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Abstract

The article is dedicated to the analysis of digital
certification of aviation equipment on the basis of
multifunctional “Siemens PLM Software” (PLM -
Product Lifecycle Management) technologies and
“Verification Management” solution. In the
theoretical part of the article, the authors point out
that during certification a project usually goes
through two stages: validation and verification. The
first stage involves checking the project
requirements for correctness and completeness,
while the second stage aims to confirm that the
designed aircraft is fully consistent with the validated
requirements for it. The article states that the
implementation of modern systems engineering
practices is based on various instrumental
components, methodology, and professional
competence and is implemented as part of the general
PLM strategy of an enterprise using “Siemens
Digital Industries Software” products. In the course
of the research, the authors of the article came to the
conclusion that “Verification Management” solution
in the “Teamcenter Siemens PLM Software” system
helps enterprises in the aerospace and defence
industries to successfully implement projects on
creation of innovative products within a given
timeframe and budget. “Verification Management”
solution forms a closed traceability cycle for all
stages of the control process of project decisions
aimed to confirm compliance of the design with
specified requirements. “Verification Management
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AHHOTALUA

Cratbs TIOCBSIICHA aHAIN3yY ugpoBoi
cepTH(UKAINY AaBUALMOHHOW TEXHWKH Ha OCHOBE
MHOTO(YHKIIMOHANBHBIX ~ TEXHOJIOTHH  “Siemens
PLM Software” wu pemenus “Verification
Management” (PLM - Product Lifecycle
Management - JXusuennsrii Iluxn W3genus). B
TEOPETHYECKOH YaCTH CTaThH aBTOPHI YKA3bIBAIOT Ha
TO, YTO B X0JIe CepTU(HUKALNY MPOEKT, KaK IIPaBUIIO,
NPOXOMT JIBa dTala: BaIUIAUMI0 U BEPUPHUKALHIO.
[epBsrit JTan oJipa3yMeBaeT TIPOBEPKY
MIPAaBIJIBHOCTH U TTOJIHOTHI, IPEIBABISIEMBIX K HEMY
TpeOOBaHWH, TOrJa Kak BTOPOM J3Tam NpHU3BaH
MOATBEPUTh, HYTO pa3padOTaHHOE BO3JYIIHOE
CYZHO TIOJTHOCTBIO YZOBJIETBOPSIET HPEIbSIBISIEMbIM
K HeMy TpeOOBaHMSM, NMPOMICANINM Bajuaanuo. B
CTaThe OTMEYAeTCs, 4YTO peaju3alys IMPaKTHK
COBPEMEHHOW CHCTEMHON HHXEHEpPHH Oa3upyercs
Ha Pa3IMYHBIX MHCTPYMEHTAJbHBIX KOMIIOHEHTaX,
METOJIOJIOTUH, KOMIIETCHIUSIX CIEUHAJIUCTOB U
OCYIIECTBIISIETCSl B paMKax oOmieit crparerun PLM
MPEANIPUATHS, C HCHOJNb30BaHUEM  HPOIYKTOB
“Siemens Digital Industries Software”. B xome
MIPOBEJICHHOTO  WCCJIEJIOBAHHUS  aBTOPHI  CTaTbU
NpUIUIA K BBIBOjIaM, 4TO pemenne Verification
Management B cucteme Teamcenter Siemens PLM
Software momoraer mHpeANpPUATHIM aBHALMOHHO--
KOCMHYECKOH M OOOPOHHOW OTpaciei yCIIeImHo, B
3aJjaHHble CPOKM M B  paMKax Omojpkera
peann3oBbIBATH MPOEKTHI o CO3/JJAHUIO
WHHOBALIMOHHBIX ~ M3JENIMiA,  OHO  oOpasyer
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Catalyst” module accelerates the enterprise’s
transition to digital technology; therefore, this
transition improves reliability and productivity while
lowering the total cost of ownership. “Teamcenter”
system supports verification of the implementation
of product development programs, reduces the time
and cost of project decisions, which ultimately
improves the entire work of the enterprise.
“Verification Management” solution is a fully
functional lifecycle management solution that is able
to transmit product requirements and their changes to
all participants of the design process.

Keywords: design automation, digital certification,
systems engineering, technological upgrading,
virtual testing.

