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The article describes a conflict between interests of the state customer and the prime contractor on the
issue of aeronautical systems and subsystems reliability improvement during its aftersales support. The conflict
between interests is shown to arise under the traditional approach to payment for the prime contractor’s services
on a basis called “costst”. Contractual models of public-and-private partnership which are used in the foreign
countries successfully, with a payment scheme for the contractor’s services based on outcome performance
measures of aeronautical systems and subsystems aftersales support, are presented as a conflict settlement
mechanism. A long validity term of such contracts and independence of performance payment amounts from
the contractor’s actual expenses motivate the private partner to hold some activities aiming at systems and
subsystems reliability improvement. Applicability of technical and economic assessment of these activities is
demonstrated. The main provisions of the method for technical and economic evaluation of the effectiveness of
aeronautical systems and subsystems reliability improvement are presented thorough the example of a fleet of
engines operated within a group of military transport aircrafts with their aftersales support based on outcome
performance measures. The method is based on a simulation model of engines fleet operating which allows for
the measures of technical and economic evaluation to be identified: average availability of the military transport
aircrafts group during the contract validity period, state customer’s operating costs and the prime contractor’s
profit. It is experimentally shown on the developed method basis that when the fleet of engines is supported
aftersales based on outcome performance measures the prime contractor has an economic interest to improve
engines reliability above the requirements specified in the regulatory documentation.

Keywords: technical and economic evaluation, simulation modeling, availability of aeronautical
systems and subsystems, conflict between interests, aftersales support, outcome performance measures, gas
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Introduction
Aftersales support for the aeronautical

reliability improvement of the produced systems and
subsystems with reference to the required values due

systems and subsystems (ASS) for the military use
involves a payment for the prime contractor’s
services based on the “costs+” method. However, in
spite  of competitive procurement procedure
presence, maintenance and repair (M&R) of the
aeronautical systems and subsystems of certain types
is normally monopolized by its production
manufacturer. Under such conditions, the enterprise-
monopolist doesn’t have an absolute interest in
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to objective economic reasons. As a result, a so-
called conflict between interests is generated —
products reliability improvement is beneficial to the
state customer as it allows for his operating costs to
decrease and availability of aeronautical systems and
subsystems fleet to increase, but at the same time it
decreases the prime contractor’s profit from M&R
services implementation.

* The work is performed with financial support from Ministry of Education and Science of the Russian Federation
(ContractNo.02.G25.31.0168 dated 01.12.2015) within execution of RF Government Regulation No. 218 «About Measures of State
Support for Development of Higher Education Institutes and Organizations Realizing Comprehensive Projects on High-Technology
Manufacture Creationy.
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A mechanism to settle the said conflict,
widely used in the foreign countries, is considered to
be contractual models of public-and-private
partnership with a payment scheme for the
contractor’s services based on outcome performance
measures of aftersales support (Performance-based
contracts, PBC). Thus, according to the research by
Delloite Consulting Company [17] held in 2010,
PBCs are becoming a preferable approach to service
maintenance of weaponry, military and special
machinery models (WMSM). It is noted in the study
that the expenses of the US Department of Defense
for similar programs increased from $1,4 billion in
2001 to $5 billion in 2009, with the average PBC
price increasing from $26,4 million in 20002002 to
$59,5 million in 2007-2009. Positive experience in
application of such contracts is proved by multiple
examples of public-and-private partnership between
Air Force offices of USA, Great Britain and
Australia and manufacturers of aeronautical systems
and subsystems [16; 21; 22, etc.]. In Russia such
type of contracts is currently implemented at a pilot
projects level [10].

PBCs effectiveness is due to their
motivating nature: a long validity time, which is
comparable in duration with after-production life-
cycle stages of systems and subsystems, and
independence of the performance payment amounts
from the contractor’s actual expenses motivate the
private partner to hold activities aiming at his own
expenses decrease with simultaneous increase of
outcome performance measurements of aftersales
support. According to the studies [18; 19; etc.],
manufacturers rely on reliability improvement of
systems and subsystems most frequently to achieve
these goals.

However, if it is practical to hold this
activities depends mostly on the offered PBC
conditions and requires thorough technical and
economic evaluation (TEE). In the foreign literature
[18; 19, etc.] such TEE methods are of extremely
simplified nature and don’t account for a great
number of correlated factors and complexity of
processes carried in WMSM aftersales support
system. In Russian authors’ works methods for
evaluation of economic effectiveness of reliability
improvement are developed for civil AE [8; 15] and
cannot be applied to military AE due to the
difference in the goals of the operating enterprises.

In accordance of the abovementioned, one
of the relevant measures to settle down the conflict
between interests of the manufacturing enterprise
and the state customer is to develop a method for
technical and economic evaluation of the
effectiveness of reliability improvement of domestic
military AE with its aftersales support based on
outcome performance measures.
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Main Provisions

To specify a scope of studies the following
refinements are introduced.

