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Eppur si muove,
uwnu 3abyabTte BCe,
4YTO Bbl 3HA/N

O KJlaCCU4YeCKoM
3d-neyatm

A.C. Tpybawescuii
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FnaBHas uenb afAUTUBHOINO NPOU3BOACTBA
(A) — 3T0 3HauUMTEeNbHOE NOBbILIEHUE
Npon3BOAUTENIbHOCTU CEPUNHOIO
npounsBoacTBa. lIHaAMU4YHOe pa3BuUTUe
aaAaNTUBHbBIX TexHonorun (AT) cesizaHo

Cc nepcrnekTUBaMu UX aBTomaTmsaumm

npv BHeAPEeHUU B KOHCTPYKLLMN CTAHKOB
MOZAYJ/IbHbIX KOMMOHOBOYHbIX pelleHUNn.
PaccMoTpeHbl CXeMbl, B KOTOPbIX paéouunii cTon
npepcraBnset co60i BaXKHbIA 31eMeHT AN
aBToMaTu3aL MU NPOU3BOACTBA U YBE/IUYEHUSA
nponsBoAUTE/IbHOCTU BCEro TeXHO/I0rn4yeckoro
KoMmnaekca. Ucnonb3oBaHue Kpyraoro crona

C NOZIAPHbIMU KOOpAUHaTaAMN MOXET MOBANSATb
Ha npoun3sBoauTesnbHOCTb All. PacCMOTpeHbl
pa3Hbie AT, B ToM yncne MJM, STEP, Mold)et,
HSR, ana pemMoHcTpauumn Ncnosb3oBaHuUs
TakKUX CTOJNI0B.

Knto4yeBble csoBa: aganTmBHoe nponsBoAacCTBO,
AO0ANTUBHbIE TEXHOOrMK, 3d-nevaThb,
3d-npuHTepbl, aBTOMaTM3aLms, poboTmaumnsg,
CepunHOe NpoM3BOACTBO, AeKapTOBas cCMCTemMa
KOOpAMHAT, NONSpHas CMCTeMa KOOPAMHAT,
MYJIbTUMATEepUanbHOCTb, Mbe3031eKTpuyeckme
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BBEAEHWUE

OmuboyHO OpunrceiBaeMas Tanuieo Tlanuiiero
¢dpaza: «Eppur si muove! M Bce-TakH OHa BepTUTCS!»,
KaK ¥ MHOTHe KpacHuBble jereHasl 6e3 pakToB u goka-
3aTeJbCTB, CErofHs ITPOYHO IIPHIKHJIACH B Hapone.
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Eppur si muove

or Forget Everything
You Knew About
Classic 3D Printing

D.S. Trubashevskiy
Modern Equipment LLC, Moscow, Russia

The main goal of additive manufacturing

(AM) is to significantly increase the full-scale
production capacity. The dynamic development
of additive technologies (AT) is related to the
prospects for its automation when integrating
into the machine designs of the modular layout
arrangements. The layouts are considered
where the workbench is an important element
for production automation and performance
improvement of the entire process system. The
usage of a round table with polar coordinates
can affect the AM capacity. Various ATs are
considered, including MJM, STEP, Mold)et, HSR,
in order to demonstrate application of such
workbenches.

Keywords: additive manufacturing, additive
technologies, 3d printing, 3d printers, automation,
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cartesian reference system, polar coordinate
system, multi-materiality, piezoelectric heads,
rotational 3d printing, 3d printing of electronic
components, wearable electronics
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INTRODUCTION

Like many wonderful legends without any facts and
evidence, at present a phrase “Eppur si muove! Albeit
it does move!” erroneously attributed to Galileo Galilei
has firmly taken root in the folklore. However, I want
to give some amazing examples with the evidence of
3D printing systems with specific layout that are suc-
cessfully functioning today and that can be confidently
indicated as the developments that make a significant
contribution to the dynamic world of additive manu-
facturing. Why am I talking about classic 3d printing
in the title of this article? The fact is that the last few
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OmHaKoO $I XO4uy IIPUBECTH YAUBUTETIbHBIE IIPHMEPEI
C JOKa3aTeabCTBAMU YCIIEMHO GpYyHKIHUOHHPYIOIIUX
ceromHs cucteM 3d-medaTu ¢ 0co60H KOMIIOHOBKOM,
KOTOPBle MOXKHO C YBEPeHHOCTBIO Ha3BaTh pa3pabor-
KaMH, BHOCSIIMMH BECOMBIHM BKJIaJ B JHHAMHYHBINI
MHP aAOUTUBHOIO IIPOU3BOJACTBA. IloueMy B Ha3Ba-
HUU CTATBH s TOBOPIO IIPO KIacCHYeCKyIo 3d-TedaTs?
Iemo B TOM, YTO HECKOJBKO IMOCTIEAHHUX eCSITUIe-
THH I103BOJIFUIH II€PBBIM aIlUTHBHBIM TeXHOJIOTHSIM
YKOPEHHUTBCSI U CTaTh ONPefe/IeHHOTO PoAa KIaCCH-
YeCKUM CTaHJAPTOM HOBOTO IIPOM3BOACTBA M HOBBIX
M3eNUN He3aBHCHUMO OT OpeHAa-pa3paboTdyrka
3d-mpunrepa. CeromHs ke MUP AT IPOABHUHYICS
Ia7eKo BIIEpel M MOXKeT IIOXBACTAThCS HOBBIMH Pas-
paboTkaMu, KOTOpBIe I10 IIPHUYHHE HHEPLIHOHHOCTH
PBIHKA II0Ka He MMEIOT JOCTOMHOH IIOIY/ISIPHOCTH.
JlaBaiiTe yCIOBUMCS, YTO 0OCY>KAATH B JAHHOM CTAThe
MBI OymeM IIPOMBIIIJIEHHBIe HIH ITPOdeCcCHOHAIB-
Hble ITPOU3BOJCTBEHHEBIE CUCTEMBI, KOTOPble OTIHYa-
I0TCSL B JIy4Ilyl0 (KpOMe IIeHbl) CTOPOHY OT HACTOJNb-
HBIX 3d-TIPUHTEPOB CBOEM HAJIeKHOCTBIO, KAYECTBOM,
VHHUBEPCANBHOCTBIO, TOYHOCTBIO, TrabapuraMu
1 IPOU3BOAUTEIBHOCTHIO.