Introduction

Today digitization is a defining trend of global
transformation of processes and models of
relationships between participants in the value chain,
which is based on the integrated implementation of
digital technologies and the integration of
information and computer resources into physical
processes. The digitization process of industrial
production and the transition to the fourth-generation
industry paradigm is based on a large number of
various “smart” devices that are built into products,
their components, and production equipment. New
cyberphysical systems and intellectual devices
create huge amounts of data and require complex
integration, coordination and optimization in a single
multidimensional dynamic system. To succeed,
aviation equipment developers have to rethink
approaches to aircraft design and testing, to resort to
using new solutions and materials, and to increase
the products complexity. This increases the time of
ground and flight testing of the aviation equipment
and its certification in accordance with new
standards. As a result, the cost of certification testing
increases. Implementation of modern digital
technologies allows saving and accelerating the
development of aviation equipment by automating a
significant share of calculations and certification
testing.

3aMKHYTBII LIHKJI MIPOCICKUBACMOCTH BCEX ITAIOB
mpouecca  KOHTPOJS ~ NPOEKTHBIX  PELICHUH,
HaNpaBJCHHOTO Ha IOJTBEPKAECHHE COOTBETCTBHS
KOHCTPYKIMH 3aJaHHBIM TpeOoBaHusM. Takxke
OTMe4eHo, 4To Monyinb Verification Management
Catalyst yckopser mnepexojJ TNpEeONPHUATHS Ha
nUQpoBbIE TEXHOJIOTHH a, CJIEJOBATENILHO, TAKOH
epexon MOBBIIIAET HaJeKHOCTb u
NPOU3BOAUTENBFHOCT TIPH  CHIDKCHHM  OOIIeH
crommocti  BiageHus. Cucrema  Teamcenter
MOAJEPKUBACT IPOBEPKY BBIIOJHEHHS HPOrpaMM
pa3paboOTKU  M3IENMH, COKpamlaeT CpOKH H
CTOMMOCTb KOHTPOJISI IPOSKTHBIX PEIICHHUH, 4TO, B
KOHEYHOM  cYeTe, yiydliaeT Bclo  pabory
npeanpusitus. Pemrenue Verification Management
SBJISIETCS TOJHO(QYHKIMOHAJIBHBIM PELICHUEM JUIs
YIpaBJICHUsI IKU3HEHHBIM IMKJIOM, CIIOCOOHOE
nepenaBaTh TPEOOBAHMS K M3/EJIUI0 U BHOCHMBIC B
HUX HM3MCHEHWs BCEM Y4YacTHHKaM Ipolecca
NPOCKTHPOBAHHSI.

KiaoueBbie CJI0Ba: aBTOMaTHU3allusAa
MIPOCKTUPOBAaHUA, BUPTYyaJIbHBIC HUCIIbITAaHUA,
CUCTCMHAasA HWHXXCHCPHH, TCXHOJIOTHYCCKAsA

MOJIepHHU3alus, HUQpoBas cepTH UK.

Theoretical base

The main purpose of certification is to confirm that
the aircraft and its systems are fully compliant with
airworthiness standards. During certification, a
project goes through two stages: validation and
verification. The first stage involves validation of the
project  requirements for  correctness and
completeness, while the second stage aims to
confirm that the designed aircraft is fully consistent
with the validated requirements for it. “Siemens
PLM Software” solutions help to bring the
verification process to earlier development stages,
providing great potential for reducing budget and
terms of the program. “Siemens PLM Software”
technologies allow creating verified models of
aircraft, their units, components and systems, as well
as conducting their virtual testing. For typical
aviation systems and components, solutions are
offered by existing libraries of customized models,
which allow performing reliable calculations and
abandoning a part of field testing. Its results are
replaced by virtual testing results (Tolstykh,
Gamidullaeva, Shkarupeta, 2018).

Reducing certification terms is possible due to more
accurate planning of the field testing. Thus, the
verified models obtained with the help of
“Simcenter” solutions allow determining in advance
the places of the best placing of sensors and test
modes of individual components, units and aircrafts
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assembled. Moreover, with the help of “Simcenter
Testing” technologies, it is possible to significantly
automate the testing process, i.e. to conduct
automatic calculations and analysis of experimental
data directly in the pace of testing. In this case, the
risk of human error is reduced and the need for
“manual” processing of a huge amount of data is
mostly eliminated. “Siemens PLM Software”
solutions allow organizing the verification process,
taking into account the development of several
aircraft  configurations. Different  aircraft
configurations may include units of several
producers, a part of the flight testing of which can be
conducted in the laboratory or even replaced by
calculation, significantly reducing the volume of
flight testing and expenses on its preparation and
conduct. Reports on the results of such testing or
calculations serve as the basis for the confirmation
of requirements verified by certification authorities
(Kondratiev, Lyubimtsev, Merkulov, 2015).

