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PROCESS OF 3D PRINTING IN ONLINE EDUCATION

Abstract. The subject of the review is methodology of the subsystem verification and printing 3 D -model online
learning system mixed type. To do this, a review of analogues, technologies, stages of printing were identified. Due to the
development of technology, the educational process is being transformed. Education uses blended learning, part of which is
distance learning. The object of research is use of additive technologies, which can make the learning process more
motivating. Thus, if in distance education there is an opportunity to develop a 3D model online, check it for fidelity, send
the model to print, it optimizes the learning process. The aim is to design with IP topics that uses the additive technologies
in the educational process. Methods used: IDEF- diagram describing the function of the system; authentication rules,
verification of 3 D models, sending the model to print, selecting a device online, and basic screen forms. Conclusions. The
development of innovative thinking in higher education students should become a priority of modern higher education, and
the introduction of new elements in modern education is inevitable. And given the development of 3D printing
technologies, additive technologies are the most promising for the use of visualization in online and mixed teaching.
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Introduction

Industry 4.0 is emerging more and more clearly. It
is clear that enterprises are able to provide a
fundamentally new level of productivity and
competitiveness, and this is a powerful boost. What will
be possible thanks to digital technologies that can
process huge data sets and comprehensively manage
production - from design and manufacture to logistics
and technical support of the product.

Main part

New requirements for learning appear due to the
development of technology, and the educational process
is transformed. Education uses blended learning, part of
which is distance learning. The use of additive
technologies allows to make the modeling process more
meaningful and progressive. Thus, if in distance
education there is an opportunity to develop a 3D model
online, check it for fidelity, send a model to print, it
optimizes the learning process.

In the analysis of the subject area was identified a
structural diagram of the relationship of objects: a
teacher, a student, a moderator, an administrator.

The teacher has the opportunity to create distance
learning courses, provide knowledge and skills and
control this process.

The student has the opportunity to study courses
and send reports and 3D models for testing.

In the distance system, which uses additive
technologies, it is possible to perform the functions of
checking 3D models and sending to print under the
supervision of a moderator and a teacher.

There is also an administrator who manages the
entire system.

This approach will allow the use of modern
devices in distance learning. It will be possible to send
models to print and check for basic errors.

Based on the analysis of the subject area, the
stages of 3D printing were highlighted. These are
creating a digital model, exporting a 3D model in STL
format, generating a G-code, preparing a 3D printer for
work, printing a 3D model and finishing the object.

In general, the system model can be represented by
IDEFO notation, in which the input data is a formalized
task, the mechanism is an analyst, control mechanisms
are 3D modeling technologies and printing standards.
And the output is a printed model (Fig. 1).
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Fig. 1. The first level

The first two levels covered by the system are
performed in the modeling tools and send to the system
for verification. Validation of the 3D model involves the
division into stages, for which the input data can be a
developed model.

Thanks to modeling technologies, a digital model
is created. Such a model must also meet printing
standards. Then the model is sent for printing.

The formalized model is exported to a digital
format model. Then this model is exported to STL
format using 3D modeling technologies. Then the G-
code is generated using a slicer. Next, the criteria are
checked to ensure that the model meets the printing
standards, and sent to the queue for printing.

There are four categories of users in the system: a
student, a teacher, a moderator, an administrator.
Certain rights were allocated within the system for each
category according to the subject area review scheme.

Opportunities for user actions in the system:

a student: loading models, view download history,
receiving messages;
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— a teacher: loading models, view download
history, receiving messages, view student downloads,
granting permission to print;

— a moderator: all that the teacher, print start
control, check the operation of devices;

— an administrator: all that the moderator, adding
and editing users, making changes to system settings.

The simulated system uses a knowledge based on
the production model. Types and subtypes of rules are
identified for the correct operation of the system. For
each type of rule, there is a subtype that defines the
rules that are involved at a particular stage and they are
needed for verification. Rules are built with the help of
an expert: to add or edit a rule in the database, the user
just need to add the required term to the database.
Therefore, the method of training with an expert is used.

Rule types: for users; compliance of the 3D model
with the requirements; to select a printing device.

Subtypes of inspections: authentication; 3D model
checking; sending the model for printing; select a device
on the network.

The database stores information of registered
users. Login and password are provided to authorize
users. Then there is a check in the database whether the
user exists or not, and the rights are determined. If the
check is successful, the user enters the system itself. If
the check is not successful, it is possible to register or
re-enter the login and password.

