovered basic perform suitable upkeep so that the aircraft will be able to keep flying. Understanding
how the human body and mind work, as well as how performance barriers
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can affect a technician’s ability to paint, is critical. Several elements can affect a protection of technician’s
performance. In this paper, the influences of stress on the high-quality of the work achieved by way of
an aircraft upkeep staff are investigated. Some mechanical-related accidents are examined alongside the
desired criteria in aviation maintenance legislation, whether this element is casual or contributory. Thus,
the role of human factors in aircraft renovation has been attempted to be emphasized. It is anticipated that
these human factors research and injuries will result in more research paintings on aviation safety. The aircraft protection technician is the most critical aspect of an aircraft’s repair framework. [1], [2] The bodily
and intellectual characteristics of a person’s vision, hearing, statistics processing, attention and cognition,
memory, judgment, and decision making are among the bodily and intellectual human overall performance characteristics that can influence the exceptional of his work. Time pressure, stress, responsibility,
weakness, interruption, pomposity, absence of discussion and focus, and so on. May affect a technician’s
overall performance.
The scope of human variables is to include the order’s relationship to other science and engineering disciplines. [2] Human factors are well known to play a role in aircraft maintenance accidents, and they may
be causal factors. According to Gammopathy and Drury, conventional research and interventions in the
area of human factors have focused on the errors of flight crews and air traffic controllers, but an increase
in repair and inspection errors has prompted more human factors study and intervention. [3][4] The word
„human factors” is only recently being used in the context of aircraft maintenance operations. Accidents as
Aloha Airlines Flight 243 in 1988 and the BAC 1-11 windscreen mishap in June 1990 highlighted the need
for human factors improvements in this area. [5] This is not to suggest that human factors or human error
were not present prior to these dates did not trigger other incidents; it clearly indicates that it required
explicit mishaps to bring these problems and planned arrangements to light. We’ve discovered that maintenance errors cause Maintenance failures cost the US industry more than 2 billion a year, according to
15% of air carrier accidents. “Human factors” coverages a huge scope of exercises, and they encroach on all
that AMTs do at work, from discussing successfully with partners to guaranteeing that they have sufficient
lighting that is precise and effective. [6], [7], [8]
The exposures that occur in the aircraft manufacturing industry have been Too many solvent mixtures,
zinc chromate paints, and resins were included as a related area of interest in this research. According to
the literature, some staff employed in the productions and repair of both commercial and military aircraft
suffer from negative health impacts as a result of their employment. The key source of concern has been
an increase in the number of cancer cases. [9] Several reports have looked into the mortality of employees
in the aircraft manufacturing industry. Cancers of the oesophagus, pancreas, and bladder were observed
in non-significant excesses in 14,067 subjects working between 1958 and 1982. Melanoma, mesothelioma,
and central nervous system tumors were not present in abundance in the sample. Both some cancer sites
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and malignant neoplasms showed major excesses in a Washington State surveillance sample of relative
mortality by occupation (including several digestive organs, the haemato-lymphopoietic system, and melanomas) among aviation engineers from various firms, as well as Boeing officials, managers, and supervisors. A preliminary investigation of central nervous system neoplasms in Los Angeles County (another
US state with a high concentration of aircraft manufacturing) found that aircraft manufacturing staff,
mainly engineers, are at an elevated risk. [10], [11] A mortality cohort study in a north Italian aircraft factory showed no excess of either oesophageal cancer or central nervous system tumors, despite the authors’
concerns that the study’s 15-year follow-up duration was inadequate for cancers with long latency times. It
was recently recorded Since 1960, a cohort study of 77,965 workers employed in a California aircraft productions factory has been conducted. There were no substantial changes in risk for any of the 40 particular
causes of death inspected once more.
A study concludes that 18% of all reported fatal injuries happened during the years 2004–2005 were
caused due to contact with objects mainly being instrumental equipment. It has been shown in as shown
above. [12] One of the key issues posed in all of the studies was the staff ’ exposure to a large number of
different solvent mixtures. Zinc chromate paints and chromium exposure were investigated in a group of
employees at two military aircraft upkeep facilities that used zinc chromate paint for spray painting. [12]
Painters were found to have a higher prevalence of respiratory tract cancers, cirrhosis of the liver, and
cerebrovascular disease than the general population. Between 1952 and 1956, a team of reports looked at
the all-cause mortality and malignant growth level of airplane maintenance staffs at Hill Air Force Base in
Utah. This team has been experimenting with a number of solvents, including trichloroethylene.
The early study discovered substantial mortality excesses in women for non-lymphoma Hodgkin’s and
men for A follow-up analysis found no significant cancer or mortality excesses in the liver and biliary
passages. More newly, there has been concern about employees who have been exposed to jet fuels. [13],
[14], [15]
Another article addressed various aspects of a study that looked into the effect of exposure to JP-8 jet
fuel, which is now used by the US Air Force, on the sperm of mechanics who serve on planes. Low levels
of exposure to benzenes, one of JP-8’s constituents, at levels as low as 6 parts per million, were found in a
group of painters who were also exposed to solvent mixtures, were found to minimize sperm motility and
increase the frequency of sister-chromatid exchanges.
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Material and method
This section summarizes research performed in the aircraft production and repair industries around the
globe and pointing out some important case studies and describing briefly the impacts, pros and cons and
the measures taken to make a change in the existing scenario.
The methods and materials used in this study are to project the results of the mechanic’s point of view
and the data-driven from a basic questionnaire took among the workers of the company named Roder
Component Service Center s.r.o Airport Kosice Slovak Republik. Where we made a couple of questions
related to their work to get a conclusion regarding the total scenario and to find out the health and safetyrelated issues faced by the mechanics, following them is an overview of one of the processes taking place
in an aircraft maintenance workshop where the workers are Re-assembling the tire assembly.
The study of the process involved in flight landing gear
Figure 1. Mechanic during maintenance performing.