1. A fleet of the same-type gas-turbine
aircraft engines, operated within a group of military
transport aircrafts (MTA), is regarded as an object
relating to which a PBC is concluded.

2. Operating time between unscheduled
engine removals off aircraft wing is regarded as a
reliability characteristic.

3. The average availability of the MTA
group during the contract validity period is regarded
as an outcome performance measure of aftersales
support.

4. Availability of an MTA is
determined by availability of its engines.

5. The average availability of the MTA
group for the contract validity period, the state
customer’s operating costs and the prime
contractor’s profit are regarded as technical and
economic evaluation measures of the engines
reliability improvement effectiveness.

The main point of the method includes the
measures of technical and economic evaluation
being determined with different run times between
unscheduled removals, excessing the requirements
specified in the regulatory documentation (RD).

The structure of the developed method
consists of two blocks — input data and a simulation-
and-calculation block.

The input data is divided into 7 groups as
follows:

1) MTA group properties — a period and rate
of MTA group generation, and a size of the engines
inventory;

2) Properties of reliability, lifetime and
engines maintainability: operating time between
unscheduled removals in accordance with the
requirements specified in the RD, overhaul life and
assigned life of engines, and engine
removal/installation time;

3) Properties of the prime contractor’s
production capacities and repair base — farness of the
repair base from the home base of the air regiment,
and lead time for an engine heavy overhaul and an
emergency and recovery repair;

4) Cost parameters — a price for a new
engine, cost of an emergency and recovery repair
and cost of a heavy overhaul, the prime contractor’s
cost behavior for increasing of operating time
between unscheduled removals above the
requirements specified in the RD, transportation
price for 1 engine per 1 kilometer, price for keeping
1 engine in a warehouse for 1 hour and the prime
contractor’s profit margins;

5) The PBC conditions — the contract
validity period, a performance payments function,
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the monitoring period of the average availability of
the MTA group; the maximum amount of a
performance payment;

6) The MTA application conditions in
peacetime — a planned flights table with distribution
of typical flight missions and annual average flight
hours of 1 MTA;

7) The prime contractor’s efforts to improve
engines reliability — a rate of engines reliability
improvements above the requirements specified in
the RD.

The simulation-and-calculation block is
presented with an operating model of the engines
fleet within the MTA group (Fig. 1). The simulation
model allows for evaluation of functional
relationship between the measures of technical and
economic evaluation and the properties identifying
them.

Compared to other widely used methods to
model gas-turbine engines operating, such as
probabilistic-statistical methods and static test
methods [13], mean dynamics method and
congestion theories [8; 11; 12; 14 etc.],
application of simulation modelling in the method
of interest is efficient due to a number of reasons.

1. Complexity of processes proceeding in
the system under investigation, and a need to
account for a large number of correlated factors
when modelling, which complicates adequate
analytical models building.

2. A need to monitor the dynamics of the
technical and economic evaluation measures under
investigation during modelling to implement the
PBC conditions: the performance payment function
and the monitoring period for average availability
of the MTA group.

3. A need to account for the age
composition of the engines fleet and dynamics of
their reliability measures when modelling actual
operating processes.

The present model is development of the
model by A.A. Mikhailov [9] in a part of
accounting for the prime contactor’s efforts to
improve operating time between unscheduled
engine removals off the aircraft above the
requirements  specified in the RD, and
implementation of the contract conditions of the
state customer and prime contractor’s interaction
during aftersales support for the engines fleet based
on outcome performance measures.
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The engines fleet operating process within
the simulation model is represented as a sequence
of equal time steps with the whole engines fleet
operating cycle being modelled at each of them,
including engines entry into service during the
delivery of aircrafts to the state customer, forming
and maintaining of the state customer’s engines
inventory, flights, through-flight inspection with
engines and aircraft state evaluation, inoperable
engines recovery with some reworks performed to
improve their reliability. Herewith, time delays
caused by a need to change a failed or overaged
engine as well as a possible lack of spare engines
stock are accounted for. As a result, current engines

fleet availability ASY" and current MTA group
availability A" it specifies are identified at each

step.

Forming and maintaining of the engines
inventory, inoperable engines recovery including
their transportation to the repair base and back, as
well as engines reworks for their reliability
improvement, result in the state customer’s
operating costs and generate the prime contractor’s

profit.  Consequently, their current values

C§ CuSC Ut and PreéoPtCTare determined at

each step of modelling.
When modelling time achieves the end of
the contract validity period, the average availability

of the MTA group A gr the state customer’s
operating costs and the prime contractor’s

cont

cust
Cop

profit Pr are determined.
The formulas to determine the noted
measures with are as follows (1-7).

