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Preface


Chapter M7.1 - "Safety Precautions-Aircraft and Workshop", gives a general


overview of the safety measures for handling aircraft in the hangar and on the 


apron.


General safety regulations and the protection of employees when lifting heavy


loads are considered in detail.


Danger signs and markings are another focus of the chapter, as well as fire 


protection classifications, extinguishing agents and firefighting. 


An alarm plan, that is the behavior when finding injured persons and the securing 


and marking of the aircraft, e.g. that is to follow during maintenance.


The behavior on the apron, e.g. with running engines and the grounding of the


aircraft and the necessary safety precautions form another focus. 


Safety precautions regarding the handling of electricity, technical gases and


chemicals are presented below. 


The dangers of FODs complete the topic. 


 


 


LEARNING OUTCOMES


The students should:


-get to know general safety measures when handling aircraft and handling 


heavy loads, 


-get to know both danger signs and mandatory signs, as well as fire protection 


classifications and fire fighting,


-become acquainted with the behavior of first aid and the protection of hazard 


points in the maintenance of aircraft, 


-get to know the dangers of equipotential bonding, the protection against it 


(grounding) and the dangers for man and airplane with running engines, 


-get to know safety precautions in dealing with compressed technical gases and 


chemicals,


-get to know the dangers of FODs and develop safety measures against FODs. 
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7Maintenance Practices 


7.1 Safety precautions - aircraft and workshop 


7.1.1 Laws and regulations 


This section is about safety precautions and fire protection in airplane hangars 


and workshops. The safety of man and machine must be ensured by all 


employees working there. Since most accidents happen due to overconfidence or 


inexperience of those involved, damage to humans and material can be avoided 


through reasonable and proper handling. Human misconduct, such as alcohol and 


drug abuse, can make a person a threat to themselves and others. Fatigue is a 


significant hazard, especially when handling equipment. Therefore, monitoring 


and training are not only essential for the normal work situation, but also for 


emergencies.


 


Dangers can be found throughout the working environment:


•unauthorized use of tools and machines, 


•poor maintenance condition of tools and machines, 


•slippery floors, 


•bad condition of stairs and staircases, 


•crowded workspaces and blocked passageways, 


•poor lighting, inadequate ventilation and noise can lead to headache, fatigue 


and distraction,


•dirty and unpleasant working environment can affect/lower the working level 


 


Accident prevention:


•exclude sources of danger, 


•remove sources of danger, 


•secure devices, 


•wear protective clothing, 


•safety training, 


 


Obligations of the employer 


The employer must ensure that: 


•a workplace is safe, 


•buildings and equipment are safe, 


•the working processes are safe, 


•the working environment is safe, 


•the procedures for handling, storage and transport of goods are safe, 


•accidents and incidents are reported, 


•information, guidance, practice and supervision are guaranteed, 


•a safety regulation exists. 


 


Failure or violation of these rules may result in the company being reported to the 


appropriate state agency. 
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Duties of the employee 


The worker is also subject to legislation on the health, safety and well-being of 


people in their workplace and must expect a complaint in the event of non-


compliance. As a result, the employee has a legal obligation to work with his 


employer to ensure compliance with health and safety laws. 


The employee must ensure that: 


•personal accident protection and occupational safety are observed, 


•devices are used professionally. 


 


 


 


 


 


 


Figure Safety precautions 


Source:


 


Loads and safety 


In industry, all heavy and bulky objects are called loads. This includes all 


machines, forgings and castings, heavy beams, plates, etc., which must be loaded


onto or from vehicles and moved within the factory. 


The movement of heavy loads requires careful planning in order to avoid possible


dangers in advance. Heavy loads must be moved with the appropriate technology. 


All safety precautions and safety procedures must be observed at all times. 


 


Lifting and carrying of loads by individuals 


In industry, it is often necessary to lift heavy loads. Basically, individuals should 


never lift loads with a weight of over 20kg. For this purpose, mechanical lifting 


tools should be used. However, even weight loads below 20kg can cause back


injuries.
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Following some simple precautionary measures before carrying and lifting can 


significantly reduce the risk of personal injury and equipment damage. For 


example, if the loads are clearly too heavy or too bulky for one person, another


person should be asked for help.


Even light loads can be dangerous if they obscure the view when carrying. Any 


moving objects that could obstruct the path should be cleared before any load can


be transported.


As stated above, it is important to always use the correct lifting technique. High


loads or improper lifting can damage the discs and cause significant pain. This is


often referred to as a "prolapsed disc" and both the damage and the pain are 


permanent.


Proper lifting should start out of the squat. The feet are approximately hip-width


apart and one foot is positioned slightly in front of the other. The load should be 


kept as close as possible to the body. It is also important that the load is held 


securely. Before the actual lifting, the back should be as straight and vertical as 


possible. The spine automatically becomes straighter and firmer when liftin the 


head and pressing the chin against the chest. 


To lift the load, you should first straighten your legs. This lifts the load with the


strong leg muscles and thigh bones, not the back. When getting up, the upper 


body should be upright.


Also, when carrying, the upper body should be upright and the load should be 


kept as close as possible to the body. If possible, carrying loads should be


facilitated by putting the majority of the pressure onto the bones. If the load has 


sharp edges, protective gloves should be worn. Protective suits should be worn 


when dealing with hazardous substances. 


 


 


 


 


 


 


Figure Lifting and carrying loads by individuals 


Source:


 


 


 


Video: https://www.youtube.com/watch?v=NgKEidZynfM 
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Lifting and carrying loads by several people 


If a group of people is needed to lift and carry heavy or bulky loads, then one 


person in charge should be chosen from this group. 


This person in charge should not actively participate in the lifting process, but


ensure that:


•all parties understand what exactly needs to be done and how it should be 


done,


•the transport path is free of obstacles and the floor is safe and not slippery, 


•all involved in the process are of approximately the same size and stature 


and, if necessary, wear protective clothing, 


•all parties bear about the same load share, 


•the responsible person himself has a good overview of what is happening, so 


that he can recognize and prevent dangerous situations in advance, 


•after completion, the device used to carry out the transport is put back in its 


place.


 


 


 


 


 


Figure Lifting and carrying loads by several people 


Source:


7.1.2 Danger signs and markings 


In aircraft hangars and at workplaces there are information signs and markings 


on possible dangers and give advice on escape and rescue routes. One 


differentiates these danger signs and markings according to colors, forms and 


symbols. The purpose of labeling is to quickly and easily understandable put the


attention to objects and circumstances that can cause certain hazards. The icons 


are specific graphic symbols that describe a situation or prescribe a behavior and 


are arranged on a safety sign or a luminous surface.
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7.1.2.1 Colors 


A distinction is made between warning and danger signs according to the


following colors:


Red: Area of heightened danger


Yellow: Attention - danger possible


Green: Escape and rescue route, first aid 


Blue: Commandments or hints


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Figure Designing safety labels 


Source: https://incompliancemag.com/wp-content/uploads/2014/09/1410_OYM_fig3.png 
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7.1.2.2 Forms 


A distinction is made between warning and danger signs according to the


following forms: 


Round: sing giving orders or prohibition sign 


Triangular: Warning signs


Rectangular: Rescue and information signs


 


 


 


 


 


 


Figure Prohibition sign Figure Mandatory sign Figure Warning sign 


Source:


 


Figure Prohibition sign Figure Mandatory sign Figure High voltage current 


Source: 


 


Time-limited obstacles or danger spots must be marked by red and white stripes. 


 


 


 


Source:


 


The marking of obstacles or permanent danger spots must be clearly and


permanently carried out by means of yellow-black stripes. 


 


 


 


Source:


 


7.1.2.3 Symbols 


Symbols are as simple and unique as possible. 


Through the assigned symbolism they are self-explanatory and understandable 


for everyone.
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7.1.2.3.1Mandatory sign (example) 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Figure Mandatory signs 


Source: https://picclick.de/ASR-A13-ISO-7010-Gebotszeichen-Ø-200-253976897616.html 


 


7.1.2.3.2Prohibition sign (example) 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Figure Prohibition sign 


Source: https://www.repetico.de/card-64921589 
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7.1.2.3.3Information sign (example) 


 


 


 


 


 


 


 


 


 


Figure Information sign 


Source: https://www.repetico.de/card-64921589 


7.1.2.3.4Warning sign (example) 


 


 


 


 


 


 


 


 


 


 


 


 


Figure Warning sign 


Source: https://www.repetico.de/card-64921589 


7.1.2.3.5Fire protection sign (example) 
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Figure Fire protection sign 


Source: https://www.repetico.de/card-64921589 


7.1.3 Fire protection 


The potential hazard of fire because of highly flammable liquids, such as those 


that are present on a large scale in an aircraft, should not be underestimated. 


Since there is always a risk of fire in the working environment of aircraft, the 


following safety instructions should always be observed: 


•Smoking is only allowed in designated areas. 


•There is an absolute smoking ban in the aircraft environment. 


•Do not carry matches or carry work shoes with steel caps, as they may cause 


a spark.


•When using gasoline powered equipment, a foam fire extinguisher should 


always be at hand. 


•Easily inflammable liquids such as paints and varnishes should be stored in a 


dedicated warehouse outside the hall. 


•While brazing and welding, the flame should be aimed at the firebrick when it 


is not in use 


•It should be known to all employees where the fire extinguishers and other 


extinguishers are located.


Employees in industrial premises with such fire extinguishing systems must be


familiar with the position and handling of the signaling and triggering devices. 


Although the operation of these systems usually automatically triggers an alarm


at the airport fire brigade, for safety reasons, in the case of fire the next fire


alarm must be operated, or the fire department must be inform via phone. 
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Figure Fire-fighting measures 


Source:


7.1.3.1 Fire classification and extinguishing agents 


 


Fire classification 


Depending on the combustible, fires are divided into the following classes: 


•Class A: Wood, fabric, paper 


•Class B: Flammable liquids, oils and greases 


•Class C: Electricity 


•Class D: Combustible metals (magnesium, potassium, sodium) 


 


Types of fire extinguishers 


Water


Water extinguishes a fire by lowering the temperature below the ignition point. In


fire extinguishers, water is under pressure and is released by the means of carbon 


dioxide or air.


Water should only be used for Class A fires without the involvement of electricity 


or chemicals. Fire class D can still be affected by water to be made worse. 


Carbon dioxide 


Carbon dioxide extinguishes fire by excluding oxygen and the lowering of the 


temperature.


It is suitable for deleting Class B and Class C fires, since carbon dioxide does not 


conduct electricity.


Powder


These fire extinguishers are suitable for class B, C, and especially D. Two different


types of powder serve as extinguishing:


-one is the typical sodium or potassium bicarbonate, urea potassium 


bicarbonate or potassium chloride compounds, 


-the second group includes ammonium phosphate compounds. 


These multi-purpose fire extinguishers are suitable for class A, B and C fires. The 


powder of most powder extinguishers is sprayed out by a propellant. The fire is


extinguished by interrupting the chemical reaction chain of the combustion 


process.


Halocarbons


In airplanes almost exclusively halocarbon fire extinguishers are used. Halon is a 


pressurized liquefied gas which chemically interrupts the combustion process. It's 


best suitable for fire Classes B and C. It is also, but less effectively, used for class


A and D fires.


Although the production of Halon was discontinued due to the environmental 


regulations of 1994, it is still legally distributed, recycled and used in fire 


extinguishers. The FAA demands that passenger aircraft be equipped with Halon 


fire extinguishers.
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Halon and mixtures are gases that are liquefied under pressure and chemically 


interrupt the combustion process. Halons are odor and colorless, not electrically 


conductive, leave no residues and are harmless to people.


 


Foam 


The foam in foam extinguishers is generated by water-film-forming foaming 


agents, which, when exiting the extinguisher through the nozzle, form a layer of


foam, that, in turn, extinguishes the fire by excluding oxygen. In addition, 


extinguishing foam has a cooling effect and has a better impact on solid matter 


fires than does water. Therefore, foam extinguishers are also suitable for class A 


and B fires. 


In case of emergency landings, so-called "belly landings", the fire brigade carries 


a foam carpet on the airstrip to avoid sparking due to friction. 


The foam concentrate forms a foam layer and the evaporation of hydrocarbons 


(e.g., kerosene) is prevented. It suffocates flame formation and surface fires (e.g. 


due to spilled fuel) right from the beginning. However, it is unsuitable for 


permanent deep fires (such as in fuel tanks). 


7.1.3.2 Fire-fighting equipment 


For the effective implementation of rescue and fire-fighting measures, the right 


behavior of the employees is of crucial importance. 


Every employee must know where fire detectors and fire extinguishers are located 


in his immediate area of work and how they can be properly operated in case of 


emergency.


Extinguisher


Before working in the halls, you must familiarize yourself with the use and 


handling of fire extinguishers. 


Fire Blanket


Apply to humans when clothing is on fire. 


Wall hydrant 


Due to the special use or increased risk of fire, some facilities are additionally 


equipped with semi-stationary and stationary fire extinguishing equipment. 


 


 


 


Video: https://www.youtube.com/watch?v=w4jHpHoYZhk 


 


 


 


 


 


 


 




 




 






















14 


 


 


 


 


7.1.4 Alarm regulation 


The alarm regulation is a framework regulation and preventively serves the 


operational emergency and disaster control or the limitation of damages in case of 


emergency situations.


The first chapters usually describe general preventive measures. They show the 


necessary activities and responsibilities in the event of an alarm. 


The alarm regulation serves the protection of persons, the industrial safety, and 


the environmental protection. The alarm regulation defines tasks and


responsibility in the case of an alarm.


The alarm regulation is divided into two alarm levels and building groups. It must


be displayed in all operating areas.


•Alarm level I relates to localized faults (fire and property damage, etc.). 


•Alarm level II relates to crisis-like situations that go beyond the range of 


alarm level I and have far-reaching implications, such as to flight operations. 


Uniformly directed emergency measures are required.


Rules of conduct before occurrence of an alarm case 


Bear in mind that negligence and disregard of the designated safety equipment 


can endanger human life, property and the environment. Emergency exits, stairs, 


corridors and escape routes are to be kept free at all times. Inquire about the


available safety devices and familiarize yourself with the handling. 


When alerting, it must be clearly stated:


•Where did it happen? 


•What happened? 


•How many injured? 


•Who reports? 


Assembly points


In case of a necessary evacuation, the assembly points are to be found. Location


and assignment can be found in the alarm order. 
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Bomb threat 


In bomb or explosive warnings that concern buildings or airplanes, clearing alarm 


is triggered and a building evacuation is to be initiated. 


The search is carried out under the guidance of e.g. the Federal Border Guard. 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Figure Alarm plan (example) 


Source: https://sph.unc.edu/files/2014/07/AlertClassroomPoster-1.jpg 


7.1.5 Securing and marking aircraft equipment 


Installations which for safety reasons must not be put into operation, must be 


secured by suitable measures (to be documented in the log book). For example, 


by:


•affixing red warning tags that are filled in clearly, 


•pulling and marking fuses, 


•inserting fuses on hydraulic components (actuators), 
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•removing plugs for electrical control (document and reconnect plug after 


completing work). 


Before launching, make sure that all areas of the affected systems are free and 


that there is no danger to staff and aircraft. 


 


 


 


 


 


 


 


 


Figure Security sign (example) 


Source:


7.1.6 Behavior on the apron 


On the apron, there are many hazard potentials to consider. These can be: 


•rolling and towing, 


•driving apron vehicles, 


•special weather conditions, 


•starting engines, 


•noise pollution from running machinery, 


•deadlines, 


•a lot of different staff at the aircraft. 


As a result, an introduction tailored to the apron is carried out. Without this 


instruction being on the apron is forbidden. 


 


Generally valid are:


•rolling and towed aircraft have right of way, 


•if the red light under the fuselage lights up, an engine is about to start 


•the outer contour of the aircraft is to be avoided, 


•light and radio signals from the tower are to be abided 
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7.1.6.1 Engine run 


An engine run may only be performed by appropriately trained personnel. While 


doing so, the hazard areas must be carefully observed, as failure to do so can not 


only lead to serious damage to the engines, but can also be viable for people in


the vicinity of the engines. 


In the manuals, the minimum distances to the engines depending on the 


respective thrust are listed. In addition, corresponding markings are attached to 


the engines (see figures below). 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Figure Danger zones on the engine 


Source: 


https://photobucket.com/gallery/user/dv8photo1/media/cGF0aDovVW50aXRsZWQuanBn/?ref= 


 


 


 


 


 


 


 


 


 


 


 


 


 


Figure Markings of the danger areas at the engine 
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Source: https://www.boeing.com/commercial/aeromagazine/articles/qtr_3_08/img/figure4-3.jpg 


 


Video: https://www.youtube.com/watch?v=H3A8MwHx2_I 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


7.1.6.2 Grounding of aircraft 


Grounding can prevent a potential difference in potential between the aircraft and 


its subsurface (building parts, ground equipment, etc.). 


Working on and by plane causes various accident risks, such as: 


•fire danger, 


•electric shocks, 


•ignition hazard. 


 


Measures to prevent damage are many, including: 


•grounding, 


•insulation of live parts, 


•low voltage for tools etc. 


 


The grounding of an aircraft is shown below. 
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Figure Grounded plane 


Source: www.hb-paf.ch/3_Osijek-Klisa_.jpg 


 


 


 


 


 


 


 


 


 


Figure Grounding cable and clamp on the apron 


Source: https://l7.alamy.com/zoomsde/hxm96t/elektrostatische-erdung-klemmen-angeschlossen-in-


einem-flugzeug-auf-dem-rollfeld-hxm96t.jpg 


 


 


 


 


Video: https://www.youtube.com/watch?v=FzsTamPPnHc 
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7.1.7 Emergency procedures 


7.1.7.1 First aid kit 


Both movable containers, which are usually made of plastic or metal, as well as 


immovable boxes or containers containing bandaging material can be referred to 


as first aid kits. In order to be found quickly by everyone, the location of 


immovable first aid kits is usually marked sufficiently large and easily 


recognizable. The default icon for such a first aid location is a white cross on a 


green background.


First aid kits usually contain not only bandaging material in the strict sense 


(gauze bandages, wound dressings, triangular wipes, adhesive plaster, etc.), but


also other material for performing first aid, such as respiratory masks, tweezers, 


and disposable gloves. Often (wisely) a table of contents and a first aid manual


for the layman is contained as well.


Used material must be disposed of and replaced after use. Likewise, however, 


unconsumed material must also be checked regularly. First aid kits can also be 


sealed to quickly determine if they are complete or if material has been removed. 


Usually, the date of the most recent usability check by the responsible person is 


also noted.


 


 


 


 


 


 


 


 


 


 


Figure First aid kit 


Source: https://doctorrennie.files.wordpress.com/2010/09/big_airline-first-aid-kit-afak.jpg 


 


 


Video: https://www.youtube.com/watch?v=hHyVQiWFXzg 
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7.1.7.2 Eye wash 


The eye wash is a technical measure for first aid. It can be used to rinse the eyes 


(and of course the face) to remove foreign particles or dilute contaminants until a


doctor can intervene for further treatment. It is either used by the injured party 


or by third parties.


A distinction is made between systems connected to the drinking water system


,portable units (eye wash bottles) and tank systems. Portable rinsing bottles in 


combination with a special rinsing liquid are part of the equipment of the vehicles,


which are used in the rescue service. 


 


 


 


 


 


 


 


 


 


 


 


 


 


Figure Eye wash 


Source: www.echipamente-de-protectie.com.ro/cms_admin/upload/pics/mari/spalator-de-ochi-art-


1100-300-925.jpg 


7.1.7.3 Safety officer 


The safety officer is a person appointed in written form by a company to assist 


the entrepreneur, managers, occupational safety officer, company doctor and


colleagues in preventing accidents, occupational diseases and health hazards. The


security officer is an employee of the company. 


The person is to be appointed in every company based in Germany with more 


than 20 employees. Due to their expertise and knowledge of the working area, 


the safety officer has the task of recognizing and adequately responding to 


accident and health hazards (protection of labor) in their work area and to 


observe whether the prescribed safety devices and equipment are in place. 


Safety officers support the work at their respective working level without specified 


expenditure of time. They act as a multiplier towards the employees and through


their presence and exemplary function as well as through their collegial influence,


they lead to a safety-oriented behavior of the employees. The security officer 


works in his capacity as a "volunteer" (the salary as a safety officer is 


compensated for with the wage or salary of the employee). 
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7.1.7.4 Emergency exits 


An emergency exit is an exit from a building that is to be used in emergencies. It 


is an integral part of the fire protection escape route. 


