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	FL
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	- aircraft

	MP
	- maintenance process
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	- technical operations  prior  failure
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	TOR
	- technical operation according to service life

	TDO
	- technological and design    bureau

	M
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	FS
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PREFACE
The proposed manual covers the material of one of the   modules on discipline "Aircraft Maintenance " which is closely connected with subject matters of   discipline "Aircraft Airworthiness Preservation" and fully complies the syllabus. 
Any aircraft (AC), like other machine has it life cycle that  starts from its design and ends when  it is written off, and significant time is taken by   operation stage. Only at this stage AC performs the designated functions, exercises its  potential opportunities, as well as design and operational characteristics. Only during the period of   AC operation all expenses associated with its creation are reimbursed.
AC operation is a complex dynamic process that includes several interconnected functional processes including: flight, technical, commercial, airport operation, air traffic control and others.

Maintenance, as an integral part of operation, should preserve   aircraft airworthiness, that is, their performance and serviceability, readiness to fulfill their assigned purpose with the lease labor and material costs. Aircraft operation has such  stages as maintenance, repair, storage and transportation. 

 Scientific progress calles for  continuous AC design development and  improvement. It affects the development and manufacturing cost, as well as maintenance expenditures. There arises  a need for continuous improvement of AC maintenance in order to inhance  its  effectiveness and reduce  maintenance cost.

Effectiveness  of AC maintenance process is in general defined  by a large number of factors at  different stages of its design, test and operation. First of all, it is thorough investigation and provision  of reliability, maintainability requirements, completeness and quality of   lifetime  tests for reliability, perfection of proposed maintenance programs, the level of production and technical base of  operational and repair enterprises.

In order to improve efficiency and profitability of AC operation, a sertain level of AC design and performance properties is  provided and  a long-term operation maintenance program is developed. Maintenance program for new types of AC at the design stage  is being developed  in interaction  with already existing reliability, maintainability and testability software. Such interaction allows  simultaneous and coordinated execution of wide-range activities to ensure adaptability of AC design to the most effective maintenance strategies, the development of these strategies to be used by  operational and repair enterprises .

Complicated conditions and variety   of maintenance tasks, high responsibility for flight safety and regularity dictate special requirements for engineering and aviation service, which provides  AC maintenance tasks implementation. It provides a complicated  preparatory  work  for AC flight, assessment and prediction of its technical status, troubleshooting and failures of   the functional elements of  AC systems; organization and control of maintenance process; maintenance effectiveness, provision  of AC management performance according to the  airworthiness requirements, development of the current production and technical base, and other functions.
It should be noted that for  last 20 years civil aviation of Ukraine  has undergone  big structural and technical changes that  are still in progress. Many problems remain unresolved, and for some of them even the  tendencies for their solutions are not outlined.
      This manual touches upon some theoretical and organizational  issues but most  attention is focused on theoretical and not practical aspect.
     The manual  will be useful not only for students of aviation higher educational institutes  but also for students of aviation colleges and engineering staff of operating airlines.

Part I 

AIRCRAFT maintenance SYSTEM 
1. General Characteristic of Aircraft
as Operational Object
1.1. Aircraft (AC)  life cycle 
Provision of safe, regular and efficient  operation of passenger AC  at minimum labour costs, consumption of  time and material resources are major tasks of their maintenance. Accomplishment of these tasks is performed at the AC operational stage, which is  one of its life cycle stages.

The life cycle, in this context, is defined as a  set of interconnected AC states, subsequently changing one another from the beginning of research and justification of AC design to the end of its lifetime in operation. Part of the life cycle characterized by  a certain state of a specific AC type, set of scheduled kinds of work and their final results, is the life cycle stage. There are such stages as: research and development justification; development; production; operation; plant repair.

In the life cycle of AC, like any other machine, starting from its production till expiration of the  assigned service life, significant part of time is  assigned to  operational stage. Only during AC operation it performs the functions  it was developed for, demonstrating  its potential abilities and also the design and operational properties. Only during operational stage   AC covers all the expenses, related with its development.

AC operational stage  is the life cycle stage from the moment of its acceptance by airline from AC manufacturing plant or AC overhaul plant (AOP).  This stage combines such phases as: AC service for its purpose, storage and transportation. One of the AC operation components is its maintenance, including work,  specified by maintenance and repair documentation, intended for AC flight  performance   preparation, maintaining  its  airworthness and also  provision of  assigned  reliability level during operation.

Maintenance of AC and its component parts involves maintenance in storage and transportation along with  current and light repairs.

Maintenance consists of  performing work by the air company in accordance with maintenance documentation for fitting AC for departure, providing  its operability or serviceability, including routine procedures aimed at troubleshooting along with     replacement or repair of some units and structural members.

1.2. Concept, general trends and design criteria of new AC generations 

Designing  AC functional systems and structures is performed in compliance with their reliability requirements, considering possible AE failures in the predetermined operational conditions. Basic documents for AC design planning are Aircraft Airworthiness Standards (AAS) and AC Technical Specifications (TS).

When a design of a new aircraft type is created the design engineer must consider the following basic principles:

- creation of fail-safe structures using component and system (i.e. the  whole functional system channel) redundancy;

· increasing element (unit) reliability using new but already time-tested operational principles and materials;

· protection of units against influence of negative factors (vibration, high temperature, humidity, dust etc);

· fail-safe distruction  of elements and  some units failure by using  various divices which reduce possibility of  failure or damage propagation;

· provision of  testability of vital units, systems and dangerous  zones of airframe structure;

· prevention of failure occurrence, based on operational status evaluation and prediction;

· AC on-condition maintenance;
- taking into account human abilities (human factor) during AC maintenance.
1.3.Aircraft airworthiness
Airworthiness is an AC characteristic determined by principles specified and realized in its structure and flying qualities that allow safe flight operation in the predetermined conditions and with established operational methods.

Predetermined operational conditions include:

- state parameters and environmental factors;

- operational factors;

- flight personnel;

- aerodrome class and category, runway (RW) parameters and status;

- AC weight and centre-of-gravity;

- engines rating and duty cycle;

- possible AC configurations;

- peculiarities of AC usage; 

- AC characteristics;

- list and characteristics of ground  equipment for flight operation support;

- weather minimum at take-off and landing;

- petroleum, oils and lubricants (POL) used, other special liquids and gases;

- maintenance intervals and its types;

- flight parameters;

- combination of these parameters.

Elements of AC airworthiness control system (Doc 9389) include:

- AC registration;

- AC type certification;

- airworthiness certification;

- AC maintenance planning approval;

- operator certification;

- AC crew certification;

- Airworthiness state supervision.

Modern AC flight operation performance is associated with participation of many AC experts of different specialization and qualification. AC Transportation  System (ATS) provides  flight preparation, servicing and operation.

AE samples (objects) are AC types (airplanes, helicopters and others) in general , mobile power units (AC engines, accessory power units, cooling turbines, heaters, fans and others) and some  component parts (CP).
Self-study check

1. Describe AC life cycle stages.

2. Name the basic principles that must be considered at  designing a  new AC type.

3. What is “airworthiness”?

4. Name the predetermined operational conditions.

5. What do AE objects include?

2. Design and Operating Aircraft Characteristics
2.1. Aircraft reliability

Reliability is an object property to maintain, within established limits, all parameters values, which characterize ability to perform the required functions in set modes and conditions of operation, maintenance, storage and transportation.

Usually reliability includes: failure-free performance, durability, repairability, storageability or certain combinations of these properties.

AE operational process is accompanied by continuous variation of its technical state, caused by different operational factors  acting  on the structure.

These factors are as following:

- aerodynamic loads;

- dynamic loads on the landing gear at take-off and landing;

- vibration loads from unbalanced off-centre masses; 

- excessive pressure in airtight cabin; 

- acoustic pressure on structure; 

- thermal loads on the parts of  hot engine section; 

- pressure pulsation in hydraulic and pneumatic systems; 

- structure weight growth at icing; 

- solar radiation;

- low temperatures; 

- atmospheric precipitation etc.

Influence of these factors on AC leads to  irrevocable changes in structural materials, wear of joined parts, protective coatings damage, corrosion and, as a result, damages, faults and failures  are becoming more evident in  time. That’s why every AE object can be in serviceable, unserviceable, operative or nonoperative status.

Operative status is an object state when it meets all requirements of standard material and  procedure specifications and (or) structure (design) documentation.

In this status the object is always operative, whereas operative  object can be unserviceable.

Inoperative status is an object state when it doesn’t meet even one requirement of standard technical and (or) structure (design) documentation.

The object becomes  unserviceable after some event when defect occures. The defect  becomes evident  as  damage or failure.

Damage is an event when both the malfunction of an object serviceable state and  the operational condition take place.

At that, number of object parameters determining its serviceability, remains within the established limits and some object features, having no immediate affect on its serviceability do not meet the requirements (defective paint coating, corrosion, exterior scratches etc.).

Failure is an event when the malfunction of an object operational condition takes place.

Operative state is an object state when values of all its parameters characterizing ability to perform assigned  functions, meet requirements of standard technical and (or) structure (design) documentation.
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Inoperative state is an object state when value of even one parameter, characterizing ability to perform the given functions, doesn’t meet requirements of standard technical and (or) structure (design) documentation.

Object can switch into inoperative state from the serviceable and unserviceable but  still  operative state ( Fig. 2.1).

The design planning of AC functional systems and structure in general  is performed to meet  reliability requirements considering possible AC failures in specified operational conditions. Basic documents during design planning are AAD and AC Technical Specifications (TS).

     When developing a new type of AC structure, in order to provide reliability, a design engineer must consider such basic principles as:

- usage of  every component and system redundancy

- rational system design planning to decrease amount of input elements and units

- an increase of elements (units) reliability by means of new but already approved operational principles and materials

- protection of units against influence of negative factors (vibration, high temperature, humidity, dust and etc.)

- introduction of various devices which limiti structural failure propagation

- prevention of failures by evaluation and prediction of technical state.
All reliability factors are determined during operation by using statistical data of failures and defects for specified period. It is usually called reliability factor evaluation.

At item reliability analysis different kinds of statistical data evaluation are used:

- operational reliability evaluation (by urgent, daily and monthly information)

- periodic reliability evaluation (by quarterly, semi-annual and annual information)

At operational reliability evaluation data processing generally consists of qualitative analysis and at periodic it is  quantitative and qualitative analysis. Information processing and analysis is performed for separate units, systems and AC in whole.

Quantitative reliability information analysis allows to determine actual AE reliability level which evaluation is performed by means of factors calculated by specified mathematical dependencies.
2.2. AС trouble-free operation
Flight safety and regularity, economic factors of AC operation are mainly  determined by its failure-free performance.

Failure-free performance is an object property to maintain continuously operative  state during definite period of time or operating time in specified conditions.
Failure-free performance is one of reliability properties.

The problem of AE failure-free performance  is very urgent because of great number of various elements, equipment units and detail parts, the tgrowth of their functions and complexity  of their operating modes.

AE failure-free performance and its properties are affected by different factors determined by conditions of design planning, production and operation.

Analysis of these factors shows that failures of AC units and systems occur because of design and manufacturing defects, operational damages, insufficient reliability of AC units, systems and power units, unsatisfactory AC testability and also ill-provided  technical state monitoring during maintenance and before flights.

Solving reliability tasks in operation one has to  deal mainly with random variables (values of time-to-failure law parameters, recovery time etc.). It is explained by the fact that failures and defects of  AC items are casual  events; therefore it is impossible to determine exact   moment of time when they can occur. 

In order to study random events and processes, the  probability theory, mathematical statistics, queuing theory and recovery theory are used.

Usually, failure-free performance factors for repairable and nonreparable items are considered.

For nonreparable items the following expressions are used:

— probability of failure-free operation per t operating time
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where  N(t) – number of items operative  to  t time moment 

Nо – number of items operative  at the  initial moment of time
r (t) = No - N(t) – general number of failures per t operating time

— operating time distribution density before  failure
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where ti – left end  of the i operating time interval; Δti – length of  i interval (Δti = ti - ti-1); r(ti) –  number of items failed before  ti time moment; Δr – number of failures at  i operating time interval;
— failure rate

λ*(t) = 
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— mean operating time before failure (in case of all considered items failure)
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where ti – operating time of  i item before  failure; М*[T] – mathematical expectation of random variable, sometimes called mean value of random variable.
For repairable items:
— probability of failure-free operation Р(t1, t2) at t1, t2 interval, where t1<t2. (probability that during the given operating time no object failure occurs)

— failure density ω*(t) at  t time moment – mean number of repairable item failures per time unit. It is equal to ratio of mathematical expectation of repairable object failure number at rather short operating time to this operating time value. In assumption about instant repair (recovery) of failed items and about failure density, continuity at t time moment the following ratio is valid:
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(r – the total number of repairable item failures at  i interval of (t length; N0(ti  – the total operating time of all items at  i interval;

— mean item time  tofailure Т0 (the ratio of total repairable object operating time to mathematical expectation of its failures number during this operating time);
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where r(, T(  – the total number of failures and the total operating time of items for the given period.
Mentioned features are expressed in terms of time-to-failure distribution value. Function of the item time-to-failure distribution is marked as F(t), and density – as f (t).
At t> 0, the following ratios take place:


[image: image10.wmf];

dx

)

x

(

exp

1

dx

)

x

(

f

)

t

(

F

t

0

t

0

þ

ý

ü

î

í

ì

-

-

=

=

ò

ò

l



[image: image11.wmf]dt

)

t

(

dP

dt

)

t

(

dF

)

t

(

f

-

=

=

.


[image: image12.wmf];

dx

)

x

(

exp

)

t

(

F

1

)

t

(

P

t

0

þ

ý

ü

î

í

ì

-

=

-

=

ò

l



[image: image13.wmf])

t

(

P

)

t

(

f

)

t

(

=

l

;


[image: image14.wmf]ò

¥

=

0

)

(

dt

t

Р

T

ср

.


[image: image15.wmf]dt

)

t

(

d

)

t

(

W

w

=

,

where ((t) – mean number of failures at operating time interval (0, t).

2.3. AE durability. General concepts
Durability is an object property to maintain working ability to the boundary state at established M system.

Boundary state is an object state, when its further operation is inadmissible or inappropriate, or its operative state recovery is impossible or irrelevant..

Durability depends of great number of factors that can be divided into strength, operational and organizational factors. In its turn durability includes concepts of physical, economical and moral durability.

Physical durability is based on strength properties of structure and  factors that define it. 

Economical durability is determined by AC profitability, which in many ways, depends of commercial load.

Moral durability is stipulated by peculiarities of technical progress in aviation. Moral durability is not subjected to any calculations, it is purely sociological concept.

Durability factors 

AC durability is limited by boundary state that occurs as a result  of acting loads and factors deteriorating its technical state.

Boundary state is evaluated by appropriate signs or criteria, established by a design manager, and by Airworthiness Directives.

For different types of AC, engines, units and devices they can vary and are stipulated in appropriate standard technical documentation (STD). STD requirements are mandatory and must be steadily met by operators.

For quantitative durability evaluation, the concepts of lifetime and operational endurance are used. At that, lifetime is measured in operating  hours, landings and cycles, whereas  service life  – by calendar time of an object operation.

As to  AC, engines, units and items, the following kinds of service life  and operational endurance are accepted.

Guaranteed life (operational endurance) – operating (calendar) time, during which the manufacturer bears responsibility for technical state of object in case  the operating manual instructions were followed.

During guaranteed life the manufacturer repairs damages and failures of the object by his own  and at his own expense.

Service life (operational endurance) – operating (calendar) time from operation commencement to the first object repair.

During the object development, the  design engineers try to provide maximum service life value till first repair as it is related with efficiency of the object proper use. At that, they also want  to meet requirements to make service life  of component parts and units before repair respectively not less than service  life of basic object (AC, AC engine etc).

Interrepair lifetime (operational endurance) – operating (calendar) time between two adjacent repairs of an object.

Interrepair time is established on the base on integration of operational and the first object repair experience. Its value is usually less than values of time before   the first object repair. At the best they can be the same .

G-percentile lifetime (operational endurance) – operating (calendar) time, during which the object can’t reach boundary state with probability γ, expressed in percents. At set γ value we have quite definite  Тγ value of g-percentile lifetime (Fig. 2.2).

Specified lifetime (operational endurance) – the total operating (calendar) time after reaching of which the object mustn’t be in operation  regardless of its technical state.

[image: image99.png]


By the justification nature, calculated (i.e. justified by appropriate calculations) and confirmed specified lifetimes (i.e. justified by different tests) are distinguished. During the object operation the confirmed specified lifetimes are followed.

Lifetime confirmation process is stagewise, step-by-step. That is why the specified lifetime  valid  at  one or another period of object operating time is called temporary specified lifetime (operational endurance).

Mean lifetime (operational endurance) – mathematical expectation of operating object lifetime (operational endurance).

This factor is usually used at processing of structural elements and units test data before the boundary state, stipulated, for example, by disastrous fatigue failure, wear and etc. It is also used at processing of statistical data of failures that occur in operation.
 Lifetime determination methods
The most important problem at lifetime determination is  the correct (objective) detection of lifetime and reliability dependence. At that, lifetime value affects the failure level.

Whatever method of  the lifetime determination used, maximum permissible values of appropriate structural elements, units and zones operating time must be justified. Therefore initial basis for evaluation of lifetime value limits is calculated durability.

In order to get experimental justifications of lifetime values, different kinds of ground tests (static, fatigue, equivalent, etc.) are carried out.

Calculated durability materials and test results are the basis for specified lifetime approval. Interrepair lifetime enhancement is performed stepwise according to  the operation consequences. Bed (ground) tests do not completely determine peculiarities of systems and units operation in operational conditions. That is why  operational and flight tests are performed.

Calculation methods. These methods are based on supposition that durability is limited by fatigue structural properties, thus, structural strength lifetime is conserned. Two calculation methods can be distinguished: cumulative damage method and contact method.

Cumulative damage method is widely used at calculation of AC strength lifetime. While using this  and other calculation methods in  AC operational conditions, active and passive load time is distinguished.

During calculation only active load time is taken into account.

Active load time covers take-off – flight – landing - taxiing - towing cycles.

RW standing time is considered to be passive load and  the part of time that  can be refered to  active load is generally negleced.

So, the strength lifetime is total active load time. Cumulative damage method is based on hypothesis  that fatigue damage is linear function of the loading cycles number. Loading condition is:
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where  nі – the number of acting loading cycles of certain amplitude

k – the number of different amplitude cycle levels

Nі – the number of specified amplitude cycles that causes   destruction

It follows that destruction occurs when the sum of all “specific (relative) damages” is equal to one.

Probability of destruction in general case is
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and probability of indestruction is Р(t) = 1- Q(t)

Cumulative damage diagram is shown in Fig. 2.3. 
ОK broken line means damage accumulation law set  at calculations. Оаbс line is  the actual process of fatigue damages accumulation in a structure. From above mentioned relationship comes that probability of indestruction Р(t)=0.5 according to  the damage accumulation law (OK) can, by Оаbс law, correspond to much higher actual probability of indestruction, approximately 0.999. However, taking into account  airframe desing complexity and  its loading conditions during operation, the received results  of indestruction probability (0.999) is insufficient to avoid  crack formation in structural elements.

There arises a necessity to perform routine inspections in order to reveal  defects that  appear during  operation and damages in all functional systems and sections of  AC airframe structure. Thus, at the beginning of operation  the inspection  may be not often but  when the flying time increases the periods  between regular inspections is respectively shortened.
In practice this statement is true  only when  AC manufacturing technique level is high enough. At the same time it is necessary to calculate and determine probability of indestruction of those elements and units where  crack formation is inadmissible relying on requirements of flight safety provision.


[image: image18]
Fig. 2.3. Cumulative damage diagram: 1 – linear law of fatigue damages accumulation; 2 – actual fatigue damages accumulation
It is necessary to know in what loading amplitude section the most fatigue damages accumulation occurs. This information helps to choose correctly the section where  greatest number of  AC structural fatigue tests are to be performed .

Contact method is based on the usage of integral repetition of loads that occur during special flight tests on  AC equipped with measuring devices.

Studies in the field of  AC structural strength and damage possibilities have stipulated the  appearance of  a method that at specific spectral loading process intensity allows to evaluate damage possible zone. Thus, at analysis of loading repetition affecting AC in turbulent atmosphere or when taxiing  on the aerodrome, it is necessary to establish statistical correspondence  between curves of integral repetition of power factors and integral repetition of overloads in AC centre of mass.

This correspondence allowes to solve  the task of operational loadings repetition evaluation based on overloads repetition in the centre of mass. It is important  to  register  some parameters that characterize flight conditions, for example, routes, altitudes, terrain reliefs, masses, and AC configurations etc.

On the base of  known integral overloads repetition (N), obtained during flight tests and physical loadings on structural elements (ny), statistical dependence  of  these values is built (Fig. 2.4). Then N= f(ny) curve recalculation into N=f(р) is performed.

They are mostly built  by using logarithmic scale on Y-axis. This allows to approximate them with the straight lines. Then by applying the  transformation law, two constants are evaluated; they  characterize the angle of slope and  its equidistant displacement. On the whole,  it simplifies the task solution.

At  contact method, the structural strength lifetime (or operational endurance) is determined by means of comparison  the given structural durability line and line of operational loads integral repetition (Fig. 2.4). Determination of the lifetime is performed in the following way. The curve of integral loads repetition 1 shifts to the right untill it  reaches durability curve 2. Abscissa  of contact point А shows the number of cycles N2.
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Fig. 2.4. Determination of structural strength lifetime (operational endurance) by contact method: 1 –  integral loads repetition curve; 2 – structural durability curve
N2/N1 ratio characterizes the number of periods, accepted at determination of integral loads before structural damage. Ordinates of А' and А points are one and  the same. Lifetime in this case is determined by multiplying the  time repetition of one period  by their numbers.

Till now the contact method does not have quite  theoretical grounds, and, furthermore, it gives higher (overestimated) lifetime values than cumulative fatigue damage method. This fact somewhat limits its practical use.

Lifetime limits as established failure probability. 

Q (t) = ( (at normal failure distribution)

Тс = Тср - 3(
At established ( = 0.001, failure probability is Q (t) = 0.001 and failure-free performance probability is Р =  0.999.
( – percentile lifetime when allowable failure probability is established.

Experimental methods. These methods are based on materials of bed and lab tests of AC structural elements and units. The tests are performed to specify durability properties of objects tested at different loading levels.

In order to obtain reliable data, several samples are tested. Usually, if  possible, not less than three identical samples at every loading mode are tested.
The problem is that  tests of   the whole AC or its large-dimension units are rather labour consuming and expensive.  It leads to  small    number of tested objects. Besides, loading conditions of AC structural elements in flight are characterized by  variety and random repetition of loads and it is next to  impossible to  reproduce them in a  laboratory. In practice it appeared   that  some elements and units being  quite satisfactory during durability tests appear to be insufficiently durable in real operational conditions during flight.

     On the base of  experimental methods it is possible to determine the strength lifetime, reveal structural weakness and character of potential damage, and also to evaluate crack propagation rate in structural elements.

Lifetime determination by method of planes-leaders (Rл), based on integration of planes-leaders operational experience in real conditions is:
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where Тl  – average  flying time of planes-leaders; Кl = 1.8...2.2 –  empirical, test coefficient.

Airliners fly in a zone of low failure probability, whereas plane-leader is continually  subjected to  “substantial” failures.

Calculation-experimental method of AC lifetime determination is
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where N0 – number of loading cycles to the boundary state of items;
Nі – number of loading cycles to the boundary state of items with Ті operating time.
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or, with safety coefficient Ks, is
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At the same loading level the condition when the  item achieves the  boundary state is
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where М – number of standard flights with tі duration

At М loading levels:
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2.4. Aircraft survivability

In the course of development and further complication of AC structures and systems the  question of their survivability is of vital importance. By survivability of AC or functional system is ment the  property that provides normal flight (flights) performance  of specified functions with some failures or damages of their elements or units. During AC design  the expected conditions of its operation are taken into consideration and all functional systems are developed  in such a way that damages occurring during operation or failures of some elements wouldn’t lead to in-flight emergency.

The boundary state of AC structure begines at the  moment of its supporting power decrease. There are two basic principles of its determination:

- “safe  lifetime”, means the  prediction of its occurrence with too high reliability on the worth in terms of dissipation AC sample
- “safe destruction” means  timely detection of this moment on any AC sample.
In the first case reliability is provided by appropriate selection of high enough reserve coefficient value  at specified lifetime selection, and in the second – by routine structural inspections with such intervals between them that would provide practical improbability of damage which  exceedes   the  admissible size of  crack.

To provide operational survivability it is necessary:

· to know danger zones where fatigue damages can occur before the specified lifetime is worked out

· all danger zones must be accessible for routine inspection

· residual strength of damaged structure, the dimension (size) of which is monitored, must be not less than admitted
· fatigue damage (crack) propagation rate must not exceed specified limits which provide flight safety

·  monitoring intervals  and monitoring aids efficiency must provide possibility  for  potential  damages detection.
At the  stage  of AC survivability provision the following stipulations  are:
· redundancy of vital systems and units

· provision of fire localization in case  it occures

· wide use of new materials and techniques at solving “weight – strength” problems

· provision of plane unsinkability

· usage of special structures for corrosion protection,  increase of structural elements number, usage of structures with distributed load etc. 

The essence of redundancy is that functional systems, the failure of which  lead to  emergency or accident, must be designed in such a way, that existing experience could allow to consider  a failure as next to improbable or the used redundancy after two subsequent failures could maintain possibility to continue the flight at least in manual control mode. 

For  the passenger AC the size of damages, at which admissible  strength is retained, is considered   as determinative survivability factor. This  factor is just calculation criterion.

Additional factor – the   damage size propagation rate – is indeterminate because the damage propagation law is unknown.

Wing damages  of the developed AC  are calculated considering:

· spar web crack of  half height length of spar web 

· complete destruction of front or rear spar boom

· two-flight (two interstringer distances) crack in any place of a coating.

 The fuselage calculated damages are considered:
· two-flight transverse skin crack  with the   broken stringer in the middle of the crack

· two-flight lengthwise skin crack   with the broken frame

 Monitoring of crack propagation is carried out by using  non-destructive inspection methods.

Thus, survivability factors for structures, where cracks occur, may include: 
· average  operating time before   cracks formation

· crack propagation rate

· AC operating (flying) time with  admissible crack presence

· monitoring intervals of crack size and its  increase rate

“Safe destruction” (“increased survivability”) principle is used also for functional systems. At that, the basic method of reliability increase and functional systems survivability provision is the redundancy of systems, separate  parts and elements (control, hydraulic, oil and fuel systems).

“Safe destruction” principle was firstly used at designing   B-707 plane (in mid 1970s).

In modern ACs the “increased survivability” principle is also provided by:

· using  complicated structures, like “coat – doubler” type based on high-strength adhesive

· using heatproof, corrosion resistant materials etc.

In order to reduce the  weight, maintaining required strength, hard alloys of aluminium, titan and composite materials are used.
2.5. Maintainability and repairability.
Basic concepts and determinations

Improvement of M processes and enhancement of technical and economical performance of AC operators in many ways depend of AE maintainability level, largely determining volume of work and thus AC idle time at maintenance.

    AC maintainability means  a set of its structural properties  which characterize the ability  for all kinds of M works be carried out by using the most cost effective manufacturing methods.

    AC and its component parts repairability mean suitability of their structure for total recovery work complex, including lifetime and operational state recovery in case of  failure or reaching the prefailure state  with required quality in repair base conditions. At that, it is admitted that maintainability and repairability  level increase definitely leads to decrease of M time, labour and money costs with provision  of high quality of M and thereby  to increase the  whole M system efficiency.

Maintainability and repairability  stipulate structural suitability for progressive M strategies and methods such as, for example, M strategy due to technical state and method of scheduled unit-subassembly repair, structural suitability for performance of separate M operations, in particular, operations for failure and damage repair.

Maintainability and repairability  are determined by a range of factors which are considered at AC development  depending on its purpose  and operational conditions. They are combined into the following correlated groups:

- design-manufacturing factors

- operational factors.

Design-manufacturing factors determine properties of the structure itself and must be considered at AC creation.

Operational factors define operating environment in which the structure demonstrates its properties, and must be considered both at AC development  and operation.

 Design-manufacturing factors include:

- availability

- testability

- easy removability

- interchangebility

- inheritance of ground-support and checkout equipment

- standartization of systems and units

        Operational factors include:

- forms of M provision organization 

- state of production and technical base

-  specialists qualification

- completeness of  spare  parts and materials supply

- completeness and quality of operational documentation

Not to diminish the role and influence of operational factors on maintainability level, it can be said, that required AC structural properties as to  its M suitability are created and provided at design planning and production stages. Just  at these stages by means of appropriate constructive and technological solutions, the  required AC operational properties are provided.

Availability to M object is an  important factor of saving  time and labour costs during all scheduled  kinds of maintenance and also   when  a place of  sudden failures, damages is revealed and defect elimination.

At availability is meant  an  object readiness  for target M operations performance with minimum volumes of additional work or  without it  at all.
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where Тadd – average  labour consumption of additional work, man-hours; Тrun – average  labour consumption  of running  work, man-hours

Additional work in this  case includes  removal and installation of various hatches, panels, cowlings, fillets, thermal and acoustic insulation, assembly and disassembly of closely installed and unremovable  equipment.

Running  work includes  checking, adjusting, lubricating and fuelling operations, assembly and disassembly of removable  units and items.

Along with this, at availability is meant convenience of  work (position)   execution when  running  M operations (Тrun) with minimum volume of additional work (Тadd) .

The position, that  the worker has to take during operations, significantly affects his labour productivity (on average for 100...30%), whereas to perform  one and the same volume of operations different labour consumption  and duration are required.

Testability is an important factor of AC system and component parts parameters monitoring by using different aids and methods (first of all by means of engineering diagnostics and non-destructive inspection). The significance of the AC structures testability  is mostly determined by requirements of their reliability provision.
Testability means the provision of structural suitability for inspections by one or another control methods and means.

This is inevitably related with additional spendings. However they are paid off by  reliability growth, more effective AC usage and M costs cutting.

Testability decisively influence the  practical application of new, more effective methods of M performance and, in particular, method of items maintenance and replacement according to their technical state.

Testability factor of separate functional systems and AC as a  whole is determined as
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where Тi  – labour consumption of single  inspection of the i item that doesn’t require removal  from  AC, man-hours;

Tj – labour consumption of single inspection of the ј item that requires mandatory removing from  AC, taking into account the time of assembling-disassembling operation, man-hours;

ni, nj – number of items in a system (on  AC) that requires and doesn’t require mandatory disassembling for inspection;

Ki, Kj – frequency of the items (that doesn’t require and require disassembling respectively) inspection within interrepair lifetime periods. 

Easy removability  should not be confused with accessibility.

AC has such components and items   which are easily accessible, but their replacement during operation is complicated. And as far as the usual  method of failure repair during AC operation is the replacement of  failed  item, so easy removability  condition  is very important  as it  shorten AC idling time and increase  its flight regularity.
Easy removabiliy  means the item replacement suitability with minimum time and labour costs.

In many ways easy removability is stipulated by:

- methods used to fix  items that are to be removed

- joints configuration

- weight and overall dimensions of removable elements. 

Easy removability coefficient of item or structural element is determined as
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where Тa-d – average labour consumption of assembling-disassembling work for the  given item, man-hours
ΔТa-d – labour consumption deviation of assembling-disassembling work for the  given item in comparison with the basic factor, man-hours

Interchangeability has great significance for cutting labour and material costs and also AC down time at M.
Component items and parts interchangeability is the property at which from plenty of similar items (parts) any one can be taken without special selection and installed without adjustment on  AC (technological compensators can be  possibly used).
First of all interchangeability greatly affects successful implementation of unit-subassembly repair, method of  units replacement and repair according  to the  technical state.

Depending on volume of fitting work, the appropriate interchange- ability level is established. The lower is  the fitting work volume  at items and  parts replacement, the higher is their compatibility level.

Interchangeability coefficient of item or AC structural element is:
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where Тch – average  labour consumption of checking or adjustment work at the given item replacement, man-hours; Тa-d – average labour consumption of assembling-disassembling work for the given item, man-hours.
Inheritance of ground-support and test equipment significantly affects the  work place arrangement,  maintenance personnel operational comfort , M terms and costs.
By inheritance is meant the  possibility to use for maintenance of  a new AC type already available  general-purpose equipment.

The greater number of this equipment meets requirements of a new AC type maintenance and routine repairs, the higher is its maintainability. Inheritance factor is determined by the formula:
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where Cg.e. – cost of new ground equipment complex designed for maintenance, repair and overhaul of a certain AC type

Cin-o. – cost of equipment complex, already available  in operation and mass-produced

Standardization of AC functional systems and items is rather important factor not only for their  maintainability increase, but also for the enhancement of the whole AC fleet operational efficiency. Increase of one and the same items number on different AC types significantly simplifies M and lowers M cost, shortens authorized spare parts list, decreases the number of required control and measuring equipment.

Generalized maintainability factors 

For maintainability analysis and evaluation the   quantitative factors are required. They characterize AC structure in terms of maintainability  and must meet  the following requirements: 

· maximum consideration of factors which determine maintainability

· possibility to use these factors at calculations and requirements setting for newly developed AC types, engines and their units

· practical use of the factors at maintainability level evaluation at the test and operational stages

· sensitivity to  the change of factors that affect maintainability level

Considering a great number of factors affecting maintainability, it is impossible to evaluate them completely by only one factor. Therefore, along with the isoilated  maintainability factors mentioned above, generalized factors are used which characterize maintainability of the whole structure  more preciously.

        When determining the  generalized maintainability factors, the  initial data about duration and labour consumption of M kinds and troubleshooting  operations are  so-called operational duration and labour consumption values. It means that at calculations only time and labour cost factors that depend on AC structural perfection   and are not  related to  M procedure, are considered.

Specific M operational duration – Kt (in hours of AC down time at M per/hour of flight ) characterizes AC suitability for all M types and is  determined by failure-free and durability properties.
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where Тоp, Тp – total duration of all forms of operational and periodic maintenance respectively within AC interrepair lifetime ТACl., hour; Тrep  –  average AC repair duration, hours; Тe.r.  –  average engine replacement duration, hours; Тe.i.l. – engine interrepair lifetime, hours; Кpr.r. – preschedule engine replacement factor; ( – factor that defines number of engine replacements not synchronized with periodic maintenance forms.

