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DEVELOPMENT OF METHODS FOR
ASSESSING THE ECONOMIC EFFECT OF
USING A COMPLEX IMPULSE TECHNOLOGIES
AND EQUIPMENT FOR AGGREGATE
ASSEMBLY STRUCTURE OF THE AIRCRAFT

The object of the study is the economic effect of using a set of pulse technologies and equipment for unit as-
sembly of aircraft structures with fixed mechanical connections. One of the main selected factors that ensure the
economic effect is to improve the quality, static strength and durability of the structure, reducing the weight of
the aircraft structure.

The analysis of modern methods and approaches of definition of economic indicators of new technics and
technologies products introduction at the enterprise which help to predict the general economic effect is carried
out. The comparative efficiency of the introduced technology is used in relation to the basic one, which is used at
the enterprises of the branch. The components of the economic ef fect from the application of a pulse technologies
and equipment set are determined and the approach to the economic effect calculations from the creation and
improvement of pneumatic manual pulse device (PMPD) in computer-aided design (CAD) systems is formed.

In the course of the research methods for estimating the economic ef fect at introduction of new constructive and
technological decisions of aircraft design and at application of a pulse technologies and equipment set, and also
at application of PMPD CAD are of fered. In comparison with similar known methods, the proposed approaches
can minimize the time spent on calculations and increase the accuracy of their intended purpose. It provides an
opportunity to demonstrate qualitatively the feasibility of using a pulse technologies and equipment set for unit
assembly of aircraft structures with non-removable mechanical connections.

Here are some ways to evaluate the effectiveness of using a decision support system (DSS). DSS contains
methods, models and algorithms for decision-making, software, databases and knowledge of the subject area and
recommendations for the practical use of the results of the source information analysis. The factors influencing
the economic result of the use of DSS in production are shown in the form of a scheme, where for the economic
life of the investment in the creation of DSS 6 years commonly-accepted for CAD were selected.
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1. Introduction

In modern economic conditions, the use of the latest
samples of aviation technology is due to an increase in the
efficiency of their operation. The efficiency of the service life
of the aircraft primarily depends on the increase in the service
life of the aircraft airframe. Both parameters are determined
mainly by the endurance of permanent mechanical joints
(bolted, bolt-riveted and riveted joints) and the quality of
the hole preparation for the formation of these joints. The
use of static methods for the formation of these compounds
is limited due to the large size, high cost, low productivity
and low power-to-weight ratio of the equipment used. Impulse
technologies and tools are free from these disadvantages. At
the same time, impulse technologies, like static ones, ensure
high process stability and product quality.

The design of modern aircraft and technological equip-
ment (TE) of production is carried out using computer
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integrated CAD/CAM/CAE/PLM technologies, and the
manufacture of a significant part of their parts is carried
out on CNC equipment (machine tools, machining centers,
riveting machines, assembly and control equipment and etc.).
However, most of the aggregate assembly operations, given
the limited approaches to the assembly site, are carried out
using a hand-held power tool (PT). At the same time, an
important task is to select such a device that would satisfy
the requirements for overall dimensions, energy, stability
of energy parameters, safety and hygiene. This process
can be facilitated and optimized by using an intelligent
decision support system (DSS).

It should be noted that it is the use of the electronic
structure of the product with the help of electronic models
of connections that will reduce the labor intensity of techno-
logical preparation of production (TPP) while ensuring the
visibility of the technological process (TP) for the aggregate
assembly of aircraft. This can be provided by intelligent
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DSS when providing information support for the assembly
of aircraft structures.

Based on the foregoing, when implementing the project
for the implementation of a complex of impulse technolo-
gies and equipment for the aggregate assembly of aircraft
structures based on DSS and computer-aided design sys-
tems (CAD) is an urgent scientific problem and requires
further solution.

2. The ohject of research
and its technological aduit

The object of research is the economic effect of using
a complex of impulse technologies and equipment for the
aggregate assembly of aircraft structures with one-piece me-
chanical connections. The use of static methods at enter-
prises for the aggregate assembly of aircraft structures with
one-piece mechanical joints is now limited due to the large
dimensions, high cost, low productivity and low power-to-
weight ratio of the equipment used. However, this techno-
logy in production has been worked out over the years with
a known economic effect, costs and profits. At the same time,
impulse technologies, like static ones, provide high process
stability and quality and are free from the disadvantages of
static methods. The use of a complex of impulse technolo-
gies and equipment for the aggregate assembly of aircraft
structures with one-piece mechanical connections will ensure
the manufacturability of methods for setting fasteners with
elastic-plastic interference, strengthening holes by surface-
plastic deformation, etc. the presence of an economic effect
from the introduction of high technology.

Despite the listed advantages of pulse technologies, one
of the most problematic areas is the correct identification of
the main components, which are taken into account in the
economic effect from the introduction of the latest pulse
technologies and equipment for the aggregate assembly of
aircraft structures at the enterprise in modern conditions.
The problem can be attributed to poorly studied, which, in
turn, provides a large field of activity for further research.