The test scheme is shown in the Fig. 2.
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Fig. 2. The scheme of user authorization

Therefore, the method of training
with an expert is used.
Rule types:

Transfer to the
registration form

— for users;

compliance of the 3D

v

model with the requirements;
— to select a printing device.
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Subtypes of inspections:

— authentication;

— 3D model checking;

— sending the model
printing;

for

select a device on the
network.

The database stores
information of registered users.
Login and password are provided
to authorize users. Then there is a
check in the database whether the
user exists or not, and the rights
are determined.

If the check is successful, the
user enters the system itself. If the
check is not successful, it is
possible to register or re-enter the
login and password.
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Rules:

1) if the user has the identifier Student, then he is
granted student rights, otherwise the next check is
performed;

2) if the user has the identifier Teacher, then he is
granted the rights of a teacher, otherwise the next check
is performed;

3) if the user has the identifier Administrator, then
he is granted the rights of the administrator, otherwise
the user has no rights.

Verification of compliance of the model with the
requirements is due to the parse code (Fig. 3).
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Fig. 3. Stages of syntactical analysis

During the first stage of "Data Search" the source
code of the model is loaded. A script starts working
with the model. It breaks down all the content,
highlighting the necessary information.

During the second stage of "Extraction of
information" data search is due to a certain set of
characters that describe the purpose of the search.

During the third stage of "Saving Data"
information is entered into the database. The result of
the parsing is written to the table of identifiers for
further processing.

A file with the 3D model is fed to the input model
in the unit to check the compliance of the additive
model.

The rules in the rule base are used for verification.
Since it is not possible to write a parser for a complete
analysis of the file, there are the rules that are checked
by the analyzer and the rules that are provided for
testing to the teacher in the form of a web page.

If the model does not meet the requirements as a
result of checking 3D model validation rules, the
process exits and the user is sent an error message.

The model unit, which has already been pre-tested
for 3D model requirements, is fed into the input device
selection check unit.

After the user selected the desired device, system
checks whether the selected device meets the
requirements for 3D printing or not.

If it is right than the model is sent for printing, if it
is false than printing is not allowed and the
corresponding message is sent to the user.

The model of the device selection type rule base is
shown in Fig. 4.
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Fig. 4. Model of the base of the rules
of the type "device selection in the network™

Requirements:

— the model is tested:;

— the device belongs to the permitted network
devices;

— the device is not locked.

Conclusions

The development of innovative thinking in higher
education students should become a priority of modern
higher education, and the introduction of new elements
in modern education is inevitable. And given the
development of 3D printing technologies, additive
technologies are the most promising for the use of
visualization in online and mixed teaching.
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Ipouec 3D apyky B oHIaiiH-0CBIiTH
H. K. TI'aiinap, I'. E. 3aBonogsko, I1. €. ITycToBoiiToB

Anoranis. IlpenMeroM orjisay € METOAOJOris NOOYIOBH MiACHCTeMH ApyKy 3D-Moferni cucTeMH OHIaiiH-HaBYaHHS
3Mmimadoro tumy. J1d 1poro Oyjo BH3HAYEHO OIS aHAJOTIB, TEXHOJIOTIH, €TamiB APYKY. 3aBISKM PO3BHUTKY TEXHOJOTIH
HaBYAJIBHUH Tpouec TpaHcHopMyeTbes. B OCBiTI BUKOPHCTOBYEThCS 3MilllaHE HABYaHHS, YAaCTHHOIO SKOTO € JHCTaHILilHEe
HapyaHHA. OO0'€KTOM JOCITiIZKeHHs] € BUKOPHUCTAHHS aJUTUBHUX TEXHOJIOTIH, SKI MOXYTh 3pOOUTH MpOIeC HaBYAHHS OLITBII
MOTHBOBAaHMM. TakiuM YHHOM, SIKIIO B JIUCTAHIIHHIA OCBITI € MOXJHUBICTH po3pobutH 3D-Monens oHialH, mepeBipuTH 11 Ha
BIPHICTB, BIJNIPaBUTH MOJENL HA JAPYK, II€ ONTHUMIi3ye mHpoliec HaB4aHHSI. MeToro € po3poOka 3 IP-tem, mo BHKOpHCTOBYE
aJINTHBHI TEXHOJIOTIi B HaBUAIILHOMY Iporeci. Bukopucrani meroan: IDEF- niarpama, mo onucye ¢QyHKIIO CHCTEMH; paBHIa
ayteHTu¢ikaii, nepesipka 3D-mozaenelt, BiampaBka MoJeNi Ha IpyK, BUOIp MPHUCTPOIO B PEKUMI OHJIAIH Ta OCHOBHI €KpaHHI
¢opmu. BucHoBKM. PO3BUTOK iHHOBAIiHHOTO MHCJIEHHS y CTYJCHTIB BHUIIMX HABUAIBHUX 3aKJIAJiB MAa€ CTAaTH MPIOPUTETOM
CydacHOI BHUIIOI OCBITH, a BIIPOBA/UKCHHS HOBHX €JIEMEHTIB y CydacHy OCBITY € HEMHMHYy4YMM. A BpPaxOBYIOYM PO3BHTOK
TexHonoriit 3D-aApyKy, aAWTHBHI TEXHOJOTI € HAMOUIBII MEpCIeKTHBHUMH Ul BHUKOPHCTaHHS Bi3dyani3auii B OHJIAiH- Ta
3MIIIAHOMY HaBYaHHI.

