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PBL Based Technical Repair And Maintenance In Development
Of Aircraft

Abstract

Air transport is the most important link in a single global transport
system. The main purpose of the technical operation of aviation
equipment is full and basic support, maintaining the airworthiness of the
aircraft throughout its life cycle and creating the necessary conditions
for effective use for its intended purpose. Operating costs are one of the
most regulated cost items of enterprises, so reducing operating costs
will ultimately increase productivity. The topic of the master's research
Is technical repair and maintenance based on PBL in the development of
aircraft. The relevance of the research topic is to identify problems
during aircraft maintenance. Various research methods, comparative
analyses, etc. were used in the work.

The topic of the master's research is technical repair and
maintenance based on PBL in the development of aircraft. The
relevance of the research topic is to identify problems during aircraft
maintenance. Various research methods were used in the work, a
comparative analysis was carried out, namely.

One of the most important competitive characteristics of complex
high-tech products is the cost of the product life cycle - the total costs
associated with the product throughout its life cycle. In the case of a
high-tech product, the costs at the after-sales service stage, which are
necessary to maintain these indicators in the field of safety, reliability
and availability, contribute to a significant excess of the costs of its
purchase. In accordance with this, a full analysis of the costs of
maintenance and operation of the aircraft was carried out using the
traditional method.

Another problem of aircraft maintenance is an outdated contract
model and a large overpayment when receiving services, as well as an
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increase in the time of aircraft maintenance and preparation of
documents, therefore, the paper proposes methods for calculating
maintenance savings based on the pbl concept, as well as methods for
Improving aircraft maintenance, methods for reducing the supplier base,
also based on pbl.

The paper presents a model that reveals the essence of assessing the
economic effect of technological innovations at various stages of the
aircraft life cycle and is based on quantitative changes in the technical
and operational systems of the aircraft.

These methods, analyses and the developed model make it possible
to ensure optimal parameters of the technical and operational perfection
of the aircraft within technically achievable limits. The developed
model is based on a set of functional and cost (parametric) dependencies
and includes consideration of input (source) data - the requirements set
out in the design specification, with the possibility of further refinement
and coordination.

Keywords: Logistics chain; after-sales stage of the aircraft life cycle;
PBL.
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Chapter 1 Introduction

This chapter describes the developed mathematical model of the processes of
transition of the state of the aircraft, the processes of quality management of technical
operation of aviation equipment. The process of technical operation of the aircraft and
flight safety is analyzed, the tasks of ensuring the quality of maintenance and flight
safety are considered.

1.1 The problems of traditional logistics technical maintenance mode

Nowadays, after-sales service of aviation equipment, a service company provides a
full range of services or a service company that specializes in a certain set of services,
they build their logistics, focusing on the task of full readiness to provide all the
necessary work at any time at the request of customers. It turns out that the service
company creates a stock of all the necessary parts, materials and equipment to be ready
to perform all the declared types of work. Which is very costly for the customer.

In such economic conditions, service companies face numerous challenges
non-productive costs that can not be avoided technologically:

1. Diversion of financial resources for the purchase and storage of parts, materials
and equipment that may remain unclaimed in the main activity in the for a long time
due to the lack of orders to carry out work with them use;

2. Delays in the completion of individual orders due to a lack of one or the other
equipment, parts, materials, if the need for them for the execution of a specific the
order is higher than the standard inventory volume set in the company;

3. Technological, moral and physical obsolescence of stocks, a long time
un-claimed, which leads to an uncompetitive low the level of execution of orders using
them or to direct losses when accepting them decisions to eliminate such obsolete
stocks.

It turns out that within the framework of the traditional model, service companies
bear full responsibility for unproductive losses in the logistics system, since their
organization is built without any ability to predict the nature and structure of market
demand for work and types of services.

When switching to the model of service support based on the Performance Based
principle

Logistics (hereinafter referred to as PBL) service companies receive undeniable

-1-
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advantages in the field of logistics and personnel planning. Application of such a
logistics system based on the life cycle of at civil aviation, allows service companies to
rebuild the entire system organization of order fulfillment with a focus on achieving the
set targets serviceability development of the maintenance process and safety.

A fundamental difference from the traditional system in terms of organization of
work the goal of service companies is to select targets for business planning.

The model is based on achieving and maintaining performance indicators foreign
economic activity of enterprises, that is, the final result for the customer

1.2 Innovation requirements for logistics technical maintenance

Technological innovations are the final result of innovative activity, embodied in
the form of a new or improved product or service introduced on the market, a new or
improved process or method of production (transfer) of services used in practice.
Technological innovations can be both those products, processes, services and methods
that an organization develops for the first time, and those that it adopts from other
organizations.

The concept of repair, as a rule, is applied to the repair of the structure, when
something is riveted, airframe elements are replaced, doubler patches are put, some
changes are made to the design. That is, it is a consequence of some kind of abnormal
incident such as damage on the ground, corrosion, fatigue cracks, etc.

Maintenance is inherently preventive. Since the release of the aircraft and during
operation, degradation processes are constantly going on, and the point is to find the
consequences of these processes and eliminate them before they become a threat to
safety. Strictly speaking, before you face a security problem, you will have to break
through the fence of economic efficiency. That is, neglect of THAT primarily leads to
financial losses.

The simplest example is the operation of wheels. Airplane wheels wear out in
about a month. With normal wear, the wheel is sent to the manufacturer, and the tire is
restored by welding rubber, and this can be done up to five times. But if you do not
change the wheel in time, then it will not be taken for repair. That is, you can fly longer
on a worn-out wheel, but then you have to throw it away, and it will be more expensive
for yourself.

Various units either have their own resource and must be changed with a certain
periodicity, or they are operated according to the condition. Operation by condition is
divided into two types: with parameter control and to failure.

Operation by condition - certain parameters of the operation of this unit are

-2.
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controlled, and if they go beyond the boundaries, then it's time to change it. The control
can be either by means of tests or built-in monitoring systems for electronic systems, or
during various inspections or non-destructive testing for mechanical units and airframe.
For example, during C-check maintenance, the aircraft is disassembled to the structures,
and if corrosion or something else is detected outside the tolerances, then repairs are
already being made.

Operation to failure, as a rule, concerns electronic equipment. Modern avionics
systems often have self-monitoring systems, and in case of failure they issue a message,
they say, go on without me. The failure is isolated, and due to duplicate systems, the
aircraft can continue to be operated further. That is, the failure is not accompanied by
any sparks, smoke or insanely working devices, just a message is displayed about the
fault failure - switching to another system - we fly on. This approach made it possible
to implement a policy of CHALK flights with malfunctions.

The PBL strategy works by stimulating desired outcomes throughout the product
lifecycle, from design to operation and decommissioning. Those responsible for system
design, strategy development and requirements fulfillment should have an
understanding of the business model and prospects of the fighter and the supplier.

Under the traditional model of transactional product support, if the customer
purchases spare parts or maintenance services with the assistance of a commercial
technical support service (contractor) at the time of the need for repair, the contractor
has no incentive to reduce the need for repair work and the use of spare parts.

When equipment fails or undergoes major repairs, the supplier charges for repair or
replacement services on a case-by-case basis. When transactions are maintained, the
vendor's revenue and workload increase as the number of hardware failures increases.
PBL mechanisms and methods eliminate this discrepancy.

According to the PBL agreement, a commercial supplier acquires motivation to
reduce the number of repairs, the cost of spare parts and the labor force used during the
repair process. commercial suppliers are motivated to reduce the duration of system
downtime under PBL agreements, since it is stipulated in the contract, and their
revenues increase due to a decrease in their cost.

1.2.1 Performance based logistics (PBL) for aircraft technical maintenance

PBL is a logistics that is performance-based to improve aircraft maintenance and
support all types of product throughout the aircraft lifecycle. In PBL, results are
achieved through performance-based mechanisms that meet customer requirements and
also encourage product support providers to reduce costs through various innovations.
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PBL Requirements:

1. Preferably for PBL is an approach in which the final goals are formulated in the
contract, and not specifically the detailed composition of products or specific
services to service support.

PBL has a fully integrated supplier cooperation.

3. One integrator provider is responsible for the overall end result of all service
support.

4. The purchase and subsequent support of a specific of armed military equipment
system in operation are combined into a single process under the management
of a manager.

5. Applicable both at the level of large complex systems and platforms, and at the
level of individual subsystems.

For airlines, when using various aircraft, the main factor is the increased efficiency
of the use of aircraft, which plays a major role in raising competitiveness and
profitability in the air transportation market.

Availability indicators and indicators of the speed of after-sales service of an
aircraft have a significant impact on the efficiency of aircraft use. These indicators can
be used as key indicators in the formation of a logistics support system for the
operation of airline aircraft based on the principles of PBL.

When designing aviation equipment, the most important economic issue is to
determine the integral effect of improving its technical and economic indicators or the
effectiveness of additional investments associated with achieving a higher level of
technical perfection of the aircraft design. The main conditions for improving the
efficiency of the aircraft design are: reducing the weight of an empty aircraft,
improving the aerodynamic qualities of the aircraft, increasing the service life and
achieving maximum operational adaptability.

The goal is to shift responsibility for results to suppliers while reducing overall
lifecycle costs. From the point of view of the aviation department, logistics contracts
based on results can work, and their use is resumed.

1.2.2 Performance-Based Mechanisms for the aircraft technical maintenance

The essence of operational excellence is faster, more reliable and more inexpensive
efficiency. If the organization has not yet implemented this culture, then it is likely that
in all its programs, and not just in PBL, there is a decrease in profitability and a
deterioration in customer relations. If an organization has departments that adhere to a
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culture of continuous improvement, it is extremely important to change incentives so
that they apply to the entire organization, since most programs will be based on
common functions such as design, supply chain, procurement, procurement and
production.

PBL considerations should be part of the manufacturing/quality assurance (QA)
process, as repair processes (included in PBL) are influenced by production assembly
decisions.

The goal of PBL is to use performance-based mechanisms with an appropriate
contract structure and incentives to motivate the desired PSP/PSP behavior.

The result is an agreement that provides the necessary capacity to conduct actions,
positively affects the costs of operation and maintenance and satisfies the supplier's
need for profitability.

Costreimbursable Costrei

Fixed Price inc. Pain-sh. / Gain-sh

(e.g. Cost = Fixed Fee) ) ’ (e.g. Cost + Fixed Fee) Changing
| A Il Payment
| Y 1 7 1 Mechanism /
Basis of
Cost Cost Cost Cost P;: ment over
P ! u = I Product
Objective Exploration Reduction Containment /i L [:-,m.r;f

Support
Costs ($)

Phase dominated : Phase dominated
by cost uncertainty | by reducing costs
driven by | from efficiencies

performance, | gained from
usage and | reduced Phase dominated by inereasing cost
schedulerisks | uncertainty due to aging effeéts and obsolescence
I 1
Year 5 Year 10 Year 15 Time Important to align
Payment Mechanism
. with the Cost
Product Lifecycle > Uncertainty Fhase

Fig. 1-1 - The essence of operational excellence is on common functions

1.3 Analysis of PBL with traditional approach

The PBL strategy is to stimulate the achievement of desired results throughout the
product lifecycle, from design to operation to decommissioning of the product. Persons
who are responsible for the development of the system, or persons who are involved in
the development of strategies and the implementation of requirements, must necessarily
have an idea of the business model and prospects of airlines and all service providers.

If we compare the framework of transactional product support in the traditional
model, it turns out that when airlines buy spare parts or maintenance services from a
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commercial contractor, or in cases where repairs are required, the contractor is not
interested in reducing the need for repairs and spare parts.

That is, when any equipment fails or undergoes major repairs, the supplier charges
for repair or replacement services on an individual basis. It turns out that, while
maintaining transactions, the supplier's income and the entire workload will increase as
the number of equipment failures increases.

Thus, the traditional model creates a fundamental discrepancy in product support
for the customer, and PBL mechanisms eliminate this discrepancy. When paying for
performance, points per transaction, it is to commercial suppliers. It turns out that their
profits are negatively affected by any additional costs that they incur when fulfilling
contractual requirements.

Under the PBL agreement, the commercial supplier receives an incentive to reduce
both the number of repairs and the cost of parts and labor, or to reduce the downtime of
the system that is used in the repair process. As part of the PBL agreements, this is
stipulated directly in the contract, because the profit of suppliers increases by reducing
the cost of repairs and maintenance.

Commercial value is focused on profit, a significant increase in investment capital
and a guaranteed income stream. At the same time, suppliers who respond to a different
set of incentives are in demand, they require increased workload and increased strength
in warehouses. But they would also like to see the inevitability of repairs and repairs.
There is a desire to create incentives to achieve this goal.

If necessary, various incentives can be used for the operation of the store; But do
not take into account that the funds must start from the organic team, since the OEM
product Support integrator (PSI) prohibits receiving bonuses or other important
incentives for the public PSP within the framework of public-private content.

It is very important to understand the factors that are characteristic of the behavior
and motivation of a commercial enterprise when an integrator supports OEM (PSI)
products and offers suppliers. It turns out that participation, which includes significant
accountability to shareholders, attracts attention to goods and services in the market,
balancing business risks and bringing profit closer, provides shareholders with a good
return on investment. Since solid affairs are relationships of legitimate elements of
successful principles based on the position, it is important to understand how to work
from a corporate and individual point of view. This understanding will meet the
requirements of incentives, which must be justified by the need to achieve the desired
results of work.
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TRADITIONAL VS. PERFORMANCE-BASED CONTRACT
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Fig. 1-2 - Comparison of the traditional model and the new proposed model of PBL

The essence of operational excellence is delivering value faster, more reliably and
at lower cost. If an organization does not have this culture already embedded, then it’s
likely that all its programs — not just PBL — are seeing erosion of margin and
customer relationships. If there are pockets of an organization that embrace a culture of
continuous improvement, it is critical to change incentives so that it drives this across
the entire organization as most programs will draw on shared functions such as
engineering, supply chain, sourcing, procurement and manufacturing.

1) Aircarft’ material performance innovation requirements

The analysis of the logistics solution provides the very first opportunity to
somehow influence the various support capabilities and availability of different
technological systems, balancing the requirements for aircraft and the desired
operational capabilities, taking into account support and costs. Currently, an Alternative
Analysis (Aaa) has been completed, which includes a comparison of life cycle support
methods and costs. It is necessary to assess the performance characteristics (reflected in
such important indicators as the availability of material resources, reliability, operating
costs and other life support indicators) necessary to provide a combat fighter when
conditions are agreed together with performance specifications (such as speed, range
and lethality for hardware and speed, maneuverability and scalability for software).
Failure to comply with this condition may entail a decision that will create unaffordable
resource requirements during operation and maintenance.