Figure 1 shows the mechanic that performs visual inspection of the incoming brake. This action is used
forklift for easier manipulation with the brake unit because of its weight. The mechanic can inspect the
brake unit properly and he spares his spine. Since the equipment and the whole assembly is indeed rather
heavy. The figure above shows importance of keeping company rules to avoid injuries during maintenance
chassis component as break and wheels. The mechanic must use strong ergonomic shoes, gloves, glasses,
and good safety gear before handling such equipment. [16], [17]
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Figure 2. Processes maintenance of the parts of chassis aircraft.

During visual inspection the mechanic makes the decision if the brake should be repaired or overhauled. The first step of the disassembly is loosening of screws from the hydraulic crown, see Figure 2
above. The dismantled hydraulic crown is cleaned and inspected for leaking or any discrepancies according to the manual. all processes should be performed under the certain of safety, during the maintenance
process, mechanics must have guards to prevent a sudden incident. responsible person inspects or mechanics comply with safety rules when maintaining individual parts of aircraft landing gear.
When the mechanic decides about the status that overhaul should be performed, the brake unit is
completely disassembled and prepared for sandblasting. After that components go for non-destructive
testing. Parts are divided according to related NTD action which should be performed on them, see Figure
3 below. Tanks with active coal for filtering water need for NDT. As was mentioned parts were blasted, it
is very important to restore the finish coating in the painting room. Painter restores finish according to
the service manual. all of the previous steps contain chemical substances which are have a big effect on
mechanicians’ health.
Figure 3. Tanks with filter for water needed for NDT penetrant inspection.
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Aircraft maintenance is the repair of something to restore functionality. It is an unplanned activity
without a schedule and is usually associated with greater hazards and higher levels of risk. Aircraft chassis
maintenance no specific domestic installers and mechanics. It is the responsibility of almost all workers in
every sector and is performed in almost every work environment. During the Aircraft chassis maintenance
process, the health and safety of workers may be affected, but this may also be due to a lack of or insufficient maintenance. The safety and health of maintenance workers are also significantly affected by the
construction equipment and the working environ. [16]
Maintenance is one of the activities in the workplace that can affect not only employees who work directly on it involved, but also other employees, if safe working procedures are not followed and the work
is not performed properly.
Maintenance activities can cause harm to employees and others in three main ways:
– Injury or injury may occur during maintenance - for example, employees repairing a machine can be injured, if the machine is accidentally switched on, if they are exposed to danger
substances or if they have to work in the unnatural positions;
– poor maintenance quality, such as the use of incorrect parts when replaced or
repaired, can result in seriousness accidents;
– insufficient maintenance can not only shorten service life equipment and also
affect the health of workers, but it can also be the cause of accidents - for example, unrepaired damage to
the floor in the warehouse can cause a forklift accident, injury to the driver, but also damage to property.

Results and discussions
The result of the study is acquired from an industrial visit made in the company named Roder Component
Service Center s.r.o. Airport Košice Slovak Republík. From the basic field notes and a questionnaire made
for the workers regarding their basic routine, we concluded that a majority of the workers are aware of the
risk involved in their work and future health problems related to the activities. The study shows the case
study of the health and exposure of aircraft mechanics who are involved in the maintenance of the aircraft. The case studies show a wide range of examples of tests and experiments conducted on animals that
have undergone the similar exposure to an aircraft mechanic. We have finished fundamental substance
examinations dependent on the survey, and the example of results on those inquiries seem to help our
assumption that the most difficult parts of being a lead technician, and the difficulties respondents were
ready for such specialized issues as they have been all around prepared and trained by a mindful power.
The arranged reactions to the inquiries, „What is the most difficult aspect of your responsibilities?”, „What
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parts of your work do you believe you were least ready for?”, and „What are the main abilities you should
be compelling in your present position?”, The reactions of the lead mechanics to this strategy of solicitations all the specialists are appropriately engaged and absolutely mindful of the chance of their work and
the threats. As our data and our recounted encounters have shown us, the specialized capability is essential
yet not adequate for powerful administration. Our findings, at last, will be taken care of once more into
the preparation educational plan for new lead mechanics and will empower us to build up a more refined
arrangement of instruments for distinguishing and getting ready promising contenders for lead repairman
positions right off the bat in their professions.
Table 1. Modeling data table
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Figure 4. Annual employee statistics.

