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CONCEPTUAL FOUNDATIONS OF APPLYING INNOVATIVE 3D SCANNING
TECHNOLOGIES IN THE CONTEXT OF MAINTAINING AIRWORTHINESS OF
STATE AVIATION EQUIPMENT

The goal of this article is to analyze the use of modern 3D scanning technologies and additive
manufacturing in addressing practical needs to maintain airworthiness of state aviation equipment. The unified
algorithm for 3D scanning of complex technical objects which is independent of specific methods and equipment
types has been developed as well as the detailed description of each step of the algorithm. Innovative optical
methods of 3D scanning technologies are explored, and a comprehensive methodology that utilizes these optical 3D
scanning methods for determining the potential improvement of identified resource indicators of aviation equipment

is proposed.
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Introduction

Problem statement. Modern warfare foresees the
achievement of air superiority for successful large-scale
ground operations. Aviation, as an integral part of the
armed forces, stands as a key enabler of their combat
capabilities. It represents a complex system where the
reliable functioning and guaranteed achievement of
assigned targets demand a high level of readiness and
support from each of its elements [1; 3; 4, p. 18...28].

Under  wartime conditions the  service
maintenance of the Ukrainian Armed Forces' aviation
equipment has become highly complicated due to
numerous combat damages, shortages of specific spare
parts, constant threat of shelling and limited time [1; 2].

Hence, in the face of large-scale military
aggression, various measures are undertaken to restore
the functionality of aircraft and their engines that got
combat damage [5, p. 1...10]. One of these measures
foresees the implementation of modern innovative 3D
scanning technologies for evaluation of respective
aviation equipment in order to assess in a qualitative
and quantitative manner the extent of damage to the
components which are critical for flight safety;
development of corresponding repair techniques
[6...11].

Analysis of recent research and publications.
Review of publications [6...11], which describe the
methodology of maintenance of complex technical
objects with 3D scanning technologies, demonstrates
an absence of comprehensive and systematic
approaches in implementing 3D scanning technologies
for the repair of aviation equipment.

The aim of the article is to explore the
incorporation of modern 3D scanning methods as
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a mean to maintain airworthiness and perform repair of
aviation equipment as well as analyzing the future
potential.

Presentation of the core material

3D scanning [12, p. 108...255; 15, p. 82...92;
17, p. 280...286] is a process of capturing geometric
parameters of a real-world object and their structured
storage in a specific format wusing specialized
technologies and equipment - 3D scanners.

As part of the research of the possibility to restore
the functionality of aircraft and their engines,
3D scanning technologies may be proposed to address
certain phases of the renewal process as described in
Figure 1.
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Fig. 1. Relevant phases of the process which can be
achieved with the application of 3D scanning technologies.
Source: developed by the authors.
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One of the primary objectives is control of quality
and part’s geometry while manufacturing is in progress
and after it is completed [14, p. 114...122;
16, p. 1069...1090; 19, p. 281...291; 21, p. 255...268].
Upon completion of the manufacturing process the
scanned 3D model of the part’s geometry is verified
against specifications through comparison to the values
of the reference CAD model. The verification results
are presented as 3D image with color highlights of the
areas with deviation, permit filtering based on selected
parameters, and also support generation of statistics for
detected deviations.

The 3D scanning technologies can also be utilized
to create a digital CAD 3D-model of a specific part for
further testing purposes to determine its functional
compliance with initially set criteria. For instance,
physical modeling with software for automation
of engineering analysis can be performed
[29, p. 143...153]. Generation of the CAD model based
on a real-world part ensures that highly accurate data
is available for analysis. Additionally, the availability
of digital CAD models of similar parts from different
manufacturers permits to perform comparative tests
in the virtual environment of a CAE system to identify
the most optimal design.

An essential aspect here is the capability for
reverse engineering of parts and assemblies, namely:
generating 2D/3D drawings based on their scanned
3D model and the ability to integrate scanning results
into a wide range of automated CAD/CAE systems
used in manufacturing process. Reverse engineering
[23, p.204...213] is the process of re-designing
a product for which there are no drawings or
documentation or they have been lost. The objective of
reverse engineering is to recreate a physical part
without using design documentation. Accurate
3D scanners are utilized for reverse engineering to
collect data from the surface of the real-world part
producing its digital 3D replica as a result, which can
be replicated, enhanced and stored in a digital archive.