Depending on the utilization, the door may only have door handles on the inside. 


In addition, the fittings of the door must be mounted so that the door can only be 


opened in the direction of escape. Although the door can have a lock, it must be 


ensured that the door can be easily opened from the inside, even when it is 


locked.


The emergency exit must be labelled with a pictogram above the door. The 


labeling is often in combination with emergency lighting. It must be accessible at 


all times and must not be obstructed by objects. The way to the emergency exit


(escape route) must also be clearly marked. 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Figure left Emergency exit 


Source: https://incompliancemag.com/wp-content/uploads/2015/09/1510_OYM_fig4.png 


 


Figure right Emergency exit B737-800 


Source: https://www.airlines-inform.com/upload/reviews_pictures/1200-upload-blog-398-boeing-737-


800-s7-4.jpg?created 


7.1.8 Safety precautions 


7.1.8.1 Electricity 


When working with electrical equipment, the following requirements must be met. 


•The device must be equipped with a secure plug. 


•The floor should be dry. If necessary, a wooden plate should be placed under 


oneself or stand in a dry area.


•Safety shoes with insulated (non-conductive) sole should be worn. 
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•Care must be taken so that the power cord does not come into contact with 


moisture.


•The proper condition of the power cord should be ensured before using the 


unit.


Electric shock - first aid 


If an employee has suffered an electric shock, the following measures must be 


taken:


•Switch off the power source and remove the victim from the electric circuit. 


Pay attention to insulation, e.g. wear protective gloves or use a broom. 


•Initiate shock treatment, keep victims warm. 


•Get medical attention immediately. 


 


Protection against fire by electricity 


Extension cables and sockets must be protected against overcharge.


Fires can be triggered by the heat generated during overload. 


7.1.8.2 Compressed air and gases 


Work on aircraft includes, among other things, working with compressed air and 


gases.


Compressed air


Compressed air is used for all pneumatic tools, e.g. hand drilling machines, 


riveting hammers, spray paint guns etc.. 


Compressed nitrogen


Compressed nitrogen is used to fill tires and suspension struts. 


Storage and distribution


Compressed air is generated by a compressor, stored in a compressed air tank


and distributed via pressure lines. Other compressed gases, e.g. nitrogen and 


oxygen are stored in steel bottles standing in racks or on carts. The standard


pressure for full bottles is up to 2900PSI or 200bar. 


Security


Compressed gases entering the human bloodstream can cause serious injury or


death.


Damage to persons can be prevented by: 


•Not doing any mischief at the workplace, 


•removing the devices from the compressed air lines when not in use or 


oif drills are used/exchanged, 


oif, for example, rivets are used/exchanged, 


•wearing protective goggles, 


•always making sure that the pressure lines are in good condition and 


undamaged,


•ensuring to follow all safety precautions when first inflating a new tire, 


•always using calibrated meters to check tire pressure, 


•placing safety caps on the compressed air cylinders when not in use. 
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Oxygen


Compressed oxygen is always on board an aircraft to ensure the supply of 


breathing air when the cabin pressure drops during the flight. 


The contact of pure oxygen with oils or fats leads to spontaneous combustion. 


This reaction does not require an external heat source. Oxygen itself does not 


burn, but increases the flammability of combustible substances. Static electricity


can cause a spark that triggers a fire in an oxygen-rich environment. Oxygen


which escapes through a small leak, develops frictional heat, which can lead to 


the ignition of the surrounding material. 


 


Trained personnel


Only specially trained and authorized personnel who is able to correctly assess the


handling of oxygen and to reduce the occurrence of hazardous situations through


proper and responsible working methods may be used to work on oxygen 


systems.


Cleanliness


Maintenance personnel for oxygen equipment must ensure that hands, clothing,


tools, equipment and connections are clean and free of grease. Clothes must not 


be permeated with oxygen. 


When working on oxygen systems, smoking is strictly prohibited. 


Fire and explosion hazard 


Damaged equipment can cause fires and explosions. For this reason, if possible, 


only the persons necessary to carry out the work should be present in the aircraft. 


This is especially true for filling oxygen tanks as well as other jobs where


pressurized oxygen is present. Oils, fats are, due to the carbon in their molecular 


structure and the relatively low flash and ignition point, suitable substances for 


combustion. In the working area, no smoking nor eating is permitted. 


Protection against accidents with oxygen 


To avoid accidents with oxygen systems or their parts, proceed as follows:


•Prevent the formation of static electricity due to ground connection. Ground 


the aircraft properly.


•Attach warning labels and signs to the exterior of the aircraft that indicate the 


use of oxygen.


•Tools and equipment must be absolutely free of oils, lubricants, dust or lint. 


Immediately after disconnecting hoses or parts of equipment place protective 


caps on the free ends.


•Use only materials with approval for oxygen. 


•Never use tape or sealant made of PTFE (polytetrafluoroethylene) as it may 


contain certain oils. Exception: Teflon tape marked with MIL-T-27730.


•Only use approved solutions for leak testing (MIL-L-25567 'B' and MIL-L-


25567 'C', type 1) and non-oily soap based suds. 


•Follow the safety distance between oxygen cylinders and hydraulic or refueling 


equipment.


•Close the oxygen valve before removing the connecting hoses. 


•Prevent heat generation due to sudden opening of the valves. 
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•Appropriate extinguishers should be within reaching distance. 


•Ensure sufficient ventilation and avoid high oxygen concentration. 


•Oxygen can accumulate in the fabric of clothing when working for extended 


periods of time in an oxygen-rich environment. Keep the clothes well aired for


at least 15 minutes and keep them away from open fires and heat sources. 


 


The color codes of the various technical gases and the bottle marking are shown 


on the next page.


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Figure left and top right Oxygen bottles 


Source:


Figure bottem right Result of improper handling of O2


Source: forum-auto.caradisiac.com/les-clubs/le-bistrot/sujet312857-105.htm 
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Figure Color coding of various technical gases 


Source: https://www.aga.no/en/legacy/attachment?files=tcm:5630-107298,tcm:630-107298,tcm:30-


107298 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Figure Bottle labeling 


Source: www.boc-gas.com.au/en/images/cylinder-neck-new_tcm351-82228_w1024_n.png 


 


7.1.8.3 Oils, solvents and chemicals 


Oils and chemicals are critical for safety reasons.


They can:


•be flammable, 


•develop harmful fumes, 


•make the ground slippery, 


•cause skin diseases. 


 


Protective measures to be taken


The safety of persons can be improved by the following protective measures. 


•You must be familiar with the properties and, if applicable, the safety 


regulations of the substances used at the workplace. The employer is obliged 


to provide employees with all safety data sheets of the substances used in


accordance with the ordinance on hazardous substances. 


•Two simple measures can reduce the risk of fire: 


odo not wear safety shoes with metal inserts in the soles, 


oand do not use ignition sources. 


•A health risk due to vapors and gases can be reduced by: 


orespiratory masks, 
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oand a suction system. 


•Spilled substances must be absorbed immediately or contained and secured. 


•Skin diseases can be avoided by: 


oapplication of skin protection creams before work, 


othorough cleaning after handling oils and other chemicals, 


owearing protective gloves. 


Before eating, drinking or smoking, it is essential to wash hands and face 


thoroughly. When handling carcinogenic or teratogenic hazardous substances, do 


not eat, drink, smoke or snort in the work area. 


Technical protective measures (examples): 


•automatically operated, closed systems, 


•effective suction devices, 


•explosion-proof electrical installation. 


Organizational measures (examples):


•identification of workplaces and containers, 


•operating instructions for each hazardous substance, 


•the proper storage of hazardous substances. 


 


Working with the development of harmful gases, vapors and suspended


matter


Work involving toxic, harmful, corrosive or irritating gases, vapors or suspended


matter may only be carried out if there is no doubt that harmful effects on the 


employees are excluded. 


Absolute priority in the use of protective measures have so-called operational 


measures such as closed systems or suction. 


Filling of dangerous liquids 


Therefore, for filling these substances from bottles, balloons, barrels and similar 


containers, suitable devices such as funnels, safety lifters, balloon dumpers or 


pumps must be used.


Storage of dangerous substances 


Particularly dangerous, highly flammable substances such as pyrotechnic items


should be kept in special storage rooms. 


Solvent


Solvents are predominantly organic substances which serve to dissolve, dilute or 


suspend other substances to allow their processing or removal. 


•Inhaling vapors may cause narcotic effects. 


•Cause rapid degreasing at contact with the skin and thus creates the 


preconditions for skin diseases.


•Resorptive poisoning is possible when exposed to large areas of skin. 


7.1.8.4 Foreign object damage (FOD) 


Damage through foreign objects, such as on engine blades, tires or other 


components have always been a cause of accidents and additional maintenance. 


Any foreign object entering the engine, flight control devices, or structural 


components can cause damage. 
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This can result in minor material damage up to catastrophic aircraft accidents.


Foreign objects are everywhere in the aircraft environment. 


Care is essential, employees are responsible for their tools and the entire work 


area must be clean and free of debris at the end of the shift. 


Damage due to foreign objects can be prevented. 


Today, the main causes of foreign object damage are high speeds, the size of 


modern engines and the air masses they move. In jet engines, which are used to 


power jet aircraft, very large amounts of air are sucked in to produce a forward


thrust before the start. 


The resulting suction effect of the engine involves the risk that even very large 


foreign parts are sucked into the engine with the air flow whenre they can lead to 


damage. Therefore, at airports or aircraft carriers, careful track control by ground


handling services is important.


“Typical”FODs are shown in the pictures below! 


 


 


 


 


Figure FODs 


Source: www.simexperts.com/en/formations/fod-foreign-object-damage/ 


Source: https://www.traveljokes.net/files/airlines/disasterair.php 


 


 


 


 


 


 


 


 


 


 


For more information, visit: 


Source: 


https://www.skybrary.aero/index.php/Human_Factors_Analysis_and_Classification_System_(HFACS) 
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Figure FOD container 


 


 


Video: https://www.youtube.com/watch?v=k8b4fWs9k78 


 


 


 


 


 


 


 


 


 


Source: https://fodbag.com/wp-content/uploads/2013/02/DSC_7599-400x400.png 


 


 


 


 


 


 


 


 


 


 


 


Video: https://www.youtube.com/watch?v=k8b4fWs9k78 
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A special case is the bird strike, i.e. the collision of a bird with the airplane (e.g. 


the glass of the cockpit window) or its engines, which can cause considerable 


damage and thus the endangerment of persons. 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Figure Damage to panes Extra 300L 


Source: www.gazetevatan.com/cami-kirilan-ucak-zorunlu-inis-yapti-1145442-dunya/ 


Source: ttps://www.20min.ch/people/international/story/Christina-Surer-in-Todesangst-


14368107?httpredirect


 


 


 


 


 


 


Video: https://www.youtube.com/watch?v=wVq3dfDDFKY 
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Video: https://www.youtube.com/watch?v=G5o0E5l_mxY 


 


 


 


 


 


 


 


 


 


 


 


7.1.9 Summery 


Chapter M7.1 highlights the many dangers in the work environment and the 


obligations of employers and workers in terms of occupational safety.


The lifting of heavy loads and the back-friendly handling of heavy loads are


addressed as well.


Significant signs giving orders and prohibition signs are presented as well as the


different fire classes and the corresponding possibilities for firefighting. 


The permanent dangers for man and airplane with running engines and the 


identification and protection of sources of danger, especially during maintenance


and repair work form another focus. 


The marking of the various technical gases including their handling, especially 


with regard to the possible dangers of technical gases, are of great importance. 


As another source of danger, FODs form the conclusion of the chapter. 


 


 


 


 


 


 


 


 


 




 




 






















32 


 


 


 


7.1.10Appendix 


List of Pictures/Figures


Figure Safety precautions 


Figure Lifting and carrying loads by individuals 


Figure Lifting and carrying loads by several people 


Figure Designing safety labels 


Figure Prohibition sign 


Figure Mandatory sign 


Figure Warning sign 


Figure High voltage current 


Figure Information sign 


Figure Fire protection sign 


Figure Fire-fighting measures 


Figure Alarm plan (example) 


Figure Security sign (example) 


Figure Danger zones on the engine 


Figure Markings of the danger areas at the engine 


Figure Grounded plane 


Figure Grounding cable and clamp on the apron 


Figure First aid kit 


Figure Eye douches 


Figure left Emergency exit 


Figure right Emergency exit B737-800 


Figure left and top right Oxygen bottles 


Figure bottem right Result of improper handling of O2


Figure Color coding of various technical gases 


Figure Bottle labeling 


Figure FODs 


Figure FOD container 


Figure Damage to panes Extra 300L 


 


 


List of Links


Source: https://incompliancemag.com/wp-content/uploads/2014/09/1410_OYM_fig3.png 




 




 






 












33 


 


Source: https://picclick.de/ASR-A13-ISO-7010-Gebotszeichen-Ø-200-253976897616.html 


Source: https://www.repetico.de/card-64921589 


Source: https://sph.unc.edu/files/2014/07/AlertClassroomPoster-1.jpg 


Source: 


https://photobucket.com/gallery/user/dv8photo1/media/cGF0aDovVW50aXRsZWQuanBn/?ref= 


Source: https://www.boeing.com/commercial/aeromagazine/articles/qtr_3_08/img/figure4-3.jpg 


Source: www.hb-paf.ch/3_Osijek-Klisa_.jpg 


Source: https://l7.alamy.com/zoomsde/hxm96t/elektrostatische-erdung-klemmen-angeschlossen-in-


einem-flugzeug-auf-dem-rollfeld-hxm96t.jpg 


Source: https://doctorrennie.files.wordpress.com/2010/09/big_airline-first-aid-kit-afak.jpg 


Source: www.echipamente-de-protectie.com.ro/cms_admin/upload/pics/mari/spalator-de-ochi-art-


1100-300-925.jpg 


Source: https://incompliancemag.com/wp-content/uploads/2015/09/1510_OYM_fig4.png 


Source: https://www.airlines-inform.com/upload/reviews_pictures/1200-upload-blog-398-boeing-737-


800-s7-4.jpg?created 


Source: forum-auto.caradisiac.com/les-clubs/le-bistrot/sujet312857-105.htm 


Source: https://www.aga.no/en/legacy/attachment?files=tcm:5630-107298,tcm:630-107298,tcm:30-


107298 


Source: www.boc-gas.com.au/en/images/cylinder-neck-new_tcm351-82228_w1024_n.png 


Source: www.simexperts.com/en/formations/fod-foreign-object-damage/ 


Source: https://www.traveljokes.net/files/airlines/disasterair.php 


Source: 


https://www.skybrary.aero/index.php/Human_Factors_Analysis_and_Classification_System_(HFACS) 


Source: https://fodbag.com/wp-content/uploads/2013/02/DSC_7599-400x400.png 


Source: www.gazetevatan.com/cami-kirilan-ucak-zorunlu-inis-yapti-1145442-dunya/ 


Source: ttps://www.20min.ch/people/international/story/Christina-Surer-in-Todesangst-


14368107?httpredirect 


 


 


List of Videos 


Video: https://www.youtube.com/watch?v=NgKEidZynfM 


Video: https://www.youtube.com/watch?v=w4jHpHoYZhk 


Video: https://www.youtube.com/watch?v=H3A8MwHx2_I 


Video: https://www.youtube.com/watch?v=FzsTamPPnHc 


Video: https://www.youtube.com/watch?v=hHyVQiWFXzg 


Video: https://www.youtube.com/watch?v=k8b4fWs9k78 


Video: https://www.youtube.com/watch?v=k8b4fWs9k78 


Video: https://www.youtube.com/watch?v=wVq3dfDDFKY 


Video: https://www.youtube.com/watch?v=G5o0E5l_mxY 


 


 


 




 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 




 






 












34 


 


 


 






 






 












 


GENERAL AVIONICSTEST EQUIPMENT 


1. AIRSPEED TEST BENCH .............................................................................................................. 1 


1.1 Overview................................................................................................................................... 1 


1.2 Composition of an airspeed test bench .................................................................................... 1 


1.3 Principles of use........................................................................................................................ 2 


1.3.1 Increase in altitude............................................................................................................ 3 


1.3.2 Increase in speed .............................................................................................................. 3 


1.3.3 Decrease in speed ............................................................................................................. 3 


1.3.4 Decrease in altitude .......................................................................................................... 3 


2. RADIO NAVIGATION TEST BENCHES.......................................................................................... 5 


2.1 TIC Test Bench (VOR/ILS) .......................................................................................................... 5 


2.1.1 VOR Test............................................................................................................................ 5 


2.1.2 ILS Test .............................................................................................................................. 6 


2.1.3 Marker Test....................................................................................................................... 7 


2.2 ATC 601 Test Bench................................................................................................................... 8 


2.3 TCAS 201 Test Bench............................................................................................................... 10 


List of Pictures..................................................................................................................................... 12 


List of Videos....................................................................................................................................... 12 


List of Links ......................................................................................................................................... 12 


Photo .................................................................................................................................................. 12 





Table of contents 




 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 




 






 












GENERAL AVIONICS TEST EQUIPMENT 


 


 





1





 


1. AIRSPEED TEST BENCH 


1.1 Overview 


Airspeed systems must be checked and tested regularly using an airspeed test bench. The test bench 


is used to simulate flight parameters (altitude, speed, vertical speed) and to check that the data 


provided to the crew is complete, but also to ensure that there are no leaks in the system. 


This test bench is a pressure generator (by manual or electrical means) equipped with indicators and 


controls. Depending on the aircraft concerned, there is a set of pipe fittings ready to connect to the 


on-board pressure taps and some connecting pipes between these pipe fittings and the test bench. 


The most advanced test benches have a wired remote control used to control the test bench remotely 


(e.g. cockpit). (Fig.: 1.1)


 


Fig.: 1.1. Airspeed Test Bench 


1.2 Composition of an airspeed test bench 


The test bench consists of two air tanks: one pressure tank and one vacuum tank. 


These tanks are fed either by external electric pumps or by manual pumps positioned on the test 


bench itself, ensuring that it can operate on a stand-alone basis. The test bench has a full range of 


needle valves. There is a valve for supply to the total pressure port (Pt) and a valve for the static 


pressure port (Ps). There will be one or more valves to be used for venting the systems (at ambient 


atmospheric pressure). The Balance valve is used to balance the static pressure system and the total 


pressure system. (Fig.: 1.2) The figure below (Fig.1.2) shows the following components on this test 


bench:
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•A display module (1)(2). 


•Two static pressure outlet fittings (3). 


•Two total pressure outlet fittings (4). 


•A fitting to connect an external pressure source (7). 


•A fitting to connect an external vacuum source (8). 


•Two altitude variation control buttons (16 and 17). 


•Two speed variation control buttons (6 and 10). 


•An equalization valve control button (13). 


•A handle to actuate the manual vacuum pump (14). 


•A handle to actuate the manual pressure pump (9). 


 


Fig.: 1.2. Crouzet test bench control panel 


1.3 Principles of use 


In order to understand the various operations performed on an airspeed test bench, the functional 


diagram (Fig.1.3) is used. A complete test cycle will be described in detail: increase in altitude, increase 


in speed, decrease in speed and decrease in altitude in order to return to ground pressure. 
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1.3.1 Increase in altitude 


In order to simulate an increase in altitude, it is necessary to introduce a vacuum in the static pressure 


system, but also in the total pressure system. To obtain these conditions it is essential to open the 


Balance valve and to slowly open the valve (Ps) that introduces a vacuum in these systems. Vertical 


speed must be monitored to ensure that it does not exceed the maximum of about 4000ft/min 


recommended for maintenance procedures. 


1.3.2 Increase in speed 


In order to increase speed, the test bench must introduce pressure into the total pressure system. In


order to do this, the Balance valve needs to be closed and the pressure valve (Pt) needs to be opened 


slowly until the desired speed is obtained. 


1.3.3 Decrease in speed 


In order to reduce the speed displayed, simply open the Balance valve. This balances the total and 


static pressures and the speed display is decreased to the display value of 0 kt. 


1.3.4 Decrease in altitude 


In order to decrease altitude, as with increasing, it is necessary to open the Balance valve. Altitude 


decreases if the pressure valve is opened (Pt), but this operation presents a risk when test bench 


pneumatic connections are handled on the aircraft with altitude displayed as 0 ft. This solution does 


not guarantee the return of airspeed system pressure to real testing ground pressure. This very rapid 


pressure variation can even destroy flight instruments when the test bench pipes are disconnected. 