-7-
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1. The main factors reflecting the PBL concept:

« All the main and key considerations that support PBL strategies and agreements

» Work with the customer to establish the necessary requirements for ensuring the
life of the aircraft, which are specific and measurable at the beginning of the program.

» Immediately identify and quantify all factors that affect costs, operation and
availability at the earliest stage and use opportunities to mitigate the consequences
through system development and alternative maintenance options.

« Influence the design, but from the point of view of reliability, maintainability, as
well as participate in forecasting and diagnostics, directly influence the definition of
special requirements for hardware (for example, corrosion control), as well as
modularity, reusability and testability of software.

2. Standardization of maintenance procedure

It is the promotion of standardized or common systems, components, spare parts
and other auxiliary equipment that provides the greatest flexibility and competition to
PBL mechanisms in the field of sustainable development.

« It is necessary to develop a product support strategy in the field of intellectual
property, including all the needs for ownership, as this is part of the acquisition strategy
being developed. Decision. This will allow you to use several options of suppliers and
systems, or subsystems for PBL.

* Prompt production processes that are standard and stable and can be used in the
warehouse as well as in production activities.

» It is also necessary to promote all structured and consistent software development
processes, as well as its maintenance actions based on typical maturity models. all this
ensures the greatest versatility and competitiveness of solutions in the field of PBL
support.

* Make sure that the requirements for a broad product support strategy meet the
requirements of Warfighter.

*Search within the service and on external resources for existing support solutions
that meet the requirements and contribute to reducing support costs.

1.4 PBL based product lifecycle in aviation

PBL is responsible for lifecycle management and is responsible for the
implementation, management and supervision of all activities related to the
development, production, maintenance and disposal of the system throughout its
lifecycle.

It is also responsible for developing an appropriate support strategy to achieve

-8-



Master's Thesis of Shanghai Jiao Tong University

effective and affordable operational readiness in accordance with the Warfighter
resources allocated for this purpose.

PBL is a strategy aimed at affordable and effective satisfaction of requirements (for
example, reliability, availability) and reduction of operating and support costs

The product support business model defines the hierarchical structure and
methodology by planning, development, implementation, management and execution
of product support for a component, subsystem or platform that will be performed
throughout the lifecycle.

A properly designed PBL mechanism aligns the goals of the supplier and the
government through the proper application of incentives.

The optimal approach is to take into account support capabilities and lifecycle
costs at the beginning of the program (or earlier). This inclusion ensures that the
attributes of the system have been designed in such a way as to minimize the need for
logistical resources, reducing operating costs. It also ensures that the acquisition
strategy and Lifecycle Maintenance Plan will take into account the technical and
product support data needed to encourage competition and other supply sources during
maintenance, while maintaining downward pressure on the cost of support.

As the program moves from development to deployment and life support,
temporary support mechanisms are being created for contractors and based on the
results of work to mitigate the risk of uncertainty and collect demand data for follow-up
activities.

As a program or product moves from development to sustainable use, actual costs
are collected and risks are reduced using cost-plus incentive mechanisms, as failure
modes are determined and demand stabilizes. After stabilization, costs are further
reduced by stimulating the improvement of processes and products.

Finally, as a system, subsystem or component approaches recycling, the emphasis
IS on containing costs associated with obsolescence, product wear, loss of sources of
production/repair, etc.

The aerospace industry has always been far ahead of other industries in terms of
introducing the latest technologies. They were the first to implement CAD when it was
born in the 1960s. It has become critically important for them to implement the latest
technologies in order to avoid difficulties with aircraft, various government and spatial
regulatory requirements, long service life, strict operational requirements and, of course
the same rules and security requirements. The use of advanced technologies for design,
engineering, manufacturing, planning, modeling and all other aspects of the supply
chain, including all the players involved, are becoming a matter of survival for
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aerospace industry players. With so many players infiltrating the airspace, it's also a
matter of survival of the fittest.

In addition, given the fact that there are several premises and external networks
that need to be managed, as well as to optimize outdated applications, the aerospace
industry market is not only a hope, but also, to put it mildly, extremely complex, and
this, in turn, has led to the introduction of PLM solutions. This helps them to enter the
market faster, reduce costs and increase revenues.

1.5 PBL based product lifecycle management

The product life cycle (product life cycle) is a set of processes performed from the
moment when the needs of society for certain products are identified to the moment
when these needs are met and the product is disposed of. Taking into account the stages
of the life cycle allows you to reduce the costs of product refinement or even prevent a
possible catastrophe due to the action of "unforeseen™ circumstances, rationally plan
activities for the creation and maintenance of products.

The stage of the product life cycle is a conditionally allocated part of it, which is
characterized by the specifics of the work performed at this stage and the final results.

The product life cycle includes: idea and marketing, design and development of
technological requirements, product development, logistics, preparation and
development of production processes, production, control of testing, packaging and
storage, sale and distribution of products, installation and operation, technical
assistance and maintenance, disposal of products. Production and technical cycle and
technological preparation of production. The most important stages of the housing and
communal services, at which the quality of the product is largely formed, are the stages
of the Chamber of Commerce and production, which are usually combined into a
production and technological cycle (PTC). Technological is any decision made and
implemented in the PTC, relating directly to the definition or change of the state of the
object of production and aimed at ensuring the output of products. Technological
solutions serve as the basis for the development of design and technological measures
and relevant documentation at the CCI, sent for execution and implementation into
production. The main functions of the CCI at the enterprise level are

e ensuring the manufacturability of product designs;

e selection and preparation of workpieces;

e TP development;

e design of technological equipment;

-10 -
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e control and management of TP.

Input data for the CCI system form: working design documentation for the product
and the directive billet, the volume of product output, information support.

When using computer-aided design systems for product structures (CAD),
information about the product and its elements can be imported by the CCI system in
the most convenient forms for use. In particular, instead of assembly drawings and part
drawings, geometric and technological models of the product and its elements obtained
in CAD are used. For example, solid-state models developed using graphical software
packages (Compass, AutoCAD, etc.)

The information support of the CCI can be divided into invariant to the functions
of the CCl and functionally oriented.

1.6 Product life cycle and technological preparation of production

As you know, the product life cycle is a process consisting of a number of stages
and stages at which specific tasks are solved in order to create and use (consume)
products.

1) The consist of life cycle of aviation equipment

The life cycle of aviation equipment may include the following main stages:
Technical specification for design;

Design;

Construction and testing of prototypes;

Development of technical documentation for serial production;
Serial production and delivery to the customer;

Operation and modernization of it during operation;

Disposal, from the working deadline;

N gk e

2) The requirements of information of the product life cycle

All stages and stages of the product life cycle are reflected in the design and
technological documentation. In relation to the product life cycle, information
contained in the product life cycle is also used, as well as planning, financial
accounting and other documentation related to accounting, storage of goods and its
purchase, and sale, etc. Classifiers of technical and economic information are used as
the basis of information support and logistical support in both processes. The design
documentation includes:

+ specifications;

« drawings of structures;
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« circuits (electrical, hydraulic, optical, etc.);

« technical conditions;

«+ forms, passports, labels;

« operation and repair manual;

- installation, start-up and adjustment instructions;

- educational and technical posters, etc.

The technological documentation includes:

+ route and operational maps;

« various technological statements;

« maps of technological processes, etc.

The most important process is data collection. Data collection to describe the
process of providing logistics services and aircraft maintenance begins with the
development of a data collection plan.

When implementing the data collection plan, all the data that is necessary for
conducting a qualitative assessment of product support will be provided and listed. It is
understanding what great data should look like that is part of the initial stage. If
possible, the collected data should be associated with the event. In addition, data should
be collected in the smallest possible form; avoid totals or pre-calculated indicators that
make it difficult to conduct a new analysis and/or use other assumptions or
calculations.

At the stage of data collection, the data should be presented in the most concise
form. All these actions at the initial stage, allow data analysts to draw their own
conclusions, which are based on specific data and the source data of the site, or if there
are questions about the assessment or specific conclusions.

3) Technical specification for design

The formation of the goals for which the aircraft is used to achieve, the
justification for the need for a new development requires analysis and prediction of
changes in the external environment — natural, i.e. in nature, and artificial, i.e. created
by human hands — and the consequences (environmental, political, technical) that the
development of the project will lead to, aircraft production and its functioning.

This work is carried out jointly by the organizations of the customer and the
developer. As a result of this work (sometimes referred to as external "design"), the
required flight performance characteristics (hereinafter LTX), technological,
operational and other requirements for the aircraft are determined, criteria (indicators)
for the effectiveness of the aircraft performance of the task are selected and the
technical specification for the aircraft project is formed.
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4) The agreement documents between the developer and the customer

There is no approved form for drawing up the terms of reference, and it is
determined by agreement between the developer and the customer. But in general, this
document should contain the following information:

+ Purpose of the designed system.

- lts characteristics, which are often set within the boundaries - no more or no
less.

+ Feasibility study. It should be indicated whether it is advisable to create an
object and how much it will cost.

« Terms of implementation. If the object is complex, then its implementation is
divided into stages, indicating the completion dates for each stage.

+ The cost of implementation.

5) The operation requirements of PBL

Also, other information may be entered in the terms of reference, which the
customer considers necessary to enter or. For example, the construction of a prototype,
the order of admission, evaluation criteria, requirements for the composition and design
of the project, etc.In general, the development of the terms of reference includes the
following steps:

1. Collecting initial information about the actual state of the object or what exists
in this area.

2. Formalization of requirements for the engineering system. The necessary
technical characteristics that must be achieved are fixed on paper.

3. Checking the possibility of achieving the required characteristics. At this stage,
an examination is carried out on the correctness of the Customer's requirements to the
current GOST standards, regulations, SNiP, etc. If necessary, the technical
characteristics and other requirements of the Customer are adjusted.

4. Approval of the terms of reference with the Customer.

6) The development design of aircraft for PBL

Designing aircraft structures is a complex process. In the process of work, all the
necessary stages of designing aviation infrastructure products are observed:

« Calculations of the future product are made taking into account the maximum
workloads, load capacity, installation features and much more.

« preliminary design. At the preliminary design stage, several aircraft concepts
are being worked out with a degree of detail sufficient to objectively assess the
advantages and disadvantages of each of them. At the same time, a compromise
between the very contradictory requirements of the terms of reference is achieved on
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the basis of more objective modeling results of the aircraft, its LTX, operational,
economic characteristics.

+ preliminary design;

« operational design;

The conditionality of such a separation is determined by the depth of study of all
aircraft systems.

The design and construction of objects of the aerospace industry belong to the
sphere of activity of specialized design bureaus. In addition to designing a new product,
their tasks include a description (modeling) of the stages of the life cycle of a real
product from the beginning of its production to the end of operation and disposal.

At this stage of project development, many of its stages are directive in nature,
since when designing a new product in the design bureau, it is difficult to implement
the design of operational technological processes for a serial enterprise.

At the stage of finishing the prototype in the design bureau, it is not always
possible to develop documentation suitable for the operation of the product. Therefore,
for example, the technological information reflected in the relevant documentation will
be far from perfect. It implies further cooperation with other project participants to
correct this information.

The information about the new product is transmitted by the design bureau to the
serial enterprise, which is the beginning of technological preparation of production for
it.

The life cycle of each product instance for any organization of serial mechanical
engineering begins with the production cycle — a period of time during which raw
materials, materials and components turn into finished products, which provides the
company with profit.

At the beginning of the production cycle, each product instance is assigned a
production number, which can be conditionally considered the beginning of the
production stage, i.e. the first stage of the product instance life cycle.

The testing process precedes the transfer of the product into operation, the
beginning of which is the moment when the serial number is assigned to it.

When forming the concept and justifying the feasibility of creating a product, a
description of the functioning of a new product during its operation is carried out,
which is reflected in the terms of reference. The stage is performed by the design
bureau.

When conducting theoretical and experimental research, in addition to developing
the design of the future product, research is carried out on the principles and ways of
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creating a new product at the "Production™ stage, the characteristics of the product are
specified at the "Operation” stage, which is reflected in the documentation of the
research stage (R&D). The stage is performed by the design bureau.

When performing the stage of experimental design work, design and
technological documentation (CD, etc.), a prototype of the product are developed, its
manufacture is carried out, preliminary and acceptance tests of the prototype are carried
out, CD and SO on are finalized for the organization of production, the testing stage,
the operation stage and individual fragments of the disposal stage, which is reflected in
the implementation of the experimental- design work. The stage is performed by the
design bureau.

During the technological preparation of production, the CD and SO on are
specified, taking into account the type of production and the structure of the
manufacturer. The stage is carried out by manufacturers and the design bureau, but
most of it is carried out by the manufacturer.

7) The characteristaics of aircraft for PBL

PBL mechanisms should be considered under the following circumstances:

The data collection plan does not have to be detailed or complex, but it must be
comprehensive. The complexity will depend on the characteristics of the program, as
well as on the stage of the logistics management based on the performance of the life
cycle (PBL). It can be as simple as a spreadsheet or a two-page sketch. Data sources
should be included in the data collection plan in order to create accountability, as well
as to increase the accuracy and ability to track the data collected in order to carry out
any further required activities. Table 9 below, based on the process of restoring state F
to A, is an example of a sample data collection diagram. The data highlighted in the
bottom line will help PSM IPT in analyzing the current product support strategy.

Data collection also includes interview with appropriate stakeholders and an
analysis of the product support policy and other supporting documentation. The
PSMIPT should ensure that all data is accurate, timing, and relevant to the Alternatives
being accessed.

The necessary information has been collected, it is necessary to verify the received
documents, that is, prioritize, delete the documents accordingly and make additional
requests for data as needed. Extract and summarize key details. Summarize all the key
information for each document and interview to facilitate analysis.

«  Make a description of the process stage

*  Overview

*  Performance
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* Requirements

«  Current State

If there are necessary performance requirements, review the requirements and the
current state of the program (for example, indicators, maintenance costs) regarding the
requirements. If there are no performance requirements, you need to specify the initial
performance requirements as part of the recommendation.

Review Phase Analysis

« Review the analysis carried out in step 2 and the conclusions obtained in

Stage 3, concerning the status of the current product support strategy.

» Demonstrate all the advantages and disadvantages based on the results
obtained. Create a recommendation

+  Generate recommendations for evaluating product support and submit them to
the decision-making body (PM, PSM, etc.).

+ Get a decision from the decision-making body on the development and
evaluation of alternatives to product support.

After the stage of collecting information, there comes an equally important stage of
analyzing the collected information. Study of the reliability of data and the possibility
of their application to create optimization actions for aircraft maintenance.