ACILTT _ N4en (T) 100%’

en
Nop.en(T)

where N A en(T ) 1s the current number of the

()

engines available;

Nppen(T) is the current number of operating
engines (the inventory included).
Foemy = Vel (O
Op.gr(f)

where Ny (N 4, (T), T) is the current number of

AW = 100%, (2)

the aircrafts available within the group;
Nop p. g,.(T) — is the current number of the aircrafts
within the group.
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Fig. 1. A block-model for operating modelling of the engines fleet within the MTA group
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C;;;S[mrrl = Z( ;”T ) + cn.en_ * (Ninv.(T) + Ndec.en.(z-)) +

Nipon (7)

Z ri(rstep )
i=1

,3)
+c¢, * N,

k.en.

(t)+c, *

where X(Ag},m") is the amount of a performance

payment, in a case if the current time aligns with a
regular monitoring period. Representation of the
performance payment function y(A o) shall be
considered later;

Cy.en. 18 the price of a new engine;
Niny. (1) is the number of the engines acquired by

the state customer to form the inventory at the
current moment;

N jec.en (T) is the number of the decommissioned

engines at the current moment, in exchange for
which the state customer acquired new engines;

€y is the price for keeping of one engine in a
warehouse for a period equal to a modelling step
Tsteps

N, o (T) is the number of the engines kept in the
warehouse at the current moment;

C¢y- 1s the transportation price for one engine to 1
kilometer;

T; (Tstep) is the distance travelled by the I-th
engine for the previous modelling step;

Ny on (T) is the number of the engines being

transported to the prime contractor’s base and back
at the current moment.

PTCOTLE.CUT'T. — ICOHI:.(T)_CCOTE (T) —
Prcont,curr, — [cont.(z_) _ Cconl(z_) —

= l( ;’”‘ ) + Mpr * CILBM. * (Ninv. (T) + Na’ec.en/(r )> -
~(1=M , )(Cyg**Nyyo(T )+ Copg * Nige(7)) = c(R,7)

Iccmt

“

where (7) is the prime contractor’s current
income;
ceont (t)is the prime contractor’s current
expense;

Mpr is the prime contractor’s profit margin;

Cyo1s the cost of an engine heavy overhaul;

Nyo(7) is the number of the engines passed
through a heavy overhaul at the current moment;

Crrp 1s the price of an engine emergency and
recovery repair;
Ngpr(T) is the number of the engines passed

through an emergency and recovery repair at the
current moment;
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c (R, T ) are the prime contractor’s current
expenses for engines reliability improvements
above the requirements specified in the RD.

A, =25 5)
& T N
step

where Nstep is the number of the times MTA

group current availability was determined.

cust.curr.
Z Cop

Cout =22, ©)

where T2 s the total operating time of all the

engines in the fleet for the period of modelling
time.

Operating costs are needed to be calculated
per 1 flight hour because they depend on the total
operating time of all the engines in the fleet for the
period of modelling time, which is, in its turn, due
to availability of the MTA group.

Prcont — 2 Prcont.curr‘ (7)

Let’s consider representation of the
performance payment function.

In foreign PBC-contacts the most popular
representation of the performance payment
function is a piecewise type (Formula 8) [20].

X (Ai gr):
al*)(maw ifAigr < A_%}r:
aZ*Xmax: if Abr < Aigr < A,ér (8)
U *Xmewr If At < A; g < 100%
where { € [1; T;jop] is the number of the MTA
group average availability monitoring period;
A, g is the MTA group average availability for the

{-th monitoring period;

x (4 gr) is the amount of the performance

payment in the {-th monitoring period;

A= (A, £, A 100%) the

boundaries of MTA group average availability for
the monitoring period, where j € [1;n] is a
discreteness degree of a performance payment
function;

a = (ay, as, ..., &) is a stimulation coefficient

of the prime contractor, specifying an amount of
fine or bonus depending on the achieved value of
the MTA group average availability for the
monitoring period,

Xmax — 18
performance payment, which can be defined as a
quotient of the state customer’s total expenses for
aftersales support for the engines fleet per
traditional contracts and a number of monitoring
periods of MTA group average availability.

arce

the maximum amount of the
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Engines rework block with reliability
properties improvement which has a key value in
the developed method is implemented in the
presented simulation model of engines fleet
operating. Let’s consider its performance in more
details.

According to a principle of operating-to-
manufacture “feedback” involving a constant
improvement of an engine, every fault of an engine
potentially threatening to flight operation safety or
leading to mass unscheduled removal of engines
off aircrafts results in designing and engineering
activities (DEA) aimed to this fault elimination [2].
Thus, engines reliability is a dynamics variable and
increases during engines operating. The required
dynamics of reliability properties depending on the
engines fleet total accumulated operation time is
determined by the RD, particularly by a field
performance specification (FPS) for experimental
development works to create an engine. But at the
same time the prime contractor has a possibility to
excess reliability properties values respectively the
ones defined in the FPS due to accelerated
technological development, though it requires
additional industry expenses, profitability of which
should be provided by the PBC conditions.