[To3BO/IPTE HaAYaTh HEMHOTO H3AajieKa, HO He
C HafloeBIIHMX BCeM UCTOPHH [1epBOrO MOSIBJIEHUSI py4-
HOI, a [IOTOM U LIUGPOBOK TEXHOJIOTUH IIOCIIOMHOIO
cuHTe3a 06beKTOB. J1060 3aBO NHTEPECYIOT HOBbIE
yIpaBjieH4YecKre, IHQpPOoBble U IIPOM3BOACTBEHHBIE
TeXHOJIOTHHU II0OJy4YeHHUsI PpPeHTabelpHOH IIPOAYK-
LUK C UX OplcTpoil nuddysrer Oe3 3HAUUTETbHOH
TpaHCPOpPMALIUK PYTUHHBIX OIepalui. ITO 3aya-
CTyI0 IIPOMCXOOUT B CAMOM HauaJle IyTH KX HeIlpe-
PBIBHOI'O COBEPIIEHCTBOBAHUS, €CIH TAaKOBYIO ILIeJb
CTaBUT MEHEeIKMEHT 3aBoda. B manbHeHIIeM >Ke
MeHe>KMEeHT MOKeT PUCKHYTb U IIOMTH Ha I7100anb-
Hble U3MEHEHHUS C IPOPHIBHBIMU PEIleHUSIMH, UTO
TOYHO 3aCTABUT HEPBHUYATh U AKTUBHO BKIIOYUTHCS
B paboTy mo TpaHCOpMaLUK TEXHOJOTHH IPOU3-
BOJCTBA MHOIHe CNyKObl 3aBoma. Tak BOT Ha Ilep-
BBIX 3TAIlaX PYKOBOACTBO CTAPAETCsl IIOMOYb OTCTAO-
UM OTZe/laM M IIPOLeccaM C IIOMOIIBIO TOCKYTHBIX
(mokanpHBIX) TpaHchopManmu. KM moBepwrTe, K Tex-
HOJOTUSM 3d-TledaTH IpPUXOIAT TOTAA, KOTAa yske
MHoOToe OplI0 UCITPO6OBAaHO, a OKHAaeMbIN 3ddeKT
He 6bL1 [OCTUTHYT. U BOT, ThIAbII! HakoHEII-TO 10XO0-
OUT ouepens no AT.

JONrUM M CKPYIyJe3HBIH aHA/IH3 PBIHKA I103BO-
7seT CAenaTh HeyTeNIMTe/lbHbIe BBIBOJBI MeHe]-
SKMEHTOM 3aBOJa: aAJUTHBHBIMU TEXHOJOTUSIMU
CerofHsI HeBO3MOXKHO ITOJIHOLIEHHO 3aMeHHUTh Tpa-
OUIMOHHBIE CePUIHBIEe TeXHOJIOTHUM, HO IJISL OIIBIT-
HOT'O ITPOM3BOJCTBA U OTPAbOTKH HOBBIX BAPHAHTOB
IIPOAYKLUKU PUCKHYTh MOMXHO. PHUCKHYIH, 3aKa-
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decades have allowed the first additive technologies to
gain ground and become a certain kind of classic stan-
dard for new production and new products, regardless
of the 3d printing developing brand. Today, the world of
AT has moved far ahead and can boast of new develop-
ments that have not grown popular yet due to the mar-
ket persistence. Let us agree that in this article we will
discuss industrial or professional production systems
that differ for the better (except their price) from the
desktop 3d printers in terms of reliability, high quality,
versatility, accuracy, dimensions and performance.

Let me speak in a roundabout way, but not with the
boring stories of the first occurrence of manual, and
then digital technology of the layer-by-layer object syn-
thesis. Any plant is interested in new managerial, digi-
tal, and production technologies for obtaining the cost-
effective products with its rapid diffusion and without
any significant transformation of routine operations.
This often happens at the very beginning of their con-
tinuous improvement path, if that is the goal of plant
management. In the future, such management can
take a risk and be bent on global changes with the
breakthrough solutions that will definitely make many
plant departments nervous and actively involved in the
production technology transformation. Thus, at the
first stages, the management tries to help the lagging
departments and processes using the patchwork (local)
transformations. Believe me, 3D printing technologies
are used when a lot of other methods have already been
applied with no expected results. Boom! Finally, let’s
turn to AT.