Specific M operational labour consumption – Кl.c. (in man-hours per hour of flight experience) characterizes labour consumption required to support failure-free performance of all AC functional systems at  the given level and also to provide AC operability and serviceability.
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where  (ТM – total labour consumption of all M forms including work on failures and defects repair within AC interrepair lifetime ТACl., man-hours; ТAC.rep., Тe..rep., Тi-i..rep. – labour consumption at repair of  AC, engine and  i item respectively, man-hours; Тe.r.  – labour consumption of engine replacement; Тe.i.l., Тi-i.i.l. – interrepair lifetime of engine and  i item, respectively, hours; Кpr.r., Кі-i.r. – preschedule engine and i item replacement factors, respectively; ne, nі-i  – number of AC engines and items of every type, replaceable within Тe.i.l. and ТACl.; Ni-i  – number of AC items, replaceable within ТACl..
Specific costs of spare parts and materials – Кs (in monetary units per hour of flight experience) characterizes replacement frequency of AC component parts and their replacement costs.
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where СM – average total costs of spare parts at M execution within AC interrepair lifetime; CAC.rep., Ce..rep., Ci-i..rep. – average costs of spare parts during repair of AC, engines and і item respectively

Average time of failure repair during operational M types is:
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where qі – relative  probability of  i group of items failure; tуі – average time of  i group of items failure repair, including the  time to reveal it; k – number of AC item groups.
Relative  probability of  i group of items failure in general case is
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where ( – parameter of  i group of items failure flow

Failure repair intensity – ( – is determined as a value inverse to mean time of failure repair tуі:
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In this case it is considered that failure repair intensity is time-independent value and the law of failure repair time distribution is exponential.

Probability of unscheduled routine repair (failure repair) – Ру{t <tз} (at a given time tз) is determined depending on the routine repair time distribution, basically determined by the common method of failed item detection and by thepeculiarities of AC system structure. For AC systems and module type items repaired by replacement method, an exponential routine repair time distribution  is commonly used:
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where ( – failure repair (routine repair) intensity; tз –  the given AC downtime (repair time).
For other cases of defects detection and repair logarithmically normal distribution of routine repair time is mostly used
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where fу (t) – density of routine repair probability. 
Maintainability level evaluation

During qualitative maintainability analysis, structural suitability for performance of all technologically specified M operations is evaluated, configuration and type of used tools, control-measuring  and ground-support equipment are determined and also completeness and quality of operational documentation is evaluated. Evaluation of design solutions at qualitative AC analysis is performed by their comparison with the design solutions achieved on the best AC samples of similar category.

Quantitative evaluation of maintainability level represents the final stage of analysis and is performed at AC design, manufacturing and operational stages. According to the results of every stage the final conclusion about maintainability is drawn and recommendations regarding the  changes of design-technological solutions on evaluated AC type are given.

The most important task is the development of simple and reliable methods of quantitative evaluation.

Nowadays differential method is widely used when by maintainability level is understood the relative feature based on comparison of evaluated item maintainability factors totality  with appropriate totality  of basic (standard) factors. The factors of factual (or hypothetical) structure of analogous design, category and operational conditions can be considered as standard factors, and as the standard can be considered  the requirements for AC maintainability provision .

Maintainability level evaluation is performed differentially by using the following factor:
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where Кі – value of the evaluated AC i factor; Кіе – value of  і basic (standard) factor.
Positive estimation is given in those cases when (і(1, and negative – when (і<1. In the latter  case it is necessary to perform some further structural improvements.

Differential method of maintainability level evaluation is more preferable  than other methods (complex, mixed, expert). It allows to evaluate specifically every factor of interest.

Differential method offers not only maintainability level evaluation, but also specific action plan for designers and production engineers in order to enhance those factors  which estimation was negative.
General recommendations for AC maintainability and repairability  provision 

AC maintainability and repairability  provision is related with solving the  design-layout tasks. It is almost impossible to develop specific solutions for maintainability and repairability  provision which would meet all operational conditions. Therefore below you can find general recommendations differentiated by separate  kinds of work performed during M.

1. Design and arrangement of units (parts, equipment components) aboard AC should provide possibility of failure-free performance, due to established procedure, of all kind of work specified by maintenance documentation, with minimum labour and time costs. The more often a unit (parts, equipment component) is maintained, inspected, monitored, lubricated or replaced during operation, the better its availability and work performance convenience  should be.

2. Arrangement of AC component units, parts and structural elements should provide the possibility to combine maximum  voluime of M work , performed by different specialists, at minimum number of interoperation transitions. For this purpose, at design planning, the preference should be given to the  zonal arrangement method, formation of specialized technical compartments  for system service.

3. Design of units, equipment components, structural elements and their fixing, along with labelling, should exclude possibility of incorrect items assembly and incorrect supply lines connection.

4. Provision of units and equipment components availability for performance of preventive maintenance, inspection and test work (lubrication, filter replacement, fixing bolt calibration test, testing aids connection ) must not lead to disassembly of nearby  structural elements, units and equipment components.

5. At arrangement of external operational and commercial servicing points it is necessary to provide simultaneous (in accordance with operational schedule) connection of all ground-support and checkout equipment, fitting the aircraft of departure, passenger and baggage loading and unloading, and  other AC equipment work.

6. An access to all points of scheduled operational M (especially during preflight and interflight M) should be available “from the ground” (without stairs, ladders, supports or other means).

7. For ground-support and test equipment connection, standardized and common plug and socket units, connecting branches and parts should be used, excluding the necessity of  additional adapters.

8. Removal of  units, equipment components and parts from  AC board and their disassembling in a laboratory for technical state check and preventive maintenance should be performed only during M and  within long period  repair.

9. Number of special equipment and devices used during M should be minimum.

10.  AC units, equipment components and parts should be protected so that no operating fluids, atmospheric precipitation, dirt, foreign objects or tools get inside.

11.  Structural elements, subjected to corrosion should have reliable anticorrosive protection.

12.   Parts of non-metallic materials should not cause corrosion of adjacent metal parts and also should not be affected by microorganisms and insects.

13.  Access to the areas and structural elements, subjected to corrosion, should allow  instrument check  of their operation state.

14.  Configuration of parts and  units arrangement should not allow humidity to get inside  and accumulate in them and form dead fluid zone. The possibility of humidity accumulation in the lower part of fuselage also should be excluded. In the areas where such accumulation may occur,  its removal should be provided.

15. Special attention should be paid to the  protection of structure in areas of battery mounting, snack bars, kitchen and toilet facilities allocation.

 On the base of general recommendations for maintainability and repairability  provision, special recommendations for separate units and equipment components  for passenger AC are being developed.
Self-study check

1. What design-operational properties characterize  AC?

2. Define reliability, failure-free performance, durability, survivability and maintainability.

3. Name and characterize the states in which AE object can be .

4. Name and define AE reliability factors.

5. Name the reasons of failures and damages in AC units and systems.

6. Define failure-free performance factors for repairable and nonreparable items.

7. What is understood by physical, economical and moral durability?

8. Give the concept of lifetime kinds and their physical essence.

9. What methods are used for AE lifetime determination and what is their physical essence?

10. Why is special attention  given to  the  problem of provision of  high survivability level of AC  structure?

11. What design-technological means provide survivability of AC airframe and functional systems?

12. In what manner are AC structural survivability and degree of its influence on flight safety evaluated?

13. What single properties characterize AE suitability for M and what operational factors affect them?

14. What factors characterize single maintainability properties?

15. Describe calculation formulas for generalized AE maintainability evaluation at operational stage.

16. What is the essence of differential method of maintainability level evaluation?

17. What are the  methods of AC maintainability and repairability  provision?.

3. Aeronautical Engineering Maintenance System 
3.1. Maintenance System as a component of

Air Transport  System
Civil aviation designed to perform air transportation and other flight operations can be represented as Air Transport  System. Minimum organizational structural unit of civil aviation, possessing all basic properties and functions of industry in the whole, is AC operator (air company, M organization, repair plant).
Air Transport  System is a set of co-relating  ACs, flight preparation and flight provision ground facilities complex, air staff, busy with AC and ground equipment operation and repair, and operational process control system. It has all distinctive features of  the complex technical systems, namely: common aim, system controlability, elements correlation, hierarchical structure. Air Transport  System has to meet requirements aimed at  complete fulfillment of  the definite  system tasks. These requirements include provision of high flight safety and regularity and also economical efficiency of AC operation.
Air Transport  System assigned properties which determine its ability to satisfy national economy needs in air transportation and to provide fulfillment of above-mentioned requirements, characterize the system quality. In its turn it is determined by the set and complex quality correlation of AC, ground  facilities and their operating staff.
Air Transport  System can be divided into the chain of independent functional systems (Fig. 3.1):  flight operation; maintenance; air traffic control; commercial maintenance; aerodrome maintenance.
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Each  system provides its  appropriate   function (Fig. 3.2): air transport  system – operational process (OP); flight operation system – flight operation process (FOP);  maintenance system –  maintenance process (TMP); commercial maintenance system – commercial maintenance process (CMP); air traffic control system – air traffic control process (ATCP); aerodrome operation system – aerodrome operational process (AOP).

Correlation of these processes is determined by their common purpose and presence of a single operational object – AC, which in every of mentioned functional systems is represented by specific set of its properties.


[image: image43]
3.2. Maintenance system structure

Special place in Air Transport System is taken by maintenance system. It is a set of  maintenance objects, flight personnel, engineering and technical staff,  maintenance process control system which  correlate with each other in order to maintain and restore AC serviceability or operability and to provide its airworthness.
Measures taken during maintenance provide flight safety and regularity, AC reliability and operability, fitting the aircraft for flight and correct flight operation. Maintenance is designed to sustain AC features, its functional systems and items within established lifetimes and operational endurance within the limits required by airworthness standards. Maintenance also provides efficient AC operation on condition of  labour, material, fuel-and-power resources cost saving.
     Maintenance is a complex dynamic process that includes: fitting AC for flight; functional systems operation control; selection and maintenance of the most advantageous power setting in flight; maintenance, repair and overhaul; storage and transportation.
Present day AC maintenance system is in itself scheduled and preventive and is based on such principles as: strictly follow the  plan of  any kind of M; timely prevention of functional systems and their most important items failures; provision of operation economy.

By planning principle is mainly understood the provision of  AC maintenance form in conformity  with established periods, as well as volume of part of standard scheduled operations and operations for M objects technical diagnostics and troubleshooting.
Preventive character of  maintenance system is provided by continuous inspection of reliability levels  during operation and anong with this,  in number of cases, also functional systems and separate  items technical state control in order to timely reveal prefailure state of the latter with further items replacement or their parameters setting. High economical efficiency of maintenance system is achieved by most effective use of every specific item  potential regarding its operability.
Factors by which maintenance quality should be evaluated are closely related to  the basic factors of air transport  system, such as flight safety, regularity and economy. Thus, AC flight safety is largely determined by failure-free performance of AC functional systems and items, regularity – by factors of AC operability and flight readiness, operational economy – by costs needed for AC M performance. Operational economy is closely related with flight safety and regularity which  require for their provision some spendings that grow in the course of AC design complexity.
 The basic AEM goals are  provision of:

- flight safety and regularity of operating AC fleet
- AC airworthness  during operation
- the most effective AE use at economically feasible costs of labour, financial, material, power, informational and other resources.

3.3. Aircraft maintenance processes

Existing AC maintenance system represents a process that can be easily figured as timely subsequent change  of different operational states.

Depending on assigned research tasks AC maintenance process can be represented in number of states.
Flight state. The time AC spend  in flight is determined by route classification (its length, topology, radiocommunication, meteorological conditions and others), departure and landing airports (flight schedule, airport  capacity etc.), AC (flight mode, payload value, fuel capacity and others).
State of waiting for service beginning. AC idle time in a state of waiting for service beginning  is  explained by many reasons and first of all by absence of free service teams, work organization shortcomings, air traffic rescheduling and others. In such cases newly arrived AC lines up for servicing.
Operational maintenance state. By operational  maintenance is understood preflight, postflight and short time parking maintenance. Operational maintenance state is  the most  often state of AC maintenance process.
Service period that lasts  from the moment of service beginning to its   end involves constant and variable components. Constant component is determined by volumes of standard scheduled operations performed on every AC, variable – by volumes of operations for troubleshooting of AC system elements damages and failures occurred in flight. As a rule, variable component is characterized by  variability of operation volumes and hence   by duration of their execution on either AC.
Periodic maintenance state. During periodic maintenance of AC, a complex of mandatory operations is performed, related with troubleshooting of airframe structural elements, power plants and  landing gear, and also with inspection and determination of functional systems and items operational readiness. Furthermore, troubleshooting of AC items and structural elements are performed. The same as during operational  maintenance, two components of work volume are present here  – constant and variable. However, in contrast  to operational maintenance, variable component share in total volume of periodic maintenance is gradually decreasing. Constant component is determined by a list of mandatory scheduled operations performed during either form of maintenance, AE equipment with mechaniztion aids, work performance organization, staff proficiency.
Repair state. Overhaul or repair is not  the same as during  periodic maintenance. All procedures, starting with mandatory disassembling of most parts of equipment  are performed by standard techniques. At that, specific volume  of troubleshooting, in comparison with periodic maintenance, is significantly decreasing.
Flight readiness states. After operational  maintenance, due to the transition matrix, AC is in   a flight state  or airworthy state.
When  periodic maintenance or repair was performed all ACs are considered to be in    airworthy state.
AC undergoes different kinds of  maintenance states, namely:  use for its purpose (flight); different M kinds and forms; diagnostics; airworthness; transportation; AC storage and waiting for  execution of defined M operations..

All possible states,  which AC can undergo, are shown in the  diagram  (Fig. 3.3.).
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Fig. 3.3. State graph and AC M process transitions:
1 − Flight 2 − periodic maintenance expectation, 3 − repair expectation, 4,5,6,7,8 − periodic maintenance by various forms; 9 − engine replacements, 10,11,12 − on-line maintenance before departure, after arrival, transit, 13 –departure provision; 14.15 − repair forms; 16 − corrections according to  certificates; 17 − troubleshooting, 18 − waiting for spare parts 19,20,21 − readiness after periodic maintenance, operational maintenance and repair forms respectively.

3.4.  Aircraft maintenance  system

The necessity of  maintenance operations execution is indispensable for AE complex objects to which we refer AC and most of its parts (components).  It is caused by  degradation processes of AE technical state that take place during its operation. These processes are of different nature (wear, aging, fatigue, corrosion, etc). The rapidity of their development    on  the calendar time is stipulated by  the design and operational features of AE objects properties and depends on operation conditions. To control  these processes in order to keep the aircraft airworthy  and provide its  safe operation,  appropriate  system of maintenance (M), which is one of the important components of the maintenance system, is required.

Maintenance  is a complex of operations which provide airworthness, proper operation and AC readiness for flight.
M system of is a complex  of interrelated objects and maintenance equipment, technical engineering personnel, appropriate programs and documentation (fig. 3.4).
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 M object  is AE which is characterized not only by the level of reliability, but also by the level of maintenance and repair technological effectiveness that show its adaptability to the performance  of maintenance and repair work assigned  by documentation. 
Technical engineering personnel is characterized by the listed specialties, specialists qualification and number  of specialists for each specialization and each proficiency level.

Maintenance equipment which includes means of ground support of  general and special application, means of control, repair facilities and operational tools, is characterized by nomenclature, capacity or effectiveness , the necessary  amount and convenience of application. The latter factor, being qualitative, is the most important and is  determining the feasibility of the equipment application.

Normative and technical documentation is characterized by completeness of the content, which largely determines the efficiency and quality of maintenance operation, which also depends on the quality of presentation, design and  easiness of documentation use during M.

By  maintenance program is generally meant a document containing a set of basic principles and adopted decisions as to  the most effective methods and maintenance regimes implemented in the objects design while developing and manufacturing and maintenance and technical documentation that contains the assigned  requirements and operating conditions. This document should reflect the adopted order or other exploitation strategy (concept) of maintenance and serve as a chain that joint together an object, facilities, personnel and documentation to achieve the goal. The program is an important part of maintenance system which gives a clear ideological direction and concrete action for a long period of AC operation.

Features and performance of the system maintenance depend on the properties of elements that constitute a system maintenance (primarily from AC design and performance properties) and from the organization and provision of  their interaction, that is the control of processes operation.

In many cases the characteristics of one component  of the maintenance system determines the level of characteristic  of the other system components and even the entire system as a whole.

The purpose of maintenance system is to  control   technical condition of products during their service life or resources till they are   written off and this  provides: a proper  level of product readiness for their intended use and their servisability when used; the minimum  time, labor and devices to perform the  item maintenance.

The main tasks of the system are:

- setting the requirements for maintenance programs of  definite  equipment types;

- provision of maintenance and repair products with a given quality with minimal time, labor consumption and equipment;

- preparation and implementation of technological  processes of products maintenance and repair with a given quality;

-provision of conditions for maintenance operations including the sub-units formation and  supply all  necessary tools;

- training  the necessary manpower;

- optimizing of production bases and material resources allocation.

The effectiveness of maintenance system is determined by the degree of adaptability to perform functions to control  AC reliability and technical state  during maintenance.

 The  maintenance system, being formed  correctly, helps to reduce the  failures and damage flow, increases AC service life. However, it takes time to carry out  preventive measures and operational maintenance and during this time  AC could be used to perform its  purposes.  The longer this period is the worse aircraft.performance and operability factors are. Furthermore, for preventive measures  of modern aircraft  a large staff of experts, expensive equipment and control measuring instruments are  required, which in its turn increases operating costs. All this should be taken into consideration while developing the  maintenance system.

3.5.  Organizational structure of maintenance system

National civil aviation at present undergoing a difficult period in its development. There are a large variety of airlines that are  aircraft operators  and only some of them are rather big that have their own base for  highly qualitative  maintenance and repair.

The aircraft fleet is  mostly physically and morally obsolete and includes AC of both domestic and foreign production of different generations and age. This peculiarities  influence  the organizational structure of the maintenance system which is not  yet stabilized and is being  developed, as well as all civil aviation of the country.

So it is not yet the time to speak  about this structure as a stable phenomenon. Let’s concentrate  at possible trends in the organizational structure of maintenance based on previous domestic and present foreign experience.

Aircraft maintenance system in each country is based on the engineering and aviation service (EAS), which is  to provide  engineering and aircraft maintenance of civil aviation operators.

The main purpose  of aviation engineering support (AES) is to solve  a wide  range of  aircraft maintenance tasks to ensure high reliability and flight safety,  to provide a set  level of operartional radiness and airworthness, minimum maintenance costs.

Structure of the system is two-level:

I level – ministerial;

II level – the level of operators.

 Subunit  of  Ukraine Ministry of Civil Aviation is the State Aviation Administration (SAA). The main subdivision of the State Aviation Administration which tackles the issues of airworthness management and is busy with solving the tasks of M. Along the other functions, it deals with:

- organization of development, improvement and putting into operation regulations regarding aircraft registration,  AC specimens airworthiness provision,  aircraft inspections execution, the order of giving and withdrowing  board documents, certification of maintenance organizations, aviation maintenance equipment, certification of technical staff and educational institutions that provide their training;

- the State Register of Civil Aircraft (CAC) of Ukraine, preparing relevant documents;

- maintain a database of airworthiness CAC specimens  of Ukraine;

- organization of  certification of  maintenance organizations and other subjects of aviation activity;

- synthesis and processing of information about AE failure, defects and malfunctions on the basis of  which the analysis of AE reliability is made and the  measures as to  shortcomings elimination are proposed, instructions on AE single  check are  issued;

- coordination of developers decisions  to  issue  bulletins on AE modification;

- coordination of  operational documentation, if necessary,  introduction of a typical operational documentation (OD) and changes thereto;

- provision of  technical  and methodological guidance and support work on setting (changing) resource of AE  specimens;

- preparation of resolutions and orders about  AE writing off ;

- provision of  methodological guidance on metrological provision of air transport operations;

- preparation of proposals as to  cooperation with the International Civil Aviation Organization (ICAO) and other international and foreign organizations in the field of certification of TM  and other subjects of aviation operations.

Operator is an organization, enterprise, legal entity engaged in  AC operation, or offers its services in this area and has a certificate (license) of  SAA. The common   name for operators is “ TM Organization”, operators  that deal with aircraft airworthiness  are airlines.

The main objectives of EAS are:

1. Organization and maintenance of AE in accordance with operational and repair documentations, improvement of  organizational forms and methods of AE maintenance on the  basis of scientific and technical achievements.

2. Working out  and introduction of  measures to ensure safety, prevent failures and AE malfunctions. All these can be achieved by high quality  level of planned maintenance work, deep analysis of failures and faults causes, introduction  of effective preventive measures and high professional level of stuff.

3. Organization and carrying out  technical training and  control the  technical training level of engineering staff.

4. Accounting and registration of  AC fleet and serviced engine state, AE readiness for operation , expenditure and balance resource, performance of correcting work according to bulletin, aggregates, spare parts and materials spendings, failures and malfunctions.

5. Organization  of labor consumption standards  of various kinds of  AC maintenance, maintenance costs of property, specifying single and group sets of ground equipment.

6. Organization of operation support of line maintenance (LM).

7. Provision a high level of labor and production discipline of engineering staff and workers.
According to ICAO requirements  all operators should take measures to:

- keep every AC which they operate  in airworthy  condition;

- keep operational and emergency equipment necessary for the planned flight  serviceable;

- make sure that certificate (certification) on the airworthiness of each aircraft  in  operation is  valid;

- not to allow the operator to fly  the aircraft if  TM is not executed  and proper certificate of admission is  not registered by the organization that has the  certificate of conformity issued by the State aviation authority of the owner- state;

- hired a group of workers, which are to provide  maintenance operations, on the order of the airline issued by the operator ,  in accordance with Advisor maintenance regulations; 
- provide maintenance operations by the operator  and be responsible for  observation  of flight operation and TM rules provided by operational documentation of AC of that type and provide its airworthiness. 

To satisfy these rules, every company itself determines the structure and composition of its maintenance staff organization. However, the main blocks of a typical structure are  practically unchanged.

For maintenance of any self-sufficient  airline the main structure  blocks are the following: the management,, TM quality control, economic, logistical support. However, airlines do not have the same number and names of separate elements of  blocks structure, managers and their responsibility. As a rule, in some airlines, which aircraft fleet  has domestic and foreign aircrafts, LM structure includes maintenance services block of foreign aircraft.

The biggest  LM are structurally similar to the former Aviation Technology Center (ATC) or Bases (ATB), or engineering and aviation centers (EAC) (Fig. 3.5).

The head of a large LM  is a director and his deputy is the chief engineer, who manages the LM production division. Subunits of  AE TM system are headed by Deputy Directors of LS departments of software maintenance AE TM , Economics and Finance and quality control. Personnel and administrative services are headed by the Assistant Director of LM.

The Head of foreign aircraft maintenance service, production chief dispatcher, deputy chief engineer of aircraft and aircraft engines, aeronautical (aircraft) and electronic equipment (AEE), as well as heads of Computer Science, Engineering and Technology, claims and reclamations departments are subordinate to the chief engineer.
Subdivisions of LM production group that provide maintenance of   domestic producers AC are:

1. Workshops, which are the main production units are:

- AC periodic and operational maintenance, aviation and electronic equipment, means of objective control;

-  special operation workshop, which provides: repair  and modification of airframe units, repair of paint coatings on internal and external surfaces of aircraft; preparation for  installation on AC   of domestic production engines and auxiliary power units; maintenance of AC wheels and wheel brakes, aircraft fuel and other filters, pumps, bathrooms, and  water and sewage systems aggregates.
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2. Engineering and Technology Department  (ETD), which provides:

- engineering and technological maintance  provision, AE overhaul; guidance on execution of the national fleet  modifications and up-dating. 
3. Planning and Dispatch Service (PDS), which includes:

- department of planning and management of production activities;

- the central control room which provides: organization of planned rhythmic work of production units LM; organization of  operational control of production processes; control of flight plans fulfillment by airworthy  aircraft; working out  and implementation of order plans for  necessary equipment and resources for planning period.

4. Diagnostics laboratory of AC technical state, which provides:

- work on AE diagnosis and nondestructive testing  (except AEE) by using modern methods and instruments  for diagnosis and nondestructive testing;

- operational control of technical condition of AC and aviation engines, failures identification at an early stage of their development by methods and means of diagnosis and nondestructive testing;

- organization of information processing about  AE failures, its accounting and storage;

- working out operational and long-term AE operational  recommendations based on the analysis of  AC and aviation engines faults revealed during diagnosing.

5. Ground equipment repair  workshop
6. Workshops of  special purpose  vehicles, operational and periodic maintenance of aircraft cabin interiors.

In addition to these workshops, some other  technical groups are included into the production units  of large LM:

1. Group of technological  production, which provides:

- technological production processes of AC maintenance  with ground support equipment such as  special vehicles, mechanization and other ground equipment;

- technological support of business aircraft maintenance processes  inside the buildings  and facilities of LM, support and improvement of technical operation actions;

- working out efficient organizational documents as to  complex and long-term development of LM production base.

2. AE reliability group  provides:

-  organization of  gathering, recording and storing information about  faults and failures, composition of statistical and analytical reports;

- transfer the necessary statistics about  AE faults  and failures to the  other subunits, structures, governing bodies and inspection bodies.

3. Group of aviation technical training provides:

- organization of aviation technical staff training ;

- organization of practical mastering  of AE routine maintenance by LM specialists who  have taken the  theoretical course;

- organization of local qualification committees work  for certification and skills improvement  of LM engineering staff;

- recording the documentation  as to AE study  by aviation-technical personnel and admission to AE maintenance  without assistance.

The structure of LM maintenance provision system (Fig. 3.6) includes the following units:
1. Maintenance quality control unit, which includes:

- Technical control department  (TCD) which provides AE maintenance quality control and takes  preventive measures to maintain proper operation of the aircraft, their airwothness and provision of proper flight safety lelvel;

- Certification Department (CD), which provides: preparation of documents for LM certification and justinfying existing certificates, conducting inspections (audits) of suppliers and subcontractors to verify activities as to  the compliance to  the regulatory requirements; analysis of the suppliers activities  on the basis of the data obtained by the  checks; monitoring the  aviation authorities regulations on LM activity certification; participation in working out the measures, in conformity with LM subdivisions activities;

- group of audit, analysis and perspectives of quality systems provides internal audits of LM structural units and works out recommendations as to  processes and procedures in compliance with the requirements; improves operational control specifying the supply-management processes,  optimal use of available resources.

2. Service Logistics of AE TM includes: a warehouse complex,    orders and inventory management department, customs clearance department.
The service provides a process of AE TM with necessary aviation technical property and other inventory items that are used for aircraft maintenance and repair; aviation equipment and materials  input control and inventory; improve warehouse storage and accounting; provision of  accounting system implementation and movement control, the purpose of inventory use.
3.  Economic and personnel management subunit of LM  includes: general and economic departments, the engineer on military mobilization and civil defense.

4. Economic and Finance unit includes:  planning and economic and technical regulation departments, accounting, contracts and marketing group.
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Structure of foreign aircraft (FAC) maintenance organization
One of the options  of foreign aircraft maintenance services structure is shown in Fig. 3.7.

Direct service of such planes  is performed in operational and periodic maintenance workshops. Engineering Coordinating Group provides interaction of maintenance service with other LM departments.  Engineering group  solve the tasks which are  similar to the tasks of the  domestic aircraft maintenance.
The second option of operational maintenance  structure for the company, which does not have its own commercial fleet, is presented in Fig. 3.8.
The basis of the  maintenance center of such a large company is  a big basic LM, that is  similar to ATC by the structure. It contracts with the companies that provide domestic aircraft maintenance and 


[image: image47]

[image: image48]
maintenance of foreign airplanes got by leasing. As follows from the structural diagrams which  describe  the types of maintenance, the  problems which they resolve, do not dependent on the variant of LM structure. 
It should be noted that in Ukraine LM structure of existing ailrines is rather numerous  and some of  LM in their structure may differ from the above mentioned  examples of structures, because there are no set standards.
3.6.  AE Maintenance Management System 
AE Maintenance System Improvement is  based on creating a unified state automated management maintenance system of AE (AE AMMS) the technical base of  which is airlines information systems. The function of this system is to  estimate  and predict AE technical state, develop and implement into airline practice sophyisticalted  methods of aircraft maintenance and repair.

The main prerequisites for  AE AMMS creation are:

 ( the necessity  for accumulation, coordination and support of initial information as to  each  type of AE; 

( the necessity for a drastic reduction in labor hours and the initial filling database of the  system for each  type and specific type of AE;    ( growin interest of civil aviation enterprises in the exchange of information on operating experience of different types of AE;

( the necessity of legal basis for electronic information technologies use to provide maintenance and cancellation of existing norms that give the priority of information forms on paper ones for civil aviation enterprises.

The main tasks that must be solved by   AMMS of AE are:

( introduction of on-condition maintenance (ОСM) system,  overhaul excepted, that  enables  safe  use of   long service life "resources”;

( integration (organizational, industrial and technological, informational) of maintenance  processes based on OCM strategy;

( implementation  of  TM management task, which should replace the traditional paper technology with the new information technology;

( improvement of  failures and accidents investigation quality and  timely implementation of preventive measures;

( improvement of  preventive measures to protect failures and malfunctions.

Creation of AE AMMS is one of the most important economic issues aimed at:

( implementation of  effective monitoring system that allows to ensure AE reliability  level  when  the permitted resource increases;

( reduction of AE operating fund, aggregates, units by reducing the number of aircraft complecting units that are at non-productive stages of TM;

( reduction of  the number of overhauls by  provision of local repair forms;

( reduction of  maintenance volume by introduction of AE TM automated control systems  and their complecting units.

AE AMMS introduction should be based on the principles of modern information systems (IS) creation that provide the system users with complete and accurate information in order to carry out work to prevent AE failures in flight and / or reduce their negative effects, reducing the duration of downtime due to aircraft malfunction, saving resources of different kinds.

Such system is the main  information source for solving the problems of branch level concerning  prevention  dangerous failures and developing measures to improve  AE reliability .

Strategic goal of AE AMMS is to  provide the optimum level of AE reliability and predict its technical condition (TC).  The reliability properties of  AE AMMS are to ensure the trouble-free, durable, maintainable and long service life  of aircrafts and their components.

3.7. Quality   maintenance 
The quality of AC maintenance and repair  directly effects  safety and flights regularity. The most important task of  aviation enterprises and organizations engineering staff is to provide the highest possible maintenance quality.

The quality of AE maintenance is  a whole complex of work aimed at provision of AE continuous  airworthiness to ensure its safety and flights regularity and maximize its operation effectiveness. Quality provision of AE maintenance is  a complex of maintenance measures  aimed at meeting  these requirements.
The main factors that determine the maintenance quality are:

- qualification of engineering staff;

- quality of maintenance management;

- technical equipment of the enterprise  (hangars, transport, industrial equipment, power supply and etc.);

- completeness and timely provision of  maintenance process with spare parts, materials used, tools;

- quality of technological and  design, metrology and information support;

- quality evaluation methods of maintenance used  in the airline (company)  as to  maintenance;

- payment system, material and moral encouragement for  high work quality and penalty of the  workers for errors and spoilage on production;

-  labor discipline level;

- level of social conditions for the enterprise workforce.

      Each company (maintenance organization) uses its own methods of high quality maintenance provision;  the management system  and quality maintenance provision system are formed regardless of the status,  subordination and company ownership form, (in short  "Quality Maintenance System" QMS). It is a complex of organizational and productional structure of maintenance complany where  authority and responsibility functions are splited for  provision of the desired quality   maintenance level, as well as processes and resources needed to implement the  policy of AE quality maintenance.
The main conditions of the quality maintenance system are:

- full responsibility of the direct manufacturers for the  quality of the  work;

- responsibility  of the enterprise managers for  the provision of conditions for aviation specialists  trouble-free activity  along with effective quality control.

AE QMS  covers all stages of maintenance production process :

- logistics support;

- development of production processes;

- execution of all technological operations;

- control of AE state and its  maintenance quality;

- metrological support;

- provision and  analysis of AE reliability;

- delivery of AE for  repair and receiving  it from repair units;

- mastering new technology;

- parking, storage, transportation and security of AE.

The main  principles of quality provision are shown in Fig. 3.9.
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General management of AE QMS is  performed by  maintenance organization  chief who:

- determines the policy in the quality sphere of AE TM and coordinates it with the other spheres  of airline activity;

- allocates financial, material and other resources of the enterprise;

- defines the responsibilities and authority of organization subunits and the officials in the field  of AE TM quality;

- is personally involved in periodic maintenance inspections  of maintenance quality in all organization.subunits. 

 Deputy Head of quality is the head of technical control department (TCD). In some alrlines maintenance  may be carried out by  quality management service which also includes  TCD. In this case the deputy chief of quality is the quality management director.
Deputy head of quality provides:

- general management of  maintenance quality
- collection, analysis and generalization of information on AE maintenance  quality;
- development of measures for quality improvement;

- development of corrective influences at any  deviations from the set standards and check of their execution;

- preparation of AE QMS  for  maintenance enterprise certification.

Along with this he also organizes and controls:

-  notification of each worker about company policy in the field of maintenance quality;

- development, implementation and monitoring   AE QMS that provides   realization of the quality policy;

- verification, analysis of the quality system effectiveness and its improvement;

- activity of company subunits in the field of AE maintenance quality;

- reclamation and claims and  interrelation with suppliers which provide continuous delivery of  reliable  equipment and aviation logistics assets;
- the analysis of AE QMS spendings and the economy.

Only the  chief of organization has an exclusive right to cancel the decision of the deputy head of qualitys. Deputy head of quality is the  member of the council of  flight safety and has the right to control the quality of materials and work of airlines units that are not included in the structure of MO if these activities affect the quality of AE maintenance  and flight safety, and submit proposals to the authorities   on  maintenance quality.

During  the process of maintenance, each worker controls  the quality of  work himself. The further control  is done by the foreman, shiftman, controllers or TCD engineers, inspectors. The subjects of the control are the technology and  the whole  work done, quality of used tools and materials, safety rules observation, the level of performers practical skills.

The quality of fuel and lubricants, tools, materials, AE items, the information base is also provided and checked.

When maintenance quality is being checked the  factors that are  taken into account are:

- complete implementation  of operation rules;

- use of measuring instruments and ground equipment, tools and devices;

- observation the  rules of keeping the workplace in order;

- compliance with industrial and technical discipline;

- attitude  to the  professional duty execution;

- the desire to finish  the work  on time and of  high quality;

-  conformity to the  production standards and productivity;

- fulfillment of the requirements on energy resources, materials and spandings  saving.
For  the quantitative evaluation of  the  maintenance quality the  indicators that can be used are:

1. Percentage of work quality at the first submission, i.e. without any corrections or criticism of controllers:
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where N1 − number of items handed over at the first submission; N0 − total number of submitted items.

2. Percentage of AC (KR),  departures without delay because of maintenance quality:
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where R − the total number of aircraft flights; R1 − the number of flights without delay because of  maintenance quality.

