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Abstract. In recent years, 3D printing technol-
ogy has become increasingly widespread and con-
tinues to gain popularity. Undoubtedly, we can
expect to see the widespread adoption of additive
manufacturing techniques in the future, but the
practical application of 3D printing is already
available to everyone today.

The authors of this article consider possible op-
tions for implementing a modular hotend mounting
system for a 3D printer. They consider possible
options and advantages compared to traditional
hotend mountings that exist today. They test such a
mounting system on an experimental stand created
with the mechanics of a 3D printer.

During continuous operation of a 3D printer, it
is often necessary to clean the hot end, which
means constantly stopping the printer for a certain
amount of time. It may also be necessary to replace
the nozzle diameter in the extruder itself. Some-
times it is also necessary to quickly change differ-
ent types of plastic. According to the authors, such
a modular mount can speed up the hotend mainte-
nance process. In the future, aluminum-based op-
tions are proposed as the material for manufactur-
ing the body of such a mount. This material has
sufficient strength and low weight, which is im-
portant for printer mechanics.

Based on this modular mounting system, the
authors consider the possibility of connecting other
working devices to the printer's mechanics. Among
them, it is proposed to develop a working body
based on a plasmatron. For this plasmatron option,
it is proposed to build it according to the plasma jet

82

scheme. With this design, an electric arc ignites the
plasma inside the plasma torch, and a stable plas-
ma beam emerges through a thin nozzle. The print-
er's mechanics will allow for precise and even cut-
ting of the material, which, according to the au-
thors, will enable the cutting of metals and their
alloys of small thickness. In the future, such appli-
cation of a plasma torch on the mechanics of a 3D
printer will still require experimental testing.

Keywords: extruder, direct extruder, hot end,
3D printer, aluminum, silumin, plasmatron, plasma
cutting.

INTRODUCTION

The manufacture of plastic parts of varying
complexity using 3D printing is becoming
widely used today. Various technical tasks are
being solved with the help of 3D printers [2, 9,
10]. These printers can operate for 6, 12, or
more hours. Such operation of a 3D printer
requires maintenance or repair of its hot end.
This may be necessary for various reasons:

1. clogging of the extruder nozzle, which
makes it impossible to extrude plastic correct-
ly;

2. Thermal plugging in the extruder's ther-
mal barrier zone;

3. Installation of a new nozzle or replace-
ment with a nozzle of a different diameter;
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4. Repair and replacement of the heating
block, temperature sensor, heating element;

5. Replacement of one type of plastic with
another.

PURPOSE OF THE PAPER

The purpose of this article is to modernize
and improve the designs of the hotend mount
for a 3D printer, to implement the possibility
of a modular hotend mount for a 3D printer to
facilitate maintenance and repair during printer
operation, and to implement the possibility of
connecting other devices to the printer's me-
chanics as a working body.

RESEARCH RESULTS

The large number of different printers cre-
ates a wide variety of hotends. Today, there
are many different hotends for 3D printers in
terms of design and functionality. Depending
on the design features of the printer, the ho-
tend itself can be mounted in different ways
[1].

One of the most affordable and widely
available hot ends for printers is the E3D V6
(Fig. 1) [4]. Its structure can be divided into
two separate parts. The first part consists of a
heat sink 1. Plastic is fed into one side of the
heat sink, and a heat barrier 3 with a Teflon
tube is screwed into the other side. A fan 2 is
installed on the radiator for cooling. The sec-
ond part consists of a heating block 4, which is
connected to the cooling radiator 1 through a
thermal barrier 3. To heat the block to a speci-
fied temperature, it is equipped with a ceramic
heating element 5 and a temperature sensor 6.