Hence, when modelling the engines rework
process with reliability properties improvement,
three consequent tasks should be solved:

1) development of an engines reliability
improvement  algorithm according to the
requirements specified in the RD;

2) development of an engines reliability
improvement algorithm above the requirements
specified in the RD;

3) development of an approach to
evaluation of the prime contractor’s expenses to
improve engines reliability above the requirements
specified in the RD.

Let’s consider solution of the first task.

The prime contractor should provide
improvement of engine reliability according to the
FPS, particularly, of operating time between

unscheduled engine removals off aircraft T,

while the total operating time is accumulated by the
engines fleet. This dynamics is plotted at Figure 2

showing TFPS(1X ) curve, where 7% s the
total accumulated opertating time of the engines

fleet.
T, .y increase occurs individually for each

operating engine as a rule during the process of its
rework under the plant conditions, while it is sent
for heavy overhaul (HO) after time between
overhauls been outlived or for emergency and
recovery repair (ERR) after unscheduled removal
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due to a fault occurrence. This process is modelled
by assigning a new T, value to each engine

passed through repair, which corresponds to the
engines fleet total accumulated operating time at
the moment of overhaul being performed
(Formula 9).

Tiver = thét;‘s(‘rz (t))v

where Z is an engine counting number;

©)

2 (t) is the engines fleet total accumulated
operating time at the current moment #;

t is the current moment corresponding to the time

repair being performed;
TIES(t z (t)) is the operating time between

unscheduled removals assigned in the FPS at the
engines fleet total accumulated operating time
22 (t)at the current time £.

At that, the engines of the following
groups, delivered within the MTA group and sent
for inventory replenishment, have a operating time
between unscheduled engine removals increased by

A value, where variable A is defined according to

Formula 10:
A=TEE (5 () Ther (10)
where T&er is the initial value of Ty, o,

T is the current time corresponding to the engines
fleet replenishment time.

To solve the second task variable R is
introduced describing a rate of improvement of
operating time between unscheduled removals
above the requirements specified in the RD
(Formula 11):

g (e )

TR o)

where T 5" (TZ (t)) is dynamics of increased

(11

operating time between unscheduled removals
above the requirements specified in the RD
(Fig. 2).

The modelling is performed in a way
similar to the above-described algorithm. Every
engine passed through repair is assigned with a
. value, corresponding to the engines
fleet total accumulated operating time at the repair
completion moment (Formula 12).

rres =g (2 ) = e @R a2

new
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Fig. 2. A principle for modelling of improvement of operating time between unscheduled removals
during operation

The third task, i.e. evaluation of the
industry expenses aiming for reliability
improvement above the requirements specified in
the RD, is quite a complex one. In spite of the
enterprises keeping records of the expenses for
engines reworks, the effect of their implementation,
stated in reliability improvement, is problematic to
evaluate due to a variety and interdependence of
the factors affecting engines failures. Thus, engine
failures may occur owing to engine structural
imperfection (including both parameters chosen
when designing which characterize operating

process of an engine, and its elements
performance), technology failure and
manufacturing irregularity, low quality and

insufficient material properties stability of the
materials used in an engine, purchased parts defects
as well as engines misuse and improper
maintenance [1]. As a result, generation of unique
dependence between expenses on engines
reliability improvements and its planned values,
which can be achieved while operating, is quite
relative.

Nevertheless, a supposal may be
introduced that the expenses for a certain engine

rework in order to improve its reliability to 7, %"

level make a certain rate of a new engine prime
cost (Formula 13):

98

c(R)=k(R)=(1- Mpr)cn.en.’ (13)
where & (R is a cost coefficient for the engine
reliability improvement;

R is a rate of increase of operating time between

unscheduled removals above requirements
specified in the RD;

Cp.en. 18 a price of a new engine;

M,

¢(R) value is included into the prime contractor’s

is the prime contractor’s profit margins.

expenses for heavy overhauls and emergency and
recovery repairs of engines.

For the foregoing reasons, expert
forecasting methods, for example Delphi method
[6], can be used to build up dependence k{R). The

results objectivity can be increased if the experts
are given operating data of the previous generations
of the similar machinery; herewith it should be
considered that dependence k{R) should feature a

downward-convex function for the further engines
reliability improvement requires increasing efforts
and industry expenses while they are perfected.

The results of the expert evaluation of

k (R) function can be tabulated (Table 1).
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Table 1
Cost coefficients for engine reliability improvement
R Rl RZ RS Rmax
k(R) k(Ry) k(R,) k(R,) k(Rinaz,

In the present case, experts evaluate the
maximum rate of reliability improvement R, ,, of

a certain engine type taking into account existing
and advanced technologies in aircraft engine
making.

Definitely, the presented approach to
evaluation of industry expenses for aircraft gas-
turbine engines reliability improvement is a
simplified one. More perfected methods are quite
completely investigated in other works [3; 5; 7],
though their application in the developed method
will cause its over-complication and make it harder
to widely implement the method into management
practice.