3. The aim and ohjectives of research

The aim of research is to develop methods that accu-
rately highlight the economic effect of the implementation
of a complex of impulse technologies and equipment for
modular assembly of aircraft in modern conditions based
on CAD and DSS. To achieve the set aim of research,
the following objectives have been identified:

1. To analyze modern methods for determining the eco-
nomic indicators of the introduction of new technology
products.

2. To determine the main approaches for establishing
integrated performance indicators (KPIs) from the imple-
mentation of a set of impulse technologies and equipment,
CAD, pneumatic manual pulse device (PMPD), DSS for
information support for the assembly of aircraft structures.

4. Research of existing solutions
of the prohlem

4.1. Assessment of the economic effect of the implemen-
tation of new constructive and technological solutions. The
existing methods for determining the economic indicators
of the introduction of new technology products [1] do

not always allow to identify the presence of an economic
effect from the introduction of high technology. This is
due to the complexity of the element-by-element calcula-
tion of the cost in the presence of expenses for research
and development work.

So, in studies [2, 3], the relationship in the production
of finance, strategy and marketing from the introduction
of new technology at an enterprise is well covered, math-
ematical calculations and calculations are presented using
the example of the United States and beyond, but does
not depend on research and development, design work
and the expected economic effect.

The works [4, 5] show structural changes in the pro-
duction chain with new technologies and provide forecasts
about the creation of restrictions and incentives for these
innovations in the future, first of all, this is the gap between
the methods of determining economic indicators and imple-
mentation technologies. So, the author of this work noted
the importance of taking into account exactly the relative
cost factors in assessing the actual characteristics from the
introduction of new technologies, and not from their cost.

In the results of work [6], the economic effect is high-
lighted according to the selected criteria of the cost of
equipping the basic and implemented impulse device for
mandrel drilling. In [7], the theoretical, methodological
and practical issues of the formation and development
of the enterprise economy are consistently stated. The
general organizational and economic characteristics of the
enterprise as a business entity are given. The issues of
formation and use of enterprise resources — personnel,
tangible and intangible assets, investment resources are
covered in detail. The main attention is paid to innovation
processes, organization and regulation of the enterprise,
financial and economic results and overall production ef-
ficiency, as well as to the anti-crisis management system.
The general range of these studies should be narrowed
down to solving situational problems when introducing new
technologies or equipment into an existing well-functioning
system of an enterprise’s economy.

4.2. Assessment of the economic effect from the use
of a complex of technologies and egquipment. Studies [8, 9]
show the dependence of the costs of introducing new tech-
nology and equipment on the production program, which
is not profitable for low production volumes.

The paper [10] proposes a technical and economic model-
ing of the development of new technologies and equipment,
which combines the parameters of processes with financial
indicators that affect the profitability of new projects and
technologies throughout the entire life cycle of the product.
Technical and economic modeling preserves the information
received at all stages of development, and later becomes
the basis for making objective design and technological
decisions. The paper shows how it is possible to achieve
an economic effect on the basis of a single holistic model
by constructing a user interface, based on the process
model and calculations of the equipment parameters, and
the assessment of capital and operating costs. Financial
indicators in this case are associated with processes and
economic parameters through a grid of correlations. The
main disadvantage of this method of assessing the economic
effect from the use of technology complexes and equipment
is the need for high qualifications of the worker and the
possibility of errors in calculations up to 30 %.
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4.3. Assessment of the economic effect of the CAD use.
CAD effectiveness is manifested in three areas of human
activity: device design, manufacture and operation.

In works [11, 12], it is shown in general terms that the
use of CAD systems reduces the design time and reduces
the complexity of work. Such evidence is most convincingly
presented in studies [13, 14], which reflects the possibility
of using CAD systems without their technical and economic
analysis. That is, an increase in the effectiveness of activi-
ties is manifested in an increase in the annual volume of
work or a decrease in the number of design buckets, but
the advantages in the design and implementation of new
devices into the existing CAD-based production system
and with their subsequent use are not reflected.

In the field of creating impulse devices, savings are
achieved by improving the quality of project documentation
and engineering solutions, reducing the production time of
impulse devices, reducing labor costs, consumption of mate-
rials, energy and other resources. In the field of operation
of impulse devices designed by means of CAD, savings are
achieved due to the improvement of the technical and econom-
ic indicators of facilities, and a reduction in operating costs.

4.4. Assessment of the economic effect of the DSS use.
DSSs belong to a special class of information systems designed
to assist decision-makers in their professional activities to
use data, knowledge and models in preparing and making
informed decisions.

As highlighted in [15, 16], DSS contains methods, models
and algorithms for decision-making, software, databases and
knowledge about the subject area and recommendations for
using the results of the analysis of initial information in practice.
The literature review [17, 18] presents a comparative study of
various systems and approaches to the implementation of the
DSS assessment process in order to determine the assessment
methods. DSS are used to solve the problems of choosing the
optimal alternative from a variety of available classifications,
stratifications, ranking structurally complex objects, search-
ing for bottlenecks in various processes, and multi-criteria
expertise. Often these tasks are interrelated and complement
each other, and among the results of data processing there is
a rating of the alternatives under consideration. The use of
DSS speeds up the process of reasoning and decision making.