The long-term and rigorous market research allows
the plant management to draw disappointing conclu-
sions: at present, it is impossible to completely replace
the conventional commercial technologies with the
additive ones, but you can take risks for pilot produc-
tion and development of new product options. Thus,
the management has taken a risk, ordered, set up, and
tested. Then, the following narrative is used to justify
the costs: bionic design - light weight - customiza-
tion - compaction - aggregation... Possibly, during the
entire production cycle of a unit/product (the shorter
it is, the more pronounced the effect) the happy owner
will receive a 1-10% cost/time reduction (depending
on the AM scope used). However, what’s done can’t be
undone.

A team of designers and engineers begins to trans-
form the classic design and manufacturing skills and
increasingly incorporates new engineering thought
into their work that is embodied by the innovations
of the 3D printing world. The stepwise progressive
movement with innovations leads to the possible AM
abandonment by the plant, since the AM was one way
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3aJIM, HACTPOM/IM, MCOBITANIH.. M BOT g OIIpaB-
JaHMS 3aTpaT 3BYyUHUT yKe CAefyIOINMN HappaTUB:
6HOHMYeCKUH AU3aMH - oblerdyeHue Beca - MHIU-
BUAyaNTH3allMsa - KOMIIAKTH3allMg - arperamnus...
H, BO3MOXKHO, BO BCeM ITPOM3BOACTBEHHOM LIKKJIe
y31a/ToBapa (deM OH Kopode, TeM 3pdekT bosee
SPKO BBIPRKEH) CYACT/IMBBIA COOCTBEHHUK ITOJIyYHUT
1-10% coxkpalleHHs 3aTpaT/BpeMeHH (B 3aBHCHMO-
cTH oT o6veMa ucronb3oBaHus All). Ho uTo caenaHo,
TO CHOeaHo.

KonnekKTUB KOHCTPYKTOPOB H TEXHOJIOTOB HaYH-
HaeT TPaHCHOPMHUPOBATH KiIaCCHUYeCKHe HaBBIKHU IIPO-
eKTHPOBaHHUS U IIPOM3BOACTBA U BCe Yallle HCII0/Ib30-
BaTh B CBoel paboTe HOBOe HH>KeHEPHOEe MBIIUIeHHUE,
BOIUIOIIAeMOe HHHOBAIMSMHM MHUpa 3d-medaTu.
JBM>KeHHe BIlepe[, IIar 3a IIaroM ¢ MHHOBALUAMH —
M 3aBOJ YK€ MOMKeT O0TKa3aThCs OT All, IIOCKOJIBKY
B K/l 1 TeXIpoLiecchl He MBITh€M, TaK KATaHbeM 6BLIO
BKJII0YeHO AIl. BOT B 3TOT caMBbIF1 MOMEHT M MOXKHO
FOBOPHUTb 0 AUPPy3uu All, cTaBIIero HeOTbeMIeMOU
YaCThI0 COBPEMEHHOIO ITPOM3BOACTBA 3aBofa. Pyko-
BOOUTENHN OTHEeNIOB PAIOPTYIOT 00 ycIexax TOIIOJIO-
THYeCKOM ONTUMU3ALMUU KOHCTPYKLIUH, HeObIBAIBIX
JIOKQJIBHBIX 3KOHOMHUYeCKUX 3pdeKTax, KOMIIAaKTHOM
IIPOK3BOJCTBE AeTa/lell HA MUHHUMAIbHBIX IUIOIAASNX
6e3 KCIIONB30BAaHUS HHCTPYMEHTAJIbHOM OCHACTKH.
Bpome Bce BBHIIVIAOUT ONTHMMCTHYHO, KTO-TO Oa’Ke
HaXOOUT BO3MOXXHOCTH [IJII MHBECTHUIMH [JIsI Mac-
mTabHpoBaHMS IIPOU3BOACTBA. Ho Bce sKoyT oT AIl
HEeMHOI'0 ApYroro...

MOBbILWLEHWUE MPON3BOOUTEJ/IBHOCTU
AN CEPUMHOIo NPOU3BOACTBA

I'naBHag menb AIl - 3HAYMUTe/NIbHOE IIOBBIIIEHHE IIPO-
HM3BOJUTEIbHOCTH [IJIS1 CEPUHHOI0 IIPOU3BOACTBA. 114
BBICOKOPA3BUTHIX CTpaH AIl - He 4To MHOe, KaK IIPoO-
cto 6u3Hec. [laske CaMBIl COBpeMeHHBIN 3d-IpUHTEP
Y OLLHOT'O X03sSIMHA PeJIKO CJIYKUT Oostee 3-5 jieT. 3a 3T0
BpeMsI OH YyCIIeBaeT MOPAJIbHO (penKko PHU3UUECKH)
yCTapeTh M He OTpa’kaeT BO3MOKHOCTH AlIl B Teky-
meM MoMeHTe. [I09ToMy, 4TOOBI OCTABaThCS B TPEH/IEe
U B PBIHKE, IIPOMBIIUIEHHHUK H30aB/ISeTCsI OT CTaphIX
CHCTeM U IIpHobpeTaeT HOBEIE.