Analysis of results of technical and
economic evaluation

The proposed method is brought up to
software implementation in C++ programming
language using graphics library Qt within
Microsoft Visual Studio 2015 framework. The
results of technical and economic evaluation for
reliability improvement efficiency of the engines
fleet operated within four-engine military transport
aircrafts above the requirements specified in the
RD are demonstrated in this section.

The input data assigned for modelling are
presented in Table 2:

Table 2

Major input data assigned for modelling

Variable Name

| Value

MTA Group Properties

MTA group forming rate

6 aircrafts/year

MTA group forming period

4 years

Engines inventory

3% of the total operating engines

MTA Application Conditions in Peacetime

Planned flights table

Distribution of typical flight
missions within a calendar year

Average annual flight hours per 1| MTA 500 hours
Properties on Engines Reliability, Lifetime and Maintainability
Dynamics of operating time between unscheduled engine removals off aircraft See Table 3
according to the requirements specified in the RD
Time between engine overhauls 4 000 hours
Assigned engine lifetime 8 000 hours
Engine removal/mounting time 24 hours

The Properties of the Prime Contractor’s Manufacturing Capacities and Repair Base

The prime contractor’s base farness from the home base of the air regiment 700 km
Lead time for an emergency and recovery repair 100 days
Lead time for a heavy overhaul 150 days
Cost Parameters
A new engine price 100 MU
Heavy overhaul price 30 MU
Emergency and recovery repair price 15 MU
The prime contractor’s cost behavior for increase of operating time between See Table 4
unscheduled removals above the requirements specified in the RD
Transportation price for 1 engine per 1 kilometer 5x107*MU/km
Price for keeping 1 engine in a warechouse for 1 hour 1075 MU/hour
The prime contractor’s profit margins 15%
PBC Conditions
PBC validity period 20 years
Maximum amount of a performance payment 125 MU
Performance payment function See Table 5
Monitoring period for MTA group average availability 6 months
The Prime Contractor’s Efforts to Improve Engines Reliability
Rate of improvement of engines reliability above the requirements specified in the RD | 0-50%
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FPS for experimental development works
to create an engine is a classified document, that’s
why traditional values of the operating time

between unscheduled engine removals off aircrafts
corresponding to the RD order of magnitude were
used when modelling (Table 3).

Table 3
Dynamics of operating time between unscheduled engine removals off aircraft according
to the requirements specified in the RD
The engines fleer total accumulated operating time, At the.state bench 30 000 300 000 300 000
hours testing stage
Operating time betweep unscheduled engine removals 5000 7000 9000 11 000
off aircrafts, h/uer

The prime contractor’s cost behavior for
increase of the operating time between unscheduled
removals above the requirements specified in the

RD is presented at Table 4. The prime contractor’s

cost coefficient increases linearly between the

given intervals of reliability improvement rate.
Table 4

The prime contractor’s cost behavior for increase of the operating time between unscheduled removals
above the requirements specified in the RD

Rate of improvement of the engines reliability above the requirements specified

in the RD, %

0 10 20 30 | 40 | 50

The prime contractor’s cost coefficient for engines reliability improvement,% 0| 0,001 | 0,005 | 0,02 | 0,05 | 0,2

The performance payment function
corresponds to examples provided in the foreign
guidance documents on PBCs usage [20] and

involves conditions of cease-payment to the prime
contractor, and granting of additional bonus
payments (Table 5).

Table 5
The performance payments function
The MTA group average availability for the monitoring period, % <80 | 80 | 90 95 >98
Rate from the maximum amount of performance payment, % 0 50 | 80 | 100 110

The described input data allow for
modelling to be performed. Figures 3-5 show
estimated change of technical and economic
evaluation measures as a function of rate of
increase of operating time between unscheduled
removals above the requirements specified in the
RD. Every point on the curves corresponds to one
modelling cycle.

Fig. 3 shows a direct dependence between
the rate of increase of the operating time between
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unscheduled removals above the requirements
specified in the RD and the MTA group availability
level. Under the given engines properties and the
MTA functioning conditions the rate of increase to
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the operating time between unscheduled removals
Tis¥=16500 h., allow for the MTA group
availability to be increased by more than 3% due to
reduction of unscheduled repairs number.
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Fig. 3. The plot of the MTA group average availability during the PBC validity period as a function of the rate
of increase of the operating time between unscheduled removals above the requirements specified in the RD
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Fig. 4 presents a function of the state
customer’s operating costs and the rate of
increase of the operating time between
unscheduled removals above the requirements
specified in the RD. The positive dynamics of
operating costs is accounted for by overgrowth
of dynamics of the performance payments to the
prime contractor over the dynamics of decrease
of expenses for storage, transporting and new
engines acquisition for the exchange of the

0,016

t
Cop
units|1 f-h.

