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DEVELOPMENT OF A GENERALIZED ALGORITHM
FOR THE CREATION OF CONTAINERS FOR LIQUID
USING COMPUTER-AIDED DESIGN OF PRODUCTS
AND TECHNOLOGIES

B. Tieapes, O. Jlonakos, B. Kocmauescokuii. Po3podka y3arajJbHeHOro ajJropuTMy CTBOPEHHSI €MHOCTeH 1JIsl piquHu 3
BHKOPHCTAHHSIM KOMII'I0TePHOT0 MPOEKTYBAHHS BUPOOiB Ta TexHouoriii. [IpoexTyBaHHs 00’ €KTiB JuIst 30epiraHHs pisHUX pinvH (Boja,
OJlisl, aJKOTOJbHI MPOJYKTH TOIIO) HOTPeOye 3aCTOCYBaHHS Cy4aCHMX KOMII'IOTEPHUX TeXHojorid. J{ns mixBuINEHHS edeKTHBHOCTI,
CKOPOYEHHS BUTPAT HAa MPOEKTYBAHHS Ta BUPOOHUIITBO HEOOXiTHO CTBOPIOBATH ONTUMAJIbHI aJITOPUTMHU Ha OCHOBI iH(pOpMALIIfHUX Moenel
00’€KTiB, IPOCKTYBAaHHSI €EMHOCTEH Pi3HOI (hopMuU. 3aIPONIOHOBAHHUH MiAXi[] JO3BOJISIE CKOPOTHTH Yac Ha PO3POOKY HOBUX MoJeNei 00’ eKTiB
Ha OCHOBI ICHYIOYMX INPOTOTHIIIB, SIKI BPaXOBYIOTh TEXHOJOTIYHHMII Mpolec BHPOOHULTBA, L0 BUKOPUCTOBYEThCs. Peamizamis wmiei imel
MOXIIMBA JHMIIE 3a yMOBU BHUKOpucTaHHsi cydacHuX CAIIP Ha OCHOBI ajanTHUBHO-IAPAMETPUYHUX MOAENEH 00’€KTIB Ta 3aco0iB
BOY/IOBaHOTO MPOTrpaMyBaHHs Il CTBOPEHHs CIIelialli30BaHuX MiJcucTeM npoektyBanHs. Taki moxumBocti mae CAITP Autodesk Inventor.
Jnst poborr 3 mum CATIP Oyio 3anporoHoBaHO y3araibHeHHI anroputm (iHpopMaliiiHa MOJeIb) IIPOEKTYBaHHS EMHOCTEH JUIsl pifuH. Y
po0OOTi NTOKIaJHO PO3MIISAAIOTHCS €TAM BUKOHAHHS alTOPUTMY 3 NPHKJIAy IUIACTUKOBOI IULIIIKM JUIL PiIMHU. Y CTBOpEHid mopeni
BUKOPHCTOBYBAJIOCS TaOJIMYHE 3aBJaHHS MapaMeTpiB eMHocTi uepe3 Excel. [{nst cTBOpeHHs mapaMeTpUUYHOro psjly eMHOCTEH pisHOi hopmu
HEeoOXiTHO 3aJaTH MaTeMaTH4YHI 3aJeKHOCTI MK po3MipamMu 00’ekTa i 00’eMoM. 3ampornoHoBaHa iHdopMamiiiHa Moaens Moxe OyTH
aJanToBaHa Uil €MHOCTEH pi3HOi KoH(irypamii. €MHOCTI MOXyTh OyTH HE TINBbKM IUIACTUKOBI, a W CKiIaHI. [lomampliiM pPO3BUTKOM
3aCTOCYBaHHs iH(OpMamiiiHOI MOJeTi NMPOEKTyBaHHS €MHOCTEH U PIIMH € CTBOPEHHs MiJCHCTEeMH NpoeKTyBaHHsA Ha ocHOBi CAIIP
Autodesk Inventor y cepexosumi ILogic.