B Poccrim Bce 06CTOUT HECKOIBKO HHave. He cekper,
YTO CTOMMOCTbh HHOCTPAHHOTO 060pYIOBaHUS M MaTe-
PHIOB MMIIOPTHOIO IIPOM3BOACTBA, BBHAY TaMoO-
KeHHBIX IIOUUIMH, JIOTUCTUKHW U HAJIOTOB, MOXXeT
OT/JIMYAThCA B 1,5-2 pasa OT LieHBI 3aKyIIKH, COOT-
BETCTBEHHO OKYIIaeMOCTh OyIeT 3aMeTHO [OJiblIe
0b11eMHPOBOM IIPAKTUKKU. HaXxooUTh TaKKe BBHICOKHE
MHBeCTHIIMH, HEeCMOTPS Ha BBICOKOE KauyeCTBO IIPO-
OYKLUHHU, HO IPH OTCYTCTBHH 3aMeTHOH OKyIlaeMo-
CTH B 3-5 JleT, KpariHe CJIOKHO: Belb 31ech paboTaror
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or another integrated in the design documentation and
technical processes. At this very moment we can talk
about the AM diffusion that has become an integral
part of the modern industrial production. The heads
of departments report on the success of topological
structure optimization, unprecedented local economic
effects, space-saving production of parts on the small
sites without the use of tooling equipment. It seems
that everything looks optimistic, some people even
find ways to invest for the production scaling. However,
everyone expects something different from the AM.

INCREASED PERFORMANCE

FOR FULL-SCALE PRODUCTION

The main AM goal is to significantly increase perfor-
mance for full-scale production. For the highly devel-
oped countries, AM is nothing more than just business.
Even the most advanced 3D printer with one owner
rarely has the service life of more than 3-5 years. Dur-
ing this period of time, it manages to become function-
ally (rarely physically) obsolete and does not reflect the
current AM opportunities. Therefore, in order to stay
on track and be popular in the market, the industrialist
has to get rid of old systems and acquire new ones.

In Russia, things are somewhat different. It is no
secret that due to the customs duties, logistics, and
taxes, the cost of foreign equipment and imported
materials may differ by 1.5-2 times from the purchase
price. Therefore, the pay-back period will be noticeably
longer than in the global practice. It is extremely dif-
ficult to find such high investments, despite the high
quality of products, but in the absence of a noticeable
payback period of 3-5 years, since the business laws
and regulations are applied in this situation. It is nec-
essary to honestly recognize that in Russia the level
of innovative developments, requiring the fastest and
simplest production of critical components without
tedious preparation is not high enough, and this fact
affects the use of additive equipment. Therefore, the
renewability of the fleet of expensive foreign-made sys-
tems in Russia is not the highest in the world. In other
words, the Russian plants use the obsolete equipment
for a long period of time, and this equipment is less
accurate, convenient, and efficient.

But what about the Russian developers? Are they
not capable of producing the systems that copy the
capabilities of successful foreign manufacturers, with
due regard to the obvious absence of customs duties
and comprehensive logistics, the use of inexpensive
Russian components? Will this make it possible to
influence cheapening of the manufactured systems,
and as a result, to increase the final product attractive-
ness due to the decreased cost of active fixed assets?
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3aKkoHBI 613Heca. TakKe CTOUT YeCTHO IIPU3HATh, YTO
B PoCcCHM He[OCTaTOYHO BBICOKUH YPOBEHb HHHO-
BAI[MOHHBIX Pa3paboToK, TPebyMINMX MaKCHMAaJIbHO
OBICTPOrO M ITPOCTOTO HM3TOTOBIEHHUS OTBETCTBEHHBIX
KOMIIOHEHTOB 6e3 YTOMHTEIbHOM IIOATOTOBKH IIPO-
M3BOJCTBA — a 3TO BCe BIHSeT HA 3arpy3Ky aiiu-
TUBHOro obopynoBaHUs. [103ToMy OOHOBI/ISIEMOCTh
IapKa [JOPOTUX CHCTeM HHOCTPAHHOI'O ITPOM3BOJ-
cTBa B PoccMM He caMas BBICOKAsl B MHpe. [IpyTHMU
c1oBaMH, B Poccu monro paboTaroT Ha ycTapes-
meM oOOpyZOBAaHHUHM, MeHee TOYHOM, YA0OHOM
Y IIPOM3BOJUTETIBHOM.

[Io3BoNbTe, CKaskeTe BBI, a KaK Ke POCCHUHCKHeE
paspaboruuku? Pa3Be He CIIOCOOHBI OHM IIPOH3BO-
OUTH CHCTeMBI, ITIOBTOPSIONIHE BO3MOXKHOCTH YCIIEeIl-
HBIX 3apybeskKHBIX ITPOM3BOJAUTENEH, MPUHUMAS
BO BHHMaHHe O4YeBHJHOe OTCYTCTBHE TaMOXKEHHBIX
MOLUITUH M CJIOKHOM JIOTHUCTHUKH, HCIIOIB30BAHMUS
HeIOPOTHUX POCCHUHCKUX KOMIUIEKTyHIuX?! II03BO-
JIUT JIK 3TO IIOBJHSATH Ha yJelleBIeHHe IPOH3BOLH-
MBIX CHCTEM H, KaK CJIe[ICTBHe, IIOBBICUTH IIPHBIIe-
KaTeJIbHOCTh KOHEUHOM IPOAYKLIHMH H3-32 CHHKEHUS
3aTpaT Ha aKTHUBHbBIe OCHOBHBIe QOHIBI! Bbl bymete
IIpaBBL: IIOKATY, CrIocOOHBI. Ho maBariTe 3agaguMcs
BOIIPOCOM O HACTOSIIIEN MHPOBOHM PHIHOYHOHM HHHO-
BAaI[OHHOCTH: IIPUCYTICTBYeT JIM OHA Y POCCHHMCKHX
pa3paboTok? Ho 4To camoe IJIaBHOe: IIOKA3BIBAIOT JIU
poccuiicKHe 3d-IIPUHTEepPhl KpaTHOE yBeTHUYeHHe IIPo-
M3BOOUTENBHOCTH 6Onaromapsi GUpPMeHHBIM paspa-
6orkam? IlocTapainTech OTBETHUTh Ha 3TH BOIIPOCHI
CaMOCTOSITE/TBHO.