0,014

0,013

decommissioned ones through a higher MTA
group availability provided by the contractor.
Considerable data scattering with respect to the
trend line is due to the chosen PBC conditions:
the performance payment function and the
monitoring period of MTA group average
availability. At large, growth of R variable up to

50% will increase the state customer’s operating
costs by 12,4% under the specified input data.
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Fig. 4. The plot of the state customer’s operating costs as a function of the rate
of increase of operating time between unscheduled removals above the requirements specified
in the RD

Fig. 5 demonstrates a function of the
prime contractor’s profit and the rate of increase
of the operating time between unscheduled
removals above the requirements specified in the
RD. This dependency is shaped as an upward-
convex function, provided by the following. Up
to a point, the prime contractor’s expenses for
engine reworks do not exceed his additional
income from providing higher MTA group

availability. However the further engines
reliability improvement requires increasing
expenses from the manufacturer, eventually

leading his profit to decrease.
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Thus, taking into account the prime
contractor’s longing, as an in-market counterpart,
to maximize his profit, the rate of increase of the
operating time between unscheduled removals,
exceeding the requirements specified in the RD
by 8%, is economically rational for him under
the offered PBC conditions. The above value
allows 26,5% increase of the prime contractor’s
profit, with its inevitable decrease under the
conditions of traditional contrasts of “costs+”

type.
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Fig. 5. The plot of the prime contractor’s profit as a function of the rate of increase of the operating time
between unscheduled removals above the requirements specified in the RD

Under the present value of R variable,

MAT group average availability is increased by
1,76%, and the state customer’s operating costs
increase by 10,3%.

It is worth noting that the offered method
makes possible not only technical and economic
reasoning of effectiveness of engines reliability
improvement, but also can be used to determine
optimal PBC conditions which provide the prime
contractor’s  interest in engine reliability
improvement up to the level which would allow for
the state customer to operate the MTA group with
maximum economic efficiency. The author will
give exclusive attention to this issue in his future
works.

It is worth noting that the offered method
has broad modification capabilities to solve various
problems faced by developers of PBC. So, in case
of including to the methodology the block of
optimization it is possible to solve the problem of
finding the optimal PBC contract terms, using
criteria of minimization the state customer’s
operating costs and maximization the prime
contractor’s profit. The solution of this problem is
considered in another work [4].

Conclusion

The article provides a method for technical
and economic evaluation of the effectiveness of
reliability improvement of the engines operated
within the military transport aircrafts group during
their after-sales support under a performance-based
contract (PBC). It is experimentally shown on this
method basis that motivating mechanisms involved
into PBC-contact allow making the prime
contractor interested to improve engines reliability
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above the requirements specified in the regulatory
documentation, which is not possible under the
conditions of traditional “costs+” type contracts.

For the assigned input data, the rate of
increase of operating time between unscheduled
removals, exceeding the requirements specified in
the regulatory documentation by 8%, is
economically rational for the prime contractor. It
allows 26,5% increase of the prime contractor’s
profit, with average availability of the military
transport aircrafts group during the PBC validity
period being simultaneously increased by 1,76%,
and the state customer’s operating costs being
increased by 10,3%.

References

1. Akims V.M. Bases of reliability of
gas-turbine engines: the textbook for students of
machine-building specialties of higher education
institutions. Moscow, Mechanical engineering
Publ., 1981. 207 p.

2.  Akims V.M, Starik D.E,,
Morozov A.A. Economic efficiency of increase in
a resource and reliability of gas-turbine engines.
Moscow, Mechanical engineering Publ., 1972.
172 p. (in Russian).

3. Aleksandrovskaya L.N., Afana-
syev A.P., Lisov A.A. Modern methods of
ensuring non-failure operation of difficult
systems. Moscow, Logos Publ., 2001. 208 p. (in
Russian).

4. Asadullin M.R. The technique of
definition of optimum terms of the contract of life
cycle (on the example of aviation engine-



Method for technical and economic evaluation ...

building). What economic model is necessary to
Russia? Materials I of the Perm congress of
scientists-economists, 11 February, 2016. Perm,
PSU Publ., 2016, pp.126—132. (in Russian).

5. Barzilovich Yu.E., Mezentsev V.G.,
Savenkov M.V. Reliability of aviation systems.

Moscow, Transport Publ, 1982. 182 p. (in
Russian).

6. Beshelev S.D., Gurvich F.G.
Mathematico-statistical — methods  of  expert

estimates. Moscow, Statistics Publ., 1980. 264 p.
(in Russian).

7. Questions of the mathematical theory
of vreliability under the editorship of
B.V. Gnedenko. Moscow, Radio and
communication Publ., 1983. 376 p. (in Russian).

8. Scraps V.V. Organizational and
economic bases of ensuring competitiveness of hi-
tech productions (on the example of aviation
engine-building): thesis of the Doctor of
Economics: 05.02.22. Moscow, 2007. 319 p. (in
Russian).