8) Review Phase

Review the results of the analysis performed in phase 2, as well as the information
received in phase 3, regarding the current situation in the field of product support
strategy. Show the advantages and disadvantages based on the conclusions drawn.

Write a recommendation, to form recommendations on the evaluation of technical
support for the product and submit them for consideration by the decision- making
body (PM, PSM, etc. ) . Get a response from the decision- making body regarding the
process of developing and evaluating alternative product support.

Here we take a closer look at the analysis model and the collision with other
problems of the optimization process and the planning of after-sales service activities.

Here, for clarity, we have modeled the problem and proposed ways to solve it,
taking into account the 1st stage, which was described above.
Table 1-1 The simulated problem and the proposed ways

Process Step Description of the Process Step
Performance requirements for the If there are necessary performance
current state requirements, examine the requirements

and the current state of the program (for
example, indicators, maintenance costs) in
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relation to these requirements.

If there are no performance
requirements, you need to specify the
initial performance requirements as part of
the recommendation.

Phase 2 analysis Phase 2 analysis Review the results of
the analysis conducted in phase 2, as well
as the indicators produced during Phase 3,
regarding this state in the product support
strategy.

* Highlight all the pros and cons
completely, based on the results obtained.

Create a Recommendation Create the necessary
recommendations for evaluating product
support and submit them to the
decision-making body (PM, PM-PM,
etc.).

* Get the necessary decision from the
decision-making body on the development
and evaluation of various alternatives to
product support.

Conclusion of the step number 4.

At the end of this stage, a recommendation will be made to “continue/or not
continue” the analysis, which is based on the potential benefits of changing the
sustainable development strategy in combination with the feasibility of the PBL
agreement. It is necessary to analyze all the possibilities that the PBL concept can
provide, not only to save money, but also to increase any readiness, as well as to
explore all potential alternatives.

9) PBL concepts in action: An example of using a universal subsystem.

PSM identified and collected all the necessary information using a data collection
plan, then PSM conducted interviews with all key and interested parties. PSM
conducted a survey among representatives of the Maintenance Management Team, the
supply support department, field support units and the requirements community. And
using all the collected data, an analysis was carried out, which allowed us to obtain all
the key conclusions for exchange with IPT. Based on the analysis and insights, PAST
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was able to develop an understanding of the effectiveness of the current product
support strategy.

The phase includes a top-level assessment in order to identify the degree of
knowledge of the characteristics of the current product:

* In this way, maximum flexibility and competition is achieved for pbl mechanisms
in the field of life support.

« Creating intellectual property strategies in support of a product that take into
account ownership requirements, as part of an acquisition strategy that is being
developed to make an important decision. * this function gives the right to choose
different suppliers as well as systems/subsystems for PBL.

« Stimulate standard and stable production/factory processes that could be used in
directly at the factory.

This stage consists of an assessment that will be given to determine the extent to
which further analysis and revision is required.

Using process maps, the PMO must work with all stakeholders to determine not
only the relationship between all the necessary material flows, but also to accurately
determine the cycle time, to determine the requirements for labor and other necessary
elements of the process.

The process map is a very important element that includes specific activities and
the owners of these activities who are involved in the supply chain, also the process
map includes all full supply support, all necessary data on maintenance, repair and
overhaul, as well as other IPS elements, depending on various circumstances. The
process map helps the company to present the entire supply chain process and enables
PSM IPT to identify optimal opportunities in terms of improving product technical
support strategies and operational troubleshooting.

If the existing process map does not exist, you need to create it with key
stakeholders. Even if a detailed process map has already been documented, it will be
useful for interested parties to meet in order to review and ultimately approve it. How
to understand success in the state and acceptance of the process map — from “state F” to
“state A" — is a useful tool for a qualitative and clear definition of the current state. All
stakeholders from various organizations should be present during the mapping of the
process., as it describes in detail the process and all the work that is necessary to
complete the data analysis stage.

Description of the activity. Evaluate the collected data relative to other factors.
Evaluate the collected data to determine whether cost reduction or increased
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availability is possible through the implementation of a results-based mechanism. Make
sure that access to technical data is included in the top-level assessment, since
restrictions (or lack thereof) will affect the change in the sustainable development
strategy.

Feasibility study perform a practical check to identify the possibility of
implementing PBL. It is necessary to analyze all the deadlines that are obtained on the
basis of the collected data and interviews conducted, to decide whether the program is
ready to switch to a new strategy at the present time or will be ready in the future. It is
worth evaluating cost savings and productivity improvements. It is also necessary to
determine whether significant cost savings and/or increased availability will be
achieved by changing the PSA. A logistics guide that is based on the results of data
analysis activities (PBL). Using the necessary data that is collected in Step 1, PSM IPT
directly, must answer all the necessary questions with the help of the received and
reliable data.

10) Degrees hierarchy of PBL indicators.

The decomposition of indicators by levels is one of the most important points when
choosing indicators. It is the understanding of how they relate to each other and
contribute to the results of work at the highest level. It is also necessary, in addition to
understanding the relationship of metrics with the PSI/PSP control range, it will be
useful to decompose metrics in order to understand how they can be used to enhance
and complement each other. The breakdown of the hierarchy of PBL indicators is as

Level One

Materiel

Availability

Level Two

Reliability Mean Down

Time

Level Three

Logistics

Response Time
Mean Time to
Repair

Fig.1-3 Hierarchy of PBL indicators with a description of each level

follows:
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 Level 1 characteristics are an indicator or a sign of performance for the PBL
structure. The characteristics of the 1st level vary depending on the direction of the
PBL agreement.

» The characteristics of the 2nd level correspond to the characteristics of the 1st
level. this relationship helps to identify as accurately as possible the specific root cause
or factors that cause the performance mismatch characteristic of level 1. However, if
the indicators of the 1st level relate to the O and AM areas, then reliability and average
downtime (MDT) are considered real characteristics of the 2nd level.

* The characteristics of the 3rd level affect the indicators of the 2nd level. Examples
of Level 3 characteristics are Level 2 indicators, for example, MT, Logistics response
time (LORD) and repair time (MTTR).

The economic efficiency of decisions taken in this area is determined by the ratio of
the costs incurred for their implementation and the results obtained.

oanic More Commercial

Contractor Support

Traditional Contractor
Organic Responsible
Support For Majority

Environment of Support

Fig.1-4 Interactions between the obligations of the two parties involved

When all the points are scored, any alternative acquires a weighted benefit score in the
form of the cumulative weight of the criterion multiplied by its average rating of
stakeholders. Figure 4 shows a method for calculating weighted benefit indicators.

Weighted — Benefit Score (Alt X) =
(Criterion 1 weight) * (Criterion 1 score) + (Criterion 2 weight) * (Criterion 2 score)

+ (Criterion 3 weight) * (Criterion 3 score)
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Alternative 2 Alternative 3

As-ls PBL PBL
(Transactional) LRU-level GSS-level

Benefit Weight | 50% 25% 25% 50% 25% 25% 50% 25% 25%

Average
Stakeholder 1.57 6.34 1.91 6.92 7.28 6.32 5.27 6.41 6.33
Rating (1-10 scale)

Calculation 5(1.57) +.25(6.34) 5(6.92) +.25(7.28) 5(5.27) + 25(6.41)
+.25(1.91) +.25(6.32) +.25(6.33)
Weighted Benefit =
2.8 6.9 5.8

Score

Note: A: Availability R: Reliability M: Manageability

Fig.1-5 Table with the evaluation method on the scale of importance

In the example with the general subsystem, alternative 2 contains the highest
weighted benefit indicator, indicating that it is the most attractive alternative in the
benefit analysis. Options 2 and 3 provide advantages that are significantly superior to
option 1. This utility indicator will be entered into the overall utility indicator for each
alternative at the end of this stage.

With this in mind, the PBL model performance condition can be written as follows:

lim Results — 100%

lim Expenditure — (

where Results — the results achieved during the execution of the service contract escort;
Expenditure — expenses under the contract for service support.

If the results of the contractor's activities are achieved as specified in the contract, if
the performance parameters are at the level of 100%, the performer receives 100% of
the payment by agreement. If the actual results achieved are below the established
standards, however, the amount of money paid remains within acceptable deviations
decreases in direct proportion. In case of discrepancy between the actually achieved
indicators and the target indicators, within acceptable limits, a progressive scale of
reduction in the level of remuneration paid is applied. Finally, if the performer for
several the Customer does not reach the minimum acceptable level of performance
indicators in General, it has the right to terminate payments and demand compensation
for losses incurred losses in accordance with the established procedure.

Such a payment scheme under PBL contracts generates an increased level of interest
of contractors in success and in meeting the performance criteria set by the customer, at
the lowest own costs.

In order to analyze the economic efficiency of our proposed model, we will use such
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a method of creating algorithms for solving inventive tasks as decomposition of the
studied phenomenon: we will analyze the effectiveness of the model by specific
application examples.

Let's look at the basic terms of PBL support contracts. Under the terms

of the Fiscal Year 99-06 agreement for fiscal year 1999, LMSW warehouses in
Palmdale, California, committed to provide PBL support for 54 aircraft of the 48th
Fighter Wing located at Holloman Air Force Base. [4]

Financial profile under the contract:

+*Cost plus incentive contribution with bonus payment;

* Remuneration for the entire scope of work (3%); remuneration for early
completion (7%); promotion-at the expense of expenses for the US Air Force (50%).

The value of the FY 99-06 contract was us $ 223 million per year in 1999 and
increased to Us $ 234 million per year in fiscal year 2006, for a total of the entire
period.

the service cost was us $ 1.97 billion [10].

Requirements for modification, integration and security for 52 aircraft in the
Economics and management of a national economy 95

The effectiveness of the strategy performance based logistics (the f-117 fleet
included:

e development of a support system;

e management of subcontractors;

e integration of the system and subsystems;

e configuration management;

e material flow management;

e storage / transportation;

e direct service support;

e reporting to the US air force.

The effectiveness of this contract on the part of the client can be expressed in the
following expression:

lim Results = 100% (matching the specified parameters)

lim Expenditure = us $ 1.97 billion + 98% premium
Let's get acquainted with the terms of another PBL support contract.

The FY 04-08 contract was awarded in fiscal year 2004 to Boeing Corporation, for
maintenance of the C-17 Globemaster Sustainability partnership, operating under the
worldwide [11].
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The contract profile included the following main conditions:

« setting fixed service prices for five years in advance;

 FY 04-08 contract value of us $ 4.9 billion;

* programme management;

* logistics support;

« material flow management;

* engineering innovations;

* engine maintenance;

« attracting additional partners necessary for the performance of contractual
obligations.

The performance of this contract was evaluated according to a different set of
criteria specified in the table 3.

Table 1-2 -Rating and remuneration Calculation contractor

PBL contract execution Minimum Actually achieved
parameters metric standard value

Percentage of work 80% within 48 hours 88%, average delivery
completed within 48 hours time:

after the end of their 25 hours
implementation period

Percentage of requests for 82% 86%

equipment repairs, accepted
for execution immediately

Percentage of requests for 67% 86%
provision

consumables accepted for
use

execution immediately

Percentage available for use | 70% 72%

aircraft 81 units at VN

supported in

constant state

availability  from  the
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General
quantities of 114 units

These estimated parameters indicate full compliance performed works according to
the final technical criteria set by the customer.

In accordance with this contract, the service company performed routine repairs
within the established deadlines, the duration of which was determined based on the
proportion of equipment that should be constantly in full combat readiness. In the
process of such work the performer constantly focuses on performance targets and
measures reaction time to the customer's requests, which requires constant direct access
to accurate, up-to-date technical data, logistics and configuration data for updating
tasks for planning work and analyzing the service performed.[6]

Therefore, performers are interested in introducing integrated MRO into production
and world-class PLM systems to perform product modification and service support
support, maintenance, and saving the history of all adjustments and operations [1].

Thus, the accumulated experience in the implementation of the contracts under
consideration through the use of the PBL system has demonstrated its advantages in the
process of implementing maintenance programs for this model.

For example, awards received by the Boeing Corporation for technical support based
on the performance of the C-17 Globemaster over the past 8 years, they amounted to us
$ 4.9 billion. Based on the results of this program in the US air force there was an
increase in the number of fleets of 180 aircraft. Their service produced in the PBL
system, executed by the developer and simultaneously by the manufacturer aircraft,
which provides a higher level of responsibility and guarantees from possible risks, as
well as a higher level of performance in support.
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Chapter 2 Development of internal processes of
technical specifications for the creation of aviation
equipment

This chapter fully examines the entire life cycle of an aircraft, describes in detail the
development of technical specifications, the development of all internal processes that
are needed when creating aircraft. The ways of optimization and ways of implementing
various mechanisms of product support are provided in after-sales service. At the end of
this chapter, two methods for assessing the economic effect of technological
innovations are shown and considered.

Currently, in industry and transport, depending on the nature of production and other

conditions, various forms of organization of the production process are used, such as
in-line, in-line-node (in-line-bench), group, individual, brigade, brigade-node, etc. All
of them are characterized by a certain form of labor organization that ensures high
productivity with high quality. But the production process of aircraft maintenance has
characteristic features: a large number of operations performed and a significant labor
intensity of each operation; the technical condition of aviation equipment, which
depends on both the timing and operating conditions: even with the same flight, aircraft
may require different labor costs for their maintenance due to additional work to
eliminate defects.

The main Methods: The fixed method is characterized by the fact that a certain set
of works during maintenance or all maintenance of the aircraft is performed by
individual specialists who are not part of the team. At the same time, the contractor has
to perform both basic maintenance work on the airframe, power plants, chassis,
controls, etc., and auxiliary work related to the preparation of the workplace, and
simple operations that do not require high qualifications.

The fixed method is used, as a rule, in the maintenance of special-purpose aircraft
at operational airfields, where it is impractical to send a large number of support
personnel. The specialization of the performers of the work with this method is limited.
The same method is used to perform operational maintenance of aircraft with piston
engines, routine repairs of all types of aircraft, defecation, manufacture and repair of
spare parts, tools and accessories.

The brigade method, which is very common in operational maintenance, provides
for full maintenance of the aircraft, engines and special equipment by one complex
team staffed with specialists of different specialties and qualifications, which allows for
wide use of the specialization of performers both by types of equipment and by types of
aircraft.
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An even higher level of specialization is achieved when organizing maintenance
according to the zone method, in which the aircraft is serviced by several teams
specialized in various zones (nodes) of the aircraft.

