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Currently, much attention is paid to the tasks of increasing the speed and quality of product
design in modern CAD. The process of creating objects of complex shape requires solving a
variety of tasks. Various modeling methods are used to implement them. The paper proposes
using Autodesk Fusion to solve design tasks based on hybrid modeling. To implement these
tasks, an information model of hybrid product modeling in Fusion is proposed. Hybrid
modeling allows using top-down design technology. This type of design speeds up the
development of products, especially with complex shapes. To optimize the shape, it is
possible to use cloud technologies and artificial intelligence elements. All stages of the
proposed model are sequentially considered. Using the information model of hybrid
modeling allows you to analyze the creation of all product elements. Fusion simplifies design
using parametric modeling, which provides quick setup, seamless iteration, and automated
updates at the design and production stages — all within a single cloud platform. If necessary,
we simulate the load on the model elements and optimize the possible choice of materials.
To view the finished product, we perform rendering, which allows us to polish visual effects
in order to present our design qualitatively or obtain client approval. When working in the
cloud environment of the designer in Autodesk Fusion, the following tasks are performed
using artificial intelligence: calculation of model elements, load testing, shape optimization,
rendering and product viewing, drawing design, preparation of control programs for
technological processes of manufacturing parts using various technologies, for example,
additive. The paper provides an example of hybrid modeling of a game manipulator when
designing in Fusion using the proposed information model. The use of all steps of the
information model is shown in detail. The features of surface and solid modeling when
creating an object of complex shape are presented. The developed information model can be
adapted for various types of modeling when designing in Fusion.

Keywords: information model, hybrid modeling, surface model, solid model, design,
Autodesk Fusion.

Introduction. Computer 3D modeling is a rapidly growing field of technology. Various
modeling methods are constantly evolving and improving. Computer modeling significantly
reduces the time required for the design process, providing incomparably greater opportunities.
Hybrid modeling methods provide new opportunities for computer design technologies, and the
development of information technologies gives them new meaning.

There are various types of modeling: solid, surface, frame, hybrid, and hybrid modeling.
Each operation has its advantages and limitations, so it is wise to choose the best characteristics
from each and use all methods simultaneously. This is the main assumption of hybrid modeling.
The main obstacle may be a clear boundary between different types of modeling and the use of
completely different commands/modules each time. But this is not a problem if we perform a
single operation to trim a solid using a surface. True hybrid modeling significantly changes the
concept of modeling and the very approach to computer-aided design, as well as increases work
efficiency. With hybrid modeling, logical operations work with both types of geometry—solid
and surface—which opens up new possibilities and imagination during the design process. For
complex processes, it is not easy to change the shape by modifying the surface alone.
Furthermore, simple hybrid modeling in most systems works with only one logical operation
of the Boolean system, or the design environments are clearly divided into those specializing
in solids and those specializing in surfaces. In fully hybrid modeling software, most operations
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work for both solids and surfaces—there is no difference, so it is simply the same command.
Hybrid modeling technology removes the barriers between modeling methods that limited
many advanced features to professional design only. Hybrid modeling allows designers to save
time-consuming repair work and focus on more creative tasks.

Hybrid modeling is not just a software feature. It is the core programming technology
for all types of CAD. With this technology, designers do not need to consider whether they are
working with solid or non-solid bodies, thereby simplifying the entire manufacturing process.
Hybrid modeling in Fusion involves combining different modeling methods, primarily
parametric solid modeling and direct or freeform surface modeling, to create complex designs
more efficiently. This approach leverages the strengths of each method, such as the history and
precision of parametric modeling for elements such as ribs and bosses, and the flexibility of
free-form tools for organic shapes. The goal is to use the right tool for the right part of the
design, integrating solid and surface modeling to maximize workflow and design exploration.

Product designers and engineers use several modeling methods: bottom-up modeling,
top-down modeling, horizontal or middle modeling, and hybrid approaches that combine these
methods. Several approaches to top-down modeling include multi-part modeling, parameter
binding, and skeleton modeling, in which a “skeleton” sketch conveys the design intent, and
designers model individual components around this common final assembly—potentially in a
single CAD file. The top-down modeling method is particularly well suited for complex
products such as automobiles and other vehicles, electronics, appliances, and machinery.