Series1 represents the Attendance of mechanics, while series 2 represents the mandatory Safety check
conducted in the workplace, Series3 represents the Hours of wakefulness , Series 4 represents the accidents reported due to high work load and finally the series 5 represents accidents reported due to lack of
safety measures.
From the above table mentioning “Annual employee statistics “we have made a graph stating all attributes which we have taken into consideration to compare the relation between each of them to find the
performance of the company and to know the exact position of the company based on following safety
measures and making their workers to follow them up. As we know safety is an important term when it
comes to work in which more human forces are involved. It is necessary for the company to monitor its
safety measures to avoid further future accidents. AS we know aircraft maintenance work is a risk involved
activity even life loss can occur even caused by a small error. From Figure 4., above we can understand the
attendance and the safety going together along throughout the year, it is clear that the company is having
a safety check almost all the working days throughout the year and the company is tracking the record of
the workers not following safety checks. The other related attributes are wakefulness, accidents reported
due to the high workload and accidents reported due to lack of safety measures. All these attributes are
human-related issues and the rate of these factors reported very less in the company and the company trying its maximum to keep these rates at the minimum.
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Figure 5. Relationship between attendance rate of the mechanics and routine safety check.

As we can see from the above Figure 5 the company has followed up the safety measure to keep up the
safety and discipline within the working environment and was completely well prepared for the uncertain
risky events that can happen naturally. as we can say safety inspections are done more often irrespective of
the attendance or any kind of events.
Figure 6. Relation between the Attendance and accident Due to human factor Error.

Figure 6 above represents the relation between accidents reported and the employee strengths. But according to the data, there was a slight rise in the rate of accidents reported when the whole plant was on full
strength. Even though it’s a slight setback for the firm, it is a lower value when compared with other related
industries with the range. The company is taking so much effort to minimize the errors and accidents and
protecting its employees under any circumstances.
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Figure 7. Relation between the Attendance and accident Due to human factor Error.

Figure 7 above describes the relationship between workload and the employees. In certain months the
company faces immense workload activity and less mechanics to distribute the work and faces less productivity and leaving pending works carried forwarded to the next consecutive month. Even accidents
happen uncertainly due to the lack of labour on some activities with involve prescribes number of labour
to accomplish the work. According to the data some incidents are reported and the company solved the issue and tracking these errors to avoid in the future by providing better working schedules to the employee
and always tracking the attendance and the workload.
Figure 8. Relationship between wakefulness and mechanics.
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Figure 8 above represents the relation between wakefulness and the employees/ mechanics. Wakefulness usually refers to sleeplessness, fatigue, stress, anxiety, depression. It is usually referred to as a state of
mind where the person feels wakefulness or being alert. The data shows that there is a slight increase in
the rate of
Discussion
We now explore the relationship between safety and organizational culture, in accordance with our theoretical framework. The majority of workers in the investigated company thought the safety requirements
were adequate. However, the evaluation of safety standards is not the main aim of this paper. We aimed to
search for the changing meanings of safety concerning organizational culture. All the more explicitly, we
contemplated the inward surface of the security culture regarding discontinuity, coordination, and separation. An aircraft maintenance organization was the subject of our case study. We concentrated on the
process aspect of organizational growth. Previous research into safety cultures found that various types of
safety cultures exist both within and between organizations. Here we are showing a model of maintenance
resource management (MRM) model. [17], [18]
Here we will discuss the progress of the mechanics who are exposed to various kinds of hazardous
chemicals and a disturbed environment. So, based on the following data below we will compare and evaluate the results of our study.
Figure 9. The final evaluation report.
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From Figure 9 we can come into a conclusion that throughout the year the company was performing
at its maximum and was following up its safety measures to avoid uncertain accidents and uplifting and
guiding the mechanics to follow up the safety measures and teaching them the importance of safety while
working in hazardous environment and risk involved in it. Throughout the year it was reported very less
amount of accidents and other serious related issues faced by mechanics. Throughout the year the company was constantly monitoring the workers’ safety and other parameters which are considered in order to
eliminate the risk factors that can occur at any time including a huge cost that can alter the performance
of the company as per the above figure it is well cleared that the company was doing preventive measures
to keep the accidents low and minor level. We can see the rate of wakefulness and workload has reduced
as fact that the employer considered the facts and grievances of the mechanics. Regular safety checking
was initiated from the beginning of the year and that was monitored accordingly. As a result, the rate of
accidents was acute, and the performances and morale of the workers stayed legit.

