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B manHO# cTaThe paccMaTpUBArOTCS BO3MOKHBIC TAITbI U IIaTH MPU UCTIONb-
30BaHUM METOJIUKU OOPaTHOM pa3pabOTKU B MPOLIECCE CO3/aHus JeTaneil OTIMBOK
Ha ABMAIIMOHHBIX MPEANPUATHSIX, AHAIU3UPYETCS IMOTEHIMAN JTaHHOTO METOoJa
IIPOU3BOJICTBA U MPUBOAMUTCS CIUCOK IIATOB JJIs MOJTYYEHUS MPOTYKTa C IIOMOIIbIO
peBepC-UHXUHUPUHTA.

In order to meet the challenges of expanding aircraft production and to speed
up the process of aircraft part design, various approaches have been introduced,
such as the application of modern additive technologies, composite materials, as
well as the use of topological force analysis. Despite the rising popularity of addi-
tive technologies (which are currently being introduced into the production process
at large enterprises), their novelty is the detrimental factor which sometimes re-
stricts their practical implementation, due to the inexperience of manufacturing per-
sonnel who lack expertise in the development of technical documentation and fail
to design adequate technical processes of operation and production using these
newfangled methodologies. However, there is another very promising approach to
the design and manufacturing of aircraft parts, which combines the best of both
"old school" design methods and cutting edge software solutions. This article con-
siders this recently introduced direction of aircraft design — reverse engineering — as
a more suitable alternative for aircraft parts manufacturing.
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Fig 1. Main stages of reverse engineering process in pictures. [5]

Reverse engineering has become a very prospective path in aircraft manufac-
turing, as it replaces and facilitates many processes, especially that of product in-
spection. Reverse engineering consists in creating an exact copy of an object based
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on an existing model, having the same physical characteristics [3]. Reverse engi-
neering is useful in cases where a manufacturer wants to replace an imported com-
ponent with an in-house manufactured analogue or restore design documentation
(and/or production guidelines) for a unit which has been in circulation for quite
some time without a digital specification.

This method is not widespread in Russia, but has enormous potential and
prospects for further experimentation. As of today, there is hardly any digitalised
precise technical documentation in circulation in aircraft enterprises; moreover,
most technical process descriptions are produced and handled by separate out-
sourcing companies that provide reverse engineering services.

Fig 2. Reconstructing sample via point cloud.

The digital "twin" part, obtained as a result of a full cycle of reverse engi-
neering, enables designers to start improving the technical characteristics of the unit
through a series of engineering calculations aimed at figuring out the possible oper-
ating modes and changes in internal design solutions, without changing the overall
geometric dimensions of the part.

To properly scan and transfer a part or structure into virtual space, one needs
to follow a list of rules. Although there is no generally accepted methodology for
measuring the units using reverse engineering principles, scanning objects complies
with officially adopted guidelines at the state level, like State Standard (GOST).
Within those frameworks, each enterprise or company may determine its own
methodology. Still, it is generally possible to identify the key stages that will be
similar for all processes, regardless of their location. In particular, the following
steps should be highlighted:

1. Preparing the product for scanning: disassembling the product into parts
and determining the approximate dimensions, materials used and planes
for scanning.

2. Three-dimensional scanning and obtaining a 3D model using scanners
and other auxiliary equipment.

3. Development of a working three-dimensional model: modeling and edit-
ing the resulting model, converting the point cloud into a polygonal 3D
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model. Any CAD software (NX, Geomagic Design X, etc.) can be used
for this step.

4. Carrying out engineering calculations to confirm the required characteris-

tics of an individual part or product.

5. Development of design documentation.

6. Manufacturing a prototype according to design documentation.

7. Testing the resulting part to confirm the calculated strength characteris-

tics, etc.

8. Summarizing and deciding whether reverse engineering was successful.

Despite the accuracy of the technology declared by manufacturers of 3D
scanning equipment, some errors may still occur, and therefore it is necessary to
carry out additional verification of the point cloud to confirm the stated measure-
ments and dimensions of parts. This, in turn, entails additional costs, and on-site
workers must have a certain level of qualification and technical expertise to carry
out this operation properly.

Therefore, it should be noted that this technology will take its rightful place
at aviation enterprises only in case the proper training of workers is carried out.
Still, compared to other types of training, this skill should not present any difficul-
ties. All things considered, it may be safe to assert that reverse engineering offers a
viable replacement for the imperfect 3D printing technologies, and may be consid-
ered a sustainable, resource-efficient and prospective method of aircraft part design
and manufacturing.
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