According to the conclusions of the authors of [19], in
practice, they use methods for assessing individual compo-
nents of the DSS, but the problem of assessing the efficiency
of the intellectual part of the DSS, containing the bases
of models, rules, precedents, is little studied.

There are many methods and approaches that offer various
options and methods that allow one to determine certain
economic parameters, which can be predicted independently of
each other for individual components of the economic effect
from the latest implementations. With the help of exam-
ples, a set of these methods is generalized, but the influence
on the economic effect of research works, both additional
costs and the period of time, is not shown. All this requires
a constructive connection for a specific research facility.

5. Methods of research

During the execution of the work, general scientific
and special research methods were applied:

— analysis and synthesis — for preliminary analysis with

the formation of the problem, the definition of research

directions, the definition of the search area assump-
tions; determination of the main complex indicators of
the economic effect and their sequence, which become
components of the general indicators of the complex
effect from the implementation of the research object;
— analogies and comparative comparison — for determi-
nation of the characteristics of the implemented solu-
tions, the ratio of costs and cost estimates relative to
existing technologies at the enterprise.

6. Research results

6.1. Assessment of the economic effect from the intro-
duction of new design and technological solutions for the
aggregate assemhly of aircraft structures. To determine
the economic effect from the introduction of new design
and technological solutions for the aggregate assembly of
aircraft structures, the TP KPI was used in [5, 6]. KPIs
are widely used and show their adequacy in functional
and cost analysis, therefore, for impulse technology rela-
tive to the basic technology in the enterprise, which is
identified with the ratio of the KPIs of these technologies:

AE (Cyem'. b Cyem. n )

E=—= (K,-K,) 1)

AK

where AE — savings or additional income for the year; AK —
additional costs to obtain savings or additional profit for
the year; Cyear. 5y Cyear. » — the cost of the annual volume
of work on the new and basic technology; K, K, — capital
expenditures for new and basic technology.

This approach is used when the use of alternative tech-
nologies or TE allows achieving the set aim. For example,
to ensure that the required amount of riveting work is
carried out at the appropriate enterprise in the prepa-
ration of any aircraft that can be considered similar to
a known (basic) aircraft with a correction factor.

So, the annual volume of riveting work on a new air-
craft can be determined by the formula:

dear.n.aiwmﬂ = Qkav (2)
where Q, — the number of riveting joints for the base
aircraft, thousand pieces/product; £ — continuity coefficient
of a new aircraft and a typical aircraft; N — the estimated
annual program for the production of new aircraft, the
number of products.

The annual summarized costs for riveting options can
be determined using the following formula:

3)
(4)

r — AT()"

A]/em n.aircraft — AnQywr n. aircraft + Enmenv
r — Ar()T"

A]/L’(II‘ b.aircraft — Ab Q]/mr n. aircraft + Enmmey

where A, Aj — the average technological cost of a riveting
unit for a new and basic riveting technology, USD /piece;
Q;vurn. ainrane — the annual volume of riveting work in the
preparation of a new aircraft, thousand pieces; E,, — the
standard coefficient of economic efficiency in a region or
at an enterprise (average return on capital).

The annual economic effect of replacing the basic ver-
sion of the technology with a new one can be found as
the difference between the reduced costs for the options,
that is:
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Eyear = Cb. aircraft — Cﬂ. aircraft = Arl Qn.aircraft + EnKn -
- Cb Qn,ain‘mf[ + EnKb, = (Cn - Cb)Qn.airm‘a_/{ -
- E,(K,-K,)=AE-E,AK, (5)
where AE — the annual savings from the use of the new
technology in comparison with the basic one; C — conso-
lidated expenses; AK — additional investment in the imple-
mentation of a new technology.

And the comparative efficiency E can be found by for-
mula (1) with checking the condition E>E,.

6.2. Assessment of the economic effect from the use
of a complex of impulse technologies and equipment in the
aggregate composition of aircraft. Analyzing the works [5, 6],
the savings due to impulse riveting of titanium rivets will
be determined as:

Eppr=E,,+AE, +E,, (6)
where E,, — the economic result of reducing the mass
of the aircraft; AE, — reduction of costs for the annual
estimate and the cost of the annual volume of work due
to a decrease in the labor intensity of making connections;
E,.s — annual savings due to increased connection life.

Fig. 1 shows the components of the economic effect
of using a complex of impulse technologies. The results of
these studies showed that it is also possible to calculate the
savings due to the use of impulse setting of the rivet-bolt
without a technological shank according to the formula:

E,=Ey+E, ,pp+E. s (7
where Ej;; — the annual savings of titanium alloys for bolt-rivet
rods; E¢ . gr — reducing the cost of bolt-rivets; E. ., — annual
cost savings due to improved working conditions for workers.