9. Mikhaylov A.A. Model of operation
of the park of engines taking into account use of
strategy of resource management. The All-Russian
scientific and technical conference "The scientific
readings on aircraft devoted to N. E. memory of
Zhukovsky". The collection of theses. Moscow,
VVIA of the prof. N. E. of Zhukovsky Publ.,
2004. (in Russian).

10. Lifelong contract. Bulletin  of
operational information "Moscow Auction”, 2014,
no.l1. Available at: http://e-torgi.ru/index.php/st
ati-2/7691-pozhiznennyj-kontrakt (accessed
03.03.2015). (in Russian).

11. Pisarev V.N. Application of the
theory of mass service in problems of engineering
and aviation providing. Moscow, VVIA of N.E.
of Zhukovsky Publ., 1965. 44 p. (in Russian).

12. Rumyantsev E.A., Osovsky V.P.,
Protopopov V.A. Engineering and aviation
ensuring fighting of parts of aircraft of armed
forces and operation of the aviation equipment.
Moscow, VVIA of N. E. of Zhukovsky Publ.,
1989. 398 p. (in Russian).

13. Smirnov N.N. Scientific bases of
creation of system of maintenance and repair of
the GA planes. Moscow, MGTUGA Publ., 1994,
107 p. (in Russian).

14. Smirnov  N.N., Itskovich A.A.
Service and repair of the aircraft equipment on a

103

state. 2nd edition added and processed. Moscow,
Transport Publ., 1987. 272 p. (in Russian).

15. Chudayeva A.A. Reliability and
service life of the equipment as economic
category. Messenger of regional public institution,
2009, Issue 8 (102), pp. 150—155. (in Russian).

16. Aguilar M., Estrada G., Myers J.
Decision-support quantitative models for valuing
incentives in  performance-based  contracts.
Monterey, CA, Naval Postgraduate School Publ.,
2005. 112 p. (in Russian).

17. Deloitte Consulting LLP.
Performance based logistics in aerospace &
defense. A rapidly growing market providing
lower overall sustainment costs for military
equipment and profitable growth opportunities for
defense contractors. Available at:
http://www.deloitte.com.br/publicacoes/2007/Perf
ormance Based Logistics in A&D.pdf (accessed
29.12.2014). (in Russian).

18. Guajardo J., Cohen A., Kim S,
Netessine S. [Impact of performance-based
contracting on product reliability: an empirical
analysis.  Available at:  http://faculty.som.
yale.edu/sangkim/PBC-Reliability-Empirical.pdf
(accessed 03.03.2015).

19. Kim S., Cohen M, Netessine S.
Reliability or inventory? Analysis of product
support contracts in the defense industry.
Available at: http://sites.insead.edu/facultyres
earch/research/doc.cfm?did=47947 (accessed
14.11.2015).

20. PBC Discussion Paper Vol 1.0. Next
generation performance-based support contracts —
Achieving the Outcomes that Defence Requires.
Available at: http://www.defence.gov.au/dmo/
Multimedia/Next GPBSC-9-5978.pdf (accessed
15.03.2015).

21. Randall W., Nowicki D., Hawkins T.
Explaining the effectiveness of performance-
based logistics: a quantitative examination. The
International Journal of Logistics Management,
2011, wvol. 22, issue 3, pp. 324-348. doi:
http://dx.doi.org/10.1108/09574091111181354.

22. Sopranos K. Performance-based
logistics helps Boeing boost mission readiness.
Available at:  http://www.boeing.com/news/fr
ontiers/archive/2007/august/i_idsO1.pdf (accessed
30.03.2015).

The date of the manuscript receipt:
10.05.2016.



M.R. Asadullin

METOJQHKA TEXHUKO-9KOHOMHYECKOH OIIEHKH 3®®EKTHBHOCTH ITOBBIIIIEHHA
HAJTEXKHOCTH ABHAITHOHHBIX T'A30TYPEHHHBIX IBUT ATEJIEH BOEHHOI' O
HA3HAYEHHA IIPH UX IIOCIIEIIPO/JA?2KHOM OFCI1YKHBAHHH 110 HOPMHUPYEMBbBIM
TIOKA3ATEJIAM KOHEYHOI' O PE3YJIbTATA
M.P. Acaoynnun, 3amecmumens navanphuka omoena no pabome c 3axazuuxamu AO «Asuadsuzamensy
OnexkTpoHHbIH agpec: msmk 90@mail.ru
AKIIMOHEPHOE 001eCTBO KABHAJBUTATEbY,