M HakoHell, pa3 yX MbI CTaJH C BaMH TOBO-
PUTh Ha TeMy aBTOMATH3aIlUM CEPHUMHOIO aAJU-
THUBHOTO IPOM3BOACTBA Oymymiero, To CTOUT obpa-
TUTh BHHMaHHe Ha Kubepdusudeckue (aHII.
Cyber-physical System) u MomynpHBIE KOMIIOHOBOY-
Hble pellleHUsI KaK Haubosee IIepCrIeKTHBHbBIE B 3TOM
cmeicnte (puc. 1) [1].
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You will be right: perhaps they are capable. How-
ever, let’s ask ourselves the question relating to the
real-world market innovativeness: is it available in
the Russian developments? The most important ques-
tion is whether the Russian 3D printers demonstrate
a multiple performance improvement due to the pro-
prietary developments? Try to answer these questions
independently.

Finally, since we have begun to talk about automa-
tion of the future full-scale additive manufacturing,
it is worth paying attention to the cyber-physical and
modular layout solutions, as the most promising in
this sense (Fig. 1) [1].

ABOUT WORKBENCHES AND PLATFORMS

For many people, the perception of professional and
industrial 3D printers and printing of plastic, ceramic,
sand and metal products is usually based on the image of
a cartesian reference system with three linear axes, X, Y,
Z, and the relevant square or rectangular workbenches.
In this case, we are usually talking about 3d printing
with 2.5d axes, namely the full-fledged mechanical
work of the head along the X and Y axes. The table usu-
ally moves along the vertical Z axis to a predetermined
layer height that is often uniform throughout the entire
printing cycle. This is the simplest implementation of
the 3d printing principle (Fig. 2-3) (2, 3].

However, there is another, less common principle,
according to which the work table, and not the head,
moves along the Y axis, or even along two XY/XZ axes,
and the head moves along the remaining axis, for exam-
ple, the Z axis (note: the Russian “desktop” additive
manufacturers often use the disparaging term “twitch-
table” to indicate this principle in their everyday life).

Let’s not keep away from the LB-PBF/SLM, PBF/SLS,
EB-PBT laser and electron beam technologies (Fig. 4),
according to which the laser or electron beam, after
appropriate preparation, is projected onto the working
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Puc. 1. OcHogHble yKpynHeHHble KOMNOHOB0UHbIE peleHus adoumueHo20 o6opydosarus [1]
Fig. 1. Basic scaled-up layout arrangements for additive equipment [1]
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O CTOJIAX U MNTATOOPMAX

15l MHOTHX BOCIIPUATHE IIPOPECCHOHAIBHBIX U IIPO-
MBIIIEHHBIX 3d-IIPUHTEPOB U IeYaTH Ha HUX H3Je-
MUK M3 IUIACTMAacC, KepaMHKH, IleCKa M MeTasla
Jalle BCEro JIeKUT B obpase JeKapTOBOM CHCTEMBI
KOOPIHHAT C Tpems JHHeUHBIMU ocsaMU X, Y, Z
M COOTBETCTBYIOUIMMU KBaAPaTHHIMH HJIH IIPSIMOY-
TOJIbHBIMU CTOMaMH. B 3TOM ci1ydae 06bIYHO FOBOPSIT
0 3d-mevaTtu B 2,5d ocsiIX - IIOMHOIIEHHOM MeXaHH-
YeCcKOH pa60Te TOJIOBKH I10 ocsiM X U Y.Bmosib Bep-
THUKAJIBHON OCH Z OOBIYHO IlepeMelNaeTcsi yske CTOI

Ha 3apaHee Ha3HAYE€HHYIO BBICOTY C/1051, 9aCTO OOH~ |  Ppyc. 2. Cxema pabombl mexHoaoz2uu MJM Ha npsimoy2onb-
HaKOBYIO Ha BCeM pabodeM I[HKIIe TTe9aTh. ITO Hau- HoM / K8adpamHom cmoae, KomnaHus dp Polar GmbH [2]
Gosee mpocras peanusauuds NpUHUMIA 3d-mevaTu Fig. 2. Flow chart of MJM technology on a rectangular/square
(puc. 2-3) [2,3]. table, dp Polar GmbH [2]

Ho ects u ppyrasi, MeHee pacCIpOCTpaHeH-
Has CxeMa, B KOTOPOM HMeHHO pabouuyl croi,
a He TOJOBKa COBepLIaeT [BIKKeHUS BIOIb OCH
Y unu gaxke BOONb OBYX oceli XY/XZ, a roioBka
IOBUKETCS II0 OCTABIIMICS OCH, HAIlpUMep OocH Z
(IlpuMevyaHHe: B 0OHUXOme POCCHHCKHUX «IeCKTOI»-
AAAUTUBIIMKOB YacTo [Jisi 0DO3HAaYeHHs NaHHOHU
CXeMBI IIPUMEeHSeTCsl IPeHeOpPesKUTEIBHBIN TePMUH
«IPBITOCTOIIY).

He oboriieM CTOPOHOM Ja3epHYI0 U 31eKTPOHHO-
nydeByIo TexHojaoTuu LB-PBF/SLM, PBE/SLS, EB-PBF
(puc. 4), B KOTOPBIX JIa3epHBIM H/IU 31eKTPOHHBIN
Jy4 IIOC/Ie COOTBETCTBYIOIIEH IIOATOTOBKM IIpOEeLIU-
pyeTcst Ha pabouyio IIOBEPXHOCTh CTOJA C MaTepHa-
JIOM, TO eCTb BBIIIOJIHSIET BCIO paboTy IO IepeMele-
HUSAM BIOJIb ocet X U Y.