Erre =ERC+EXC+E (8)

eqr
where Ef/¢ — annual reduction in labor costs and deduc-
tions to funds due to the automation of the process of
making connections in the conditions of a slipway assembly,
a decrease in the labor intensity of assembly work and
a reduction in the number of workers; EX® — annual
savings as a result of improved quality and resource of
connections; E,, — annual reduction in equipment costs.
The savings due to impulse mandrel drilling of free
openings and holes for fasteners per year will be:
Evpronr = Eci+ Ec+ E,+ Ecg + Ec o + E. o, (€))
where E; ; — annual savings as a result of reducing the
labor intensity of strengthening the holes; E. — savings
due to a decrease in the cost of an energy carrier for an
annual volume of work (for basic equipment); Ecp — annual
savings in the use of implementation in comparison with
the baseline due to a decrease in the number of perfor-
mers, reduction of auxiliary time; E, — annual savings for
reducing the cost of the tools; E. ., — annual savings in
compressed air (for basic equipment).
The components of formulas (5)—(9) can be calculated as
follows.
Annual savings from replacing highly scarce and expen-
sive rivets with core and steel rivets:
E,=(P..~P.)N, (10)
where P, . — the price of a rivet with a core; P, s — steel rivet
price; N, — the need for rivets for the annual volume of work.
Annual cost reduction for special tool manufacturing:
E,, =Pl -nlf =P -nly,

(1D

where P’¢ — unit price of a

Impulse riveting by steel
rivets along the normal E;

special tool for rivets with a
core (basic equipment); n’¢ —
the amount of special tools re-
quired for the annual volume,
which can be found through the

Economic effect of using a
complex of impulse
technologies and equipping

Ecitc

Economic effect of using a
complex of impulse
technologies and equipping

Eii«=EtETEpt

IR
+E prctEyp

Impulse setting of bolt-
rivets without technological
shank E,

wear resistance P’¢ and the
annual demand for rivets N,:

N,

Impulse riveting as part of -
Py’

a robotic-technical

b
nxf

(12)

IR
complex (RTC) E™gre where P’¢ — the unit price of

special tools for rivets made of
corrosion-resistant steel (new
equipment); n’¢ — the amount
of special tools required for
the annual volume, which can

Impulse mandrel drilling of free
openings and holes for fasteners E,,

be found through the wear re-
sistance P’¢ and the annual
demand for rivets N,:

de

Fig. 1. Components of the economic effect from the use of a complex of impulse technologies and equipment [6]

A similar saving on impulse riveting as part of a robotic-
technical complex (RTC) in a slipway assembly can be
calculated using the formula:

be
Ng.;

=W. (13)

Improving working conditions can be in an increase in
productivity, as well as in a decrease in the category of work,
on which the prices for performing maintenance depend:

;18
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Ege=T-1} -(1+Hm)(1+Had)—

=T"-Ip-(1+ H,, )1+ H,), (14)

where 7%, 7" — annual labor intensity of work in the basic
and new technology options, respectively; [}, [ — hourly
wage rate corresponding to the average category of work
in the basic and new technology options, respectively;
H., — the coefficient of contributions to employment
funds, social and pension insurance (H,y,=0.37); H,; — the
coefficient of additional wages (H,;=0.2—0.3).

The economic result from a decrease in the mass of
an aircraft of the An-124 type (Ukraine) due to the use
of impulse riveting with titanium rivets for formula (6)
consists of savings from a decrease in the cost of trans-
portation of E., and additional profit from an increase
in the volume of transportation AP, which is calculated
in accordance with [6] according to the formula:

Erm = nairrmfr (Ec.r + AP):
[AC (Q+8Q)-V-K, - H+
|+ AQ K, V-H-P,,

n (15)

aircrafty

where ngirerqe — the average annual number of operated
aircraft of this type, pcs.; ACppn — reduction of the prime
cost of 1 ton-km on the An-124 aircraft as a result of
reducing the weight of the airframe; Q — basic payload of
AN-124 type aircraft; AQ — an increase in the payload as
a result of a decrease in the mass of the aircraft airframe;
V — cruising speed of AN-124 type aircraft; K, — the
average utilization factor of the commercial load of the
aircraft (0.6—0.8); FT — the average annual flight time
of the An-124 type aircraft, hours (1500—-2000 h/year)
Py — the rate of profit for transportation (usually 10 %
of cost of 1 t-km for this type of aircraft [6]).

Reducing the cost of the annual estimate and the cost
of the annual volume of work due to a decrease in the
labor intensity of the compounds AE. for formula (3)
can be calculated using the following formula:

AE, = ATI; (1+ H,,,)(1+ H,;), (16)
where AT — the annual saving in labor intensity of the
work of making connections due to the impulse riveting
of titanium rivets, standard hours; /; — hourly tariff rate
corresponding to the category of work with riveting of
titanium rivets, USD/standard-hour.

