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Abstract. The article deals with the algorithm of the automated design of the upper
limb mechanical prosthesis with the use of the modern computer-aided design
system Autodesk Fusion 360. The main goal of recent world developments is the desire to
embody all the functions of a living arm or leg in a prosthesis. The vast majority of people
can only afford cosmetic prostheses, which not only do not restore the functions of the
human hand but are most often unaesthetic due to unfair execution. The prosthetics of
people with amputated limbs are an important part of medical and social rehabilitation.
Improving the quality of the prosthesis leads to a more comfortable life for the patient,
the development is aimed at increasing the capabilities of the prosthesis of the human
hand. Modeling the dynamic characteristics of prostheses for various purposes at the
design stage is an urgent task for designers: it allows to determine how effectively the
designed prosthesis will function in real conditions and take corrective action if necessary
to ensure correct operation, strength, and durability. The created three-dimensional
parametric dynamic model of the prosthetic arm can be used in the manufacture of modern
prostheses.
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Annoranusa. Makanaga Autodesk Fusion 360 3amanaym aBTOMaTTaHIBIPBHUIFAH
xkobanmay OIKyWeciH KOJJaHa OTBIPBII, JKOFApPFbl asSKTHIH MEXaHUKAIBIK IPOTE3iH
ABTOMATTaHJBIPHUIFAH JK00aJIay anropuTMi KapacThIpbiiraH. COHFBI QJNIEMJIIK JIaMYIIbIH
HETi3r1 MaKcaThI-IIPOTE3/Ie Tipi KOJIBIH HeMece asKTBIH OapiblK (DYHKIHMSIIAPBIH JKy3ere
aceIpyFa JIETeH YMTBUIBIC. AJaMIapIblH OachIM KOTIIUIINT KOCMETHKAIBIK TPOTE3IePIi
FaHa aja ajaJbl, oJlap aJaM KOJIBIHBIH (DYHKIHSIAPBIH KANIbIHA KEITIPIl KaHa KOHMan b,
COHBIMEH KaTap calachl3 OpBIHIANybIHA OalIaHBICTHI KOOIHECE JCTETHUKAIBIK €Mec.
AMIyTanysUIaHFal afaMaapabl nporesfiey MeluIMHANBIK KOHE JJIEYMETTIK OHAITY/IbIH
MaHb3Abl Oeuiri Oombin TaObIambl. [IpoTe3qiH camacklH apTTHIpy MAlMEHTTIH YKAMIIBI
eMipiHe oKeledi, JaMy aJaMHBIH KO ~ NPOTE3iHIH  MYMKIHTIKTepiH  KeHeWTyre
OarprTTanFad. JKoOamay Ke3eHiHAE OpTYpJi MakcaTTarbl MPOTE3ACPAIH ITUHAMHUKAIBIK
OHIMJIUTITIH MOJENbJey AW3aifiHepiiep YIIiH ©3eKTi MiHAeT Oosbim  TaObUIaAbl: Ol
JkoOalmaHFaH TPOTE3iH HAKTHl >KaFmaimapia KaHIIAIBIKTBI THIMII JKYMBIC 1CTCHTIHIH
aHBIKTAyFa KOHE KaKeT OOJIFaH JKarmaia IyphIC )KYMBIC icTeyiH, OEpiKTiri MeH OepiKTiriH
KaMTaMachl3 €Ty VIIH Imapainap KaObuigayra MyMKiHAIK Oepeni. Kon mporesinin
JKacallFaH YII OJIIeMIi IapaMeTpiiK IWHAMHUKAIBIK MOJENIH 3aMaHayHW MpOTe3aepmi
xKacayyia KoJjiaHyra 0omajipl.