Knrouosi crosa: eMHICTb 1715 pigvHy, iHQOpMaliliHa MOAEINb, aAaNTHBHO-NApaMETPUYHA MOJIENb, Y3arallbHEHUH aJlrOPUTM

V. Tigariev, O. Lopakov, V. Kosmachevskiy. Development of a generalized algorithm for the creation of containers for liquid
using computer-aided design of products and technologies. Designing facilities for storing various liquids (water, oil, alcoholic products,
etc.) requires the use of modern computer technologies. To improve efficiency, reduce design and production costs, it is necessary to create
optimal algorithms based on information models of objects, designing containers of various shapes. The proposed approach allows reducing
the time for the development of new object models based on existing prototypes, which take into account the used technological production
process. The implementation of this idea is possible only with the use of modern CAD systems based on adaptive-parametric models of
objects and embedded programming tools to create specialized design subsystems. CAD Autodesk Inventor has such capabilities. To work
with this CAD, a generalized algorithm (information model) for designing containers for liquids was proposed. The paper considers in detail
the stages of the algorithm execution on the example of a plastic bottle for liquid. The created model used a tabular task of capacity
parameters through Excel. To create a parametric series of containers of different shapes, it is necessary to set mathematical dependencies
between the dimensions of the object and the volume. The proposed information model can be adapted for containers of different
configurations. Containers can be not only plastic, but also glass. Using the proposed design information model, an adaptive-parametric
model of a bottle filled with liquid was developed in CAD Autodesk Inventor.

Keywords: liquid container, information model, adaptive-parametric model, generalized algorithm

Introduction

The commercial success of alcoholic and non-alcoholic products largely depends on its presenta-
tion: the sophistication of the packaging, the shape of the bottle, and the aesthetic advantages of the
label. Manufacturing companies, trying to protect their brand from counterfeits and at the same time
not to get lost among a huge number of competing products, strive to design and manufacture bottles
of various, sometimes the most cunning, shapes in the shortest possible time, as well as adjust or de-
sign equipment for supplying bottles for bottling. In the existing literature and Internet sources, vari-
ous forms of containers for liquids are considered, taking into account their design features, technolog-
ical processes of production and the capabilities of various CAD systems for designing bottles.

Computer-aided design is an important task. Creation of new computer models of containers eve-
ry time increases the design time and cost. The use of adaptive parametric models allows solving
many tasks.
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To solve such tasks, container developers use modern software from various manufacturers. Au-
todesk AutoCAD, Autodesk Inventor Professional, Autodesk Fusion 360, Dassault Systems Solid-
Works are most often used. CAD Autodesk AutoCAD allows you to design design documentation and
create non-parametric three-dimensional models of objects. CAD Autodesk Inventor Professional, Au-
todesk Fusion 360 and Dassault Systems SolidWorks create systems of three-dimensional parametric
design. Autodesk Inventor Professional also allows you to create specialized design subsystems for
various tasks based on programming technologies in the ILogic environment. ILogic allows you to
create a design routine and user interface with the help of the necessary rules. The Autodesk Inventor
Professional system is indispensable when designing plastic (PET) and glass containers.

Analysis of recent research and publications

In the reviewed literature [1, 2], materials for the manufacture of plastic containers of various
configurations and purposes are considered in detail. In works [3-6] much attention is paid to the
properties of materials and their influence on the contained liquid, and which of them can be used for
food products. If there is an idea for a non-standard container, a consultation is offered with the possi-
bility of solving the problem. However, algorithms for designing plastic containers of different con-
figurations are not considered. Mechanical and digital rendering options are considered. There are sev-
eral types of plastic containers. Some of the styles are Boston Round, Cylinder, Pitcher, Modern
Round, Oblong, Packers, Square, Straight Sided Round, Flask, and Wide Neck Round. This versatility
makes it the best choice for those with different storage needs. Plastic bottles are containers made of a
polymer resin similar to polyester and used to store water or other liquids. The main reason why plas-
tic bottles are preferred is that they are lightweight, which makes them easy to carry. Plastic bottles are
also extremely strong, meaning they can be dropped without breaking. Plastics generally provide ex-
cellent thermal insulation. This means that liquids inside a plastic bottle can retain their temperature
better than in containers made of other materials. This makes plastic bottles a great choice for storing
cold or hot liquids. The development of the geometry of the mold for the production of bottles and
canisters is in progress [7]. The paper [8] is intended for packaging technologists, scientists and engi-
neers, students and teachers, packaging material suppliers, packaging processors, packaging equip-
ment manufacturers, processors, retailers, and regulators. It does not offer optimal packaging design
algorithms.