3. Percentage of aircraft flying hours (KH) without delay because of maintenance quality:
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where N − total aircraft flying hours during the considered period; H1 − aircraft flying hours  without delay because of  maintenance quality.

AE QMS  is being  subjected  to regular inspections and  depending on the obtained results, the plan of necessary measures of AE QMS  improvement is worked out.  
Self-study check

1.  What is the purpose and essence of the air transport system?
2. Reproduce  the structure of the air transport system.

3. What are the purposes and principles of aircraft maintenance system?

4. What are  the states  of maintenance process?
5. What is  the essence of each of the maintenance states?
6. Explain the concept of "aircraft maintenance system".

7. Name and describe briefly the components of the maintenance and repair system.

8. Explain the purpose and main tasks of the maintenance system.

9. What are the structural  features of the maintenance system of  the present day  civil aviation.

10. Briefly describe the structure levels of the maintenance system.

11. What are the  functions of SAA department as to provision of aircraft  airworthiness? 
12. What are the main tasks of aviation engineering service?
13. What are the operators duties as to their participation in aircraft operation?
14. Name structural units of typical maintenance organization (MO).

15. Explain  the structural units composition and functions of typical maintenance and basic functions of their departments.

16. Speak on the structure of the  maintenance organization system and  the basic functions of its subsidiaries.

17. Explain briefly the structural peculiarities of foreign aircraft maintenance services.

18. Explain the essence and purpose of AE automated maintenance management system.
19. What are the prerequisites that explaine the need for  AE AMMS formation?

20. List the major tasks that AE AMMS must deal with.
21. What are the advantages  of AE AMMS creation? 

22. Name the factors that determine the quality of maintenance.

23. Name the principles and the components of maintenance quality provision system.
24. Name the functions of quality deputy chief.

25. Name the indexes that define quality.

4. Aircraft Maintenance Program
4.1. The content and structure of maintenance program

Maintenance Program of aircraft type is  a document which is submitted to the developer of AC, aircraft engines at the aircraft type certification. It containes the  plan, maintenance conditions and facilities, list of measures as to  maintenance and improvement provision of a particular  aircraft type from the beginning of its operation till it is written off .
Efficient use of AT largely depends upon the program guide perfection. In a continuous growth of air transportation volume, aircraft design complexity, increased requirements to the intensity of their use, the impact on operational programs efficiency are more noticeble and tangible.

The program structure  of AC operation is  defined according to the hierarchical structure of air-transport system. The program purposes of each of the levels are determined by the principle of hierarchy which reflects the internal relationships and collateral subordination as to  layers aims.  The first layer objectives are subordinate to the upper layer. The second layer objectives – to the first and so on.

Maintenance program is a  part of the technical operation, which in its turn is a part of  aircraft operation. When the   maintenance program of a specific AC type is formed both  the objecrtives and available resources at upper levels are taken into account  as well as direct objectives of technical operation, part of which is fulfilled by maintenance system.

With the introduction of new more sophisticated  maintenance programs,  aircraft reliability, the regularity of flights at  significant maintenance costs reduction are increased.

Maintenance  program is considered to be perfect if it fully ensures the compllience of the maintenance process to the  objectively existing changes of  AC samples technical state .

Successful development of such programs depends on  coordination of the  actions of all organizations and companies that design, operate and repair  samples at all stages of their  operating  cycle.  It is recommended that each design of a new aircraft type must comply the  progressive maintenance strategies  and the development of  such strategies should be carried out simultaneously according to the  common  requirements and single plan within the respective interconnected programs. These programs should insure flight  safety, reliability (trouble-free), operating technology and aircraft maintenance.

Maintenance program is  a document that sets strategy, quantitative and qualitative characteristics of species and maintenance methods, the order of  corrections during operation.

Aircraft maintenance program  includes a number of stages:

• specification  is a  document which contains requirements for the basic technical, tactical, technical and economic AE characteristics. Requirements may be of  quantitative and qualitative nature. Maintenance system requirements constitute one of the parts of  technical specification for the plane design;

• technical proposal  is a set of design documents that contains the papers on technical and technical-economic feasibility study of  design documentation for a specific type of AE and its serial (or just test) production on the base of the specification analysis and  various options for possible solutions, comparative evaluation of solutions including structural and operational features of  new and existing types of AE and patent materials. One of the technical proposals chapters is devoted to the  analysis of possible options or grounds of the proposed options as to  new aircraft maintenance program; 
• sketch  is  a  set of draft  design documents that contains the fundamental scheme-design solutions that give  general  view of   AE structure and operation principles   and also the data that define the purpose, the main parameters and dimensions. Information about the maintenance program is presented  in an appropriate part of   aircraft sketch;

• contract design  is a  set of the design documents that should contain  final technical solutions to give  clear view   about   AE structure and characteristics,  input data  for the  development of   working documentation;

• development of  working documentation is  a process of  working out a set of documents intended to ensure AE production at a research or production plant.

In practice technical design documentation and design work is often combined into one stage. This is  the last stage in the development  of necessary documentation  (maintenance programs, Regulation maintenance manuals) and other documents that ensure effective operation of the product.

 The development stage  also includes prototype testing stage. The main ones are the manufacture  and state tests. 
Manufacturer  tests  are a kind of field tests   aimed at bring the object of testing to the state that ensures safe testing and define AE characteristics in conditions specified in the design assignment. Manufacturer test program conducted by the design office, involves the study of  all the main characteristics of system maintenance specified in the design assignment for the aircraft development.

State tests are   field tests aimed at evaluating  tested object characteristics compliance with the requirements of the design assignment for the   development, including  maintenance program characteristics.

AC maintenance program  in general is considered as a set of programs of  lower level:

a) depending on the strategies used:

- maintenance programs according to operating time;
- on-condition maintenance programs with the parameters control;

- on-condition maintenance programs with  the   reliability level control;

b) depending on maintenance types  (modes):

- maintenance programs according to operational forms;

- maintenance programs according to  periodic forms;

- maintenance programs according to repair forms;

c) depending on  AC design features:

- airframe maintenance programs;

-  aircraft engines programs;

- maintenance programs of  functional systems (hydraulic, fuel, control, etc.).

Along with the  common  maintenance program for the given type of aircraft  developed by all  relevant organizations and enterprises, there is  the  operator specific program, which is adapted to the characteristics of its organizational, technical, financial and personnel maintenance process provision.

The operator maintenance program is  developed by the operator itself and is a complex document that establishes the procedure of work execution and maintenance activities, airworthiness of  the operator fleet,   defines maintenance organization, strategies and techniques  adopted by the operator, responsibility and relationship of the operator sub-units, maintenance companies and other organizations that provide maintenance of the operator fleet according to contracts.

The operator program  includes:

- a description of the organizational structure of EAS operator, functions, responsibilities and interaction with sub-units that provide  airworthiness of operator aircraft;

- operating conditions of aircraft fleet;

- aircraft performance characteristics of AC  operator fleet, as the object of technical operation;
- maintenance plan, which regulates the rules and purpose of kinds and forms of maintenance, maintenance methods and strategies  applied, types and  periodicity of maintenance work and limitations as to aircraft, aviation engines and components service life;
- list of failures and the minimum equipment with which departure is permitted;

-  description of  maintenance information support system, keeping and distribution  of standard operating documents;

- description of the system that registers   service life periods  of aircraft, aviation engines and components and  maintenance execution and airworthiness directives;

- description of contractual interactions with maintenance and logistical support;

- description of the system of collection, processing and analysis data about failures and damages of  aircraft, aviation engines and components, about airworthiness violations and operational obstacles, about information exchange with the State Aviation Administration and the manufacturer (developer).

The developer maintenance program is worked out  by operator EAS  in accordance with the aviation regulations of the country, and the common typical normative and technical documentation of the manufacturer (developer). When the developer maintenance program is used as components of  the operator maintenance program the reference is made  to this documentation, and changes accepted by the operator are to be indicated.

The operator maintenance program is submitted to the SAA to be  approved if:

- the submitted application for operator certification is registered;

- the submitted application for the operator  new aircraft types certificate is registered;

- the application for extension of Air Operators Certificate validity is registered;

-  changes initiated by the operator in the  previously coordinated maintenance program are made.
4.2. Formation of aircraft complex maintenance programs  

The most sophisticated  maintenance program, however perfect it is,  can not meet the efficiency standard of operating AE. Along with this program the  logistical support maintenance program is needed.. When combined these two programs form the so-called complex aircraft maintenance program.

By complex maintenance program  is ment a document which  presents wide-range   strategies and relevant  types (modes), methods, forms of aircraft maintenance in general, its functional systems, aviation engines and equipment used in the design and operational documentation according to the operating conditions . The complex  program is defined  by  the rational combination of different strategies of  functional systems element maintenance (according to operating time, with the parameters control, with the reliability level  control), and  including   a wide range of organizational and technical provision of  the development and implementation of programs as to  AC design, maintenance and repair stages.

Formation of a comprehensive program is  a multistage decision making  process  and is connected with  AC flying life cycle. The  program-objective approach is applied . At each stage of the program formation a local criterion is used that does not deny the global (common) criterion at the top level. The mechanism of complex maintenance programs formation is  based on the requirements as to  the set values of the  aircraft maintenance efficiency concerning reliability, flight regularity, efficiency and profitability. The  customer at the development stage of  specification for a new aircraft type design creates requirements for reliability, serviceability and for a complex  maintenance program. These requirements are provided by aviation industry at  aircraft design and construction stages, and  maintenance  program  is  executed by aviation companies at the preparatory stages   for new aircraft type operation.

      Aircraft maintenance program development according to customer’s requirements begins in the design office  at the early stages of  aircraft design simultaneously with the  airframe and functional systems construction Working out the maintenance program is carried out simultaneously with the development of  aircraft reliability and technological efficiency programs. Interaction of  these programs at AC design stage is provided by a set level of operating efficiency  through  combination of constructive − technological solutions aimed at improving reliability and operating technology, with the development of innovative strategies and types (modes) of  airframe, aircraft engines, functional systems and the whole aircraft maintenance.

Complex maintenance program is developed in accordance with the general requirements of the program. They define the purpose, structure and content of the program, and also the order of  its development, evaluation and adjustment at different stages of production, testing and AC operation. According to the general requirements, the program is developed for a specific  aircraft type and is the initial  regulations for the formation and improvement of maintenance system, repair and operational documentation.

Maintenance program  according to   the requirements includes a number of sections (Fig. 4.1): 
The general program insrtuctions include: the grounds for the development; the program goal and purpose, the stages and time of the development and adjustment.

The estimated operating conditions and limitations adopted during the program development  include: conditions of  aircraft  operation in seasonal use and appropriate values of  mean flight duration, number of landings, annual and daily hours of flight; ambient conditions at performing maintenance, allowable values of flight  trouble-free and regularity, AE reliability edopted  in project specifications  and regulations at  design, testing and operation stages.

AC characteristics as the  maintenance object  must include: information about the design and components features (accessibility, easiness at replacement, interchangability, controlability); schemes of gas-charging devices and main maintenance hatches, production  brakes of  major airframe components; service life (service periods) of AE samples; design adaptability of functional systems and devices to advanced strategies and maintenance methods. Maintenance plan which establishes the basic principles of formation  and organizatrion strategies, and maintenance types (modes) is very important. The plan is worked out  for objects that are maintained during their   operation, and includes the following materials:
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- typical structure (nomenclature and periods) of maintenance types during   the whole period of service life at specific operating conditions;

- maintenance strategy for AE samples;

- established  resource (service life);

- the intervals  and duration of main work execution;

- norms of parts and materials used;

-  resource till the first repair and overhaul period (for products, the maintenance of which is executed according to  operating time);

- parameters that indicate  the technical state of the object and the parameters value, the value of tolerance limits;

- a list of means and methods of  products control ( on-condition maintenance with the  parameters control);

- information about work that  is to be carried out  at  AC storage and special types of aircraft maintenance (seasonal, special  after abnormal  flight and landing, etc.);

- typical technological schedules of aircraft maintenance;

- recommendations as to  implementation of  new restoration methods  of parts  during maintenance.

In  the program chapter  "Organization and maintenance means" the basic issues of organizational and technical  support are presented.. Among them are:

- requirements as to equipment of  parking lots, laboratories, workshops, including a list of ground maintenance means, general and special use, test-measuring equipment, means of diagnosis and nondestructive testing;

- requirements as to engineering and technical staff (the list of professions and specializations, the number and qualifications of workers) recommendations as to   maintenance organization methods (single, step, block, aggregate-node, rig, etc.); requirements as to  maintenance information support (composition and volume of information, frequency and form of presentation).

The program also includes such   section as  "Maintenance Performance Indicators," in which (for different stages of AC  life cycle)   there are indication values of: specific total cost, complexity and duration of maintenance, the average time and probability of recovery, the average transit services duration, average duration and work consumption of each maintenance type type, cost of spare parts and materials for  every 100 flying hours.

  The maintenance program annexes give grounds as to  some  sections of the program, including: a list of conclusive  documentation,  a list of normative and technical documents used in the program developing, a minimum of serviceable equipment and components that are necessary for  aircraft to fly; a list of damages  at which the aircraft is subjected  to renewal, a list of measures for system maintenance improvament, investigation plan of  aircraft technical conditions.

4.3.  AC Maintenance Strategies. Strategies classification
Strategy is  a set of accepted principles, rules and main actions that define the complex development of operational properties  of AE design, methods of organization and  production and technical base of its maintenance.

These strategies are the following:

- running time maintenance according to  which the list and periods  of operations execution are stipulated by values of the product operating time from the beginning of operation or after overhaul;
- on-condition maintenance  according to  which the list and periods  of operations execution are determined by the actual condition of the  product at the beginning  of maintenance;

- operating time repair according to  which the measure for a product  disassembly and  fault detection of its components is similar  for   the  products of the same type depending on operating time from  the beginning of operation and (or) after major (medium) repair.  The list of restoration actions is defined on the basis of  product components fault detection;

-  on-condition repair according to  which a list of  operations, namely,  disassembly is  determined by diagnostic products results at the beginning  of the  repair, as well as by the  data on  reliability of this product and similar products.

Depending on the available possibilities, the definition of the boundary state of product efficiency during the operation process and the adopted criteria for the time of its replacement at AC, the following  operation strategies  are distinguished:
- till service life runs out;

- till failure;

- till pre-failure  state.

 Maintenance and repairs strategies are  associated with the strategies  of AE products use. For each  operation strategy, the most efficient maintenance strategy can be chosen.

For the operation product strategy  till service life runs out  the most effective maintenance strategy is the operating maintenance  strategy. When the products are repaired  both strategies are possible - the operating and on-condition maintenance. It depends on products        condition, level of their   controllability at the repair.

If the operation strategy till pre-failure condition for the product is chosen then the  necessary and indispensable condition for its implementation in practice is the use of   on-condition maintenance strategy with the parameters control  and on-condition repair strategy. If on the contrary, this or that product is serviced and repaired with  the parameters control then  the most effective strategy used for  this product is the  pre-failure strategy.

So, for the  products  which are operated according to  the strategy till  failure, the most effective maintenance strategies  are: on-condition strategy with the level of reliability  control during maintenance; during repair the running time maintenance and technical condition strategies are possible. It follows that some units  installed on modern aircraft can operate, be maintained and repaired, as a rule  only according to one of these strategies. For functional systems and the aircraft in general,  operating strategies or so-called mixed strategy are used.

Operating time maintenance strategy 

When the operating time maintenance strategy is used a preventive treatment is aimed at failures and malfunctions prevention by defining  strictly the operating time, regardless of the total operating time of products and their technical condition.

The advantage of such  maintenance system is that the volume of the work and   its execution periods are known in advance.This allows to  plan the  work, to distribute the   workload among the staff, to make  spare parts set, units, equipment and the materials used timely.

However tightly regulated preventive treatment method  has some significant drawbacks due to which much  work is carried out and service life of  many  units  is not  worked out.  
In addition, aircraft idliness at  maintenance is significant and leads to  reduced aircraft operation efficiency. 

 Technical condition analysis of various aircraft items  shows that the conditions   due to a number of factors can not be the same at the  same number of flying hours. The change of technical items conditions is, to a large extent, determined by their initial state at manufacturing, and operation conditions. The manufacturing  or technological factors affecting the  technology change of products in use are: different  quality of construction materials, fitting of connected pairs with   different  gaps within the limits and others. The main operational factors  are  the  airlines length, climatic conditions, runways conditions, fuel and lubricants quality and others.

Therefore, the assigned fixed period  and   prophylaxis volume at maintenance and items replacement are not an effective method for  supporting the given   reliability level. In addition, when  individual possibilities of the item are not  used the maintenance and repair  expances are relatively high.. The main volume of  preventive maintenance is performed  prematurely. At the same time  some of the items maintenance   is performed with delay which leads to their failure in flight. Insufficient use  of diagnosing means and forecasting methods of technical condition change do not allow in some cases, timely detection of changes in the  item technical condition   and lead to failure in flight.

On-condition maintenance strategy with  parameters control

On-condition maintenance strategy  with parameters control is a set of rules as to determination of  conditions and rules of items diagnostics and decisions as to the necessity of their  maintenance, repair or replacement based on information about the actual technical condition. With such  maintenance strategy the aircraft items and systems operate (are used) till prefailure state.

To detect the items prefailure state  the principle of  diagnostic paremeters preventive limits  may be used. Thus by preventive limits  understood the sum of   parameters meanings between the boundary η2 and prefailure  η1 parameter levels.  Exceeding the  boundary  level means failure. Reaching the  prefailure  level means the necessity of preventive  maintenance or items replacement  (Fig. 4.2).

On-condition maintenance strategy  with parameters control requires the establishment of quantitative relations between the values of preventive limits Δη = η2 − η1 on each of the controlled parameters of the item and periods  of its inspections Δt = t2 − t1. It is evident  that at the given random process η (t), boundary η2 and possible failure probability, each fixed value of preventive limit Δη is correlated with  a definite value of inspection periods Δt. Thus, the higher  these values are, the lower the inspections cost (less checks)  and  the replacement  and repair are more expensive (more frequent  replacements), and vice versa. The best option is chosen in case  the condition of minimum total unit specific costs Smin for the item inspection, replacement and repair is provided. For each item type  functions C = f (Δt) are found. They are used in solving the problem of grouping maintenance operations, including diagnostic operations and, in the best time regulation for the aircraft in general.  The strategy of maintenance and repair with the parameters control should be applied only to the systems and items which, for   safety reasons, can not be used in operation till failure, but for economic reasons − to be used till  running out the  established service life. They are expensive systems and itemts of highly   functional significance, which do not have sufficient redundancy  and which at the same time have  high level of operational  technology and contrtollability 
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Operational control of the  technical condition should provide: warning of  failure, an efficient state, the necessity  for carring out

preventive work to ensure  extremum  of the selected quality
criterion;  short-term forecasting of operating performance at a given time interval in case of warning the need for preventive work; search of removable functional element that must be replaced; technical condition  evaluation of items in order to collect information as to  their behaviour.

The traditional and most common approach to the technical condition evaluation is to chose some  parameters then  to carry out measurements  the results  of which are compared with the given  performance domain.  If each parameter satisfys  the requirements of  a given domain then the decision about item efficiency is taken. If at least one of the parameters does not comply the requirements  then the object is considered inoperative. 
A characteristic feature of this maintenance strategy is that there are  no items interrepair service life periods. The decision to continue operation  till the next inspection or to replace (adjust) the item is made according to  either continuous (Fig. 4.3) or periodic (Fig. 4.4)  parameters control which determine the technical condition.
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Prerequisites for applying on-condition maintenance strategy with the parameters control are derived from the requirements of flight safety, departure regularity and operation efficiency.

Safety is achieved by providing a specified reliability level of increased survivability structures, by evaluating and forecasting the level of efficiency in  operation, detection of failures and malfunctions at  early stages of their development, failure  indication and prefailure  states, the methods and means of technical diagnostics.

Departure regularity  is achieved by rapid detection of failures and faults, creation of the required  operational technology levels (controllability, accessibility,in interchangeability) that can quickly recover the system or item.

Economic efficiency operation is achieved by choosing the optimal maintenance strategy that provides extreme value of objective function (minimum of specific maintenance cost and maximum utilization aircraft) at a given level of reliability of functional systems and items. 
On-condition maintenance strategy with  reliability level control

 The characteristic features of maintenance strategies with reliability level control are the following. Each of the items at this strategy is operated (used) till failure. The time between overhauls (TBO) for these items is not fixed. Maintenance of each definite  item presupposes  the required volume of work to be done on regulation, calibration, detection and elimination of  failures and faults. For structurally complicated units it is advisable to replace some of the components according to their  operating time if this replacement is possible without disassembling of the unit  in stationary conditions. Reliability level of  the entire fleet of similar items is controlled. When the actual level of reliability of a particular type of product is  lower than normative  the causes of variation are thoroughly analysed and steps are taken to improve it.

 Introduction of items maintenance with the reliability level control involves solving a number of organizational and technical tasks, including:  rapid collection and processing of information as to reliability, which allows to determine the actual reliability levels of types of items used; development of the method that sets the  normative values of reliability levels for each type of item; operational comparison  of the actual reliability level with the normative one and  the analysis of possible consequences; creation of  a commission for taking decisions as to  the possibility of items of different type to operate till  failure and taking measures to maintain their  reliability level. Such measures are: additional maintenance work;  change of  periodes of reliability control; changes of conditions and modes of operation; execution of design improvements; switch  to the operating time maintenance strategy .

This type of maintenance strategy can be applied to the items: 1) which failure would not affect flight safety. This can be determined by the analysis of system reliability at its manufacturing and chosen  maintenance strategy, 2) for which there is an exponential distribution of failure-free operation probability, 3) the reliability of which can ensure the compliance with the requirements of regularity and efficiency of the aircraft technical operation; 4) which have high technological effectiveness including an ease of replacement, accessibility, interchangability 5) operating costs of  which  (at maintenance with the control  of reliability level) do not exceed the cost of planned preventative maintenance, 6) which have  failure indication on-board or ground-based control  devices with minimal labor costs.

On-condition maintenance strategy with reliability level control is mostly used for functional systems items of the aircraft, in particular for air conditioning systems and pressure control, de-icing, hydraulic and fuel systems, power plant  units.

      Reliability level control of similar items is carried out by statistical methods. This type of control coveres, as a rule, the majority of units and assemblies regardless of the maintenance strategy used for them. However, only for on-condition maintenance strategy with reliability level control this type of control is the main mechanism  for items reliability control.

With such  maintenance strategy used, the technical condition criterion of similar   aircraft systems units is the level of reliability, which is expressed by a certain indicator. Such indicator should provide   maximum information about  technical condition of the units, be convenient for carring out efficient comparative analysis and respond to  the change of  aircraft operation (changing of operation conditions, level of functional systems restoration). The most complete such requirements in the correspond to the following The indicators that clearly show the  AE operation conditions are the followingt: parameter of failures flow ω and the number of items failures  every  1000 flight hours K1000.

     It is very important, when on-condition maintenance strategy with reliability level control is used, to  select and define  a standard (acceptable) level of reliability Rdop, which is set for each type of an item taking into account  maintenance and repair costs and depend on the aircraft fleet under control (number of samples). The task of determining Rdop is solved taking into account  AE efficient use by the criterion of minimum cost C = f (Rdop).

Self-study check

1. What is ment by the concept  "maintenance program"?
2. Characterize the phases of maintenance program.

3. Name and describe the components of the operator maintenance program and the principles of its creation.

4. What is meant by a complex maintenance program?

5. What is the mechanism of  the complex maintenance programs formation?
6. Characterize the structure and issues  of requirements for a complex maintenance program.

7. What materials does the maintenance  plan contain?

8. Define the term "maintenance strategy".

9. Name the types of maintenance strategies.

10. Characterize the essence of operating time maintenance strategy.  
11. What are the disadvantages of operating time maintenance strategy?

12. Find out the essence of on-condition maintenance with the parameters control strategy.  

13. Explain the purpose of warning limits setting.
14. In what cases is  the maintenance with the parameters control strategy used?
15. Explain the interrelation between   on-condition maintenance strategies with  continuous and periodic parameters control.

16. Characterize the essence of on-condition maintenance with  reliability level control strategy.

17. In what cases is on-condition maintenance with  reliability level control strategy used?
 18. What are organizational and technical measures for  implementation of  on-condition maintenance with  reliability level control strategy.

           19. Find out the criteria of technical condition when on-condition maintenance with  reliability level control strategy is used.
Part II

FUNDAMENTALS OF AIRCRAFT OPERATION
5. Influence of Operating Conditions on Operational Status Change of Aircraft and Their  Engines
5.1. General characteristics of operating conditions for aircraft          and  their engines
During aircraft operation their units, aggregates and parts are subjected  to constant influence of some factors that  affect their operational state in different ways, and therefore their operational  reliability and serviceability.

All diversity of factors that  characterize  real conditions of operation and affect aircraft operational state, can be divided into objective and subjective ones.

Objective factors include: environmental effect, mechanical and other external effects on structural  elements and component parts of functional systems.

To the subjective factors we refer those  that to some degree are human dependent. They can include the choice of structural scheme during design; choice of materials and constructional elements; normal operating conditions; strategy, methods and conditions of maintenance and other. As a rule , these factors lead  to  sudden failures.

On the other hand, the factors that cause the  aircraft operational state change, can be divided into design and manufacturing that determine initial quality of objects and operational that reflect operational state change in service.

The design and manufacturing factors include:

· Choice of diagram and structural designs, elements and materials;

· Technology of components and units manufacturing, objects composition and testing;

· Manufacturing quality;
· Current and initial control characteristics.

Decisive role in aircraft operational state and reliability change is played by operational factors. It is just operation that highlights the level of this reliability.

Aircraft are operated in specific  conditions that much  differ from a surface transport operation. The difference is  the following:

· Considerable complication of working conditions, i.e., the growth of number of actual loads and their absolute values (temperature, pressure, vibration and other);

· Rapid change in time and space are factors  that affect  aircraft (stresses, temperature);

· Wide-range change of these factors (air loads, overloads, temperatures and others).
5.2.  Classification of operational  factors affecting aircraft and their  engines operational status

Operating factors can be divided into several groups.

Groups of loading (objective) factors, i.e., factors that are  connected with specific aircraft use and its flight operation conditions:

1. External loads: air loads, overloads, pressures, vibrations, acoustic loads, aeroheating, heating from power plant operation, electric loads.
2. Aircraft power setting and functional systems

Groups of factors that characterize  the ambient conditions:

1.
Weather conditions: atmosphere  air temperature, pressure and humidity, their daily and annual fluctuations, changes and gradients by altitude and length of the route, precipitations (rain, snow, ice, mist), air saturation with corrosive  substances (salts, bases and others).

2.
Conditions that characterize aerodrome conditions: powdery atmosphere, runways and taxiways pavement  quality, their cleanness level,  precipitation presence on them and others.

3. Biological factors: mold, insects, rodents, and birds. Mold causes decay of organic origin materials. Rodents and insects contaminate systems and aggregates, eat  isolation, parts of covering and so on. Birds get  into engines damaging  glass windows and covering.

Groups of human factors are:

1.
Flight operation conditions, air staff performance quality: takeoffs and landings number, skillful use of flight conditions and power plant modes, ability to act properly in special cases and emergency  flight conditions, ability to get ready for flight in a  proper way, calculate  it correctly and so on.

These factors depend on degree of air staff  skills and training.

2.
Maintenance quality: operation organization, engineering and technical staff proficiency, quality and timeliness of maintenance and repair work, peculiarities of transportation and storage.

When maintenance operations are performed, the condition of aircraft systems, aggregates and units is improved and defects are prevented (lubrication, parameters adjustment etc) on the one hand. On the other hand, low-quality performance can decrease  their operational state and even cause failures.

Depending on the character of aggregates and systems operational states two more separate groups of factors can be distinguished:

1. Quality of  materials used (fuel and lubricants and other): their oxidation and aging rate, contamination with foreign particles, humidity presence and so on

2. Time factors. First of all, it is aging process, i.e. process of slow change of physicochemical material properties. Speed of aging process can be changed under the influence of external factors: heat , vibrations, oxygen, ozone, humidity and so on.

For many materials aging process shows no evident signs of material properties degradation. These changes are accumulated and in some cases can cause sudden jump – destruction. The materials of organic origin are mostly subjected to aging process. 

The factors that influence the aircraft in its three states (in flight, on earth, during maintenance) are different and they act differently on the its systems and aggregates  depening on the aircraft state. 
Thus, in flight aircraft systems, units and parts are affected by operating factors which are  connected with usage pattern and conditions of its flight operation, weather factors and factors associated with flight staff performance, fuel and lubricants  quality.

Factors, affecting aircraft on earth include weather, biological, time factors,  aerodrome condition and others.

Operating factors influence the  operational state of objects in the form of deviation from their nominal parameters due to wear, aging and aggregates misalignment. These factors lead to gradual  failures.

5.3. Classification of damages and failures of aircraft units on according to their  physical  nature similarity
Above listed operating factors stipulate  different processes that change operational status of objects and lead to total or partial loss of operating ability. Three main types of processes which decrease the device performance are the following: high speed, mid-speed and slow speed processes development.

High speed processes are characterized by periodicity of changes usually measured in parts of seconds. These processes end within a machine cycle and occur again during the next cycle. They can include units vibration, frictional forces change in sliding joints, workloads fluctuations and other processes affecting  units position at any time and violate machine operating cycle.

High speed processes are stipulated by complex physical interactions that occur during mechanisms operation, friction in pivot elements and others.

Aboard the aircraft, high speed processes can include vibrations, caused by unbalanced engines weight  and rotating aggregates; vibrations of pipelines, stipulated by both mechanical oscillations and parametric excitation; changes of frictional force in bearings, moving elements of aggregates, for example, pumps; fluctuations of power fluid pressure due to its uneven pumping; acoustical oscillations caused by exhaust gas flow.

Mid-speed processes run during non-stop machine operation and their duration is usually measured in terms of minutes or hours. They lead to uniform changes of initial machine parameters, which stipulates the  appearance of parametric or slow defects and failures.

Examples can include changes of environmental temperature and system power fluid in flight; change of engine power unit and fuselage temperature; change of air pressure inside and outside pressurized cabins. All these changes are referred to as reversible processes.

As irreversible processes of a given type we can mention the process of power liquid physical properties change accelerated with temperature rise, change of organic materials and rubber physical properties and other processes.

Low speed processes run during all machines operating period. Such processes include systematic wear and tear of all operating elements subjected to friction; wear and tear of bearings, airframe structural elements, aggregates, pipe connections, joints; corrosion; aging of rubber goods, plastics and other.

These processes affect fatigue strength of materials, work accuracy of aggregates and mechanisms, change of engines, pumps and other products efficiency.

However all these changes occur relatively slow. All stated processes are characterized with random functions, for which corresponding parameter values dispersion is typical. Therefore for their study and analysis, mathematical apparatus of probability theory, mathematical statistics and theory of random functions are used.

Thus, the change of element parameters and characteristics in time is a result of physicochemical processes which  occure in them. Failure process is, usually, a temporal process, the  internal mechanism and speed of which are determined by  properties of the material, stresses, influence of weather and other factors.
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Variety and stochastic character of operating factors which influence  the aircraft objects lead to the fact  that with the same operating time or service life, the objects have different actual operational status, which, naturally, should be taken into consideration while developing these objects maintenance and repair strategies.

Depending on actual loads and physics of the  processes, typical failures and damages of aircraft units can be classified into the next groups:

1. Cracks, deformations and destructions caused by action of loads multirepeated in operation. These failures and damages are widespread in the form of fatigue cracks. They occur in covering and elements of internal primary  structure. Very dangerous are cracks on wing structural panels in area of loads accumulation  (such as units of landing gears and wing flaps attachment), and also in places of stress concentration (at width changes in longerons).

In general crack development has a character similar to wear and tear, with three definite  zones of their development intensity.

First zone is characterized with initially high and then gradually reducing speed; second zone – permanent  crack development period; third zone – disastrous crack growth with the element destruction as the result.

Based on thorough analysis of structural reliability and survivability in operation marginal crack sizes are established.

2. Reasons of damages in the form of cracks, deformations and destructions are cases of excessive aircraft loading in operation. They are not local and represent general residual damages of the main airframe parts. Excessive overloads can result from bumpy landings, entry in thunderstorm activity and turbulent atmosphere zone, inadmissible  shunting overloads and others.

3. Corrosion damages and destruction of lacquer and other types of protective coatings.

4. Various kinds of mechanical wear that originate from constant  effect of alternating workloads, for example, sliding and rivet joint gaps, structural element abrasions and other.

5. Defects that occur due to aging of parts made of  organic materials (glass, rubber, plastics and other). Aging process is promoted by weather factors (precipitation, temperature and its changes, solar radiation, humidity, etc), environmental factors (atmospheric saturation with salts, dust, dirt, etc). This process is not evident and often appears unexpectedly in the form of damages.

6. Various mechanical damages of covering, floors and other elements are caused by negligence during technical and commercial operation, repair, etc.

The listed malfunctions and damages affect durability of aircraft units and limit basic overhaul and specified service life.

5.4. Technological processes of aircraft maintenance 

During aircraft maintenance a work package is performed related to the support and recovery, if necessary and possible, of its operative and operation condition. Depending on the  purpose, maintenance work can be divided into the following types:

1. Control of operational condition:

· Visual fault detection

· Fault detection, using physical methods of nondestructive inspection

· Check  of object condition parameters 

· Check of functioning and operating parameters of the object
2.
Recovery work:

· Repair;
· Adjustment;
· Binding;
· Units replacement  by disassembling/assembling;

3.
Fueling-lubricating-preparatory work:

· Oil change and its recovery;
· Loading and reloading with fuel and lubricants, special liquids and gases;

·  Air conditioning of cabins;


·  Preservation of units.
4.
Cleansing work:

· Surface decontamination;
· Cleansing and flusing  the units (e.g., filters) ;

· Removing frost;
· Rшmoving corrosion;
· Moisture accumulation removal;
·  Depreservation of units.
5.
Additional work:

· Provision of  access for objects maintenance;

· Disassembling and assembling work for maintenance performance;

· Cleaning the units before  maintenance;

· Aircraft lifting and jacking;
· Preparing and cleaning the workplace and tools.

6. Preliminary work before departure.

Most  types of work are repeated almost on every operating aircraft types and are performed in accordance with regulations assigned  for every aircraft type. They are typical. Work performed only on some aircraft types due to peculiarities of their construction or operating conditions are considered atypical. Availability of typical work list facilitates the process of working out  the basic maintenance program for newly created aircraft types.