To decrease altitude and restore systems to local pressure, it is necessary to open the Balance valve, 


open a vent valve and open the corresponding valve (Ps or Pt). (Fig.: 1.3) 
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Fig.: 1.3. Functional diagram of an airspeed test bench 
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2. RADIO NAVIGATION TEST BENCHES 


There are many radio navigation test benches. Here we will look at the main ones. All these test 


benches are designed for the purpose of emitting radio signals that will be picked up by the aircraft


radio navigation systems. Depending on the signals simulated, the accuracy of the information 


displayed in the cockpit can be checked. 


2.1 TIC Test Bench (VOR/ILS) 


This test bench is actually made up of four separate test benches grouped together in the same 


housing as a unit. They can be used to test the VOR system, MARKER, LOC and GLIDE. There is one 


antenna for each test bench which must be fully deployed, otherwise there is a risk of damage to the 


components of the bench concerned. Each of the test benches operates on battery power, to give 


complete freedom of movement. The battery charge level for each test bench can be checked. (Fig.: 


2.1) 


 


 


 


2.1.1 VOR Test 


(Fig.: 2.2)


To perform a VOR system test, the aircraft VOR frequency must be adjusted to the test bench 


frequency (in our case: 108 MHz). After deploying the bench antenna, it is necessary to switch over 


the bench power supply switch (1) and check the indicator (2) to make sure that the bench battery is 


charged.





Fig.: 2.1. TIC Test bench 
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The rotary control (3) can be used to simulate a QDM and a QDR. Setting the rotary control to the 0° 


TO and 180° FROM position simulates an aircraft with QDM 0° and QDR 180°. There is also the 100° 


TO position which can be used to simulate a QDM 100°, but which can also be used to allow major 


variations in this value made by means of the potentiometer (4). This can therefore be used to check 


that the various VOR indicator needles move freely without any sticking points. 


The changeover switch (5) allows the simulated QDM and QDR value to be increased or decreased by 


1°. The TONE switch (6) creates a tone that can be heard by selecting the VOR key on the sound 


selection unit. 


 


 


 


2.1.2 ILS Test 


(Fig.: 2.3)


The ILS test is the combination of LOC system and GLIDE system tests. To perform this test, the two 


LOC module and GS module antennas need to be deployed, the aircraft LOC frequency needs to be 


adjusted to that of the test bench (108.1 MHz) and the two “POWER” switches need to be set to the


ON position. It should be noted that these two switches are mechanically connected. The GLIDE 


module selector (1) can be used to simulate the position of the aircraft on the glide path, below or 





Fig.: 2.2. VOR TIC Test Bench 
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above. The LOC module selector (2) is similar and can be used to simulate the aircraft on the LOC axis, 


to the right or to the left. For both these rotary controls, there is a “Variable” position that can be used


to gradually adjust the LOC or GLIDE discrepancies using potentiometers (2) and (5). The changeover


switches (4) can be used to simulate a faulty ILS signal and to check that error messages appear on the 


indicators.


 


Fig.: 2.3. ILS TIC Test Bench 


 


2.1.3 Marker Test 


(Fig.: 2.4)


The Marker system test is performed by moving the various switches of this module in sequence. As 


with the previous tests, the Marker module antenna must be deployed for the Marker test. The switch 


(1) simulates flying over an Inner Marker, (2) an Outer Marker and (3) a Middle Marker. Each time one 


of the switches is activated, the bench indicator needle (4) must move into the white zone. For each 


position, the operator must check the visual indicators (indicator light or messages) and audio alarms 


on the aircraft by selecting the Marker key on the sound selection unit. 
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Fig.: 2.4. Markers TIC Test Bench 


2.2 ATC 601 Test Bench 


(Fig.: 2.5)


This test bench can be used to check the integrity of the ATC system on an aircraft. It consists of a test 


module equipped with a digital control screen and control keys, an antenna (stored in the test bench 


cover) and a coaxial cable to connect the antenna to the test bench. It is very important to connect 


the antenna to the test bench before performing the tests. Otherwise there is a risk of damage to the 


test bench. 






 






 












GENERAL AVIONICS TEST EQUIPMENT 


 


 





9





 


Fig.: 2.5. ATC 601 Test Bench


 


This test bench can be used to test the ATC A, C and S mode. There are many possible tests. The 


general principle of the operation of this test bench is to query the aircraft ATC and then to be able to 


analyse the various parameters of the response. In the example below (Fig: 2.6), you can read the 


pulse width and spacing of the ATC response from the aircraft. You can also see the ATC code A mode 


and the altitude sent by C mode. 


 


Fig.: 2.6. Example of ATC 601 test bench display 


 


The test bench antenna must be pointed towards the ATC antenna to be tested (lower or higher). 


Using the cover (Fig: 2.7) provided with the test bench, it is also possible to conceal an antenna of the 


aircraft in order to make it inoperative. 
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Fig.: 2.7. ATC 601 antenna cover 


2.3 TCAS 201 Test Bench 


(Fig.: 2.8)


This test bench is very similar to the ATC 601 test bench, but it has a different function. This test bench 


will simulate an intruder in order to check that the TCAS system of the aircraft being tested displays 


data correctly and provides the correct alarms and instructions for evasion. 


 


Fig.: 2.8. ATC 601 antenna cover 
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The basic principle for this test bench is to be able to introduce scenarios that simulate movement of 


an intruder aircraft. The ATC equipment can be configured for this intrusion, its distance, speed, 


altitude and vertical speed. (Fig.: 2.9) The scenario is implemented and varies the position of the 


intruder over time depending on the settings applied. 


 


Fig.: 2.9. Example of Scenario on TCAS 201 Test Bench 
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1.1 Overview 


1.1.1 Weight 


A good knowledge of aircraft weights is essential for proper understanding of the 


techniques associated with changes to the aircraft empty weight and how it 


changes during loading. Any change that can occur on an aircraft and affect the 


weight and balance must be taken into account. Studying the effect of such 


changes on operating limits will therefore be necessary in order to maintain the 


flight characteristics of the aircraft. 


1.1.2 Balance 


Balancing an aircraft means :


•Identifying the position of its centre of gravity. 


•Checking that it lies within the limits imposed. In order to determine the 


balance of an aircraft in operation, it is necessary to determine first the 


empty weight of the aircraft, then the point of application of its centre of 


gravity (CG).


1.2 Reminders 


1.2.1 Centre of gravity 


The centre of gravity of an object is the point at which the total mass of the object 


is applied as a single force. It is also the point of intersection of the three axes of 


the aircraft. The position of this pivotal point will move during flight as a result of


fuel consumption or shifting of cargo. By definition, the CG is not a fixed point of 


the aircraft.


1.2.2 Concept of weight and balance envelope 


The Centre of Gravity must be located a reasonable distance forward or aft of an 


optimum position. 


–With a forward CG : 


•Stability is increased. 


•Manoeuvrability is decreased. 
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–With an aft CG: 


•Stability is decreased. 


•Manoeuvrability is increased. 


•Cruising fuel consumption is decreased. (Fig.: 1.1) 


Fig.: 1.1. Longitudinal stability 


Any equipment removed from or added to the aircraft changes the position of its 


centre of gravity (CG). This change also causes a change in behaviour of the 


aircraft in flight. Incorrect balance can make it impossible to control the aircraft. 


In order to prevent these problems, time must be taken to calculate the CG 


position before the flight and to check that this position remains within the 


specified limits (balance envelope). 


Apart from the changes to stability, the equipment added or removed will affect 


the various masses, and therefore the aircraft performance. The effects of such 


changes need to be assessed in order to guarantee flight performances. The key 


document recording the basic data concerning the aircraft weights and balance is: 


the Load Sheet. It is mandatory for this document to be carried on-board the 


aircraft. It will be used to produce weight and balance estimates. This operation 


is performed before each flight. 


1.2.3 Terminology 


Reference plane (datum) 


The reference plane is formed by an imaginary vertical plane perpendicular to the 


plane of symmetry of the aircraft. This plane is taken as the origin for the 


horizontal distances in CG calculations. This reference is generally indicated in the 


specifications, flight manual, etc. 
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This reference line may be located upwind of the nose of the aircraft, in line with 


frame n° 1, at the leading edge of a particular chord of the wing called the “Mean


Aerodynamic Chord” (MAC). 


Mean Aerodynamic Chord (MAC)


The MAC expressed as a percentage (0 to 100 %) is the mean chord of the wing.


The position of this chord in relation to the reference plane and its dimensions is 


indicated in the specifications, flight manual, weighing report, etc. It is also 


referred to as the MAC, the “Mean Aerodynamic Chord”. Its value is found using 


the following : (Fig.: 1.2) 


 


 


 


Fig.: 1.2. Mean Aerodynamic Chord 
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1.3 Aircraft weight definitions 


Empty weight


The empty weight must be determined by weighing of the aircraft according to its 


standard configuration. The items considered will include : 


•The fluids necessary for operation (oil, hydraulics, etc.), except for fuel, 


water, etc.


•A very precise inventory of the cabin systems and fixtures. 


This is why it is imperative to refer to the documentation in order to produce the 


inventory of the aircraft during weighing. 


Basic weight 


Basic weight (DOW: Dry Operating Weight or OEW : Operating Empty Weight) is 


the sum of the empty weight added to the weight of the flight and cabin crew, the 


items provided to the passengers and the permanent on-board equipment. 


This can be adjusted for a change in version, for example addition of a flight 


attendant. (Fig.: 1.3) 


 


Fig.: 1.3. Dry Operating Weight (DOW) 


Passenger weight 


The passenger weight is the total weight of the passengers plus their carry-on 


luggage. (Fig.: 1.4) 






 






 












WEIGHT AND BALANCE 


 


 





5





 


Fig.: 1.4. Passenger weight 


Hold Weight 


The hold weight comprises the checked luggage, the empty weight of the luggage 


containers, air freight, airmail, etc. 


Payload 


The payload is the sum of the passenger weight and the hold weight. The flight 


is financed by the transportation of the payload.(Fig: 1.5) 


 


Fig.: 1.5. Payload 


Operating Weight 


The operating weight is the sum of the basic weight plus the fuel on take off. 


Zero fuel weight


The zero-fuel weight is the sum of the basic weight plus the payload (ZFW). 


Taxi weight 


The taxi weight is the sum of the zero-fuel weight and the total fuel or block fuel 


(TXW: Taxi Weight). 
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Take-off weight


The take-off weight is the sum of the zero-fuel weight plus the fuel on take-off. It 


is also equal to the taxi weight minus the taxi fuel burn (TOW: Take Off Weight). 


Landing weight 


Landing weight is equal to the take-off weight minus the offloading (LAW: Landing 


Weight).


1.4 Summary of weights 


The real weight calculations are performed in the following sequence : (Fig.: 1.6) 


 


 


Fig.: 1.6. Definition of weights
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1.5 Maximum weights 


1.5.1 Overview 


Maximum weights are data elements defined during aircraft design. They are 


actually used to determine the maximum structural weights authorised by 


aircraft manufacturers. There are four of them: 


•Maximum Zero Fuel Weight (MZFW); 


•Maximum Taxi Weight (MTW); 


•Maximum Take-off Weight (MTOW); 


•Maximum Landing Weight (MLW). 


They represent the limits of development for ground flying trainers and for aircraft 


in flight. The maximum structural weights depend on engine power, aircraft 


manufacturing processes and the resistance of the materials used in aircraft 


design. In operation, operators need to apply a safety coefficient imposed by the 


manufacturers, to give values that are always lower, called the maximum 


operational weights. These depend on the local conditions at the departure and 


destination airports (weather, runway lengths, topography, etc.). 


1.5.2 Maximum Zero Fuel Weight (MZFW) 


The Maximum Zero Fuel Weight is limited in order to reduce the forces exerted on 


the structure at the end of the flight. During a flight, there are two opposing forces 


exerted at the wing roots: 


•upwards: lift (center of thrust) applied to the wings; 


•downwards: total aircraft weight. 


At the start of the flight, the weight of the fuel contained in the wings partly 


compensates for stresses resulting from lift. At the end of the flight, when 


the fuel weight reaches a minimum, these stresses increase. The stresses 


at the end of the flight would be at their maximum with empty wing tanks! 


This is why aircraft manufacturers set limits for zero fuel weight (MZFW). 


(Fig.: 1.7) 
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Fig.: 1.7. Maximum Zero Fuel Weight 


 


 


NOTE :


MZFW is never reduced by local airport conditions. 


1.5.3 Maximum Taxi Weight (MTW) 


The Maximum Taxi Weight is the point at which the aircraft weight is at its 


greatest. On the parking stand the fuel provided for taxi fuel burn has not yet 


been used up. This limitation in particular takes account of landing gear resistance 


during pushback. 


NOTE:


During the push, the flight crew must take account of residual engine thrust in 


idle, parking stand gradient, any other force opposing pushback. 


1.5.4 Maximum Take-off Weight (MTOW) 


Maximum Takeoff Weight is limited to allow aircraft takeoff in optimum conditions. 


It is the maximum weight on brake release at the end of the runway. The limit is


determined by the following operational factors: 


•Takeoff runway length; 


•Topography in takeoff trajectory; 


•Engine performance; 


•Weather conditions, etc. 
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1.5.5 Maximum Landing Weight (MLW) 


The Maximum Landing Weight is limited by the aircraft impact on the runway. The 


forces exerted on the landing gear and on the structure will depend on the aircraft 


weight during landing. 


This limit may also depend on operational factors associated with the go-around 


or the landing, such as: 


•Runway length available for landing; 


•Weather conditions; 


•Airfield altitude, etc. 


1.6 Weighing 


1.6.1 Interval between weighing operations 


Before its first flight, an aircraft has to be weighed and its center of gravity has to 


be determined. These values will be noted in the Load Sheet. The equipping of the 


aircraft is then specified in an appendix or in the maintenance manual. 


The weighing of a new aircraft when it came off the production line can be used if 


the operator takes account of the changes made to the aircraft during the 


commissioning process. A new weighing operation must be performed :


•after any significant modifications likely to affect the weight or balance; 


•at the end of a major project or operation defined in the maintenance 


manual.


1.6.2 Implementation of weighing operations 


In order to carry out these operations, it is necessary to refer to ATA Chapter 8 


“LEVELLING & WEIGHING” in the maintenance manual of the aircraft concerned. 


Hangar Configuration 


The weighing operation can only be performed in an enclosed hangar, protected 


from wind.
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Aircraft Configuration 


•It is essential to check levels (oil in engines, APU oil, hydraulic fluid, IDG 


oil, etc.). 


•Check that cabin equipment is present (fire extinguishers, oxygen masks, 


seat belts, etc.).


•Empty the containers, toilet water, fuel, etc. 


•Check the wheel and shock absorber pressure. 


•The aircraft must be empty of tools (safety devices, braces, etc.) and 


covers.


•The wing must be smooth (slats, flaps, air brakes, spoilers retracted). 


•The doors must be closed. 


•Parking brake released. 


NOTE :


As weighing is generally performed at the end of aircraft maintenance downtime, 


check carefully that the aircraft has all of its equipment (cowlings, service doors, 


etc.).


Installation of weighing equipment 


•Checking equipment calibration. 


•Zero settings. 


•Installing scales on jacks or under wheels. (Fig. 1.8) 


 


Fig.: 1.8. Weighing PA28 
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Levelling


For levelling it is necessary to refer to the “LEVELLING” chapter of the Maintenance


Manual. The methods used will depend on the aircraft type. 


A measuring device based on the “plumb line” or a spirit level may be used. 


Example:


Levelling a PA28-151 (Fig: 1.9) 


 


Fig.: 1.9. Levelling 


1.6.3 Balance calculation 


After having taken readings from the two Main Gear scales and from the Nose 


Gear scale, the aircraft weight (W) is obtained. 


The center of gravity still needs to be determined. 


This CG will be determined in relation to the reference plane. Example of 


calculation to determine location of CG for a Piper PA 28. (Fig.: 1.10) 
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Fig.: 1.10. Weighing calculation for PA 28 


 


Manufacturer data 


A = 2.786 m 


D1= 2.001 m 


Hypotheses


P1 = weight on nose wheel 


P2 = weight on main gear 


D2 = A - X 


Weighing results


P1 = 181 kg 


P2 = 498 kg 


Using the basic equation 


D2 (P1 + P2) = D x P1 


D2 = (D x P1)/(P1 + P2) = (2.001 x 181)/(181+498) = 362/679 






 






 












WEIGHT AND BALANCE 


 


 





13 





We find the value of X 


X = A - D2 = 2.786 - 0.533 


X = 2.253 


Conclusion : 


During weighing the center of gravity is located 2.27 m from the reference point. 


The exact position of the center of gravity is now known. It can therefore be 


located in relation to the Mean Aerodynamic Chord. (Fig.: 1.11) 


 


Fig.: 1.11. Position of MAC of PA 28 


 


Calculation of CG position in relation to % of MAC 


Manufacturer data 


A = 1.999 m 


L2= 1.589 m 


Hypothesis :


X = 2.253 m 


Application :


% MAC = (X - L1)/L2 = 0.159 


Or 16 % of MAC. 
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2. VARIATION IN WEIGHTS AND BALANCE 


2.1 Variation in weights 


The variations in weight during loading of an aircraft must be expressed from the 


starting point of the empty weight determined by the weighing operation. 


This value will be added to by the crew, passenger provisions and cabin 


equipment, to give the basic weight (DOW). 


This basic weight can be adjusted in relation to versions of the aircraft (e.g. 


addition of a flight attendant). The crew makes its estimate of the fuel (block fuel 


quantity) necessary for performing the flight, including regulatory reserves.


Calculation of Zero Fuel Weight, Taxi Weight and Takeoff Weight. Checking of 


compliance with applicable (operational or structural) limitations. 


This operation is called the weight report. 


2.2 Variation in balance 


The variations in balance during loading of an aircraft must be expressed from the 


starting point of the empty balance. The balance will then be adjusted in relation 


to loading (passengers, cargo, fuel, etc.). 


Compliant with the empty balance formula, the only variable is “X”, distance from 


plane 0 to center of gravity. Applying the following method will allow for 


determination of the new distance X and the CG position after loading of the 


aircraft with passengers, cargo, fuel, etc. (Fig: 2.1) 
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Fig.: 2.1. Variation in CG 


 


2.2.1 Calculation of new ”X” 


With P1 the basic weight of the aircraft, and D1 its point of application. P2, P3, …,


Pn weights corresponding to the loadings distributed in the aircraft and D2, D3, 


…, Dn their respective distances from the reference plane 0. 


The moment at 0 of these different weights is : Mt = (D1xP1) + (D2xP2) 


+….+(DnxPn) 


Also P2, P3, …, Pn forming a system of parallel forces, this moment is equal to : 


(P1+P2+P3+…+Pn) x D 


The calculation of the new D is : 


D =(D1P1) +(D2 P2) +(D3P3) +... +(Dn Pn) 


P1+P2 +P3 +... +Pn 


Relation (Dn Pn) 


                             Pn 


represents the new D. 
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The new balance is then expressed by the following: 


 (Dn Pn) −A 


C % or MAC = 100    Pn 


L


Where: (Dn Pn) =D0 


Pn 


A : Leading Edge Mean Aerodynamic Chord –LEMAC 


L : Mean Aerodynamic Chord –MAC 


2.3 Balance Chart 


2.3.1 Overview 


In order to facilitate aircraft loading operations, using a reference chart with a 


quick simple method allows changes in weight and balance to be calculated. This


balance chart allows the aircraft CG to be determined for each flight. This 


document constitutes a regulatory document and must be produced for each 


stage. This calculation is performed using a reference chart, drawn in the plan 


(moment, weight). In this plan, the iso positions of the center of gravity 


(expressed as a % of MAC, 20%, 30%, etc.) are represented by a cluster of lines 


representing, on the horizontal scale, moment at 0, and on the vertical scale, 


aircraft weight in tonnes. (Fig.: 2.3) 
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Fig.: 2.2. Balance


chart 


2.3.2 Preparing the balance chart 


The balance chart is prepared for each stage. It consists of the following: 


In the first section, on the left: 


•Flight number; 


•Date; 


•Stage; 


•Author’s name. 


In the first section, on the right: 


•Type of aircraft; 
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•Identification of cabin zones; 


•Identification of cargo holds. 


2.3.3 Determination of balance without fuel 


In the second section there is a table for recording the loading in the hold (freight 


in kilograms) and in the cabin (number of passengers). 


Starting with the empty balance, also called the “basic index”, representing the


moment of the basic weight, the moments of the additional weights are added. 


This basic index can be adjusted to take account of changes in aircraft version. 