The process of building modern products includes
many stages, within which the requirements for the
future product, its functions, design, production
technology, etc. are determined. Research shows that
even despite the widespread use of automated
systems of design, reverse engineering, and
engineering data management (Computer-aided
design  (CAD)/Computer-aided  manufacturing
(CAM)/ Computer-aided engineering
(CAE)/Product Data Management (PDM), the
following problems remain:

e only 28% of projects are compliant with the
planned terms and budget;

e over 45% of the development budget can be
“spent” on corrections and alterations;

e Uup to 50% of the total amount of work is
spent on correcting errors in the design.

Leading practitioners of systems engineering
highlight six fundamental practices of systems
engineering:

e Model-oriented design. The practice of it
consists in using models of various degrees
of abstraction and detail to support design
processes. Models offer an effective way to
study and update aspects of the system and
provide information on them, while
significantly reducing or eliminating the
dependence on the need to use traditional
documentation. There is a strong
correlation between the efficiency of
engineering processes and the level of
enterprise orientation on the use of models.

e Business analysis. The practice of it helps
to correctly identify the image and
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characteristics of the product to be designed
and manufactured. The lack of business
analysis or its substandard performance
results in a lack of understanding of the
particular objectives and interests of the
parties involved, which leads to chaos and
high level of uncertainty in the design
process of the product (Babkin, 2018).
Requirement  engineering. The most
important component of the creation of
complex  engineering  facilities s
requirements management. All large
companies involved in the development of
complex equipment recognize that well-
organized requirements engineering is
critical to the success of projects and is one
of the key elements to improve
competitiveness of enterprises and their
products in the global market. The practice
of requirements engineering is aimed at
identifying and managing requirements for
the designed product. It allows connecting
the requirements with other engineering
information, thus ensuring the accounting
fulfillment of requirements at all stages of
design. Every requirement will be taken
into account (Sergeeva, 2018).
Architectural design. The practice of it is
aimed at identifying possible areas for
solving the problem of technical system
design. It is based on the comprehensive
multi-aspect view of the system to be
created. The essence of architectural design
is structuring. Structuring can extract order
from chaos, that is, give shape to the
functions of the system, and turn vague
customer thoughts into a workable model.
Product design based on the joint use of
system architecture and  simulation
modelling tools (1D analysis) allows
shifting efforts to the product design to
early stages (technical proposal, draft
design), adjusting various implementation
options, and choosing the optimal one,
which reduces changes and costs (Ananin,
2018).

Verification and validation. People are
capable of error, so the later the error is
detected, the more expensive is the
correction. Errors made at the conceptual
stage are the most expensive in terms of
their impact on the project and the cost of
their correction. Therefore, the sooner
errors are detected, the less time, budget
and other resources will be spent on their
correction. Verification (checking) and
validation (acceptance) are the most
significant stages of technical system
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design. These practices should be built into
the very processes of design; otherwise,
checks should be performed after every
design stage, starting from the earliest. It is
also necessary to remember that any
verification and validation process should
begin with planning (Korrespondent.net,
2017).

e Configuration management. The design
process is inseparable from the process of
emergence and change of information. The
larger the product is, the more information
emerges. Each new option or change
increases the probability of irrelevant data.
It was the need to ensure data integrity that
led to the development of configuration
management practices within systems
engineering. By configuration management
we mean ensuring data integrity.
Engineering documentation must comply
with the requirements. The product that
leaves the workshop must comply with the
engineering documentation and as a result
it must comply with the initial requirements
(Babkin, 2018).

Implementation of systems engineering practices is
based on instrumental components, methodology,
and competencies of specialists and is carried out as
part of the general PLM strategy of the enterprise,
using “Siemens Digital Industries Software”
products:

architectural modelling tools — “Capella™;
engineering data management tools —
“Teamcenter”;

3D modelling tools — “NX’;

simulation modelling tools — “Simcenter
Amesim”.

The complexity of the development of aerospace and
defense products and the amount of customers’
requirements are constantly increasing. Such
products are a “system of systems” consisting of
mechanical components, software, and electronics.
Their development requires long-term
interdisciplinary programs that include necessary
processes of monitoring for compliance of design
solutions with customer requirements and existing
standards. Aerospace and defense enterprises
compete in the global market. They implement
international programs with the participation of a
huge number of partners and suppliers
(Korrespondent.net, 2017). In order to succeed in
such circumstances it is necessary to demonstrate the
ability to implement projects within the framework
of the “expanded enterprise” and to deliver products
complying with all the requirements within a set time

and budget. “Verification Management” solution
developed by “Siemens PLM Software” company
allows enterprises to achieve these goals by
combining product requirements with design,
calculation, and testing problems, as well as design
data.