614990, Poccus, r. Ilepms, I'CII, Komcomoabckuii np-t1, 93

Haetcs onrcanne KOHPINKTa HHTEPECOB rOCYIAPCTBEHHOTO 3aKa3YMKa U TOJIOBHOTO MCIIOJIHUTENS B
BOIIPOCE MOBBIIICHMS HAJEKHOCTH aBUALMOHHOM TEXHUKM B IIPOLECCE €€ IOCIENPOJAXHOTO
oOcnyxxuBanud. IlokazaHo, YTO KOH()IMKT MHTEPECOB BO3ZHHMKACT IPU TPAIUIMOHHOM IOAXOJE K OIUIaTe
YCIIYT TOJIOBHOTO MCIIOJHHUTENS 110 METONY «M3IEpXKKHU+». B KauecTBe MexaHM3Ma pa3pelieHus] KOHQIINKTa
WHTEPECOB IPHUBOMSATCS YCIEIIHO NPUMEHsAEMble 32 pyOeKOM KOHTPAKTHBIE MOJEIH TOCYAapCTBEHHO-
YaCTHOT'O MapTHEPCTBA CO CXEMOMW OILIAThl YCIYT UCIOJHUTENS 10 HOPMUPYEMBIM TOKa3aTeNsIM KOHEYHOTO
pe3yibTaTa IOCJIEHPOJAXXKHOIO OOCTY)KMBAaHMs AaBUALMOHHON TexXHUKH. JUIMTEeNbHBI CpPOK TaKUX
KOHTPAKTOB M HE3aBUCHMOCTb pa3Mepa CEPBHCHBIX IUIATEXEH OT (aKTHYECKHX 3aTpar HCIOIHUTEIS
CTUMYJMPYIOT YacTHOIO NapTHEpPAa K TMPOBEICHUIO MEpOIpPHATHH, HANpPaBICHHBIX Ha IMOBBIIICHUE
HaJAeKHOCTH TeXHUKHM. [lokazaHa aKTyaJbHOCTb IIPOBEIEHHUS TEXHHUKO-D)KOHOMMYECKOM  OLIEHKHU
3pPEKTUBHOCTH TakKUX MeponpusTuii. [IpUBOASTCS OCHOBHBIE IIOJIOKEHHS METOJUKH TEXHHKO-
9KOHOMHYECKOH OLEHKH 3((GEKTUBHOCTU TOBBIICHUS HAIEKHOCTH ABHALIMOHHOW TEXHMKHM Ha IpUMEpe
Mapka JABHraTesleld, SKCIUTyaTUPYEMBIX B COCTaBE€ pacUETHOW TIpyNIBI BOCHHO-TPAHCIIOPTHBIX CaMOJIETOB,
NPY UX MOCIETPOJAKHOM 00CITYKMBaHUH 110 HOPMHUPYEMBIM ITOKa3aTesIM KOHEUHOTo pe3yibrata. B ocHoBe
METOJUKHN JISKUT MMUTALIMOHHAs MOJENb OJKCILTyaTalliM MapKa BUTATENel, MO3BOJAIOIIAS ONPEACIATh
MOKA3aTEeNId TEXHUKO-D)KOHOMUYECKON OLEHKH: CpelHss 3a MEpPHOA ICHCTBHA KOHTpPAaKTa HCIPaBHOCThb
pPacyeTHOU TIPYIIBI BOCHHO-TPAHCIOPTHBIX CaMOJIETOB, SKCILTyaTALMOHHBIE 3aTPaThl I'OCYAAPCTBEHHOIO
3aKa3uuka M TOpUObUTL TOJOBHOrO HcmonHUTensa. Ha ocHoBaHuM  pa3pabOTaHHOW  METOIUKH
IKCIEPUMEHTAJIbHO II0Ka3aHO, 4YTO IPH MOCJIENPOAAaXHOM OOCIy)KMBAaHUM IIapKa JBUTaTenaed 1o
HOPMHUPYEMBIM  IIOKAa3aTelIsiM KOHEYHOI'O pe3yslbTara Yy TOJOBHOIO  MCIOJIHUTENS  CYLIECTBYET
9KOHOMHYECKAsl 3aMHTEPECOBAHHOCTb B TIOBBIIIEHUM HAJEKHOCTH JIBUTATElNEed CBEPX 3aJaHHBIX B
HOPMATUBHOH JIOKYMEHTAIMH TPEOOBaHUH.

Kniouesvie cnosa: mexnuko-skoOHOMUYECKAs OYEHKA, UMUMAYUOHHOE MOOEIUPOBAHUE, UCTIPAGHOCHTb
ABUAYUOHHOU MEXHUKU, KOH@AUKM UHINEPeCcos8, NOCIeNnpo0adcHoe obCIydcusanue, noKa3ameiu KOHeuH020
pe3yibmama, ASUAYUOHHBIL  2A30MYPOUHHBIL  08UAMENb, HAOEHCHOCMb  ASUAYUOHHO20 —O8USAMENs,
Hapabomxa Ha 0OCPOUHbIU CbeM 08UAMENsl, B0EHHO-MPAHCHOPMHbL CaMOTIem.
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