The book [9] is a step-by-step explanation of packaging design, materials and manufacturing ap-
plied to a wide range of industries. It shows how packaging is designed, manufactured and ultimately
recycled. Particular attention is paid to machine details and finishing, as well as modern materials. Al-
gorithms for creating and optimizing models of plastic bottles for various liquids based on an infor-
mation model (IM) are not considered in the literature [10, 11].

The purpose and objectives of the research

The design of plastic containers in modern CAD using adaptive parametric models requires the
development of the necessary algorithms. The purpose of the research is to create generalized product
design algorithms based on an information model, which allows to reduce time and material resources.
The use of an information model allows you to optimize the design process and production prepara-
tion. In the future, the proposed algorithms can be used during the creation of specialized subsystems
for the design of containers for liquids of various purposes. Algorithmization of design increases the
productivity and quality of manufacturing objects.

The method of creating generalized algorithms for the design of containers

Developers use modern software from various manufacturers to solve plastic container design
tasks. To obtain qualitative indicators of interdependent objects, adaptive parametric models are used.
When designing containers of different shapes, it is necessary accurately calculate their internal vol-
ume, which will be used in the future. The best option is to create adaptive parametric dependencies
between the container and the internal volume of the liquid. Let’s consider in detail the container de-
sign algorithm in modern CAD using the example of a plastic bottle. It includes the following stages:

1. Determination of the type of shape of the created model (surface of rotation, surface of dis-
placement along the trajectory).

2. Dividing the profile of the object into constituent elements and determining their shape and
purpose (neck, main part, bottom).

3. Creation of parametric elements of profile sketches (profiles) of objects.

4. Creation of a parametric model of the container prototype.
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5. Superimposition of dependencies, for the possibility of creating a number of parametric models.

6. Editing possible changes of parametric models.

7. Creation of parametric models by filling the object with liquid.

8. Creation of adaptive dependencies between the container and the liquid.

9. Verification of the created adaptive-parametric capacity-liquid model.

10. Determination of material consumption during the creation of containers.

11. Transfer of the created model for the design of technological equipment for the production of
a container or the development of design documentation for a container.

Let’s consider the implementation of the stages of the design algorithm, made in CAD Autodesk
Inventor PRO. We will analyze in detail the sequence of creating an adaptive-parametric capacity
model using the example of a bottle.

The bottle can represent, in the simplest version, a surface of rotation or, in a more complex ex-
ample, a surface of displacement along a given trajectory.

In both cases we have the typical elements: neck and bottom. The main volume of the container
is placed between them. Therefore, the volume of liquid consists of at least three elements:

V = Vmouth +Vbasic +Vbottom ' (1)

general
where Veneral — full capacity;

Vmouth — NECk volume;

Viasic — Volume of the base (central) part;

Viottom — base volume.

The volume of the base part of the tank is determined by the formula:

V. =S .H, )

basic
where Ssect — the cross-sectional area of the container;

H — height of the base part.

The minimum capacity is obtained when V. =0

For a bottle of cylindrical shape, the volume of the main part is determined as follows:

Vbasic = an -H ' (3)
where r — the radius of the cross-section circle.
To obtain the required volume, set the height of the base part in the sketch profile parameters of

the created container. When you want to create a container with different cross-sectional values, you
add a volume equation correction factor that you specify separately for each container profile:

Vgeneral = (Vmouth +Vbasic +Vbottom) ’ Kf ) (4)

where K; — the correction factor of the container shape.

Constructed sketch profiles for forming a cylindrical bottle of one diameter looks like (Fig. 1).
Variants with the maximum height of the base (central) part (a), intermediate value of the base (cen-
tral) part (b), with the absence of the base part (c) are considered.