Annual savings as a result of increased connection life
can occur with an increase in the amortization life of
the aircraft airframe, if possible as a result of the use
of titanium rivets. The calculation is made according to
the formula:

P /T
res Tﬂbr_Tﬂ,;"' naircm_/u

(17)

where P,; — the price of an aircraft airframe of the cor-
responding type, USD; T, and T, - amortization re-
source of an aircraft airframe of the corresponding type
with basic and new technologies, h; H — average annual
flying time of an aircraft of the corresponding type, h;
Naireraft — the average annual number of aircraft of the
corresponding type operated by airlines, pcs.

The components for calculating the Egp are determined
as follows. Annual savings of titanium alloys for bolt-
rivet rods:

EliL = AMNeriLmainmfm (18)
where AM — the weight saving of the titanium bar due
to the use of bolt-rivets without a technological shank
(2.170 kg/1000 bolt-rivets); Ngg — the number of bolt-
rivets in the airframe structure of an aircraft of the cor-
responding type, thousand pieces; Cy; — the cost of a bar
made of titanium alloy VT16 (14 USD/kg); maicrase — the
average number of aircraft gliders of the corresponding
type, manufactured per year, pcs.

Reducing the labor intensity of the manufacture of
bolt-rivets from titanium and the cost of work per year
are found by the formula:

Ems{ prBR = AtBRNBRmaircra/t ZBR (1+ Kad)(1+ Kcon)v (19)
where Atgp — the saving of labor costs for the manufacture
of bolt-rivets from VT16 titanium, standard hours; tgr —
hourly tariff rate of the corresponding category of work
for the manufacture of bolt-rivets, USD /standard-hour.

Improving working conditions when using pneumatic
impulse hammers, for example, MPI-90M (Ukraine) com-
pared to a magnetic impulse installation (MIU) for riveting,
for example, NN503 (Ukraine), allows to increase labor
productivity and reduce the loss of working time due to
their temporary disability:

En.w = Ppr‘nw + AttjntNBR maircmft ZBR X

(14 Ko ) (14 Ko )+ AT, W iy, (20)
where P, — the cost of providing protection and screens
from the effects of high-voltage currents and magnetic
fields per MIU, USD/piece; n, — the number of work-
places where the MIU installation is used, pes.; Atgp —
a decrease due to the improvement of working conditions
of a technically justified norm of time for performing work
on installing a bolt-rivet, h; AT; — reduction of losses of
working time due to improved working conditions during
assembly, peoplexdays; W, — the average daily wages of
a worker at the assembly (riveters), USD/day.

To calculate the terms of the economic result of using
impulse riveting as part of the RTC under the conditions
of the slipway assembly Egre, a similar approach is used,
as in formula (14), where, according to a new version
of the assembly technology, the use of RTC is assumed:

EfIC¢ :T”~I,§’-(1+Hm)(1+Had)—

— TRICRIC (14 H,, )(1+H,,). (21)

The economic result of improving the quality and re-
source of connections can be estimated by the formula (17),
if this allows to increase the amortization resource of the
aircraft airframe.

Reduced equipment costs:

Ee‘c = Pebc _[)ef,?cTCv (22)
where P?,, PRTC — basic volume of equipment costs for the
year and the annual amount of equipment costs in the KEC
conditions, USD.
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The economic result of impulse mandrel drilling of free
openings and holes for fasteners, according to formula (9),
has a number of separate components that require a number
of calculations in accordance with economic efficiency factors.

When strengthening the holes and reducing the com-
plexity of this operation, the economic result can be cal-
culated similarly to formula (14):

(tb —tn)th

aircraft m
EUPU = 360 lh (1+Hﬂan)(1+Had)y (23)

where #* — labor intensity of mandrel holes in the condi-
tions of using the MIU, t*=12 s; ¢* — labor intensity of
mandrel in conditions of using pneumo-pulse tool =6 s;
N, — the number of free holes in the aircraft airframe
requiring mandrel drilling, pes.; Maierase — the average num-
ber of aircraft gliders of the corresponding type manu-
factured per year, pcs.; [* — the average hourly rate for
the execution of mandrel operations in accordance with
the category of work, USD/hour.

Reducing the cost of energy in terms of the annual
volume of work on mandrel can be found as:

Epdar = (})cgr - R:‘n)Nh mairrmfm (24)
where P!, — price of the energy carrier for MIU-P1 (Rus-
sia) to strengthen one hole, dollars; Pz, — price of energy
carrier for PIUD-90 (Ukraine) to strengthen one hole,
Pr, =0.000032 USD.

The decrease in the cost of the tool in the conditions
of using PIUD-90 instead of MIU-P1 can be defined as
follows:

E =(Cl-Cl')ny, (25)
where P’ — the price of MIU-P1 (12,000 USD); C! —
the price of PIUD-90 (1100 USD); ny — the number of
devices for mandrel holes required to ensure the annual
volume of work, pcs.

Conversion from US dollars into the national currency
of the country can be carried out at the official exchange
rate for interbank transactions at the date of settlement.