At present there is a need to renew the aircraft
components and their engines that have suffered
operational and combat damage. 3D scanning allows
relatively quick and straightforward acquisition of
geometric parameters of the incurred damage to
objectively assess the technical condition of the object.
For instance, 3D scanning can be used to detect the
minor defects in the external surface of the aircraft
engine's nacelle at the earliest stage to prevent further
destruction.

Another important goal that can be achieved with
the 3D scanning technologies is the creation of the
electronic database of 3D models of components with
combat and operational damage. Such database can be

further utilized in the scientific research, particularly in
the development of the information system, which
permits mathematical modeling of the interrelation and
the impact of resource-limiting components and
assemblies on the technical integrity of an aircraft.

In order to achieve the described goals, a unified
algorithm for 3D scanning has been developed. It can
be utilized for any physical object and irrespective of
the specific method or equipment used (see Fig. 2).
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Fig. 2. Unified algorithm for 3D scanning.
Source: developed by the authors.

The respective 3D scanning algorithm was
developed based on the following technological
processes [12, p. 391...501; 13, p. 565...694; 13;
22,p.43...53; 25, p. 295...305; 27, p. 153...205].

Calibration of Equipment. Prior to starting the
3D scanning process it is necessary to calibrate the
3D cameras used for image capture. Camera calibration
involves determining various parameters such as focal
length, lens distortion and camera positioning.

Image Acquisition. This step involves capturing a
series of static 3D frames of the scanned object using a
single camera or a set of cameras. These 3D frames
should depict the object from various angles. Ensuring
sufficient overlap between adjacent 3D frames is
essential to partially represent the same scanned surface
area.

Feature Detection. The software performs analysis
of the acquired 3D frames to identify unique features
on the scanned object's surface according to a specific
algorithm. The software stores the findings of the
analysis for the use in the next step of the process.

Matching of the Elements. The software compares
identified elements across different 3D frames and
determines their relative positions. This matching
process is performed by analyzing the similarity and
positioning of elements in the images.

Triangulation. This step involves computing the
3D coordinates of matched objects by intersecting
various viewpoints. With the help of the triangulation
the software reconstructs the object's 3D geometry.

Point Cloud Generation. Triangulation results in
a 3D point cloud representing the object's surface
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geometry. The 3D point cloud can be visualized as
a collection of individual 3D points in 3D space.
A polygonal mesh is generated from the 3D point cloud.

Texture Application. Texture refers to the external
appearance or surface characteristics of the object. To
enhance the reconstructed 3D model's appearance
software can influence the polygonal mesh by
effectively incorporating information about the object's
texture and color.

Post-processing and Refinement. During the
initial reconstruction of the polygonal mesh post-
processing methods can be applied to refine the
3D model. This might involve removal of noise or
outliers from the point cloud, mesh topology
optimization or data interpolation techniques to fill in
missing data.

Possible example of effective application of 3D scanning
is the reconstruction of a 3D model of a high-pressure
turbine rotor blade of an aircraft engine, which can be
used for remote assessment of its technical condition by
experts without physical presence at the military facility
or transporting the engine to a repair site.

The most advanced methods of 3D scanning
technologies are structured light scanning (optical
method) and laser scanning [20, p. 89...92;
26, p. 1565...1572; 28, p. 1237...1239]. Their primary
advantages are contactless data acquisition of the
object's geometry, significantly higher scanning speed
and accuracy of scanning. Contactless 3D scanners are
portable, versatile and relatively easy to use.

Structured light 3D scanning is a method that uses
a projector and a camera to reconstruct the geometry of
the object surface. It operates by illuminating the object
surface with a calibrated geometric pattern of white or
blue light. This pattern consists of a series of parallel
lines, or a grid structured in a particular way. The
illumination process is captured by two special 3D
scanner cameras recording any deviations or
deformations of the light pattern on the object's surface.
An increase in the distance between the light lines of the
pattern indicates that object's surface is closer to the
cameras and vice versa. Based on these established
patterns through sequential triangulation of different
images of the light structure the geometric shape and
dimensions of the object are determined. The 3D scanner
software consolidates the obtained results and generates
a unified polygonal mesh of the 3D model. Modern
structured light 3D scanners also include an additional
camera that captures the object surface texture.