Conclusion
From the studies performed at the company Roder Component Service Center s.r.o Airport Košice Slovak
Republic, we found out on the basis of a questionnaire aimed at the company’s employees, that the company’s priority is to follow safety instructions when maintaining aircraft landing gear and especially individual parts such as brakes and others. In addition, the mechanics work on aircraft maintenance, the company performs regular health checks as well as daily inspections at the workplace, or the mechanics follow
the rules that increase their safety at work. The aim of the presented study is to get acquainted with Sudden
injuries, they arise as a result of the influence of some factors on the health of the company’s mechanics.
Not only should we think and plan for safety while performing the job at hand but consider that performing a task improperly can have a serious impact on the aircraft’s reliability. A fully functioning and
focused maintenance team ensures aircraft get serviced the right way. Lives depend on what maintenance
technicians do, which means they need the proper tools, equipment, and a bulletproof maintenance plan.
Throughout the study, we saw the relation between various factors and mechanics in aircraft chassis
maintenance parts. As the company uplifting its safety measures to avoid further mistakes and accidents
and trying to eliminate further errors in the future and following up safety checking among the workers to
have a track record of it to monitor the performance of the employees. Conclusion the safety of mechanics
has proved to be important. Many tests and scientific research have been conducted to ensure this. The
organization has done so promisingly. Hence the future of safe mechanics looks to be bright in this firm
according to my observations and assumptions.
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Design of PEIS: A Low-Cost Pipe Inspector
Robot
Abstract: This paper outlines the design of a novel mechatronic system for

semi-automatic in-spection and white-water in-pipe obstruction removals
without the need for destructive methods or specialized manpower. The device is characterized by a lightweight structure and high trans-portability. It is
composed by a front, a rear and a central module that realize the worm-like
lo-comotion of the robot with a specifically designed driving mechanism for
the straight motion of the robot along the pipeline. The proposed mechatronic
system is easily adaptable to pipes of various sizes. Each module is equipped
with a motor that actuates three slider-crank-based mechanisms. The central
module incorporates a length-varying mechanism that allows forward and
backward locomotion. The device is equipped with specific low-cost sensors
that allow an operator to monitor the device and locate an obstruction in
real time. The movement of the device can be automatic or controlled manually by using a specific user-friendly control board and a laptop. Preliminary
laboratory tests are reported to demonstrate the engineering feasibility and
effectiveness of the proposed design, which is currently under patenting.
Keywords: Pipe inspection; robot; detection.
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Introduction
In the last decade, we have been experiencing a growing demand for robotic
systems aimed at assisting and collaborating with humans toward unsafe or
difficult tasks, widening a great market potential for service robotics applications as reported, for example, in [1]. In-pipe robots are one of the emerging
areas of practical service applications where a robot can explore a pipe from
the inside to perform various inspections and maintenance tasks.
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Pipeline grids of various sizes and materials are pervasive in today’s modern society and they require
frequent inspection and maintenance, setting very challenging engineering tasks. Obstructions in pipes
are sometimes spotted by the insertion of probes equipped with cameras or even manually in poor areas
but is most often avoided because of the costs needed for the operation; long sections of pipes are replaced
straight away. Buried white-water pipe infrastructures are regularly in need of maintenance, the cost of
which may be significantly reduced by more precisely locating faults by means of in-pipe robots as reported, for example, in [2]. Several approaches and prototypes have been proposed, such as those based
on wheeled locomotion [3], crawler locomotion [4], caterpillar locomotion [5], wall-press locomotion [6],
walking locomotion [7], inchworm locomotion [8], screw locomotion [9], and spiral locomotion [10].
Each design solution has some merits and drawbacks that make each preferrable for specific applications. Among the existing solutions, particularly interesting is the worm-like locomotion as reported, for
example, by [11–13]; other locomotion strategies can be based on hybrid solutions and combinations of
locomotion principles, such as that in [14,15,16].
This work presents the mechanical, electrical and control design of PEIS (PipE Inspector System).
This is a low-cost pipe inspector robot, which introduces a novel, low-cost locomotion mechanism that
has been designed and built by the authors at University of Calabria as shown in Figure 1. The proposed
locomotion mechanisms allow to easily adapt the device to pipelines of various sizes with horizontal-,
inclined-, or even vertical-motion directions.
The paper is organized as follows: Section 2 outlines the mechanical design of the proposed PEIS
device with focus on the modeling and synthesis of the locomotion mechanism. Section 3 focuses on a
dynamic analysis and simulation of PEIS to size the main components, including the mechanical parts,
joints, and actuators, with proper performance to fulfil the desired task requirements. Section 4 focuses
on the robot controller to achieve a suitable and stable operation of PEIS. Section 5 outlines the selection
of proper, low-cost sensory components and details the electronics and control hardware set-up. Section 6
reports some preliminary experimental results to demonstrate the engineering feasibility and effectiveness
of the proposed design that is currently under patenting.
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Figure 1. The proposed PEIS design: (a) 3D CAD model; (b) built prototype of PEIS at DIMEG, University of Calabria.
		