Methodology

Analytical assessment of the development forecasts
of the construction and development technologies of
digital enterprises of the company presented by the
“Siemens PLM Software” experts is used as a
research method. The research is based on a
comprehensive analysis and subsequent assessment
of the main results of the implementation of
technological transformation processes of industry,
followed by determination of its key areas and
directions. The analysis is based on the materials
compiled by Russian and foreign scientists, and data
provided by leading high-technology enterprises.
Product requirements are set by customers, set out in
contracts, contained in enterprise safety standards, as
well as industry standards set by authorities such as
Federal Aviation Administration (FAA, United
States of America) and European Aviation Safety
Agency (EASA, European Union). The Siemens
PLM Software Teamcenter system manages the
entire product creation cycle, from selecting initial
goals to setting requirements for individual details
and components. Teamcenter guarantees that each
requirement has an approved method of verifying its
implementation, this method is applied, and the
results of the verification are recorded. This provides
full compliance with product requirements
(Novikov, Veas Iniesta, 2019).

The “Siemens PLM Software” portfolio includes
“Verification Management” solution from the
Catalyst line based on “Simcenter”. It connects
product requirements with the methods of testing or
numerical modelling. When changes are made to the
production technology, it is possible to immediately
determine which tests should be conducted. Such
working principle is very helpful in repeated testing.
A similar approach applies to the CAE area. It is
possible to determine which model and type of
calculation each detail relates to. Testing and
calculations in the aerospace industry can last
several years, and changes are made to the design
throughout the project. Modern CAE system should
allow the following:

e strength calculations under static and
dynamic load;

o calculation of natural frequencies and
vibration forms;
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e calculation of critical loads and buckling
forms;

e two-dimensional and three-dimensional
calculations for volumetric, thin-walled,
and lattice constructions.

Modern CAD system developed by specialists as
part of “Verification Management” solution should
contain the following functional modules (Siemens
PLM Software, 2017):

e “Fidesys Dynamics”™:

application of the spectral element method

for both linear and nonlinear problems;

solution of non-stationary problems;

analysis of wave processes;

seismicity modelling;

non-destructive testing modelling.

“Fidesys Composite™:

analysis of the effective properties of

composites;

o building a realistic
microstructure;

o calculation of products made from
composite materials (including porous,
layer-fibrous);

o 0O O O @)

o e

composite

o determination of the monolayer properties;
o rubber cord modelling.
o “Fidesys HPC™:
o parallelization of the main calculation
stages;
acceleration of calculations up to 30 times;
o Open Multi-Processing (OpenMP)

technology: use of all working kernels of
the workstation;

o Message Passing Interface  (MPI)
technology: use of several workstations in a
network.

“Verification Management” system provides end-to-
end traceability down to testing equipment.
Automated Test Correlation, an automatic
correlation module for testing results for
“Verification Management” system, is currently
being developed. Thus, numerical simulations and
“Simcenter SCADAS” (SCADAS - Supervisory
Control and Data Acquisition System) hardware
modules can be used in combination with the
“Simcenter Testlab” system to solve the problem of
placement of measuring instruments. The
technology allows seeing the results of numerical
simulations in “Siemens NX”. The engineer selects
the location of the instrument, and the testing
requirements are created automatically; acceleration
rates are set, data are collected in the “Simcenter
Testlab” system, equipment is calibrated, and the
testing results are automatically output. It is no
longer necessary for test engineers to go through
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numerous data collection channels to determine,
what data is coming and what sensors it is coming
from. They just take measurements, and the results
are displayed automatically.

Discussion

Field testing of aerospace and defense equipment is
necessary to verify compliance with design
requirements. To confirm the correctness of the
results, it is necessary to trace the entire chain, from
requirements to the testing plan. This allows
checking whether the testing purpose, equipment
and its settings are correctly selected. This is the
exact type of chain that is supported by “Verification
Management” system, from requirements to the
testing plan and the product tested. It allows
confirming that the testing is necessary, correctly
developed and conducted. If changes are made to
product requirements, Teamcenter immediately
identifies their consequences in terms of testing
plans and products tested. For instance, it is clear
which of the conducted tests should be repeated.
Moreover, “Verification Management” system
keeps records of all tested products and testing
equipment. This ensures complete traceability of the
executed works and used calculation models.
“Verification ~Management” implements full
traceability of measuring equipment, from
measurement requirements set out in the test
application to the measurement plan, a list of
instruments, information on their calibration, and the
raw and processed data received, on the basis of
which the conclusion on compliance with the
requirements is made. Full traceability allows
showing that the tested facility complies with the
design project in its current state at all stages
(Dmitriev, Novikov, 2019).