The annual savings from the use of pneumatic pulse
devices PIUD-90 (Ukraine) for mandrel drilling in com-
parison with a machine for installing bolts of the MSZ-1.5
type with a pneumohydraulic pump-multiplier PGNM1-250
(Russia) is calculated using a formula similar to formula (23):

(tb _tn)Nh Myirerfe

EUPo = 360

Iy (1+ H,,)(1+ H,), (26)

where ¢ — the labor intensity of mandrel drilling with
the MSZ-1.5 machine, t*=30 s; #* — labor intensity of
mandrel holes for PIUD-90, t"=6 s.

Annual savings in compressed air when using PIUD-90
compared to MSZ-1.5:

Ec.a = (Pb _Pn)N(ynleR.av (27)
where P, — the cost of compressed air when using MSZ-1.5
(Ukraine), P,=0.076 m®/cycle; P, — compressed air con-
sumption when using PIUD-90, P,=0.002 m?/cycle; Nyyere —
annual number of hole mandrel cycles; P., — compressed
air price, USD/m?.

The decrease in the cost of the tool when using the
PIUD-90 instead of the MSZ-1.5 is calculated similarly
to the formula (25):

E,=(C,-Cy)ny,

‘ (28)
where C! — the price of MSZ-1.5 with a pneumohydraulic
pump-multiplier PGNM1-250 (3385 USD); C# — the price
of PIUD-90 (1100 USD); n; — the number of devices
used per year, pcs.

It is possible to improve working conditions when us-
ing PIUD-90 instead of MSZ-1.5, but additional research
is needed to assess the economic result. Since the diffe-
rence in the weight of the devices is negligible (1.5 kg),
although the pneumohydraulic drive as a whole has a
weight of 14.6 kg, which makes maneuverability somewhat

difficult.

6.3. Assessment of the economic effect of the use of
PMPD CAD. The system of basic indicators for PMPD CAD
is identical to the system of indicators of the economic
efficiency of research and development (R&D) and experi-
mental design (R&D), that is, it is the annual economic
effect E; the integral effect E;, and the coefficient of
overall economic efficiency E.

The annual economic effect can be found by the formula:

E, =(AC,+Ey . +E,,)-Ey(K, +AK), (29)
but to take into account the time factor, it is necessary
to calculate like this:

Et = ACL +Eman.1 +Eu.t _KprL _AKH (30)
where AC; — cost reduction of design of impulse devices
in the ¢-th year; Epq, . — savings in the ¢-th year from
reducing the cost of manufacturing pulse devices designed
by CAD; E, ; — savings from reduced operating costs for
impulse devices that were designed by CAD; K, , — pro-
duction costs for the creation of PMPD CAD; AK; — ad-
ditional capital investments for PMPD CAD (training of
workers, cost of trial operation, etc.).

The amount of the annual economic effect is distributed
among all participants in the development, implementation
and application of PMPD CAD.

To make an economic decision on the feasibility of
creating a PMPD CAD system and justify the feasibility
of financing this event, it is necessary to calculate the
integral effect for the corresponding settlement period,
since the decision made from individual annual indicators
may be erroneous. This effect consists of the sum of the
annual economic effects over the life of the PMPD CAD
system. The service life of the PMPD CAD system in the
first modernization is taken at the level of 6 years. Thus,
the integral effect:

6
Eint = ZEI(XT, + Eaddv

t=1

31

where E; — the annual economic effect of the ¢-th year of
creation and operation of the PMPD CAD system; E,q; —
additional profit from early commissioning of the aircraft
due to the shortening of the aircraft TPP and the use
of PMPD CAD; o, — the coefficient of time reduction.
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The coefficient of the overall economic efficiency of
PMPD CAD can be calculated as follows:

E;
E=—— (32)
6(K,, +AK)

or

(AE+E, +E,)
(K, +AK)

pr

after which the condition E>E, must be checked.

Now let’s consider in more detail the calculation of
the components of the annual effect E,.

Reducing the cost of design is determined by the formula:

AC, =AQW, (1+H,,)-W,, (33)
where AQ, — the reduction in labor costs for design in the
estimated year ¢, peoplexdays; Wy — average daily wages
of a designer, taking into account additional payments;
Hon — the coefficient of contributions to funds (pension,
social insurance and employment); W, — annual costs of
the ¢-th year for the operation of the PMPD CAD system.

The annual savings from reducing the manufacturing
cost (estimated cost) of PMPD, which are designed by
CAD means, with a technological cycle of the j-th product
less than one year, are calculated as follows:

mt
E,=YE.;N,, (34)
j=1

where E, ; — specific savings from reducing the cost of
manufacturing a design object of the j-th type; Nj; — the
annual program for the manufacture of objects of the j-th
type in the ¢-th year; m¢t — product range of year ¢.