One option for installing such an E3D V6
hotend on a TEVOUP TARANTULA 3D
printer can be carried out using the appropriate
platform (Fig. 2) [6]. Platform 1 is part of the
Y-axis moving carriage, which is part of the
print height portal. The hotend radiator 2 is
clamped between platform 1 and clamping
plate 3 using bolts 4. In most cases, the control
wires are connected to the printer's control
board via a flexible cable channel. During op-
eration of the hotend, if it needs to be replaced,
the mounting bolts 4 are unscrewed. Assembly
is performed in reverse order. This creates

ISSN(print)2312-6590. TipHW4i, ByAiBEAbHI, AOPOXHI i

MEAIOPATMBHI maLLmHKM, 106, 2025, 82-88

some inconvenience if the nozzle needs to be
replaced or cleaned.

Fig. 1. Structure of the E3D V6 hotend: 1 — cooling
radiator; 2 — radiator fan; 3 — thermal barrier with Tef-
lon tube; 4 — heating unit; 5 — ceramic heating element;
6 — thermistor (temperature sensor)

Fig. 2. E3D V6 hotend mounting platform: 1 — Y-
axis carriage platform; 2 — hotend radiator; 3 — clamping
plate; 4 — clamping plate bolts

Let's consider another interesting option,
the Chow Think Armor 3.0 Hotend Upgrade
(Fig. 3) [7]. It is based on a mounting plate 1
on which an extruder 2 is installed together
with a radiator and a heating unit. A cooling
fan 3 is installed on the extruder radiator. To
cool the plastic of the model during printing,
additional plastic cooling fans 4 are installed
on the plate body. The use of model blowing
significantly affects the print quality of various
bridges and overhanging parts of the model
itself. Also, the technical requirements of some
plastics require such cooling to achieve maxi-
mum print quality. If disassembly is necessary,
the hotend must be completely disassembled
or partially disassembled on the printer. This
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creates certain inconveniences in servicing the
hotend.

3 2 4 1

Fig. 3. Chow Think Armor 3.0 Hotend Upgrade:
1 - hotend mounting plate; 2 — assembled hotend ex-
truder; 3 — radiator cooling fans; 4 — plastic cooling fans

For printing models from flexible plastics,
it is most expedient to use a hotend based on
direct extruder technology. An example of
such a hotend is the BIQU H2 extruder (Fig. 4)
[8]. It consists of a heating block and radiator
1, a radiator cooling fan 2, and two fans for
cooling the plastic 3. One of the features of
such hot ends is a built-in plastic feed system
4, which is located above the radiator to feed
plastic into the extruder itself.

Fig. 4. BIQU H2 Extruder: 1 — heating unit with
radiator; 2 — radiator cooling fan; 3 — plastic cooling
fans; 4 — plastic feed system

The hotends considered have a variety of
structures and designs. Each of them has its
own sequence of disassembly and replacement
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of components, which may be necessary for
maintenance during operation. The hotend
control wires are directly connected to the con-
trol board. This connection is reliable in opera-
tion, but creates a lot of inconvenience when
servicing individual parts of the hotend. In the
event of failure of any element of the hotend, it
IS necessary to disassemble the entire cable
channel to replace it. In this regard, it is inter-
esting to modernize the 3D printer for a hotend
modular system. A modular hotend connection
was developed for the stand as a test sample.
The E3D V6 extruder was taken as a basis

(Fig. 5).

Fig. 5. Modular hotend mounting system: 1 —
platform with trapezoidal groove; 2 — E3D V6 extruder
in a housing with a trapezoidal groove; 3 — hotend
fixing bolt; 4 — MIC type wire connection

In this modular mounting system, the fas-
teners were designed for platform 1, which has
a trapezoidal groove. For the E3D V6 extrud-
er, a housing 2 was created with a similar trap-
ezoidal groove for connecting them. This trap-
ezoidal shape allows the two parts to be tightly
connected along the entire length of the
groove. To limit their movement, a fixing bolt
3 is used, which additionally presses the sides
of the platform grooves against the hotend
groove, creating a fixed, strong connection.
For the convenience of quick connection of the
hotend control wires, MIC 4 connectors are
used in this design, which ensure a reliable
connection.
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If you need to replace the hotend, you only
need to follow two steps. First, disconnect the
control wire connectors. Second, unscrew the
fixing bolt and disconnect the hotend from the
platform. Install the new hotend in reverse
order. This modular mounting system allows
you to quickly change and service the hotend
of a 3D printer. This is convenient if you have
several printers. You can also have hotends of
different designs and purposes. The main con-
dition is that they have the same shape of con-
nection slots.