By intersection between aircraft zero fuel weight (horizontal), and balance after 


loading (vertical), the location  of  the  center  of  gravity  is  obtained  as  a  “MAC” 


percentage. This point is the CG position without fuel (ZFW) corresponding to 


balance at the end of a flight. It is also called the “zero fuel index”. (Fig.: 2.2) 


 


Index de base : Dry Operating Index


Fig.: 2.3. Zero


fuel index 


 


2.3.4 Determination balance with fuel 


At the center of the chart is the full fuel load section. From the starting point of 


the balance without fuel, at the end of jet fuel filling the taxi balance is determined. 
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By intersection between aircraft weight with fuel (horizontal), and balance after 


filling  (vertical),  the  location  of  the  center  of  gravity  is  obtained  as  a  “MAC”


percentage. This point is the pre-flight CG position. 


2.3.5 Operational and certified limits 


The ZFW and TOW positions must be within the operational limits defined by the 


manufacturer. The certified limits defined in this way by the manufacturer are 


linked to the structural strength of the aircraft. 


The limits of MZFW and MTOW are also represented by horizontal lines (Maximum 


Zero Fuel Weight and Maximum Takeoff Weight). 


 


 


 


 


 


 


3. Exercise 


 


Weight and balance report 


Plan of an Airbus 320-200 equipped with 180 passenger seats. 


 


Fig.: 2.4. Plan of an 


Airbus 320-200 
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Opposite is a weight and balance report for an Airbus 320. Only the boxes for 


different weights (zero fuel weight, take-off weight, landing weight, fuel load 


weight and payload weight) and the number of passengers and their positions in 


the aircraft have been filled in to allow for implementing the balance.


•The adjusted base index is 47. 


•What is the take-off weight, landing weight, index and balance? 
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Fig.: 2.5. Balance


chart 
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4. Correction 


After having entered all the data, the aircraft balance on takeoff with weight of 


68,482Kg will be 29% of MAC. 
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 Fig.: 2.6. Balance chart 
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function z(a){a=a.page;var b=a.parentNode;return[b.scrollLeft-a.offsetLeft-a.clientLeft,b.scrollTop-a.offsetTop-a.clientTop]}function A(a){a.loaded&&a.g&&(a.h.classList.remove("opened"),a.g=!1)}function B(a){this.b=x(t,0<arguments.length?a:{});this.i=[];C();var b=this;document.addEventListener("DOMContentLoaded",function(){E(b)},!1)}

B.prototype={scale:1,e:0,l:0,d:function(a,b,c){var d=this.scale;this.scale=a=0===a?1:b?d*a:a;c||(c=[0,0]);b=this.a;c[0]+=b.scrollLeft;c[1]+=b.scrollTop;for(var e=this.c,g=e.length,h=this.l;h<g;++h){var f=e[h].page;if(f.offsetTop+f.clientTop>=c[1])break}f=h-1;0>f&&(f=0);var f=e[f].page,k=f.clientWidth,h=f.clientHeight,l=f.offsetLeft+f.clientLeft,m=c[0]-l;0>m?m=0:m>k&&(m=k);k=f.offsetTop+f.clientTop;c=c[1]-k;0>c?c=0:c>h&&(c=h);for(h=0;h<g;++h)e[h].d(a);b.scrollLeft+=m/d*a+f.offsetLeft+f.clientLeft-

m-l;b.scrollTop+=c/d*a+f.offsetTop+f.clientTop-c-k;F(this,!0)},p:function(a){var b=a.target,c=b.getAttribute("data-dest-detail");if(c){var d=G;a:{for(;b;){if(b.nodeType===Node.ELEMENT_NODE&&b.classList.contains("pf")){var b=parseInt(b.getAttribute("data-page-no"),16),e=this.n,b=b in e?this.c[e[b]]:null;break a}b=b.parentNode}b=null}d(this,c,b);a.preventDefault()}}};

function H(a,b,c){var d=a.c;0>b||b>=d.length||(b=z(d[b]),void 0===c&&(c=[0,0]),a=a.a,a.scrollLeft+=c[0]-b[0],a.scrollTop+=c[1]-b[1])}

function G(a,b,c){try{var d=JSON.parse(b)}catch(e){return}if(d instanceof Array){b=d[0];var g=a.n;if(b in g){var h=g[b];b=a.c[h];for(var g=2,f=d.length;g<f;++g){var k=d[g];if(null!==k&&"number"!==typeof k)return}for(;6>d.length;)d.push(null);g=c||a.c[a.e];c=z(g);c=v(g.o,[c[0],g.height()-c[1]]);var g=a.scale,l=[0,0],m=!0,f=!1,k=a.scale;switch(d[1]){case "XYZ":l=[null===d[2]?c[0]:d[2]*k,null===d[3]?c[1]:d[3]*k];g=d[4];if(null===g||0===g)g=a.scale;f=!0;break;case "Fit":case "FitB":l=[0,0];f=!0;break;

case "FitH":case "FitBH":l=[0,null===d[2]?c[1]:d[2]*k];f=!0;break;case "FitV":case "FitBV":l=[null===d[2]?c[0]:d[2]*k,0];f=!0;break;case "FitR":l=[d[2]*k,d[5]*k],m=!1,f=!0}f&&(a.d(g,!1),d=function(b){l=v(b.k,l);m&&(l[1]=b.height()-l[1]);H(a,h,l)},b.loaded?d(b):(I(a,h,void 0,d),H(a,h)))}}}

function J(a){window.addEventListener("DOMMouseScroll",function(b){if(b.ctrlKey){b.preventDefault();var c=a.a,d=c.getBoundingClientRect();a.d(Math.pow(a.b.scale_step,b.detail),!0,[b.clientX-d.left-c.clientLeft,b.clientY-d.top-c.clientTop])}},!1);window.addEventListener("keydown",function(b){var c=!1,d=b.ctrlKey||b.metaKey,e=b.altKey;switch(b.keyCode){case 61:case 107:case 187:d&&(a.d(1/a.b.scale_step,!0),c=!0);break;case 173:case 109:case 189:d&&(a.d(a.b.scale_step,!0),c=!0);break;case 48:d&&(a.d(0,

!1),c=!0);break;case 33:e?H(a,a.e-1):a.a.scrollTop-=a.a.clientHeight;c=!0;break;case 34:e?H(a,a.e+1):a.a.scrollTop+=a.a.clientHeight;c=!0;break;case 35:a.a.scrollTop=a.a.scrollHeight;c=!0;break;case 36:a.a.scrollTop=0,c=!0}c&&b.preventDefault()},!1)}function F(a,b){if(void 0!==a.j){if(!b)return;clearTimeout(a.j)}a.j=setTimeout(function(){delete a.j;K(a)},a.b.render_timeout)}

function K(a){for(var b=a.a,c=b.scrollTop,d=b.clientHeight,b=c-d,c=c+d+d,d=a.c,e=0,g=d.length;e<g;++e){var h=d[e],f=h.page,k=f.offsetTop+f.clientTop,f=k+f.clientHeight;k<=c&&f>=b?h.loaded?h.show():I(a,e):A(h)}}function C(){var a="@media screen{."+r+"{display:none;}}",b=document.createElement("style");b.styleSheet?b.styleSheet.cssText=a:b.appendChild(document.createTextNode(a));document.head.appendChild(b)}

function I(a,b,c,d){var e=a.c;if(!(b>=e.length||(e=e[b],e.loaded||a.i[b]))){var e=e.page,g=e.getAttribute("data-page-url");if(g){a.i[b]=!0;var h=a.q.cloneNode();h.classList.add("active");e.appendChild(h);var f=a,k=new XMLHttpRequest;k.open("GET",g,!0);k.onreadystatechange=function(){if(4==k.readyState){if(200===k.status){var a=document.createElement("div");a.innerHTML=k.responseText;for(var c=null,a=a.childNodes,g=0,e=a.length;g<e;++g){var h=a[g];if(h.nodeType===Node.ELEMENT_NODE&&h.classList.contains("pf")){c=

h;break}}a=f.c[b];f.a.replaceChild(c,a.page);a=new y(c);f.c[b]=a;A(a);a.d(f.scale);w(c.getElementsByClassName("bi"));F(f,!1);d&&d(a)}delete f.i[b]}};k.send(null)}void 0===c&&(c=a.b.preload_pages);0<--c&&(f=a,setTimeout(function(){I(f,b+1,c)},0))}}function L(a){for(var b=[],c={},d=a.a.childNodes,e=0,g=d.length;e<g;++e){var h=d[e];h.nodeType===Node.ELEMENT_NODE&&h.classList.contains("pf")&&(h=new y(h),b.push(h),c[h.r]=b.length-1)}a.c=b;a.n=c}

function E(a){a.sidebar=document.getElementById(a.b.sidebar_id);a.outline=document.getElementById(a.b.outline_id);a.a=document.getElementById(a.b.container_id);a.q=document.getElementsByClassName(a.b.loading_indicator_cls)[0];for(var b=!0,c=a.outline.childNodes,d=0,e=c.length;d<e;++d)if("UL"===c[d].nodeName){b=!1;break}b||a.sidebar.classList.add("opened");L(a);0!=a.c.length&&(w(document.getElementsByClassName("bi")),a.b.key_handler&&J(a),a.b.hashchange_handler&&window.addEventListener("hashchange",

function(){G(a,document.location.hash.substring(1))},!1),a.a.addEventListener("scroll",function(){var b=a.c,c=b.length;if(!(2>c)){for(var d=a.a,e=d.scrollTop,d=e+d.clientHeight,l=-1,m=c,n=m-l;1<n;){var p=l+Math.floor(n/2),n=b[p].page;n.offsetTop+n.clientTop+n.clientHeight>=e?m=p:l=p;n=m-l}a.l=m;for(var p=l=a.e,D=0;m<c;++m){var n=b[m].page,u=n.offsetTop+n.clientTop,n=n.clientHeight;if(u>d)break;n=(Math.min(d,u+n)-Math.max(e,u))/n;if(m===l&&1E-6>=Math.abs(n-1)){p=l;break}n>D&&(D=n,p=m)}a.e=p}F(a,!0)},

!1),[a.a,a.outline].forEach(function(b){b.addEventListener("click",a.p.bind(a),!1)}),K(a))}q.Viewer=B;})();





EPUB/xhtml/pdfhrp1z/pages/compatibility.min.js
/*

 Copyright 2012 Mozilla Foundation 

 Copyright 2013 Lu Wang <coolwanglu@gmail.com>

 Apache License Version 2.0 

*/

(function(){function b(a,b,e,f){var c=(a.className||"").split(/\s+/g);""===c[0]&&c.shift();var d=c.indexOf(b);0>d&&e&&c.push(b);0<=d&&f&&c.splice(d,1);a.className=c.join(" ");return 0<=d}if(!("classList"in document.createElement("div"))){var e={add:function(a){b(this.element,a,!0,!1)},contains:function(a){return b(this.element,a,!1,!1)},remove:function(a){b(this.element,a,!1,!0)},toggle:function(a){b(this.element,a,!0,!0)}};Object.defineProperty(HTMLElement.prototype,"classList",{get:function(){if(this._classList)return this._classList;

var a=Object.create(e,{element:{value:this,writable:!1,enumerable:!0}});Object.defineProperty(this,"_classList",{value:a,writable:!1,enumerable:!1});return a},enumerable:!0})}})();





EPUB/xhtml/pdfg7w4a/pages/pdf2htmlEX.min.js
(function(){/*

 pdf2htmlEX.js: Core UI functions for pdf2htmlEX 

 Copyright 2012,2013 Lu Wang <coolwanglu@gmail.com> and other contributors 

 https://github.com/coolwanglu/pdf2htmlEX/blob/master/share/LICENSE 

*/

var q=window.pdf2htmlEX=window.pdf2htmlEX||{},r="pc",s="pi",t={container_id:"page-container",sidebar_id:"sidebar",outline_id:"outline",loading_indicator_cls:"loading-indicator",preload_pages:3,render_timeout:100,scale_step:0.9,key_handler:!0,hashchange_handler:!0,__dummy__:"no comma"};function v(a,b){return[a[0]*b[0]+a[2]*b[1]+a[4],a[1]*b[0]+a[3]*b[1]+a[5]]}function w(a){for(var b=0,c=a.length;b<c;++b)a[b].addEventListener("dragstart",function(){return!1},!1)}

function x(a){for(var b={},c=0,d=arguments.length;c<d;++c){var e=arguments[c],g;for(g in e)e.hasOwnProperty(g)&&(b[g]=e[g])}return b}

function y(a){if(a){this.g=this.loaded=!1;this.page=a;this.r=parseInt(a.getAttribute("data-page-no"),16);this.m=a.clientHeight;this.t=a.clientWidth;var b=a.getElementsByClassName(r)[0];b&&(this.h=b,this.s=this.f=this.m/b.clientHeight,this.u=JSON.parse(a.getElementsByClassName(s)[0].getAttribute("data-data")),a=this.k=this.u.ctm,b=a[0]*a[3]-a[1]*a[2],this.o=[a[3]/b,-a[1]/b,-a[2]/b,a[0]/b,(a[2]*a[5]-a[3]*a[4])/b,(a[1]*a[4]-a[0]*a[5])/b],this.loaded=!0)}}

y.prototype={show:function(){this.loaded&&!this.g&&(this.h.classList.add("opened"),this.g=!0)},d:function(a){this.f=0===a?this.s:a;this.loaded&&(a=this.h.style,a.msTransform=a.webkitTransform=a.transform="scale("+this.f.toFixed(3)+")");a=this.page.style;a.height=this.m*this.f+"px";a.width=this.t*this.f+"px"},height:function(){return this.page.clientHeight},width:function(){return this.page.clientWidth}};

function z(a){a=a.page;var b=a.parentNode;return[b.scrollLeft-a.offsetLeft-a.clientLeft,b.scrollTop-a.offsetTop-a.clientTop]}function A(a){a.loaded&&a.g&&(a.h.classList.remove("opened"),a.g=!1)}function B(a){this.b=x(t,0<arguments.length?a:{});this.i=[];C();var b=this;document.addEventListener("DOMContentLoaded",function(){E(b)},!1)}

B.prototype={scale:1,e:0,l:0,d:function(a,b,c){var d=this.scale;this.scale=a=0===a?1:b?d*a:a;c||(c=[0,0]);b=this.a;c[0]+=b.scrollLeft;c[1]+=b.scrollTop;for(var e=this.c,g=e.length,h=this.l;h<g;++h){var f=e[h].page;if(f.offsetTop+f.clientTop>=c[1])break}f=h-1;0>f&&(f=0);var f=e[f].page,k=f.clientWidth,h=f.clientHeight,l=f.offsetLeft+f.clientLeft,m=c[0]-l;0>m?m=0:m>k&&(m=k);k=f.offsetTop+f.clientTop;c=c[1]-k;0>c?c=0:c>h&&(c=h);for(h=0;h<g;++h)e[h].d(a);b.scrollLeft+=m/d*a+f.offsetLeft+f.clientLeft-

m-l;b.scrollTop+=c/d*a+f.offsetTop+f.clientTop-c-k;F(this,!0)},p:function(a){var b=a.target,c=b.getAttribute("data-dest-detail");if(c){var d=G;a:{for(;b;){if(b.nodeType===Node.ELEMENT_NODE&&b.classList.contains("pf")){var b=parseInt(b.getAttribute("data-page-no"),16),e=this.n,b=b in e?this.c[e[b]]:null;break a}b=b.parentNode}b=null}d(this,c,b);a.preventDefault()}}};

function H(a,b,c){var d=a.c;0>b||b>=d.length||(b=z(d[b]),void 0===c&&(c=[0,0]),a=a.a,a.scrollLeft+=c[0]-b[0],a.scrollTop+=c[1]-b[1])}

function G(a,b,c){try{var d=JSON.parse(b)}catch(e){return}if(d instanceof Array){b=d[0];var g=a.n;if(b in g){var h=g[b];b=a.c[h];for(var g=2,f=d.length;g<f;++g){var k=d[g];if(null!==k&&"number"!==typeof k)return}for(;6>d.length;)d.push(null);g=c||a.c[a.e];c=z(g);c=v(g.o,[c[0],g.height()-c[1]]);var g=a.scale,l=[0,0],m=!0,f=!1,k=a.scale;switch(d[1]){case "XYZ":l=[null===d[2]?c[0]:d[2]*k,null===d[3]?c[1]:d[3]*k];g=d[4];if(null===g||0===g)g=a.scale;f=!0;break;case "Fit":case "FitB":l=[0,0];f=!0;break;

case "FitH":case "FitBH":l=[0,null===d[2]?c[1]:d[2]*k];f=!0;break;case "FitV":case "FitBV":l=[null===d[2]?c[0]:d[2]*k,0];f=!0;break;case "FitR":l=[d[2]*k,d[5]*k],m=!1,f=!0}f&&(a.d(g,!1),d=function(b){l=v(b.k,l);m&&(l[1]=b.height()-l[1]);H(a,h,l)},b.loaded?d(b):(I(a,h,void 0,d),H(a,h)))}}}

function J(a){window.addEventListener("DOMMouseScroll",function(b){if(b.ctrlKey){b.preventDefault();var c=a.a,d=c.getBoundingClientRect();a.d(Math.pow(a.b.scale_step,b.detail),!0,[b.clientX-d.left-c.clientLeft,b.clientY-d.top-c.clientTop])}},!1);window.addEventListener("keydown",function(b){var c=!1,d=b.ctrlKey||b.metaKey,e=b.altKey;switch(b.keyCode){case 61:case 107:case 187:d&&(a.d(1/a.b.scale_step,!0),c=!0);break;case 173:case 109:case 189:d&&(a.d(a.b.scale_step,!0),c=!0);break;case 48:d&&(a.d(0,

!1),c=!0);break;case 33:e?H(a,a.e-1):a.a.scrollTop-=a.a.clientHeight;c=!0;break;case 34:e?H(a,a.e+1):a.a.scrollTop+=a.a.clientHeight;c=!0;break;case 35:a.a.scrollTop=a.a.scrollHeight;c=!0;break;case 36:a.a.scrollTop=0,c=!0}c&&b.preventDefault()},!1)}function F(a,b){if(void 0!==a.j){if(!b)return;clearTimeout(a.j)}a.j=setTimeout(function(){delete a.j;K(a)},a.b.render_timeout)}

function K(a){for(var b=a.a,c=b.scrollTop,d=b.clientHeight,b=c-d,c=c+d+d,d=a.c,e=0,g=d.length;e<g;++e){var h=d[e],f=h.page,k=f.offsetTop+f.clientTop,f=k+f.clientHeight;k<=c&&f>=b?h.loaded?h.show():I(a,e):A(h)}}function C(){var a="@media screen{."+r+"{display:none;}}",b=document.createElement("style");b.styleSheet?b.styleSheet.cssText=a:b.appendChild(document.createTextNode(a));document.head.appendChild(b)}

function I(a,b,c,d){var e=a.c;if(!(b>=e.length||(e=e[b],e.loaded||a.i[b]))){var e=e.page,g=e.getAttribute("data-page-url");if(g){a.i[b]=!0;var h=a.q.cloneNode();h.classList.add("active");e.appendChild(h);var f=a,k=new XMLHttpRequest;k.open("GET",g,!0);k.onreadystatechange=function(){if(4==k.readyState){if(200===k.status){var a=document.createElement("div");a.innerHTML=k.responseText;for(var c=null,a=a.childNodes,g=0,e=a.length;g<e;++g){var h=a[g];if(h.nodeType===Node.ELEMENT_NODE&&h.classList.contains("pf")){c=

h;break}}a=f.c[b];f.a.replaceChild(c,a.page);a=new y(c);f.c[b]=a;A(a);a.d(f.scale);w(c.getElementsByClassName("bi"));F(f,!1);d&&d(a)}delete f.i[b]}};k.send(null)}void 0===c&&(c=a.b.preload_pages);0<--c&&(f=a,setTimeout(function(){I(f,b+1,c)},0))}}function L(a){for(var b=[],c={},d=a.a.childNodes,e=0,g=d.length;e<g;++e){var h=d[e];h.nodeType===Node.ELEMENT_NODE&&h.classList.contains("pf")&&(h=new y(h),b.push(h),c[h.r]=b.length-1)}a.c=b;a.n=c}

function E(a){a.sidebar=document.getElementById(a.b.sidebar_id);a.outline=document.getElementById(a.b.outline_id);a.a=document.getElementById(a.b.container_id);a.q=document.getElementsByClassName(a.b.loading_indicator_cls)[0];for(var b=!0,c=a.outline.childNodes,d=0,e=c.length;d<e;++d)if("UL"===c[d].nodeName){b=!1;break}b||a.sidebar.classList.add("opened");L(a);0!=a.c.length&&(w(document.getElementsByClassName("bi")),a.b.key_handler&&J(a),a.b.hashchange_handler&&window.addEventListener("hashchange",

function(){G(a,document.location.hash.substring(1))},!1),a.a.addEventListener("scroll",function(){var b=a.c,c=b.length;if(!(2>c)){for(var d=a.a,e=d.scrollTop,d=e+d.clientHeight,l=-1,m=c,n=m-l;1<n;){var p=l+Math.floor(n/2),n=b[p].page;n.offsetTop+n.clientTop+n.clientHeight>=e?m=p:l=p;n=m-l}a.l=m;for(var p=l=a.e,D=0;m<c;++m){var n=b[m].page,u=n.offsetTop+n.clientTop,n=n.clientHeight;if(u>d)break;n=(Math.min(d,u+n)-Math.max(e,u))/n;if(m===l&&1E-6>=Math.abs(n-1)){p=l;break}n>D&&(D=n,p=m)}a.e=p}F(a,!0)},