CAD software that supports top-down modeling reduces the risk of errors such as part
mismatches, which can result from the traditional bottom-up approach. Autodesk Fusion uses
a single design model that easily allows global parameter changes that update the entire project.
To optimize the hybrid modeling process, it is necessary to develop an information model of
this technology.

Analysis of recent studies and publications. Key aspects of hybrid modeling in Fusion. You
can use parametric tools for fundamental parts of the design, such as the main body, and then
switch to free-form tools (T-spline) for organic or complex surfaces [1-3].

Integration of solids and surfaces. The basic concept is to integrate both solid and
surface modeling methods, for example, creating a complex surface model and then using a
solid modeling command such as “shell” to cut it out for rapid prototyping [4].

Hybrid modeling is also crucial for hybrid manufacturing, where designs must consider
both additive and subtractive processes. Fusion tools allow engineers to explore materials,
dimensions, and design implications for both manufacturing methods in a single environment,
as illustrated by examples of hybrid modeling in various fields such as dentistry, aerodynamics,
and prosthetics [5,6]. Hybrid modeling allows you to create a more reliable and efficient
workflow by switching between different modes as needed. For example, creating a complex,
organic handle using free-form tools and then adding standard solid elements. Papers [7-11]
explain how different types of modeling can be used when creating mechanical devices.

Paper [12] provides an overview and prospects for the use of hybrid modeling
technologies. Works [13-16] explain the use of information models to optimize the design
processes of various devices and technologies. Information models are used to structure data
and ensure consistency, which improves data quality, facilitates interaction between systems,
and simplifies the organization and search for information.

Purpose of the work. Currently, new objects in various fields are created using computer-aided
design technologies that utilize cloud technologies. When creating an algorithm for designing
new objects using computer technologies, it is important to use an information model. An
information model generalizes the approach to design using various technologies.

Let's take a closer look at the information model of hybrid product modeling in Autodesk Fusion
CAD (Fig. 1).
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When creating and analyzing a product model, several sequential and interrelated steps must be
performed. The proposed information model consists of two main components: surface
modeling and solid modeling.

Let's consider the components of the proposed information model for hybrid design
using Autodesk Fusion. The sequence of stages in the information model of hybrid design in
Fusion corresponds to top-down design technology. In top-down modeling, designers and
engineers start with a model that conveys the design concept for the entire assembly and defines
the general relationships between the elements in the assembly.

The following steps are involved in surface modeling.

1. At the beginning of the work, we have the initial data for the future product model, for
example, in the form of a cloud of boundary points of the conceptual model. We upload them
to the Autodesk Fusion environment.

2. Formation of sketches of surface model elements. At this stage, 2D and 3D sketches of the
boundary elements of the future conceptual model are formed.

3. The next stage is the formation of conceptual model elements using surface modeling, which
includes various options for creating surfaces.

a. Creating model elements using simple surface creation commands.

b. Creating model elements using spline curves of surface frames.

c. Creating a model using standard surface models
The type of model element creation is selected depending on the technology of further
modeling.

4. Based on the selected modeling technology, a conceptual surface model is created and
modified. This can be a modification of individual boundary surfaces or a single surface based
on sketches or a standard surface model.
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Fig. 1. Information model of hybrid design in Fusion
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This completes the surface creation component of the conceptual model. After that, we
move on to the solid parametric modeling component of the assembly model of the object.

1. Converting a conceptual surface model into a solid model. A surface model has no thickness.
To convert such a model, you need to specify the thickness in the modeling parameters.

2. The next step is to modify the conceptual solid model. This can be done by dividing the
model into separate elements or changing its shape. At this stage, we complete the formation of
the structural elements of the assembly model of the product.

3. Creating new solid elements of the assembly model. Using solid modeling, we create
additional assembly elements.

4. The final stage is the formation of a solid assembly model.

Fusion simplifies the design of an assembly model of an object using parametric
modeling, which provides quick configuration, smooth iteration, and automated updates during
the design and manufacturing stages—all within a single cloud platform.

Main section. Using the proposed information model, a hybrid model of a game manipulator
was created.

At the initial level, we will create a conceptual surface model of the manipulator's body.
We load the boundary points of the model. Based on these points, we form 2D and 3D sketches
of the boundary elements of the conceptual model (Fig. 2).