Cron mepemelnaeTcss TakxKe MO OCH Z AHMCKPETHO, |  pyc, 3. [pouecc pabomsi NpUHMepa no mexHoAo2uu
Ha BeJIMYHMHY, PABHYIO BBICOTE C/1051. bomee CIIOKHO® | MJAM/Polyjet Ha mKaku, komnaHus Stratasys Inc. [3]

IpefCTaB/IeHue yKe IpefycMaTpuBaeT fobaBleHue | Fig 3. Working process of MM/Polyjet printer using fabric,
OﬂHOﬁ 59858 TpeX HOBOPOTHBIX OC€I71, BpamaIOLLU/IXCH Stratas\/s Inc. [3]

BOKPYT JTHHeHHBIX oceH. Takad cxeMa CBOHCTBeHHA
IJ1 CUCTeM, Hac/leOyIoUHUX KOM-
IIOHOBKY KJIaCCHYeCcKoro IIOp-
TaJIbHOTO UJIU KOHcoapHOro YIIY LB-PBE PBE/SLS EB-PBE
obopynoBaHUSI. LBM / SLM / DMLS EBM / EBSM
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(PTK)). ObpartnTe BHHMA-

HHe, 9TO CbeMHAad IlIAT- Puc. 4. Cxembl UcnoAb308aHus 8 Al nocmynameAabHo 98UXyLLUXCS cmonos [1]

dopma MOCTpoeHHS MOXKeT Fig. 4. Schemes of using translational tables in AM [1]
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Metansbl Merannbl

Fig. 5. Schemes of using round turntables in AM [1]

TepMonacTbl / KOMNO3NTLI

Puc. 5. Cxembl UCN0Ab308aHUS 8 AT KpyaAbix 8pawarouiuxcs cmonos [1]

surface of the table with the mate-
rial, that is, it performs all move-

DED-P DED-W CCFDM
LMD/ DMD/ LENS WAAM / 3DMP / PTA/RPD CFC/ CFF/ pAFP/ DED ments along the X and Y axes.

y The table also moves discretely

ein ‘711'X along the Z axis, by a value equal to

N P the layer height. A more compre-

NIV~ hensive layout already implies the

_' _ addition of one or three rotary axes

%v). D) that rotate around the linear axes.

Such a layout is typical for the sys-
tems applying the classic portal or
console CNC equipment.

It is fair to note the usage of
round rotary tables (turntables) in
the technologies, such as:

metal DED-P (Fig. 5), DED-W

MeTpUYeCKON QUIYphl NPHU YCIOBHUH cobioze-
HMUS JONYCTUMBIX OTKIOHEHHUH GOPMBI IIOCKHX
[IOBEPXHOCTEH ;

MeTain4eckass LB-PBF (puc. 4) M ILIaCTHKO-
Basg SLS ¢ KpyIJIBIMU KOJIOOLIAMMK (0BBIYHO 3TO
6o/ee OOCTYHmHBIE IO CTOMMOCTH PpeIIeHHs,
HO He IIpeJlaralolliye CTONbI ¢ 6onbpIMUMU raba-
pUTaMu);

[IJIacTMaccoBas U KoMrio3uTHas FDM/CEC (PTK)
(puc. 5).

Takue CTONBI CBOAST K MHHUMYMY HU3HOC U BHOpa-
IIUIO0 BCeX KOMIIOHEHTOB 0O0pyJOBaHMS, YTO I10IOKH-
TeJIBHO BJIMSIET Ha Hafe’KHOCTb CUCTeMBl U KauecTBO
[10/Iy4aeMbIX H3MIeHH.

TeM He MeHee BCe 3TH KPYIJIble CTOJIBL Hallle BCEI'O
HICIIONB3YIOTCSL JIMIND JJIS1 YAelIeBIeHUs U ymobcTsa
HCIIO/Ib30BaHUSI HECKOJIBKHUX OCeH B OrPAaHHYEHHBIX
rabapurax CTaHKa. A KakK >Ke IIOJsSpHAas CHCTeMa
KOOPAUHAT, B KOTOPOM KaKAasi TOUKA Ha IJIOCKOCTH
oIlpefiensieTcs ABYMS YHC/IaMH - IIOJSPHBIM YIJIOM
U NOISIpHBIM paguycoM? TexHonoruu DED-P, DED-W,
FDM/CFC MOIYT ee MCIIO/Ib30BaTh, XOThb IIOJISPHas
CHCTeMa H He coBceM ynobHa B paboTe A1 HH>KeHepa.
OCTaHOBUT /X 3T0 6e3yMHOro [0 HAeH Y4eHOIo HJIU
paspaborumrka?’

Hy uTo K, KaskeTcsl, Tellepb Mbl TOTOBBI IIOTOBOPUTh
0 CaMOM IJIaBHOM.