Tyiiin ce3mep: Koraprbl asiK MPOTE3i, YIII oImeM i Moaensaey, dynamic Event
Simulation Moy, Autodesk Fusion 360 aBromarTanAbIpbUIFaH xo0anay xyieci

Hoaiiexco3gep ymin: E.B. CasemseBa. KOJI ITPOTE3IHIH JAMHAMUWKAJIBIK
MOJIEJITH KYPY MbICAJIBIHJIA 3AMAHAYU AKITAPATTBIK
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AnHoTamus. B crathe paccMaTpuBaeTCs ajirOpPUTM  aBTOMATH3HPOBAHHOTO
MPOEKTHPOBAHUS MEXaHHYECKOTO IMPOTe3a BEpXHEW KOHEYHOCTH C WCIOJIH30BAHHEM
COBPEMEHHON CHUCTEMBI aBTOMAaTHU3MPOBAHHOTO NpoekTupoBaHust Autodesk Fusion 360.
OCHOBHOW TENBI0 TOCICTHUX MHUPOBBIX Pa3pabOTOK SIBISETCS CTPEMIICHHE BOIUIOTUTH B
MmpoTe3e BCe (PYHKIWMU >KUBOH pyKdH win Hord. [lomaBmistornee OOJBIIMHCTBO JFOCH
MOTYT TIO3BOJIUTH Ce€0€ TOJBKO KOCMETUYCCKHE TMIPOTE3bl, KOTOpPBIE HE TOJBKO HE
BOCCTaHABIMBAIOT QYHKIIMKA YEJIOBEYECKOW PyKH, HO W dHallle BCEr0 HEICTETUYHBI H3-3a
HEKaYeCTBEHHOTO HWCIONHeHUs.  [Ipore3upoBaHue Jrofed ¢ aMIyTUPOBAaHHBIMU
KOHEUYHOCTSIMM ~ SIBJISIETCSL  BaXXHOM  4acThIO MEIULUHCKON U COLIMAJIBHOI
peabunuranuu. lloBbIIeHMe KadecTBa MpOTe3a BeAeT K Oojiee KOMQOPTHOH IKH3HH
ManyeHTa, pa3padoTKa HaNpaBlIieHa Ha PACHIUPEHHE BO3MOXXHOCTEH MpOTe3a KHUCTH
YenoBeka. MojenupoBaHHe JUHAMHYECKHX XapaKTePUCTHK IPOTE30B  Pa3IMYHOTO
Ha3zHa4YCHUA Ha JTaIre IMPOCKTUPOBAHUSA SABJISICTCA aKTyaﬂbHOﬁ SaI[a‘-ICﬁ JUIsL
KOHCTPYKTOPOB: OHO MTO3BOJISIET OTIPE/IeTINTb, HacKOIbKo  d(hdeKTHBHO
CIPOCKTUPOBAHHBIN MpoTe3 OyaeT (YHKIMOHMPOBAThH B PEAIbHBIX YCIOBUSX W IIPU
HEOOXOAMMOCTH TIPUHATH MEpbl A oOecredeHus] NMpaBUIbHOW paboThl, MPOYHOCTH U
nonroeyHocTn. Co3laHHAsh TpexXMepHas IapaMeTpudeckas JWHAMUYecKas MOJIelb
IIpoTE3a PYKU MOXKCT 6I>ITI) HMCIIOJIb30BaHa Ipyu U3roTOBJICHUU COBPEMCHHBIX ITPOTC30B.

KiaiwoueBble cJioBa: npoTe3 BEepxXHEH KOHEYHOCTH, TpeXMepHOe
MozenrpoBanne, Moayib Dynamic Event Simulation, cucremMa aBTOMaTH3UPOBAaHHOTO
npoekTupoBanus Autodesk Fusion 360

Jdna  murupoBanusi: E.B. CasenseBa. [IPAKTHMYECKOE IIPUMEHEHME
COBPEMEHHbLIX HMH®OPMAILIMOHHBIX  TEXHOJIOIT'MM HA  IIPUMEPE
CO3JAHUA JUHAMMWYECKOM  MOJEJIM  IIPOTE3A  KHMCTU  PYKW//
MEX/IYHAPO/IHbIN XYPHAJI NHOOPMAIIMOHHbBIX )41
KOMMVYHUKAIIMOHHBIX TEXHOJIOI'MU. 2024. T. 5. No. 20. Crp. 95-104. (Ha
anr.). https://doi.org/10.54309/1J1CT.2024.20.4.008.

Introduction

Thanks to modern technological developments and enormous scientific achievements,
a wide range of prosthetic products and a range of various adaptive and auxiliary equipment
are now available to people with physical disabilities. The main goal of the latest developments
is to make an artificial limb have all the functions of a living arm or leg.