The number of teams and specialists in the teams is selected depending on the
scope of work in such a way that all maintenance work on the aircraft begins and ends
with all teams at the same time. The members of each team specialize in performing
individual operations, but each specialist must be able to perform all the operations
assigned to the team. The zone method makes it possible to use qualified specialists
more efficiently, which contributes to an increase in labor productivity. Work on this
method can be organized for any type of maintenance, but it is especially advisable to
use it for periodic maintenance that has sufficient volume and repeatability of work.

The aviation engineering service faces the task of further improving maintenance
methods in order to reduce the calendar and actual downtime of aircraft for
maintenance and repair, which for some types of aircraft reach 20-30% of the total
calendar service life. Calendar downtime refers to the time from the landing of the
aircraft to the end of its maintenance, and actual downtime refers to the net time from
the beginning to the end of maintenance.

The solution of this problem will increase the intensity of the use of the aircraft
fleet (flight) and the overall economic effect, which is possible only with the use of
modern methods of mathematical analysis and calculation, which is the theory of
queuing created in recent years. Among the existing and implemented methods of labor
organization during maintenance is a step-by-step method of maintenance and a method
of maintenance by condition.

The phased method of maintenance as a means of reducing the one-time calendar
downtime of aircraft for maintenance has become widespread. It provides for the
division of the most labor-intensive forms of maintenance into stages, the number and
complexity of which is calculated for each ATB, depending on the operating conditions,
the number of engineering and technical workers, the established organization of the
production process and the specific features of a particular airline. For each of these
stages, operational statements are developed that combine individual operations on
nodes and systems with a less time-consuming form of maintenance. To do this, use the
periods of operation of the aircraft within the upper and lower tolerances for
labor-intensive form, as well as any forced downtime due to weather and other
conditions.

For example, in order to eliminate the downtime of the aircraft at work on Form B
with some time reserves, it can be performed in stages together with work on form A2,
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which will be carried out within a calendar tolerance of + 2 days. It should be borne in
mind that Form B is performed by one complex team of specialists, so the time spent
on its implementation is quite large despite the predominance of inspection work. If the
work on this form is carried out by a one-time method, then the downtime of the
aircraft can reach one day, if they are divided into four stages and performed
sequentially together with the work on the A2 form for four days of admission, then the
aircraft will fly every day, which increases the decadal and monthly flight of the
aircraft.

The economic effect of a product about technological innovations analysis is a base
of conformity and validity. According to technological innovations economic effect
analysis requirements, this chapter describes the definition of aircraft development
lifecycle and methods for assessing the level of readiness of technologies and assessing
the readiness of technologies, as well as the existing methods for assessing the
economic effect of a product from the introduction of technological innovations in
detail.

| used the parameters of the technical specification for the creation of aviation
equipment Purpose of the aircraft, General requirements, Flight characteristics,
Resource Characteristics, Crew Passenger, cabin comfort, Aviation equipment, Power
plant, Maintenance and repair system, Technical level characteristics, Marginal price.

Engineering and Production Development completes the detailed design of all
necessary hardware and software, systematically eliminates or reduces develops and
tests prototypes or first products in order to confirm compliance with the requirements
for capabilities, prepares them for production or deployment.

This stage of Engineering and Production development includes the establishment
of an initial product baseline for all configuration elements. One of the goals at the
stage is to ensure that the integrated product support program develops a solution that
meets the requirements of availability, availability of tangible assets and reliability of
tangible assets, while using the capabilities of Should Cost 13 to reduce projected
operating costs. It is necessary to find a compromise between the possibility of support
and other design constraints (weight, size, bandwidth, etc.), which will lead to the
development of the design within budget and schedule.

Product support models that are used in inventory planning, workforce planning,
training, planning, etc., are provided with up-to-date and calculated data at this stage of
development in accordance with how they become available.

The success/problems of reliability growth are evaluated and adjustments are made
to the solution to support the product, taking into account the projected demand for
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logistics resources. It is extremely important to conduct reliable testing to ensure that
the reliability requirements are met.

With the development of design, the retail space for sustainable development
solutions is narrowing, and the sustainable development strategy is becoming more
perfect.

PBL considerations should be part of the manufacturing/quality assurance process,
as repair processes (included in PBL) are influenced by production assembly decisions.

During the operational testing and OT evaluation stages, problems identified
through various tests, demonstrations, and other evaluation methods are eliminated, and
remediation plans are implemented.

As products are put on the market and logistics demand can be reasonably
predicted, result-based mechanisms can be implemented.

At an early stage of this stage, short-term cost-type incentive measures are
appropriate until sufficient cost data and technical data on failure modes and frequency,
as well as reliability data combined with structural stability, are accumulated. This
approach provides visibility of costs through the use of a contract with the possibility of
cost recovery.

Long-term fixed-price agreements that encourage continuous improvement of
processes and products at reduced costs are suitable with a reasonable ability to predict
demand and assess risks and the impact of costs.

The cost of aircraft development and production.

The total standard cost of the aircraft, in millions of rubles, is calculated by the
formula:

USgev=6,26Gcy+27

Where GCH is the mass of an empty equipped aircraft, ton.

2.1. Definition of aircraft development lifecycle

The design of an aircraft (aircraft) and its components is a rather complex iterative
process, the task of which is to select suitable combinations of design solutions that
best meet the tasks and selected criteria.

The development of technical proposals (preliminary design, preliminary design) is
a significant stage in the entire aircraft design process. This stage occupies a
transitional position between the stage the creation of the technical specification (TOR)
and the stage of preliminary design, at the stage of development of technical proposals
(TP), the choice of parameters and characteristics of the newly designed aircraft is
mainly determined. It is important that at the initial stages of design, using about 10%
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of labor costs, up to 80% of decisions are made with a lack or excess of information
[5].

An important task in the development of TP is to create the appearance of the
aircraft, study the layout of its components and equipment, while it is necessary in the
shortest possible time to analyze the various variants of the circuits of the aircraft and
its components, while avoiding significant errors. Modeling a large number of possible
feasible options manually requires a lot of labor, and making changes to them requires
significant time resources.

1)Development of internal processes of technical specifications for the creation of
aviation equipment.

In the process of determining the appropriate financial mechanism for financing
your PBL contract, it is also important to take into account the time interval associated
with attracting the required monetary resources. Parallel fluctuations in budgetary
conditions are a difficulty, because of which the assignment of funds takes a lot of time
and is a difficult task. at this stage, it is advisable to start the process of determining
financing strategies and providing the required material resources in order to avoid any
delays in the implementation of the pbl agreement. The process diagram in the figure
below is an example of the simplest tool that can be used to demonstrate how funding
is integrated into the process of implementing alternative product support.

How PMS can benefit from understanding the industry's prospects:

Appropriate implementation period: The duration of the agreement, corresponding
to the level of investment required, gives industry the opportunity to invest in the
system to achieve future savings and offer a better price to the government. It offers an
organic food supplier a business case for investing in infrastructure and improving the
workforce. Opportunities that provide long-term sources of income and a stable
workload are attractive to both commercial and organic food organizations, even
though the benefits vary. This does not mean that if a multi-year base is not possible,
then PBL agreements cannot be implemented. There are cases of successful conclusion
of pbl agreements with a validity period of one year and with options for one year.

It is this decision that will limit the potential of PSI or PSP to invest in
improvements.

The ability to generate and maintain profits: both organic and commercial suppliers
strive to optimize the long-term health of the organization. In the case of a commercial
supplier, this is achieved by generating and maintaining long-term revenues and profits,
while an organic supplier is often motivated to maintain the workload, benefit from the
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use of existing Infrastructure, as well as to use and develop the experience of residents.
Partnerships with direct sales departments: managers can encourage these types of
partnerships; they have it is proved that the service centers of maintenance ensure the
efficiency and quality of products.
The technological process and other developed data for the implementation of the
process in teams can be found in the supplement —appendix to the thesis.

2.2 Optimization and implementation of product support mechanisms
in after-sales service

The comprehensive support program is a typical example of PBL, the customer pays
for the readiness of aircraft equipment, and not specific spare parts and services. In
accordance with this, the company is responsible for all work to maintain the readiness
of the entire fleet of aircraft, including material and technical support and periodic
forms of maintenance. The personnel are constantly present at the air bases and in close
cooperation with the Air Force personnel ensures round-the-clock readiness of aircraft
for departure.

The most significant principle of PBL is considered to be the autonomous support

of equipment in all its serviceable states. The company's goal is to minimize the loss of
efficiency caused by the breakdown of the device, downtime of technological
installations, malfunctions, etc. To this end, the ever-increasing component of the
required maintenance work (cleaning, lubrication, technical inspection of devices) has
been rationalized, standardized and gradually transferred to field work in the duties of
employees.
As a result, the staff of the chief mechanic 's department On the one hand, they are
relieved of their current routine activities, so that they get more time to develop and
implement measures to improve the operation of equipment. On the other hand, the
equipment can now receive the necessary technical services, which previously could
not be provided at all or on time due to insufficient resources.

Creation and improving Product Support Mechanisms. The service center benefits
by implementing advanced maintenance capabilities, and the commercial firm benefits
by increasing profitability.

Proximity to the end user: due to frequent unfiltered access to customer information,
equipment problems are more easily identified. This can significantly reduce the time
required for maintenance and repair work, as well as reduce the number of inspections.

In addition to the indicators, the PMO may require the Contractor to provide
additional data. The stages of technology readiness level 1 - technology readiness level
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6 are carried out with budgetary funding and are the responsibility of research
organizations. After completing tests of a workable prototype of the future system
under simulated operating conditions, a task for a new sample is formed and a decision
is made to create it. Further stages lie in the sphere of responsibility of the industry, and
the financing of the work is carried out mainly using market instruments. In addition to
a significant reduction in the risk of creating an aircraft, the technology readiness level
technique, as expected, can be applied to other science-intensive sectors of the
economy, providing support for the development and implementation of various
innovative technologies.

PBL focuses on design in order to increase reliability and reduce logistics costs, as
well as to ensure effective product support through performance-based logistics
strategies.

It should take into account the possibility of support, lifecycle costs, performance
and a comparable schedule when making software decisions. The planning of operation
and maintenance, as well as the assessment of the total cost of ownership, should begin
as early as possible. Operability, which is one of the most important performance
parameters, must be taken into account throughout the entire life cycle of the system

PBL applies an efficiency-oriented acquisition strategy that is developed, refined
and implemented during the acquisition of systems under new programs or as a result
of an analysis of the effectiveness and alternative methods of providing support. PBL
can help optimize performance indicators and cost indicators through strategic
implementation.

The main idea of PBL is to invest in improving performance, as opposed to the
traditional approach of buying individual parts and repairing. This is achieved through
business relationships that are structured in such a way as to meet the operational needs
of the fighter and coordinate support goals with the required work results and available
resources. As part of PBL support strategies, system support responsibilities are
assigned to one or more Product Support Service (PCI) specialists, which ensures
control of support sources, both public and private, in order to achieve consistent
performance results.

The goals of PBL indicators should include as follows:

* Operational availability

* Operational reliability

« Cost per unit of use

» Logistics footprint

» Logistics response time.
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Operational Availability (Ao) is the percentage of time a system is available to
complete a mission, or the ability to maintain the pace of operations.

Operational reliability is an indicator of how successfully a system performs
mission tasks (percentage of task completion by system). Depending on the system, the
mission goal may be departure, tour, launch, destination reached, or another indicator
specific to the service and system.

The specific weight of costs is the total operating costs, which are divided for the
specified system into their corresponding units of units of measurement. Depending on
the system, the unit of measurement may be the hour of flight, the speed of steam
supply, launch, the number of miles travelled, or another indicator related to this
service and system.

Logistics footprint - the amount of government management/contractor or
‘presence’ of organized logistics support that is needed for the deployment,
maintenance and relocation of the system.

Measurable items include inventory/equipment, personnel, premises, vehicles, and
real estate.

logistic response time is a period of time that elapses from the moment a signal is
sent about a logistics need until this logistics need is met. The "need for logistics
implementation” characterizes all systems, components and resources, including labor,
needed to support the logistics of the system.

PBL should support these desired results. The performance indicators will be
adapted by the departments taking into account the specific definitions of the service
and the unique circumstances of the PBL agreements.

One of the most important elements of the PBL strategy is the adaptation of
indicators to the operational role of the system and ensuring synchronization of
indicators with the responsibility of the support provider.

While objective indicators should form the main part of the evaluation of the PBL
supplier's performance, some elements of the product support requirements can be
more adequately assessed subjectively by warfighter and the PM team.

This approach provides some flexibility in adapting to potential unforeseen support
costs.

2.3 Methods for assessing the economic effect of technological
innovations

Evaluation of the effectiveness of innovations is central to the process of
justification and selection of possible investment options in the innovative business.
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The theory and practice of innovative calculations has in its arsenal a wide variety of
methods and practical techniques for evaluating real projects.

At all stages of the implementation of an innovative project, much attention is paid
to determining costs (investments) and results. The costs incurred by the participants of
the innovation project are divided into initial (one-time, or capital-forming,
investments), current and liquidation. Basic, world, forecast and estimated prices can be
used for their assessment.

The basic prices are understood to be the prices that have developed in the national
economy at a certain point in time tb. The base price for any products or resources is
considered unchanged during the entire billing period. The measurement of the
effectiveness of the project in basic prices is carried out, as a rule, at the stage of
technical and economic studies of innovative and investment opportunities. At the stage
of feasibility study (feasibility study) of an innovative project, it is mandatory to
calculate the efficiency in forecast and estimated prices. The forecast price of a M (t)
product or resource at the end of the T-th calculation step (for example, the T-th year) is

determined by the formula.

M(t) _ ? n v(tn—l) 4ot v(t—:+1) 3)

M(t)= R() *V(t) +R(t-1) *V (t-1)+... tR(E-n+1) *V (t-1) &)

M-Average
V-Actual value
R-Weighting factor.

If the time series to be forecasted contains trend-like variations, you will achieve better
results by using the weighted moving average model rather than the moving average
model. The weighted moving average model weighs recent data more heavily than
older data when determining the average, provided you have selected the weighting
factors accordingly. Therefore, the system is able to react more quickly to a change in
level.

The accuracy of this model depends largely on your choice of weighting factors. If
the time series pattern changes, you must also adapt the weighting factors.

These approaches differ from each other mainly in relation to non-financial factors
(in other words, not related to money). In the economic assessment of the effectiveness
of the use of technologies aimed at increasing the range and duration of an aircraft
flight, methods of economic analysis are of interest, first of all.
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Since the Industrial Revolution, numerous economic models and equations have
been developed to estimate ROI. One of the oldest approaches, which is quite versatile
and easy to use, is the ROI method. This ratio can be used to assess the effectiveness of
an investment or to compare several investment opportunities in terms of their
effectiveness.