!1),[a.a,a.outline].forEach(function(b){b.addEventListener("click",a.p.bind(a),!1)}),K(a))}q.Viewer=B;})();





EPUB/xhtml/pdfkm9dl/pages/compatibility.min.js
/*

 Copyright 2012 Mozilla Foundation 

 Copyright 2013 Lu Wang <coolwanglu@gmail.com>

 Apache License Version 2.0 

*/

(function(){function b(a,b,e,f){var c=(a.className||"").split(/\s+/g);""===c[0]&&c.shift();var d=c.indexOf(b);0>d&&e&&c.push(b);0<=d&&f&&c.splice(d,1);a.className=c.join(" ");return 0<=d}if(!("classList"in document.createElement("div"))){var e={add:function(a){b(this.element,a,!0,!1)},contains:function(a){return b(this.element,a,!1,!1)},remove:function(a){b(this.element,a,!1,!0)},toggle:function(a){b(this.element,a,!0,!0)}};Object.defineProperty(HTMLElement.prototype,"classList",{get:function(){if(this._classList)return this._classList;

var a=Object.create(e,{element:{value:this,writable:!1,enumerable:!0}});Object.defineProperty(this,"_classList",{value:a,writable:!1,enumerable:!1});return a},enumerable:!0})}})();





EPUB/xhtml/pdfhrp1z/pages/pdf2htmlEX.min.js
(function(){/*

 pdf2htmlEX.js: Core UI functions for pdf2htmlEX 

 Copyright 2012,2013 Lu Wang <coolwanglu@gmail.com> and other contributors 

 https://github.com/coolwanglu/pdf2htmlEX/blob/master/share/LICENSE 

*/

var q=window.pdf2htmlEX=window.pdf2htmlEX||{},r="pc",s="pi",t={container_id:"page-container",sidebar_id:"sidebar",outline_id:"outline",loading_indicator_cls:"loading-indicator",preload_pages:3,render_timeout:100,scale_step:0.9,key_handler:!0,hashchange_handler:!0,__dummy__:"no comma"};function v(a,b){return[a[0]*b[0]+a[2]*b[1]+a[4],a[1]*b[0]+a[3]*b[1]+a[5]]}function w(a){for(var b=0,c=a.length;b<c;++b)a[b].addEventListener("dragstart",function(){return!1},!1)}

function x(a){for(var b={},c=0,d=arguments.length;c<d;++c){var e=arguments[c],g;for(g in e)e.hasOwnProperty(g)&&(b[g]=e[g])}return b}

function y(a){if(a){this.g=this.loaded=!1;this.page=a;this.r=parseInt(a.getAttribute("data-page-no"),16);this.m=a.clientHeight;this.t=a.clientWidth;var b=a.getElementsByClassName(r)[0];b&&(this.h=b,this.s=this.f=this.m/b.clientHeight,this.u=JSON.parse(a.getElementsByClassName(s)[0].getAttribute("data-data")),a=this.k=this.u.ctm,b=a[0]*a[3]-a[1]*a[2],this.o=[a[3]/b,-a[1]/b,-a[2]/b,a[0]/b,(a[2]*a[5]-a[3]*a[4])/b,(a[1]*a[4]-a[0]*a[5])/b],this.loaded=!0)}}

y.prototype={show:function(){this.loaded&&!this.g&&(this.h.classList.add("opened"),this.g=!0)},d:function(a){this.f=0===a?this.s:a;this.loaded&&(a=this.h.style,a.msTransform=a.webkitTransform=a.transform="scale("+this.f.toFixed(3)+")");a=this.page.style;a.height=this.m*this.f+"px";a.width=this.t*this.f+"px"},height:function(){return this.page.clientHeight},width:function(){return this.page.clientWidth}};

function z(a){a=a.page;var b=a.parentNode;return[b.scrollLeft-a.offsetLeft-a.clientLeft,b.scrollTop-a.offsetTop-a.clientTop]}function A(a){a.loaded&&a.g&&(a.h.classList.remove("opened"),a.g=!1)}function B(a){this.b=x(t,0<arguments.length?a:{});this.i=[];C();var b=this;document.addEventListener("DOMContentLoaded",function(){E(b)},!1)}

B.prototype={scale:1,e:0,l:0,d:function(a,b,c){var d=this.scale;this.scale=a=0===a?1:b?d*a:a;c||(c=[0,0]);b=this.a;c[0]+=b.scrollLeft;c[1]+=b.scrollTop;for(var e=this.c,g=e.length,h=this.l;h<g;++h){var f=e[h].page;if(f.offsetTop+f.clientTop>=c[1])break}f=h-1;0>f&&(f=0);var f=e[f].page,k=f.clientWidth,h=f.clientHeight,l=f.offsetLeft+f.clientLeft,m=c[0]-l;0>m?m=0:m>k&&(m=k);k=f.offsetTop+f.clientTop;c=c[1]-k;0>c?c=0:c>h&&(c=h);for(h=0;h<g;++h)e[h].d(a);b.scrollLeft+=m/d*a+f.offsetLeft+f.clientLeft-

m-l;b.scrollTop+=c/d*a+f.offsetTop+f.clientTop-c-k;F(this,!0)},p:function(a){var b=a.target,c=b.getAttribute("data-dest-detail");if(c){var d=G;a:{for(;b;){if(b.nodeType===Node.ELEMENT_NODE&&b.classList.contains("pf")){var b=parseInt(b.getAttribute("data-page-no"),16),e=this.n,b=b in e?this.c[e[b]]:null;break a}b=b.parentNode}b=null}d(this,c,b);a.preventDefault()}}};

function H(a,b,c){var d=a.c;0>b||b>=d.length||(b=z(d[b]),void 0===c&&(c=[0,0]),a=a.a,a.scrollLeft+=c[0]-b[0],a.scrollTop+=c[1]-b[1])}

function G(a,b,c){try{var d=JSON.parse(b)}catch(e){return}if(d instanceof Array){b=d[0];var g=a.n;if(b in g){var h=g[b];b=a.c[h];for(var g=2,f=d.length;g<f;++g){var k=d[g];if(null!==k&&"number"!==typeof k)return}for(;6>d.length;)d.push(null);g=c||a.c[a.e];c=z(g);c=v(g.o,[c[0],g.height()-c[1]]);var g=a.scale,l=[0,0],m=!0,f=!1,k=a.scale;switch(d[1]){case "XYZ":l=[null===d[2]?c[0]:d[2]*k,null===d[3]?c[1]:d[3]*k];g=d[4];if(null===g||0===g)g=a.scale;f=!0;break;case "Fit":case "FitB":l=[0,0];f=!0;break;

case "FitH":case "FitBH":l=[0,null===d[2]?c[1]:d[2]*k];f=!0;break;case "FitV":case "FitBV":l=[null===d[2]?c[0]:d[2]*k,0];f=!0;break;case "FitR":l=[d[2]*k,d[5]*k],m=!1,f=!0}f&&(a.d(g,!1),d=function(b){l=v(b.k,l);m&&(l[1]=b.height()-l[1]);H(a,h,l)},b.loaded?d(b):(I(a,h,void 0,d),H(a,h)))}}}

function J(a){window.addEventListener("DOMMouseScroll",function(b){if(b.ctrlKey){b.preventDefault();var c=a.a,d=c.getBoundingClientRect();a.d(Math.pow(a.b.scale_step,b.detail),!0,[b.clientX-d.left-c.clientLeft,b.clientY-d.top-c.clientTop])}},!1);window.addEventListener("keydown",function(b){var c=!1,d=b.ctrlKey||b.metaKey,e=b.altKey;switch(b.keyCode){case 61:case 107:case 187:d&&(a.d(1/a.b.scale_step,!0),c=!0);break;case 173:case 109:case 189:d&&(a.d(a.b.scale_step,!0),c=!0);break;case 48:d&&(a.d(0,

!1),c=!0);break;case 33:e?H(a,a.e-1):a.a.scrollTop-=a.a.clientHeight;c=!0;break;case 34:e?H(a,a.e+1):a.a.scrollTop+=a.a.clientHeight;c=!0;break;case 35:a.a.scrollTop=a.a.scrollHeight;c=!0;break;case 36:a.a.scrollTop=0,c=!0}c&&b.preventDefault()},!1)}function F(a,b){if(void 0!==a.j){if(!b)return;clearTimeout(a.j)}a.j=setTimeout(function(){delete a.j;K(a)},a.b.render_timeout)}

function K(a){for(var b=a.a,c=b.scrollTop,d=b.clientHeight,b=c-d,c=c+d+d,d=a.c,e=0,g=d.length;e<g;++e){var h=d[e],f=h.page,k=f.offsetTop+f.clientTop,f=k+f.clientHeight;k<=c&&f>=b?h.loaded?h.show():I(a,e):A(h)}}function C(){var a="@media screen{."+r+"{display:none;}}",b=document.createElement("style");b.styleSheet?b.styleSheet.cssText=a:b.appendChild(document.createTextNode(a));document.head.appendChild(b)}

function I(a,b,c,d){var e=a.c;if(!(b>=e.length||(e=e[b],e.loaded||a.i[b]))){var e=e.page,g=e.getAttribute("data-page-url");if(g){a.i[b]=!0;var h=a.q.cloneNode();h.classList.add("active");e.appendChild(h);var f=a,k=new XMLHttpRequest;k.open("GET",g,!0);k.onreadystatechange=function(){if(4==k.readyState){if(200===k.status){var a=document.createElement("div");a.innerHTML=k.responseText;for(var c=null,a=a.childNodes,g=0,e=a.length;g<e;++g){var h=a[g];if(h.nodeType===Node.ELEMENT_NODE&&h.classList.contains("pf")){c=

h;break}}a=f.c[b];f.a.replaceChild(c,a.page);a=new y(c);f.c[b]=a;A(a);a.d(f.scale);w(c.getElementsByClassName("bi"));F(f,!1);d&&d(a)}delete f.i[b]}};k.send(null)}void 0===c&&(c=a.b.preload_pages);0<--c&&(f=a,setTimeout(function(){I(f,b+1,c)},0))}}function L(a){for(var b=[],c={},d=a.a.childNodes,e=0,g=d.length;e<g;++e){var h=d[e];h.nodeType===Node.ELEMENT_NODE&&h.classList.contains("pf")&&(h=new y(h),b.push(h),c[h.r]=b.length-1)}a.c=b;a.n=c}

function E(a){a.sidebar=document.getElementById(a.b.sidebar_id);a.outline=document.getElementById(a.b.outline_id);a.a=document.getElementById(a.b.container_id);a.q=document.getElementsByClassName(a.b.loading_indicator_cls)[0];for(var b=!0,c=a.outline.childNodes,d=0,e=c.length;d<e;++d)if("UL"===c[d].nodeName){b=!1;break}b||a.sidebar.classList.add("opened");L(a);0!=a.c.length&&(w(document.getElementsByClassName("bi")),a.b.key_handler&&J(a),a.b.hashchange_handler&&window.addEventListener("hashchange",

function(){G(a,document.location.hash.substring(1))},!1),a.a.addEventListener("scroll",function(){var b=a.c,c=b.length;if(!(2>c)){for(var d=a.a,e=d.scrollTop,d=e+d.clientHeight,l=-1,m=c,n=m-l;1<n;){var p=l+Math.floor(n/2),n=b[p].page;n.offsetTop+n.clientTop+n.clientHeight>=e?m=p:l=p;n=m-l}a.l=m;for(var p=l=a.e,D=0;m<c;++m){var n=b[m].page,u=n.offsetTop+n.clientTop,n=n.clientHeight;if(u>d)break;n=(Math.min(d,u+n)-Math.max(e,u))/n;if(m===l&&1E-6>=Math.abs(n-1)){p=l;break}n>D&&(D=n,p=m)}a.e=p}F(a,!0)},

!1),[a.a,a.outline].forEach(function(b){b.addEventListener("click",a.p.bind(a),!1)}),K(a))}q.Viewer=B;})();






EPUB/xhtml/pdfkm9dl/pages/pdf2htmlEX.min.js
(function(){/*

 pdf2htmlEX.js: Core UI functions for pdf2htmlEX 

 Copyright 2012,2013 Lu Wang <coolwanglu@gmail.com> and other contributors 

 https://github.com/coolwanglu/pdf2htmlEX/blob/master/share/LICENSE 

*/

var q=window.pdf2htmlEX=window.pdf2htmlEX||{},r="pc",s="pi",t={container_id:"page-container",sidebar_id:"sidebar",outline_id:"outline",loading_indicator_cls:"loading-indicator",preload_pages:3,render_timeout:100,scale_step:0.9,key_handler:!0,hashchange_handler:!0,__dummy__:"no comma"};function v(a,b){return[a[0]*b[0]+a[2]*b[1]+a[4],a[1]*b[0]+a[3]*b[1]+a[5]]}function w(a){for(var b=0,c=a.length;b<c;++b)a[b].addEventListener("dragstart",function(){return!1},!1)}

function x(a){for(var b={},c=0,d=arguments.length;c<d;++c){var e=arguments[c],g;for(g in e)e.hasOwnProperty(g)&&(b[g]=e[g])}return b}

function y(a){if(a){this.g=this.loaded=!1;this.page=a;this.r=parseInt(a.getAttribute("data-page-no"),16);this.m=a.clientHeight;this.t=a.clientWidth;var b=a.getElementsByClassName(r)[0];b&&(this.h=b,this.s=this.f=this.m/b.clientHeight,this.u=JSON.parse(a.getElementsByClassName(s)[0].getAttribute("data-data")),a=this.k=this.u.ctm,b=a[0]*a[3]-a[1]*a[2],this.o=[a[3]/b,-a[1]/b,-a[2]/b,a[0]/b,(a[2]*a[5]-a[3]*a[4])/b,(a[1]*a[4]-a[0]*a[5])/b],this.loaded=!0)}}

y.prototype={show:function(){this.loaded&&!this.g&&(this.h.classList.add("opened"),this.g=!0)},d:function(a){this.f=0===a?this.s:a;this.loaded&&(a=this.h.style,a.msTransform=a.webkitTransform=a.transform="scale("+this.f.toFixed(3)+")");a=this.page.style;a.height=this.m*this.f+"px";a.width=this.t*this.f+"px"},height:function(){return this.page.clientHeight},width:function(){return this.page.clientWidth}};

function z(a){a=a.page;var b=a.parentNode;return[b.scrollLeft-a.offsetLeft-a.clientLeft,b.scrollTop-a.offsetTop-a.clientTop]}function A(a){a.loaded&&a.g&&(a.h.classList.remove("opened"),a.g=!1)}function B(a){this.b=x(t,0<arguments.length?a:{});this.i=[];C();var b=this;document.addEventListener("DOMContentLoaded",function(){E(b)},!1)}

B.prototype={scale:1,e:0,l:0,d:function(a,b,c){var d=this.scale;this.scale=a=0===a?1:b?d*a:a;c||(c=[0,0]);b=this.a;c[0]+=b.scrollLeft;c[1]+=b.scrollTop;for(var e=this.c,g=e.length,h=this.l;h<g;++h){var f=e[h].page;if(f.offsetTop+f.clientTop>=c[1])break}f=h-1;0>f&&(f=0);var f=e[f].page,k=f.clientWidth,h=f.clientHeight,l=f.offsetLeft+f.clientLeft,m=c[0]-l;0>m?m=0:m>k&&(m=k);k=f.offsetTop+f.clientTop;c=c[1]-k;0>c?c=0:c>h&&(c=h);for(h=0;h<g;++h)e[h].d(a);b.scrollLeft+=m/d*a+f.offsetLeft+f.clientLeft-

m-l;b.scrollTop+=c/d*a+f.offsetTop+f.clientTop-c-k;F(this,!0)},p:function(a){var b=a.target,c=b.getAttribute("data-dest-detail");if(c){var d=G;a:{for(;b;){if(b.nodeType===Node.ELEMENT_NODE&&b.classList.contains("pf")){var b=parseInt(b.getAttribute("data-page-no"),16),e=this.n,b=b in e?this.c[e[b]]:null;break a}b=b.parentNode}b=null}d(this,c,b);a.preventDefault()}}};

function H(a,b,c){var d=a.c;0>b||b>=d.length||(b=z(d[b]),void 0===c&&(c=[0,0]),a=a.a,a.scrollLeft+=c[0]-b[0],a.scrollTop+=c[1]-b[1])}

function G(a,b,c){try{var d=JSON.parse(b)}catch(e){return}if(d instanceof Array){b=d[0];var g=a.n;if(b in g){var h=g[b];b=a.c[h];for(var g=2,f=d.length;g<f;++g){var k=d[g];if(null!==k&&"number"!==typeof k)return}for(;6>d.length;)d.push(null);g=c||a.c[a.e];c=z(g);c=v(g.o,[c[0],g.height()-c[1]]);var g=a.scale,l=[0,0],m=!0,f=!1,k=a.scale;switch(d[1]){case "XYZ":l=[null===d[2]?c[0]:d[2]*k,null===d[3]?c[1]:d[3]*k];g=d[4];if(null===g||0===g)g=a.scale;f=!0;break;case "Fit":case "FitB":l=[0,0];f=!0;break;

case "FitH":case "FitBH":l=[0,null===d[2]?c[1]:d[2]*k];f=!0;break;case "FitV":case "FitBV":l=[null===d[2]?c[0]:d[2]*k,0];f=!0;break;case "FitR":l=[d[2]*k,d[5]*k],m=!1,f=!0}f&&(a.d(g,!1),d=function(b){l=v(b.k,l);m&&(l[1]=b.height()-l[1]);H(a,h,l)},b.loaded?d(b):(I(a,h,void 0,d),H(a,h)))}}}

function J(a){window.addEventListener("DOMMouseScroll",function(b){if(b.ctrlKey){b.preventDefault();var c=a.a,d=c.getBoundingClientRect();a.d(Math.pow(a.b.scale_step,b.detail),!0,[b.clientX-d.left-c.clientLeft,b.clientY-d.top-c.clientTop])}},!1);window.addEventListener("keydown",function(b){var c=!1,d=b.ctrlKey||b.metaKey,e=b.altKey;switch(b.keyCode){case 61:case 107:case 187:d&&(a.d(1/a.b.scale_step,!0),c=!0);break;case 173:case 109:case 189:d&&(a.d(a.b.scale_step,!0),c=!0);break;case 48:d&&(a.d(0,