6. General Rules of Aircraft Maintenance
6.1. Admission of  engineering and technical staff for work on   aircraft
As the demands concerning  flight safety is very high  maintenance work performance is allowed to be carried out  by aircraft staff with adequate  professional, maintenance skills  for certain kinds of M&R work on specific aircraft  type and with related certificate issued or accepted by State Transport Service (Aviation Department).

According  to their qualifications and competence, aircraft staff members get  the     permission for:

· Scheduled line and periodic maintenance of aircraft type; 

· Maintenance of separate systems, complexes, aircraft zones, kinds of aeronautical and avionics equipment (AAE), laboratory tests and AAE repair;

· Engine start and testing;
· Aircraft towing;
·  Aircraft maintenance at transit aerodromes;

· Some repair work;
· Slinging work;
· Metrological inspection of measuring instruments and examination of documents;

· Other regular and casual work defined by M&R enterprises management.

Aircraft M&R specialist certificate is issued by Aviation Department of State Transport Service and is of   three types:

- 1st category certificate (С) gives an aircraft specialist the right to examine an aircraft, certify an aircraft (its parts) airworthness and M&R work quality;
- 2nd category certificate (В) gives an aircraft specialist the right to perform independently operational and periodic maintenance and some forms of aircraft repair and maintenance in volume specified by admission and marked  in the certificate and to certify an aircraft and its parts airworthness  after M&R and failure elimination;
- 3rd category certificate (А) gives an aircraft specialist the right to perform M&R work under the supervision of specialists with certificate of the 1st or 2nd categories and to certify performed work in conformance with  the  requirements of standard technical documentation (STD).

Permission for specific types of work is issued in the  certificate by the order of operator or M&R enterprises management based on current documents and according to working regulations requirements in accordance with the established procedure.

In order to obtain the certificate, the aircraft staff must receive proper professional maintenance training and have practical work experience specified by aviation rules of Ukraine for corresponding certificate category.

Professional training of aircraft staff for aircraft maintenance is carried out in high, secondary and special schools of corresponding specialisation and is confirmed with the diploma.

Maintenance training of aircraft staff for aircraft maintenance includes:

· Special maintenance training;
· Training for operation in seasonal conditions;

· Technical training;
· Individual training;
· Probation (mastering practical skills and production work methods on aircraft).

Special maintenance training is carried out in high and secondary schools, training centers and other organizations that have proper certificate, issued or validated by State Transport Service (Aviation Department).

Special maintenance training includes:

· Initial study of specific aircraft types, aircraft engines and component parts (CP)

· Study of aircraft types versions, aircraft engines and other component parts (CP)

· Study of aircraft, engine and CP condition control and diagnostics methods and means

· Study of M&R engineering procedures and M&R quality management

· Study of analysis and evaluation methods of aircraft component parts and complicated systems reliability indexes

· Study of computer-based information and control systems

· Study of aviation rules in Ukraine

Minimum programs specifying periodicity and duration of every kind of special maintenance training are approved by State Transport Service (Aviation Department).

After special maintenance training, aircraft staff get the certificate.

Training of aircraft staff for aircraft operation in seasonal conditions (spring-summer and fall-winter periods) is carried out in Engineering Aeronautical Service (AES) of operators, airports and M&R enterprises according to  the enterprises programs developed on the basis of typical programs.

Day-to-day technical training includes:

· Study of service documentation that regulates AES work and aircraft maintenance

· Study of information about aircraft reliability in cases of flight airworthness  violation and operating obstacles, study of faults and failures detection, elimination and prevention methods

· Repeated study of aircraft construction, service documentation of aircraft systems and parts, which operation needs special care

· Acquiring skills in new kinds of work

Day-to-day training is carried out directly in AES of operators, airports and M&R enterprises according to the  typical programs approved by Aviation Department with appendixes stipulated by specific enterprise peculiarities.

Permission to probation and probation of aircraft specialist are carried out on the basis of graduation document of special maintenance training in volume of the performed task issued to every specialist in established form. Probation of specialists is allowed to carry out on the base of operators or M&R enterprises that have certificate for corresponding aircraft type M&R and experience of their performance. After finishing  the probation course a  specialist receives the  conclusion on probation results signed by the head of M&R enterprise (AES) where probation took place.

Individual training of aircraft specialist is carried out within the framework of topics or disciplines according to individual tasks set directly by managers. Studied topics knowledge is checked during credits within the  period of training for AIRCRAFT operation in seasonal conditions and also at technical training lessons.

Only the most trained specialists are allowed to head AES divisions (M&R enterprises) that directly perform M&R, those who have necessary background, work experience on corresponding types of aircraft, AIRCRAFT and component parts, admission to work performed by the division and who is able to organize subordinate staff work.

In case of aircraft specialist transfer to another enterprise, the  permission he had, remains valid. In case of specialist work-breaks on a given aircraft type or its systems at specific works of more than a year, MS permission expires. It is restored only after repeated probation and credits.

Aircraft specialist can be in established order fully or partly devoid an  access to M&R work in case of M&R rules violations found during M&R quality control or caused the  aircraft, AIRCRAFT and component parts failures.

Responsibility for aircraft specialist conformity to certification requirements and his access to M&R work within the limits allowed to a given specialist by personal certificate is imposed on AES managers of operators, airports, M&R enterprises and quality organizations.

Conformity order of certification documents issued in other countries is established by State Transport Service (Aviation Department).


6.2 Basic rules of aircraft maintenance
Maintenance of an aircraft is performed in  accordance with the main rules, mandatory for executive engineering and technical staff and aircrew, employees of other services of aviation enterprises.

During aircraft maintenance it is necessary to observe the following main rules:

· Abide operating limits, established by normative documents for aircraft, engines and component parts

· In flight and on earth, during serviceability check, correctness of systems and equipment functioning, use only operating conditions established by service documentation 

· Timely, in full scope and properly  perform maintenance and storage work; 
· Use during MS only such control and ground servicing means, equipment and marked instruments that are specified by service documentation and passed metrological tests;
· Use petroleum, oil and lubricants (POL), special liquids, gases, used materials specified by service documentation for the  given aircraft type; 

· Obey screw locking device rules, preventing parts opening, turning off and dropout; prevent mechanical damages during engine start and testing, disassembling, assembling and other work;
· Use for aircraft takeoff and landing, taxiing and parking only specified and qualitative  structural pavement and unpaved runways, paths, sites;
· Keep  air rescue kits in serviceable and ready-for-proper-use conditions; 

· After finishing work on aircraft, the performers should check their workplace (compartments, hatches, air intakes, cabin) to make sure there are no tools and foreign objects left;
· For aircraft maintenance it is necessary to use only serviceable tools, special-purose machines and ground-support equipment (GSE) specified for the given aircraft type;
· Control the  general purpose ground-support equipment used during  aircraft maintenance

· Prevent aircraft maintenance with special machines  without earthling provisions and fire rescue means;
· Take operational measures to eliminate possible emergency situations associated with ground-support equipment abnormal operation.

In case of aircraft parking during more than 2 hours and also in rain, snow, dust storm (regardless of parking time) the protective devices specified by service documentation, are to be  put on input devices, receiving systems of total  and static pressure and other aircraft systems.

To prevent aircraft departure with protective devices on, they should be painted in black color and have red soft pennants. On the aircraft where the places of   protective devices installation  are painted red  the warning devices  should be of  black color .

Maintenance of airframe elements, power unit, aeronautical and avionics equipment (AAE), that one of the aircraft functional system comprises, is performed by corresponding  aviation enterprise specialists.

During disassembling and assembling work on the aircraft with AAE, during examination and check of distributing devices, troubleshooting in electric circuits, work  on board the aircraft with the use of  flammable materials, power supply  is off. In thre crew cabin near disconnect switches of aerodrome and emergency power supply, and also near disconnections of ground electrical sources, warning pennants are set: “Do not  start! High tension current! Operations are performed”.

The same warning signs  are also set on aircraft and its system controls, when the component parts are removed from the  system or their removal/installation or adjustment work is performed. The sign can be taken away only by the performer who put  it, and in case of aircraft transfer with incomplete maintenance to the other shift – by a  specialist responsible for the work continuation.

6.3. General rules of airframe, aircraft functional systems and engine maintenance
In order to maintain the  airframe aerodynamic qualities it is necessary to:

· See that   the  requirements for control surfaces, wings, doors and hatches elements are fulfilled
· Timely eliminate rivets and parts joints loosening on the surfaces, deformations and cracks on load-carring members  and covering;
· keep paint-and-lacquer coatings in serviceable conditions 

· Timely clean airframe surfaces

· Do not  walk in rough and dirty footwear on the wings, fuselage, do not put on them units, tools and any equipment without soft pads

To prevent aircraft parts and units from corrosion in areas of accumulator batteries, water closets, buffets, condensate, water, POL, special liquids, chemicals, contaminants accumulation, various materials and metal contact with hygroscopic materials, their anticorrosive processing and other operations, specified by service documentation are performed.

In order to prevent abnormal operation of onboard systems affected by humidity and special liquids, it is necessary to control air tightness  of airframe joints and systems that contain  liquids, timely close doors, hatch covers, check draining kit serviceability and drain liquid  out of its accumulation sites.

During aircraft systems maintenance it is necessary to:

· Control reliability of the units, parts and units fixing, beading system pipelines and AAE wires

· See the proper  tightness  of pipelines, hoses and their joints in fuel, oil, hydraulic, air, oxygen systems and also in the systems of air conditioning, water supply and waste destruction,  cleanliness of drainage pipeline sockets

· Filling the  systems with fuel, oil and special liquids, charging  them with gases according to the approved operating procedures and rules

· Before system filling and charging in established order, check quality of petroleum products and gases, their correspondence to given aircraft type

· Provide serviceability, work capacity and accuracy of systems and unitss functioning

· Control the state of parts and units surfaces subjected to friction, remove dirt from them and grease them in time.
Besides, there is a number of additional requirements necessary to meet during AAE maintenance.

6.4. Inspection of aircraft units
Fault detection is  to сarried out to find external and internal defects of an aircraft aggregates, engines and special equipment.

External defects include: finishing damages, loose parts and damages, liquid leak, nicks, dents and others.

Internal defects include improper regulation, aggregates destruction, wear and tear.

Defects can result from:

· Wear and tear occurring at violation of lubricating requirements and improper flight operation;
· Construction faults, calculation inaccuracy or faulty  choice of constructive form, location and so on;
· manufacture and repair problems due to violation of equipment production technique, improper use of materials, etc.

· Maintenance program violation

Depending on accepted maintenance method, fault detection is carried out simultaneously with the maintenance or before it. At fixed maintenance method, aircraft is defected simultaneously with maintenance and defectation is performed by the same technicians who perform aircraft maintenance work.

At unfixed maintenance method, aircraft is usually defected before  maintenance by special separate experts or head technicians of specialized crew teams.

Preliminary fault detection is performed in order to detect possible failures. After engine stop the places of possible fuel, oil and other liquids leakage are defined.
Aircraft fault detection is carried out by visual, physical and comparison methods. Most widely  used method is visual that consists of an aircraft inspection. During visual inspection different mirrors, magnifying glass and lighting  optics are used.

Physical fault detection methods are used to find defects both on the surface and inside metal. These methods use portable magnetic fault indicators, X-ray generators, and supersonic equipment. Physical methods also include dye-penetrant method.

Magnetic method is based on magnetic field ability to spread unevenly in nonhomogeneous medium. Magnetic fault indicator can find defects in ferromagnetic alloys.

Ultrasonic method is used in cases when it is necessary to find  deeply placed   defect in  an item and when other methods can not reveal them. Ultrasonic method is based on ultrasound ability to be spread in hard materials on significant depth and  be reflected from distribution surface.

This method is used in order to reveal  fuel tanks and cover plates corrosion, load-carring  structure cracks and others.

X-ray fault detection method is based on X-rays properties, their high penetration ability. This method is used to find spark  plugs failures, cables defects, covering and fuel tanks corrosion and so on.

Dye-penetrant or “color” method is based on paints ability to penetrate  into the smallest cavity of  damaged surfaces. This method is used to reveal  cracks in steel items and also in units made of  aluminium, magnesium and copper alloys.

Comparative method is based on comparison of aggregates, systems and engines test results with technical requirements.

6.5. Checking and adjustment work

Flight clearance can be obtained only by unfaulty aircraft that meets technical requirements and also on which preparation and examination are performed in established order.

Testing the aircraft systems serviceability, compliance of systems and aircraft engines working parameters with technical requirements is performed during maintenance (line and periodic). In case of aircraft systems and aircraft engines parameters noncompliance with technical requirements or loss of their serviceability, adjustment work on corresponding aircraft systems and engines is performed. Order, content and frequency of checking and adjustment work performance are established in accordance with requirements of managing documents, maintenance program, ground maintenance instruction or guide, flight manual, operating procedures.

Adjustment work on aircraft is aimed at maintaining   at any mode of  aircraft flight or engine operation such working conditions which ensure their most advantageous characteristics. Let’s consider an example of adjustment work performed on aircraft engines.

The most important task of the engines adjustment is to ensure minimum fuel consumptions and durability of engines operation.

 Engine operation conditions with provision of mechanical and heat strength, and also operation stability, are limited by  permissible area.

Thus, for gas-turbine engines the permissible areas of operation are:

· Maximum permissible number of revolutions

· Maximum permissible power

· Maximum permissible gas temperature before turbine

· Stable compressor operation area

· Area of stable fuel burning in the combustion chamber depending on mixture content

·  critical rotations area

Safe operation area is provided with characteristics of corresponding automatic machines and power unit regulators.

Adjustment of abovementioned automatic machines and power unit regulators is performed during engines and aggregates finishing.

It should be noted that during operation some adjustment deviation in regulators and automates is possible that can cause engines operation beyond safe area.

 Engines adjustment is performed in case of parameters noncompliance with established technical requirements. For example,  oil pressure, in lubricating system of one engine type at engine operating revolution, shown by the instrument  is 4 kg/cm2 but according to the technical requirements for reliable lubrication provision the necessary pressure is 5-5.5 kg/cm2. In this case adjustment is needed.

Adjustment of engine aggregates in operation is performed in the following  way: firstly the  measurement of appropriate  parameter is done by technical conditions  and then the  value of necessary  unit  adjustment is determined.

In the given example oil pressure noncompliance with the established technical conditions is about 1.25 kg/cm2, and a single turn  of oil pump reduction valve screw changes oil pressure by 0.5 kg/cm2. Therefore, it is necessary to increase reduction valve spring tension with screw revolution by 2.5 turns. Before aggregates adjustment the correctness of test instrument indications is checked. The result of adjustment work is  to be checked on operating engine.

7. General Types of Work Performed on Aircraft
7.1. Brief characteristics of general kind of work performed 
on aircraft

Maintenance program stipulates the performance of  line and periodic maintenance and also calendar maintenance,  storage, seasonal and special maintenance work on aircraft.

Line maintenance includes operations at aircraft arriving, parking provision, inspection and maintenance, flight departure.

Every form of periodic maintenance consists of preliminary operations (workplaces preparation, hatches opening, power supply  connection and other), inspection and maintenance work and final operations (hatches and compartments clouser, loading with POL, checking levers, valves, circuit-breakers position in crew cabin and other).

Periodic maintenance according to calendar time is performed in cases when during the given calendar period an aircraft didn’t fly 50% of  flying hour needed for periodic maintenance by flown time.

   Maintenance at aircraft storage is performed depending on storage time and consists of such work as:

· work for aircraft storage preparation;

· Work performed on aircraft every 15 and 30 days of storage;

· Work for aircraft preflight preparation after storage.

Seasonal maintenance is performed on aircraft during preparation for work in fall-winter and spring-summer conditions, and possibly together with periodic maintenance forms.

Special maintenance is performed after the aircraft flight in intensive turbulent atmosphere and in area of thunderstorm activity (at  excessive   permissible operating loads), after bumpy landing and in other nonstandard cases. In the last special cases volume and content of maintenance work is determined by the commission decision.

7.2. Disassemple/assemble and lift-and-carry operations 
Disassemple/assemble work
Disassembling and assembling of aircraft aggregates and units (dismountable parts of airframe and wings, aircraft engines, accessory power units, aircraft propellers and main rotor, rotor hubs, reducers etc) is characterised by  increased labor intensity, performance complexity,  participation of significant number of  workers, increased attention to labour safety.

It is associated both with heavy weight of structural units that are removed (installed) and  different kinds of hoisting mechanisms used during work.

Disassembling of aircraft aggregates, structural parts and units is carried out in cases of their life time expiration or at  detection of failures that are  impossible to eliminate without their removal from the aircraft.

During removal/installation work it is necessary to ensure:

· following the engineering instructions requirements

· elimination of water, dust, contaminants, small parts and other foreign objects  possibility of their getting  into open cavities and detachable joints  of aggregates and pipelines of airframe systems, engines, aeronautical and avionics equipment;
· storage of removable small parts in specially designed  sorting boxes (cases, bags)

· Secure fixing of aggregates, locking device, metallization, secure joints sealing;
· check of serviceability and correctness of mounted units, aggregates and functional systems operation;
· Assembling such aircraft parts, aggregates and equipment that correspond the stated type (series) and have necessary accompanying documents or marking which are  checked and ready for assembling

· Impossibility reuse  of expendable parts (pads, splints, locking device etc);  

· maintaining    the determined painting and marking of parts, pipelines, hoses, balloons, airframe system tanks and power plant  according to standard demands;
· Usage during work performance of instruments, accessory, equipment, means of control and diagnostics of AIRCRAFT operational status and means of ground servicing specified by service documentation of the aircraft type;
· Quality control of performed work by responsible executives, stated in operational documents

During assembling-disassembling work preparation the workshop chief (shift supervisor) determines crewmembers, order and time of work performance. Qualified engineer is assigned as the work supervisor (foreman), who gives the performers a brief instruction as to  labour safety , study with them work methods, organizes selection and preparation of necessary devices, accessory, tools, means of control and ground equipment.

Removal/installation operations are performed in accordance with typical technologies, determined in operational documents or developed at the aviation enterprise.

After aircraft airframe parts (power unit) disassembling it is necessary to examine thoroughly  the operational status of those power units and parts, together with their joints, which control  is possible only after constructional elements removal.

Removal/installation work can be performed both in enclosed spaces (hangars) and outdoors in aircraft parking areas.

During in-hangar operation stationary hoisting machines are generally used including winches, pulley blocks, cantilevers with electric drive and electric telphers which are  moving  in two-way directions above almost all hangar space.

During operation in the open areas, movable (non-self-propelled) and self-propelled automatic hoisting cranes are used.

Lift-and-carry work
Efficiency of maintenance process is directly connected with the  organization and mechanization level of lift-and-carry processes.

Variety  of devices necessary for lift-and-carry work performance are delivered by aircraft manufacturing plants. They compose equipment sets for single aircraft or groups of aircraft maintenance. These sets include tools for towing and mooring (towing bars, cables, different mooring tools, brake shoes), aircraft lifting (hydraulic rams, axle jacks, guard trestles and lodgments), disassembling and assembling of aggregates (ladders, winches, top cords, traverse members), maintenance of individual aircraft systems (tools for shock strut charging, wheels pneumatics, engine preservation, various adaptors and reducing gear boxes), aircraft storage at parking (covers, mats, protective caps, clamps).

Cargo cranes used in CA are classified by the type of end-point control (with manual mechanical drive and with motorized hydraulic or electric drive), by structure (cranes on trucklike chassis base or movable non-self-propelled), by loading capacity (light – up to 300 kg, medium – from 300 to 800 kg, heavy — more than 800 kg).

Those which are widely used are non-self-propelled cranes of PPC-48 type with loading capacity up to 150 kg with manual drive of load winch and crane boom that have good maneuverability and adjustable boom length.

For disassembling and assembling of heavy and high situated aircraft units and parts, except for the lift trucks, special rigging arrangement is used: traverse members, top cords, cable ropes and others. Loading capacity is the basic technical characteristic of rigging arrangement.

Every aircraft type has its determined set of special rigging arrangement that should be used during its maintenance. For example, rigging arrangement set, designated for maintenance of one modern plane airframe includes traverse members for the removal/installation of separate  wing parts, elevators,   rudder sections, tail fin, stabilizer and also top cord for wing flaps and slats.

All hoisting machines are subjected to periodic maintenance inspection no less than once a year, and top cords, cable ropes, chains are inspected every 10 days.

Operations connected with large-dimensioned aircraft parts lifting and descending, aircraft parts fixing to airframe power units or their detachment are performed by the aircrew which have an admission to slinging operations performance, with all kinds of work performed upon supervisor command.

Aircraft “jacking” is performed during its leveling, testing of landing gear extension and retraction systems operation, landing gear struts changing, during complete wheels disassembling and assembling and also during lodgments use for wing surface unloading in case of torsion box integral  tanks panel opening.

Depending on lifting device construction, aircraft hoists which are included into the group package of special purpose ground-support equipment, are divided into mechanical and hydraulic, and depending on place of installation into wing, nose and tail. Usually ground servicing equipment set for aircraft “jacking” consists of three hoists: two wing and one nose or tail. Beside this, hydraulic hoists can have manual and electric drive. Operating experience has shown that their use significantly facilitates manual work and shortens work time.

Loading capacity of hoists and the diagram their installation are determined by aircraft weight and its center of gravity location. Lifting force of wing hydraulic hoist reaches  up to 750 kN, tail – 200 kN and nose – 150 kN.

When  hanging the wheels only on one of landing gear legs there is no need in “jacking” the whole aircraft. To reduce the costs during wheel change it is rational to use axle jacks and special devices from a group set of  ground servicing equipment.

Experience of modern aircraft operation shows that lift of front nose landing gear trucks at aircraft wheel change with the  use of  hydraulic jacks with manual drive, needs significant expenses of manual labour and time. Therefore in large CA enterprises hydraulic jacks with manual drive were replaced by hydraulic hoists with electric drive.

In case of emergency  aircraft landing with retracted or destructed landing gear for its lift, the emergency pneumofabric hoists and also special autocranes are used. After that aircraft is transported from the runway or ground strip  by towing trucks with the help of carrier, cable aggregates with “nose” or “tail” ahead  respectively.

Emergency pneumofabric hoists are specially designed for aircraft or its parts (wings, fuselage) lift. There are two hoist types used: APTP with loading capacity of 100 kN or APTP-25 with loading capacity of 250 kN. Former are designed to lift aircraft with the weight up to 100 t. Emergency fabric hoist package of APTP type has 14, and APTP-25 – 32 separate hoist sections. Every individual lift section is made of rubber fabric and from inside has a tap with a valve for air hose connection and air discharge. Basic safety requirement is the control of all hoist sections simultaneous lift without aircraft skewing.

7.3. Typical work performed during fitting the aircraft for           departure

Aircraft preflight preparation involves specialists of different flight operation services, including: aviation engineering, aerodrome, navigation, commercial, air traffic management and other services that are stipulated  by the necessity to perform work package on the aircraft. This is regulated by flight timetable and specific flight task, assigned to the crew. Reliable work of all services provides observance of the flight regularity and excludes any delay because of their fault.

Complex aircraft preflight preparation includes technical preparation of the aircraft and  crew training. Technical preparation is performed by AES that bears responsibility for aviation engineering flight servicing and has the right to control the activity of every other aviation enterprise services. Preparation performed by AES includes the next basic kinds of work:

· Regular maintenance according to the schedule;

· Elimination of system malfunctions  and failures revealed  in previous flights and during regular form of  maintenance performance;

· Loading with fuel, liquids, gases;

· Cleaning aircraft compartments ;

· Removal of snow and ice in winter period out of aircraft surface;

· Air conditioning in cabins; engines and systems warm-up (if necessary) ;

· Aircraft examination and acceptance by the crew;

· Drawing up documents.
     Responsibility for aircraft preflight preparation is imposed first of all on the foreman – aircraft technician who is  responsible for the flight servicing performance. Before fitting the aircraft for departure the technician – foreman is obliged to check a release for line maintenance which by then should be absolutely finished, to review flight logbook and personally make sure that aircraft maintenance documents are drawn up correctly and signed by officials responsible for the work performance.

Every flight servicing is performed in strict correspondence with the  maintenance program. If during this work the performers find some damages or faults unrevealed before or some deviations from technical requirements, the foreman is obliged to report about this to the shift engineer who determines elimination procedure for detected abnormal operational status deviations and the time when the work is to be finished. About his  decision the engineer reports to the shift supervisor.

Very often besides flight servicing work stated in program there is a need to perform some additional work, such as: reloading with POL, special liquids, water, system reloading with gases, removal of snow, frost and ice out of aircraft surfaces, air conditioning in cabins (heating in winter, cooling in summer), engines and units warming, aircraft towing to the apron or  warm-up pads.

The listed AES tasks during modern passenger aircraft operation are  complex processes of different specialists interaction with aircraft and ground technics. Therefore the most actual problem in overall complex of tasks carried out by AES is the problem of aircraft maintenance mechanization and automatization. Its solution allows not only to decrease labor inputs and increase serviceability but also to reduce aircraft idle time during preflight preparation, increase its service intensity, ensure flight regularity and safety.

Aircraft is considered to be ready to the flight only when:

· aircraft is fully packaged and has sufficient service  life of airframe, engines and equipment for planned flight operation;

· all kinds of work stipulated by maintenance program are performed in full;

· failures noted by crew in the flight logbook and also faults and failures found during maintenance, are eliminated;

· loading with fuel, oil, special liquids and gases is complete;

· aircraft is examined by experts of engineering and technical staff and is recognized it as failsafe  which is proved by the signs in maintenance release;

· aircraft is examined, inspected and accepted by crew from engineering and technical staff, the maintenance release is  signed by flight mechanic, aircraft commander, pilot;

· technical documents are drawn up in the established order.

More over such work as removal of grounding cable and chocks from under the wheels, engine start provision, ground power supply turnoff, final aircraft examination and taxiing are performed by engineering and technical staff (ETS) during maintenance and after aircraft transfer to the crew. After that the engineer or foreman signs in maintenance release a conclusion as to fitting the aircraft for departure and the permition for  departure.

Before signing the  maintenance release, the official is obliged to check if there are signs of the performers and supervisory specialists that prove examination, servicing and other additional work performance, signs of aeronautical and avionics equipment engineer or foreman, operating engineer or technician-foreman that justify  aircraft serviceability, the signs of performers responsible for flight servicing, supervisory people. The officials must also personally check all flight operations execusion which are  supervised by the engineer.

In many aviation enterprises and schools the  assigned maintenance method is used. In this case the clearance for departure  is given by an engineer or foreman and at single basing on temporary aerodrome – by aircraft technician to  whom the aircraft is assigned.

When all the work is done the crew informs about this and takes executed line maintenance release, flight logbook,  reference form about the aircraft in-flight operation, onboard documents and keys from the aircraft.

Further aircraft examination is performed by crewmembers, while the technical staff removes covers, plugs, clamps, pins and other temporary installed devices that must be removed and transferred to flight engineer or flight mechanic.

If during  examination the crewmembers reveal any  faults, the  foreman  who is responsible for the flight servicing immediately takes measures for these problems elimination.

Flight manual of specific aircraft stipulates flight possibility with some faults. The list of such faults is included in Flight Manual. Departure clearance in these cases is given by shift supervisor or engineer who makes relevant record as to nature of   failure in the flight logbook. The same record is made in the  line maintenance release and the  aircraft commander is informed about  it.

There may be  cases when at the aerodrome of departure there is no specialist of Aviation Engineering Service who is admitted to a  certain aircraft type maintenance. In this case the decision for departure with faults and damages is taken by the aircraft commander who coordinates  his resolution  with  chief engineer and the  appropriate  record  having been made  in flight logbook. As a person responsible for the flight operation, the aircraft commander in any case has the right to authorize a departure with faults. His  decision is  made with considering planned flight requirements, requirements as to the equipment of aerodrome of departure and landing and other requirements which affect flight safety.

7.4. Preliminary and preflight crew training
Every flight is to be anticipated with thorough training of the crew all members of which are obliged in full measure and qualitatively to get ready for  flight irrespectively of its duration and destination.  Flight training is divided into preliminary and preflight.

The content of preliminary and preflight training of the  crewmembers (aircraft commander, co-pilot, navigating officer, flight radio operator and flight engineer or mechanic) and their duties are determined in CA Flight Regulation Manual (FRM).

The main kind of flight training is the preliminary training taken  by each   crew member  under  supervision of aircraft division director or his deputy with required specialists participation:

· before the first  solo  flight of the commander on a given aircraft type;
· before the first aircraft commander flight along the given air path, route, region of aerial work performance;
· before flight with special task;
· before new kind of aerial work performance;
· periodically during systematic  flights along the given air paths or kinds of aerial work performance in special conditions;
Preliminary crew flight training stipulates:

· coordination of planned flight or flights;
· development of documents necessary for flight operation;
· study of pilot technique peculiarities, aircraft operation and order of crewmembers interaction in normal conditions and in special flight cases;
After preliminary training, the   control of crew readiness for flight is performed.

Preflight crew training is organized and performed by aircraft commander before each flight. It is based on specific air navigation conditions and meteorological requirements. According to CA Flight Regulation Manual crew must start preflight training not later than 1 hour before a defined flight time and at intermediate airports in case of short-time parking – from the moment the crew  get to  ACP.

Aircraft commander is obliged to:

· report to ACP dispatcher about crew readiness to have  preflight training;
· obtain information about aircraft operational status, condition of departure and destination aerodromes and also alternate aerodromes;
Besides, aircraft commander is obliged to study and determine specific crew actions in cases of emergency situation including forced  landing after taking off.

Co-pilot along with  the other duties stipulated by CA FRM is obliged to:

· calculate maximum permissible aircraft takeoff weight and takeoff ability,  depending on individual takeoff requirements

· examine passenger cabin, cargo rooms;
· perform work specified by Operations Manual (OM) before departure;
· report to commander about preflight readiness;
Crew can also include other specialists for specific flight task fulfillment. During the aircraft preflight training they are obliged to perform all operations specified by OM.

If all necessary preparatory operations are performed the aircraft commander must   make decision about departure even  with individual aircraft faults specified in OM. This decision is made after all crewmember reports about aircraft readiness for  flight and performance of work specified by OM before departure.

7.5. Aircraft towing and taxiing
Aircraft transportation about   aerodrome is performed by taxiing and towing.  Taxiing  instead of towing provides rather considerable fuel saving so transportation by taxiing should be performed only in extreme cases.

Taxiing can be operated by aircraft commander or under his guidance by the co-pilot. Towing is used   for aircraft transportation to the apron, parking areas, engine start line (holding position), to the hangar, special parking for performance of periodic maintenance forms. 

Aircraft towing is performed only with authorization of air traffic controller, as it can pose  threat for other aircraft safety. In this case towing person with the help of airborne radio station keeps continuous communication with the controller. Towing itself is performed in strict correspondence with towing instruction and traffic pattern of the aircraft and transport at  given aerodrome. Decision about towing can be made by shift engineer or supervisor who appoints respective aircraft technician and his subordinate crew staff  that perform this towing. These specialists must receive special briefing and have an access to such kind of operations.

Aircraft towing is allowed on structural pavement  and on  hard surface strips   that meets hardness requirements for the given aircraft type. Tractive effort necessary for towing depends on the aircraft weight and wheel friction coefficient. Friction coefficient depends on type and condition of aerodrome surface and has such values: for dry concrete – 0.01; for wet – 0.012; for hard surface – 0.04.

Tow truck traction  is chosen according to the  aircraft type and weight. For  aircraft the  weight of which is up to 50 t a tow truck of up to 10 t tractive effort  is used. In this case it is possible to use conventional auto trucks. When  aircraft  weight is more than 50 t then more powerful tow trucks are used.

Analysis of aircraft accidents in civil aviation shows that most of them occur during aircraft towing about  the aerodrome. They include aircraft damages and breakages that later need recovery work. Considering this,  many aviation enterprises with heavy traffic,  form  a towing crew  and include it into operating maintenance shifts. The included professionals receive special training and probation and obtain  admission for work execution  only after passing the credit. The main kind of towing is “bow first”. In some  cases, for instance, aircraft parking in hangar “tail first” towing can be permitted.

Aircraft towing speed is defined by towing instruction for the  given aircraft type. Aircraft  towing on straight, free from obstacles parts of aerodrome is allowed with the speed up to 15 km/h and during maneuvering at the parking areas  and cornering – up to 5 km/h. If there are obstacles nearby towing place, the speed should not exceed the walk with a slow step. In this case it is necessary to make sure that the distance from any aircraft part to an obstacle is not less than 2 m.

Before towing  the shift engineer or supervisor provides briefing for technical crew  assigned   for towing. They point out the work performance peculiarities according to local conditions and weather, other aircraft location at  the aerodrome and obstacles on supposed towing route. Condition of towing means and crewmembers readiness for the work are checked. Safety requirements fulfillment exclude  injury of people and aircraft damage during aircraft meeting, taxiing and towing.

Any transportation of aircraft and special transport on the airfield is strictly regulated with normative documents ensuring work safety. Their basic requirements are: during towing  the pilot or flight mechanic who has flights admission for  the given aircraft type or engineering and technical staff member authorized to perform towing by the order  of aviation enterprise chief, should be present in the aircraft cabin. Tow truck driver communication with cabin is performed by radio set or aircraft audio system.

Before starting the  work a person responsible for aircraft towing must familiarize all specialists with the route, safety regulations and then control their compliance. During towing the commands established by the guidance documents should be followed. Unauthorized people should not be  present at  the towing zone.

Taxiing speed is chosen by aircraft commander depending on condition of steering path, runway (RW), ground, presence of damages and visibility requirements.  Intersection, taxiing and towing along  RW should meet special demands. For these operations, clearance by air traffic control and continuous communication with it by radio set is required.

7.6. Aircraft servicing with petroleum, oil, lubricants, special fluid, water and gases
Aircraft loading is a very responsible operation and  the quality of its performance define  serviceability of many systems and flight safety.

      Aircraft loading with petroleum, oils and lubricants (POL), special fluids and gases is performed according to the  requirements of CA guidance documents (instructions and regulations for loading arrangement  and provision, for POL use and quality control etc).

POL loading quality significantly effects  serviceability and reliability of aircraft functional systems operation and the whole aircraft lifetime. Loading process is connected with the number of specific operational demands:

· Provision of  POL amount and quality in correspondence with the  established standards or calculations during fitting the  aircraft for departure;

· Provision of  POL correspondence by physicochemical properties, stated in the certificate, to requirements of GOSTs and instructions for the  given aircraft type operation;

· The absence of mechanical impurities (contaminants, water, ice crystals and other) in POL;

· Avoiding mechanical impurities and water  getting into POL during loading process;

· Competent  performance of their functions (according to guidance documents) by all specialists (refueller operator, aircraft technician, flight engineer) regarding loading rules, fire regulations (availability of fire-extinguishing means, aircraft ground connection, loading devices, aircraft fuel system metallization etc) ;

· Modern control of POL quality, sediment draining and other;

· In case of overflow the fuel should not get  into aircraft aggregates;

· Single-point  (centralized) fuel system should provide fuelling  and refuelling  the  aircraft in whole and in any group of tanks;

· Single-point  (centralized) fuel system  should  provide reliable control of every tank group fuelling   and their protection from overflow;

· Aircraft fuelling sockets   should be situated in the convenient place and pipelines and fuelling sockets   be provided with the device of fast fuel scavenge after fueling;

· Providing aircraft fuelling  and fuel  systems tightness which excludes the possibility of fuel inflammation by static current discharges during fuelling and in case of generating sets damage or violation of fuel loading  rules (open fueling is prohibited during high wind with dust and rain, whereas at gas discharges both open and centralized aircraft fueling is strictly prohibited).