The formula for calculating ROI is simple and looks like this:

rROI =2=¢
C

8]
where: P - investment income, C - investment costs.

According to this formula, you should not make an investment if it has a negative
ROI, and if this ratio is positive and there are other alternatives, you should choose an
investment with a higher ROI.

Let's consider the evaluation methodology from the point of view of critical
thinking, from here we will conduct a survey and identify the weak undisclosed sides of
this issue.

What is the optimal contract type for a PBL effort?

Fixed-price contract types are the most preferred, as they provide the greatest
incentive for PSP and PSP partners to improve their products and processes and reduce
their execution costs.

As a rule, this happens in cases where it is difficult for suppliers to set the cost of
delivery or determine the risk, then a target FPIF contract with a maximum price and
with a profit-sharing formula is appropriate. However, successful PBL mechanisms
have been implemented with CPIF contracts, and they may become a more appropriate
mechanism when risk cannot be reasonably quantified or the cost of transferring risk to
PSI or PSP is higher than the government will agree. The source of an effective PBL
mechanism is the use of incentives to obtain the desired actions/results from PSI/PSP,
even though guaranteed.

What is the appropriate duration of the PBL contract?

The PBL agreement is necessary for a period sufficient for the supplier to be able
to reimburse any investments made in promoting its product and/or rationalizing its
processes in accordance with government requirements. Cost recovery.

This approach allows them to identify problems affecting reliability, or modernize
processes, develop adjustments, implement an improved subsystem and recoup the
invested funds.

Subsystems, components, or devices that require much less investment to improve
may have shorter circuits.
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But none of the manufacturers will make investments that cannot be recouped on
time. Non-long-term contracts that are drawn up for one or two years do not show
interest for PSPs to invest to increase their productivity, which leads to lower costs.

Below are all the main characteristics for each type of contract.

Acquires a need for more than one year without the need to use options
Investments that are calculated for more than one year can be reimbursed in case of
termination of the contract

Several years:

e Contract written for multiple years

e  Only first year is ‘guaranteed’

e No recovery of investments if contract is terminated

PSP Agency is interested in increasing its capabilities and throughput, as well as in
ensuring a constant and growing workload. All personnel are motivated to execute and
isolate their facility from potential BRAC closures.

The implementation of PPP with commercial industry and the alignment of organic
PSP indicators with program indicators leads to improved processes and additional
opportunities at organic enterprises.

Improved processes and capabilities create an additional burden on organic
enterprises. The organic PSP continues to improve its performance to match the
program's performance and do more work.

When promoting state-owned PSPs, there are various problems and limitations
compared to their commercial counterparts. The rules categorically prohibit
commercial PSI from paying bonuses for exceptional work to state PSPs that they may
have under contract. Any bonuses or bonuses given to Organic PSP members should be
provided only from authorized (and often limited) Team funds.

Inclusion in the contract of Indicators of the results of maintaining the life cycle of
the upper level and individual indicators of the lower level.

Data on the performance of the upper level and/or lower-level indicators may be
included in the contract. One of the most significant elements of the PBL strategy is the
adaptation of indicators to the operational role of the system and support for the
synchronization of indicators with the responsibility of the support service provider.

The platform levels and the uniqueness of the agreement will determine whether
top-level performance indicators and lower-level indicators or both should be applied.

1. PBL mechanisms do not provide declared mission readiness and cost increases.
As a result of numerous studies, convincing evidence has been produced that
demonstrates cost and productivity increases through PBL mechanisms. savings were
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often underestimated due to the fact that only savings directly related to the
organization were taken into account, and savings also associated with positive
secondary effects on the logistics infrastructure were not taken into account.

2. The PBL mechanism must necessarily be designed and precisely managed to
ensure a significant increase in costs and productivity. good results are not only related
to the flawless implementation of the PBL agreement, but rather to the fact that even a
slight adherence to the principles of the PBL business model can lead to success.
Success depends on the services understanding both the PBL business strategy and
what is the incentive for the industry.

3. PBL and outsourcing are synonyms that negatively affect the ability of services
to fulfill core mandates and 50/50 mandates. PBL are organized as government-only
partnerships, government-industry partnerships, and industry-only agreements. The
practice of financing the Ministry of Defense and paying compensation to personnel
makes it extremely difficult to develop and execute only government agreements. If
you look at the PBL from the other side, then the partnership between the government
and industry has turned out to be very successful.

Partnerships in which industry acts as an integrator of product support, and some
or all of the support work is subcontracted to a government warehouse through a direct
sales agreement, lead to incentives for state warehouses and labor, resulting in
increased results of hostilities, increased load of state maintenance warehouses and
reduced maintenance budgets.

Bottom line: PBL can involve outsourcing. however, most often this does not

happen, and it is the government that completely controls the PBL structure, not
industry.

The transition to the PBL strategy gives the government leverage that is not available in
transactional logistics mechanisms to transfer the work that is currently being
performed at commercial facilities to state warehouses. In a standard transaction
support agreement, in which industry carries out work at its commercial facilities,
industry has no incentive to transfer work to government warehouses — in fact, it has no
incentive to do so in accordance with agreed margin contracts, where any weakening of
industry costs leads to a decrease in revenue and profit.

On the other hand, PBL significantly encourages industry to take aggressive measures
to reduce invested capital and carry out maintenance work at facilities at the lowest cost.
Return on Investment (ROIC) is a key factor in stimulating industry, since ROIC is one
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of the indicators for which Wall Street and money markets reward commercial

companies. The industry reduces the invested capital, including through other actions.

Chapter 3 PBL based technical maintenance economic
analysis

This chapter presents an in-depth analysis of economic efficiency indicators,
namely: analysis of the aviation market in the segment of medium-haul aircraft,
analysis of the cost, supply and demand for aviation equipment, analysis of
macroeconomic conditions affecting the introduction of technological innovations in
the logistics chain of service, and also shows the conceptual and functional relationship
between the development of technological innovations with a block of indicators for
assessment of the economic effect at the early stages of the aircraft life cycle.

Finally, this chapter describes a number of expected indicators in the economic
analysis of technological innovations on the example of the successful use of the PBL
concept in the US military industry.

Improving the assessment of the economic effect on the life cycle of an aircraft is a
key issue, how to reduce the cost of logistics maintenance of an aircraft.

3.1 The cost analysis of after-sales service and equipment

One of the most important competitive characteristics of complex high—tech
products is the cost of the product life cycle - the total costs associated with the product
for its entire life cycle.

In the case of a high-tech product, the costs at the after-sales service stage, which
are necessary in order to maintain these indicators in the field of safety, reliability and
availability, contribute to a significant excess of the costs of its purchase.
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It is the application of the PBL concept that will radically help solve these
problems at a cost. The PBL concept is based on long-term service agreements with a
clear division of powers and responsibilities between the parties.

Therefore, today there is no doubt that contractual work is a kind of legal activity,
in the aspect of corporate law it is considered as the legal activity of corporations,
which includes the stages of conclusion and execution of contracts. It is worth agreeing
that the process of contractual work has a sequence typical of managerial activities.

Contractual work acts as a kind of not only legal, but also managerial activity,
therefore, it is the object of research in various doctrinal fields: law, economics,
management.

Economic and managerial studies of contractual work can also enrich the legal
understanding of the issue. The availability of a reliable tool at the disposal of designers
for a reliable economic assessment of the cost of the life cycle of aviation equipment -
including design, serial production and operation, including ground maintenance, repair
and disposal, makes it possible to create a highly efficient competitive aviation
equipment with high functional perfection and satisfying requirements of high
efficiency, based on its design, taking into account the technical and operational
parameters of the cost of lifecycle. An important role in this, especially at the stage of
external design, is played by the formation of the main parameters of the technical
specifications for design [23].

The indicator of the general criterion of the life cycle cost is calculated taking into
account the time factor and according to the rules of financial mathematics [2], while
the discounting method is used — bringing the multi-time cost to the initial point in
time.

Calculations are carried out at the beginning of the first year, the general formula
has the form:

G = 2?;:)1 Cpe * ay
9
with the volume of use of aviation equipment (transportation) equal to the expected
needs Q = {Qjl}, that is, on the entire route network for all types of transportation,
provided that all costs are minimized, where

i - lifecycle stage;

t - is the serial number of the year of the billing period, the first year is
conditionally reset due to the fact that calculations are carried out at the beginning of
the period,;

TO - the total duration of the lifecycle;
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10 - the number of lifecycle stages;

C}- the total cost of the life cycle of an innovative product, taking into account the
full release program, in monetary units;

a; - s the discount coefficient.

The discount factor is determined by:

—a=1" 10]

The life cycle of an innovative product can be complete, incomplete or private. The
full life cycle includes all stages of full duration and inter-cycle expectations.
Consequently, expenses show the full amount of costs for the entire volume of work on
creation, production, sale, consumption (operation) and processing. An incomplete life
cycle differs from a full one in duration, structure and volume characteristics. Its own
life cycle is reduced to certain stages of the entire cycle, for example, to development,
production, operation, disposal. Determining costs by stages of the life cycle of a new
product requires compliance with the following conditions:

1. completeness of the calculation, i.e. cost accounting for all stages of the life
cycle;

2. accounting for all resources consumed;

3. the use of a unified methodology for determining the costof the cycle stages and
a unified classification of the composition and content of costs;

4. the use of cost calculation methods corresponding to the stages of the life cycle.
The methodology for calculating the life cycle cost of an innovative product created at
an aircraft manufacturing enterprise is based on determining the costs of the product
life cycle stages listed below.

1. Justification of product development.

2. Product development.

3. Production of the product.

4. Operation (application) of the product.

5. Overhaul of the product.

1. and 2. iterms stages are combined under the general name of research and
development work (R&D).

The overhaul stage includes, in addition to the factory repair of the product, its
deep modernization. The total costs of the lifecycle are determined on the condition that
in each year, a certain (demand-driven) volume of transportations, works, services is
performed, which must be determined already at the stage of the technical specification,
i.e. optimization of the parameters of technical specifications and (or) design is solved
as a problem with restrictions: the volumes of traffic, works, services are formed by
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years, and the total (by years and technological structure) costs of the lifecycle of
aviation equipment, taking into account all stages of its creation and use, are used as a
minimized optimization criterion (subject to appropriate discounting).

Since the cost of a lifecycle is calculated for certain time periods, various aspects
of the time factor are taken into account: inflation, uncertainties and risks.

Based on international practice, the costs of the life cycle of knowledge-intensive
systems (including aviation systems) include all costs incurred during the life cycle of
the project, related to the time of creation and operation of aviation equipment, and
related to its purchase (including costs for development production), technical and
commercial operation according to the purpose, ensuring serviceability (maintenance
and repair), as well as subsequent disposal [23].

For a more complete consideration of the issue of lifecycle cost, it is proposed to
consider aspects of aircraft competitiveness and efficiency.

The most important indicator of the competitiveness of an aircraft is the
assessment of the ratio between the performed transport work (the product of the
payload and the average flight range) to the fuel consumption required for this. When
designing aviation equipment, the most important economic issue is to determine the
integral effect of improving its technical and economic indicators or the effectiveness
of additional investments associated with achieving a higher level of technical
perfection of the aircraft design. The main conditions for increasing the efficiency of
the aircraft design are: reducing the mass of an empty aircraft, improving the
aerodynamic qualities of the aircraft, increasing the service life and achieving
maximum operational adaptability [3]. The efficiency of engines is characterized by a
decrease in fuel consumption, engine weight and an increase in engine life.

The criterion for assessing the efficiency of civil aircraft is the reduced costs,
which are based on the cost of a ton-kilometre C, which is calculated by the formula:

100P
Kcom * Mcom * Vflight 11]
where P is the cost of operating the aircraft, rubbles/hour;

Kcom - coefficient of payload;

Mcom - the mass of the payload, t.;

Vflight - cruising speed, km / h. The higher the payload, the cruising flight speed
and the lower the operating costs for one flight hour, the lower the cost of
transportation. Thus, the main parameters for the development of civil aircraft are:

» increased commercial load,;

« increase in cruise flight speed,;

C =
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* reducing the cost of operating the aircraft.

The decrease in aircraft operating costs is primarily associated with a decrease in
fuel consumption per flight hour, which is defined as:

myg
G ) * C, 121
where mg is the average value of the aircraft mass during the flight;

A is the average value of the aerodynamic quality for the flight;

Cp - average for the flight value of the specific hourly fuel consumption of the
engine.

Expression (12) indicates that a decrease in fuel consumption is associated with a
decrease in the average flight mass of the aircraft (due to a decrease in the mass of an
empty aircraft), with an increase in the aerodynamic quality of the aircraft and a
decrease in the specific fuel consumption of the engine.

Achieving a higher level of technical excellence in these parameters may in some
cases require the use of new, more innovative, but more expensive materials, the
complexity of technology and an increase in the labor intensity of aircraft production,
an increase in the volume of research, design and test work, which is ultimately
associated with additional investments and an increase in the value of the aircraft in the
early stages of the life cycle. In this case, it is important that the developer,
manufacturer and customer are confident in return on investment [25].

The considered examples reveal the features of calculating the cost of the life cycle
"without" and "taking into account” discounting, show that the process of discounting
reduces the current and final cost of the life cycle, which is important for making
managerial decisions when managing the cost of projects. The modern economy is
characterized by the predominance of a cost-based approach to management when
creating innovative products, this is primarily due to the need to ensure competitive
advantages, including price, as well as the possibilities of cost analysis and cost
management when making managerial decisions at the enterprise. Nevertheless,
innovative products are, in particular, market-oriented, their implementation is
associated with expectations of obtaining different types of profitability and in different
areas. This method allows you to estimate the price of an innovative product from the
consumer side.

It is also crucial in the creation and market implementation of innovation. With the
market pricing method, the price is calculated in such a way that it reflects the achieved
advantage of the product being developed for a number of operational parameters, as
well as the prevailing market conditions. The market price of the product, which
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ensures competitiveness both in terms of "quality / price” and the recommended level
of effect in operation, should be equal to the minimum of the competitive and
recommended prices [3].

In this part, only the main practical approaches to the formation of the cost of an
innovative product at an aircraft manufacturing enterprise are considered. The proposed
concepts and calculation methodology can be used when conducting a feasibility study
of the creation of innovative products at aviation enterprises, and can also serve as a
methodological basis for conducting a feasibility study of innovative products and
processes.