!1),c=!0);break;case 33:e?H(a,a.e-1):a.a.scrollTop-=a.a.clientHeight;c=!0;break;case 34:e?H(a,a.e+1):a.a.scrollTop+=a.a.clientHeight;c=!0;break;case 35:a.a.scrollTop=a.a.scrollHeight;c=!0;break;case 36:a.a.scrollTop=0,c=!0}c&&b.preventDefault()},!1)}function F(a,b){if(void 0!==a.j){if(!b)return;clearTimeout(a.j)}a.j=setTimeout(function(){delete a.j;K(a)},a.b.render_timeout)}

function K(a){for(var b=a.a,c=b.scrollTop,d=b.clientHeight,b=c-d,c=c+d+d,d=a.c,e=0,g=d.length;e<g;++e){var h=d[e],f=h.page,k=f.offsetTop+f.clientTop,f=k+f.clientHeight;k<=c&&f>=b?h.loaded?h.show():I(a,e):A(h)}}function C(){var a="@media screen{."+r+"{display:none;}}",b=document.createElement("style");b.styleSheet?b.styleSheet.cssText=a:b.appendChild(document.createTextNode(a));document.head.appendChild(b)}

function I(a,b,c,d){var e=a.c;if(!(b>=e.length||(e=e[b],e.loaded||a.i[b]))){var e=e.page,g=e.getAttribute("data-page-url");if(g){a.i[b]=!0;var h=a.q.cloneNode();h.classList.add("active");e.appendChild(h);var f=a,k=new XMLHttpRequest;k.open("GET",g,!0);k.onreadystatechange=function(){if(4==k.readyState){if(200===k.status){var a=document.createElement("div");a.innerHTML=k.responseText;for(var c=null,a=a.childNodes,g=0,e=a.length;g<e;++g){var h=a[g];if(h.nodeType===Node.ELEMENT_NODE&&h.classList.contains("pf")){c=

h;break}}a=f.c[b];f.a.replaceChild(c,a.page);a=new y(c);f.c[b]=a;A(a);a.d(f.scale);w(c.getElementsByClassName("bi"));F(f,!1);d&&d(a)}delete f.i[b]}};k.send(null)}void 0===c&&(c=a.b.preload_pages);0<--c&&(f=a,setTimeout(function(){I(f,b+1,c)},0))}}function L(a){for(var b=[],c={},d=a.a.childNodes,e=0,g=d.length;e<g;++e){var h=d[e];h.nodeType===Node.ELEMENT_NODE&&h.classList.contains("pf")&&(h=new y(h),b.push(h),c[h.r]=b.length-1)}a.c=b;a.n=c}

function E(a){a.sidebar=document.getElementById(a.b.sidebar_id);a.outline=document.getElementById(a.b.outline_id);a.a=document.getElementById(a.b.container_id);a.q=document.getElementsByClassName(a.b.loading_indicator_cls)[0];for(var b=!0,c=a.outline.childNodes,d=0,e=c.length;d<e;++d)if("UL"===c[d].nodeName){b=!1;break}b||a.sidebar.classList.add("opened");L(a);0!=a.c.length&&(w(document.getElementsByClassName("bi")),a.b.key_handler&&J(a),a.b.hashchange_handler&&window.addEventListener("hashchange",

function(){G(a,document.location.hash.substring(1))},!1),a.a.addEventListener("scroll",function(){var b=a.c,c=b.length;if(!(2>c)){for(var d=a.a,e=d.scrollTop,d=e+d.clientHeight,l=-1,m=c,n=m-l;1<n;){var p=l+Math.floor(n/2),n=b[p].page;n.offsetTop+n.clientTop+n.clientHeight>=e?m=p:l=p;n=m-l}a.l=m;for(var p=l=a.e,D=0;m<c;++m){var n=b[m].page,u=n.offsetTop+n.clientTop,n=n.clientHeight;if(u>d)break;n=(Math.min(d,u+n)-Math.max(e,u))/n;if(m===l&&1E-6>=Math.abs(n-1)){p=l;break}n>D&&(D=n,p=m)}a.e=p}F(a,!0)},

!1),[a.a,a.outline].forEach(function(b){b.addEventListener("click",a.p.bind(a),!1)}),K(a))}q.Viewer=B;})();











EPUB/xhtml/pdfz3euu/pages/page9.gif
GENERAL AVIONICS TEST EQUIPMENT

Fig.: 2.4. Markers TIC Test Bench

2.2 ATC 601 Test Bench
(Fig.: 2.5)

This test bench can be used to check the integrity of the ATC system on an aircraft. It consists of a test
module equipped with a digital control screen and control keys, an antenna (stored in the test bench
cover) and a coaxial cable to connect the antenna to the test bench. It is very important to connect
the antenna to the test bench before performing the tests. Otherwise there is a risk of damage to the

test bench.
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The rotary control (3) can be used to simulate a QDM and a QDR. Setting the rotary control to the 0°
TO and 180° FROM position simulates an aircraft with QDM 0° and QDR 180°. There is also the 100°
TO position which can be used to simulate a QDM 100°, but which can also be used to allow major
variations in this value made by means of the potentiometer (4). This can therefore be used to check

that the various VOR indicator needles move freely without any sticking points.

The changeover switch (5) allows the simulated QDM and QDR value to be increased or decreased by

1°. The TONE switch (6) creates a tone that can be heard by selecting the VOR key on the sound

selection unit.

BATTERY CHECK

s

TEL/INSTRUMENT ELECTRONICS CORP.
CARLSTADT.NJ.USA
TYPET-278

108.0 Mc VOR TEST SET
ADE W USA

Fig.: 2.2. VORTIC Test Bench

2.1.2 ILS Test
(Fig.: 2.3)

The ILS test is the combination of LOC system and GLIDE system tests. To perform this test, the two
LOC module and GS module antennas need to be deployed, the aircraft LOC frequency needs to be
adjusted to that of the test bench (108.1 MHz) and the two “POWER” switches need to be set to the
ON position. It should be noted that these two switches are mechanically connected. The GLIDE

module selector (1) can be used to simulate the position of the aircraft on the glide path, below or
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above. The LOC module selector (2) is similar and can be used to simulate the aircraft on the LOC axis,
to the right or to the left. For both these rotary controls, there is a “Variable” position that can be used
to gradually adjust the LOC or GLIDE discrepancies using potentiometers (2) and (5). The changeover

switches (4) can be used to simulate a faulty ILS signal and to check that error messages appear on the

indicators.

Fig.: 2.3. ILS TIC Test Bench

2.1.3 Marker Test
(Fig.: 2.4)

The Marker system test is performed by moving the various switches of this module in sequence. As
with the previous tests, the Marker module antenna must be deployed for the Marker test. The switch
(1) simulates flying over an Inner Marker, (2) an Outer Marker and (3) a Middle Marker. Each time one
of the switches is activated, the bench indicator needle (4) must move into the white zone. For each
position, the operator must check the visual indicators (indicator light or messages) and audio alarms

on the aircraft by selecting the Marker key on the sound selection unit.
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Air speed Altimeter Variometer

Depressurisation:

Fig.: 1.3. Functional diagram of an airspeed test bench





EPUB/xhtml/pdfz3euu/pages/page6.gif
GENERAL AVIONICS TEST EQUIPMENT

2. RADIO NAVIGATION TEST BENCHES

There are many radio navigation test benches. Here we will look at the main ones. All these test
benches are designed for the purpose of emitting radio signals that will be picked up by the aircraft
radio navigation systems. Depending on the signals simulated, the accuracy of the information

displayed in the cockpit can be checked.

2.1 TIC Test Bench (VOR/ILS)

This test bench is actually made up of four separate test benches grouped together in the same
housing as a unit. They can be used to test the VOR system, MARKER, LOC and GLIDE. There is one
antenna for each test bench which must be fully deployed, otherwise there is a risk of damage to the

components of the bench concerned. Each of the test benches operates on battery power, to give

complete freedom of movement. The battery charge level for each test bench can be checked. (Fig.:

2.1)

Fig.:2.1. TIC Testbench

2.1.1 VOR Test

(Fig.: 2.2)

To perform a VOR system test, the aircraft VOR frequency must be adjusted to the test bench
frequency (in our case: 108 MHz). After deploying the bench antenna, it is necessary to switch over

the bench power supply switch (1) and check the indicator (2) to make sure that the bench battery is

charged.
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. A display module (1)(2).

. Two static pressure outlet fittings (3).

. Two total pressure outlet fittings (4).

. A fitting to connect an external pressure source (7).
. A fitting to connect an external vacuum source (8).
. Two altitude variation control buttons (16 and 17).
. Two speed variation control buttons (6 and 10).

. An equalization valve control button (13).

. A handle to actuate the manual vacuum pump (14).
. A handle to actuate the manual pressure pump (9).

, BEmmm - %

Fig.: 1.2. Crouzet test bench control panel

1.3 Principles of use

In order to understand the various operations performed on an airspeed test bench, the functional
diagram (Fig.1.3) is used. A complete test cycle will be described in detail: increase in altitude, increase

in speed, decrease in speed and decrease in altitude in order to return to ground pressure.
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1.3.1 Increase in altitude

In order to simulate an increase in altitude, it is necessary to introduce a vacuum in the static pressure
system, but also in the total pressure system. To obtain these conditions it is essential to open the
Balance valve and to slowly open the valve (Ps) that introduces a vacuum in these systems. Vertical
speed must be monitored to ensure that it does not exceed the maximum of about 4000ft/min

recommended for maintenance procedures.

1.3.2 Increase in speed
In order to increase speed, the test bench must introduce pressure into the total pressure system. In
order to do this, the Balance valve needs to be closed and the pressure valve (Pt) needs to be opened

slowly until the desired speed is obtained.

1.3.3 Decrease in speed
In order to reduce the speed displayed, simply open the Balance valve. This balances the total and

static pressures and the speed display is decreased to the display value of 0 kt.

1.3.4 Decrease in altitude

In order to decrease altitude, as with increasing, it is necessary to open the Balance valve. Altitude
decreases if the pressure valve is opened (Pt), but this operation presents a risk when test bench
pneumatic connections are handled on the aircraft with altitude displayed as O ft. This solution does
not guarantee the return of airspeed system pressure to real testing ground pressure. This very rapid

pressure variation can even destroy flight instruments when the test bench pipes are disconnected.

To decrease altitude and restore systems to local pressure, it is necessary to open the Balance valve,

open a vent valve and open the corresponding valve (Ps or Pt). (Fig.: 1.3)
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Fig.: 2.5. ATC 601 Test Bench

This test bench can be used to test the ATC A, C and S mode. There are many possible tests. The
general principle of the operation of this test bench is to query the aircraft ATC and then to be able to
analyse the various parameters of the response. In the example below (Fig: 2.6), you can read the
pulse width and spacing of the ATC response from the aircraft. You can also see the ATC code A mode
and the altitude sent by C mode.

** ATCRBS REPLY TEST - PASSED **

F1 TO F2 SPACING A:20.30 uS C:20.30
F1 PULSE WIDTH A: @.45 us C: 9.45

F2 PULSE WIDTH A: @.45 us C: 0.45
CODE= 7777 ALT= 10,700 FT [6140]
Press RUN to start

Fig.: 2.6. Example of ATC 601 test bench display

The test bench antenna must be pointed towards the ATC antenna to be tested (lower or higher).
Using the cover (Fig: 2.7) provided with the test bench, it is also possible to conceal an antenna of the

aircraft in order to make it inoperative.
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Fig.: 2.7. ATC 601 antenna cover

2.3 TCAS 201 Test Bench
(Fig.: 2.8)

This test bench is very similar to the ATC 601 test bench, but it has a different function. This test bench
will simulate an intruder in order to check that the TCAS system of the aircraft being tested displays

data correctly and provides the correct alarms and instructions for evasion.

Fig.: 2.8. ATC 601 antenna cover
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1. AIRSPEED TEST BENCH

1.1 Overview

Airspeed systems must be checked and tested regularly using an airspeed test bench. The test bench
is used to simulate flight parameters (altitude, speed, vertical speed) and to check that the data

provided to the crew is complete, but also to ensure that there are no leaks in the system.

This test bench is a pressure generator (by manual or electrical means) equipped with indicators and
controls. Depending on the aircraft concerned, there is a set of pipe fittings ready to connect to the
on-board pressure taps and some connecting pipes between these pipe fittings and the test bench.

The most advanced test benches have a wired remote control used to control the test bench remotely

(e.g. cockpit). (Fig.: 1.1)

Fig.: 1.1. Airspeed Test Bench

1.2 Composition of an airspeed test bench

The test bench consists of two air tanks: one pressure tank and one vacuum tank.

These tanks are fed either by external electric pumps or by manual pumps positioned on the test
bench itself, ensuring that it can operate on a stand-alone basis. The test bench has a full range of
needle valves. There is a valve for supply to the total pressure port (Pt) and a valve for the static
pressure port (Ps). There will be one or more valves to be used for venting the systems (at ambient
atmospheric pressure). The Balance valve is used to balance the static pressure system and the total
pressure system. (Fig.: 1.2) The figure below (Fig.1.2) shows the following components on this test

bench:
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The basic principle for this test bench is to be able to introduce scenarios that simulate movement of
an intruder aircraft. The ATC equipment can be configured for this intrusion, its distance, speed,
altitude and vertical speed. (Fig.: 2.9) The scenario is implemented and varies the position of the

intruder over time depending on the settings applied.

** SCENARIO TEST - RUNNING **
INTRUDER TYPE: MODE-S :0:39;0:46
RANGE: 5.86 nm 540 kt

ALT: 9157 ft
STATUS: TRAFFIC
SURVEILLANCE INTERVAL: 1.00 sec

Fig.: 2.9. Example of Scenario on TCAS 201 Test Bench

11
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7.1.2.3.1Mandatory sign (example)
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Figure Mandatory signs

Source: https://picclick.de/ASR-A13-I1SO-7010-Gebotszeichen-@-200-253976897616.html

7.1.2.3.2Prohibition sign (example)
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Figure Prohibition sign

Source: https://www.repetico.de/card-64921589
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7.1.2.2 Forms

A distinction is made between warning and danger signs according to the
following forms:

Round: sing giving orders or prohibition sign

Triangular: Warning signs

Rectangular: Rescue and information signs

Figure  Prohibition sign Figure Mandatory sign Figure Warning sign
Source:

Prohibition sign Filure Mandatory sign igure  Hi Itage curreft

Time-limited obstacles or danger spots must be marked by red and white stripes.
’ ’ F|

The marking of obstacles or permanent danger spots must be clearly and
permanently carried out by means of yellow-black stripes.

Source:

Source:

7.1.2.3 Symbols
Symbols are as simple and unique as possible.

Through the assigned symbolism they are self-explanatory and understandable
for everyone.
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Video: https://www.youtube.com/watch?v=G500E5|_mxY

7.1.9 Summery

Chapter M7.1 highlights the many dangers in the work environment and the
obligations of employers and workers in terms of occupational safety.

The lifting of heavy loads and the back-friendly handling of heavy loads are
addressed as well.

Significant signs giving orders and prohibition signs are presented as well as the
different fire classes and the corresponding possibilities for firefighting.

The permanent dangers for man and airplane with running engines and the
identification and protection of sources of danger, especially during maintenance
and repair work form another focus.

The marking of the various technical gases including their handling, especially
with regard to the possible dangers of technical gases, are of great importance.

As another source of danger, FODs form the conclusion of the chapter.
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7.1.2

Lifting and carrying loads by several people

If a group of people is needed to lift and carry heavy or bulky loads, then one
person in charge should be chosen from this group.

This person in charge should not actively participate in the lifting process, but
ensure that:

o all parties understand what exactly needs to be done and how it should be
done,

e the transport path is free of obstacles and the floor is safe and not slippery,

« all involved in the process are of approximately the same size and stature
and, if necessary, wear protective clothing,

« all parties bear about the same load share,

« the responsible person himself has a good overview of what is happening, so
that he can recognize and prevent dangerous situations in advance,

« after completion, the device used to carry out the transport is put back in its

place.

Figure Lifting and carrying loads by several people

Source:

Danger signs and markings

In aircraft hangars and at workplaces there are information signs and markings
on possible dangers and give advice on escape and rescue routes. One
differentiates these danger signs and markings according to colors, forms and
symbols. The purpose of labeling is to quickly and easily understandable put the
attention to objects and circumstances that can cause certain hazards. The icons
are specific graphic symbols that describe a situation or prescribe a behavior and
are arranged on a safety sign or a luminous surface.
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7.1.2.1 Colors

A distinction is made between warning and danger signs according to the
following colors:

Red: Area of heightened danger
Yellow: Attention - danger possible
Green: Escape and rescue route, first aid
Blue: Commandments or hints

Is physical injury a
credible possibility?

Is death or serious injury
acredible possibility?

Does long, instructional
information need to
be presented?
If the hazardous situation Possible
occurs, how likely is
the accident?

Yes
SAFETY
Almost Gertain INSTRUCTION
If the accident occurs, Possible

how likely is death or
serious injury?

Almost Certain

Figure Designing safety labels

Source: https://incompliancemag.com/wp-content/uploads/2014/09/1410 OYM fig3.png
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Duties of the employee

The worker is also subject to legislation on the health, safety and well-being of
people in their workplace and must expect a complaint in the event of non-
compliance. As a result, the employee has a legal obligation to work with his
employer to ensure compliance with health and safety laws.

The employee must ensure that:

« personal accident protection and occupational safety are observed,
e devices are used professionally.

T Vi

Figure Safety precautions

Source:

Loads and safety

In industry, all heavy and bulky objects are called loads. This includes all
machines, forgings and castings, heavy beams, plates, etc., which must be loaded
onto or from vehicles and moved within the factory.

The movement of heavy loads requires careful planning in order to avoid possible
dangers in advance. Heavy loads must be moved with the appropriate technology.
All safety precautions and safety procedures must be observed at all times.

Lifting and carrying of loads by individuals

In industry, it is often necessary to lift heavy loads. Basically, individuals should
never lift loads with a weight of over 20kg. For this purpose, mechanical lifting
tools should be used. However, even weight loads below 20kg can cause back
injuries.
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Following some simple precautionary measures before carrying and lifting can
significantly reduce the risk of personal injury and equipment damage. For
example, if the loads are clearly too heavy or too bulky for one person, another
person should be asked for help.

Even light loads can be dangerous if they obscure the view when carrying. Any
moving objects that could obstruct the path should be cleared before any load can
be transported.

As stated above, it is important to always use the correct lifting technique. High
loads or improper lifting can damage the discs and cause significant pain. This is
often referred to as a "prolapsed disc" and both the damage and the pain are
permanent.

Proper lifting should start out of the squat. The feet are approximately hip-width
apart and one foot is positioned slightly in front of the other. The load should be
kept as close as possible to the body. It is also important that the load is held
securely. Before the actual lifting, the back should be as straight and vertical as
possible. The spine automatically becomes straighter and firmer when liftin the
head and pressing the chin against the chest.

To lift the load, you should first straighten your legs. This lifts the load with the
strong leg muscles and thigh bones, not the back. When getting up, the upper
body should be upright.

Also, when carrying, the upper body should be upright and the load should be
kept as close as possible to the body. If possible, carrying loads should be
facilitated by putting the majority of the pressure onto the bones. If the load has
sharp edges, protective gloves should be worn. Protective suits should be worn
when dealing with hazardous substances.

I& ﬁ%rs
I

{u

gloves

Clear mov- \‘ )
able objeots | | apron
SR Safety
Boots
Keepback  Keep  Straighten Keepbody  Letbone  Wear appropri-
straightand ~ spine  legs to raise uprightand  structure ate clothing
near-verti-  straight load load close  support
cal to body load

Figure Lifting and carrying loads by individuals

Source:

Video: https://www.youtube.com/watch?v=NgKEidZynfM
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7 Maintenance Practices
7.1 Safety precautions - aircraft and workshop

7.1.1 Laws and regulations

This section is about safety precautions and fire protection in airplane hangars
and workshops. The safety of man and machine must be ensured by all
employees working there. Since most accidents happen due to overconfidence or
inexperience of those involved, damage to humans and material can be avoided
through reasonable and proper handling. Human misconduct, such as alcohol and
drug abuse, can make a person a threat to themselves and others. Fatigue is a
significant hazard, especially when handling equipment. Therefore, monitoring
and training are not only essential for the normal work situation, but also for
emergencies.

Dangers can be found throughout the working environment:

« unauthorized use of tools and machines,

e poor maintenance condition of tools and machines,

« slippery floors,

« bad condition of stairs and staircases,

e crowded workspaces and blocked passageways,

« poor lighting, inadequate ventilation and noise can lead to headache, fatigue
and distraction,

« dirty and unpleasant working environment can affect/lower the working level

Accident prevention:

« exclude sources of danger,
* remove sources of danger,
* secure devices,

« wear protective clothing,

« safety training,

Obligations of the employer
The employer must ensure that:

e a workplace is safe,

e buildings and equipment are safe,

e the working processes are safe,

e the working environment is safe,

e the procedures for handling, storage and transport of goods are safe,
e accidents and incidents are reported,

« information, guidance, practice and supervision are guaranteed,

« a safety regulation exists.

Failure or violation of these rules may result in the company being reported to the
appropriate state agency.
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A special case is the bird strike, i.e. the collision of a bird with the airplane (e.g.
the glass of the cockpit window) or its engines, which can cause considerable
damage and thus the endangerment of persons.