Kaw4uoBi caoBa: aguTuBHI TEXHOJIOTIT; 3Mimane HaByauHs; 3d-mozens; 3d-1pyk; 6a3a qaHux NpaBuir; 6a3a JaHuX.

Ipouecc 3D neyaTu B oHJIaliH-00pa3oBaHUN
H. K. TI'aiinap, A. 3. 3aBononsko, I1. E. IlycroBoiito

Annortamnus. IIpeqverom 0630pa sIBISETCS METOMOJIOTUS TOCTPOCHUS ITOJICUCTEMBI ITedaTtd 3D MOzesy CUCTeMBI OHJIAMH-
oOydeHus1 cMemanHoro Tuma. J[is 5Toro ObUI onpezeneH 0030p aHAIOTOB, TEXHOJOT W, 3TaroB neyaTH. brarogaps pa3sBuTHio
TEXHOJIOTHH, y4eOHbIH mponecc TpaHchopmupyercs. B oOpazoBaHny BCHoNB3yeTcsl CMEMIaHHOE O00YyYeHHE, YacThl0 KOTOPOTO
SBJISIETCS TUCTAHIMOHHOE 00yueHHe. O0beKTOM HCC/IeOBAHUS SBISCTCS HCIOJIb30BAaHUE aIUTUBHBIX TEXHOJOTHH, KOTOpBIC
MOTYT cIenaTh mporecc oOydeHHs Oojiee MOTHBHPOBAaHHBIM. TakuM OOpa3oM, €ClM B AWCTAHIIMOHHOM OOpa3OBaHUH €CTh
BO3MOXKHOCTB pazpaborath 3D MoJenb OHNalH, MPOBEPHUTH €€ Ha BEPHOCTb, OTIPABUTh MOJEb HA MEYaTh, 3TO ONTHMHU3UPYET
nporecc o0yuenus. Lleaslo sBisercs paspabotka ¢ IP-TeM, MCIONB3YIONMM aJJUTHBHBIE TEXHOJOTHH B Y4eOHOM mpolecce.
Hcnoan3oBannbie Metoabl: |DEF-anarpamma, onuceiBaromast GpyHKIMIO CHCTEMBI; IpaBuia ayTeHTH(UKanuH, nposepka 3D-
MoJeiell, OTIpaBKa MOJENHM Ha Iedyarh, BHIOOP YCTpOICTBA B pEeXHME OHJIAIH W OCHOBHBIE SKpaHHBIE (OpPMEL BhHIBOABI.
Pa3BuTHE HHHOBAIIMOHHOTO MBIIUICHHUS Y CTYACHTOB BHICIINX yYEOHBIX 3aBEACHHH TOJDKHO CTAaTh IPHOPUTETOM COBPEMEHHOTO
BBICIIETO 00pa30BaHMs, a BHEJPCHHE HOBBIX JJIEMEHTOB B COBPEMEHHOE 00pa3oBaHHME HEW30EXKHO. A y4YHTHIBas pa3BHTHE
TexHonoruid 3D-neyaty, aJIUTUBHBIC TEXHOJOTUHM HAMOOJIee MEPCIEKTHBHBI IS MCIOJIb30BAHUS BH3YalM3alluy B OHJIAH- U
CMEIIaHHOM O0YYEHHH.

KnodyeBble ciioBa: ayIMTUBHBIE TEXHOJOIUH; cMemanHoe obydenue; 3d-moxenb; 3d-meuars; Ga3a JaHHBIX MPABHIIL;
0a3a JaHHbIX.
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