Prosthetics for disabled people with amputated limbs is a crucial part of medical
and social rehabilitation and places high demands on the compensatory capabilities of the
patient’s physiological systems due to increased physical activity (Chui, 2019).
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The development of technical means to restore the ability of disabled individuals
to perform normal activities and self-care is a complex and largely unresolved issue. The
main difficulty lies in the lack of established principles for building control systems that can
effectively restore the functions of lost limbs to the required extent. (Schmidt, 2021). The
purpose of an ideal prosthesis is to perform complex and atypical tasks related to the disabled
person’s daily life; therefore, it must meet two main requirements: it must be functional and
aesthetically pleasing. Currently, the solution to the second issue has been achieved to a
satisfactory degree, while the first task still requires further advancement in accordance with
the current state of the art. This, in turn, highlights the need to develop and improve modern
prosthesis control systems (Savielieva, 2018).

The hand is a human intermediary in contact with the outside world. The hand is an
organ of labour in all kinds of professions. It executes human will in mechanical acts and in
mental experiences. The hand is the organ of touch, the organ of sight for the blind, and the
organ of speech for the mute. The hand is so closely connected with human thinking, feelings
and work that it has become an auxiliary part of our language. Everything that a person
cannot express, where they do not find words, is expressed by the movement of the hand - a
gesture (Kannenberg, 2017).

The loss of the hand is tragic. An unsurpassed instrument dies. But at the same time,
something more is lost: the most creative parts of the brain are brought to a standstill. Thus,
restoring the functions of the hand is an extremely important task for people who have lost
a limb. For the same reason, this task is also extremely difficult. First, the creation of a
prosthetic hand is a complementary process that involves the use of many fields of science:
mechanics, physiology, chemistry, electricity, etc. (Doyle, 2003). The second problem
of prosthesis development stems from the first: high complexity implies high cost. The
development of modern science makes it possible to restore most of the functions of the
hand in a prosthesis: to perform basic types of grasping, feeling touch, temperature, pain. The
control would be carried out directly by the brain through a system of contacts connected to
the relevant centers; a system of gyroscopes could create a sense of the hand’s position in
space (Kretchev, 2017). But such a device is currently too expensive.

The vast majority of people can only afford cosmetic prostheses, which not only do
not restore any function of the human hand but are often unaesthetic due to poor workmanship.
To date, most manufacturers still use 19th century technical solutions to design prosthetic
hands (Bai, 2024). The technology of manufacturing component parts is improving, and the
types of interaction between a person and a prosthesis are being improved, but since the
creation of the bioelectric control method, there has been no significant development in the
field of creating new principles for the construction of prosthetic hands and methods for
controlling the movement of actuators. And this is even though modern technology has made
significant progress in the field of biomechanical devices (Tsivilsky, 2019).

Upper limb prostheses are divided into two main groups: passive (cosmetic and
functional) and active (traction and myoelectric) (Beckerle, 2019). The problems of modelling
have always been relevant in the study of mechanical structures consisting of elements made
of different materials or having a complex geometric shape. A prosthetic orthopedic product,
regardless of its complexity, is considered by a prosthetist only in interaction with the human
musculoskeletal system (Fiedler, 2023).

Objectives. The aim of this study is to develop an algorithm for the automated design
of'a mechanical prosthesis of the upper limb using modern computer technologies. Improving
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the quality of the designed prosthesis leads to a more comfortable life for the patient, and the
development is aimed at increasing the physical capabilities of the human hand prosthesis.

Materials and Methods

1. Designing a finger flexion and extension mechanism. Prosthetics is the process of
reproducing the functions of a real organ. Therefore, the design of the prosthesis (mechanical
part) should begin with the analysis of the mechanical properties of the hand.

Using the decomposition method, we divide the human hand into two main blocks: the
four fingers (index, middle, ring, and little fingers) and the opposite thumb. This division can
be explained by the fact that the movements of the index, middle, ring, and little fingers can
be implemented by the same design (the only difference will be in the size of the phalanges).
The thumb, on the other hand, has somewhat different features and a different mechanism
must be used to replace it.

Next, we will draw up a structural diagram of the mechanism. We take measurements
ofthe bones, taking the axial centres of finger bending as the reference points. When measuring
the metacarpal part, we make a simplification: we assign the size of the entire metacarpal
bone to the metacarpal bone (Fig. 1).