The total annual savings from reduced operating costs
at CAD-designed facilities are calculated as:

Z
E, = ZEn.j szy (35)
j=1

where E, ; — annual savings from reducing operating costs
at the j-th facility; Nj — the number of j-th facilities
operated in the ¢-th year; Z, — nomenclature of objects
operated in the ¢-th year.
Additional profit from early commissioning of design
objects is calculated by the formula:
Eui=E, (K, +AK)At+ Y T1;N AL, (36)
J
where E, — standard efficiency coefficient; K, — total
production costs for the creation of PMPD CAD; AK —
additional investments of the organization on PMPD CAD;
At — the average period of early commissioning of PMPD
CAD, years; P; — the annual income from the operation of
the aircraft, for the manufacture of which PMPD CAD was
used; N; — the number of j-th aircraft put into operation
ahead of schedule; Az; — the period of early commissioning
of the j-th aircraft, for which PMPD CAD was used, years.
To take into account the influence of the time factor
when determining the effects or costs, it should be remem-
bered that when calculating the coefficient of reduction
in time, taking into account formula (31):
o, =(1+E,)"". 37
The estimated year should be chosen depending on
which indicator needs to be brought together in time. It is
necessary to find out whether this indicator is maximized
or minimized, since in the case of choosing the first year
as the calculated one, the reduction factor o, will be less
than one, since the degree (¢,—¢) gives a negative number.
And vice versa: when applied as a calculation period,
the last year, the degree of formula (37) will be positive
and the coefficient o, will have a value greater than one,
except for the last year, for which (¢,-¢)=0, and, accord-
ingly, a,=1.

6.4. Assessment of the economic effect of the DSS use.
Table 1 shows some directions for assessing the effective-
ness of the DSS.

Table 1

Directions for assessing the effectiveness of the decision support system [19]

Name and essence of approaches
to assessing the effectiveness of D55

Advantages

Disadvantages

Evaluation of the DSS economic efficiency of
software by comparing the economic effect of
the development (implementation) of software
with the cost of its creation (acquisition)

It is taken into account to what extent the implementation of the
DSS software allowed reducing the number of analysts' jobs and
getting savings on their salaries. This method is widely known
and is applicable not only to DSS5, but also to any software

It is difficult to separate the effect obtained
as a result of using software from the effect
obtained by other activities and the external
environment

Assessment of the DSS time efficiency (how
much the DSS allows to reduce the time spent
on processing the initial data for making a de-
cision and justifying the optimal decision)

This approach is easy to use, it is possible to use test tasks to
get the result before putting the system into operation

Does not include cost indicators

Assessment of the DSS quality, in this case it
is determined to what extent the requirements
of the users of the DSS are satisfied in rela-
tion to the capabilities of the manufacturers
and the tasks set by the DSS designers. The
set-theoretic approach is used to calculate the
DSS quality indicator

Allows to determine the ways of revision, adaptation or develop-
ment of the system, and in some cases — ways to reduce the
cost of its creation and increase economic efficiency

There is a certain subjectivity of assessment,
satisfaction of requirements may be different
for different people of the same profession.
Does not include cost indicators

Assessment of the DSS economic efficiency
by comparing the financial results obtained
directly from the decisions made with the costs
of creating (acquiring) the DSS

This method is used if the system is designed to support decision-
making, the result of the implementation of which allows to make
a profit in monetary terms in the short term

The efficiency calculated in this way will
change dynamically depending on the num-
ber of successful or unsuccessful decisions
that gave a profit or loss, respectively
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DSS is a complex task and requires a special approach,
therefore it is necessary:

— identify i-th factors of economic efficiency of using

such a system;

— for each individual i-th factor, develop (or use)

a methodology for calculating the cost result from the

use of the P; system;

— find the integral cost result of the ¢-th year of ap-

plication of the decision support system:

F :2:;13’

where P; — the result for the i-th factor; calculate the
costs that must be made to achieve the result for the
i-th factor C;; find the integral costs:

C = 27:1Ci )

— the integral effect for the service life of Ty or for
the calculation period is determined by the formula:

(38)

(39)

E,=Y" (R-C)o, (40)
where P, — the total cost result of the ¢-th year; o, —
discount coefficient of the ¢-th year.
The service life of the T; project is taken from 6—10 years.
The simple return on SRR can be found through ave-
rages, as the ratio:

SRR = 2. (R=C) (41)
=S
where K — the total investment in the DSS.
Received should be greater than SRRE,.
The factors influencing the economic result of the DSS
use are presented as a diagram in Fig. 2.
Thus, for each ¢-th year, the annual economic result
consists of the following components:

EPSS = EIS+ EP+ EC + ER+ E/T + EA? + EC + ECR. (42)

The annual economic result of the DSS use depends
on the volume of DSS use and the volume of operation
of equipment produced in the DSS conditions.

For the economic life of investments in the DSS cre-
ation, which can be taken at the level of 6 years adopted
for CAD, the total result can be found taking into account
the time factor by the formula:

EPS=Y" EPSa,. (43)
Special coefficient:
o, =1/(1+E)", (44)

where Eg — the standard for bringing multi-temporal costs
equal to 0.08 [6]; ¢ is the reference period (¢-th year).

Calculated by the formula (44) the coefficients o, have
the following values for the corresponding years: the first
year — 1.0; the second — 0.926; third — 0.857; fourth —
0.793; fifth — 0.734; sixth — 0.680.