MNMPEATEYUN AAANTUBHOIO
MPON3BOACTBA BYAYLWLEIO

HTak, MOBBHIIIEHHE MPOU3BOJUTENIbHOCTH [0 YPOBHS
KJIACCHUYECKHUX TeXHOJIOIrHuM eBa JOCTHXXKHMasd,
HO IIpHBJIeKaTebHas Lienb 1yisi m060i AT. Kak 3Toro
MOKHO [AOCTHYb B IepCIIeKTHBe HEeCKOJIBKHUX Hecs-
TUIeTHUH! PelleniTa BB, CKOpel Bcero, He Haljere.
Ho HUKTO He MelllaeT HaM IIpeacTaBUTh ALl 6ynymero,

(Fig. 5-6) (consoles, portals, robotic

systems (RS)). Please note that the
removable construction platform may have vari-
ous shapes of geometric figures, subject to the
allowable deviations of the flat surface shapes;

Puc. 6. Kpyaabili nogopomHbil cmoa Ha 3d-npuHmepe Gefertec
arc405, mexHonozaus 3DMP/WAAM, komnaHus Gefertec
GmbH [4]

Fig. 6. Round turntable on a Gefertec arc405 3d printer,
3DMP/WAAM technology, Gefertec GmbH [4]
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Puc. 7. KoHseliepHbiii mun cmoaa ¢ dekapmosoli cucmemoli koopduHam, mexHonozus STEP, komnaHus Evolve Additive Solutions [6]
Fig. 7. Conveyor-type table with cartesian reference system, STEP technology, Evolve Additive Solutions [6]

WU XOTS 6Bl ONWH M3 ero Ba’KHBIX COCTAaB/ISIONIUX
KOMIIOHEHTOB — BUJ pabouero cTona u creludUKy ero
paborsl.

Yrobsl /ydulle MOHSTh TeHIOEHIUM, HaBakTe Had-
HeM C 3II0XaJIBHBIX pa3paboToK B XPOHOIOTHYECKOH
II0C/IeIOBATEIBHOCTH. MBI He bynem ymensiTe MHOTO
BpeMeHH II0JTHOMY OIHCAHHIO TeXIIpollecca, OCTAaBUM
3TO B KauecTBe JOMAIIHero 3aJaHMs J0003HATeNlb-
HOMY YHTaTeso.

Evolve Additive Solutions co cBoeil TexHOIOrHeHn
CKOPOCTHOH IedaTH ItactmMaccamu STEP (aHri.
Selective Thermoplastic Electrophotographic Process)
(puc. 7) mosBunach B 2017 roay [5]. Ceromust AIl Kak
HUKOTZa O/JIM3KO K 3aBOEBAHMUIO 3HAUMMOK YacTH
PBIHKA K/IaCCHYeCKOro IIPOU3BOACTBA. Ho Mpor30nTH
3TO JO/IKHO TOJIBKO IPH yBelIHYeHHUH CKOPOCTH IIPO-
M3BOJICTBA B IeCATKH, a JIy4Ille B COTHU pa3. M BOT KaK
pa3 paspaborka Evolve Additive Solutions nmpubnu-
’KaeT Hac K 3TOMy MOMEHTY.

CTon, mpaBAa, 37ech ABHKETCS IMHEHHO BIOJIb OCH
X BIHepez-Ha3aj U CUHXPOHHU3HPOBAH C BpallleHHeM
MHOXecTBa 6apabaHoB. BapabaHbl, B CBOIO O4epefb,
BBIIIO/IHSIIOT MHOXKECTBeHHBble QYHKUMH, BKIOYas
aKKyPaTHBIH IIePeHOC KaKAO0To CJ10sl OyayIer AeTaau
C IUVIeHKH Ha [IOBEPXHOCTb CTo/a. IIpu OMMCaHUU Tex-
Hojoruu STEP s Bcerga IIpUBOXKY IIPUMeEP C TPATULIK-
OHHOI TUIlOrpaduell, B KOTOPOH MeyaTHbIe MaIlIHMHBI
IyTeM OTTHCKA IepefaloT H300pakeHHe Ha PY/IOH-
HBIM MaTepHaJl OCHOBBI C MCII0/Ib30BaHHEM TpadapeTa
U GOPMBI IIOCPEACTBOM 31eKTpodpoTorpadpuu.

3/ech IEHCTBYeT MOYTH TOT Ke IIPHUHIIUII, TOIBKO
MecTo TpadapeTa 3aHHMMaeT CaM MOJEIbHBIN U BCIIO-
MoraTe/bHBIM MaTepuan. KoHeuHoe H3/enue U3 Tex-
HH4YeCKOro aMopdHOro HJIM IOTyKPHCTATIHUeCKOro
TEePMOIIJIACTa MOJNy4aeTcs HM30TPOINHBIM IO BCEM
TpPeM OCSIM C BO3MOXKHOCTBIO ITOJIHOLIBETHOM IIe4aTH
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« metal LB-PBF (Fig. 4) and plastic SLS with round
building chambers (usually these are more afford-
able solutions that do not offer the tables with
large dimensions);

« plastic and composite FDM/CEC (RS) (Fig.5).

Such tables (except of round building chambers for
LB-PBF) minimize wear and vibration of all compo-
nents of the equipment that positively affects the sys-
tem reliability and quality of the resulting products.

However, all these round tables are most often used
only for cheapening and ease of use of several axes in
the small-scale machine. What about the polar coordi-
nate system in which each point in the plane is deter-
mined by two numbers, namely the polar angle and
the polar vector? The DED-P, DED-W, FDM/CFC tech-
nologies can use it, although the polar system is not
very convenient for an engineer. Will it stop a scientist
or a developer who is eager to elaborate ideas?

Well, it seems that now we are ready to talk about
the most important thing.