Aircraft fuel loading can be performed by means of fuel servicing trucks and centralized loading system (CLS).

Regarding their capacity fuel servicing trucks are divided into refuellers of small (up to 5 m3), medium (6–12 m3), large (13–25 m3) and extra large (more than 25 m3) capacity. According to transportation vehicle type refuellers are divided into automotive, trailing, semi-trailing and combined trucks.

The main advantage of CLS system comparing to mobile fuel  trucks are:

· Significant reduction of aircraft loading time;

· Growth  of loading process mechanization and automatization level;

· Decrease of  manufacturing process labor intensity and maintenance personnel number;

· Fourfold average cost decrease in fuel delivery from POL  storage depot  to aircraft tanks;

· Exclusion of fuel contamination with mechanical impurities and water during transportation from the tanks to aircraft;

· Improvement of aircraft maintenance conditions due to reduction of mobile ground servicing equipment number;

· Fire safety improvement  during fuelling.

Expenses for CLS  capital development are payed back fast because of  operating expenses reduction.

Fuel, oil, hydraulic and water aircraft systems equipped with computer-based systems of close centralized pressure fuelling that in   case of  elements cleanliness provision actually  excludes possibility of mechanical impurities and water entry and accelerates tanking process. However, during centralized loading, tanks are never completely filled because filling taps are turned off much earlier.

If the flight requires full estimated fueling, than tanks or groups of tanks are refueled from above through filler necks. Besides some aircraft of outdated construction that are still in operation do not have centralized system of pressure fuelling from below at all and are loaded from above through  tanks fillers, with tanks being filled in such a way that some space for possible fuel thermal expansion left above the fuel  whereas oil level is controlled by the tank  oil dipstick or by instruments in the crew cabin. After fueling by open method it is necessary to close thoroughly filler caps.

Disadvantages of this method are the risk of wing surface damage and operator injuring, necessity to have sufficient skills, possibility of dust, sand and moisture getting  into the tanks through filler necks.

Fueling process of heavy aircraft that have higher fuel system capacities (up to 100 t and more) with current loading aids is  significantly time consuming. Time spent for examination and other work performance during maintenance is just a minor part of the time spent for fueling. Taking into account that rather large number of work can't be performed during fueling the total amount of time for fitting  the aircraft  for departure consists of fueling time and time for this work performance.

During aircraft fuel loading it is necessary to observe the rules of labor protection and fire safety:

· Fill groups of tanks with fuel in established sequence or otherwise the  centre of gravity shift can be such  that the aircraft with a nose wheel strut tilts on the tail part and causes its failure.
· Prevent fuel leakage  on paint-and-lacquer coatings and rubber goods because it can lead to their quick destruction and combustion;
· Do not  heat engines, aggregates, systems and also air in cabins; 

· Do not connect or disconnect aircraft to/from the power supply; 

· Do not put electric power wires across the motion path of ground-support equipment; 

· Do not start filling process if fuel is spilled on the parking area, some aircraft parts or fuel vapors are detected in aircraft cabins;
· If fuel overflow in fueling tanks and spillage occur it is necessary to move aircraft out of this place and take fire preventive measures;
· Avoid  fuel contact  with human skin as it can lead to burn and  fuel containing “І” fluid – to poisoning;
During fuel pumping flexible hose walls accumulate electrostatic charges which can cause electric spark in fuel tank and fire. Besides this, during fueling process a spark jump can occur between loading device and filler neck which can also cause  fire. In order to prevent it the  following should be observed: 
· Secure grounding of aircraft and fuel servicing truck;
· Unfaulty fueling tools metallization;
· Never  under any circumstances check fuel level in tanks at night with open fire lighting;
Preparatory work before fueling includes:

· Checking availability and serviceability of fire-extinguishing means at parking area;

· Making sure no work is performed on aircraft;

· Cleaning the parking area from  foreign equipment;

· Calling fuel-servicing truck and parking arrangement;

· Grounding fuel-servicing truck and aircraft;

· Checking inspection ticket and certificate for fuel or oil regarding its loading aptitude (POL grade correspondence to the given aircraft type, date, presence of impurities and respective officials signs);

· Checking serviceability and cleanliness of filtering and delivering devices, control instruments, seal presence on refueling unit;

· In 15 minutes after fuel-servicing truck arrival, 1–2 liters of POL sediment is discharged from sedimentation tanks to a transparent glassware and  visually checked  for mechanical impurities, water and ice crystals (snow) absence;

· coupling the devices to the onboard filling sockets and their grounding between each other;

· Turning on the fuel-servicing truck and aircraft pumps (on the loading channel).

Control of aircraft fueling process and its results is performed by:

·  instruments and signal indicators on the fueling panel

·  instruments of fuel-servicing truck

· instruments in the aircraft crew cabin

·  dipsticks

Fuel (oil) cleanliness is checked:

· In ground tanks – by POL service specialists via laboratory analysis 

· After POL fuel-servicing truck loading – by shift supervisor (engineer);
· After fuel-servicing truck arrival to the parking lot – by flight engineer  or aircraft technician (foreman);
· In 15 minutes after aircraft fueling, which implies fuel (oil) sediment discharge from all draining holes of tank groups;
Checking  mechanical impurities and water presence in POL is performed visually with shaking a transparent glassware with sediment or with the help of contamination control instrument (CCI), by filtering  fuel (oil)  and the spot that appears with contamination of  mechanical impurities and water is compared with standards.

Along with this, water presence can be revealed by  dipping litmus paper or potassium permanganate in transparent container with sediment.

If  an excessive amount of water or mechanical impurities are revealed  it is necessary to take  immediate measures to remove them   from tanks or even  complete  fuel (oil) change in aircraft tanks and reveal  their contamination sources.

Aircraft oil systems loading is also performed by open and close methods with the help of oil-servicing trucks. These trucks can perform the same operations as fuel-servicing trucks. Along with this, they can ensure oil circulation through the closed circuit,  oil heating in their tank and loading with heated oil. If  loading fuel weight is calculated on the basis of definite  flight operation conditions than weight of loading oil is measured for the engine oil system of every specific aircraft type.

When  oil systems is overflown and oil  is spilled inside  the engine compartment during loading process than a large quantity of smoke gets into the cabin and passenger compartment together with the conditioned air. Elimination of oil spillage consequences into engine compartment  is rather labor-consuming  work.

During fitting the aircraft for departure  loading (charging) with special fluid, water and gases used in aircraft systems as a working medium  is also performed up to the necessary volume (weight) and pressure according to technical documents of the given aircraft type.

Reloading of modern aircraft hydraulic system tanks is performed with pure, filtered fluid, usually, by close method from the special units. Before hydraulic tanks fueling and refueling it is necessary to decrease air pressure in air pressurization system to zero. Fluid volume in hydraulic system tanks is rated for every aircraft type and is controlled during maintenance, considering the ambient air temperature and pressure presence (or absence) in the system.

For special fluid, distilled water and gases supplied for aircraft systems loading (charging), appropriate  service of an enterprise submits inspection ticket (certificate) with the mark about performed control and standarts (GOST) compliance. Documents (record books, inspection tickets) for loading devices are also checked in terms of the  date of devices filling with fluid (gas) and control inspection are noted. Tanks with fluid (gases) should be painted in standard for the given fluid (gas) color, have respective marking and captioning data, type  of fluid (gas). Charging of tanks and systems with gases should be performed through special appliances with reduction gear box and manometer.

During aircraft loading with POL, special care should be taken in handling fluid and gases as they are  poisonous to some extent and some  precautions should be  observed. For example, air is safe for health only in cases when fuel vapors concentration in it doesn’t exceed 0.3 ml/l. At higher concentrations of fuel vapors, the air can be poisonous .

Poisoning is also possible at inhaling  oil mist with particles of 1–100 mcm. Ecological problem, namely, harmful influence on environment and human health during aircraft loading with POL should be solved by avoiding POL and special fluid spraying and spilling on the ground and in the ponds. This refers to all kinds of work involved in  fueling, fuel and sediment discharge.

Ecological requirements necessitate keeping within the limits of maximum permissible fuel concentration in working area and housing estates air, ponds and also within regulations regarding the exhaust gases content because they have more than 200 various compounds, part of which is toxic.

It is necessary to  collect used  petroleum products (such as oil, hydraulic system fluid, fuel sediment)  in special tank for further conversion and reuse. This   ensures significant POL saving. At some heavy traffic airports there are centralized systems not only for fueling but also for   and   wasted fuel collection.

7.7. Fitting the aircraft  for departure at  low  ambient air temperatures
Modern aircraft are designed and produced considering the possibilities of their use in any weather operational conditions. However, low ambient air temperatures, snow and ice presence, storm wind and snow storms  complicate aircraft maintenance conditions and during fitting the aircraft for departure all these  should be taken into account.

Airport meteorological service provides control of these conditions and timely informs all other services about them for specific measures taking. Having received the  notice,  aviation enterprise authorities  can temporary suspend aircraft maintenance and take relative preventive measures for people and aircraft safety.

During maintenance operations, if work performers is not suspended, water and snow should not get  into the open cavities of systems and disassembled devices, inside fuel tanks, crew cabin, compartments and other sites where water and snow accumulation is dangerous.

Low ambient air temperatures can cause ice formation on an aircraft surface, air intakes and  rotating engine parts; change of fuel and oils operational properties; change of metallic and especially nonmetallic (rubber, plastic) devices strength properties, corrosion of parts made from metals and their alloys, and also complicate engine start.

Faults and failures can occur  when snow gets into  and ice forms inside  aggregates attachment fittings, inlet ducts, oil radiators tunnels and scoops of fuel and oil tanks drainage system. At the temperature drop elasticity of sealing materials (rubber, plastics) is also reduced, which weakens   fuel and lubrication system units tightness, leads to fuel and oil leakage  in sealing pump units, joints of pipelines, hoses and diorite joints.

At  temperature lower than minus 10°С for number of joints it is recommended firstly to heat fluid leaking area and then to eliminate seal leakage  by joint tightening or replacement  of sealing element.

 Condensate and moisture freezing in power plant systems can lead to pipelines clogging  and aggregates failure, which is especially dangerous for fuel systems. In order to reduce moisture condensation, frost and ice formation it is necessary to keep fuel tanks fully loaded during aircraft storage. Along with this  during fuel system maintenance at low ambient air temperatures strict control of fuel quality and prevention of ice forming in fuel is needed, especially on fuel filters which can stop fuel supply to the engine.

    To prevent  ice crystals formation, a number of methods are used in order to remove  water from fuel both in the ground reservoirs and in aircraft tanks. Inside the tanks fuel is freezed out, settled in special sedimentation reservoirs or with the use of a centrifuge, dewatered by electric field together with aligned method, subjected to mass exchange during the contact with air (nitrogen) at certain temperature and pressure in above fuel tank surface  (bubble aeration), filtered through special porous membranes and so on.

To prevent  ice  formation in aircraft fuel systems, two methods are the most widespread: addition of de-icing additives (such as “І” or “PGF” fluid) to the fuel and heating fuel filters or other areas where ice crystals can cause fuel system failures. Addition of the additives reduces freezing temperature and in this way prevents ice crystals formation in the  fuel. Usually 0.1–0.3% of additives is added to fuel to prevent crystal formation within operational temperature range.

To ensure reliable aircraft operation at low ambient air temperatures annually in autumn period, staff training and aircraft preparation (seasonal maintenance) for winter are performed with technical training and examination of flight and technical staff competence in aircraft operation and maintenance peculiarities in cold period. Seasonal aircraft maintenance is usually combined with periodic form of maintenance whereas readiness for winter operation is checked by the enterprise commission.

Measures that should be taken at low ambient air temperatures by specialists of Engineering and Aeronautical Service are determined by specific aircraft type guidance documents and service documentation. Thus before start the  aircraft engines should be  previously heated according to the aircraft Flight Manual requirements. Also it is prohibited to drive propellers (rotors) of cold engine in order to prevent its parts destruction.

It should be noted that aircraft engine inlet duct frosting is dangerous because it can lead to mechanical damages of engine compressor elements by ice particles and also to air velocity field failure, which in its  turn, causes engine vibration and violation of  its stable operation condition. For this reason, before engine start it is necessary to perform thorough examination of compressor inlet duct to see that there  is no ice on it and in case of necessity  heat engine with warm air.

Rubber goods (hoses, durites, shock dampers, pneumatic tires) also require  thorough control. Besides, at low temperatures corresponding oils, special fluid and expandable materials that are permitted for the use by special instructions for certain aircraft types are used .

Aircraft engine heating before start
Low temperatures of ambient air complicate engine start process. In general, factors that complicate engine start process at negative  temperatures are: increased frictional resisting moment at engine shaft turning because of oil viscosity growth and bearing clearance  reduction. It is especially evident at starting  reciprocating engine that operates on oils of high viscosity and has great number of rubbing elements.

Therefore, for elimination of factors complicating engine start at negative temperatures, an  engine together with oil tanks and radiators is heated with hot air by means of ground mobile or stationary heaters.

The temperature at which it is necessary to heat engines before start is chosen considering used oils properties and engine construction peculiarities.

Reciprocating engines, for lubrication of which high viscosity oil is used, should be heated at the ambient air temperature  below +5°С, turboprop engines – at the temperature below -15°С, while turbojet – at the temperature  below -25°С because low viscosity oils are used for their lubrication and also they virtually don’t have any joints operating at sliding friction.

 For engines heating  mobile and self-propelled heaters are mostly use where flow of heated air or its mixture with liquid fuel combustion products is formed. As a heat source, fuel heaters use thermal power which is formed during fuel (aviation kerosene) burning. According to  the method of heat transfer  through the  air to the heated object, fuel heaters are divided into calorifer and noncalorifer.

In calorifer heaters fuel combustion products transfer their heat to clean air through thin calorifer walls. The  air  that comes to the heater sleeves is not  contaminated but a significant part of heat is wasted together with exhausted combustion products. Another disadvantage of a calorifer is its short service life (1–2 thousand hours).

In noncalorifer heaters combustion products come to heater sleeves together with clean air. At that the efficiency coefficient is improved and general lifetime is increased but such a heater mustn’t be used to heat people. The most common fuel heaters disadvantages are   their difficult start at low ambient air temperatures (-40°С), risk  of environmental contamination with combustion products and complexity of burning process control.

As far as the main task is oil heating to the temperature of +20 (+40)°С, hot air or gas-air mixture is delivered to those engine areas where basic oil mass is concentrated. For example, at turboprop engine (TPE) it is front casing, oil tank and oil radiator, at turbojet engine (TJE) – accessory drive assembly (ADA) and starting aggregates.

TJE heating can also be performed by of hot air supply  into the engine tract through the jet nozzles or air inlets but  as a result the time of oil heating is slightly increased. To ensure air circulation around the engine the exhaust  nozzle  plugs should be slightly open.

GTE preparation for heating is performed in the following  order:

· Put plugs on the tail exhaust pipes and inlet devices;
· Remove plugs from the oil radiator airscoops and open oil radiator flaps;
· Put winter covers onto engine nacelles;
· Connect heater sleeves adaptors to the hot air supply hatches;
· Start heaters and with the proportioning equipment adjust temperature of the heater outlet air  to the level of +85–90°С

· Connect sleeves to the heaters and, depending on  the oil temperature at the engine inlet, perform heating;
The time needed for all these procedures depends on the ambient air temperature and wind speed and on average at  temperature from -30 to +40°С it is not less than 1 h. and 30 min. whereas at  temperature below -40°С – not less than 2 h. At  high wind the heating time is increased. In order to decrease hot air wastes and increase  heating, power plants in these conditions should be thoroughly covered.

At the end of heating process  when oil temperature becomes up to +30°С oil radiators should be heated  through one sleeve connected to  open flaps during 2–3 min.

On TPE when oil temperature reaches+10°С   it is recommended to turn aircraft propeller  3–4 revolutions so that already heated oil can come to rotor supports, drive bearings and also to rpm governor and aircraft propeller hub. When engine inlet oil temperature is below -40°С aircraft propeller turning is prohibited because due to increased oil viscosity, pumps can be damaged.

If engines start is not performed just after heating it is necessary after turning off the heaters to disconnect sleeves, close hatches, cowls and oil radiators flaps, put plugs on their airscoops and fasten the covers. In such condition engines can be stored without additional heating and be started if oil temperature at the engine inlet lowers up to 15°С.

At the extremely  low temperatures and when  heating means are not available, engine can be kept in heated status by means of repeated starts and rated idle operation with  oil temperature up to +70–+80°С. If in these conditions long-term parking is prescribed it is rational to drain oil from tanks, radiators and oil systems of engines. Before the next start it is necessary to fill oil tanks with oil heated up to +70–+80°С and perform cold engine start for oil pumping through the engine and oil radiator loading.

In all cases during engines heating the lowest heat loss should be achieved, for what it is necessary to ensure tight fitting of transition sleeves in cowl hatches and their secure covering. Sleeves should be unfaulty and tightly connected with heater sockets.

 Many power units fail as snow gets into  and ice is formed in the attachment points, controls, air intakes, tunnels of oil radiators and others. That is why special plugs are set in air inlet  tunnels, oil radiators and jet nozzles just after aircraft arrival. Before starting it is necessary to turn the engine shaft in order to make sure that not any of engine rotor elements are frozen.

   Aircraft, parking areas and taxiways  should be clear of   snow or ice as  ice fragments  can get  into the engine air intakes especially when reverse thrust is applied   and propellers are removed  from the thrust during landing roll operation.

Aircraft ground icing and measures for its disposal
As in winter period   water and water vapor are presnt in atmosphere, aircraft surface frosting is possible.  Ice  is  mainly formed on the upper surfaces of wings, empennage and fuselage.

Ground frosting differs from frosting in flight as in flight ice is usually formed only at the aircraft front parts and on the ground it covers most part of the aircraft – usually the whole upper surface of the wings and empennage and also fuselage surface. In this case ice surface distribution is often uneven and depends on wind strength and direction.

Ice deposited on the aircraft surface deforms wing and empennage profile and causes some irregularities, which consequences increase frontal resistance, decrease maximum value of lift coefficient and aerodynamic wing quality that is particularly dangerous at taking off.

If by some reasons when normal lift-off speed is achieved, lift coefficient (Su) doesn’t reach Suliftoff value and lift force is less than aircraft weight, then  in order to increase it, two methods can be used: further acceleration by means of takeoff run extension or Su value increase by flying at higher angle of attack. Both these methods pose danger: in the first case takeoff run can exceed the RW length, in the second –  critical angle of attack can be achieved but it  endangers the   possibility of  wing stall.

Even if frosted aircraft leaves  the ground it doesn’t mean yet that the next phases - takeoff and climb -  will be safe.

Danger of wing stall remains, for example, at slow speed turns during climb when it is necessary to increase lift force and with power setting change of reciprocating and turboprop engines,  at partial throttle closure the additional wing blowing with airblast from propellers goes down that decreases lift force.

Besides wing stall danger, the decrease of    all controls efficiency of  frosted aircraft is also of  great  importance. In particular, wing frosting at the sections  where ailerons are located  and  frosting the  ailerons themselves can cause sharp deterioration of the aircraft lateral control.

Means of protection against  ground frosting should meet the next requirements: be rather effective, that is, not only completely eliminate ice and snow but also to prevent their further formation, be not too expensive and labor intensive, not to be subjected to corrosion.

One of the most effective methods to prevent aircraft frosting is their storage (basing) on covered parking areas (in hangars). But this method is too expensive and for this reason almost all airplanes and helicopters are based on the open parking areas which necessitates the  use of other methods and means of their frosting prevention in ground conditions.

To prevent  aircraft frosting the physicochemical method can also be used, which means to exclude the possibility of moisture accumulation on the surfaces or to drop the adhesion force between ice formed on them  and protected surface to zero.

Aircraft surface can be sprayed with specially designed de-icing fluid  with low freezing temperature. As a result, on the aircraft covering, the protective film is formed that eliminates ice deposits and prevents  repeated frosting of treated aircraft surfaces. 

Currently in civil aviation of CIS countries de-icing fluid “Arctic-200” is widely used.

For ice deposits disposal at the ambient air temperatures up to  -30°С this fluid is diluted with 70% of water according to  the volume. To save “Arctic-200” fluid at the ambient air temperatures of above -5°С it is permitted to eliminate ice deposits with heated water after what aircraft surface is immediately sprayed with undiluted “Arctic-200” fluid. For its application on the aircraft surface special machine is currently used that  provide qualitative and rapid treatment of rather large areas of modern aircraft surface.

Method of ice disposal with heat-transfer fluids involves aircraft surface treatment with water heated to 50–60°С. For ice deposits disposal from the aircraft a special pump is activated which under pressure of 1.5–2 kg/cm2 delivers warm water through the hose to the frosted surface. Then treated surfaces are wiped with dry and soft wiping waste or shammy. Ice deposits are firstly removed from the fuselage and then from wing and tail empennage.

Use of gaseous coolant is not fundamentally different from the reviewed above. Warm air is delivered through sleeves to the open ice surface or covered area from special heaters with the temperature of 50–60°С. Warm air sources are motor heaters. When ice adhesion with aircraft surface decreases,  ice is quickly removed with bristle brushes.

At  aircraft operation the method based on deposited ice disposal from aircraft surface with the help of heated water-fluid  mixture that lowers water-freezing temperature is widely used. Ice disposal with hot water is very effective method but its main disadvantage is that at the air temperature of below -5°С and especially at  strong wind  the water on the aircraft surface quickly freezes and the aircraft again turns to be covered with ice layer. This leaves possibility for water entry and freezing in attachment  fittings of control blades, ailerons, flaps and others. For this reason, they use water solutions of fluids with low freezing temperature: ethyl and isopropyl alcohols, ethylene glycol, glycerol and others. They are previously heated to 50–60°С which ensures effective ice disposal and prevents further water freezing on aircraft surface.

When the   aircraft is covered with dry snow which has low adhesion force with the surface, it is rational to remove it mechanically with the help of brushes and thermal snowblowers if there is no ground frosting. In  case when ground frosting continues a thermal snowblower can’t ensure the required protection, because just after its use during taxiing  before takeoff period, aircraft surface is again covered with frost..

All people concerned should all the time consider the possibility of ground frosting on the aircraft surfaces in autumn, winter and spring operation and timely take necessary steps for its prevention.

Ground air conditioning in cabins
One of the comfortable service elements is induced air temperature change in passenger cabin before boarding. Temperature change is performed by conditioners: at low ambient air temperatures – for passenger cabin heating, and at high – for its cooling. Conditioner is turned on 30–40 minutes before boarding.

Conditioners can be airborne and ground. In their turn ground conditioners can be stationary and portable.

The advantage of airborne conditioners is the possibility to operate during aircraft movement on the ground as far as their productivity is less than those of ground ones. In flight airborne conditioner performs the functions either of main or accessory air-cooling equipment.

By air-cooling principle, aerodrome conditioners are divided into conditioners with compression (vapor) and with air refrigerating machines.

The circuit of conditioner that operates by air pressure includes aggregates for air cooling – turborefrigerator and air radiator, whereas for air heating a compressor or gasoline-fired heater is used.

Conditioner of vapor (compression) type has evaporimeter, compressor, condenser, control valve of air-cooling by means of coolant, and also special device that operates on liquid fuel.

For air heating, calorifer heaters are also used as they give clean heated air at the output.

Air is heated at the ambient air temperature of -5°С. This is done by connecting heater sleeves to special hatches designed in the cabin construction, and if there are none – through the entrance doors. With all that  doors and baggage hatches must be  closed whereas crew cabin door and direct vision windows – open to ensure air circulation. The air from the heaters is delivered with the temperature  not higher than +80°С and continues to be spplied as long as the temperature in cabin  increases to +15°С. Air should come through the sleeves that are  made of tarpaulin or special fabric. It is prohibited to use sleeves covered from inside with glass fabric, because in this case glass fabric fibers are brought into the cabin together with air  and this  is inadmissible.

Devices that are used for cabins heating should supply  clean air without combustion products odor. Once a month the airflow content is checked for carbon oxide presence, the  volume of which can’t exceed 0.02–0.03 mg/l. When combustion products or smoke odor is felt  in the cabin it is necessary to turn off the heater immediately, disconnect sleeves from the aircraft hatches flanges, open all doors and ventilate the aircraft and after  that detect and eliminate air contamination source or use other serviceable devices for heating .

During cabins heating the same as  during engines heating, an aircraft technician should keep an eye on the heater operation and have at hand serviceable fire-extinguishing means. It is necessary to make sure that the heater sleeves do not lie  on the ground (snow), are not twisted and contorted.

Cabins are cooled  when  air temperature  inside is  above +25°С. Air is cooled until its temperature is by 5–8°С below the ambient air temperature but not  less  +20°С. Passenger cabins air heating or  cooling should be finished 1–2 minutes before passenger loading.

8. Ground Servicing Equipment Used for Aircraft Maintenance
8.1.   General requirements to ground servicing equipment
A problem of mechanization and automatization of aircraft maintenance processes is one of the most crucial one in general complex of tasks that AES faces. It is stipulated by the growth of aviation traffic volume and operations performed with aviation use in national economy, complexity of new aircraft that come into service, increase of aircraft maintenance and preflight preparation work volume.

Basic and the most general requirements to ground maintenance servicing equipment  are:

· Minimum possible aircraft maintenance time

· Maximum possible construction simplicity and serviceability

· Long-life performance and operational economy

· Operational reliability and possibility of effective use in wide range of weather change and meteorological conditions 

· Minimum maintenance staff number and its safe and not harmful job conditions

Along with the  general requirements, every type of ground servicing equipment should also meet a range of specific ones, which result from their functional designation.

One of the factors that affect labor productivity during aircraft maintenance is mechanization and automatization of manufacturing processes.

Currently during aircraft maintenance a great number of various machines, mechanisms and equipment are used. All maintenance processes and, respectively, ground servicing equipment by their designation can be divided into 8 groups (Fig. 8.2). 
8.2. Ground servicing equipment characteristics

Servicing trucks

First group includes filling trucks which comprise fuel servicing trucks, oil trucks, water trucks, washing machines and combined refuellers. 

Trucks and devices designed for aircraft loading with fuel, oils, water and other fluids are called filling trucks. These trucks have tanks for approipriate fluids, pumps, pipeline systems and shutoff valves, measuring instruments and dispensers.

 SHAPE  \* MERGEFORMAT 



Fig. 8.1. Ground servicing equipment for maintenance processes 

Filling trucks are mostly self-propelled and their special equipment is installed at the trucklike chassis that just slightly differ from the production models.

However, there are also such trucks, cisterns and filling equipment that are installed on non-self-propelled chassis that are transported by special tow trucks or ordinary transport trucks.

Fuel servicing trucks are designed for fuel transportation, its filtering and mechanical loading into aircraft tanks. Along with this their special equipment allows filling their own cistern from any reservoir, mixing  fuel in cistern and pumping it out from discharge hoses. They can be used as pumping stations.

A choice of one or another type of refueller is defined by the aircraft fuel tanks capacity and with such consideration that open fueling should  last not more than 10 min. whereas pressure fueling  pumps productivity should be  not less than 1,500 l/min.

Oil trucks are designed for aircraft loading with cold or heated oil.  Oil trucks for  aircraft with gas-turbine engines that have low oil tanks capacity and oil consumption in full measure meet the needs in oil at any work intensity of maintenance organization.

Reloading with oil (including AMG-10) is performed by means of devices installed on some types of refuellers or non-self-propelled trucks. Tanks capacity for all fluids is 30–50 liters. Fluid delivery is performed by means of tanks supply with compressed air.

Water servicing trucks and washing machines have cisterns for water and tanks for washing emulsion installed on the trucklike chassis. These trucks are intended  for   waste and domestic equipment systems loading with water and also for aircraft washing.

When the aircraft is dirty  its aerodynamic qualities decrease and it  consumes  up to 100 kg of extra fuel per 1 flight hour (for example, TU-154). Periodic washing of aircraft is one of the most labor-consuming maintenance processes that can’t be completely mechanized because of aircraft geometric form complexity. At airports for aircraft washing, various versions of special machines with cistern-thermos mouted on the trucklike chassis are  most widely used. Between the cabin and cistern  a lifting platform with telescopic hydraulic cylinder for lifting  a washer  is installed.

Maximum height of a platform lift for different versions is 3.6–6.0 meters. By means of centralized pump and flexible hose with the length of up to 25 meters hot water from the cistern is supplied to a special washing attachment with a brush. Aircraft is washed   manually. Special machines are also used for aircraft treatment with anti-icing fluid and for aircraft lavatories loading with hot water.

For  aircraft washing, the  mobile washing aggregates and aggregates for mechanical washing of lower aircraft surfaces are also used. The latter partially reduce the volume of  manual work involved  during aircraft washing as  the mechanical washing brushes are used.

For aircraft cleaning inside, special trucks are used. They  consist of trucklike chassis, enclosed lifting body, front reach and rear lifting platforms. The  body is lifted by the lever mechanism and hydraulic cylinders to the height of aircraft entrance door and is connected to the doorsill through the reach platform.

Inside the body following equipment is installed: vacuum cleaner for cabins, tanks with electric heaters for water used at catering equipment and dustbins washing, shelves for light weighted aircraft inventory (curtains, headrests and others), direct-current generator for kitchen equipment check and aircraft cabins lighting at   nighttime. Rear lifting platform is intended for  body loading with cleaning equipment and dustbins unloading.

Cleaning of aircraft toilet compartments and their loading with chemicals are performed by means of special trucks equipped with dump tank that has vacuum pump and with tanks for chemicals and washing water.

Aircraft ground power supply sources
Second group includes mobile power generator stations and electrical distribution columns designed for aircraft electric power supply during maintenance.

During maintenance and serviceability check of various aircraft equipment systems in ground conditions (with nonrunning aircraft engines) it is necessary to supply aircraft with various kinds of power: electric, pneumatic and hydraulic.

Electric power is used for airborne equipment and instrumentation power supply and also for aircraft engines start, with direct current of 24 (28.5), 48 (57), 70 and 100 V, alternating single-phase current of 208 and 115 V  and alternating three-phase current of 208 and 36 V . Current intensity  during operation of aircraft power consumers is 1,200–2,000 А. Special place in the aircraft electric power supply is taken by the process of aircraft engines start by electric starter.

In order to start gas-turbine engines (GTE) and internal combustion engines it is necessary to  give them by means of auxiliary  power unit  some initial rotation speed at which stable fuel ignition and combustion  is possible. The process of previous aircraft engine shaft acceleration to the required rotation frequency is  called an aircraft engine start. Devices that convert the power of  auxiliary  source into  mechanical power of engine shaft and provide its acceleration are called starters.

By operating principle the electric starters of aircraft engines are divided into direct- and indirect-action starters. Direct-action starters accelerate  GTE rotor itself  or reciprocating engine crankshaft. Indirect-action starters are designed for acceleration of reciprocating engine inertia starter (flywheel) which later on provides engine crankshaft acceleration. Electric starters are supplied with direct current and voltage that depend on the starting system: there can be constant voltage of 24 V, multistage voltage increase of 24/48 V and smooth voltage increase from 0 to 70 (100) V.

Because of great variety of parameters (voltage, current intensity) and used electric current types (direct, alternating), special electric power sources, portable electric sets and centralized power supply systems are used for ground electric supply.

Modern portable electric sets represent isolated generating plants installed on trucklike chassis. Each of them includes internal combustion engine that starts the rotation of one or several generators.

In addition to generators, electric transverters (motor-generator) that transform direct current into alternating or vice versa, transformer, rectifying and accumulator batteries can be installed, which altogether ensure  aircraft onboard power system supply of all kinds of electric power in terms of  voltage, current type and frequency.

Centralized aircraft power supply systems allow simultaneous power supply for a great number of aircraft and also decrease a number of portable electric sets and maintenance staff. Such systems are employed  at airports with industrial  power network.

Pneumatic power is used in pneumatic engine start systems on TU-154, IL-62, YAK-42 and other types of aircraft.

Use of pneumatic starting systems on modern aircraft is specified by installation powerful gas-turbine engines on them  and necessity to cut starting time. Electric starting systems used in these conditions are not rational, because the electric starters  weight significantly increases with their power increase. Besides that, as  the main  and  the most powerful  electric consumers of modern aircraft gradually shift on alternating current, direct current generators on the aircraft engines are replaced with alternating current generators. Therefore, for aircraft engines start it would be necessary to install additional electric starters that would lead to distortion of starting  systems weight characteristics.

Air starter is an air turbine connected through reduction gearbox to aircraft engine shaft. During engine start this turbine is accelerated by means of  compressed air supply  from the airborne or ground source and in its turn it  accelerates aircraft engine rotor. At airports as compressed air ground sources,  special mobile units are  used.  gas-These units are turbine engines of small power that are installed in a truck body. Compressed air with the pressure of 0.45 MPa, temperature of 200°С and delivery rate of 1.35 kg/s is bled  from the engine compressor and through the sleeves is delivered to the air starter. Besides, these units supply aircraft consumers with direct current   of 28.5 V or alternating three-phase current of 208 V and frequency of 400 Hz.

Hydraulic power is used for checking  serviceability and work capacity of aircraft hydraulic drives which perform such important duties as landing-gear retraction and extension, landing-gear wheels braking, driving of alternating current generators and other devices. Content and volume of this check are determined by maintenance program, however, the main elements for the most of checks are: joints tightness control, work capacity determination for the most important elements of hydraulic drive and hydraulic tanks reloading.

At airports for aircraft hydro systems check, the universal mobile hydraulic units (UMH) that represent hydraulic and pneumatic electric stations installed on trucklike chassis are used . UMH equipment includes: power plant that  converts  mechanical power of internal combustion engine into other kinds of power, hydraulic system, pneumatic and electric systems. Hydraulic system is the principal part of UMH equipment and is composed of several independent systems: 1–3 basic systems, hydraulic-pressure testing system, fuel and hydraulic cross-feed system.

Thermotechnical equipment

Third group includes heaters of power units and conditioners.