Fig. 2. 2D and 3D sketches of boundary elements of the conceptual model

Using the created sketches, it is possible to form a surface model in three ways.
The first is to create model elements using commands for forming simple surfaces, as shown in
Fig. 3. This approach requires complex editing for objects with non-linear shapes.

Fig. 3. Creating model elements using commands for forming simple surfaces

The second is to create a model using standard surface models as a base template (Fig.
4). This option can be used for objects with simple shapes.
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Fig. 4. Creating a model using standard surface models
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The third is the creation of model elements using spline curves of surface frames. This
technology allows for more optimal formation of complex surface models.

Let's take a closer look at hybrid modeling technology using spline curves.

Select the Sweep command to create a three-dimensional shape based on the sketches you have
created. Select the necessary profiles to form the initial part of the manipulator. It is important
to check that the profiles are correctly aligned and match the contour of the future model.
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[Setect sketch curves o edges]
Fig. 5. Creating model elements using spline curves of surface frames

After editing and using the necessary intermediate sketches, we obtain an open
conceptual surface (Fig. 6).

Fig. 6. Open conceptual surface

Adjust the position of the lower part of the surface using the Match command to align
it with the specified profile. Combine the holes using the Bridge command to obtain a complete
closed conceptual surface of the manipulator (Fig. 7). Use the Shell command to convert the
shell into a solid object. Create a new sketch to divide the solid object into two parts. Use the
Split Body command to cut the body into two parts (Fig. 8). Solid models of the manipulator
body and cover have been created.

Fig. 7. Closed conceptual surface of the manipulator

Fig. 8. Cross-section of the model into 2 parts
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We disable the visibility of the cover, and we will get only the body part on the screen. Fig. 9.

Fig. 9. Solid model of the manipulator body

Create a new solid component — a button. Using the created model of the new element,
use the Split Body command to make a hole for the button (Fig. 10). Repeat these steps to
create side buttons on the body and a joystick on the manipulator cover. We will get the finished
model of the game manipulator (Fig. 11).

Fig. 10. Solid-state component button and button hole

If necessary, we apply materials to individual parts of the manipulator and visualize the created
model (Fig. 12).