7I_\—l ,Vmouth ‘
L

sect ’

|
Vv _/Vmouth
general ___ ‘_,Vbasic
Vgeneral - /,.--Vbasic
Vgeneral N /Vmouth
ﬁf,.-vbottom ’,_,Vbottom f,_-Vbottom
a b c

Fig. 1. Profiles of sketches of a container of one diameter: a — the maximum height of the base (central) part;
b — the intermediate value of the base (central) part; ¢ — the absence of the base part
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Sketch profiles for modeling a round bottle of different diameters look like (Fig. 2). Variants with
the minimum value of the diameter of the base (central) part (a), the intermediate value of the diameter
of the base (central) part (b), with the maximum value of the diameter of the base part (c) are considered.

The proposed adjustment formulas are set as control parameters when creating a capacity model
and can be presented in tabular form or in the form of formulas.

Using the proposed options for building sketch profiles, we will perform the following stages of
container design and create a parametric model of the bottle in the Autodesk Inventor Professional
system. The model is created as a solid and then transformed into a shell with a thickness equal to the
thickness of the container walls.

J k Vmouth Vmouth Vmouth

1

Vgeneral Vbasic Vgeneral Vbasic Vgeneral /Vbasic

Vbottom _/Vbottom /Vbottom

a b c

Fig. 2. Sketch profiles of different diameters: a — the minimum value of the diameter of the base (central) part;
b — the intermediate value of the diameter of the base (central) part;
¢ — with the maximum value of the diameter of the base part

Experimental part of research

We create a three-dimensional model of a glass bottle using CAD Autodesk Inventor Profession-
al. We impose parameterization on the created model. The obtained model of the bottle is presented in
Fig. 3. To fill the inner part of the container with liquid, we create an object as a body, which is adap-
tively connected to the inner surface of the container. The form of liquid filling is shown in Fig. 4.

1

Fig. 3. Bottle model Fig. 4. The form is filled with liquid

We set the capacity and liquid parameters in a tabular way in the Excel program. Fragments of
tables with values are presented in Fig. 5: capacity parameters (a), liquid parameters (b).

E4 - Jr v
A B C = E4 - : ﬁ "
R_bottle 25
H_bottle 160 A B C D E |~
H_cylinder a0 1 |H_aqua 120
4 !H_bmtIEnE-tk 13 2
a b

Fig. 5. Tabular capacity and liquid parameters: a — capacity parameters; b — liquid parameters

[HOOPMALIIIMHI TEXHOJIOT'Ti. ABTOMATH3ALILA



ISSN 2076-2429 (print)

. . L 77
ISSN 2223-3814 (online) Proceedings of Odessa Polytechnic University, Issue 1(67), 2023

Let’s check the correctness of the adaptive parametric model of the created capacity with filling.
The initial designed model of a bottle with liquid is presented in Fig. 6.

Let’s change the parameters of the diameter of the container by increasing the initial value. We
are updating the bottle and liquid models. At the same time, the liquid will automatically fill the
changed capacity. This happens due to the adaptive connections imposed between the container and
the liquid. The result is shown in Fig. 7.

Let’s change the height settings of the base part of the container. We will update the bottle and
liquid models. The result is presented in Fig. 8.

Fig. 6. Initial model of a bottle
with liquid

Fig. 7. Model of a liquid bottle
with an enlarged diameter of the
main part

Fig. 8. Model of a liquid bottle
with an increased height parameter
of the base part of the container

Using the capabilities of the Autodesk Inventor Professional system, we define the physical prop-
erties for the bottle and liquid objects. The results are presented in Fig. 9: physical parameters of the
container (@), physical parameters of the liquid (b).