The open and customizable solution architecture of
“Siemens PLM Software” company allows the user
to change the interface appearance and operation
logic of programs both in a complex PLM
environment and as an autonomous subsystem for
design solutions control. Accelerated introduction
modules contain all recommended software
products, tools for designers networking, setup
procedure, optimal processes, and training materials
on implementation issues. “Verification
Management  Catalyst” module accelerates
enterprise conversion to digital. Such conversion
improves reliability and efficiency while reducing
the total cost of the product (TAdviser, 2019).

Results

The integrated multiphysical modelling platform for
complex technical Verification Management
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systems allows modelling and analysing the work of
the studied technical systems in dynamics and offers
the opportunity to connect external control systems
to the developed models to adjust and validate
algorithms and system management strategy.
“Verification Management” provides an opportunity
to assess the efficiency of the developed product at
the early stages of design, before the development of
design documentation, which allows saving time and
money. This product provides new opportunities for
the development of complex high-technology
equipment (Dmitriev, Novikov, 2019).

“Siemens PLM Software” solutions are successfully
used by the developers of aviation equipment around
the world. In some cases, during the certification
process the developers used the results of virtual
testing, selectively confirmed by real checks.
European aircraft building company Airbus resorted
to virtual testing in developing the refueling boom of
the Airbus A330MRTT tanker aircraft. In this
project, reliable results were obtained at the stage of
flutter modelling and were later confirmed by field
testing. Another example of successful use of digital
approach to design, testing and certification is the
development of the Airbus A380. The French
company “Safran Landing Systems”, which
developed the chassis for this aircraft, used the
“Simcenter Amesim” solution. The A380 was put
into operation with a nose landing gear designed and
adjusted fully on the 1D model developed by
“Simcenter Amesim”. The results of virtual testing
of the chassis were fully confirmed by field testing.
In addition, the developer successfully accelerated
the project implementation due to accurate test
planning and predictability of the experiment.

Airbus used “Simcenter Amesim” to develop digital
twins of the A380, its fuel system and engines, which
were then tested on a virtual stand. The technology
of digital twins allows to successfully develop a
high-precision virtual model of the future product,
which can be constantly adjusted on the basis of the
results of various field experiments. Using such
virtual stand, specialists were able to predict and
assess the effects of pressure pulsation in the fuel
system. According to the developers assessment, the
digital approach allowed reducing the time required
to refine and finalize the fuel system by almost 2
years. The traditional approach, which implies a full
cycle of field testing, would require more time and
resources to develop and set up a stand, and to check
the operation of aircraft systems.

Conclusions

The stories of successful use of “Siemens PLM
Software” solutions can be shared by many

developers, including Boeing, Airbus, Airbus
Helicopters, Kaman Aerospace, Honda Aircraft,
Embraer, etc. The experience gained in solving
specific problems confirms that “Siemens PLM
Software” solutions allow optimizing, accelerating,
and reducing the cost of the aircraft certification
process, which usually consumes a significant part
of the project budget. “Teamcenter” allows quick
creation of operational documentation, and most
importantly, making changes to it without increasing
the terms of preparing operational documentation
and delaying the certification terms. Managing
models, data and processes in “Teamcenter” allows
the following:

e carrying out high-quality and efficient
management of various calculation data
and automation of calculation processes;

o using efficient solutions for storing files of
calculation results;

o formalizing calculation business processes
within the enterprise;

o realizing the possibilities of connecting the
calculation data with the initial data
(geometry, requirements, boundary
conditions, normative and technical
documentation, etc.);

e integrating all the CAE tools used by the
enterprise into a single environment;

e automating the process of creating
calculation model;

e using the connection of the calculation data
with the requirements efficiently;

e using the mechanisms of connection of the
calculation data with the testing data.

“Simcenter” is the main design tool and a significant
part of the development process; specialists should
perform calculations and model the characteristics of
future products in the design. Often, specialists first
design the product, and only after that certify it.
Designing with “Simcenter” guarantees successful
product certification. Using “Simcenter” reduces
development terms and saves millions of dollars in
large projects. The tool integrated with other
processes of the enterprise (design, technological
preparation of production, manufacturing) becomes
absolutely necessary. Reducing certification terms is
possible due to more accurate planning of field
testing and significant automation of calculations
and analysis of testing result.
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