3.2 Technological innovations economic efficiency analysis

The problem of aircraft maintenance is an outdated contract model and a large
overpayment when receiving services, as well as an increase in the time of aircraft
maintenance and preparation of documents.

Whereas the PBL concept is a centralized maintenance system, provides effective
troubleshooting and allows continuous monitoring of failures and malfunctions in real
time and automatic printing of fault reports, facilitates the identification of faulty
components and minimizes unjustified replacement of component components.

1. The new technologies for reduce and simplify maintenance

Modern technologies are implemented wherever possible to reliably reduce
scheduled maintenance tasks and simplify maintenance, reduce the labor intensity of
operational personnel in man-hours.

A typical example is controlling an aircraft to fly by wire, which is simpler and
easier than a conventional control system with about 50% less maintenance required.

2. Multi-functional line replacements

Multi-functional line replaceable (MFLR), associated with high reliability of
components also contribute to minimizing maintenance costs, dynamics of reducing
airframe maintenance costs

For example, there are also world examples when it is economically more
profitable to use this service model, in accordance with the MSG-1 maintenance
program of the Boeing 747-100 aircraft, United Airlines spent 66,000 man-hours on
basic structural checks before reaching the main interval of the first heavy inspection of
this aircraft in 20,000 hours. Using traditional maintenance procedures, it took more
than 3,900,000 man-hours to carry out small and not so complex inspections of the
DC-8 aircraft to carry out a basic design check, which made it possible to achieve the
same 20,000-hour design check interval. Cost reductions of this scale are obviously
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important for any organization responsible for maintaining the serviceability of heavy
aircraft [Michael Rovinskiy and others MSG-3/PHP&L Maintenance Steering Group-3
(MSG-3) - based] Maintenance and Performance-based Planning and Logistics.

The innovative potential is determined by the dynamic nature of the air transport
maintenance market, the ability to transform into a new state in order to meet existing
or newly emerging needs for vehicle maintenance. In essence, the innovation potential
is characterized by the ability of the vehicle maintenance system to economic evolution,
progress, improvement and qualitative change.

The innovation potential of a territory is the amount of resources that territorial
entities are able to transform into a steady stream of competitive innovations. In this
regard, the main elements of the resource innovation potential are personnel,
information, logistical, organizational and financial capabilities of territorial
administrative units for innovative progress.

The components of human resources of innovative potential provide development
and intellectual support in the process of innovation implementation and also provide a
high level of additional value of innovative services.

Financial opportunities provide effective formation for innovation and carry out a
quantitative assessment of the investment attractiveness of the investments used.

The innovation process determines the sequence of actions of the innovation
process, the transition from an idea to the creation of a possible innovation, ensuring
the maintenance market under the influence of management influences. There are three
stages of the innovation service process: at the first stage, research work is carried out,
at the second - the creation of design, and at the third - the provision of the life cycle of
innovative services.

Since the alternatives are indicated with sufficient detail to allow the analysis to be
carried out, the next step will be to assess the relative costs, benefits and risks in
quantitative terms. The analysis of product support alternatives contains considerations
of both a financial and non-financial nature, both quantifiable and non-quantitative
elements. The analysis can also take into account the evaluation of performance,
reliability, maintainability and support capabilities. Programs that use these factors in
their decisions give varying degrees of importance to costs, benefits and risks.
Assigning numerical weights that emphasize or suppress the relative impact of costs,
benefits, and risks on the analysis is one of the ways in which the program contributes
to improving analysis to support decision-making.

In order to analyze alternatives, it is important in addition to determine the weight
(the proportional value that is assigned to a particular advantage), benefits and risks. If
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it is determined that the lowest cost is considered the preferred criterion in the process
of obtaining a solution, then this criterion can be included in the analysis by
determining the value of the cost weight at a high level. However, the assessment of
costs, benefits, risks and sensitivities should be components of the study of alternative
product support options.

3.2.1Aircraft market analysis

At the first stage, analysts aggregate national and international statistics,
information from business and industry publications. Additionally, our own research
was conducted: surveys of consumers or experts, observations of prices in retail and
wholesale sales channels. The data sources for each review are presented in detail in its
annotation.

At the second stage of the work, the data obtained is weighted and reduced to a
single consistent array. At this stage, the data is rejected, which is presented to analysts
as contradictory and less reliable. The selected data should to be in full correlation with
each other in order to make a comprehensive assessment of the market possible. For
example, demand should be equal to supply, taking into account production, imports
and exports, sales and inventory.

Data on production, customs operations, sales are extracted from different sources
and initially do not fully correspond to each other, which often requires additional
calculations.

The third stage of the work is the construction of dynamic series - forecasting.

Primary forecasting is carried out by mathematical methods that have already been
described in Chapter 3, the essence of which is reduced to the analysis of retrospective
data for making a forecast. However, such an analysis can only set a general trend in
stable markets with well-known long-term dynamics.

There are virtually no such stable markets in the Russian experience, which is why
the effectiveness of mathematical analysis decreases.

To clarify the forecasts, the factors influencing the development of the market are
analysed. Part of the factors. It is defined quite rigidly and can be used with great
confidence to predict production, imports and exports. An example of such a factor is
state industry regulation. Often, the government's policy in the field of import
regulation, investment in production and construction, subsidizing or, conversely,
increasing the tax burden on the industry is known in advance. Using the accumulated
experience about the impact of such changes on the industry, | tried to conduct an
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analysis.

The influence of other groups of factors is less pronounced or the factors contradict
each other. Most often, such factors are associated with the dynamics of sales and
consumption. Here we have to analyze a wider range of variables, often using
benchmarks from neighboring markets where a similar situation occurred earlier, or
from the markets of the same industries in other countries where there were similar
cases.

For example, in all developing countries of the world, there is a similar dynamics
of consumer behavior due to the emergence of new categories of goods, the
development of online retail, the arrival of international corporations.

For a good example, we can consider the situation in the Asian and Russian aircraft
construction market. Where at this stage of the analysis we can notice that the
combined work on the project of a long-haul aircraft looks like a rather promising
project and is promising trying to solve some global problems of air transportation
demand and that is not unimportant already composes good competition for large
companies like Boeing and Airbus.

Despite the fact that the Chinese plane is intended primarily for the domestic
market, the emergence of a new player on the field seriously worried about such
"monsters"” as Boeing and Airbus. The fact is that there is a high probability that the
prices of the Chinese COMAC will be dumped in the Central Asian market of aviation
equipment. This is understandable, for the countries of this region is becoming more
attractive to purchase aircraft from a Chinese partner than an alien in all respects and
distant American or European consortium. It mixes politics, economics, and
long-standing differences between Eastern and Western philosophy.

Russia has always (until recently) occupied the place of one of the leaders in the
aircraft industry, but our, domestic aircraft MC-21 enters the transportation market as a
beginner. Moreover, it has a "zero" position in this market, that is, the conquest of the
market in the segment of short- and medium-haul transportation will have to be
conquered completely anew. In this regard, many experts predict the unenviable fate of
the MC-21 on the world aircraft sales market [26].

3.2.2 Analysis of the cost, supply and demand for aviation

Aviation fuel costs account for about a third of all direct operating costs associated
with the operation of the aircraft. This indicator directly affects the commercial
performance of air carriers and affects the tariff strategy of air transportation, thereby
causing an increase or decrease in interest in air transportation from the final consumer
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- the air passenger.

The air transportation market reacts quickly to all changes in the global political
and socio-economic situation. The difficult situation in the Middle East and Central
Africa, the financial crises in the Eurozone, the policy of sanctions against Russia - all
this adversely affects the air transportation sector both in the region and around the
world as a whole, reduces the pace of its development.

The largest share of air transportation is carried out by network airlines. As a rule,
large network air carriers have a developed route network, well-established services, a
powerful fleet of aircraft in a wide range of capacities. Regional and low-cost airlines
perform an important function of passenger transportation development.

The directions of transportation between Europe and Asia, North America and Asia,
Europe and Latin America, North America and Latin America are developing most
intensively today. Also in demand domestic transportation in Asia and Latin America.
In countries with developed economies, where air transportation has reached the
highest rates in absolute terms, the volume of air transportation growth, due to changes
in GDP, the transportation market on less capital-intensive routes is noticeably
decreasing, and they participate in the formation of passenger traffic between large air
hubs. A few years ago it was possible clearly highlight the decades-old specifics of the
activities of most airlines. There were carriers focused on regional and local
transportation, there were large network companies characterized by a clear fleet
structure and tariff policy. In a number of markets, business relations between carriers
have been formed, which determine the specifics of work and the area of responsibility.
The dynamics of recent years against the background of increasing competition in the
market demonstrates an increase in the share of combined airline business models.
Many large network carriers are introducing elements of low-cost transportation, and
competition for regional routes is growing.
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Fig.3-1 The graph of the global dynamics of aviation fuel prices
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Fig.3-2 The global air traffic and dependence on political events in the world.

The economic and geopolitical situation in which the world air transportation
market is currently located determines the directions of development in the medium
term. One of the main trends remains the liberalization of the global air transportation
market. Throughout the 2000s, the liberalization process intensified both in Europe and
the USA, but also in Asia, which led to an increase in the number of airlines on the
market, increased competition among them, and, as a result, lower ticket prices and
increased passenger traffic. Air transportation.
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Against this background, an important trend is the globalization of aviation the
market. Airlines are actively penetrating the markets of "not their" regions, the
principle of "national” companies is being eroded, the process is being activated
associations of the largest air carriers. Similar examples are the associations of the
largest national air carriers in the United States, the acquisition of many European
airlines by Lufthansa, the unification of a number of Russian players into the Aeroflot
group, the active struggle of air carriers in the Middle East with the North American
authorities to increase their role in the distribution of passenger traffic.

50 %

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Fig.3-3 Financial stability of the airline industry

Age more than 50% of PAS aircraft- The age structure of the fleet*of the Sazhir
segment does not exceed 10 years old. Also, the world fleet is represented by a
significant number of regional aircraft with a capacity of up to 60 chairs. However,
aircraft with a capacity of up to 60 seats practically do not work in highly profitable
directions, have fairly high

seat costs, and in a number of regions enter into direct competition with other
modes of transport. The demand for aircraft with such a capacity has a cyclical form
and significantly depends on the influence of external. A decrease in demand for air
transportation or changes in the cost of jet fuel primarily affects this market segment.

The capital intensity of the narrow-body and wide-body segments significantly
exceeds the performance of the segment with a capacity of up to 60 seats, although
small narrow-body (with a capacity of 60-120 seats) and wide-body aircraft together
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make up no more than 30% of the current fleet. The fleet of wide-body aircraft has a
fairly diverse age structure, but most major airlines prefer to operate a modern fleet.
Age 49 % the fleet of wide-body aircraft does not exceed 10 years.

Thus, the global market is gradually becoming a single space for all playersod,
GDP will grow by an average of 2.9%, and in the second by 2.7% per year. Growth
over 20 years by 1.7 times.

It should be borne in mind that the rate of population growth in the world is
slowing down. In the retrospective period (2001-2018), it amounted to 1.2% Now the
population of the Earth is 7.6 billion. In 2038 it will be 9.1 billion. In 2018,
approximately 4.3 billion passengers were transported; in 2038, about 10.4 billion.

The main measure of work in passenger traffic is the value of passenger turnover,
measured in passenger-kilometres. Passenger turnover and GDP are interconnected and
depend on the region, but everywhere passenger turnover is growing at a faster pace
than GDP. As air travel develops, the lead is shrinking. In the retrospective period, the
ratio between the rate of world passenger turnover and GDP was 1.9, in the first decade,
it will decrease to 1.6, and in the second - 1.5. At the same time, in general, the
passenger turnover will increase 2.4 times over 20 years (from 8.3 to 19.5 trillion
passenger kilometres).

Air mobility (pkm / person) is increasing all the time, but the rate of its growth is
decreasing. In the period 2001-2018 - 4.5%. In the first decade of the forecast period,
they will decrease to 3.7% per year, and in the second decade - to 3.3%.

Narrow-body aircraft remain by far the most popular in the air transportation
market, as they currently account for 52% of passenger traffic. The share of wide-body
(WB) aircraft accounts for 44%. An important feature of the development of world
transportation is the trend of an increase in the share of UV and a decrease in the share
of WB aircraft (59% and 38% are expected in 2038, respectively).

The total share of traffic on regional aircraft in the world decreased from 8.3% in
2001 to 4.4% in 2018 and will continue to decline to 3.0% by 2038. The decline in the
share of regional traffic and traffic on the WB is in no way equivalent to a reduction in
the volume of these traffic.

In total, the commercial passenger fleet now has about 28 thousand vehicles. The
largest share belongs to NB aircraft (single-aisle aircraft with a capacity of more than
110 seats) - 59%. Then there are WB aircrafts, their share is 17%. Regional aircraft in
the world are 23% (9.5% of regional turboprop and 13.8% of regional jet aircraft).

The average calendar life of aircraft in the passenger commercial fleet at the
beginning of 2019 was 11.1 years.
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According to the average calendar service life, the most "old" are regional
turboprop aircraft (16.4 years), followed by regional jet (12.3), then narrow-body (10.2)
and the youngest are wide-body aircraft (10.1).

The distribution of the aircraft fleet by the average calendar service life within
individual aircraft classes shows that long-haul aircraft are characterized by a reduction
in their share as the age of the group increases.

It is expected that in 2038, the world park will remain approximately 10.5 thousand.
Aircraft of the modern passenger fleet, that is, 38%. Most of all will remain NB
aircrafts - about 7 thousand (42% of the current), least of all - regional turboprop and
regional jet, 1 thousand each (27% and 39%), of the current WB in the ranks will be 1.5
thousand (32%).

The total demand for commercial passenger aircraft in 2019-2038 is estimated by
us at 44.3 thousand or $ 6 351 billion in the catalogue prices of 2019. Of these, 13.4
thousand have already been ordered. Aircraft (30% of the estimated demand).

From the forecasts of the distribution of work between aircraft classes, it follows
that narrow-body long-haul aircraft will be the most in demand. It is expected that the
global demand for them will amount to approximately 31 thousand units in quantity
and $ 3,736 billion in value terms, which is equivalent to 70% and 59%, respectively.
34% of the demand for NB aircrafts is already covered by existing orders. Thus, the
free market is estimated at approximately 20,640 units.

If we talk about the distribution of demand for new NB aircraft by capacity groups,
then the clear leader here is the group of 166-200 seats (20.5 thous. aircrafts), which
accounts for 66% of the demand in the UV BC segment. 34% of the demand in the
group will be satisfied by the existing orders, the free market - 13,550 aircraft or
$ 1,625 billion.