Fig. 11. Game controller model Fig. 12. Visualization of the
manipulator model

The model of the game manipulator created using computer-aided design technology in
hybrid modeling mode was implemented in accordance with the proposed information model.
Conclusions. Designing objects based on hybrid modeling allows the use of top-down
technology. This speeds up the design process. An information model has been proposed to
optimize hybrid modeling. This model explains the relationship between the stages of surface
and solid modeling. Possible options for surface modeling in modern CAD systems are
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considered. The paper shows the implementation of hybrid modeling in the development of a
game manipulator in Autodesk Fusion using an information model of design. The scientific
novelty of the result lies in the fact that for the first time a hybrid modeling technology based
on an information model of design is proposed. All stages of manipulator design based on the
proposed information model in Fusion were considered. The practical significance of the results
obtained lies in the fact that the use of the proposed information model will increase the speed,
accuracy, and quality of design based on hybrid modeling. Prospects for further research lie in
determining the conditions for interaction with other CAD programs. When designing complex
shapes, optimal processes for their creation can be found.
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Ha nanwit yac Benuka yBara NpUIUISETHCS 3a/lauyaM MiABUIIEHHS LIBUIKOCTI Ta SIKOCTI MPOEKTYBaHHS BUPOOIB Yy
cydacaux CAITIP. IIpouec cTBopeHHst 00’ €KTIB cKiIaaHOl GOpMHU NOTpeOye BUPIIIEHHS Pi3HOMAaHITHUX 3aBIaHb.
Jdns ix peamizanii BHKOPHCTOBYIOTBCSI PI3HOMA@HITHI METOAM MOJENIOBaHHA. B po0oTi mpomnoHyerhes
BUKOpHcTOBYBaTH Autodesk Fusion /uis BupitieHHs 3aBJaHb IPOEKTYBaHHS HA OCHOBI 'OPUIHOTO MOJICTFOBAHHSL.
Juis peamizanii Mux 3aBIaHb 3alIPONOHOBAHO iH(pOpMamiiHa MOJIENb TIOPUIHOTO MOACTIOBaHHS BHpoOiB y Fusion.
I'iOpunHe MOIENmIOBaHHS JIO3BOJISIE BUKOPHCTOBYBATH TEXHOJIOTIIO IPOEKTYBAaHHS 3BEpXy BHHM3. Takuil THI
MPOEKTYBAaHHA HPHUIIBHIIIYE PO3pPOOKY BHPOOIB 0COOMMBO 3i ckiamHuMu (opmamu. st omrumizamii popmu
MOXIJIBO BUKOPHCTAHHS XMapHUX TEXHOJIOTII Ta €IEMEHTIB IITYYHOTO iHTeNneKTy. [locimoBHO po3riaaaoThes
BCI eTamny 3alpoIIOHOBAaHOI Mojemi. BukopucranHs iHpopmamniiiHa MOJens TiOPUIHOTO MOACTIOBAHHS T03BOJISE
MPOBECTH AaHAJi3 CTBOPEHHS BCIX €JeMeHTIiB BupoOy. Fusion chpomrye NpoeKTyBaHHA 3a JOMOMOTOO
MapaMeTPUYHOTO MOJICIIIOBAHHS, fKe 3a0e3leuye MIBHIKE HANANITYBaHHsA, Oe3mepeOiiiHy iTepalliro Ta
ABTOMATH30BaHI OHOBJICHHSI Ha €Talax NPOEKTYBaHHS Ta BUPOOHMITBA — 1 BCE 1€ B paMKaxX €IUHOI XMapHOI
wiathopmu. [IpH HEOOXIAHOCTI MPOBOAMMO CHMYJIALII HABAHTAXKCHHS HA CJIEMEHTH MOJETl U BHUKOHYEMO
ONTHMI3alil0 MOXJIMBOI'O BUOOpY MarepianiB. J{Jsi meperisity roToBoro BUpoOy MPOBOAWMO PEHAEPUHT KU
J103BOJIsI€ BianutiyBaTtu BiyanbHi edekT, 100 SKICHO MPEACTaBUTH CBIM qu3aiiH a00 OTPUMATH CXBaJCHHS
kiienra. [Ipu poboTi y XxMapHOMY cepenouiie nu3aiinepa B Autodesk Fusion BUKOHYIOTHCS HACTYIIHI 3aBIaHHS
3 BUKOPUCTAHHSM IITYYHOTO iHTEJIEKTY: pO3paxyHOK eJIeMEHTIB MOJIeJIi, TECTYBaHHS HABAaHTAXKEHb, ONTHUMI3allilo
(opMH, peHIOEPHHT Ta Ieperisn BHpPoOy, o(QOpMIICHHS KpPECHICHHKIB, MiATOTOBKY KEPYIOUHMX IPOTpaM s
TEXHOJIOTIYHUX TPOIECIiB BUTOTOBJICHHS [ETaJied 3a PI3HUMH TEXHOJOTISIMH, HANPHUKIAJ aIuTUBHI. Y poOOTi
HaBEeICHO MpPHKIAA TiOPHIHOTO MOJCNIOBAHHS IrpOBOTO MAHIMYJIATOpa TpH MpoekTyBaHHI y Fusion 3
BUKOPHUCTAHHSAM 3allpoloHOBaHOI iH(opMariiiHoi Monemi. JleTanizoBaHo MOKa3aHO BHKOPUCTAHHS BCiX KPOKIB
iHpopMmaniliHoT Mozesni. HaBeneHo 0coONMMBOCTI MOBEPXHEBOIO Ta TBEPJOTIILHOTO MOICIIOBaHHS IIPH CTBOPEHHI
00’exty ckinaanoi popmu. Po3podiena indopmarriiina Moenb Moxe OyTe afanToBaHa st PI3HOMAHITHAX THIIIB
MO/ICITIFOBAaHHSI PY MpoeKTyBaHHi y Fusion.

KoarouoBi ciioBa: iHdopmariiiHa MoJiesnb, riOpuHe MOJIEIIOBAHHS, IIOBEPXHEBA MO/IEIIb, TBEPIOTIIbHA MOJIEIIb,
npoexTyBaHHs, Autodesk Fusion.
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