Aircraft operation is significantly affected by the weather conditions and in particular by the ambient air temperature. At subzero temperatures engine start is complicated because of poor fuel evaporability and increase of greasing substances viscosity. Аnd it is almost impossible for passengers and crew to stay for a long time in cold passenger compartment and crew cabin. In hot  season  sunrays can significantly increase  air temperature inside aircraft compartments (by 10–25°С) that exceeds the ambient temperature and sometimes can reach 45–50°С. Extra hot the same as cold  is harmful for physiologic and hygienic conditions of people that are inside  the aircraft.

In order to facilitate aircraft engines start and provide required microclimate in aircraft cabins, aircraft engines heating and air conditioning (heating or cooling) in cabins are performed.

Heating of aircraft engines which use high-viscosity oils is started already at the temperature of +5°С. Air heating of aircraft cabins is required at the ambient air temperature of +5°С and below and to the moment of passenger loading, the air temperature in passenger cabin should on average be  +20°С. Air cooling is performed in cabins at the temperatures of above +25°С; reduction of the air temperature in continental climate conditions should not exceeding 10–12°С and in subtropical climate – 6–8°С. Otherwise passengers will feel temperature discomfort and can possibly catch cold.

At airports for aircraft engines heating and air conditioning  special units that have various design solutions are used. The most popular of them  are mobile thermotechnical equipment, engine heaters and aerodrome air conditioners.

Engine heaters are installed on trailing trucks or trucklike chassis. Structurally they represent fan units with productivity of up to 2,000 m3/g, which are rotated by electric motor or basic motor truck engine. The fan boosts free air into a heating device – calorifer. The  air is heated  to 75–115°С by heat transfer from hot calorifer walls and is delivered through the fabric sleeves to the heating objects. Heat is released at fuel (kerosene) combustion in calorifer combustion chamber and is used  for air heating. To prevent the  heated air mixing  with combustion products a calorifer must be airtight.

Engine heaters in contrast to  aerodrome air conditioners provide air  heating  and cooling   in aircraft cabins. Besides, they are equipped with the systems that allow to perfume and disinfect the  air in aircraft and provide odor control and prevent  various infectious diseases.

Aerodrome air conditioners are used for cooling aircraft cabins and thus refrigerating machine is the main  element of their equipment. Conditioners with refrigerating machines of evaporating type are widely spread.  Their operation principle lies in  cooling free air boosted into aircraft by heat exchange with working medium – evaporating coolant. For cooling cycle repetition this coolant then again devaporates  and releases the  received heat into ambient medium.

Carbon fluoride or chloride derivatives – freons are used as coolants as they  have relatively small vapor and condensation pressure, low freezing temperature and high volume refrigeration capacity. Freon that circulates in piping system, boils in evaporimeter comes in contact  with free air blown through it. Worked-out freon vapors are sucked   through the filter into compressor where they are compressed.

Compression results in  an increase  of freon condensation temperature and freon is compressed in condenser which is cooled with additional free air flow. Liquid freon is gathered in receiver tank and then is again delivered into evaporimeter through the valve that regulates freon volume delivered into  evaporimeter and thus regulates air temperature around it.

Aerodrome conditioners installed on trucklike chassis are able to heat and cool 4,500–7,700 m3/g of free air with cooling capacity of 30,000–80,000 kkal/g.

Ground servicing equipment used for aircraft systems filling with compressed air
Fourth group includes compressor and charging stations that  comprises aerodrome compressor stations, oxygen, oxygen charging stations and air-nitrogen servicers.

Modern aircraft use wide range of compressed gases: air, nitrogen and oxygen. Compressed air is used as a power source in pneumatic drives, for filling  landing-gear wheel tires, for sealing. doors and hatches Besides that, compressed air is widely used during aircraft repair, for pneumatic tools drive, cabin tightness check and other purposes .

Nitrogen is used for loading  landing gear shock struts, hydraulic accumulators, wheel tires and in neutral gas systems. Oxygen is needed during high-altitude flights for life support provision of the crew and in some cases the passengers, for example, those, who suffer from cardiac insufficiency.

For  loading  aircraft consumers, stationary and mobile gas cylinders, hydraulic accumulators, shock struts and other aggregates the following gas-charging devices are used: low-pressure compressors (LPC) with compressed air pressure of 0.01–0.2 MPa and productivity of 500–2,000 m3/hour, high-pressure compressor stations that  compress air to the pressure of 0.5–40.0 MPa with productivity of 115–140 m3/hour and mobile air servicers with the working pressure in cylinders  up to 35 MPa. Oxygen- and nitrogen charging stations can load aircraft consumers with the pressure of 15 MPa.

Low-pressure compressors are used for cabin tightness check. They represent one-stage reciprocating compressors installed on trailing wheel chassis. These compressors are driven by internal combustion engines.

Stationary high-pressure compressors are generally used for air cylinders loading and  obtain compressed air pressure up to 40 MPa due to its multiple compression in multi-stage compressor  which rotates by internal combustion engine.

Low-pressure compressors and high-pressure compressor stations are usually installed on stationary chassis or on full trailers and are not designed for often displacement. Air servicers on trucklike chassis are use for operative aircraft loading with compressed air.

Air servicer is a   special-purpose vehicle  installed on trucklike chassis. Aircharge system that consists of transport cylinders battery, communicational and control valves is installed in demountable metal body. Access to the equipment is provided  through hatches on the sides and in the rear part of the body.

Air servicer operation principle is in compressed air deflation from the cylinders that have pressure of 35 MPa to various consumers with previous air throttling in reduction gear boxes to required loading pressure. Air pressure is controlled by manometer.

Aircraft loading with compressed nitrogen is performed by the use of analogous special-purpose vehicles but equipped with nitrogen transport cylinders battery and with respectively adjusted control valves.

Aircraft towing by tractors
Fifth group includes AIRCRAFT towing and transportation aids comprising various towing trucks, devices and other equipment.

Aircraft are permanently moved around the airports territory (towing  to the holding pads and from the runway, to and from the apron and so on).

Transportation of the aircraft is carried out by means of their own engines traction or special towing aids.

Aircraft towing becomes more and more widely used because during this process noise and air contamination in the airport area are significantly decreased, nonproductive waste of aircraft engines life time is decreased and significant aircraft fuel safe is reached. For example, during ІL-86 aircraft towing 125 liters of kerosene per minute are saved. Besides that, at aircraft towing, sand, small stones and other items which cause compressor blades damages can not get into aircraft engine air intake. This danger is particularly serious for IL-76 and IL-86 where power polants are low mounted.

Standard tow trucks and special airtows are used for aircraft towing.

Technical requirements to towing aids (towbar pull, turning radius, maneuverability, aircraft dislodge perod, cabins vision (view) and so on).   Safety requirements during towing are getting more tough as flight intensity increases and new large-dimensioned and heavy aircraft are coming into operation . Therefore automotive tow trucks are  gradually replaced by  airtows.

Special airtows are favorably compared with automotive tow trucks.

Their basic advantage is in increased towbar pull that allows them to tow virtually all kinds of domestic aircraft. They have good maneuverability provided by swiveling wheel aisles. Airtows use hydromechanical transmission that allows them to  overcome  aircraft inertial force safely in the starting moment and thereby smoothly dislodge any aircraft. Besides that, to facilitate aircraft dislodge and also decrease the  tow skidding possibility during aircraft towing on wet, snow-covered or frosted aerodrome territory, a special dry load is placed on the tows to increase their weight and power of their wheels adhesion with aerodrome pavement.

Important airtows feature is  additional front and rear cabins for technical staff  that provide  towing.

At that, the  rear cabin has back-up controls, which allow to approach the aircraft with higher precision.

Front driver cabin has good view  in all directions as it is located above the airtow and has a large view   windscreen.

All  these increase aircraft approach and towing safety and decrease the  possibility of aicraft damage by towing machine.

Maintenance facilities for airframe and aircraft parts that are of high location
Sixth group includes hoisting machines, mechanisms and devices that have  hoisting cranes, hydraulic cranes and jacks, pneumofabric hoists and rigging arrangement.

During disassembling, assembling and replacement of separate heavy-weight and large-dimensioned aircraft parts, removal and installation of aircraft engines and  propellers, lifting  the aircraft itself to check  landing gear retraction and extension mechanism operation, lifting  wracked aircraft, lifting and removal from the places  of forced  landing, aircraft adjustment for leveling and in number of other cases work is performed with use of hoisting machines, mechanisms and devices.

On  civil aviation aerodromes non-self-propelled and self-propelled hoisting cranes are used.

In order to provide an access to high-profile aircraft construction elements during airport maintenance, ordinary and extensible  ladders, service ladders, hoisting platforms and docks are used. Simple and folded  ladders, access and sidestep ladders are used for aircraft airframe and aggregates maintenance at  the height of up to 3 meters. These aids are usually disposed directly on the parking areas.

When the construction elements are located at the height of 4–13 meters and the distance of maintenance area is short by the horizon non-self-propelled and movable extensibleor extension ladders are used.

During maintenance of aircraft assembly parts  mounted at 16 meters height  and at maintenance staff  relatively frequent movement from one unit to another or between several aircraft, self-propelled mobile servicing platforms with articulated boom or automotive telescopic derricks are used.

Self-propelled servicing platform provides access to aircraft units at the height of up to 16 meters. It is installed on trucklike chassis and includes two-section articulated boom. At the end of the upper boom section two working platforms are attached.

The  lower end of a  boom is hinged to  rotating platform column. The drive of a boom or rotating platform is controlled by hydraulic cylinders and cable-block mechanisms. In horizontal plane the boom can turn in both sides for 180°, in vertical plane its lower link turns for 80° and upper – for 256°.

Working platforms have gross loading capacity  up to 300 kg. One of them is equipped with a winch for lifting 100 kg loads.

Platforms are also equipped with: remote control panel for  boom movement, lighting headlamps and terminal switches to shut-off the  automatic hydraulic system  when  the basic platforms approachs  the aircraft. At any boom position the horizontal position of platforms floor is provided by stabilization mechanism installed inside boom sections. Platform stability at large boom extensions is achieved by installation of jack pads – outrigger supports and counterweight.

Docks serve for aircraft maintenance at labor-consuming forms of scheduled operation when it is not efficient to use the  individual access aids because of working places shortage and complexity of their supply with technical equipment, materials and tools.

Aircraft docks are complexes of situated around the aircraft perimeter stationary and mobile decks and platforms connected with stair and march passages. Stationary platforms usually surround the front part of aircraft. Tail dock platforms are movable to provide the aircraft roll into or off the dock. Some docks consist of only sliding elements which allow maintaince of  various aircraft types. Dock platforms are often made lifting or suspended for maintenance of aircraft construction elements at different levels.

For the labor productivity increase at maintenance and routine repairs, docks are equipped with complex of hoisting-and-conveying equipment. This complex includes mechanisms for aircraft roll in and out,  aircraft wheel tracks in the area before the dock and inside it, ordinary or special aircraft hoists, bridge cranes, cantilevers with pulley blocks and telphers, rigging arrangement, trucks with hoisting mechanisms and without them, safety and other hoisting mechanisms.

Docks are divided into intra-hangar and extra-hangar which usually covers only the front aircraft part.

8.3. Calculation of the aircraft maintenance mechanization level
The basic indexes by which  the  of maintenance mechanization condition is estimated, are: level of production process mechanization, level of labor process mechanization, degree of ground servicing equipment use.

By using these indexes and comparing labor intensity of mechanical and manual maintenance operations achieved, mechanization level can be estimated.

Manual operations include work performed by means of the simplest tools and instruments (spanners, screwdrivers and so on) without using  any machines and mechanisms. Mechanical operations include work the basic tasks of which are fulfilled with the help of machines, mechanisms and different equipment.

Level of production process mechanization is the  ratio of total mechanical labor intensity expressed in manual labor to total labor intensity of maintenance process expressed in manual labor standards: 
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where Тімм – labor intensity of work performed by the staff busy with mechanical labor at і mechanical operation; Тірм – labor intensity of manual work performed by the staff busy with mechanical labor at і mechanical operation; Т°" – labor intensity of і operation performed manually without machines and mechanisms use; Кп – ratio that calculates remained manual work and staff busy with mechanical work performance at і mechanical operation; Кі2 – ratio of mechanical labor conversion into manual (ground servicing equipment efficiency ratio) at і mechanical operation; e – amount of mechanical operations from п operations which  the process includes.

Level of production process mechanization characterizes technology intensiveness of one or another process flow diagram and doesn’t represent qualitative side of mechanization. However, the essence  of mechanization process development is  not only in the fact that machine technics replaces manual labor from the basic maintenance operations but also in gradual  manual labor replacement with mechanical in support work. Therefore it is important to note  not only the fact of mechanization but also its level and depth of performance.

Value of this qualitative mechanization development  can be characterized by another index  – mechanization level of the labor process.

 The labor process mechanization level is a ratio of labor expenditure  released  due to the process organization to the  total expenditure  of manual and mechanical labor defined as   manual:
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Comparing  the labor process mechanization level with the index of production process mechanization we may note   that  the latter characterizes a part of mechanical labor in the  total production process labor intensity, the former gives also characteristics of this mechanical labor. It shows a part of machine labor in the analyzed mechanical operation.

Level of ground servicing equipment use characterizes the amount (part) of machine labor in performance of the analyzed operation mechanical work: 
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From the foregoing it can be determined that
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, namely, labor mechanization level is equal to the mechanization process level multiplied by the level of ground servicing equipment use for the analyzed operation.

8.4. Required amount calculation of ground servicing equipment 
Basic demand at estimation of the required amount  of maintenance ground servicing equipment is flight regularity provision in the most busy time periods. However, it is not desirable to overestimate the  ground servicing equipment amount because in this case their operation factor is decreased whereas purchese  and maintenance of unnecessary equipment  are too expensive for maintenance organizations.

Estimation methods of various necessary aids purchese requires to consider different operational conditions of maintenance organizations including departure intensity (frequency of ground servicing equipment use), operating time of use, aircraft type and used ground servicing equipment and statistics of specific organizations characterizing conditions of ground servicing equipment use.

For the estimation of necessary ground servicing equipment nimber, regardless of the type, the following generalized formula can be used:

Nn = ((Тc / 60КT.R..)Кop ,

where ( is intensity of aids use or number of aircraft departures in rush hours, aircraft/h; Тc is technological operation work-cycle period, min; КT.R. is readiness coefficient of technical aids; Кop is maintenance conditions coefficient in specific civil aviation enterprises.

At determining the  production operation work-cycle time it is necessary to consider the peculiarities of performed operations and used ground servicing equipment. In general cases 
Tc = tb+tx ,

where tb is the basic operating time of direct aircraft maintenance, min; tx is extra time, spent for  ground servicing equipment approach, removal, connection of their elements, reloading of ground servicing equipment themselves and so on. Basic operating time is

tb  =  V / Аe ,
where V is the  performed work volume; Аe is ground servicing equipment productivity.

Technical readiness coefficient of ground servicing equipment can be determined by using the ratio:

КT.R. = Тp(Тp + Тs.r),

where Тp is an average operating time of ground servicing equipment per the analyzed operation period, h; Тs.r is an average time of scheduled and other repair work performance, i.e. accumulated downtime per the same time period.

КT.R. value for different ground servicing equipment can have  wide-range variation. It depends on ground servicing equipment reliability, maintainability, crew proficiency and other factors.

Кop coefficient depends on specific conditions of ground servicing equipment use in one or another maintenance organization. It is affected by simultaneous  ground servicing equipment use, place of organization location, weather and other local conditions. Thereby, for specific aviation enterprise К3 can be determined by using statistics of various ground servicing equipment operation.

Part III

 FLIGHT PROVISION  IN CIVIL AVIATION

9.  Organization and  Flight Provision
Organization of  flight operation  is  a system of its planning and management of flight units and aircraft  crews to fulfill flight plan  and to provide safety, economic efficiency and regularity of flights. 

Organization of flights include:

- flight operation planning;

-  pilots training; 
- aircraft crews formation 

- pilot permission to fly – preliminary  and pre-flight crew training;

- pilots certification;

- flights with inspectors as  crew members;

- analysis of flights;

- flight and methodical work. 
9. 1.  Airfields, airports and air routes

Civil aviation airfields  are divided according to such criteria as:

a)  type of runways (runway) surface  - structural pavement or  hard surface, dirt or grass, snow and ice;

b)  use −  permanent and temporary, full-time and tweny-four hour operation;

c)  purpose  −  route,  plant, test  and  depot;       
d) location and use by crews  en route −  base, intermediate, departure, destination and alternate;

e) altitude and character of terrain relief  − mountain and plain;

g)  permission for performance according to the landing minimum  −   category and non-category. 

Depending on the  runway length and load-carring abilities of surfaces,  aerodromes are divided into classes: A, B, C, D, E, F. 

 Classified airfields must have off-duty soft-surface runway, which is constantly kept ready for aircraft.take-off and landing .
As to their use  airports are divided into domestic   and international airports. 

Depending on the air traffic intensity and volume of air transportation, airports are divided into five classes: 1, 2, 3, 4, 5. 

Aircraft flights  in  airspace of Ukraine are  carried out en routes, local  air routes  and  specified routes. 

 Airways direction,  width, local  air routes and specified route as well as flight level (altitude) are defined   in compliance with safety requirements.  Air routes  are included into  the List of air routes  of  Ukraine where  the flight level  and its width for each route are provided.  The width of the air way is, as a rule, 10 km.  In some cases, in areas with insufficient radio navigation stations, the airway width can be increased to 20 km.  For some  airways sections, the straightened airways routes  can be introduced  for aircraft operations in the period when this region is not  occupied by another flight. 

Domestic  airways are available, as usual, at the lower airspace level  and can be of two categories:

- the first category − for flights at defined flight level, the width of which is not more  than  10 km;

- the second category − for visual flight rules at altitudes below the lower flight level, the  width of domestic airways of the second category is, usually, not more than 4 km, taking into account the terrain configuration and artificial obstructions on it . 

9. 2.  Flight operation planning

 Flight operation planning is carried out according to prospective, routine, operational (monthly, daily)  plans  of companies and airlines. 

When making  up  a plan and in  carrying  out flight performance the following gudelins  should be taken into account::

- plan tasks;

- the requirements of manual Air traffic management in civil aviation;

- analysis of flight operation management, discipline, and flight  safety;

- orders and instructions of the State Aviation Service of Ukraine. 

For aircraft crew members  daily, monthly and annual standards of flight time, working hours and rest periods are specified. 
      In addition, for crews that are performing aerial operation and navigational   or training flights, the limited number of flights throughout the day is set. 

Pre-flight rest rules, norms and limitations relating to the appointment of the crew for flight and its duration are specified by the Regulations on working time and rest time of Civil Aviation employees. 

Flight plans are made  by the airlines and submitted  to the airport  control point to compose  the overall operational plan.  The approved summary  plan is submitted to   the   services that provide flights. 

The document which allows  the aircraft commander to carry out  flight, is a flight task.  The flight tasks can be changed only by the official who signed it, or by the immediate superiors. 

For organization, planning and provision of  flight task fulfilment,   a common flight documentation is obligatory for all civil aviation enterprises.  List of mandatory forms and documents for companies, units and flight crews, as well as how to keep such kind of documentation are specified by the State Aviation Service of Ukraine. 

9. 3.  Organization of aircraft operation by crews

Flight operations in civil aviation are carried out according to the  requirements of standard documentation which regulate  the  general rules for flight operation in the airspace of Ukraine and each specific aircraft flight. 

Flight operation  of a specific aircraft is regulated by flight manual, operation instructions for  crew members as for their interaction and  work.technique. 

Aircraft commander is the leader and coordinator  of crew actions and is personally responsible for all decisions made at all phases of flight and is directly responsible for flight safety, regardless of who pilots (he personally  or co-pilot), the fulfilment of flight operation requirements (Air Traffic Management), following the established flying regime and navigation accuracy, decision making, timely filling- in the log book  making notes about detected faults of AC or its systems. 

AC commander (ACC)  must stay at his working place during the whole flight, and only at favourable conditions of flight he may leave his  working place for a short period of time.  In this case co-pilot flies the  aircraft and the other crew members stay  at their working places . 

The  crew members must not   leave their working places without permission of AC commander. 

Aircraft commander has the right to:

-  approve decision for departure according to the requirements  of   Civil Aviation Operations adviser;

-  refuse to perform flight tasks  if  he and his  crew members  are unable to execute it, or if he is not sure about its safely.
- change the flight mode in emergency cases  to ensure  safety of  flight with immediate report to the air traffic controller; 

- make decisions and act according to the  conditions, regardless of controller instructions in case such instructions hinder  flight safety;

- dump fuel, if it is necessary for flight safety and aircraft landing;

- make an emergency landing if  he considers it dangerous to  continue the  flight because of addverse conditions, crew and passengers health conditions, the state of aircraft equipment  or other reasons;

-  demand that all people  on board the aircraft must strictly obey the  rules concerning  flight  safety, and take decisive  measures  to the people whose actions pose a threat to flight safety. 

The co-pilot is responsible for implementation of Air Traffic Management  requirements, compliance with assigned  flight modes, the rules of radio communication and  airspace control, the quality of navigation when  aircraft.control is handed over him. 

Flight engineer is responsible for aircraft  good and prepared flight condition, compliance with operating rules for aircraft on  the ground and in the air, timely provision of information about  aircraft failures, closure of filler necks, emergency cargo hatches, fuselage doors,  presence of flight  documentation on board, emergency and rescue equipment, necessary amount of fuel, oil, liquids and gases for the flight. 

The navigator is responsible for the operation of radio navigation devices on-board the aircraft , aircraft navigation accuracy and security, observation of radio-communication rules and airspace control, take-off phase rules.

     For safety provision  special significance is attached to a rational distribution of responsibilities and interaction of  flight crew,  strict attendance of  duties  by each crew member.  Proper interaction of flight crew allows ACC to control all phases of  flight and make  right decision in a particular situation. 

Depending on specific  conditions and  skills of the crew, the  captain clarifies the duty of each member during pre-flight and  landing operations. Crew members’ commands and reports should be concise, clear and unambiguous. 

To eliminate possible errors due to non-specific operations at various stages of flight preparation and in flight, the fulfilment of  the main operations by crew members are  revised  according to  the  check inspection map.. 

The  check inspection map is a means of  additional control of the fulfilment of the most important operations that determine the readiness of an aircraft and crew for the next  phase of flight and directly affect flight safety. 

9. 4.  Flight Crew Preparation

Pilots training  is done to achieve such level of knowledge, skills and practicies that  provides high security, regularity, cost-efficiency of flights, as well as timely and correct actions of crew members in accidents   or emergency situations. 

Professional pilot training  includes:

- elementary pilot training,  transition training and refresher training; 

- training in flight  units. 

Each of these stages should include academic, practical, simulator  and flying trainings. 

Elementary pilot training is conducted in elementary flying training  schools according to civil aviation training plans and programs approved by the State  Aviation Administration of Ukraine. 
Transition training is carried out in civil aviation centers in  aeronautical schools and aviation plants.
Refresher training is executed  in  CA Centers , CA flight schools, aeronautical schools and  flight  units. 

     Training of pilots in flight units is conducted for their admission to independent work,  maintaining and improvement of  professional skill level. 

One of the most essential type  of aircraft pilot training is simulator training which prepares crew members for correct actions  in accidents  or emergency situations.  It is conducted regularly, according to State Aviation Programs on simulators that are identical to the  used aircraft types.   If  appropriate types of simulators that are identical to the used aircraft types are no available, training may be carried out in the aircraft cockplit. 

9. 5.  Flight control and  flight operation analysis 
The main purpose of the flight operations control is   warning and prevention of errors and faults in navigation, violations of flight operation rules. The causes of aircraft and its equipment faults should be timely revealed  . 

Control  is provided  by:

-  CA authority staff ;

- CA authority and inspector staff  of State Aviation Administration of Ukraine;

- chief  engineering staff of airlines, State Aviation Administration of Ukraine in the course of flight preparation   and after flight. 

Flight control is executed during :

- preliminary and  pre-flight crew training flights;

- checking the piloting technique and practical work of specialists;

- checking the work of AC crews at active   aerodromes while   performing aviation operations;

-  individual interviews. 

For flight control and  flight operation analysis the  used set of documentation are:

- aircraft maintenance and flight analysis log ;

- weather log  and aeronautical documentation;

- results of flight monitoring by command-pilot staff;

- information by traffic services, engineering and aviation services and other services that provide flights;

- the results of inspection and spot-check inspection of aircraft and analysis of aircraft operation;

- analysis of flight information, on-board  and ground facilities that   recorde flight parameters and sky talk;

- materials  of flight safety check by inspectors.
Flight operation  performed  by each crew is systematically controlled and analysed by using materials of flight information at intervals assigned by  State Aviation Administration. 

Control  is carried out without fail:

-  during charter flights;

-  when verifying qualifications and performing training flights;

- at the request of the command-pilot staff, as well as at the instructions of higher commanders (chiefs);

- in case of  manual flight operation, flight rules and air traffic control violation;

- at the request of aircraft commanders. 

Responsibility for the flight time and quality of information submitted, is taken by the leaders of services that make initial  processing of flight control facilities, and the final analysis and conclusions on the findings are made by  a comand-pilot staff departments. 

Responsibility for  making analysis of flight operation performance and  safety is taken by the deputy commanders (chiefs) of flight operation performance (flight training).  Procedure of the analysis and structure of it formation is determined by the State Aviation Administration. 

Self-study check

1.  How are   airfields, airports and airways classified?. 

2.  What is flight operation planning?

3.  What are   the captain duties  and rights? 

4.  Specify the  duties of the other crew members (co-pilot, flight engineer, navigator). 

5.  What is  pilots’ professional training aimed at?. 

6.  Define the aim and matter of flight control. 

7.  Name the  people that provide  flight operation control and cases when this control is carried out. 

8.  What  documentations are  used for  flights operation control? 

10. Types of  Flight Operation Support  and Their Brief Characteristic
Flight operation support consists of  the navigational, aeronautical information, meteorological, aviation engineering, aerodrome, lighting, radiotechnical, ornithological, safety-regime, search and rescue, emergency rescue, medical support, along with  flight provision by transport management service .  

10.1. Navigational support
Flight navigational support is  provided in accordance with the operation requirements of Civil Aviation Adviser, Aviation Adviser of  the navigation service and is performed at all stages of flight preparation and operation. The chief navigator of the State Aviation Administration, the chief navigators of  flight schools and senior navigators of CA airline organize the flight navigational support in CA.

Flight navigational support includes:

- working out standard and methodological documents to regulate the flight preparation and operation as to   navigators;

- working out the aircraft maneuvering scheme in the vicinity of an aerodrome;

- Navigational training of  flight personnel of air traffic control (АТС) service;

- timely provision of  crews with  aeronautical information   necessary for  flights performance;

- Continuous improvement of training quality and flight operations as to navigators through the complex application of navigational aids, the choice of the most economic routes and flight levels, as well as of the most rational location of ground navigational  and landing aids;

- Qualitative  control of crew readinesses for flight and flight operation  as to  navigators;

- Determination of the minimal number of airports for  aircraft takeoff and landing as well as for visual  flights;

- The interaction between  navigation service and other services, organizations and departments for  flight support.

10.2.  Aeronautical information support
It is very important to provide   aeronautical information timely to the aviation personnel associated with the flight support and flight operations. 
The main document of aeronautical information for the crews and services that  prepare  and provide  flights are:

- Air route record of Ukraine, local airlines and alternative  aerodromes;

- Collections and regulations of  aeronautical information of Ukrainian air routes;

- Appendix to the aeronautical information collections (airport   takeoff and landing minimum of CA aircraft);

- Radio aeronautical charts;

- Amendments  and reports of   air navigation service and  warning letters.

AC crews are provided with documents of aeronautical information all along  the  flight route: from the aerodrome of departure to destination aerodrome including alternate one. The crews are directly provided with the aeronautical information documents at the airports  by airport navigation service or  АТС service in case  navigation service is not available.

10.3. Meteorological support

Timely provision of meteorological information to the management and  flight personnel,  АТС employees and other CA officials  necessary to perform their duties is meteorological support.

The operating Hydrometeorology State Committee bodies (OHSCB)   provide   direct meteorological support. At the aerodrome and landing sites where there is no OHSCB, the  aviation  personnel specially trained and authorized  can perform such  metrological observations. Actual weather observation data  at the aerodrome received from  OHSCB are official data on which the  decision must be made as to the  aircraft takeoff or landing.  

Metrological observations during  aircraft flight  operations at the aerodrome, as well as alternate  one, are carried out within the  established period of time: every 30 minutes, and in other cases   - every hour. Special observations are performed at the  request of a flight controller.

Constant monitoring of  weather changes, especially  dangerous meteorological phenomenon for AC (their  appearance, development and termination) is  performed between the established period.

The AC airborne crews obtain information about weather from  whether information channels. If the airport has not automatic transmission system, weather information is transmitted to the crews by the flight controller. The dispatcher is to transmit the information  on board the airplane in all cases at crew request. After landing, the  pilot in command has to report to the aerodrome meteorological center of destination about the weather data observed in  flight and  is to hand meteorological documentation  in if it was received at the airport of departure.

10.4. Aeronautical Engineering Support

Aeronautical engineering support is  arranged in accordance with the requirements of the Operations Adviser, Adviser of civil aircraft maintenance and repair and other CA standard certificates.

Aeronautical engineering support includes:

- AC airworthness provision according to the established standards;

- Timely and qualitative  provision  of  AC maintenance;

- Provision of high safey  standard, flight regularity  and passenger service culture;

- Analysis of aircraft failures and malfunctions; taking preventive measures;

- Improvement of technical knowledge and practical skills for aircraft maintenance by flight and technical personnel;

- Planning exploitatin of  airplanes , their maintenance and  repair, special inspections and aircraft design modifying;

- Control of   the aircraft maintenance rule observation by specialists of services and organizations;

- Taking measures for  aircraft maintaince on the ground.

Only airworthy  aircraft, serviced in the established order are allowed to fulfill flight operations. AC can  fly to the base airfield  with  a failure or malfunction  if it does not affect flight safety and is recorded in a special list. The final decision as to the flight performance  is taken by the airplane commander.

AC maintenance can be carried out by the members of  engineering and technical staff and other professionals who have the admission certificate on maintenance service.

If the aircraft bounds for  airfields and landing cites where their maintenance can not be provided, the crew inspect the airplane according to the Flight operation adviser. The results of the inspection and troubleshooting are recorded in the logbook. If there are people  of engineering and technical staff at the aerodrome but they do not have  maintenance certificate  of the given aircraft type, AIS is obliged to arrange maintenance and fitting the aircraft for departure under the guidance and supervision of the crew.

If  malfunction or failure is revieled while the airplane is in flight the crew should inform ATC about it  prior to landing. In this case the technical unit must be ready to provide operational maintenance.

Aircraft transfer from the maintenance unit to  the flight crew to carry out flight operations, to the   maintenance unit for maintenance, as well as from one crew to another, is registered  in the log book. Transfer of on-board property, documents, locking devices is  carried out according to the log book specifications. Fuel and lubricants remainder  is transferred in due course. Responsibility for the airplane safety is taken by the person in charge.

The forms of airframe, engines and equipment passports must be on  board in case of:

- ferrying to another enterprise, and for provision of periodic  maintenance;

- necessity of  repair, modification, completion and return to home aerodrome;

-  ferrying for   aerial work performance outside the base and return to the base aerodrome;

10.5. Aerodrome support
Flight aerodrome support  is a set of measures for keeping   airfields in constant readiness  for AC    taking off, landing , taxiing and parking. 
Aerodrome flight support includes:

-  preparation of airfield, beacon landing systems areas  and lighting equipment;

- maintenance and repair work in  summer periods;

- winter maintenance of  flying  field;

- other operations in accordance with appropriate technical documentation.

The airport heads are responsible  for readiness of airfields and their equipment for airplane operations.

At airfields and landing sites, where the airfield services are not available,  flying  field control is provided, according to the commander of the enterprise (head of the airport), by the expert who is the member  of the service and is aquaintant with CA aerodrom service Recommendations  and has control-sheet liabilities.

      The scheme of location and movement of aircraft,  special-purpose vehicles, mechanization and people is determined at each airport  by flight operation instruction.

Flying field preparation for AC  flights, its technical condition control and timely repair, determination of adhesion coefficient are  provided by airfield   service according to  the airfield   service Adviser .

In any case the work on the airfield is conducted only with the permission of the head of flight operation and information of airfield services under the supervision of those responsible services that perform the work.

After the report of those conserned  about the work completion,  the  airfield service experts must make sure that there have been no violations  preventing safe flight performance.

The person in charge  who conducts work on the runway (RW), is obliged to cease  work and vocate the runway  from all  mechanization aids  according to  the orders of flight director (manager) even if  there is no radio communication between the person in charge  and the head of flight  operation (launch controller ).

To ensure flight  safety, all special-purpose vehicles and  mechanisms that operate on runways and taxyways (TW) must be equipped with dimensions and flashing lights which are on  regardless of daytime.

Special-purpose vehicles and mechanisms that are not equipped with luminous signal  aids (or they are faulty) are not allowed to occupy RW and TW. Special-purpose vehicles and mechanisms that are not equipped with radio communication aids which provide two way communication   with  flight operation chief (controller),  and are not accompanied by  the car  with a person in charge of a    service that carries  out work and without the permission of  flight operation chief, are not allowed to occupy RW and TW.
Each vehicle  that works on runways and taxiways must be equipped with towing device to  move it  away from the working place in case of failure.

The aircraft  braking conditions on the runway are characterized by adhesion coefficient value, thickness and type of precipitation on the surface.  Rainfall factor  is taken into account according to    the aircraft flight operation Adviser. When adhesion coefficient values are  below 0.3,  GTE aircraft flights are  prohibited.

Aircraft taking-off and landing on the runway is permitted when the surface is covered with  dry just fallen snow 50 mm thick, slush - 12 mm and water - 10 mm.

If it is necessary, because  of  technical reasons, to  terminate temporarily   AC arrival  and departure   the information about the beginning  and the end of the work is  addressed to those concerned  in conformity  with  the table of messages as to  CA airplanes movement   but not later than 2 hours before the  beginning of the  work. Duration of airport pavement cleaning from precipitation should not exceed the norms established by CA airfield service Adviser. Having received the information about  the time of  work completion, the airplane can depart the   other airports, calculating the time of arrival at this very  airport not earlier   the specified time of work completion.

                               10.6. Electronic support

Electronic support of flight operations includes: provision of air traffic control  services with all necessary radio communication aids, aircraft  traffic communication and control facilities.

For electronic provision of flight  operations, the  automated air traffic control systems (ATC), route, airport landing and radar systems;  radio navigation equipment, radio beacon landing system, direction finders are used.