Dencity

2,180 glcm™3 | | Middle

General propertes

Highlights

Required accuracy

11 [363763mm2 |

12 [e7as7mr2 |

13 [ 363,761 kg ]

Auiis rotation

R | 0,00 deg

| Ry [20270eg

| R [Doodes |

Cansel

Accept

Water

Denstty

Required accuracy

0,938 glem*3 | | Middle

1 Properfies Inventor Bottie x 1 Froperties Inventor Liquid x
General Document  Project  Statuc Other Save Physical General Document  Projedt  Status Other Save Physical

Solids Solide

Detai Update Detai Update

Matenial Clipboard Material Clipboard

Glass i

Highlights:

General properties
Center of gravity Center of gravity
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frea | 48562126 mm*2 ¥ [s2314mm #rea [ 20106837 2 | v 53,773 mm |
Volume | 72462566 mm*3 z Volume | 208143137 m'3 | z [ 0,000mm |
Ingrfial properties Inertial properiies
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12 | 60,868 kg mm"2

| 13 [238.489 g me]

Az rotation

R [ 000 deg.

| Ry [c00des.

| Rz [000des. |

Cansel

a

b

Fig. 9. Physical parameters of the objects of the bottle and liquid when the dimensions change:
a — physical parameters of the container; b — physical parameters of the liquid
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The obtained adaptive parametric model of the bottle can be transferred to create technological
equipment for the production of containers, taking into account the properties of materials and techno-
logical processes.

A generalized algorithm for the design of containers has been created. We have considered in de-
tail the sequence of all the proposed stages of designing an adaptive parametric model of a liquid con-
tainer using the modern Autodesk Inventor Professional CAD system. The approach to the generaliza-
tion of the characteristics of the formation of containers of different shapes is analyzed. Formulas are
proposed for calculating the volume of liquid depending on the shape and size of the cylindrical con-
tainer. For more complex forms of the container it is necessary to define formulas for calculating the
volume of liquid, parametrically related to the external form.

Based on research, we offer a generalized algorithm for designing containers for liquids in the
form of an information model, which is presented in Fig. 10.

Generalized design algorithm for fluid container

v v

Base shape of container — rotation The basis of the container shape
surface is the closed path offset surface

v v

Creating default deatures — neck, bottom

v |

Sketch the profile of the main part Creating parametric sketches of
of the container as a parametric container cross sections and a
model closed sketch path

v v

To create a container prototype parametric model

v v

Creating a type of parametric capacitance models of the variable parameters
of the prototype model

Editing created parametric capacitance models by changing the configurable
parameters of the prototype model

'

Creating adaptive parametric capacitance fill volume models

'

Create capacity design documentation

'

Determination of material consumption when creating containers

Design of process equipment for tank extraction

Fig. 10. Information model for designing plastic containers

The information model can be used in the design of modern CAD systems that use adaptively
parametric models of the created objects. If necessary, it is possible to adapt the information model for
a specific design and manufacturing process.
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The proposed information model has two branches of solving the given problem for different var-
iants of the bottle design. If necessary, you can add a new branch. When adding specific elements (for
example, a company logo, the volume of a container or some other elements), you can add the corre-
sponding blocks to the information model.

Conclusions

Adaptive parametric models of the container and liquid were created to check the information
model of the container design. In the created models, a tabular assignment of the capacity and liquid
parameters through the Excel program was used. Formulas for a cylindrical container are given in the
work. To create a parametric series of containers of different shapes, it is necessary to develop mathe-
matical relationships between the dimensions of the object and its volume. The proposed information
model can be adapted for containers of different configurations. CAD Autodesk Inventor Professional
allows you to create products from plastics. During the development of a PET container, special atten-
tion should be paid to the design of the preform: the quality of the future bottle depends on it. Contain-
ers can be not only plastic, but also glass. When creating models of such containers, it is necessary to
take into account the technology of their production. Autodesk Inventor Professional allows you to
estimate the mass, volume, surface area and a number of other physical characteristics of the designed
preform, which helps qualitatively design the bottle itself.

Further development of the information model for the application of the generalized algorithm
(information model) for the design of containers for liquids is the creation of a design subsystem based
on Autodesk Inventor Professional in the ILogic environment.

With the use of the design subsystem based on Autodesk Inventor Professional, the time spent on
designing the bottle and the mold kit for its manufacture is reduced tenfold — even if compared to flat
design, not to mention manual design. The subprogram under development will allow to implement
the most daring ideas of a constructor-designer in a minimum period of time.
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