Figure Damage to panes Extra 300L

Source: www.gazetevatan.com/cami-kirilan-ucak-zorunlu-inis-yapti-1145442-dunya,

Source: ttps://www.20min.ch/people/international/story/Christina-Surer-in-Todesangst-
14368107?httpredirect

Video: https://www.youtube.com/watch?v=wVq3dfDDFKY
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Figure FOD

Video: https:

container

www.youtube.com/watch?v=k8b4fWs9k78

Source: https:.

fodbag.com/wp-content/uploads/2013/02/DSC_7599-400x400.png

Video: https:

www.youtube.com/watch?v=k8b4fWs9k78

29





EPUB/xhtml/pdfg7w4a/pages/page23.gif
e Care must be taken so that the power cord does not come into contact with
moisture.

e The proper condition of the power cord should be ensured before using the
unit.

Electric shock - first aid

If an employee has suffered an electric shock, the following measures must be
taken:

e Switch off the power source and remove the victim from the electric circuit.
Pay attention to insulation, e.g. wear protective gloves or use a broom.

o Initiate shock treatment, keep victims warm.

e Get medical attention immediately.

Protection against fire by electricity
Extension cables and sockets must be protected against overcharge.

Fires can be triggered by the heat generated during overload.

7.1.8.2 Compressed air and gases

Work on aircraft includes, among other things, working with compressed air and
gases.

Compressed air

Compressed air is used for all pneumatic tools, e.g. hand drilling machines,
riveting hammers, spray paint guns etc..

Compressed nitrogen
Compressed nitrogen is used to fill tires and suspension struts.
Storage and distribution

Compressed air is generated by a compressor, stored in a compressed air tank
and distributed via pressure lines. Other compressed gases, e.g. nitrogen and
oxygen are stored in steel bottles standing in racks or on carts. The standard
pressure for full bottles is up to 2900PSI or 200bar.

Security

Compressed gases entering the human bloodstream can cause serious injury or
death.

Damage to persons can be prevented by:

« Not doing any mischief at the workplace,

e removing the devices from the compressed air lines when not in use or
o if drills are used/exchanged,
o if, for example, rivets are used/exchanged,

e wearing protective goggles,

« always making sure that the pressure lines are in good condition and

undamaged,

« ensuring to follow all safety precautions when first inflating a new tire,

« always using calibrated meters to check tire pressure,

« placing safety caps on the compressed air cylinders when not in use.
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Oxygen

Compressed oxygen is always on board an aircraft to ensure the supply of
breathing air when the cabin pressure drops during the flight.

The contact of pure oxygen with oils or fats leads to spontaneous combustion.
This reaction does not require an external heat source. Oxygen itself does not
burn, but increases the flammability of combustible substances. Static electricity
can cause a spark that triggers a fire in an oxygen-rich environment. Oxygen
which escapes through a small leak, develops frictional heat, which can lead to
the ignition of the surrounding material.

Trained personnel

Only specially trained and authorized personnel who is able to correctly assess the
handling of oxygen and to reduce the occurrence of hazardous situations through
proper and responsible working methods may be used to work on oxygen
systems.

Cleanliness

Maintenance personnel for oxygen equipment must ensure that hands, clothing,
tools, equipment and connections are clean and free of grease. Clothes must not
be permeated with oxygen.

When working on oxygen systems, smoking is strictly prohibited.
Fire and explosion hazard

Damaged equipment can cause fires and explosions. For this reason, if possible,
only the persons necessary to carry out the work should be present in the aircraft.
This is especially true for filling oxygen tanks as well as other jobs where
pressurized oxygen is present. Oils, fats are, due to the carbon in their molecular
structure and the relatively low flash and ignition point, suitable substances for
combustion. In the working area, no smoking nor eating is permitted.

Protection against accidents with oxygen
To avoid accidents with oxygen systems or their parts, proceed as follows:

« Prevent the formation of static electricity due to ground connection. Ground
the aircraft properly.

e Attach warning labels and signs to the exterior of the aircraft that indicate the
use of oxygen.

e Tools and equipment must be absolutely free of oils, lubricants, dust or lint.
Immediately after disconnecting hoses or parts of equipment place protective
caps on the free ends.

e Use only materials with approval for oxygen.

« Never use tape or sealant made of PTFE (polytetrafluoroethylene) as it may
contain certain oils. Exception: Teflon tape marked with MIL-T-27730.

e Only use approved solutions for leak testing (MIL-L-25567 'B' and MIL-L-
25567 'C', type 1) and non-oily soap based suds.

« Follow the safety distance between oxygen cylinders and hydraulic or refueling
equipment.

e Close the oxygen valve before removing the connecting hoses.

e Prevent heat generation due to sudden opening of the valves.
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7.1.7.2 Eye wash

The eye wash is a technical measure for first aid. It can be used to rinse the eyes
(and of course the face) to remove foreign particles or dilute contaminants until a
doctor can intervene for further treatment. It is either used by the injured party
or by third parties.

A distinction is made between systems connected to the drinking water system
,portable units (eye wash bottles) and tank systems. Portable rinsing bottles in
combination with a special rinsing liquid are part of the equipment of the vehicles,
which are used in the rescue service.

Figure Eye wash

Source: www.echipamente-de-protectie.com.ro/cms_admin/upload/pics/mari/spalator-de-ochi-art-
1100-300-925.jpg

7.1.7.3 Safety officer

The safety officer is a person appointed in written form by a company to assist
the entrepreneur, managers, occupational safety officer, company doctor and
colleagues in preventing accidents, occupational diseases and health hazards. The
security officer is an employee of the company.

The person is to be appointed in every company based in Germany with more
than 20 employees. Due to their expertise and knowledge of the working area,
the safety officer has the task of recognizing and adequately responding to
accident and health hazards (protection of labor) in their work area and to
observe whether the prescribed safety devices and equipment are in place.

Safety officers support the work at their respective working level without specified
expenditure of time. They act as a multiplier towards the employees and through
their presence and exemplary function as well as through their collegial influence,
they lead to a safety-oriented behavior of the employees. The security officer
works in his capacity as a "volunteer" (the salary as a safety officer is
compensated for with the wage or salary of the employee).
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7.1.7.4 Emergency exits

An emergency exit is an exit from a building that is to be used in emergencies. It
is an integral part of the fire protection escape route.

Depending on the utilization, the door may only have door handles on the inside.
In addition, the fittings of the door must be mounted so that the door can only be
opened in the direction of escape. Although the door can have a lock, it must be
ensured that the door can be easily opened from the inside, even when it is
locked.

The emergency exit must be labelled with a pictogram above the door. The
labeling is often in combination with emergency lighting. It must be accessible at
all times and must not be obstructed by objects. The way to the emergency exit
(escape route) must also be clearly marked.

Figure left Emergency exit

Source: https://incompliancemag.com/wp-content/uploads/2015/09/1510 _OYM fig4.png

Figure right Emergency exit B737-800

Source: https://www.airlines-inform.com/upload/reviews_pictures/1200-upload-blog-398-boeing-737-
800-s7-4.jpg?created

7.1.8 Safety precautions

7.1.8.1 Electricity
When working with electrical equipment, the following requirements must be met.

e The device must be equipped with a secure plug.

e The floor should be dry. If necessary, a wooden plate should be placed under
oneself or stand in a dry area.

e Safety shoes with insulated (non-conductive) sole should be worn.
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o and a suction system.
e Spilled substances must be absorbed immediately or contained and secured.
e Skin diseases can be avoided by:

o application of skin protection creams before work,

o thorough cleaning after handling oils and other chemicals,

o wearing protective gloves.

Before eating, drinking or smoking, it is essential to wash hands and face
thoroughly. When handling carcinogenic or teratogenic hazardous substances, do
not eat, drink, smoke or snort in the work area.

Technical protective measures (examples):

« automatically operated, closed systems,
« effective suction devices,
o explosion-proof electrical installation.

Organizational measures (examples):

« identification of workplaces and containers,
e operating instructions for each hazardous substance,
e the proper storage of hazardous substances.

Working with the development of harmful gases, vapors and suspended
matter

Work involving toxic, harmful, corrosive or irritating gases, vapors or suspended
matter may only be carried out if there is no doubt that harmful effects on the
employees are excluded.

Absolute priority in the use of protective measures have so-called operational
measures such as closed systems or suction.
Filling of dangerous liquids

Therefore, for filling these substances from bottles, balloons, barrels and similar
containers, suitable devices such as funnels, safety lifters, balloon dumpers or
pumps must be used.

Storage of dangerous substances

Particularly dangerous, highly flammable substances such as pyrotechnic items
should be kept in special storage rooms.

Solvent

Solvents are predominantly organic substances which serve to dissolve, dilute or
suspend other substances to allow their processing or removal.

« Inhaling vapors may cause narcotic effects.

e Cause rapid degreasing at contact with the skin and thus creates the
preconditions for skin diseases.

e Resorptive poisoning is possible when exposed to large areas of skin.

7.1.8.4 Foreign object damage (FOD)

Damage through foreign objects, such as on engine blades, tires or other
components have always been a cause of accidents and additional maintenance.

Any foreign object entering the engine, flight control devices, or structural
components can cause damage.
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This can result in minor material damage up to catastrophic aircraft accidents.
Foreign objects are everywhere in the aircraft environment.

Care is essential, employees are responsible for their tools and the entire work
area must be clean and free of debris at the end of the shift.

Damage due to foreign objects can be prevented.

Today, the main causes of foreign object damage are high speeds, the size of
modern engines and the air masses they move. In jet engines, which are used to
power jet aircraft, very large amounts of air are sucked in to produce a forward
thrust before the start.

The resulting suction effect of the engine involves the risk that even very large
foreign parts are sucked into the engine with the air flow whenre they can lead to
damage. Therefore, at airports or aircraft carriers, careful track control by ground
handling services is important.

“Typical” FODs are shown in the pictures below!

Figure FODs

Source: www.simexperts.com/en/formations/fod-foreign-object-damage,

Source: https://www.traveljokes.net/files/airlines/disasterair.php

For more information, visit:

Source: |

https://www.skybrary.aero/index.php/Human_Factors_Analysis_and_Classification_System_(HFACS)
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« Appropriate extinguishers should be within reaching distance.
« Ensure sufficient ventilation and avoid high oxygen concentration.
e Oxygen can accumulate in the fabric of clothing when working for extended

periods of time in an oxygen-rich environment. Keep the clothes well aired for

at least 15 minutes and keep them away from open fires and heat sources.

The color codes of the various technical gases and the bottle marking are shown

on the next page.

Oxygen in the Aircraft

Figure left and top right Oxygen bottles

Source:

oLD NEW

blue

The .N“ Is valid for the|
Oxygen new standard.

Figure bottem right Result of improper handling of O

Source: forum-auto.caradisiac.com/les-clubs/le-bistrot/sujet312857-105.htm

Colour classification

Maroon

White

Dark green

Black

Grey

Brown

11
L B

by hazard:

Acetylene Bright green [N . Inert
Oxygen Red (NN . Flammable

Argon
Nitrogen
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Figure Color coding of various technical gases

Source: https://www.aga.no/en/legacy/attachment?files=tcm:5630-107298,tcm:630-107298,tcm:30-
107298

%, o

He
WS
WPV

Figure Bottle labeling

Source: www.boc-gas.com.au/en/images/cylinder-neck-new_tcm351-82228 w1024 n.png

7.1.8.3 Oils, solvents and chemicals
Oils and chemicals are critical for safety reasons.

They can:

e be flammable,

e develop harmful fumes,

« make the ground slippery,
e cause skin diseases.

Protective measures to be taken
The safety of persons can be improved by the following protective measures.

e You must be familiar with the properties and, if applicable, the safety
regulations of the substances used at the workplace. The employer is obliged
to provide employees with all safety data sheets of the substances used in
accordance with the ordinance on hazardous substances.
e Two simple measures can reduce the risk of fire:
o do not wear safety shoes with metal inserts in the soles,
o and do not use ignition sources.

e A health risk due to vapors and gases can be reduced by:
o respiratory masks,
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7.1.7 Emergency procedures

7.1.7.1 First aid kit

Both movable containers, which are usually made of plastic or metal, as well as
immovable boxes or containers containing bandaging material can be referred to
as first aid kits. In order to be found quickly by everyone, the location of
immovable first aid kits is usually marked sufficiently large and easily
recognizable. The default icon for such a first aid location is a white cross on a
green background.

First aid kits usually contain not only bandaging material in the strict sense
(gauze bandages, wound dressings, triangular wipes, adhesive plaster, etc.), but
also other material for performing first aid, such as respiratory masks, tweezers,
and disposable gloves. Often (wisely) a table of contents and a first aid manual
for the layman is contained as well.

Used material must be disposed of and replaced after use. Likewise, however,
unconsumed material must also be checked regularly. First aid kits can also be
sealed to quickly determine if they are complete or if material has been removed.
Usually, the date of the most recent usability check by the responsible person is
also noted.

S AL

NO

Figure First aid kit

Source: https://doctorrennie.files.wordpress.com/2010/09/big_airline-first-aid-kit-afak.jpg

Video: https://www.youtube.com/watch?v=hHyVQiWFXzg
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Figure Grounded plane

Source: www.hb-paf.ch/3 Osijek-Klisa .jpg

Figure Grounding cable and clamp on the apron

Source: https://I7.alamy.com/zoomsde/hxm96t/elektrostatische-erdung-klemmen-angeschlossen-in-
einem-flugzeug-auf-dem-rollfeld-hxm96t.ipg

Video: https://www.youtube.com/watch?v=FzsTamPPnHc
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Preface

Chapter M7.1 - "Safety Precautions-Aircraft and Workshop", gives a general
overview of the safety measures for handling aircraft in the hangar and on the
apron.

General safety regulations and the protection of employees when lifting heavy
loads are considered in detail.

Danger signs and markings are another focus of the chapter, as well as fire
protection classifications, extinguishing agents and firefighting.

An alarm plan, that is the behavior when finding injured persons and the securing
and marking of the aircraft, e.g. that is to follow during maintenance.

The behavior on the apron, e.g. with running engines and the grounding of the
aircraft and the necessary safety precautions form another focus.

Safety precautions regarding the handling of electricity, technical gases and
chemicals are presented below.

The dangers of FODs complete the topic.

LEARNING OUTCOMES
The students should:

- get to know general safety measures when handling aircraft and handling
heavy loads,

- get to know both danger signs and mandatory signs, as well as fire protection
classifications and fire fighting,

- become acquainted with the behavior of first aid and the protection of hazard
points in the maintenance of aircraft,

- get to know the dangers of equipotential bonding, the protection against it
(grounding) and the dangers for man and airplane with running engines,

- get to know safety precautions in dealing with compressed technical gases and
chemicals,

- get to know the dangers of FODs and develop safety measures against FODs.
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Halon and mixtures are gases that are liquefied under pressure and chemically
interrupt the combustion process. Halons are odor and colorless, not electrically
conductive, leave no residues and are harmless to people.

Foam

The foam in foam extinguishers is generated by water-film-forming foaming
agents, which, when exiting the extinguisher through the nozzle, form a layer of
foam, that, in turn, extinguishes the fire by excluding oxygen. In addition,
extinguishing foam has a cooling effect and has a better impact on solid matter
fires than does water. Therefore, foam extinguishers are also suitable for class A
and B fires.

In case of emergency landings, so-called "belly landings", the fire brigade carries
a foam carpet on the airstrip to avoid sparking due to friction.

The foam concentrate forms a foam layer and the evaporation of hydrocarbons
(e.g., kerosene) is prevented. It suffocates flame formation and surface fires (e.g.
due to spilled fuel) right from the beginning. However, it is unsuitable for
permanent deep fires (such as in fuel tanks).

7.1.3.2 Fire-fighting equipment

For the effective implementation of rescue and fire-fighting measures, the right
behavior of the employees is of crucial importance.

Every employee must know where fire detectors and fire extinguishers are located
in his immediate area of work and how they can be properly operated in case of
emergency.

Extinguisher

Before working in the halls, you must familiarize yourself with the use and
handling of fire extinguishers.

Fire Blanket
Apply to humans when clothing is on fire.
Wall hydrant

Due to the special use or increased risk of fire, some facilities are additionally
equipped with semi-stationary and stationary fire extinguishing equipment.

Video: https://www.youtube.com/watch?v=w4jHpHoYZhk
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7.1.4 Alarm regulation

The alarm regulation is a framework regulation and preventively serves the
operational emergency and disaster control or the limitation of damages in case of
emergency situations.

The first chapters usually describe general preventive measures. They show the
necessary activities and responsibilities in the event of an alarm.

The alarm regulation serves the protection of persons, the industrial safety, and
the environmental protection. The alarm regulation defines tasks and
responsibility in the case of an alarm.

The alarm regulation is divided into two alarm levels and building groups. It must
be displayed in all operating areas.

e Alarm level I relates to localized faults (fire and property damage, etc.).

e Alarm level II relates to crisis-like situations that go beyond the range of
alarm level I and have far-reaching implications, such as to flight operations.
Uniformly directed emergency measures are required.

Rules of conduct before occurrence of an alarm case

Bear in mind that negligence and disregard of the designated safety equipment
can endanger human life, property and the environment. Emergency exits, stairs,
corridors and escape routes are to be kept free at all times. Inquire about the
available safety devices and familiarize yourself with the handling.

When alerting, it must be clearly stated:

e Where did it happen?
e What happened?

e How many injured?

e Who reports?

Assembly points

In case of a necessary evacuation, the assembly points are to be found. Location
and assignment can be found in the alarm order.

14
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7.1.3

Figure Fire protection sign

Source: https://www.repetico.de/card-64921589

Fire protection

The potential hazard of fire because of highly flammable liquids, such as those
that are present on a large scale in an aircraft, should not be underestimated.

Since there is always a risk of fire in the working environment of aircraft, the
following safety instructions should always be observed:

e Smoking is only allowed in designated areas.

e There is an absolute smoking ban in the aircraft environment.

e Do not carry matches or carry work shoes with steel caps, as they may cause
a spark.

« When using gasoline powered equipment, a foam fire extinguisher should
always be at hand.

« Easily inflammable liquids such as paints and varnishes should be stored in a
dedicated warehouse outside the hall.

« While brazing and welding, the flame should be aimed at the firebrick when it
is not in use

e It should be known to all employees where the fire extinguishers and other
extinguishers are located.

Employees in industrial premises with such fire extinguishing systems must be
familiar with the position and handling of the signaling and triggering devices.
Although the operation of these systems usually automatically triggers an alarm
at the airport fire brigade, for safety reasons, in the case of fire the next fire
alarm must be operated, or the fire department must be inform via phone.

If safe to do so, fight fire

,r,,,ﬂ

‘—/w

RV

o;l/‘

It fire cannot be controlled, evacuate

Notify fire brigade
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Figure Fire-fighting measures

Source:

7.1.3.1 Fire classification and extinguishing agents

Fire classification
Depending on the combustible, fires are divided into the following classes:

e Class A: Wood, fabric, paper

e Class B: Flammable liquids, oils and greases

e Class C: Electricity

e Class D: Combustible metals (magnesium, potassium, sodium)

Types of fire extinguishers
Water

Water extinguishes a fire by lowering the temperature below the ignition point. In
fire extinguishers, water is under pressure and is released by the means of carbon
dioxide or air.

Water should only be used for Class A fires without the involvement of electricity
or chemicals. Fire class D can still be affected by water to be made worse.

Carbon dioxide

Carbon dioxide extinguishes fire by excluding oxygen and the lowering of the
temperature.

It is suitable for deleting Class B and Class C fires, since carbon dioxide does not
conduct electricity.

Powder

These fire extinguishers are suitable for class B, C, and especially D. Two different
types of powder serve as extinguishing:

- one is the typical sodium or potassium bicarbonate, urea potassium
bicarbonate or potassium chloride compounds,
- the second group includes ammonium phosphate compounds.

These multi-purpose fire extinguishers are suitable for class A, B and C fires. The
powder of most powder extinguishers is sprayed out by a propellant. The fire is
extinguished by interrupting the chemical reaction chain of the combustion
process.

Halocarbons

In airplanes almost exclusively halocarbon fire extinguishers are used. Halon is a
pressurized liquefied gas which chemically interrupts the combustion process. It's
best suitable for fire Classes B and C. It is also, but less effectively, used for class
A and D fires.

Although the production of Halon was discontinued due to the environmental
regulations of 1994, it is still legally distributed, recycled and used in fire
extinguishers. The FAA demands that passenger aircraft be equipped with Halon
fire extinguishers.