The high accuracy and speed allow the structured
light 3D scanner to be applied to digitize objects of
various sizes and geometries making it a versatile
instrument for a wide range of tasks. With a structured
light 3D scanner one can monitor the manufacturing

quality of critical aircraft engine parts such as working
blades or high-pressure turbine discs. After the
production process is completed, it is necessary to scan
the produced part and analyze its 3D model for
potential discrepancies in external geometry compared
to design parameters. In specialized software the 3D
quality control function visually displays all detected
deviations using a chromatography  method.
Consequently, any error in the manufacturing process
of the blades can be identified determining the reasons
behind, and necessary adjustments can be made based
on the obtained results.

The laser 3D scanning method, similar
to structured light, starts with projecting a laser line
or point onto the object surface. Two special sensors of
the laser 3D scanner continuously capture the laser
emission reflected from the object. The distances and
angles between the laser source and the camera are
determined with high precision. By utilizing
algorithms, which are based on triangulation and
trigonometric formulas, the 3D scanner determines at
which angle the laser emission returns to the sensor and
the distance to the object surface. The obtained data is
used to generate a polygonal mesh representing the
geometry of the scanned object.

Unlike structured light the laser is less sensitive to
external lighting conditions. Laser scanners are more
effective in capturing poorly prepared parts, with
glossy or dark surfaces. The laser method of obtaining
3D data is highly optimized for calculations, so using
a regular laptop is often sufficient for operating laser
3D scanners. There are models of laser 3D scanners
that are entirely autonomous in terms of power supply,
and the software of the 3D scanner generates
preliminary view of the 3D model in real-time.

The high-end technical specifications of laser
3D scanners permit to address quite complex tasks
diagnosing critical components of aircraft engines, for
example, when evaluating the condition of fuel nozzles
for measuring such parameters as nozzle diameter and
swirl channel sizes. The obtained results can be used to
assess the nozzles performance and detect deviations.
Laser 3D scanning can detect the slightest deformations
or the appearance of micro-cracks on the nozzle
surface, which are invisible during regular inspection.
The collected data can be used to decide whether to
replace or repair respective components.

As per the described, a comprehensive
methodology has been developed. It utilizes 3D scanning
technologies to determine the technical condition of
critical elements of aircraft engines and evaluate the
potential improvement of their identified resource
indicators (Fig. 3). This methodology consists of the
following stages (Figure 3).
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Fig. 3. General methodology that utilizes innovative 3D scanning technologies in order to determine the potential
improvement of identified resource indicators of aviation equipment illustrated by aircraft engine example.
Source: developed by the authors.

Firstly, the identification of critical elements of
the aviation engine is carried out through
decomposition into nodes and systems that limit its
resource. Following the decomposition, an individual
analysis of each component is conducted concerning
the specificities of their structural design, operating
conditions, and impact on the engine's performance in
case of failure.

Subsequently, the identified critical element
undergoes 3D scanning using structured light or laser
technologies. During this stage, a primary point cloud
of the 3D model geometry is generated, which, after
processing in the integrated 3D scanner software
environment, is converted into a polygonal mesh.

The finalization stage of the 3D model geometry
of the critical element involves rectifying possible
imperfections resulting from the 3D scanning and
preparing it for virtual examinations, which conducting
in CAD/CAE software environment (Ansys) using
mathematical modeling [30].

The final stage involves compiling a report based
on the research results and analyzing whether to
increase the identified resource for the stand-alone
elements or for the whole engine.

Conclusions

1. As a result of the conducted research, a unified
algorithm for 3D scanning of aircraft components and
a general methodology, that determines the potential

improvement of identified resource indicators, have
been developed. These can be implemented
in addressing practical needs to maintain airworthiness
of state aviation equipment.

2. It has been concluded that modern 3D scanning
methods are effective and promising tool that helps
to address a wide range of issues in the process
of aintaining airworthiness of aircraft equipment of the
Armed Forces of Ukraine.

The directions for further research. The future
directions for research are to be as follows.