(a) 			

(b)

Mechanical Design
White-water pipelines are particularly subjected to occlusions caused by debris from various sources. They
are usually designed using straight pipes of 200 mm to 600 mm in diameter, spaced out by 500 × 500 mm
square inspector manholes. This kind of pipe-system design simplifies the proposed solution from a mechanical point of view, and it leads to a cost reduction that is a key factor for the proposed mechatronic
device. The target groups of the device are, indeed, small businesses and local administrations. The mechatronic system should be easy to use to avoid the employment of highly specialized manpower. Another
important feature needed is the capability to explore sloped pipes and to adapt to different pipe diameters.
After a careful analysis of the literature and the specifically addressed application task, we have identified
the following main design requirements:
– Suitable for pipelines with a diameter ranging from 200 to 600 mm.
– Device length lower than 400 mm (for easy fitting into the 500 × 500 mm manholes).
– Power supply lower than 60 W (for autonomous driving and power autonomy).
– Weight lower than 3 kg (for transportability and for avoiding damages to the pipeline.
– Holding force ranging from 20 to 30 N (to avoid slippage and for avoiding damages to the pipeline).
– Move along a straight pipeline (since white-water pipelines are equipped with inspection manholes at
any direction change).
– Speed not lower than 5 cm/s (for timely execution of tasks).
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As additional requirements, the device should be user friendly and not require specific professional
skills for a semi-automatic operation.
The design process is based on multiple, creative-tactic strategies, including morphological charts to
help the topology synthesis, which led to a topology with three modules. Namely, the front module and
the back module are the “grasping modules”, being able to hold the robot body relative to the pipe walls.
A schematic view of the front module is reported in Figure 2a. This module hosts most of the sensors and
electronic components. The front and back module are equipped with telescopic elements that are driven
by a specifically designed mechanism. This is schematically outlined in Figure 2b. Each grasping module
is based on a crank-shaft mechanism with three interchangeable pistons of various lengths and a single
circular crank actuated by a servomotor. The rotation of the slider-crank mechanisms produces the extension of the telescopic elements, which hold firmly a module attached to the pipeline surface. The front or
back module are actuated alternatively so that one of them is attached to the pipeline surface and the other
one is free to move. The central body module embeds a crank-shaft mechanism actuated by a servomotor
that makes the length of the robot vary, thus allowing it to move in a worm-like manner. The locomotion
module is based, again, on a slider-crank mechanism that displaces the front module relative to the back
module as shown in Figure 2c. Accordingly, the locomotion strategy consists of locking one of the front
or back modules and allowing the locomotion module to displace forward or backward the other module.
The following sections outline the main aspects of the proposed mechanism design as based on the outlined conceptual design.
Figure 2. Details of the proposed PEIS design: (a) the front module; (b) the pipeline grasping module based on three
slider-crank mechanisms, actuating the telescopic elements by using one motor, (c) the central body driving module
based on one slider-crank mechanism and three sliders.
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Grasping Modules
Two different configurations were studied. Namely, horizontal locomotion and vertical locomotion. One
module at a time is considered, clamped to the wall of the pipe, and a Coulomb static friction coefficient of
0.4 (rubber and wet concrete) is supposed. The worst-case scenario is considered when the friction force is
holding the robot as provided by a single piston. This case is outlined in the scheme in Figure 3. A 7 N force
by a single piston is sufficient to prevent the robot from sliding, based on its own weight (over-estimated as
equal to 1 kg), using a safety factor of two. Given the free body diagrams in Figure 4, it is possible to write
the relationship between the force exerted by the piston F_x and the input servomotor torque τ from the
equilibrium equation that can be written as
12

2 2
12 632
, 63

2

2
78 9
12 632
/0 2 4/05
12
, 637
23, 37
3,
/0 2 4/05
8 9
$ &'()
$
23
3
3
, 7
,
$2
. $ &'()
F" =
=
2
2
.
* +, &'(* +,
F" = * + &'(12 63,=
637
										(1)
2 2
*8+,;
12 632
/0:5
,
, 637
23, 37
;
/0:5
28 2
2

F = µF

$ &'()

$

2
23

3

,,763
1 63
12
78 9
/0 2 4/05
23, 37
3,

( as equal
" to					
The friction force can be assumed
(2)		
FF
= *+ .
"
2
" (==* µF
+, &'(12 632
632
,
7crank
where lm is the crank length, lb the conrod length, c the length
between,the piston
and
the
/0:5
8 ; base and
c
23 3
c dimensional synthesis,of7 the mechanism
θ the angle between Fba and S
perpendicular
to the crank. The
=
S
=
l that the
consists of identifying the values ofll@
,+
l , so
F(mechanism
= µF
m b B
l@ "+ lBcan exert the desired force Fx while minimizing the ratio expressed in

d ∂L

∂L

d ∂L c ∂L
l@ + ∂α
lB
dt ∂α̇

−
= τ@ S =
									(3)
−
= τ@
dt ∂α̇ ∂α

where S expresses how close a configuration is relative to the kinematic singularity of the slider-crank
∂L
E& − Kcan
EdMgenerate
= ∂L
mechanism. A value too closeLto=
theK
singularity
stability
problems while a value too far from
L=K
−τK
− E
&=
@ EM =
the singularity will result in a less compact design.dt
It ∂α̇
is also ∂α
worth noting
that an additional grasping tool
could be added at the front module
as
proposed,
for
example,
in
[17–19].
1