90 50 30 20

[ , W

I1’SICTKOBA KicTKa danaHroBi KiCTKH: MPOKCHMAaJIbHA, CEPSIHST Ta
AHcTaIbLHa

Fig. I — Dimensions of the main links of the mechanism

The measurements were taken from a healthy human hand. This was done to ensure
that the prosthesis was identical to a living organ. This method is possible only in the case of
loss of one limb, measurements can be taken from the intact limb. In the case of loss of both
limbs, it would be necessary to use unified anthropometric data.

The next step in the design process is to analyse the movements and degrees of
freedom that will need to be implemented. Let us start with the distal phalanx.

In most modern analogues, the movement of the middle phalanx is synchronised with
the proximal phalanx. This is necessary for the cylindrical and ball grip, but not sufficient for
the hook grip. Thus, two modes of operation must be implemented for the middle phalanx:
synchronous with the movement of the proximal phalanx and independent.

The movement of the proximal phalanx is the most important in the formation of
most types of grips. We should use a separate actuator for it.

The thumb has only distal and proximal phalanges. The distal phalanx will move
synchronously with the proximal phalanx. The latter will be driven by an actuator. The
thumb also has one feature: it can change the plane of flexion of the phalanges. Analysing
its movements in most grips, we can conclude that it will be enough to change the angle of
the bending plane. That is, the thumb should rotate around an axis parallel to the direction of
extension of the other fingers.

Continuing our policy of full anthropometric compliance, we project all the
mechanical components of a living organ onto the components of the prosthesis. As a result,
we get all the necessary dimensions and patterns of formation of the hand as a mechanism.

When designing the prosthesis, we pay attention to the work already done at the
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previous design stage, so we unify some dimensions and refute the genetic differences
of the organ parts. This is necessary to simplify the production technology of the future
product, and we reduce similar parts to identical technological properties. Such concessions
will significantly reduce the cost of the final product. However, this does not apply to the
dimensions of the layout, i.e. those that form the overall picture of the human hand and are
typical for most individuals. Although this project is a compromise between functionality
and cost, as one of its goals is to reduce the latter, we would still like the prosthesis that a
person will receive after the design to be completely individual and, if possible, resemble the
lost limb as much as possible. That is why this uniqueness should be achieved by the overall
appearance, but not by the design features.

All the fingers except the thumb will have the same design of the mechanism and
individual parts. The difference in length will be achieved by varying the size of the proximal
and middle phalanx. The distal phalanx and most of the other small parts of the structure will
be the same, which will simplify their production. All other dimensions should be maintained
in strict accordance with the living organ, and the final shape should resemble a healthy hand
as much as possible (Fig. 2).

\
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Fig. 2 — Scheme for projecting individual brush sizes onto a drawing

2. Designing elements of a prosthetic hand in Autodesk Fusion 360. Designing a
three-dimensional model of the bone based on a mechanical design scheme involves the
distribution of the material volume of the future part. The basic rule should always be to
keep the design elements as simple as possible. That is, the future part should include as
few primitives as possible, be easy to manufacture (as cheaply as possible) and have a
clear structure for operation. But at the same time, each part must accurately reproduce all
functions; the parts that will replace the body of the phalanx must be sufficiently like the
phalanges of a living organ.

Let us illustrate the design process with the example of the middle phalanx. First,
based on the diagram of the mechanism, let’s distribute the thicknesses of the nodes to get a
picture of the overlap of the levers and main elements (Fig. 3).
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Fig. 3 — Thickness distribution of parts.

Analysing the image, we can say that the middle phalanx (shown in blue) for
attachment to the distal phalanx should have two lugs that will cover the thickness of the
latter. For attachment with the proximal phalanx, on the contrary, the middle phalanx should
have a narrower thickness to fit into the lugs of the former. At the same time, the thickness
in this place should be sufficient to accommodate the lever that transmits the force from the
drive located below. In the lower part, holes should also be provided for the supports that will
be used to attach the lever that moves the distal phalanx. It will be placed in the body of the
middle phalanx. Next, let’s build the profile of the part, which will consist of three primitives:
two circles and a quadrilateral (in the future, they will turn into cylinders and a quadrilateral
prism). The dimensions of the circles are taken from the measurements of a living organ in
the joint area.