1. Adaptation followed by pilot implementation of
the developed algorithms and methodologies in the
real-life  technological processes of maintaining
airworthiness of aircraft equipment of the Armed
Forces of Ukraine, specifically creating a database of
3D models of resource-limiting parts and assemblies
with combat and operational damage. Evaluation of the
effectiveness of the proposed methodologies based on
the obtained results aiming to enhance its adequacy and
reliability.

2. Further research of modern 3D scanning
technologies and their potential implementation in
order to improve the identified resource indicators of
aviation equipment, in particular research of the
effectiveness of such methods as coordinate-measuring
(contact) and computer tomography.
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3. Comparative analysis and experimental the efficiency of their usage for restoring the
research of practical technical solutions and equipment functionality of aircrafts and their engine.
used in 3D scanning technologies in order to determine
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KOHIEINTYAJIbBHI OCHOBU 3ACTOCYBAHHS IHHOBAI.[IFIHJJX TEXHOJIOT' T
3D-CKAHYBAHHSI B KOHTEKCTI HIATPUMAHHS JIbOTHOI IPUIATHOCTI
ABIAIHINMHOI TEXHIKH JEPKABHOI ABIAIIII

C.B. Ilawenxo, A.A. Llynvein, B.O. Xapuenxo

Y cmammi suceimmoemvcs npobiema niOmpumManHs CHpPAGHOCMI MA JbOMHOI NPUOAMHOCHI aslayiliHOi MexXHIKU
OdeposcasHoi  agiayii 6 ymoeax npomuoii macumabHill GilicbKo8ill aepecii, 6axiciugicmv 6e3nepeditinoco QYHKYIOHY8AHHS
asiayiinux cucmem ma 061AOHAKHS OISl YCHIUHO20 NPOBEOEHH s BIlICKOBUX onepayill. 3a3Hauacmycs, Wo 6 yMoeax iHmeHCUSHUX
BilICbKOBUX Ofll 3HAYHO YCKIAOHIOEMbCA NIOMPUMAHHA CHPABHOCI  AGIAYIUHOI MEXHIKU uYepe3 OMPUMAHHA YUCTEHHUX
NOWKOOMCEHDb, Oehiyumy 3anuacmun ma oomedceno2o vacy. Ak epexmusHna 6ionosiob HA GUSHAYEHI BUKIUKU PO3TIAOAIOMbCS
cyuacui  innosayiini mexuonoeii 3D-ckanyeamns, sk 00uH i3 3ax00i68 OA5 GIOHOGIEHHS. CHPABHOCMI ABIAYIUHOI MEXHIKU.
3 ypaxysaunam cnpomodcrHocmeli ma ROMOYHO20 cmany po3sumky mexuoaoeiu 3D-cxanyeanus sanpononosano nepenix
AKMyanbHUX NPAKMUYHUX 3a60aHb WO000 RIOMPUMAHHS TbOMHOI NPUOAMHOCE ABIAYIIHOI MeXHIKU 0epicaHol asiayii, sKi
Modcyms Oymu eupiuteni 3 ix sanyyenuam. Pospodaeno eounuil yuigikoeanuti aneopumm 3D-ckanyeanns cKiaoHux mexHiyuHux
00°ckmi6 He3anedcHo 8i0 KOHKpemHo2o memody ma muny obnaonanus. Haeedeno oOemanvnuili onuc KodchHozo 3 emanie
po3pobnenozo aneopummy. Y cmammi posenanymo maxi iHHoOSayitini onmuuni Memoou mexuonozii 3D-cxanyeamms, sax
cmpykmyposane ceimao ma aasep. Buxouwano nopisusnvnuii ananiz ix egpexmusnocmi. IIpedcmaeneno 3azanvhy Memoouxy
BUSHAYUEHHST MONCTUBOCIE 30ITbULEHHST 6CIAHOBAEHUX PECYPCHUX NOKA3HUKIG 00 '€kmie asiayitiHoi mexHiKu i3 3aCmocy8aHHAM
3a3navenux onmuunux memooie 3D-cxanysanns.
niOmpuManms pecypcHuil
3D-ckanysanns, yugposa 3D-mooenn, CADICAE, onmuunuti 3D-cranep, cmpyxmyposane ceimio, aasep.

Knouosi  cnosa: cnpasHocmi, noxaszuux, mexnonoeii  3D-ckanysanmns, memoo
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