=

U
U
U 1
U
Pm/ VST U + I/Lα̇=
+
m
V
+ m V U Z − m/ gG
− mUUgGU]
U + IU β̇X'Y
U
U
S
/] m
2
= K
PmE/&V−
+EI/Mα̇= + mU VMS2 U& + IU β̇X'Y
+
2
ST K
M V& Z −
2

f [α̈ (t), α̇ (t), α(t), t] [=
τ@ (t)(t),
U
f 1α̈ (t),
α̇
α(t), t] = τ (t)
= Pm/ VST U + I/ α̇ U + m@U VS2 U + IU β̇X'Y + mM V& U Z − m
2
L = K E& − K EM =
L = KE − KE =
f [α̈ (t), α̇ (t),& α(t), t] M= τ@ (t)
=

1Dunakavics
49
U
–U 12022 / 01.
U
Pm/ VST U + I/Lα̇=
+
mEU VS−2 UK
+ mM VU& U Z
U + IU β̇X'Y
U
̇
K
E
=
=
Pm
V
+
I
α̇
+
m
V
+
I
β
+
mM V& U Z
2
/M
U S2
U X'Y
2 /& ST

Mario Mauro Salvatore–Alessio Galloro–Leonardo Muzzi–Giovanni Pullano–Péter Odry–Giuseppe Carbone
Figure 3. A free body diagram for static analysis in the horizontal plane.

Locomotion Module
The proposed device moves along the pipeline by holding the pipeline wall with its front or rear module
through their telescopic elements (Figure 2). The worm-like locomotion is achieved by activation of the
front and rear module, alternately. Then, the central module displaces the free module relative to the one
holding the pipeline wall. Reversing the order of activation of the front and rear modules allows to reverse
the motion direction. These locomotion steps are repeated cyclically until an obstruction is found or until
the operator decides to stop the device. The selected driving mechanism is based on a slider-crank, whose
size synthesis is performed based on the desired motion speed and the expected loading conditions defined in the design specifications.
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Figure 4. Geometry and free body diagrams of a single slider-crank mechanism in the grasping module.

Dynamic Analysis
A simplified model was developed for estimating the dynamic effects. The masses and moments of inertia
of the main components have obtained from the 3D CAD model of the device. These terms are used to implement a Euler–Lagrange set of equations of motion that are solved in a Matlab environment. We assume
the slider-crank mechanisms as planar mechanisms; also, we assume homogeneous materials, rigid parts,
perfect constraints, and a safety factor equal to two to take into account the neglected aspects.
Horizontal Motion
The Euler–Lagrange equation (Equation (4)) is written by considering the 1 DOF slider-crank mechanism,
whose scheme is shown in Figure 5, in the following form:

Dunakavics – 2022 / 01.

51

F( = µF"

F" = * +

, &'(-

23, 37
= * + F".
= * +F(&'(2 2 .
2=
2 63µF
1=
,
, 63"7
*+
,
/0:5

23, 37

8,;

/0:5

2 2
12 632
, 637
23, 3

8 ;