The use of these equipment for flight provision  are allowed only after their state registration and clearance for operation. In addition, all electronic  instruments must have permissions for their use.

10.7. Lighting support

To enhance flight safety, and first of all at  landing and taxiing, the aerodrome is equipped with radio and lighting facilities that should be properly marked. Marking is divided into daylight (visible in daylight) and night (lighting).

Runway, taxiways, parking stands and aprons,  traffic and mechanization tracks, highly elevated  obstacles located in the vicinity  of the airport   and air routes are marked. On the runway there are  touch-down zones and  fixed distances,  longitudinal axis and angle of yaw. Runway marking scheme adopted in civil aviation is usual and meets ICAO requirements.

 On the parking stands and aprons the axes of straight and curlinear taxiing, T-shaped standing  and digital symbols  that indicate the place and number of stand  are marked .

The main two-way taxiways for vehicles and apron mechanization are left behind  the tail of  aircraft. For  multi-purpose vehicles to  approach the aircraft there are passages of  3,5 m  wide that are located at a distance of  2 m  from airplane  nose part.
 All  along the  contour of the airplane parking lot and apron   there is  a solid red line that   marks the service area  into  which    the motor vehicles can get inside   only with the permission of the person in charge for aircraft maintenance. The  service area is marked as octahedron, each side of which must  be not 2 m closer to  the extreme points of the aircraft. All routes of  mechanization movement  on the apron   usually have circular connection.

To ensure aircraft take-off and landing  any time and in adverce  weather conditions many airports are equipped with luminous signal   means. At  landing, lighting equipment provides approach  to a runway heading, gliding, alignment, landing , landing roll and  taxiing to the     parking stand.

      Approach or head-in  lights are red; they are placed from the nearest  radio marker beacon to the runway. They make it possible to switch  from  instrument  flight  to  flight with luminous signal   means at aircraft alignment and holding-off. Terminal safety line  ends are marked with  neon lights. Runway width is marked  with landing lights of white and, white and yellow colour.  This enables the pilot to define  in what part of the runway the aircraft is during takeoff run and landing roll.   TW  thresholds are marked with lights too and this facilitates aircraft taxiing.

10.8. Flight logistics
Logistics consists of    organizational and technological measures aimed at maximum use of commercial loading, safe aircraft flight  and high level  of passenger service.

This service provides: safety and regularity of flights, high-level service of  passengers and freight customers, calculation  and making up a set of  aircraft payload; aircraft balance and  alignment calculation; AC loading and  unloading according to a balance chart; safe approach of   mechanization aids  to/from  the airplane; drawing up accompanying documentation; checking-in  passengers, baggage and personal things, control  of dangerous goods transportation.

Calculation of AC centering is performed by  centering manager (if there is  not any - by co-pilot). Loading and unloading operations are carried out by  loading manager (if there  is not  any – by one of the crew members).

      The passengers are allowed to board the plane when they are processed and their baggage is checked-in. 
If at the   airfields of  other departments and temporary airfields there is no  transport management service, its functions are entrusted to the airplane commander.

10.9. Safeguarding  support

Safeguard flight support  is aimed at ensuring   passengers and crew safety.  The head of the company takes responsibility for the state of  this safeguarding .

The main measures to prevent unlawful interference in  civil aviation activity are: screening passengers and their hand luggage and baggage, special inspection of the airplane; airfield fences, organization and provision  of access control regime; protection of aircraft, buildings, etc..
10.10. Ornithological support

Flight ornithological support is aimed at preventing airplane collision with flock of birds. Ornithological support provides: ornithological inspection in the  vicinity of an aerodrome;  elimination of  conditions favourable for birds accumulation on airfields and taking measure to scare them away;  visual and radar observations of birds at the  airport vicinity to determine the  airplanes flight risk posed by birds; information  about  ornithological conditions and timely warning the crew about   state aggravation on the airfields  in flight vicinity.

10.11. Medical support

Flight medical support is a system of measures aimed at maintaining health, increasing the working capacity  of crew, air traffic controllers and other aviation professionals.  For pilots and air traffic controllers the following measures should be undertaken: annual and quarterly medical  examination; preflight and before shift examination, physical training control, recreation and nutrition regime,  sanitary-hygienic control of working places.

Self-study check

1. What  types of flight support do you know?.

2. Give a brief description of each flight support  type.

11.  Air Traffic Control
11. 1.  Aircraft flight  rules
Aircraft flight rules stipulate the requiremens as to  the aircraft flight performance in the airspace of Ukraine to ensure safety in accordance with ICAO standards and recommended practices. 

Flight rules regulate the procedure of flight operations and define the rights, responsibilities and relationships of entities engaged in flight  operations in the classifyed  navigational airspace of Ukraine. 

Visual Flight Rules

Flying under Visual Flight Rules (VFR) is performed within the airspace according to  the following conditions:

- flight operations are performed only  in the daytime;

- at flight altitudes  less than  3050 meters (10000 feet) indicated air speed limitations not more than 465 km / h are introduced; 

- flight  above the clouds is not performed; 

- VFR are  not applicable to flights at subsonic and transonic speeds. 

When flying under VFR, it is necessary to  bypass  obstacles en route to  the right of  the aircraft  at  a  distance from the  obstacles not less than 500 meters. 

Flying under VFR, the pilot-in-comman is responsible for:

-  observation  of the rules and the assigned flight conditions  ;

- provision of the  established horizontal track separation between airborne aircraft ;

- provision of  safe altitudes;

- accuracy of  specified flight route;

- timely report to dispatching service agency about  return to the departure aerodrome (alternate) or  switching to instrument flight rules (IFR) flight ;

- true information as to  the aircraft location and flight conditions;

- making decision  about  take-off or landing  on conditions  that affect flight safety. 

Instruments Flight Rules

Flying under IFR is performed within the airspace under the following conditions:

- at altitudes below 3050 meters (10000 feet)  indicated air  speed  limits (not more than 465 km / h ) are introduced;

- availability of continuous two-way voice communication with the authority of air traffic  services (ATS);

- availability of suitable aircraft navigational equipment required for  IFR flight provision.
Flying under IFR are performed   according to  vertical and horizontal separation rules in compliance with the set of flight regimes and on established ATS routes. 

Change of flight level (altitude) by permission of  ATS unit, exept the cases  of  flight safety threat when the aircraft commander has the the right to change solo the flight altitude with immediate notification  the relevant ATS unit . 

Flying under IFR the aircraft commander must constantly monitor the air and the meteorological situation both visually and by using on-board radio equipment. 

Flying under IFR the aircraft commander is responsible for:

- sticking  to  the standard departure pattern, assigned  flight level (altitude) and flight route, descent and approach scheme, the set of glide path  and flight parameters;

- making decision about   take-off or landing at true  weather conditions,  runway condition and other known factors  that affect flight safety. 

11. 2.  Airspace Organization

Airspace organization is estaplished   on the basis of  the Air Code of Ukraine, Regulations on airspace use, airspace classification, ATS, the Convention on International Civil Aviation including applicable requirements for environmental protection. 

Structurally airspace consists of the following elements: the flight information region, dispatch areas, dispatch region, airfield traffic area, air traffic routes, prohibited areas, limited flight zone, dangerous airspace,  area with a  special regime of airspace use; temporarily reserved airspace, special operation areas;  test-fllying area, air corridor for  state border crossing; search and rescue areas; simplified coordination districts. 

Civil aviation flights are carried out along  air routes, local routes, and outside routes and airlines  − only along  the specified routes. 

To ensure efficient use of airspace and for flight safety provision separate levels for AC flights are established.  According to the rules of separation a minimum value of vertical, longitudinal and lateral spacing between the centers of AC mass, which guarantees   collision prevention is provided.  Vertical Separation Minimum intervals established  from  the height of the lower level to 6000 meters − every  300 m, from 6000 m and  to 12000 meters − every 600 m, from 12000 m and above − every 1000 m. 

Longitudinal separation minimum interval of AC which fly under  Visual Flight Rules (VFR) and take one and the same  route at the same altitude is  not less than 2 km.  During the flight under instruments flight rules  (IFR) with  Control Service − it is not less than 20 km. 

The structure of the airspace of Ukraine is not constant and may change.  Amendments thereto are approved by the State Aviation Administration. 

11. 3.   Air traffic planning
The purpose of planning is to ensure  rhythmic execution of production tasks at the lowest manpower and facilities waists,  without accidents and pre-condition to them. 

The basic principles of flight planning and organization are: uniformity of control stations traffic service load; provision of high capacity of all air traffic control airports areas,  uniform airplanes flow distribution round the clock and during the  year; efficient airplanes flow distribution round the clock and during the  year; efficiency and rationality of airspace and aircraft use; possibility to use in full measures radio engineering  control, navigation, landing and communication aids. 

Planning of air traffic flows is  divided into perspective, daily and current ones. 

Perspective planning is worked out  during  airplane movement scheduling and  adjusting  their compliance with regulations. 

The main purpose of a schedule is  coordination of specified requirements for air services with flight  capacity of such elements of air traffic control system as  airways,  local airlines.  At the same time  airports operation regime, available  fleet, number of crew, and others  are taken into account . 

Daily flight planning  is worked out by  flying unit centers that consider   the central and local schedules, claims for  special flights, training and other missions.  Claims for  flights are submitted with due regard for  crews flying time, working time and rest time standards.  Approved flight plan is submitted  to the aerodrome control tower for dispatching and the composition of  daily flight plan. 

Current planning is provided by  air traffic management during  flight operations with the  view of  adjusting  daily aircraft traffic  areas and  air traffic control areas plans. 

Planning and organization of air traffic flows en routes, local routes and routes outside them  is carried out by appropriate centres of  a common  air traffic control system. 

Supervision of  aircraft flights en routes  is provided by Traffic Service, which is available  at every airport.  The main objectives of traffic service are: aircraft movement control beginning from towing, taxiing and  until taxiing in  the parking lot, prevention of  aircraft ground collisions and collision in flight, taking radical measures to assist the crew  in distress, notification  the crews about flight modes and  control their adherence.   

11. 4.  Direct air traffic control

The objectives of the air traffic control is to control and regulate the process of flight operations, maintain  orderly movement of aircraft on the airfield and airspace security and regularity. 

Air traffic control of airspace in Ukrainian is executed  by  air traffic control centres, traffic service agencies and provides planning and coordination of air traffic; direct ATC; monitoring  the compliance of airspace use  by crews.  The main ATC tasks  are: ensurance of  crew safety while  performing  flight tasks; provision of  operations  regularity and efficiency with effictive use of airspace. 

These problems can be solved with   ATC organization; planning and air traffic provision en route, LAR,  established routes, in the areas of aviation operations;   flights coordination of AC of different airlines, direct control of aircraft movement during taxiing and in flight; airborn and ground collision avoidance systems, establishing a desired spacing between aircraft in flight; timely assistance of  AC in distress. 

To succeed in solving ATC tasks  in   high air traffic intensity areas the district and aerodrom automated air traffic control systems are available  (ATC AS).  When using automated systems of ATC, air situation indicators in Traffic  Service dispetcher display the coordinates, cartography, metrology and other information about AC. Among the other  information there are:  flight number or assigned code,  specified flight altitude, fuel remainder, radio signals failure, the estimated time of ATC area approach and exit from it. Established AS ATC  facilitates the   controller work  and enhances  AC safety.  
Self-study check

1.  What is the purposes of    flight rules? 

2.  Characterize the nature and content of  visual flight rules. 

3.  Characterize the nature and content of instrument flight rules. 

4.  Define the purpose and essence of the airspace of Ukraine. 

5.  What  documents  are  airspace operations of the country grounded on?
6.  What is the purpose of AC separation operations? 

7.  What is the  purpose, principles and structure of  air traffic planning? 

8.  Highlight the main challenges of airport traffic services. 

9.  What are the tasks of air traffic control system and ways of their solutions? 

12. Engineering Calculations for Flight Procedures
12.1. Flight phases
Aircraft flight is the period of its movement in between  takeoff run and complete stop after landing. Flight mode  is the movement of an aircraft with  certain parameters (speed, altitude, angle of attack, flight direction), that causes a definite  power plant tension. There are several different flight modes as long as the airplane can fly at different speeds,  altitudes and in different directions.

The flight comprises  several phases: Takeoff; Climb; Level flight; Descent; Landing.

Each of the stages corresponds to a particular flight condition. 

According to the  aircraft airworthiness standards (AAS) requirements, takeoff , in this context, is defined as  aircraft accelerated motion  from the very start to safe climb (usually it is  the circuit flight altitude of 400-500 meters). Take-off is called the distance covered by the aircraft from take off line (almost the beginning of the run) to the point of the path at Htk= 10,7 m   at which the airplane reaches safe take-off speed V2..

Aircraft take-off distance  can be divided into three specific sections:

- Takeoff run and lift-off;

- Acceleration (holding);

- Climb to 10.7 m which is required for passing over obstacles in the vicinity of the airdrome.

Acceleration with simultaneous climbing is typical for the gas turbine engine  airplane because they have high  power to weight ratio, and acceleration without climbing is typical for the  aircraft with  reciprocating engines.

 Airplane landing  is considered to be its  movement from 15 m hight with descent  and  speed decrease up to a complete  stop on the runway.

The entire trajectory of the aircraft during landing can be divided into five main sections:

- Descent and   approach to landing;

- Alignment (starting from 6-10 m, until the distance from the wheels to the ground is  not more than 1 m);

- Holding;

- Parachuting (landing);

- Roll.

During landing roll the aircraft braking takes place.  The distance  from  gliding at  15 m  height  to the aircraft stopping at the end of the roll is called  landing distance.

12.2. Flight calculation criteria and output data 
The basic requirements that  air transport should meet are: safety, regularity, efficiency.  Successful flight performance depends not only on the flight operation support, but also on the skill of people who manage the technology. 

Conditions in which an aircraft takes off and lands are changing  in time and space.  Temperature and air pressure, wind speed and direction, runway condition, aircraft weight may vary. Consiquently  flight phases characteristics are changing too:

 - Length of run before take-off;

 - Run after landing;

 - Level speed;

 - Flight endurance;

 - Engine mode;

-  Fuel consumption.

Therefore, while planning each  flight, the specific situation should  be   taken into account.

The correct choice  of engines operation mode and other flight characteristics makes it possible to reduce fuel consumption, decrease flight  endurance, extend  service life of flight-operation support; all these  improve  economic performance of air transport operation. So, the use of moderate cruising capacity in flight has the following advantages: reduced engine wear, increased  distance that the plane flew  between  engine repairs, reduced fuel consumption. Keeping with  wind direction and force  and also non-stop flight distance it is possible to  find for each flight the best  altitude at  which the assigned ground  speed is gained at lowest  engines power,  therefore at  the lowest  fuel consumption.

The consumed fuel cost is a significant part of all costs that make up the spenditure  of air transportation cost. Along with that, reduction of  fuel consumption and thus decrease of  aircraft refueling, make it possible to increase  payload. As a result, aircraft hour efficiency is  increased  proportionally (payload multiplied by speed).

Nowadays, with the increase of  air transportation volume and the increase in aircraft carrying capacity, flight regimes impact on the profitability of operating  plane fleet is considerable. In this context,   correct calculation of  flight is of great importance.

At flight calculation it is necessary  to determine:

-  fuel reserve needed;

- Permissible payload;

-  Fuel consumption  and remainder   en route;

- Available fuel capacity;

- The most favourable altitude  and flight levels;

- Air and ground speed of flight and power setting at route sections ;

- Take-off run and roll distance;

- Aircraft centering;

- Takeoff and landing weight;

- Total estimated time of flight from departure and arrival.

Initial data for flight calculation are:

- Flight task;

- Weather forecast en route (weather bulletins with recorded wind speed and direction  at heights );

- Information about  payload;

- aircraft specification ;

- Information about  runway conditions at aerodrome of departure and arrival.

The flight task notifies:

-  flight route;

-  crew members;

-  flight purpose (scheduled flights with passengers, transef, test, training);

- aircraft empty weight, auxiliary  cargo, allowable take-off mass.


12.3. Calculation of the most favourable altitude  and flight level 

      The purpose of the calculation is to find out  such flight altitude at which the assigned  ground  speed is achieved with the lowest  fuel consumption (Figure 12.1).
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Fig.12.1. TJE throttle characteristic (change of  thrust and specific fuel consumption with the number of revolutions)
Flight altitude change affects fuel-hours and fuel-kilometers  consumption, and hence the endurance and   flight range. So, judging from TJE altitude characteristics  (Fig. 12.2,  at  climbing to the altitude of  H = 11 km, the cost is reduced hence  engine efficiency increases. 

Reduction of temperature with altitude  increase causes higher pressure ratio of air compressor, resulting in improved fuel injected into the engine.
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Fig..12.2. TJE altitude characteristics 
More over, if the engine thrust (power) is maintained constant at climbing, the air (and hence ground ) speed will be increased at the expence of  air density reduction, thus  aerodynamic aircraft drag will be decreased. So, for aircraft with two TJE the average growth of speed at the same fuel-hours consumption  at climb from 8 to 9 km is 50 km / h, from 8 to 10 - 80 km / h, from 8 to 11 km -100 km / h .

Very significant impact on flight range and ground speed, and therefore fuel-kilometers consumption, has  the direction and wind speed. Flight when  wind blows differs from the calm flight   by value of ground speed at which the  aircraft flies moving together with air masses. Aircraft ground speed, that  is the speed with respect to  ground, consists of   air speed that is  the speed with respect to the  air and  aircraft speed together  with air medium.

Wind speed and direction are various at different heights. It is  known, for example, that the average and maximum wind speed with elevation continuously increases and at   12000 m height the  wind is almost twice stronger than at the height of 1000 meters.  Modern GTE passenger planes are flying at altitudes of  8000-12000 m, where wind speed may reach 200 - 300 km/h or more. Such winds occur mostly in the area of ​​jet streams. There were  instances where the wind speed in such streams  was 650-750 km/hr. In addition, the wind changes in the course of  time and  flight route. Investigation of wind conditions on Civil Aviation  air routs  showed that  prevailing winds blow mostly  from  west to  east.That is why, the most favourable altitude during each flight is  changing.

To determine the ground speed, it is necessary to add   air speed and wind speed vectors graphically. Thus there is a figure known as “ wind triangle “ (Fig.12.3).
Air speed gain  or loss, because of  wind factor,  is completely determined by the value of vectors  difference between ground  and air speeds. This difference,  known as an effective component of wind speed (wind equivalent), may increase or reduce ground speed in comparison with air speed, depending on the direction and wind speed.

To ensure accurate navigation it is necessary to consider the impact of wind on aircraft flight. Before  flight, the speed and wind direction by altitudes, is  determined at the  weather station with baro topography maps drawn on the basis of wind-velocity sounding. In flight, the wind is determined by a navigator or pilot by appropriate measurements and calculations.

Wind direction is calculated from a northward direction of  the meridian clockwise. There are two concepts of wind direction:
      - Meteorological “where the wind blows from" (toward an aircraft);

- Navigational -       "where the wind blows to" (from an aircraft).

In weather  bulletin  meteorological  wind direction is given. In  navigational calculations navigational wind direction, or so-called navigational wind (NW) is used:
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 Wind angle is called the absolute value of the angle between  flight direction and navigational wind direction.

The value of the effective  wind speed component depends on speed and wind angle and aircraft air speed. Direction and wind speed by  altitudes  according to   meterological forecast data are recorded in weather bulletins and submitted to  the crew. Quick calculation of effective wind speed components  is done with special tables available  in  flight  operation manual, or by onboard computers.

Knowing the effective wind speed components  at different altitudes and air speed value ​​increase at climb, it is possible  to determine the most favourable height, i. e the one where there is  the largest total increase or  the lowest total decrease at the expence of  height and wind.

Separation does not exclude the use of the  most favourable height. From  all possible flight levels  one should choose  the nearest level to the most favourable estimated height.


12.4. Сalculation  of fuel load quantity 
The aircraft must not fly  until its full fuel reserve is consumed because it reduces  flight safety. At the same time it is  irrational to have  an extra large fuel reserve because it  reduces aircraft  performance  data and  payload. In this regard while fitting the aircraft for departure  it is advisable to have   necessary, but quite sufficient fuel.

The amount of fuel on board the aircraft  before departure is defined as the sum of:

- total fuel consumption in flight  from takeoff  to  landing (qtot). This includes the amount of fuel needed for horizontal flight, climb, descent, maneuvering after takeoff and before landing;

- Fuel consumption when engine runs on the ground before  take off;

- Navigation fuel quantity (qnav);

- Nonusable residual fuel  in  aircraft fuel tanks  (qground).

Thus, before starting the engine  fuel reserve is determined by formula: 
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and before take-off –  
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Total fuel consumption in flight for GTE aircraft is determined by tables or graphs, depending on route length L, altitude H, the effective speed of the wind component. For some types of aircraft according to Flight Operation Manual it is necessary to make amendment that takes into ccount the deviation of actual take off weight from  estimated.

On the ground fuel is spent on engine run, test and operation at taxiing. Consumption rates and time on the ground  designated for each type of aircraft are available  in flight operation reference books. Duration of running is averagely 10 minutes before  take off and 5 minutes after landing.

En-route  reserve  is  a  reserve for cases when the time of  unforeseen flight  increases (due to increased wind, forced deviation from the assigned route, bound  to the alternate, etc.).  In any specific  case it is determined by the airplane commander; it  depends on the weather conditions at the aerodrome of landing and distance to alternate aerodromes. In all cases, en-route reserve should be  not less than 1 hour of flight for aircraft and 30 minutes flight for helicopters.

Unused fuel remainder  in aircraft fuel tanks  is a constructive feature of the aircraft fuel system and information about it is available  in the guidebook on flight operation for  the given aircraft type.

The day before   departure  when it is not possible to calculate the exect  amount of fuel, taking into account  specific flight conditions, fueling is performed  according to the norm for one flight  hour plus  en-route reserve.

On the day of departure, flight calculation having been made, there is the  possibility to specify the necessary amount of fuel. At the same time the aircraft should be refueled if need or fuel surplus be drained to increase  payload.

It should be taken into  consideration that flight efficiency  is determined not only by minimum fuel consumption, but also by minimum transportation cost  in general. Therefore, when calculating the specific flight task these two conditions should take into account.

12.5. Analysis of external factors affecting the length of  aircraft

take-off run and landing roll

  
     The length of  run is affected  by take-off weight,  engines thrust, atmospheric conditions (temperature and air pressure), wind direction and force, runway condition  and slope;  respectively, the length of  roll is affected by   landing mass,  wheel braking degree; and  other factors also remain valid. Usually, the nature and degree of these factors are different. This degree of engine thrust  and wheel braking  is controllable structural factors, while others are external  factors and do not depend on pilot.

Expressing the impact of these external factors as corrective  factors,  the following formula can be suggested to determine:

- length of takeoff run    
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- length of landing roll   
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Where Lt.r. and Ll.r. – take-off run and landing roll  in standard conditions;    [image: image66.wmf]r
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 – coefficient that takes into account change of aircraft takeoff or landing weight;  [image: image69.wmf]i
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 – coefficient that takes into account the runway slope; [image: image70.wmf]f
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- coefficient considering a change of runway  condition. 
If any factor does not deviate from the standard conditions, the corresponding ratio in the above formula is equal to one.
Let’s consider the impact of various factors on the length of take-off run, and landing roll  separately. 

Air temperature and pressure
 Air ressure and temperature deviation leads to the change of its density, namely the  pressure increase or temperature decrease  causes the increase of  density and vice versa.

It is known that at pressure and temperature deviation, engine thrust changes and  lift-off speed too. In turbojet engines, thrust change is  directly proportionat to the temperature change; for turboprop and pistion engines the dependence of  thrust  from  pressure is the same, and from the temperature it is more complicated, but the character of dependence is  the same.

Rate for any weather conditions can be expressed by speed for standard conditions, and relative air density [image: image71.wmf]T
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Thus, with air density increase (in case of atmospheric pressure increase or decrease in temperature) both lift-off speed and landing speed decrease, and therefore the length of run and roll, that is ratios K. 

For landing roll length     , for take-off run this dependence is more complicated.


Wind speed and direction


    At head wind, the  speed of a plane referring to ground is  lower than at   calm wind, and at tail wing  it is greater by the value of effective component of wind speed. Respectively, take-off run and landing roll will be changing, i.e.  coefficients Ki. At  head wind take-off run and landing roll, and hence values of  coefficient Ki is  reduced, at tail  wind it  is increasing. At the assigned lift-off and landing  speeds  each value of wind speed coefficient will correspond  to a   certain definite value of coefficient Ki :
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where W-V - effective wind component ; V – lift-off or landing  speeds.
Takeoff and landing weight

Weight of plane influences  the speed and is known as dependence [image: image75.wmf]y
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 increase. The same occurs when  the landing mass increases.

If run  [image: image77.wmf]0

G

G

K

G

=

, i.e. the length of run varies  proportionally to the change of  landing mass, then the run dependence on takeoff weight is more complicated.
Runway slope

     A slope is usually characterized by relative  value in percentage; it is equal to the difference of heights at the beginning  and at the end of the runway  to its length.

This means that when   running downhill,  the acceleration component of gravity force  g which is proportional to sine of runway slope angle, is added to  the mean  run acceleration, and when running uphill  - subtracted  from it.

 As a result. 
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So, during takeoff run downhill, the length of run decreases and uphill it inreases.

Influence of a slope on the length of landing roll is opposite to its influence on takeoff run. During landing roll downhill the acceleration component of gravity force g  which is proportional to sine of  runway slope angle   is added to the  mean roll acceleration and substructed at landing roll uphill. 

Then 
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Runway surface condition
Runway surface condition can be characterized by friction coefficient f. For example, for  dry concrete strip - f = 0,02; for wet - f = 0,012; for hard surface - f = 0,04; to  natural surface  - 0,2; for soft sand - 0,12-0,3 ; for viscous crude - 0,26-0,38; for grass  - 0,06 etc.

At  friction coefficient increase, takeoff run increases  and the less is   thrust-to-waight ratio,  the more takeoff run is.

The length of landing roll decreases  with the increase of friction coefficient.

The procedure of takeoff run and landing roll length determinination  is not complicated  and is exacuted  by nomograms or computer programmes.


12.6. Calculation of aircraft takeoff  gross weight  

 Air transportation profitability requires complete  use of capabilities of the airplane specified in a design  -  to carry maximum payload.

Therefore, for  aircraft with a high carrying capacity   the maximum   take-off weight is calculated by taking into account the departure aerodrome characteristics, in specific conditions,  and aircraft characteristics on  take-off  RW sections and  at the initial climb in case of engine failure.

In general, according to FOP maximum  take-off weight may be limited by:

- temperature and external air pressure (airfield altitude) according to  climb gradient at  continued takeoff with one engine  out;
          - needed  roll distance at  continued and  abandoned  take-offs should not exceed  available airfield distances (in case of  safety  provision with one engine  failure at takeoff);

- necessary  height clearance above obstructions in airfield approach area    (AAA), toward   takeoff direction;

- strength ability  (e.g, wheel tyre, chassis).

Each aircraft type has its own peculiarities as to the method of aircraft  gross weight  calculation  that is presented in flight operation plan (FOP). 


12.7. Payload calculation

    Actual payload must not exceed the maximum  weight. It is  limited accorting to safety provision of takeoff and landing and is  calculated depending on aircraft takeoff and landing maximum weight 
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where Gt.max  – maximum  takeoff weight; Gconst – aircraft constant weight; Gf – fuel load weight; Ggr  – amount of fuel consumed on the ground before take-off (for  engine start  and taxiing to the final).
Constant weight  includes:

- APS (aircraft prepared for service) weight;

-  crew and cabin crew weight;

- weight of food, drinks, clothes, books.
   APS weight includes:

- empty aircraft weight;

- operating weight (oil for engines, buffet  equipment, , liquid in toilets, furnishing, search and rescue, service, oxygen and auxiliary  equipment).
 In FOP of different aircraft types the  other signs and mass distribution can be found.
Gconst is determined by the data presented in FOP, aircraft technical description and instructions or aircraft centering and loading reference book.

The  aircraft maximum  takeoff and landing weight is determined  provided   safe takeoff and landing.

Before take-off  the actual payload is determined and compared with the maximum weight:
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where n - number of passengers;
75 - per passenger weight, kg;

15 - conventionally taken baggage weight per passenger for  local short-range planes, kg;

20 - the same for medium-and long-range  aircraft, kg.
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then first of all the  load is removed  from the  commercial payload, and if this is not enough,  some  passengers with their baggage  are withdrawn to avoid excess of actual commercial load over the maximum weight.

Weight and size of baggage, cargo and mail that can be placed in baggage, cargo compartments, the dimensions  of cargo hatches and cabin doors are specified for each type of airplane in the flight operation plan. Centering manager makes a scheme of  load distribution in the compartments  and  the centering calculation.


12.8. AC centering  estimation
By AC centering is  ment  the position of its center of gravity. For aircraft it is defined in  shares or percents of wing mean aerodynamic chord (MAC); for helicopters it is defined  from the axis of rotor shaft (Fig. 12.4).
AC centering can change in the course of  its  fueling, passenger accommodation, baggage loading and  fuel consumption. However, to provide stability and control in flight, it is  required that the aircraft center of gravity  to  be located in an  assigned, strictly limited centering range. Acceptable limit ranges of centering changes are  listed in flight operation reference books for  a certain  airplane type. For example, for one of airplane types with two TJE  maximum rear centering in flight should not exceed 26,5% of MAC and maximum front – not less than 19% of MAC.  Fuel consumption in flight leads to centering changes but it should not exceed the established limits.

Adherence to the established order of AC loading is intended to ensure its correct cenering and, consequently, flight  safety, maximum use of load-carrying capacity, and rational load accommodation  to reduce  loading and unloading time. Calculation of  AC centering and loading during transport flight is made by centering manager of airport transport service, and during  other flights – by  aircraft commander or flight engineer.

Centering  is determined for  take off and landing weight. Initial data for centering calculation is empty aircraft centering  at take-off weight with retracted landing gear, at  the landing weight - with extended landing gear.

Position of aircraft center of gravity is defined as the quotient of division  of the sum of loading mass moments  at any specific points on the fuselage longitudinal axis (usually it is  the point of intersection with vertical axis passing through MAC front edge ) by  take-off or landing mass:[image: image84.wmf]çë
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Then MAC, in percentage centering, looks like:
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Analytical calculation of centering is  difficult and  time consuming. In practice, for quick centering  determination, special centering graphs are developed .

If the calculated center of gravity is beyond  the limits than the  load distribution does not provide favorable conditions for flight; in this case,   relocation of cargo and passengers is required.

Take-off mass and centering can be determined faster and more accurate by a computer  which receives data from  load carrying  points  when the airplane is on the weight platform.
     There are  fully automated systems for determining weight and centering;  the data of gas pressure in landing gear shock struts are sent to airborne computing device and  the calculated mass and centering  values are shown  by the  indicators in the cockpit.


12.9. Analysis of factors influencing  GTE   aircraft
flight range and  endurance
Air speed
As it  is known  fuel-hours and fuel-kilometers consumption is  expressed by dependencies:
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where Cs  – specific fuel consumption; R -  engines thrust, kg; V – flight speed, m / s; In level  flight P = Pr, where  Pr – required thrust.

As seen from the graph (Fig.12.5), the mode of minimum fuel-hours consumption  corresponds to the required minimum thrust regime, although  [image: image88.wmf]пит
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 is maximum. Thus, maximum flight endurance   of turbojet aircraft  will be  practically  with minimum speed at level flight, which is most advantageous in this case.

Minimum fuel-kilometers consumption will be in condition Ckmin when 
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 flight endurance decreases by 2-2,5 times in comparison  with  regime [image: image92.wmf]min
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, and flight range by 1,5-2 times compared with the regime Vmin..


Aircraft mass

     It is known that the more   aircraft weight is   the higher  speed is required, and hence the required thrust should be increased. The increase of required thrust leads, in its turn, to  fuel consumption increase and flight range and endureance decrease. In addition, in  more heavy  aircraft  the practical ceiling is lowering that also leads to higher fuel consumption. Therefore it is very important to avoid extra fuel reserves on board the aircraft.

      Long-range GTE aircraft significantly reduce their initial weight because  of  fuel consumption during flight. With decrease of flight mass, fuel-hours and fuel-kilometers consumption decrease, so flight range and endurance increase. Decrease of aircraft weight  in flight can be used more efficiently if,  at this   expense,  to increase altitude, and thus further reduce [image: image93.wmf]K
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For this purpose  airplanes fly at the optimum altitudes or "ceilings", that is  climbing  at the expence of fuel  burning out.

As you know, with a reduction in flight mass, the  ceiling of the plane increases. At the same time, for  safety purpose, flights at  ceilings are performed at the altitudes below the practical ceiling by 1-1,5 km. It should be noted that such operations can be performed in cases when  flight levels  are not specified..


Ambient temperature

With ambient air temperature decrease, the engine runs in more economical mode, which results  in flight endurance  increase. When the  temperature increases, it is vice versa. This is explained by the change of outlet compressor pressure ratio. The  ambient temperature  change does not affect the fuel-kilometers consumption and, consequently, the  flight endurance.


Fuel density  change

Nowadays, the most common fuel for TGE and TPE aircraft  is kerosene T-1, TC-1, T-2, the  density of which  is significantly different.

With density change, the total fuel weight  in the  fuel system tank also changes that leads to the  flight range and emdurance  change. With the fuel density decrease, the flight range and endurance   reduce. Thus, at  transition from T-1 to TC-1, the range and endurance  is reduced by 6-7%, and the transition to T-2 - by 10%.

All above mentioned factors that affect fuel consumption, should be considered when selecting the flight mode and at flight range  and endurance calculations. It should be remembered that    flight effectiveness  is determined not only by minimum fuel consumption, but in general by  minimum transport cost. Therefore, when calculating  specific flight task  both conditions should be taken into account.
Self-study check


1. Describe  flight stages in brief.

2. Name the  take-off distance sections.

3. Name  the landing distance sections.

4. What are  the criteria and initial data for  flight calculation?
5. What are calculation criteria of the most favourable  altitude and level of flight?
6. Describe the impact of flight altitude on endurence and range  of flight.

7. Describe the impact of  wind direction and  speed on flight  range.

8. Draw a wind triangle  and give comments.

9. Describe the technique of the fuel amount calculation  at aircraft fuelling.

10. What are  the external factors that affect the length of  aircraft takeoff run and landing roll?  Analyze the impact of each  factors.

11. What are the methods of   maximum  aircraft take off weight calculations?.

12.  How is payload calculated? 

13. What is  the method  of airplane centering calculation?
14. What are  the factors  affecting the flight range and endurance  of  GTE  aircraft? What is   the impact of each of  the  factors?
13.  Operation of Aircraft Functional Systems and Power Plants 
in Flight
13. 1.  Flight modes,  velocity range  and flight restrictions

At assigned  altitude, the level  flight modes of jet aircraft are  defined  by the value of  flight speed. That is why it is a usual practice to    divide the level  flight modes according to the  speed value. 