12
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7.1.6.1 Engine run

An engine run may only be performed by appropriately trained personnel. While
doing so, the hazard areas must be carefully observed, as failure to do so can not
only lead to serious damage to the engines, but can also be viable for people in
the vicinity of the engines.

In the manuals, the minimum distances to the engines depending on the
respective thrust are listed. In addition, corresponding markings are attached to
the engines (see figures below).

Figure Danger zones on the engine
Source:

https://photobucket.com/gallery/user/dv8photol/media/cGF0aDovVW50aXRsZWQuanBn/?ref =

o WARNING:
STAND CLEAR o

HAZARD AREAS Whie

[ENISINE 18 RUNE

-

Figure Markings of the danger areas at the engine
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Source: https://www.boeing.com/commercial/aeromagazine/articles/qtr_3_08/img/figure4-3.jpg

Video: https://www.youtube.com/watch?v=H3A8MwHx2 1

7.1.6.2 Grounding of aircraft
Grounding can prevent a potential difference in potential between the aircraft and
its subsurface (building parts, ground equipment, etc.).

Working on and by plane causes various accident risks, such as:

« fire danger,
e electric shocks,
« ignition hazard.

Measures to prevent damage are many, including:

e grounding,
e insulation of live parts,
« low voltage for tools etc.

The grounding of an aircraft is shown below.
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Bomb threat

In bomb or explosive warnings that concern buildings or airplanes, clearing alarm
is triggered and a building evacuation is to be initiated.

The search is carried out under the guidance of e.g. the Federal Border Guard.
4

STOP REMAIN COMPLY

classroom inside your classroom or a immediately with

and campus safe place in your building. the directions of

activities. rs. ¥ e any emergency
responders or
University officials
you may encounter.

ovetoan nterir room on th lowest

for updates at for the “all clear”
alertcarolina.unc.edu siren or text

or via text messages.

Do not call 911 for

general information.

on the Alet Car

Figure Alarm plan (example)

Source: https://sph.unc.edu/files/2014/07/AlertClassroomPoster-1.jpg

7.1.5 Securing and marking aircraft equipment

Installations which for safety reasons must not be put into operation, must be
secured by suitable measures (to be documented in the log book). For example,
by:

« affixing red warning tags that are filled in clearly,

e pulling and marking fuses,

e inserting fuses on hydraulic components (actuators),
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« removing plugs for electrical control (document and reconnect plug after
completing work).

Before launching, make sure that all areas of the affected systems are free and
that there is no danger to staff and aircraft.

Aircraft currentless
and protected against
Resetting.

Figure Security sign (example)

Source:

7.1.6 Behavior on the apron

On the apron, there are many hazard potentials to consider. These can be:

« rolling and towing,

e driving apron vehicles,

« special weather conditions,

e starting engines,

« noise pollution from running machinery,
e deadlines,

« a lot of different staff at the aircraft.

As a result, an introduction tailored to the apron is carried out. Without this
instruction being on the apron is forbidden.

Generally valid are:

« rolling and towed aircraft have right of way,

« if the red light under the fuselage lights up, an engine is about to start
e the outer contour of the aircraft is to be avoided,

« light and radio signals from the tower are to be abided
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7.1.2.3.3Information sign (example)

Figure Information sign

Source: https://www.repetico.de/card-64921589

7.1.2.3.4Warning sign (example)

AAAAA

AAANMA
LA A A

Figure Warning sign

Source: https://www.repetico.de/card-64921589

7.1.2.3.5Fire protection sign (example)

ol FY 21 0 [
N = NEE





EPUB/xhtml/pdf8x46f/pages/page9.gif
WEIGHT AND BALANCE

1.5 Maximum weights

1.5.1 Overview
Maximum weights are data elements defined during aircraft design. They are
actually used to determine the maximum structural weights authorised by

aircraft manufacturers. There are four of them:
« Maximum Zero Fuel Weight (MZFW);
- Maximum Taxi Weight (MTW);
« Maximum Take-off Weight (MTOW);
- Maximum Landing Weight (MLW).

They represent the limits of development for ground flying trainers and for aircraft
in flight. The maximum structural weights depend on engine power, aircraft
manufacturing processes and the resistance of the materials used in aircraft
design. In operation, operators need to apply a safety coefficient imposed by the
manufacturers, to give values that are always lower, called the maximum
operational weights. These depend on the local conditions at the departure and

destination airports (weather, runway lengths, topography, etc.).

1.5.2 Maximum Zero Fuel Weight (MZFW)

The Maximum Zero Fuel Weight is limited in order to reduce the forces exerted on
the structure at the end of the flight. During a flight, there are two opposing forces

exerted at the wing roots:
. upwards: lift (center of thrust) applied to the wings;
. downwards: total aircraft weight.

At the start of the flight, the weight of the fuel contained in the wings partly
compensates for stresses resulting from lift. At the end of the flight, when
the fuel weight reaches a minimum, these stresses increase. The stresses
at the end of the flight would be at their maximum with empty wing tanks!

This is why aircraft manufacturers set limits for zero fuel weight (MZFW).

(Fig: 1.7)
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1.1 Overview

1.1.1 Weight

A good knowledge of aircraft weights is essential for proper understanding of the
techniques associated with changes to the aircraft empty weight and how it
changes during loading. Any change that can occur on an aircraft and affect the
weight and balance must be taken into account. Studying the effect of such
changes on operating limits will therefore be necessary in order to maintain the

flight characteristics of the aircraft.

1.1.2 Balance

Balancing an aircraft means :

o Identifying the position of its centre of gravity.

e Checking that it lies within the limits imposed. In order to determine the
balance of an aircraft in operation, it is necessary to determine first the
empty weight of the aircraft, then the point of application of its centre of
gravity (CG).

1.2 Reminders

1.2.1 Centre of gravity
The centre of gravity of an object is the point at which the total mass of the object
is applied as a single force. It is also the point of intersection of the three axes of
the aircraft. The position of this pivotal point will move during flight as a result of
fuel consumption or shifting of cargo. By definition, the CG is not a fixed point of

the aircraft.

1.2.2 Concept of weight and balance envelope

The Centre of Gravity must be located a reasonable distance forward or aft of an

optimum position.
- With a forward CG :

e Stability is increased.

e Manoeuvrability is decreased.
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- With an aft CG:

e Stability is decreased.
e Manoeuvrability is increased.

. Cruising fuel consumption is decreased. (Fig.: 1.1)

Center
of
Lift

Tail-Down
Force

%

Negative Angle
of Attack

Center
of
Gravity

Fig.: 1.1. Longitudinal stability

Any equipment removed from or added to the aircraft changes the position of its
centre of gravity (CG). This change also causes a change in behaviour of the
aircraft in flight. Incorrect balance can make it impossible to control the aircraft.
In order to prevent these problems, time must be taken to calculate the CG
position before the flight and to check that this position remains within the

specified limits (balance envelope).

Apart from the changes to stability, the equipment added or removed will affect
the various masses, and therefore the aircraft performance. The effects of such
changes need to be assessed in order to guarantee flight performances. The key
document recording the basic data concerning the aircraft weights and balance is:
the Load Sheet. It is mandatory for this document to be carried on-board the
aircraft. It will be used to produce weight and balance estimates. This operation

is performed before each flight.

1.2.3 Terminology

Reference plane (datum)

The reference plane is formed by an imaginary vertical plane perpendicular to the
plane of symmetry of the aircraft. This plane is taken as the origin for the
horizontal distances in CG calculations. This reference is generally indicated in the

specifications, flight manual, etc.
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Mt

Fig.: 1.4. Passenger weight

Hold Weight

The hold weight comprises the checked luggage, the empty weight of the luggage

containers, air freight, airmail, etc.
Payload

The payload is the sum of the passenger weight and the hold weight. The flight

is financed by the transportation of the payload. (rig: 1.5)

Fig.: 1.5. Payload

Operating Weight

The operating weight is the sum of the basic weight plus the fuel on take off.
Zero fuel weight

The zero-fuel weight is the sum of the basic weight plus the payload (ZFW).
Taxi weight

The taxi weight is the sum of the zero-fuel weight and the total fuel or block fuel
(TXW: Taxi Weight).





EPUB/xhtml/pdf8x46f/pages/page8.gif
WEIGHT AND BALANCE

Take-off weight

The take-off weight is the sum of the zero-fuel weight plus the fuel on take-off. It
is also equal to the taxi weight minus the taxi fuel burn (TOW: Take Off Weight).

Landing weight

Landing weight is equal to the take-off weight minus the offloading (LAW: Landing
Weight).

1.4 Summary of weights

The real weight calculations are performed in the following sequence : (Fig.: 1.6)

Pay Load
+
Dry Operating
Weight (DOW)

Zero Fuel Weight
(ZFW) < (MZFW)

+
Take Off Fuel (TOF)

Take Off Weight
(TOW) < (MTOW)

Trip Fuel

Landing Weight
(LAW) < (MLAW)

+
PAYLOAD

— (minus)

- TRIP FUEL »

Take off Landing
weight weight

Fig.: 1.6. Definition of weights
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This reference line may be located upwind of the nose of the aircraft, in line with
frame n° 1, at the leading edge of a particular chord of the wing called the “Mean
Aerodynamic Chord” (MAC).

Mean Aerodynamic Chord (MAC)

The MAC expressed as a percentage (0 to 100 %) is the mean chord of the wing.
The position of this chord in relation to the reference plane and its dimensions is
indicated in the specifications, flight manual, weighing report, etc. It is also
referred to as the MAC, the “Mean Aerodynamic Chord”. Its value is found using
the following : (Fig.: 1.2)

_ SURFACE
ENVERGURE

Center of gravity
sTm N\
Datum

/ ™
//MAC 708m N\ ' —
Loading sdg0 g s ot WAC
of MAC 35,43 m ’

C

LEMAC 3543 m SSeim
/

7
57m..n? Chordline

€15 meg Chordlne ——— |

I MAC =7,08m 8

Fig.:1.2. Mean Aerodynamic Chord
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1.3 Aircraft weight definitions
Empty weight

The empty weight must be determined by weighing of the aircraft according to its

standard configuration. The items considered will include :

e The fluids necessary for operation (oil, hydraulics, etc.), except for fuel,
water, etc.

* A very precise inventory of the cabin systems and fixtures.

This is why it is imperative to refer to the documentation in order to produce the

inventory of the aircraft during weighing.
Basic weight

Basic weight (DOW: Dry Operating Weight or OEW : Operating Empty Weight) is
the sum of the empty weight added to the weight of the flight and cabin crew, the
items provided to the passengers and the permanent on-board equipment.

This can be adjusted for a change in version, for example addition of a flight
attendant. (Fig.: 1.3)

Fig.: 1.3. Dry Operating Weight (DOW)

Passenger weight

The passenger weight is the total weight of the passengers plus their carry-on

luggage. (Fig.: 1.4)
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4. Correction

After having entered all the data, the aircraft balance on takeoff with weight of
68,482Kg will be 29% of MAC.

22
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The new balance is then expressed by the following:

(ZDn x Pn) — A
C % or MAC = 100 x XPn
L
Where: (£Dn x Pn) = DO

XPn

A : Leading Edge Mean Aerodynamic Chord — LEMAC
L : Mean Aerodynamic Chord — MAC

2.3 Balance Chart

2.3.1 Overview

In order to facilitate aircraft loading operations, using a reference chart with a
quick simple method allows changes in weight and balance to be calculated. This
balance chart allows the aircraft CG to be determined for each flight. This
document constitutes a regulatory document and must be produced for each
stage. This calculation is performed using a reference chart, drawn in the plan
(moment, weight). In this plan, the iso positions of the center of gravity
(expressed as a % of MAC, 20%, 30%, etc.) are represented by a cluster of lines
representing, on the horizontal scale, moment at 0, and on the vertical scale,
aircraft weight in tonnes. (Fig.:2.3)
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2.3.2 Preparing the balance chart

The balance chart is prepared for each stage. It consists of the following:

In the first section, on the left:

. Flight number;

. Date;
. Stage;
. Author’s name.

In the first section, on the right:

. Type of aircraft;
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By intersection between aircraft weight with fuel (horizontal), and balance after
filling (vertical), the location of the center of gravity is obtained as a “MAC”
percentage. This point is the pre-flight CG position.

2.3.5 Operational and certified limits

The ZFW and TOW positions must be within the operational limits defined by the
manufacturer. The certified limits defined in this way by the manufacturer are

linked to the structural strength of the aircraft.

The limits of MZFW and MTOW are also represented by horizontal lines (Maximum
Zero Fuel Weight and Maximum Takeoff Weight).

3. Exercise

Weight and balance report

Plan of an Airbus 320-200 equipped with 180 passenger seats.

| OA | OB | OC (o))
!48 seats| 30 s “42 seats‘ 60 seats
c(ooJoo)oo ) oo Jf]) >

Forward cargo After cargo Bulk
compartment compartment compartment

Fig.:24. Planofan
Airbus 320-200
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Opposite is a weight and balance report for an Airbus 320. Only the boxes for
different weights (zero fuel weight, take-off weight, landing weight, fuel load
weight and payload weight) and the number of passengers and their positions in

the aircraft have been filled in to allow for implementing the balance.
« The adjusted base index is 47.

- What is the take-off weight, landing weight, index and balance?

20
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. Identification of cabin zones;

. Identification of cargo holds.

2.3.3 Determination of balance without fuel

In the second section there is a table for recording the loading in the hold (freight

in kilograms) and in the cabin (number of passengers).

Starting with the empty balance, also called the “basic index”, representing the
moment of the basic weight, the moments of the additional weights are added.

This basic index can be adjusted to take account of changes in aircraft version.

By intersection between aircraft zero fuel weight (horizontal), and balance after
loading (vertical), the location of the center of gravity is obtained as a “MAC”
percentage. This point is the CG position without fuel (ZFW) corresponding to
balance at the end of a flight. It is also called the “zero fuel index”. (ig.:2.2)

INDEX DE BASE |:]+ CORRECTION EVENTUELLE :I: INOEX DE BASE CORRIGE :}

CHARGE TRARSPORTEE

Index de base : Dry Operating Index

Fig.:23. Zero
fuel index

2.3.4 Determination balance with fuel

At the center of the chart is the full fuel load section. From the starting point of

the balance without fuel, at the end of jet fuel filling the taxi balance is determined.
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Aircraft Configuration

. It is essential to check levels (oil in engines, APU oil, hydraulic fluid, IDG
oil, etc.).
. Check that cabin equipment is present (fire extinguishers, oxygen masks,

seat belts, etc.).

. Empty the containers, toilet water, fuel, etc.

. Check the wheel and shock absorber pressure.

. The aircraft must be empty of tools (safety devices, braces, etc.) and
covers.

. The wing must be smooth (slats, flaps, air brakes, spoilers retracted).

. The doors must be closed.

. Parking brake released.

NOTE :

As weighing is generally performed at the end of aircraft maintenance downtime,
check carefully that the aircraft has all of its equipment (cowlings, service doors,
etc.).

Installation of weighing equipment

. Checking equipment calibration.
. Zero settings.
. Installing scales on jacks or under wheels. (. 1.8

Fig.: 1.8. Weighing PA28

10
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1.5.5 Maximum Landing Weight (MLW)

The Maximum Landing Weight is limited by the aircraft impact on the runway. The
forces exerted on the landing gear and on the structure will depend on the aircraft

weight during landing.

This limit may also depend on operational factors associated with the go-around

or the landing, such as:
. Runway length available for landing;
. Weather conditions;

. Airfield altitude, etc.

1.6 Weighing

1.6.1 Interval between weighing operations

Before its first flight, an aircraft has to be weighed and its center of gravity has to
be determined. These values will be noted in the Load Sheet. The equipping of the

aircraft is then specified in an appendix or in the maintenance manual.

The weighing of a new aircraft when it came off the production line can be used if
the operator takes account of the changes made to the aircraft during the

commissioning process. A new weighing operation must be performed :
- after any significant modifications likely to affect the weight or balance;

- at the end of a major project or operation defined in the maintenance

manual.

1.6.2 Implementation of weighing operations
In order to carry out these operations, it is necessary to refer to ATA Chapter 8
“LEVELLING & WEIGHING” in the maintenance manual of the aircraft concerned.

Hangar Configuration

The weighing operation can only be performed in an enclosed hangar, protected

from wind.
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P2

Fig.: 1.10.  Weighing calculation for PA 28

Manufacturer data

A =2.786m

D1=2.001 m
Hypotheses

P1 = weight on nose wheel
P2 = weight on main gear
D2=A-X

Weighing results

P1 = 181 kg

P2 = 498 kg

Using the basic equation

D2 (P1 + P2) =D x P1

D2 = (D x P1)/(P1 + P2) = (2.001 x 181)/(181+498) = 362/679

12
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Levelling

For levelling it is necessary to refer to the "LEVELLING” chapter of the Maintenance
Manual. The methods used will depend on the aircraft type.

A measuring device based on the “plumb line” or a spirit level may be used.

Example:

Levelling a PA28-151 (Fig: 1.9)

Fig.:19. Leveling

1.6.3 Balance calculation

After having taken readings from the two Main Gear scales and from the Nose

Gear scale, the aircraft weight (W) is obtained.
The center of gravity still needs to be determined.

This CG will be determined in relation to the reference plane. Example of

calculation to determine location of CG for a Piper PA 28. (Fig: 1.10)

11
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2. VARIATION IN WEIGHTS AND BALANCE

2.1 Variation in weights

The variations in weight during loading of an aircraft must be expressed from the
starting point of the empty weight determined by the weighing operation.

This value will be added to by the crew, passenger provisions and cabin

equipment, to give the basic weight (DOW).

This basic weight can be adjusted in relation to versions of the aircraft (e.g.
addition of a flight attendant). The crew makes its estimate of the fuel (block fuel
quantity) necessary for performing the flight, including regulatory reserves.
Calculation of Zero Fuel Weight, Taxi Weight and Takeoff Weight. Checking of

compliance with applicable (operational or structural) limitations.

This operation is called the weight report.

2.2 Variation in balance

The variations in balance during loading of an aircraft must be expressed from the
starting point of the empty balance. The balance will then be adjusted in relation

to loading (passengers, cargo, fuel, etc.).

Compliant with the empty balance formula, the only variable is X", distance from
plane 0 to center of gravity. Applying the following method will allow for
determination of the new distance X and the CG position after loading of the

aircraft with passengers, cargo, fuel, etc. (ig:2.1)

14
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We find the value of X

X=A-D2=2.786-0.533

X = 2.253

Conclusion :

During weighing the center of gravity is located 2.27 m from the reference point.

The exact position of the center of gravity is now known. It can therefore be
located in relation to the Mean Aerodynamic Chord. (ig.:1.11)

Fig.: 1.11. Position of MAC of PA 28

Calculation of CG position in relation to % of MAC
Manufacturer data

A=1999m

L2=1.589 m

Hypothesis :

X =2.253m

Application :

% MAC = (X - L1)/L2 = 0.159

Or 16 % of MAC.

13
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PO

Fig.:2.1. Variation in CG

2.2.1 Calculation of new "X”

With P1 the basic weight of the aircraft, and D1 its point of application. P2, P3, ...,
Pn weights corresponding to the loadings distributed in the aircraft and D2, D3,

..., Dn their respective distances from the reference plane 0.

The moment at 0 of these different weights is : Mt = (D1xP1) + (D2xP2)
+....+(DnxPn)

Also P2, P3, ..., Pn forming a system of parallel forces, this moment is equal to :
(P14224P5+ 29 % B

The calculation of the new D is :

D= (D1x P1) + (D2 x P2) + (D3x P3) +... + (Dn x Pn)

P1+P2+P3+..+Pn

Relation (XDn x Pn)
ZPn

represents the new D.

15
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I F

Start of the flight End of the flight

Fig.: 1.7, Maximum Zero Fuel Weight

NOTE :
MZFW is never reduced by local airport conditions.

1.5.3 Maximum Taxi Weight (MTW)

The Maximum Taxi Weight is the point at which the aircraft weight is at its
greatest. On the parking stand the fuel provided for taxi fuel burn has not yet
been used up. This limitation in particular takes account of landing gear resistance
during pushback.

NOTE:

During the push, the flight crew must take account of residual engine thrust in
idle, parking stand gradient, any other force opposing pushback.

1.5.4 Maximum Take-off Weight (MTOW)

Maximum Takeoff Weight is limited to allow aircraft takeoff in optimum conditions.
It is the maximum weight on brake release at the end of the runway. The limit is
determined by the following operational factors:

. Takeoff runway length;
. Topography in takeoff trajectory;
. Engine performance;

. Weather conditions, etc.
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