7
c
Mario Mauro
Salvatore–Alessio
Muzzi–Giovanni
Pullano–Péter
Odry–Giuseppe Carbone
2 632 632 2 Galloro–Leonardo
2
1
S=
1 ( = µF,
" 78 9
F
=
µF
/0c 2F4/05
(
"
l
+
l
23
3
@
B
3
, 7
,
$ &'()
$
= S* += .
2
l
+
l
2
2
* +, &'(c
@
B
1 63, 632
,
cd ∂L ∂L
78 ;
/0:5
S = 23,37
S
=
										(4)
l + lB
−
= τ@
l@ dt
+ l∂α̇
B
d ∂L ∂L @
∂α
−
= τ@
µF"
where
the
of α depicted2 in Figure
dt ∂α̇ is ∂α
2 2 4,2τ 2 is the servo couple and L is the “Lagrangian”
d time
∂L derivative
∂L
1 ∂L 1 63, 637 m
d ∂L/0of
4/05
8 9 and the sum of the potential energy of the
−
=
τ
defined as the difference
between
the sum
the
kinetic
energy
2
@
−3L, = =
Kτ23@
E,&37−
K EM =
c
$∂α
&'()
$
dt
∂α̇
dt ∂α̇
∂α
member in Equation
.
F" = *(5).
=
2
2
2
2
* +,
L = K E& − K E+,M&'(=
1 63, 637
l@ + lB
/0:5
8 ;
23, 37
1
										(5)
L = K E& − K ELM =
= K=E& −Pm
U
U
U
̇ U
K
E U=
/ VSTM + I/ α̇ + mU VS2 + IU βX'Y + mM V& Z − m/ gG/] −
L ∂L
1
2
U
F
=
µF
−
= τ@
= Pm/ VST(U + I/ α̇" U + mU VS2 U + IU β̇X'Y + mM V& U Z − m/ gG/] − mU gGU]
α ∂α
2
1
U
UU α̇ (t),̇ α(t),
U
U
α̈S(t),
U
= Pm/cVST U + I/=
α̇ U 1
+Pm
mfU/[V
+
IIU/β
+tU]m
−
−Mm
̇ X'Y
X'Y
/ gG+
/]m
V
+
α̇
+
m
V=SM2VτU&@+Z(t)
IU βm
V&UUgG
Z −U]m/ gG/] − mU gGU
2
S
S=
T
2
2
[
]
(t),
(t),
(t)
α(t),
l@ t+ =
l B τ@
K E& − Kf Eα̈M = α̇
Lα̇(t)
=K
where mi, VGif ,[Iα̈i are
ith member
of E
gravity
velocity
(t),the
α̇ (t),
α(t), tf][mass,
=
τ@center
&t−
M =and moment of inertia, respectively.
] =K
(t),
α̈ (t),
α(t),
τ@E(t)
d
∂L
∂L
G1yLand
G2y E
are
the y −
coordinates
and the rod, respectively; Vc and mp are the front module
=K
EM == Uτ@of the crank
&−K
U
U
̇ X'Y are
and
angles
time
derivative;
and
is the
Pm/ VST U velocity
+ I/ α̇ U and
+ mmass;
VS∂α̇
+
I
β
+
m
V
Z
−
m/ gG/] −
mgU gG
∂α
Udt
U
M
&
U] gravitational acceleration, referring
2
U
K E5.& − K ELM =
= K=E&1−Pm
U=
U
K
E
to the schemeLin=Figure
V
+
I
α̇
+ mU VS2 U + IU β̇X'Y + mM V& U Z
M
/ ST
/
1
U
U
U
̇2 U
= t] =
Pmτ/@V(t)
I/ α̇EU& +
LT =+K
−m
K
S
U VE
SM2 =+ IU βX'Y + mM V& Z
t), α̇ (t), α(t),
Figure
5.
A
scheme
of
the
slider-crank
mechanism
for driving the central module.
2
1
U
U
U
U
̇
gG
−
m
U
U
= Pm/ VST U + I/=
α̇ U 1
+Pm
m−m
V
+
I
β
+ UU"
m
/
/" α̇ X'Y+
U gG
U/ VS
m
VSM−2VU&m+ZM gx
IU β&̇ X'Y + mM V& U Z
S2T + IU
/
21
gG/" − mU gGU" −UmM gx&U2
U
K E& − K−m
EM/=
= Pm/ VST + I/ α̇ + mU VS2 U +f IU β̇X'Y + mM V& U Z − m/ gG/] − mU gGU]
(t) = f gt, α(t), α̇ (t), τ@ (t)h
−m/2gG/" − mU gG−m
mα̈ gx
U" −
& mU gGU" − mM gx&
/ gGM/" −
f
α̈ (t) = f gt, α(t), α̇ (t), τ@U(t)h
U α̇ (t),
]=
α(t),
τ& U@xZ(t)
Pm/ VST U + I/ α̇ U + mUf(t)
V[α̈ (t),
+ IU β̇X'Y
+ tm
= (α, α̇ )i
MV
f
(t)h
α̈ S2= f f gt,
α(t), α̇α̈(t),
τ=
@
(t)
f gt, α(t), α̇ (t), τ@ (t)h
x = (α, α̇ )i
Kα̇ )Ei& − K EM = u =i τ@
gG/" − mU gGU" − mxMLgx
==&(α,
x = (α, α̇ )
u = τ@
∂f′
∂f′
= 1τ@
U u(t), U
= f f gt, α(t), α̇ (t), τ@u(t)h
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A similar analysis can be conducted for the vertical motion. Based on Equation (7), the linearization of the
equations of motion is obtained, then the state and input matrices are derived as follows:
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The aforementioned results enable the definition of the control signal u=-Kx+(Nu+KNx) r, which ensures
asymptotic stability.
Figure 9. Reference tracking performance in terms of motor torque versus time.
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Sensors and Electronics
The robot is equipped with multiple sensors because it needs to obtain various information from the outside world. The sensors are powered by a battery located in the rear module and the motors are powered
by an external, cabled power source. An alert LED and manual command buttons are located on a board
that remains outside of the pipe during the operations. The electrical scheme is presented in Figure 10.
This control architecture can allow user-friendly operation in which an operator places the device at the
beginning of a pipeline. Then, a latch switch turns on the device, including the LED lighting and all sensory feedbacks, which are streamed on the screen of a laptop and stored for further analyses. A second
latch switch selects the operation direction (forward or backward). The device automatically stops when
it reaches an obstruction while streaming a camera view to inspect the characteristics of an obstruction.
Furthermore, the sensory feedback allows to identify the position of the obstruction relative to the initial
position of the robot at the pipeline entrance.
Figure 10. A scheme of the electrical wiring.
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Proximity Sensor
An essential feature of the device is being able to detect the occlusion. This is achieved using a proximity
sensor located on the front module. The HC-SR04 sensor (Robot Italy, Rome) used is an ultrasonic one:
the sensor is very well suited for the purpose since it is cheap, simple and works in a dark environment.
Temperature Sensor
The temperature sensor is a tmp36 (Robot Italy, Rome) and is used to obtain the in-pipe temperature. This
information is used to correct the proximity sensor measurement because sound speed depends on the
temperature of the medium. It is located at the front module.
Camera
The camera and the lights mounted on the front module allow to see a live feed of the inside of the tube,
thus allowing an operator to evaluate the nature of the obstruction present and check for potential damages of the pipe.
The logic implemented realizes the autonomous motion of the robot by controlling, in the right order,
the positions of the servos. The control loop also checks for the presence of obstacle after each step and listen to possible user inputs. If an input is detected, the control is overridden and the user can move the robot
forward or backward, while it continues to automatically grasp the pipe. If no input is received, the robot
memorizes the number of steps to estimate the distance of the obstacle and allows an autonomous backward
motion to bring itself to the entrance of the pipe. Details of the built prototype are reported in Figure 11.
Inertial Measurement Unit
The electronics can be extended with an inertial measurement unit (IMU) code MPU-9250 (Robot Italy,
Rome) to capture vibrations and parasitic accelerations and localize disturbances. The IMU is an extension that provides additional information of the state of the system with the accelerometer, gyroscope, and
magnetometer sensors. The magnetometer can be used to identify and localize magnetic disturbances during the motion of the system. Additionally, the accelerometer and gyroscope signals can be incorporated
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in a state-of-the-art filter algorithm to monitor the instantaneous orientation of the system. This orientation filter is characterized by core parameters that determine the state estimation convergence; therefore,
the filter parameters should be carefully chosen to ensure accurate state measurements. An efficient approach to evaluate the filter performance and to tune the filter parameters is proposed in [20].