The Department of VVocational Education at
Kyiv National University of Construction and
Architecture designed and assembled an ex-
perimental stand with the mechanics of a 3D
printer, which is used in the educational pro-
cess (Fig. 6) [5]. Using 3D printing on this
printer, a test variant of such a modular hotend
mount was printed. PLA plastic was chosen
for printing the mounting bracket body. This
plastic has excellent physical and mechanical
properties and is easy to print. It is well suited
for prototyping and experimental testing of the
modular mounting system before manufactur-
ing it from metal.

Fig. 6. Fastening the hotend of a 3D printer during
testing

Since plastic is less durable than metal, it
would be advisable to manufacture such fas-
teners from aluminum alloy in the future. The
most common alloy grades available are: 2024
T351 (or D16T), B93, B95 are high-strength,
heat-treated aluminum alloys with copper,
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magnesium, and manganese, which are used in
aircraft construction, mechanical engineering,
and other industries where strength and light-
ness are important. This material has sufficient
strength and is well suited for the manufacture
of a modular mounting system for a 3D print-
er. However, when modernizing a 3D printer
in this way, the specific mechanical character-
istics of the printer must be taken into account.
If the total weight of such a mount is too great,
it will create an excessive load on the printer's
mechanics. It is advisable to use AK9 silumin
as the material. This is an aluminum alloy with
silicon, in which silicon reaches 9%. This al-
loy has good casting properties and strength,
and is lighter than the previous material (Table
1). This can minimize the weight of the future
hotend mount.

Table 1. Properties of aluminum alloys

. 2024
Properties T351 B93 B9 | AK9
Ultimate ten-

. 500- | 570- | 196-

sile strength, 420 530 600 245
MPa
Yield strength, 100-
MPa 325 400 | 550 130
Rel_atlve elon- 19 712 | 1114 | 05
gation, %
Density, g/cm® | 2,78 2,8 2,85 | 2,64
Hardness ac- 200-
cording to 1200 | 1500 | 1500 900
Brinell, MPa

During testing of the preliminary design of
the modular mounting system, the task arose to
simplify the disconnection and connection of
the hotend to a single step. To solve this prob-
lem, it is proposed to retain the trapezoidal
shape of the groove as a basis, but to modify it
slightly (Fig. 7). A block of contact plates 1 is
placed in the lower part of the trapezoidal
groove of the hotend (Fig. 7,b). There are ten
contact plates, all of which are divided into
separate paired blocks.

85



AUTOMATION AND INFORMATION TECHNOLOGY

b

Fig. 7. Project “Modular hotend mounting
system”: a — mounting platform with hotend locking
bolt; b — hotend with trapezoidal groove and connection
contact block

To connect certain parts of the hotend in the
Bowden hotend system, the large plates are
responsible for connecting the ceramic heating
element, which heats the nozzle assembly. The
next four plates are responsible for connecting
the wires of the extruder radiator cooling fans
and the controlled plastic cooling fan of the
model. The next pair of contact plates are re-
sponsible for connecting the nozzle heating
temperature sensor. The last four plates are
used in the direct extruder system to connect
the plastic feed motor wires. The mounting
platform (Fig. 7,a) has a similar trapezoidal
groove at the bottom of which there is a block
of contact slots 2 for connecting the hotend
contact plates. At the top of the platform there
is a fixing bolt 3 for secure fastening of the
hotend itself.