The average annual indicator of the economic result
of DSS use is found by the formula:

(45)

The ratio of this average annual result to capital in-
vestments in the creation of a DSS will allow to assess
the economic efficiency of these costs:

DSS
E AA

E
K

(46)

The resulting value of E must be higher than the stan-
dard, that is, the condition E>E, must be met.

To take into account the time factor, if the period for
creating the DSS and the costs of its creation last more
than a year, then taking into account the time factor will
consist in adding to the amounts actually spent (capital
investments).

Reducing the technological cost
of operations (blanking,
machining, assembly) E,"

Reducing losses from
defectin production
for the year E,”

Reduction of losses from
claims and additional costs
for the year E°

Savings from increasing
the reliability of equipment
manufactured in DSS E*

Annual economic
result of using
DSS E”*

Annual savings from reducing
the cost of flying time from
an increase in the
depreciation resource E,”

Annual additional income of
air transport industries from
an increase in aircraft
payload E*

Reducing the cost of
operating aircraft of
air transport production
for the year E°

Annual decrease in losses
to society as a result of
a decrease in the likelihood
of plane crashes E™

Fig. 2. Factors of economic efficiency and components of economic result of application of decision support system [19]

;20

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 5/4(55), 2020



I55N 2664-93969

ECONOMICS OF ENTERPRISES:
ECONOMICS AND MANAGEMENT OF ENTERPRISE )

It should also be added the lost profit from the fact
that the invested funds were withdrawn from circulation
(withdrawn from accounts) and did not give the interest
specified in the financial institution. Thus, taking into account
compounding, the value K’ can be found by the formula:

K'=Y"K(+E), (47)
where ¢y — capital investment turnover for the reference
period (z-th year); K; — the amount of investments in the
t-th year; E; — the standard for bringing multi-temporal
costs equal to 0.08.

Using this K’ in formula (47) will worsen the indica-
tor E, but the time factor is taken into account.

7. SWOT analysis of research results

Strengths. The strengths of the study and application of
the proposed calculation methods for assessing the economic
effect of the introduction of a research facility is that they can
be used in CAD systems for aircraft production, regardless of
the product release program. The provided approaches can be
used to predict the profitability of implementation, highlight
the minimization of costs associated with the implementa-
tion of other projects in the field of information technology,
DSS, etc. Compared to analogs, the proposed study allows
to predict possible risks and costs, thereby eliminating the
factor of surprise.

So, the proposed methods allow:

— if the minimum cost is used as a criterion for choosing

the best option for solving the problem, then the informa-

tion on time leads to the last year of the billing period.

Then the option with a shorter investment period and the

option according to which significant expenses are carried

out closer to the estimated year will be more acceptable;

— if the maximum profit is used as a criterion for choos-

ing the best option for solving the problem, then these

indicators of different times lead to the first year of the
calculation period, that is, until the year of the start of
funding. Then the option with a shorter period of obtaining
the effect and the option according to which a greater effect
is achieved in the coming years will be more acceptable.

Weaknesses. To calculate the values of the components
of the annual economic result E for each component of
the amount, a calculation method must be submitted, and
after filling these theoretical aspects with specific numeri-
cal indicators, a specific result can be obtained.

The analysis of the proposed methods for assessing the
economic effect of the introduction of the object under
study has made it possible to identify their shortcomings,
in particular, the complexity and duration of their intro-
duction into automated systems and the need to ensure
many indicators in the calculations.

Opportunities. It should be noted that in the future, the
methods for assessing the economic effect of the implemented
object can be supplemented with modules of problem-oriented
software packages, which are usually based on the developed
mathematical apparatus. Such software can be modernized,
including elements of adaptive algorithms, and can be used
for mobile use to solve a wide range of tasks related to the
flexibility of data entry corrections for certain research in-
dicators from the introduction of innovations in production.

Threats. Threats to the computational methods for as-
sessing the economic effect can be attributed to the fact

that even the proposed approaches are not a technology
that allows, with high accuracy, with an error of no more
than 5%, to obtain results from the introduction of new
technologies in aircraft production.

1. The analysis of methods and approaches for assessing
the economic effect of using products of new equipment
and technology is done. The main characteristics of the
implementation and the established KPIs are determined.
The economic effect is provided mainly by reducing the
labor intensity of making connections, increasing the du-
rability of the structure, reducing the mass of the aircraft
due to the replacement of bolt-riveted and riveted bolt
connections, saving expensive materials. In addition, the
results of the economic effect are influenced by a decrease
in the cost and material consumption of assembly processes’
TE, a decrease in the labor intensity and terms of TPP,
and an improvement in working conditions for workers.

2. A set of methods and a sequence of approaches to
calculating the economic effect of introducing a complex of
impulse technologies and equipment, PMPD CAD, DSS for
information support for the assembly of aircraft structures
and ontological DSS for the choice of hand-held pulse devices
have been determined. These methods and approaches can
take into account the peculiarities of production and be
used in the CAD system throughout the entire life cycle
of the aircraft structure.
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