Preliminary Tests
The preliminary tests were carried out by using a 3D-printed proof-of-concept prototype as proposed in
[21]. The experimental tests consisted of the following steps:
Place the device at the beginning of a pipeline.
Turn on the device with a latch switch. This activates the device including all sensory feedbacks that are
streamed on the screen of a laptop and stored for further analyses.
Turn on the latch switch, selecting the semiautomatic forward motion. The device automatically stops
when it reaches an obstruction while streaming a camera view to inspect the characteristics of the obstruction.
Upon reaching an obstruction, the operator can visually inspect the obstruction by using video streaming. Furthermore, the sensory feedback allows to identify the position of the obstruction relative to the
initial position of the robot at the pipeline entrance.
Turn on the latch switch, selecting the semiautomatic backward motion. The device automatically stops
when it is back at the initial position.
The same operation strategy was implemented for several tests. In particular, the PEIS prototype was
able to advance in pipelines that were horizontal, but also in a sloped pipeline and even in a vertical pipeline as shown in Figures 11 and 12. The locomotion principle was very effective in all operation conditions
with a simple operation and no grip loss. Various obstructions were successfully detected, and the LED
light, placed on the front module, allowed for seeing clearly through the camera. The drive current and
servomotor position/velocity feedback were monitored during operation. All the obtained readings were
within maximum values in the range 0.6 to 0.8 amperes, and their values are compatible with the simulated values, even exceeding the performance expectations. The temperature and distance detection were
obtained with readings in the expected error range. The manual control worked well with no appreciable
delay. Several different types of obstructions were tested in terms of shape, size and position of obstacles in
the pipeline. The used ultrasonic sensors were proven to be very effective in identifying the obstructions,
regardless of their shape, size and position. The detection distance can be adjusted starting from a range of
1 m. Then, the operator can use video streaming to further inspect the characteristics of the obstruction.
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The performed tests successfully demonstrated the engineering feasibility of the proposed design as
well as the user-friendliness of the proposed design, which can be operated without professional skills in
a semi-automatic operation. Note that the aim of this work consisted of proposing a conceptual design.
In future, we do plan to design an improved prototype and carry out more experiments as based on the
outcomes of this work. Additionally, we do plan to perform safety tests, such as those outlined in [22].
Figure 11. Details of the assembling phases of PEIS at DIMEG, University of Calabria: (a) view of the back module assembly; (b) view of the front module with main electronics and sensors.
			

(a)

(b)

Figure 12. Details of the testing of PEIS at DIMEG, University of Calabria: (a) with natural light conditions; (b) with the
onboard lighting in dark conditions.

				(a)
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(b)
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Conclusions
This paper outlines the design of a PEIS novel robotic system for semi-automatic inspection and white-water in-pipe obstruction removal. The proposed device is characterized by a lightweight structure and high
transportability. It is composed of a front, a rear and a central module that realize a worm-like locomotion
of the robot with a specifically designed driving mechanism. Proper modeling and numerical simulations were carried out to complete the design of the prototype. The proposed prototype is integrated with
control and sensory components and was preliminarily validated in laboratory tests under various operation conditions with horizontal and even vertical pipelines. All the tests were successful. The obtained
preliminary results demonstrated the engineering feasibility and effectiveness of the proposed design with
satisfactory in-pipe motion and inspection with proper visual and sensory detection of obstacles by means
of the onboard camera, proximity sensor, temperature sensor, and IMU sensor. Further investigations will
be carried out in the near future to integrate further sensory feedback as well as to test the device in real
operation conditions.

Patents
A specific Italian patent application has been made for the PEIS design as reported in [23].
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