The implementation of such a modular ho-
tend mounting system in a 3D printer makes it
possible to connect other devices in the future
using the printer's mechanics. With an experi-
mental stand available, it is proposed to con-
nect a plasmatron [11, 12] as a working body
for research. Due to the small working area of
the printer, it is planned that the thickness of
the metal for cutting will not exceed 3.5 mm.
The plasmatron itself is a device that creates a
high-temperature, ionized plasma jet for pro-
cessing materials, most often for air-plasma
cutting (steel, aluminum, copper) and electric
welding. It works by converting a stream of
compressed air into plasma under the action of
an electric arc, which allows for high preci-
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sion, cutting speed, and clean cuts without
deformation. It is planned to use the plasma
torch according to the diagram (Fig. 8).
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Fig. 8. Plasma jet cutting diagram

In this scheme, compressed air is first fed
into the plasma torch at a pressure of up to 6
bar. Then an arc is ignited between the elec-
trode and the nozzle. The air flow passes
through the electric arc, ionizes, heats up to
ultra-high temperatures, and turns into plasma.
The directed plasma flow bursts out through a
narrow nozzle at high speed, melts the metal,
and blows it out of the cutting zone, creating a
neat and precise cut. To connect such a plasma
torch, it is necessary to develop a mounting
device based on the principle shown in Figures
Sor’7.

CONCLUSIONS

The article discusses various types of ho-
tends based on the E3D V6 extruder. They
differ in design and external structure. With
prolonged use of a 3D printer, it becomes nec-
essary to service its hotend. This requires dis-
assembling the hotend completely or partially,
and in most cases on the printer itself. This
creates certain inconveniences in the operation
of a 3D printer.
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The most interesting feature is the modular
hotend system, which facilitates the mainte-
nance of the 3D printer extruder. It is based on
an easily detachable connection between the
hotend and the printer platform. For reliability,
this connection uses bolt fasteners. For con-
venience of connecting wires, easily detacha-
ble MIC-type connections are used. During
operation, this modular mounting system made
it possible to quickly and easily replace the
printer's hotend. This is especially useful if
there are several hotends, as while one hotend
is working, the other is undergoing mainte-
nance.

They are also considering the possibility of
further modernization of such a modular ho-
tend mount. By combining a detachable wire
mount with the hotend mounting system itself.
Such a modular 3D printer hotend mounting
system will make the replacement process
more convenient. Aluminum-based alloys are
proposed as the material for manufacturing
such a mount. This material will ensure suffi-
cient strength and low weight of the mount.

The possibility of using such a modular
mounting system in a 3D printer to connect
various working bodies is also being consid-
ered. As an option, it is proposed to connect a
plasmatron as such a working body. This will
allow the printer's mechanics to be used for
plasma cutting of thin materials. This option
for using plasma cutting still requires addition-
al research and experimental testing.
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MoayJabHICTh CHCTeM KOMILIEKTYIOUMX
Ta MaTepiajiM /15 IX BUTOTOBJIEHHS i
BHKOPUCTAHHA MexaHiku 3D-npunTepa
AJIS1 IIJIA3MOBOT0 Pi3aHHSA

Kocmsumun ITouka®, Cmegan Batiuenxo?,

Baoum Hlanenxo®, imumpo Hanamapuyr®,

Onexcandp Mocmogenxo®, Anopiii Macniox®
L3438 Kuigcoxutl nayionansnutl ynieepcumem

byOisHuymea i apximexkmypu,
°Hayionanvnuii mexuiunuil ynisepcumem Ykpainu
«Kuiecokuii nonimexuiunuti incmumym
imeni Izopa Cikopcvkoz2oy

AHoTamif. 32 OCTaHHI POKH IOIIUPEHHS TEX-

HoJorit 3D-apyky HaOyno, i Ha CHOTOAHI MPOAO-
BXKye HaOyBaTH, Bce OiIbIIOTO 3acTocyBaHHs. bes-
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YMOBHO, B MalOyTHbOMY Hac OUiKye MaciuTaOHe
MOLIMPEHHS aJUTUBHUX METOIUK, aje IpaKTHYHE
3actocyBaHHs 3D-IpyKy IOCTYyIHO KOXHOMY BXKe
CHOTOIHI.