In the group with a capacity of 201+ seats, orders cover 43% of the expected
demand, and the demand itself is 3 times less than in the group 166-200 (23% of all
NB). The free market for this group is estimated at 3,640 aircraft.

The demand for aircraft with a capacity of 135-165 and 111-134 is noticeably
lower than in the groups listed above.

In the class of WB aircraft, the total world demand is estimated at about 7,550
aircraft, and the free market at about 5,610 aircraft (74%). The total demand in the
group with a capacity of up to 300 seats (this group includes CR929-500 / 600) is 3,560
aircraft, not occupied by orders - 2,830 aircraft (21% coverage). In the 301+ capacity
group (which includes CR929-700), the total demand is slightly higher - 3,990, but the
uncontracted demand is less - 2,780 (30% coverage).
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The total demand for regional jet aircraft is 3,610 aircraft, the free market is 2,830
(79%). The greatest demand will be in the group with a capacity of 61-90 seats (2,000
aircraft), but of which 1,370 (68%) are in North America. In the 91-110 group (to
which the Superjet 100 belongs), the total demand is less (1,380 aircraft), but the group
itself is also smaller in terms of the capacity range (delta is 20 seats, and in the 61-90
group it is 30 seats). In the group with a capacity of 30-60 seats, the demand is
extremely low (about 230 aircraft).

The total demand for regional turboprop aircraft for 20 years will amount to 2,120
aircraft, of which 14% are covered by orders. The 61+ capacity group is more attractive
as it accounts for 74% of the expected demand in quantity and 80% in value terms.

Russian civil aviation has already achieved results and is demonstrating
double-digit growth rates in traffic. Our share in the global passenger turnover is 3.5%,
and in the world population is 1.9%. Air mobility in Russia is 1.8 times the world
average. Higher only in the Middle East (2.7), Europe (2.8) and North America (4.7).
Note that these results do not seem unusual against the background of historical facts.
At the time of the collapse of the USSR in 1991, Aeroflot was the largest airline in the
world. In the same year, the share of the Russian Federation in terms of population was
2.7%, and in air transportation 8.1%, air mobility was 3 times higher than the world
average. But then the crisis broke out. By 2000, the passenger turnover of Russian
airlines decreased 2.8 times compared to 1991, and the global share decreased to 1.8%
(the share in the population decreased to 2.4%, air mobility dropped to 0.7 of the world
average). However, since 2001, the traffic of Russian airlines began to grow again and
growth continued until 2014 with an average annual rate of 11.4%.

In the ICAO rating for passenger turnover performed in 2018, Russian airlines took
the 7th position (after the USA, China, UAE, Great Britain, Germany and Canada). In
terms of cargo turnover, it is also in 7th place.

The growth rate of GDP in the Russian Federation in the next 20 years is projected
at 1.7%. The growth rates of passenger turnover in the forecast period will amount to
4.7% and will be higher than the world average (4.4%). By the end of the forecast
period, the estimated air mobility of the population in relation to the world average will
increase to 2.3, since here, in addition, the growth in the world population and the
reduction in the Russian Federation will affect.

In total, the commercial passenger fleet of Russia now has 1,026 aircraft, the
average calendar service life of aircraft in the fleet at the beginning of 2019 was 14.3,
which is noticeably higher than the world average (11.1). The most "elderly” is the
regional turboprop class (33.5 years) and its group of 30-60 seats (96 aircrafts with an
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average age of 39.4 years), since there are 76 An-24 in it, with the average calendar
service life from 40 to 48 years. Moreover, 60 of them have the “In Service” status. In
2038, 326 aircraft will remain on the wing.

The demand for new aircraft is estimated at approximately 1,470 aircraft worth
$ 182 billion, which is equivalent to a share of 3.3% of world demand in quantitative
terms and 2.9% in value terms. 527 aircraft were ordered (36% of the quantitative
demand). In the NB aircraft class, the expected demand will be 1,040 aircraft, of which
43% have already been ordered. At the same time, 59% of the projected demand has
already been ordered in the NB 166-200 group, but there is still a demand potential for
260 aircraft. The second most popular group will be NB 201+. It is possible to purchase
210 liners here, 180 (86%) are not covered by firm orders. In the segment of regional
jet aircraft, the delivery of about 200 aircraft is expected, 135 of which will be in the
group with a capacity of 91-110 seats. Note that this is 10% of the world quantitative
demand. Of the 135 aircraft, 32 have already been ordered. The demand for WB
aircraft is forecasted in the amount of 140 aircraft, 45% of them (63 units) belong to the
group of up to 300 seats. Orders covered 36% of the estimated demand for WB aircraft.
The demand for turboprop aircraft is estimated at 94 aircraft. There are no firm orders
yet [26].

3.3 PBL based technical maintenance risk analysis

Airline safety managers would like to have a simple and reliable tool for
quantifying and predicting risk when flying with an airline.

The ICAO Safety Management Manual describes three safety management
strategies: The reactive (response) method reacts to aviation events that have already
occurred; The preventive method actively identifies hazards by analysing the activities
of the organization; The predictive (warning) method analyses the characteristics of the
system in its forthcoming production activities.

Depending on the intended aspect, the concept of flight safety may have different
interpretations, for example:

1. zero level of aviation accidents or serious incidents is a widely held opinion
among passengers;

2. the absence of hazard factors, i.e. such factors that cause or may cause
damage;

3. attitude of employees of aviation organizations to unsafe actions or
conditions;

4. avoiding errors;
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5. compliance with regulations.

Regardless of interpretation, they are based on one common premise - the
possibility of absolute control. Zero level of accidents, absence of risk factors, etc.
imply that it is possible (through the introduced system or measures) to put under
control in the aviation operational context all variables that can lead to negative or
damaging consequences. However, although the elimination of accidents and/or serious
incidents and the achievement of absolute control are undoubtedly very desirable tasks,
in an open and dynamic operational context they are unattainable. Hazard factors are
integral components of the aviation operational context. Failures and operational errors
will occur in aviation, despite the most effective and carefully designed measures
applied to prevent them. No human activity or system created by him is guaranteed
against the complete absence of hazard factors and operational errors.

Therefore, safety is a concept that should include relative rather than absolute
concepts, which is why, in an inherently safe system, the presence of flight safety risk
factors arising as a consequence of hazard factors in the operational context should be
allowed. The main issue is still control, but control is relative, not absolute. As long as
safety risks and operational errors are reasonably controlled, an open and dynamic
system such as a commercial civil aviation system is considered safe. In other words,
flight safety risk factors and operational errors that are under reasonable control are
permissible in an inherently safe system.

Safety is increasingly viewed as a result of the management of certain
organizational processes aimed at keeping under control the risk factors for flight safety
that arise as a consequence of hazard factors in the operational context. Thus, for the
purposes of this guide, safety means the following:

Safety assurance is a situation in which the risk of harm to people or property is
reduced to an acceptable amount and also remains at this or a lower level due to
continuous processes for identifying hazards and managing risk factors affecting flight
safety.

Analytical risk expresses the frequency of the implementation of hazards in
relation to their possible number. In general:

N() |
o)

R =
Where:

R is the risk;
N is a quantitative indicator of the number of undesirable events per unit of time t;
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Q is the number of objects exposed to a certain risk factor a f.
The concept of "risk™ includes another aspect — it is a quantitative characteristic of
the action of hazards formed by a specific human activity.

3.4 PBL based technical maintenance external condition analysis

The main factors determining the demand for new aircraft are the development of
air transportation and the disposal or replacement of the existing fleet. The demand for
passenger air transportation, in turn, depends on many factors, but, first of all, on the
size and rate of development of the gross domestic product (GDP), population and the
level of development of the air transportation industry and alternative modes of
transport.

Industry enterprises develop (as a rule, jointly with foreign companies) a number
of promising civil aircraft and aircraft engines. first of all, this is a Russian regional
aircraft (Russian regional aircraft, RYE) of the Sukhoi joint-stock holding corporation
with the participation of companies such as Boeing (USA), Alenia Aeronautica (ltaly),
as well as the SaM146 aircraft engine, an aircraft engine designed to be installed in this
aircraft, developed as part of cooperation between the French by the company Snecma
on Moteur and the Russian JSC NPO Saturn. More promising is the short- and
medium-haul MS-21 aircraft (Yakovlev Design Bureau, llyushin Design Bureau and
Tupolev Design Bureau) and PS-12 aircraft engines, which are intended for installation
on this aircraft (under development).

Perm design Bureau and D-436T12 (created by Ukrainian enterprises "Motor-
Sich™ in cooperation with a number of Russian enterprises).

The amount of expenses for the development and development of numerous
products of new aircraft and aircraft engines is usually about several billion dollars,
therefore, in order for the project to pay for itself, it is important to introduce at least
several hundred, or even thousands of products.

Thus, manufacturers of aircraft of the MS-21 family predict sales on the Russian
market exclusively in the period from 2011 to 2026. It is in the volume of 220-400
copies [4-5], and in the specified period it is planned to export up to 310 aircraft of this
type (about 4% of the total demand of world airlines for short-haul and medium-haul
aircraft in the period up to 2026, according to the company's forecasts).

The developers of the IEL aircraft hope to sell at least 800-1000 copies for the
period from 2008 to 2023 (more than 2/3 of them for export), the total capacity of the
global market for regional aircraft is approximately 5.0-5.5 thousand units.

At the same time, it should be recognized that demand forecasts for them vary
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significantly even among cooperation partners, not to mention competitors, airline
representatives, and independent economists.

Due to the high cost of R&D, a reliable forecast of future demand volumes is
necessary before the start of full-scale project development. Forecasting the demand for
promising products of the aviation complex is hindered by its long-term nature: the
pre-production stage of the aircraft life cycle (R& D, technological process of
pre-production) is 5-10 years, and the stage of serial production is 20 years or more.

In the case when the forecast for sales volumes did not materialize, the market
failure of the project can lead not only to the bankruptcy of enterprises, losses for the
state budget, as well as to the loss of scientific, technical and personnel potential of the
industry, as well as to negative social consequences.

In this regard, the improvement of demand forecasting methods in the aviation
industry is considered the most urgent and complex scientific task.

In [6], some methodological problems of forecasting demand for aviation industry
products are considered. Firstly, it is shown that in an unstable economy, an accurate
forecast of demand for aircraft in competitive markets is achievable only with the
selection of groups of rational potential customers. This point of view is shared by
some other researchers (see, for example, [5]). In turn, such a choice is determined by
the economic efficiency of products offered by competing manufacturers. Those
customers for whom the economic efficiency of the products of this enterprise is higher
than the efficiency of competitors' products will make up a lot of likely customers of
the enterprise. At the same time, the demand of airlines for aircraft and aircraft engines
consists in the main part of three important purchases: to replace aircraft that have
exhausted their resource; to increase the carrying capacity (in order to meet the
increasing demand for air transportation in the most holistic way); to replace obsolete
(although, perhaps, not completely used up their resource) aviation facilities at the
expense of new generation products.

The specifics of the current situation in both Russian and global civil aviation is
the predominance of the third of the listed components of demand for aircraft, which is
due to a significant excess of carrying capacity. In the early 1990s, due to a sharp
decline in the purchasing power of most of the population in Russia, there was a
multiple decrease in the volume of air traffic compared to the pre-reform level. A large
number of serviceable aircraft were decommissioned. Thus, in 2004, the operated fleet
of aircraft in Russian civil aviation was only 54%

The registered number [7]. At the same time, the intensity of aircraft operation,
recorded by the average annual flight per aircraft, is 1.6-2.1 times lower in Russia than
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abroad (1600-2100 flight hours per year compared with 2900-4600 leading foreign
airlines). By the beginning of 2006, the pre-crisis volume of traffic has not yet been
restored, although the recovery growth has been observed since the early 2000s. Thus,
the carrying capacity and resource of the existing fleet of aircraft are far from being
exhausted. A similar situation is observed abroad, where (after the tragic events in the
USA on 11.09.2001) hundreds of serviceable aircraft were put into temporary storage.
The tendency of Russian airlines to upgrade their fleet, which has been observed in
recent years, is mainly caused by the moral aging of the aircraft (this is low fuel
economy, or complete non-compliance with new environmental standards, etc.), and
not by the development of its resource. Thus, according to the source [7], only 42% of
700 decommissioned in 1991-2003. mainline and regional passenger aircraft have
exhausted their resource, 14% of 440 cargo aircraft, 22% of 1,180 helicopters.

Consequently, for the next few years, the most important factor determining the
demand for new aircraft and aircraft engines on the Russian and world markets will
remain the readiness of airlines to upgrade their fleet of aircraft qualitatively, to equip
with more modern and efficient aircraft. Therefore, in the economic analysis of
innovations on their basis, there are several options for determining the indicator of the
effectiveness of the introduction of innovations E, which can be represented as:

E=— Y ,
(Kic + Kcc) 13]

where L is the economic result of the innovation for the billing period;

K\c - innovation costs;

Kcc - investment (capital) costs.

[14]

Kic' [15]
where Cp is the market price of the innovation.
In turn, the economic effect of the innovations U,c can be written as:
Uic = Cp — K¢, [16]
UIC == L - ch, [17]
In cases where it is necessary to compare innovations in terms of their profitability,
ranking can be carried out using the profitability coefficient Kp:
Sp
Kp = -
Sp [18]
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where S0 - the sum of the reduced income;

Sp - the sum of the reduced cash costs.

The given cash incomes are the future profits from the innovation, which are added
not in the absolute amounts that are expected in the future, but adjusted for the discount
coefficient (different for each future year) [37].

The technical and economic level of aircraft engine production after the
introduction of technological innovations can be characterized through the indicator of
unit reduced costs K:

K = (Cp + EICF)’
Ng

where C is the cost of production of an aircraft engine;

E|c - standard efficiency coefficient (0.1-0.12);

F is the average annual cost of fixed assets;

NEe is the number of aircraft engines produced per year.

Thus, the economic analysis of technological innovations consists of defining a
number of expected indicators that can be systematized into three groups:

The first group of indicators characterizes the expected economic results from the
introduction of technological innovations (Cp, L).

The second group of indicators characterizes the expected innovation and
investment costs associated with the introduction of technological innovations (K,
Kco).

The third group of indicators characterizes the effectiveness of the introduction of
technological innovations (E, Ecc, Eic, Kp, K).

The problem of assessing innovations can be divided into two independent tasks:
assessing the consequences (positive and negative) of the implementation of a
particular direction of development and measuring the corresponding costs of their
implementation. The choice of directions will be carried out by comparing alternative
projects, which is carried out in two main directions: social assessments and economic
(monetary) measurements [38].