The main modes are:

-  maximum level flight speed Vmax, which is attained at maximum engine thrust (power);

-  flight which corresponds to the nominal thrust (power) of power plants VРnom;

- mode of maximum range at which the lowest fuel-kilometers consumption VСk min  is attained;
-  mode of  maximum   flight endurance at which the minimum  fuel-hours consumption VСh min.   is attained.
In addition to these basic flight modes which  depend on specific conditions and  type   of the tasks, other (intermediate) regimes are widely used. 

Flight restrictions are established for the modern aircraft due to the fact that when flying at high speeds (at maximum continuous power setting) in the level flight, especially at descent, AC can reach such speed values which significantly deteriorate  stability and control; there occur   overloading, vibration and other undesirable phenomena in flight.  In such flight conditions,  serious flight accidents might happen.  Therefore, for each aircraft type the speed (Mach number) limits are set, and flight crews should not exceed them. 

During flight at low and medium altitudes in  dense atmosphere, the speed limits are   stipulated by aircraft design strength  at   velocity head 
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In some cases, the restricting  factor may be the appearance of structural elements vibrations like "flatter".  Therefore, at low and medium altitudes, the speed limits criteria are  the maximum allowable indicated air speed Vпр. max. доп, which is equivalent to the velocity head limit. 

During  high altitude flights the criterion of  flight speed limits  is  number  M.  This is explained by the fact that  at high altitudes, vaious abnormal  aircraft behaviour which  is  usually associated with the shock stall  on the wing, tail and fuselage, appears and subsequently develops.  At  this the aircraft stability and control are getting worse, the effectiveness of the rudders and ailerons decreases.  Self-oscillations can also occur. 

  When maximum speed is exceeded, a spontaneous bank is observed on some aircraft at  neutral position of  ailerons control stick.  This phenomenon is to some exted  the characteristic of almost all aircraft with  swept wings.  The reasons for such aircraft bank are: some asymmetry of the profile contours, the difference of  the angle of insidence  and sweepback angle of  the wing halves, loss of  ailerons effectiveness. 

The difference in  stiffness of the wing port  and starboard  halves  can be both constructive and productive, and  operational and maintenance reasons.  The latter include:  high overloading during flight and "rough" landing that leads to  deformation of load-carrying  elements; the duration of operation;  careless   maintenance and repair performance. 

During  high-speed flight,  suction force can reach high values, which may cause asymmetrical deflection of flaps, landing gear covers,  hatches  etc.  This in its turn, may also cause spontaneous aircraft bank. 

To prevent  the aircraft bank it is necessary to  increase  wing rigidity  and  establish  severe tolerances.  However, at  improper operation and careless maintenance, the   aircraft bank may occur at the speeds much lower than  V max. доп. 

On the aircraft with swept wings within a certain range of Mach numbers,  lateral instability may occur.   The fact is that when the  rudder is turned, for example, to the right − there is a bank to the left, and vice versa.  We may say that the airplane banks in the direction opoposite to the rudder deflection. 

Lateral instability is caused by aircraft sliding downward at rudder deflection. This leads to a change of relative wind angles at  port and starboard wing halves. 

To ensure flights safety and efficiency, flight modes at speeds V max. доп or so, are used in CA very rarely and mostly at  emergency; for instance, at emergency descent  in case of cabin depressurization at high altitude, when leaving frost area and  bypassing the thunderstorm, etc.  Flying at such speeds is  also accompanied by high fuel-hours and fuel-kilometers consumption which significantly increases transportation cost.  In addition, the duration of engine running at  maximum power setting  is limited in time to ensure  engines reliability . 

Level flights at rated power setting are not exercised very often as for efficiency and the reliability of power plants. Fuel-hours and fuel-kilometers consumption in this flight mode is also high, but power plants are working in unstable conditions.  The latter is the reason for limiting the duration of the engines operation at rated speed.  The most widely used range is a  cruising mode in which the duration of the engines operation is not limited and the highest safety and efficiency of flights is provided. 

There are limits for  supersonic aircraft too − the maximum indicated air speed and Mach number, due to design features and the different nature of flow  of Zhukovsky’s curves, for subsonic and supersonic aircraft. 

In addition, for supersonic aircraft, the flight speed may be limited by the heat degree, structural peculiarities and the materials used. 

For all altitudes in the stratosphere (from 11 to 20 km), where the outside air  temperature is constant, a constant maximum number M is set  At altitudes below 11 km, flight speed is limited to the boundary  value of indicated air speed. 

13. 2.   Aircraft systems control at various stages

of flight

Pre-flight check of AC engines and functional systems by flight engineer and other crew members

During fitting the aircraft for departure, the flight engineer (or mechanic) starts  the engines.  All operations which should be performed by flight engineer during engine starting and testing are available  in  Flight operation plan (FOP) of a particular aircraft type. 

During  engine testing, the  flight engineer must make sure  that the control sticks are moved easily, the power plant instrument readings are accurate, the  values  of which must be  set  in accordance with  FMP. 

Then the fuel system is checked.  First of all  the control system serviceability should be checked. It is defined by autimatic  illumination of  signal lamps  of consumption and   the fuel pumps    operation indicators. Switch "Auto-Manual" should be set to "Auto".  Depending on the  fuel availabe in the tanks, the light "Order of fuel consumption" illuminates  that shows that  transfer pumps of these tanks  and  the lamps of their operation are switched on. 

 Serviceability of the  fuel content gauge is checked by pressing  appropriate buttons at  each indicators,  making sure that the arrows move in the right direction and at the desired value.  The fuel reserves are checked  according to fuel content gauge values,  and compared  with  the volume set for the flight task.  Flight engineer is  to check the "Automatic alignment”, flow meter, fuel shut-off valves, operation of all fuel pumps and  ACS fuel pump. 

Lubrication  system is generally controled   by checking   pressure and oil temperature readings at the engine inlet, as well by indicators  : "Little Oil", "Extra oil," “Oil pressure", "Chip in  oil"

Controls and  fire protection system warning are located on  flight engineer panel.  "Fire" indicator is the only one  located on the pilot panels.  Before taking off, make sure that  AFS of the system  and AFS of  fire extinguishers  are switch on, and after that turn on  switch "Power".  At this, the push-button lights and  yellow lamps  should not be “on”.  Then check the fire warning light "Lamp control " when clicked   the button lamps, yellow lights and lamp display "Fire" illuminate  and then press, in turn, all buttons " System Control ", "Smoke in baggage compartment" illuminate. 

Flight engineer must check the hydraulic system operation before flight prior to  engine start, after starting the auxiliary power unit (APU), after  engine start, and provide  hydraulic system operation check during  flight. 

Before engine start, make sure that the system pressure remains within acceptable limits when parking break is set. 

 At routine   start of the engines,    hydraulic system pressure is checked with pressure gauges. 

      During flight, hydraulic systems operation control is provided by  flight engineer with gauges of the main and emergency systems, as well as  with signalling lights.   Liquid level in the tank is checked with the level gauges  by pressing the buttons on the panel. 

The procedure of  checking hydraulic systems, parameters value and major faults is presented  in FM of specific aircraft type. 

Before departure the serviceability of AC anti-icing facilities   should also be checked.   Anti-icing facilities  of  engines intakes, wings and tail unit, slats, glass canopy,  pitot head that supply the  membrane-aneroid instruments  with pitot head are checked in turn.  Flight engineer also checks the working ability  of  aircraft and engine  anti-icing detectors.  Control of anti-icing devices is performed by switches installed on the flight engineer switchboard.  When  anti-icing devices are “on”, the corresponding indicator lights illuminate.  Anti-icing devices control and their check  is done by the flight engineer or  mechanic    in accordance with FOP of specific aircraft type. 

The crew actions at  holding position and  lining up are notified  in  FM of  aircraft type, aerodrome instructions and a map of   check inspection which are  on board. 

 The control check map is developed  for each aircraft type and may include  different procedures.  In all cases, it contains a list of actions that the crew are  to perform at the start before flight. 

Directly at lining up, the stabilizer, flaps position,  instruments energizing, and readiness to take off are checked.  In the same map there is  a list of controllable  operations to be performed prior to landing before descent and in   the traffic circuit. 

  AC prepares to take-off  during taxiing down the   TW to the runway and ends directly at line up. 

While taxiing to the holding position  and lining up, the crew members are  to monitor the environment and  warn the captain about  possible obstructions.  Before AC   lining up, the crew must be informed by the Traffic Controller about conditions of takeoff  and outbound clearance. The crew should inform the controller about readiness  for flight and receive takeoff clearance.
The above mentioned operations having been done, takeoff is performed. 
Features of AC power plant control  in flight

For turbojet aircraft  at steady level flight, there exists  a certain  dependence  between flight speed and  engine rotor speed, which determines its thrust.  The  roational speed value (thrust) is determined by the position of the  engine control lever.  Thus, for  turbojet engine, the change of  operation mode  and hence flight speed is made by changing the position of  engine control lever. Power plant control with a variable-pitch propellers is done in another way, as  the rotational speed cannot characterize the engine power and, consequently,  flight speed . 

For turboprop engines (TPE) the dependence of power from rotational speed is expressed by power  domain 1-2-3-4-5 (Fig.13. 1). 

On the left, this domain is limited by  characteristic 1-5, which defines the value of the minimum rotational speed at which the engine is running steadily. 

Characteristic  1-2 is the limit for the gas temperature.  It limits  fuel supply depending on the rotational speed (air flow rate) and is the  characteristic of automatic acceleration control. 

Characteristic  2-3 is obtained at the maximum fuel consumption and is also limited by the maximum values ​​of gas temperature.  Equidistantly to it, the similar characteristics for different fuel consumption тТ1, тТ2, тТ3, тТ4 and тТmin  are  presented
Characteristic  3-4 restricts power domain on the right.  It limits the maximum rotational speed to prevent the  motor shaft overspeeding.

Characteristic  4-5 corresponds to the minimum fuel consumption.  Further reduction of fuel consumption causes flame disruption in the combustion chamber, and the engine cuts out.  This characteristic is determined by the position of minimum fuel consumption proportioner.  It is in the domain of negative thrust.  For engine operation at such  fuel consumption it is necessary to receive  power  from outside; and this source  is the energy of the relative wind.  The turbine does not generate enough power for  rotation of the  compressor and propeller and that is why  the power plant generates negative thrust. 

The curve (characteristic 6) of needed power for  cold cranking of  engine rotor is below.  In flight, for cold cranking of the engine rotor    the energy of relative wind is used  and on the ground  -  starter power. 
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                               Fig. 13.1  TPE power domain

Limits (boundaries) of power domain  are provided by the appropriate setting of fuel system automatic devices, and speed  controller.  By changing its setting and position of the engine control lever   (ECL), it it possible to set  engine operation during flight which corresponds to any point within  the given power domain.  But on most TPE  these features are not employed, due to a number of features of this  engine type, such as  poor acceleration, possibility of   surge at sharp increase of  operating mode, inadmissible high temperature overcontrol.  TPE characteristics are usually such that the difference in engine power and propeller power  beyond  the point of intersection is relatively low.  This is the reason for  poor acceleration of this engine type.   Transition period  of TPE from idle to take-off reaches 15s and more. 

Taking into account all mentioned above and  relative complexity of  control systems, preference is given to the systems that provide  constant speed.   Characteristic of the engine with such a system when operating  on the ground  correspons to   curve a-b-c (fig.13.1).  The point a corresponds to the idle at which the air screw has the smallest     blade setting φmin.  When the lever is pushed forward to the  engine speed setting  the motor overspeeding occurs along  line a-b.  Further forward movement of control stick does not cause an increase in speed, because the revolutions-per-minute governor  which maintains the  given speed constant is actuated.  At this, engine power and  blades setting increase.  When throttle valve is open, engine power increases to the  maximum value (point c). 

Features of  functional systems and engines control during take-off and climb

Take off  is one of the most complicated phases of flight.  Before take-off at lining up, the crew members check once more the serviceability of all systems and equipment and their complience with   the test check map and report the captain about  readiness to take off.  In this case, the aircraft is  on  brakes; the  slats, flaps and stabilizer are set in take-off position, and  the nose strut control switch to  "take-off run − roll" position. 
After take off clearance , engines are switched  to take-off mode, brakes are smoothly   released  and the aircraft starts  take-off  run. 

Steady  direction is achieved by the rudder, and at crosswind brakes can be used. 

Speeds VR = (0,6. . . 0,7) Vвід, having been reached,  the pilot by pulling the stick toward himself elevates the nose wheel strut  from the runway and at  speed Vвід the aircraft unstick the runway.  After that, at the altitude   not less than 3 - 5 km  at captain’s comand  the crew retract  the landing gear. 

Horizontal distance that aircraft covers from the moment of  its motion up to  10 m climb,  simultaneously  gaining   safe speed Vбез = 1,15 VS (where VS − aircraft stalling  speed) is called the length of the take-off run Lзл. дист.  For modern aircraft Lзл. дист = (0,5. - 2) Lроз. 

At not less than 200 m hight  (according to FM)  flaps and slats are retracted and the stabilizer is set.  After that, the engine is transferred to the nominal mode and climb begins.  At  altitude of 300 -  400 m,   air conditioning that automatically maintains the set  temperature and pressure in cabins  and the cockpit, is switched on.  In   possible icing conditions (clouds, fog, snow, drizzle, rain at  temperature + 5° or less) prior to departure: anti-icing system of engines − just after running and  reaching them the  idle power, and anti-icing system of the wing, tail unit and slats − after lift-off the ground,  are switched on.
The main characteristics of  climb are the  following:

- indicated and vertical airspeed;

- passed  horizontal distance;

- endurance  and fuel consumption. 

There are two modes of climb: maximum rate-to-climb and economic (climbout speed ).  
     The maximum rate-to-climb mode is  recommended when it is necessary to gain climbout speed   in the areas of intensive air traffic, at  overcase, bumping, as well as in the case of one engine failure.  At such mode it takes less time to climb, the distance passed along  the horizontal line  (fig.  13. 2) decreases, but the total flight  endurance  and fuel consumption  increase. 

Economic  (climbout speed) mode is performed at much higher indicated  speed.  This increases the path and rate  of climb.  This mode  provides minimum  travel time at  low fuel consumption per flight.  Thus, the mode provides the least aircraft operation cost.  The main AC takeoff quality indexes are  acceleration path and ground floatation. 

By ground floatation is understood the  ability to taxy and take off and land on unpaved airfields,  the depth of track formed by the landing gear while  aircraft movement should not exceed the assigned  values.  Roughly,  possible  value of track depth h can be defined as:
h ≤ B/4,

where B − width of the  wheel tyre. 

Good ground floatation  provides the opportunity to take off from unpaved airfields at  reduced strength of the soil.  At taking-off from a dirt strip, the  length of acceleration depends on the angle of attack during acceleration.  The minimum length of acceleration is achieved at high angles of attack.  The lower the strength of the ground or deeper the snow, the earier the aircraft should fly at take-off angle of attack, so that at the expence of  lift increase  to reduce friction between  landing gear  wheel  and  the ground.  At taking off from unpaved strips, the crew must be especially careful because due to the strip roughness   the plane during acceleration may oscillate in the longitudinal and transversal directions, and it becomes difficult to determine the nose wheel  unsticking..  Before take-off from grass strip,  it is necessary to calculate thoroughly  allowable take-off weight and length of acceleration. 

The main peculiarity  of the aircraft take-off at crosswind  is a ground-looping moment, under the action of  which the aircraft may deviate from the runway centre line.  Under these conditions, a pilot using the rudder, ailerons, and if necessary - brakes, keeps the plane on the runway centre line.  Aircraft  unsticking  is done in this case at the speed that exceeds the usual unstick speed  by 10 - 15 km/h.  After unsticking the warning angle is set to follow flight   direction. 

Control of the functional systems and engines during landing

While getting ready for landing, which  begins at the flight level altitude, aircraft control system, the pressure in the hydraulic and air systems, fuel distribution in groups of tanks, aircraft landing weight, etc. are  checked  If landing is carried out in possible icing conditions, then anti-icing system is on.  In this case, anti-icing systems of the wing, empennage, slats and pitot tube are off after aircraft landing during  landing roll , and glass panel and engine − just before engine is shut down. 

Approach is performed in one of two ways: traffic circuit or "on final", that is  without  a circle over  the airfield. Landing on final is  more economical, but is performed taking into account  weather conditions and crew experience.  Traffic circuit is performed according to the requirements of the landing system controller at 40 - 60m. height.  In this case, air-conditioning system turns off and the cabin is  depressurized.  Before turning base leg  the landing gears is being retrected.  Flaps are deflected  step-by-step: after turning base leg they are in  take-off position, and after turning on final they are in landing position.   Turn on final is made   in such a way that the plane after turning, lines up for   the runway.  Passing over the  outer marker (at the distance of the RW threshold about 7 - 8 km) and inner marker  (about 1 km from the RW threshold) is  at  altitude of about 200 and 60 m respectively. 

Landing roll can be reduced by shortening the air section of the landing distance and landing roll  that can be achieved by skills of the  crew,  accurate calculation, efficiency of high lift devices.  Roll distance depends on the experience and skill of the crew.  It is important to use timely  and correctly various means of braking (wheel brakes and reverse thrust).  The correct application of  brakes can reduce landing distance  up to 50%.  Brakes are applied when  all landing gear wheels come in contact with  the runway.  Brake efficiency mainly depends on the runway surface condition which is characterized by the runway surface friction coefficient . 

The use of TPE negative thrust  is the most effective way to reduce landing roll, as it doesn’t depend on the RW condition.  Landing distance reduction can reach 50%. 

As it is known, the negative (reverse)  thrust occurs when the angle of attack of rotor blades becomes negative.  This is achieved by unlatching  the pitch stop when the engine is at reverse idle.  The higher  the speed of the plane during roll, the higher  negative thrust is.  Therefore, the blade is latching the pitch stop when the nose strut is retrected.. 

 The  negative thrust is achieved by changing the direction of gas stream  from the nozzle, that is by reversing thrust.  Reverse thrust depends mainly on the mass, velocity and angle of  gas rotation which ends in the opposite direction.  Negative thrust is usually characterized by  reverser factor, which is the ratio of  negative thrust to the engine static thrust:

б = Рrev/Рst ,

where Рrev − negative (reverse) thrust; Рst − static thrust. 
For the devices with better  reverse thrust  b = 0,5 - 0,7.  Wear of  tires is reduced when reverse thrust is used for braking.  The braking effectiveness  does  not depend on the runway condition.  Reversing devices should be actuated  after aircraft landing. 

13. 3.  Aircraft safety provision during landing

Flight safety provision by crew
Statistics of light accidents  both passenger and military aircraft vividly  demonstrates the importance  of  human factor  in  safety provision of different aircraft operating systems.  Much is done in different fields for   improving human reliability, especially pilots and controllers.  Aviation ergonomics and aerospace medicine are successfully developing.  Methods and means for training civil and military aviation pilots and ground staff are being  improved. 

Psychophysiological  aspects of aviation safety (AS) improvement are  measures aimed at   increasing  the ergonomic factors  of aircraft, ground facilities and capability  of a man. 

This aspect  should provide:

-  the optimal distribution of functions between the crew and automatic control systems;

- complience of  aircraft performance, control systems and ground-based means with psychophysiological features of the crew and operators;

- creation of optimal information systems;

- selection and training of pilots and operators of ground facilities. 
An important factor  in  flight  safety provision is  systematic training to master by practice the flight skills and maintan  them at a specified level.  For this purpose, simulators that allow to master the crew actions in modelling and simulation of emergency situations are used. 

A  designer, while developing a new aircraft, must always remember about the people who will navigate it   and construct  an airplane for future  successful operation.  The motto of the aircraft designer must be:  a constant search of  reasons at which the operational staff could not prevent accident or possibility of its occurance  and work out  measures to eliminate these reasons. 

When designing a  cockpit control panels and controls of the main aircraft systems,   possible errors of pilots and technicians that provide aircraft ground maintenance should be taken into account:

 - inaccurate  performance of  a required action;

- not execution of a required action or its omission;

- violation of the sequence of necessary actions;

- performance of  unnecessary or extraneous action. 

Correct assesment of the characteristics of human interaction with the machine on the  pattern  "perception − action − reaction" allows  to develop a virtual  model of each crew member action. 

Fig.  3. 13 shows the change of  distance, at which the plane flies  the period  required for the pilot implementation of successive phases of response on changing air conditions, in particular controls actions to ensure flight altitude over the encountered obstruction of 15 m hight.
      At  aircraft speed of  900 km/h.  the safe distance to the obstruction should be not less than 2 km. 

On-board facilities of   safety provision during landing

Along with  the  provision of  high   aircraft systems reliability that affects safety, special systems and devices are used in the event of emergency  situations threatening  aircraft safety. 

On-board   safety facilities  include:

- the  devices to warn the crew about  aircraft reaching    boudary or close to boundary flight modes,  failures of systems, fire, etc. ;

- counteracting systems of dangerous situations prevention, for example, transfer the aircraft to a  level flight;  autopilot turning off at its failure; flying  at  safe altitude when the  automatic system, that indicates aircraft  passing over dangerous relief of  terrain, fails; setting spoilers in retracted position at their failure; switching power supply of major consumers from storage batteries at  DC generators cutting off; switching on the  reserve and emergency systems in case  the main  and automatic fire extinguishing systems fail. 

Fail-safe response of emergency  and switching systems must be qucicker  than that of the aircraft systems which are normally functioning. 

To improve flight safety  a number of additional systems are installed  on board the aircraft.  For example, a system of ground proximity warning system on the passenger aircraft.  On  aircraft A-300  a fully automatic protection system is  used; it   sets  the maximum possible  engine thrust when the angle of attack exceeds the maximum safe one or when the aircraft found itself in the area of  wind deflection. 

With the increase of controlled parameters, the crew  loading   grows.  The problem is solved by replacing numerical indicators with digital and light indicators.  In normal flight, light indicators should not illuminate  on cockpit consoles.  They are lit  only when there is an emergency  situation.  In an emergency situation the main information for the crew is presented in voice commands recorded on  the magnetic tape. 

As to  the action effectiveness and the pilot's reaction time, the voice signal is on the first place, then comes the display board and numerical indicator. 

The individual oxygen devices with antismoke masks and emergency escape facilities are available for the passengers and crew survive  in  emergency situation. 

Airborne  accident recorder enhance aircraft flight safety by storing valuable information about flight parameters, functioning   the most important systems and  crew action just before the moment of the accident.  Parameter recording is stored during the  flight.  Data storage device is inclosed  into a bright orange or bright yellow container that protects the tape against overloading shock, high temperature and fire, water and corrosive liquids.  The reflector is set on the upper surface of the container to facilitate its  search underwater.  An acoustic beacon is mounted on the main body of the container.  The record of airborne  accident recorder can be decoded by ground decoder device.

Ground facilities  of safety provision during landing

Ground facilities of  air traffic control (ATC) are crusial in  flight safety provision. Currently used  systems request the altitude and identification code  of all aircraft in radar service  zone (RSZ).  The modern automated ATC systems provide discrete address requests and highly accurate determination of azimuth and aircraft distance.  Each aircraft receives a request addressed to it, and ground system receives responses protected against  interference. 

Improvement of ground ATC facilities of  air traffic safety associated with the introduction of warning systems for controllers  and the  crew about   minimum safe flight altitude.  Based on maps of the ground  surface which is stored in the computer memory, the system considers all natural and artificial obstacles on aircraft route and gives a warning signal if the current parameters of  flight  indicate that at the next stage of  flight, the altitude is less than safe.  Ground facilities for automatic landing in adverse  weather conditions and similar means of landing provision of carrier-based  airplanes are used to inhance   safety.  

Ground braking systems, arresters and sand traps ensure safety  in emergency  situations that involve aborted  take-off,  RW undershooting,  icing of strips and  failure of  aircraft brakes . 

Ground facilities that check the level of the professional training of flight and maintenance staff  (simulators  and testbeds), medical aids of  health control  of the people admitted to work on aircraft, enhance  flight safety.  One should also note the importance of aids that scare  away  birds and animals in the vicinity  of the aerodrome. 

Meteorological stations of airports and airfields are  equipped with sophisticated  means of forecasting  weather condition changes.  For  timely detection of wind shear zone formation in the vicinity  of the aerodrome, special sensors are installed. 

13. 4.  Selection of the  most favourable  flight modes 
(flight on ceilings)

     Long-range GTE aircraft, significantly reduce their initial weight during flight  at the expense of  burning fuel.  This fact should be considered at calculation of flights, especially long-range ones, as with flight  mass reduction, fuel-hours and fuel-kilometres consumption decreases.  However,  aircraft weight decrease  during flight can be efficiently used at the expence of altitude increase.  This fact is used as a base for optimal flight altitudes (ceiling) at which climb is performed at the expence of fuel burning. (Fig.  13. 4). 

Aircraft ceiling  depends on the flight  mass: the greater aircraft weight, the lower its ceiling is, and vice versa;  thus for safety reasons aircraft cruise  at altitudes  1 - 1,5 km. below the ceiling if the flight levels are not assigned.  

[image: image97]
To fly at opimal  altitudes it is important to find out the  parameters which  the pilot must sustain in flight. 

It should be remembered  that ceiling  flight  is performed at very small angle of climb.  In many cases the angle does not exceed 0. 03 . . . 0. 04°.  The  value of  tilt angle slightly affects most  of parameters, so practically at ceiling  flight two parameters should be  maintained: the  M number and  rotational speed  of TJE rotor. 

To begin  ceiling flight,  the optimum height is attained for the given flight weight, the assigened  flight mode is set, and then during flight  the above mentioned  parameters are constantly maintained.
13. 5.  Failures and malfunctions of power plant  in flight

The  experience of GTE aircraft operation shows that the most typical faults of power plant is engine failures,  and  fuel and oil systems failures and malfunctions.  Statistical data as to  the failures of aircraft engines indicate that they mainly result from design and production reasons and rarely from  operational reasons such as  water, dirt, birds and other foreign objects getting inside during engine run  and aircraft movement down the taxiways or  runways, and in case of  loading with  non-standard fluids. 

 The distinguished failures in GTE  are: parametric  or gradual caused by   deviation  of  parameters from the set limits, and a sudden, caused by the destruction of certain engine parts and components. 

Since the main engine parameter is thrust, or power, the crew learn about engine failure with reduction of   airplane acceleration at take-off or the tendency  to bank  and roll toward the failed engine.

The most usual   is the failure due to engine  gas dynamic instability  caused by  malfunction of the compressor control mechanism and automatic control systems of engine fuel supply and also destruction  of compressor blades and engine shaft seizure   and others. 

 Engine thrust  decay or  when the  engine fails to attain the set mode is also possible due to improper fuel pump adjustment  because of  spring contraction or contamination of channels and fuel jets in the aggregate, contamination of fuel filters with mechanical admixtures, or their icing at low temperatures  when  water is present in the fuel. 

Fuel supply could also be disrupted as a result of air accumulation  in the pressure pumping units or in stagnant  piping sections, airtightness  break  in automatic control   line of  fuel pump regulator, etc. 

Jamming of the rotor engine bearings can be caused by  specific lubrication system faults: low oil supply  to some bearings; clearance changes between the rotor and oil drive pump casing at  uneven cooling when the operation mode changes; poor oil filtering from mechanical impurities and low air separation that hinders oil circulation etc. 

During operation, there are cases of destruction of  compressor blades and turbine vanes caused by gas air  flow flactuation and uneven pressure and temperatures fields;  damage of  blades by foreign particles and in some cases by design  errors  -  low vibration-proof, faulty  material for blades, etc. 

During operation of power plants different faults and failures in  oil system can occur.  Thus, operation of engines is prohibited if: engine inlet oil pressure does  not  meet TC; before engine starting, the engine intake oil temperature is  lower than the minimum permissible; light "Chip in oil" illuminates; physical-chemical oil properties  do not comply with TC;  extra permissible  volume of  oil overflow from the oil tank to the engine during aircraft parking during 24 hours; dangerous leakage of fuel and lubricants, and others. 

Modern aircraft oil systems  are fitted with diagnostic equipment   that provides control of pressure, temperature, presence of chips in oil, and  fire warning .  To the  means of early diagnosis can be referred  magnetic plugs for catching ferromagnetic particles and also periodic spectral analysis of samples of oils on the content of iron and other metals. 

Current  assessment of aircraft engine operation reliability is held mainly on three average statistical factors: operating time with one engine failure in flight; operating time with one ahead of schedule  engine  removal; operating time with one fault detected and removed during maintenance. 

At the operational bases, operational monitoring  of   these factors  and  comparison   of their actual valuess with the standardized ones is performed. 

13. 6.  Ways of fuel and lubricants  saving in flight

Over  90% of fuel in Civil Aviation is consumed during flight operation so great attention is paid to the fuel saving in flight.  Premature engine starting, long taxiing  and holding  for take offs and landings cause  fuel waste.  So midhaul aircraft towing  instead of taxiing  for 5 min  gives 250 kg fuel savings.  It is calculated  that by reducing time of aircraft take-off holding in each flight just for 1 min.  can give  significant fuel saving. 

Thus,  strict interaction of  the dispatch service with the crews and provision of  towing instead of taxiing  to hold up  is  one of the ways to save fuel and lubricants. 

After taking off the crew should reduce the time of engines run in take-off mode and  manoeuvring period of  the aircraft down  the airfield strictly  following the  pattern esteblished  for the particular airport. As it is known, take-off mode is characterized by  maximum fuel consumption per time unit. For instance, for midhaul fleet,  it is 300 kg/min. and  reducing the period  of  engines run  at take-off mode  only for 1sec. provides 150 t/year fuel saving.

     Fuel-hours and fuel-kilometers consumption is  significantly dependent on  flight speed, altitudes, and  aircraft weight. The best flight altitude (level) depends on the distance, and the best speed  roughly  corresponds to the minimum fuel-kilometers cost Sk . Any deviation from the best flight levels and crusing  speed  leads to extra fuel consumption in flight. Thus, when  medium-haul airplane  increases the speed from the best speed only 10 km/h, it   increases fuel consumption of 150 kg/hr. and reduction of  flight altitude   only on  one level leads to   420 kg/hr. At   long-range cruise it is possible to reduce   significantly fuel consumption by increasing flight altitude gradually.

 Fuel consumption saving in flight can be provided by the optimum amount of fuel loaded every flight. Thus, medium-haul aircraft  that carries 1 ton of  "extra" gasoline  causes  overconsumption of 120 kg/hr.

Some fuel saving  can be provided by the modes of  economic descent  from the flight level. For this, the altitude  and distance, from which  descent begins, is chosen so that the plane descends    continuously with a constant glide slope angle up to the final stage of approach. It is desirable to land without circuling, i.e., from final , whereas circling lasts 5 - 6 min. and fuel consumption for mid-haul is about 110 kg/min.

Fuel economy after flight may be achieved by taxiing   aircraft from the runway to the parking stand with  minimum number  of running engines. Thus, mid-haul aircraft during taxiing with one engine instead of three saves up to 30 kg/min. Even greater saving (about 50 kg /min.) is  achieved at  aircraft towing to the parking stand by the  tractor.

Another  reserve of fuel economy is  the increase  of aircraft payload. Straightening air routes is an important source of fuel economy too.

To reduce fuel consumption, the   intermediate landing for refuelling aircraft should be avoided , and  the number of training hours should be reduced at the expence of simulators that are widely used  for  flight crew training.

Self-study check

1. Name and briefly describe the flight modes.

2. Name the causes and nature of flight restrictions.

3. The duty of flight engineer at pre-flight airplane engine check.

4. The duty of flight engineer at pre-flight airplane functional systems check.

5. What is the  purpose and  essence of the control check card?
6.  What are   power plant control  features of TJE and GTE aircraft in flight.

7. Characterize TPE power domain.

8. Characterize the aircraft flight profile at various modes.

      9. Specify features of  functional systems and engines control during   take-off and climb.
        10. What is ment by  " aircraft  ground flotation".

11. What is the peculiarity of aircraft take-off at cross wing? 

12. Characterize the control of the  functional systems and engines during  approach to landing.

13. Characterize the control functional systems and engines during landing roll. 
14.  What are  crew duties  in safety provision?
15. What are on-board flight  facilities used during landing?.

16. What are ground facilities used  during landing?.

17. Explain the choice of the most favourable  modes of flight.

18. What are   the most frequent faults  and failures of the power plant during flight? 
19. What are  the ways of  fuel and lubricants saving?.
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Fig. 2.2. Diagram of g-percentile lifetime determination
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Fig. 3.1. Air Transport  System structure
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Fig. 3.2. Air Transport  System diagram
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Fig. 3.4. Structure of maintenance and repair system 
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Fig. 3.9. Principles of Quality  Maintenance System Provision
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Fig. 4.1. Structure and items  of requirements for the complex AC maintenance program
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Fig. 4.2.  Principle  of preventive limits determination: 


1 –  serviceable and working condition domain; 2 –  faulty condition domain; 3 –  faulty and unworking condition domain; t1 і t2 – moments of the first and second inspections; T1 і T2 – moments of levels η1  and η2 intersection by


  realization of random process η(t). 
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Fig. 4.3. Interconnection of  on-condition maintenance strategies  with continuous control of parameters with the limits of diagnostic parameters η1 and η2 (ηдоп – valid parameter value)
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   Fig. 4.4. Interconnection of  on-condition maintenance strategies  with periodic control of parameters with the limits of diagnostic parameters η1 and η2: ηдоп – valid parameter value; t1, t2, t3 – moments of checks
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Fig. 5.1. Typical character of fatigue crack propagation in aircraft skin
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Fig.12.3. Wind triangle:


Cм –  north line of magnetic meridian; Кс –  angle of aircraft flight direction; V – air speed; Vш – ground speed; W – wind speed; Кв –wind angle; Кз – drift angle; APL –assigned  path line; δнв – nautical wind direction; δм – meteorological wind direction
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Fig. 12.4. Location of the aircraft gravity center by MAC wing








Fig. 12.5. Dependence of thrust, specific fuel-hours and fuel-kilometers consumption from flight speed
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Fig.  13. 2.  Aircraft flight profile 


1 − at maximum rate-to-climb mode; 2 −  at economic (climbout speed)  mode








Fig.  13. 3.  Dependence of safe distance to the   obstruction upon  the aircraft speed at successive phases of response on changing air conditions:


1 − to divert  the eye from air situation  to devices, 2 − to divert the eye from  devices to  air situation, and 3 − decision perseption, 4 − decision making, 5 – response
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Fig. 13. 4.  Flight rofile at optimal altitudes
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