ABTOpY y JaHI CTaTTi PO3TIIANAIOTH MOXKIIHBI
BapiaHTH peaui3alii CHCTeMH MOIYIBHOTO KpiIl-
neHHs xoTteHaa s 3D-mpunrepa. Posrnsgarots
MO>KJIMBI HOTO BapiaHTH Ta MOTO mepeBard Mmopis-
HSHO 3 TPAIWIIHHUM KpPIIUICHHSIM XOTEHIa sKi
ICHYIOTh Ha CHOTOAHI. BWKOHYIOTH TeCTyBaHHS
Takoi CHCTEMH KpIIUICHHS HAa CTBOPEHOMY €KcIle-
pUMEHTaTBbHOMY CTeHAI 3 MexaHikoro 3D-
IIPUHTEpA.

[Miquac mocriiHoi ekcrutyatarii 3D-npuHTepa
YacTilie 3a Bce NPUXOIUTHCS BUKOHYBAaTH YHCTKY
XOTEH/a [0 3YMOBIIO€ TIOCTIHHO 3yIUHITH POOO-
Ty TpUHTEpa Ha MeBHUHA 4ac. Takoxx Moxe OyTH
HEOOXIJHICTh 3aMiHU JiaMeTpa COIUla Yy caMOMy
eKcTpyzaepi. [Hkonu Takox € HeoOXiTHICTh MIBHIKO
3MIHIOBATH Pi3HI THIH MJIACTHKY. Take MOmylbHE
KpIiIUIEHHS HA AYMKY aBTOPIB MOXK€ MPHIIBH/IIIN-
TH TIpoIiec OOCITYroBYBaHHS XOTeHAa. B maitOyT-
HBOMY Y SKOCTI MaTepiany Ijs BUTOTOBJIEHHS KO-
pPIyCY Takoro KpiIUICHHsS MpPOMOHYIOTh BapiaHTH
CllaBy Ha OCHOBI amoMiHito. Takuii MaTepian Mae
JIOCTATHIO MIIHICTh Ta HEBEIMKY Bary IO € BaX-
JIUBHUM JJIS1 MEXaHIKU IPUHTEpA.

Ha ocHOBI Takoi MOIYbHOI CHCTEMH KpiIlJICH-
HS aBTOPH PO3TIIAIAIOTh MOMIIMBICTh ITiIKITIOYCH-
HS Ha MeXaHiKy IPUHTEepa TaKOX IHIIHX POOOYHMX
npuctpoi. Cepell HUX HPOMOHYETHCS PO3POOUTH
poboumii opran Ha OCHOBi IIa3MoTpoHa. [ Ta-
KOTO BapiaHTy IIa3MOTPOHA NPOIIOHYIOTH MOOY-
IyBaTH HOTO 3a CXEMOKO IJIa3MOBOTO CTPYMEHIO.
[pu Takiii OyI0Bi eNeKTpUYHA Jyra 3arnajioe Tia-
3My Yy CepeIHHi IUIa3MOTPOHA 1 Uepe3 TOHKE COILIO
BHUXOJIUTH CTIMKUI TIa3MOBUI IpoMiHb. MexaHika
MPUHTEpa JTO3BOJIHMTH BHUKOHYBAaTH YITKH Ta piB-
HUH pi3 Marepiaiy, MO HAa JTYMKY aBTOPIiB J03BO-
JIUTH 3MIIACHIOBATH Pi3 METaIy Ta iX CIUIaBiB HEBe-
JIUKOT TOBIIMHU. Y MalOyTHbOMY Take 3acTOCy-
BaHHS IUIa3MOTPOHA Ha MexaHili 3D-npuHTepa e
noTpedye eKCIepUMEHTaIbHUX BUIPOOYBaHb.

KarwuoBi  caoBa:  ekcTpyaep, JAHPEKT-
eKcTpyaep, xoreHna, 3D-mpuHTep, aaroMiHIH, CH-
JIyMiH, IUTa3MOTPOH, MJIa3MOBE Pi3aHHS.
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