Having the design dimensions and patterns, we move on to the Autodesk Fusion 360
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environment. First, you need to create a project that stores all the information: parts, models,
drawings that are relevant to the assembly drawing and are stored in different types of files. A
project description file is used to organise and manage these relationships between Autodesk
Fusion 360 files. Combining various 3D modelling operations, we create the final model of
the middle phalanx (Fig. 4).

During the modelling, it was necessary to follow several special rules. All operations
were orientated to the central plane, which made it possible to change the dimensions of
structural elements in the future by changing just one parameter, which is exactly the kind of
adaptive parametric design that Fusion 360 enables. The second rule served the same purpose
and consisted of the correct sizing of the sketches.

Fig. 4 — View of the finished 3D model of the middle phalanx.

3. Modelling the dynamic operation of mechanisms in Autodesk Fusion 360.
Modelling the dynamic characteristics of prostheses for various purposes at the design stage is
a very important task for designers: it allows them to determine how effectively the designed
prosthesis will function in real conditions and take corrective actions, if necessary, to ensure
correct operation, strength and durability.

The Autodesk Fusion 360 software package, which includes the Dynamic Event
Simulation module, allows you to effectively calculate any dynamic systems, i.e. design and
analyse the operation of various prostheses.

The process of modelling the dynamic operation of a prosthetic hand in Dynamic
Event Simulation is as follows:

1. In the standard Autodesk Fusion 360 workspace, you create ‘rigid’
subassemblies, which are groups of parts - phalanxes - that will move relative to each other
using components and joints.

2. In the Simulation environment, you specify the types of connection between
the components of the subassemblies from the available list (rotation, sliding, rolling, contact
interactions, springs, pushers, etc.).

3. Define the connection parameters (gravity, friction, damping, motion
constraints, external forces and moments) that will be applied during the simulation.
4. Start the simulation process - set the operating time and time of each step

(time sampling for analysis).
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5. Analyse the results - determine component positions, velocities, accelerations,
reactive forces, torques, driving forces and other parameters.
6. To determine the strength of components using the finite element method,

the data modelled in the Simulation environment is transferred to the Stress Analysis module
of Autodesk Fusion 360, where the deformation of parts, safety margins, and equivalent
stresses are determined.

Figure 5 demonstrates an example of dynamic modelling of a prosthetic hand
designed during the study.

Fig. 5 — Dynamic movement of the prosthetic hand

Results and Discussion

In today’s competitive world, it’s crucial to constantly improve your efficiency.
The productivity gains that result from modernising workflows in our core CAD software
are a key benefit of its highly customisable nature. Autodesk provides powerful APIs and
development kits (SDKs) that allow us to get more out of our Autodesk software investment
by adapting it to our business needs.

Autodesk Fusion 360 offers a rich API that can be used not only to enhance
existing product tools, but also to create entirely new features. We can automate repetitive,
time-consuming tasks as well as extend core functionality directly within the Fusion 360
environment. The API allows you to create your own tools and functions that integrate with
Fusion 360 to extend its functionality.

The Fusion 360 API is based on a REST interface and allows you to use modern
programming languages such as Python and JavaScript to create integrations and automate
processes. Python is one of the most popular choices due to its ease of use, wide range of
libraries, and active developer community.
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API (Application Programming Interface) stands for ‘application programming
interface’ and defines how a programmer can interact with the Fusion 360 environment. This
includes working with interface elements, automating design processes, creating customised
functions, and configuring tools. In other words, the Fusion 360 API allows you to create
commands and scripts to optimise the use of Fusion 360 in your work.

Software development companies, including Autodesk, often distribute sets of
libraries that you can use in your applications to utilize and extend the functionality of a
specific software product. These library sets are known as the product’s API. The type of
program you can create to interact with the software product and extend its functionality will
depend on the implementation details of its API and the range of features accessible through
the APL

Conclusions

As a result of the study, modern methods of designing upper limb prostheses
were considered. Using the Autodesk Fusion 360 computer-aided design system, a three-
dimensional parametric dynamic model of the hand prosthesis was created. In the future, this
model can be used in the production of modern prostheses to improve the quality of life of
patients.

Comprehensive information support for the medical and diagnostic process, along
with traditional methods of assessing the functional state of the disabled, can be seen as one
of the ways to improve the effectiveness of medical rehabilitation of amputees, which should
ultimately ensure the independence of the disabled in everyday life and their return to work.
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