Thus, the third chapter proposes a model of the conceptual and functional
relationship between the development of technological innovations with a block of
indicators for assessing the economic effect at the early stages of the aircraft life cycle.
This model reveals the essence of assessing the economic effect of technological
innovations at various stages of the aircraft life cycle and is based on quantitative
changes in the technical and operational systems of the aircraft.

An in-depth analysis of economic efficiency indicators was also carried out,

[19]
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namely: an analysis of the aviation equipment market in the medium-haul aircraft
segment, an analysis of the cost, supply and demand for aviation equipment, three
methods of flight safety management were considered, an analysis of macroeconomic
conditions affecting the implementation of technological innovations was carried out.

Section 3.3 describes a number of expected indicators in the economic analysis of
technological innovations using the example of an aircraft engine. This product is
proposed to be regarded as a breakthrough, the appearance of which on sale can cause a
voluntary refusal in its favor, at least for some operated structures due to the operation
of their existing aircraft, despite the fact that the latter has not yet developed its
resource.

Of course, this is a very strict criterion. Nevertheless, it has a logical justification
and, as will be shown below, does not contradict the data on the change of generations
of aircraft.

If the formulated criterion is not met, airlines will prefer to continue to operate the
existing fleet, and only as its resource is developed to acquire new products. Even if we
give preference to the products of a domestic enterprise, it is obvious that the demand
for it per unit of time will be significantly small, since only two of the three
components of demand listed above in aviation remain in force (replacement of
equipment that has spent its entire resource and expansion of the assortment). i.e., at the
moment they are not the most significant. In the absence of a radical advantage to the
products of the previous generation, the purchase of modern aircraft will mainly be
postponed by airlines for the future period, resulting in two competitive threats.

Firstly, during the years for which the purchase of new aircraft (and engines) has
been postponed, competing manufacturers are likely to offer new samples by the time
their old products are written off. At the same time, it should be taken into account that
foreign competitors have significant financial opportunities for R&D, since they have
already managed to earn significant income through the sale and maintenance of their
products.

Secondly, using competitors' products, airlines strengthen relations with their
manufacturers and repair companies, which leads to mutual training (during work and
after-sales service) and, as a result, enhance the blocking effect.

So, it is proposed to consider a breakthrough product that (at least in certain market
segments) is able to overcome the blocking effect. Using the conventions introduced
earlier, we will build a simplified model of making a decision on the write-off of
old-generation aircraft with a remaining resource. Let's assume for simplicity that the
owner of an old-generation aircraft can take one of two alternative solutions. Either the
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old product is operated until the resource is fully exhausted, and only then it is replaced
by a new generation product, or it is written off and replaced immediately when a new
generation of aircraft appears on the market.
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Chapter 4 Conclusion

A critical analysis of the current state and trends in aircraft maintenance
management shows the following shortcomings of the existing system for maintaining
the airworthiness of civil aviation aircraft, both in the Russian market and in the Asian
market.

Departmental structure of the aircraft maintenance economy, virtually devoid of
any economic or commercial relations between various enterprises, high labor intensity
of maintenance; low productivity of technical personnel, poor organization of the
maintenance process maintenance, insufficient quality of aircraft maintenance, the
impact of the maintenance process itself on flight safety, the impact of the human factor
on labor results. Hence, the goals and objectives of further research. first, it is necessary
to analyze and provide the most advanced maintenance organizations from the point of
view of economical production, optimize its structure, and also start with technical and
economic indicators in order to consider the indicators of the maintenance process itself,
excluding costly indicators, in order to improve economic mechanisms, to study the
indicators of air transport activities of civil aviation, in order to perform aircraft
maintenance works, in order to carry out work on air transport by air transport, to study
various indicators of manufacturability, maintainability, controllability, indicators of the
technical condition of the aircraft to introduce, instead, to introduce comprehensive
performance indicators. Take into account quality and risk indicators, implement
comprehensive reliability, safety indicators and indicators of timely maintenance work.

With the digitalization of design and working technical documentation, as well as
an increase in the share in the production of a modern technological complex, there is a
need to consider the issue of digital modification of the organization of production
processes of technical operation of air transport and its components.

4.1 Main work and innovation

Summing up, we can say that the work considers well-known technigues that allow
implementing generally accepted approaches to assessing the economic effect of the
introduction of technological innovations at the stages of the aircraft life cycle by
applying standard concepts for assessing the economic effect of the introduction of
innovations.

Taking into account the repeatable process of implementing an effective PBL
agreement, it is necessary to ensure consistent reporting, maintain regular contacts with
all key stakeholders, and evaluate the effectiveness of the agreement on a regular basis,
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within the established time frame. The figure below summarizes the best practices
related to PBL contract management.

Assigna
Contracting
Officer

Representative

Be Flexible
with Governance

processes as
Contract matures

Contractor's

PBL Management Proposal
Best Practices for
Managing PBL
Contracts Post-Award
Request

Short,
Informative

Establish
Internal PEL
Management
Team

reports from
Contractor

Establish
Governance plan
with External
Stakeholders

Fig.4-1 The main PBL principle

The master's study also looks at the theoretical basic principles of the study of the
difficulty of assessing the financial result from the introduction of scientific and
technical innovations at the stages of the current cycle of the aircraft unit, including the
presentation of the essence of scientific and technical innovations, the difference
between the judgments "innovation™ and "innovation". Presented in detail: the current
turnover of provisions, the boundaries of the current cycle of provisions, as well as the
management of the current cycle of the product. The process of developing new
technologies is almost always associated with the uncertainty of obtaining a successful
result. This situation is especially typical for radical technologies with an intermittent
development cycle. To reduce the degree of the technical and economic risk of creating
technological innovations, the technology readiness level system can be recommended
for use, and the return on investment can be assessed using well-known economic
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indicators, among which one of the most common is the indicator of net discounted
income. These approaches, undoubtedly, are useful tools for managing investment and
innovation projects and assessing their effectiveness, especially at later stages of the
innovation process, for example, at the stage of manufacturing finished products.
However, they lose their relevance at the early stages of the innovation process when
developing radical discontinuous innovations, since in this case, there is an increased
degree of uncertainty and it usually becomes impossible to give even an approximate
forecast for the future regarding the success of creating an innovative product and draw
up a plan for its implementation and commercialization. Therefore, in many respects,
the degree of continuity of the process of its development will have a great influence on
the ability to give an economic assessment of the effectiveness of creating high
technologies. At the same time, the predictive methods used, the correct choice of
strategy, risk assessment, technological routing, and technical and economic modelling
are of great importance and value for the developer.

Summarizing the above, a model is proposed that presents the conceptual and
functional relationship between the development of technological innovations with a
block of indicators for assessing the economic effect at the early stages of the aircraft
life cycle. This model reveals the essence of assessing the economic effect of
technological innovations at various stages of the aircraft life cycle and is based on
quantitative changes in the technical and operational systems of the aircraft. The model
provides for the optimal (acceptable, acceptable or, in a negative sense, unacceptable,
non-optimal) parameters of the technical and operational perfection of the aircraft
within the technically achievable ranges. The model is built on the basis of a set of
functional-cost (parametric) dependencies and includes taking into account the input
(original) data - the requirements established in the technical specification for design,
with the possibility of further clarification and coordination. The technical specification
requirements for input establish the requirements for the basic (external) performance
of aviation equipment and its technical and operational level.

In the third chapter, an in-depth analysis of economic efficiency indicators is
carried out, namely: an analysis of the aviation market in the medium-haul aircraft
segment, an analysis of the cost, supply and demand for aviation equipment. Three
methods of flight safety management are considered, an analysis of macroeconomic
conditions affecting the implementation of technological innovations is carried out.
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4.2 The advantages and benefits of PBL based technical repair and
maintenance

Innovations have a complex impact on both quantitative and qualitative parameters
of economic growth. The impact of innovation on the pace of economic growth is
manifested as a consequence of an increase in labor productivity and capital.

The high quality of economic growth presupposes the predominance of an
innovative factor in its structure, which is reflected in the form of new goods, services,
technologies, forms of organization, management methods, changes in the quality of
labor.

The growth achieved at the expense of raw materials differs significantly from that
which occurs on the basis of innovation.

The solution to the problem of the quality of economic growth is possible in 3
directions: economic, social and environmental. The economic direction includes two
component blocks: factorial and structural.

When using the proposed innovative product, which is described in the master's

thesis. We can finish off the totality of solving the set logistical problems in all 3
directions.
The economic direction will be developed in the direction of saving costs for logistics
services. The social direction wins not only in the direction of creating new personnel,
but also in the direction of reducing unnecessary personnel. Since the method of
contacting intermediaries for certain logistics services will be applied. The ecological
direction also wins, since we not only save fuel, kerasin, etc. And we also intentionally
make less waste in the entire logical chain.

Innovation, being a direct growth factor, can revive demand in the long term. For
Russia and China , the main domestic demand for aviation services in general is .In
competition with other aviation giants, it is crucial to increase the competitiveness of
goods and services, and this is possible only thanks to various innovations.

Performance-based mechanisms provide the industry with flexibility in
determining how to provide quality services and performance results to its government
partners with an acceptable level of profit and risk. on the basis of PBL contracts, the
industry will "compete” within its own in order to reduce costs as well as increase
profits, which is usually achieved by:

» Optimizing processes, reducing inefficiency and associated costs in order to meet

the demand for logistics;

* Improving product quality (for example, reliability), thereby reducing the overall
demand and cost on the basis of PBL contracts, the industry will "compete™ within its
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own framework in order to reduce costs and also increase profits, which is usually
achieved by.

 Optimizing processes, reducing inefficiency and related support costs, * saving
for

Ministry of Defence, * improving support capabilities for military fighters and
increasing profits for the supplier.

on the basis of PBL contracts, the industry will "compete™ within its own

framework in order to reduce costs as well as increase profits, which is usually
achieved by:

* Optimization of processes, reducing inefficiency and associated costs to meet

the demand for logistics

» improvement of product quality (for example, reliability), which reduces the
overall need and costs in order to achieve the desired performance.

All these approaches, with proper organization and management, will lead to lower
support costs, as well as cost savings for

The Ministry of Defence, improving the capabilities of the military fighter support
and increasing the supplier's profit.

4.3 Development and prospect of PBL for aviation industry

The problem of assessing innovations can be divided into two independent tasks:
assessing the consequences (positive and negative) of the implementation of a
particular direction of development and measuring the corresponding costs of their
implementation. The choice of directions will be carried out by comparing alternative
projects, which is carried out in two main directions: social assessments and economic
(monetary) measurements

Process improvement is a structured or continuous improvement of production
processes. The four-step method described in TQM, which ensures the effectiveness of
improving business processes, consists of: selecting processes; preparing for
improvements; analyzing and redesigning processes; implementing improvements.

The term Total Performance Maintenance is universal efficient maintenance." At
the same time, the concept of "universal” means not just productive and economical
maintenance, but also a complete system of efficient operation of equipment during its
service life, and to include any particular employee and different departments in the
process by involving individual operators in maintenance. Moreover, the application
requires a trusted platform module, certain obligations on the part of the management
of the enterprise. The management concept of Total Performance Maintenance (TPM)
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is the universal care of production equipment - aimed at improving the efficiency of
maintenance. The technique of universal operation of equipment is based on the
stabilization and continuous improvement of maintenance processes, a system of
preventive maintenance, work on the principle of "zero defects" as well as the
systematic elimination of all sources of losses.

The advantage of the process approach is the continuity of management, which it
provides at the junction of individual processes within their system, as well as their
combination and interaction. when applied in a quality management system, this
approach emphasizes the importance of: 1) in understanding the requirements and their
implementation; 2) the need to consider the processes from the side of the added value
they create; 3) achieving the planned process indicators and guaranteeing their
effectiveness; 4) continuous improvement of processes when applied in the quality
management system, this approach emphasizes the importance of.

The PBL concept implies the provision of support services in the form of an
integrated set of standardized optimized readiness indicators, the achievement of
specified technical and tactical characteristics of the system and based on long-term
service agreements with a clear division of powers and responsibilities between the
parties. The purpose of the supply and application of complex high-tech products is not
spare parts, materials or services, but standardized indicators of the final result:
efficiency, reliability, time and costs of the buyer of these products.

Advantages of switching to PBL:

e Fully integrated supplier cooperation

e One integrator provider is responsible for the overall end result of all
service support

e Radical reduction of formal barriers between the customer and the
supplier

e Reduced operating costs

e Partnerships are long-term in nature

e The supplier is fully responsible for the dedicated subsystem

e The supplier provides certain types of heavy and medium forms of
maintenance

e The PBL contract clearly outlines the roles and responsibilities of the
parties.

The main advantage in applying the PBL concept is precisely that when signing a
contract for the purchase of products and services, the product support manager
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identifies product support integrators who provide work results in accordance with the
performance metric for the system or product. The integrator transfers the achieved
level of support to lower prices or increases the amount of work for the same prices.

Payments to the service provider under the PBL contract are determined not by the
prices of spare parts and the prices of such services, as with the traditional approach,
but by the actual values of availability (availability) and reliability of products,
operating costs and average downtime due to failures.

Disadvantages.

In Russia, PBL technologies are implemented most often within the framework of
life cycle contracts and contracts for key performance indicators.

Their widespread distribution is limited primarily by the concerns of participants
associated with insufficient legislative protection against the risks of such a business.
Examples of mechanisms for applying PBL principles have not been developed in
specific areas of the economy.

In particular, if there is experience and positive results in the field of military
aviation, then in civil aviation such experience is not enough to use it. In addition, there
are no scientific methodological developments both on the development of the logistics
support system itself, and on its implementation and use.

With the help of this method, it is incomparably easier to solve any problems
related to the radical improvement of technical operation and airworthiness
maintenance systems.

When selling an aircraft, the manufacturer issues a MRO program and the
corresponding requirements for the conditions of MRO (base, facilities, personnel,
etc.).

Throughout the entire period of operation of the aircraft, the developer provides
technical and technological support to operators, develops and improves the MRO
program as well as all standard documentation.

It is important that all this be done under the auspices of the general designers, who
are responsible for ensuring that the characteristics of flight safety and operational
efficiency correspond to the declared ones.
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The concept of the streaming process and organizational structure, interaction in PBL
logistics services has been developed.

-70 -



Master's Thesis of Shanghai Jiao Tong University

With the application of this concept, we can notice how the expenses for the repair and
maintenance of the aircraft have been reduced.

MRO costs with the MRO costs under the PBL
traditional method method

[e)]

wv

H

w

N

=

B Suppliers B Purchase of spare parts B Waste of time and downtime

Aircraft maintenance cost schedule.
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