FORERUNNERS OF THE FUTURE ADDITIVE
MANUFACTURING

Thus, performance improvement to the level of conven-
tional technologies is a barely achievable, but worth-
while goal for any AT. How can this be achieved over
the course of several decades? You probably won’t find
any useful formula. However, no one bothers us to
imagine the future AM, or at least one of its important
components, namely the type of workbench and specit-
ics of its operation.

To better understand the trends, let’s start with the
milestone developments in chronological order. We
will not put a lot of time into a complete description of
the technical process, we will give it as a homework to
the inquisitive reader.
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U IIe4aTH MyJbTUMarepuasaMu. CTOMMOCTh OLHOM
JeTany K KadecTBO IIOBePXHOCTH COIIOCTAaBHMBI
C TPaAMLIMOHHBIM IIPOM3BOACTBOM. 3axBaTbIBaeT
IOyX OT BCero sroro, mnpasga’ Takue CHCTEMBI OUeHb
CJIOKHBL B KOIIMPOBAaHHUHU (peBepc-HHXHHHUPUHIE)
M MOIYT IIPUMEHSITbCS UCKIIOYUTEIbHO B IIPOMBIII-
JIEHHBIX MacIuTabax. ITO IIOYTH TO, YTO HAM HYKHO:
Ype3BBYANHO OBICTPO, OTHOCHUTEIBHO KOMIIAKTHO,
C BO3MOSKHOCTBIO ITeYaTH JeHCTBUTEIBHO MACCHBHBIX
IeTasedr, Y4UTHIBas OOBLIYIO IJIMHY CTola. M 4TO
HEeMaJIOBaKHO, 3Ta TEXHOJIOTHS MOXKeT OBITh 3amiu-
IleHa PsiIoM HeTPUBUAJIBHBIX ITATEHTOB.

Komnanus Tritone Technologies ocHoBaHa
B 2017 romy [7]. Cepnlem ee SIBJsIeTCS YHHKaJIbHAasl
rubpunHas TexHonorus MoldJet, coBMmemaromas
B cebe 3d-mmeyaTs 10 TEXHOJIOTUU IIOL OOIIMM Has3Ba-
HreM MJM (aurn. Multi Jet Modeling), MBJ/BJT (aHri.
Metal Binder Jetting/Binder Jetting Technology)
(puc. 8), u TpasunuoHHON MIM/CIM (aHrI.
Metal/Ceramic Injection Molding).

9TO TeXHOJIOTHUYeCKoe pelleHHe II03BOJISeT CO3-
JaBaTb C IIOMOILUBIO IIbE303JIEKTPUYECKON CTPYHHOM
TOJIOBKM IIOCJIOMHO JIUTeHHYI (QOpPMYy M3 MaTepHu-
aja MNOAJNEpPKKH KM TYT >Xe 3aIOo/NHATh ee II0JOCTH
MOZE/NbHBIM MaTepHaIOM M3 MeTaJIJIONOIMMePHOMN
(MIM) unu kepamorionumMepHoi (CIM) KOMIIO3ULIUH.
Y Takasi HHHOBAIIMOHHOCTh B U300peTeHHUH H3panib-
CKHUX Pa3paboTUMKOB He eAMHCTBeHHas1. Beck Imporecc
IIPOMCXOOUT Ha Kapycenu (puc. 9), cocTosimen u3 4-6
atdopmM, IollepeMeHHO 3ae3KaUIUX I10J, YCTPOu-
CTBO TeXHOJIOTMYECKOM OIlepaliy ([evyarb, II€pPBHUY-
Hasi TepMooOpaboTKa, KOHTPOJIb). 3asBIISIEeTCSI IIPOU3-
BOIMTEIBHOCTH 0T 220 cm3 10 1600 cMm3 myist cucteM Dim
1 Dominant cooTBeTCTBeHHO [8, 9]. 3mech MBI OIISITh
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Puc. 8. Cxema yHUKaAbHOU 2u6pUOHOL MEeXHOAO2UU HA OCHO8e
cxem mexHonozuti MJM u MBJ [1]

Fig. 8. MoldJet unique hybrid technology layout based on
schemes of MJM and MBJ technologies [1]

Evolve Additive Solutions with its STEP (Selective
Thermoplastic Electrophotographic Process) technol-
ogy (Fig. 7) became well-known in 2017 [5]. At present,
AM is closer than ever to conquering a significant part
of the traditional production market. However, this
should happen only with an increase in the produc-
tion rate by tens, and preferably hundreds of times.
The development of Evolve Additive Solutions brings
us closer to this moment.

However, in this case, the table moves linearly along
the X axis back and forth and is synchronized with the
rotation of multiple reels. The reels, in turn, perform
multiple functions, including the neat transfer of each
layer of the future part from the film to the work-

Puc. 9. KapycenbHbili cmoa ¢ 0ekapmosol cucmemoli
KoopduHam mexHonozuu MoldJet (ucmouHuk Tritone
Technologies [10])

Fig. 9. Rotating wheel with cartesian reference system of
MoldJet technology (source: Tritone Technologies [10])

Puc. 10. PomopHbili cmoa ¢ noasipHoli cucmemoll KoopduHam
3d-npunmepa J5 Dentajet, komnaHxus Stratasys, Inc [11]

Fig. 10. Rotary table with polar coordinate system of J5 Den-
tajet 3d printer, Stratasys, Inc. [11]
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HabimomaeM BpalleHHe KaK JIOTMYHBIN CII0CO6 KOM-
MaKTU3alMH, YCKOPeHHUS U aBTOMAaTHU3aLMU CepHI-
HOTO0 ITPOM3BOACTBA. JKaIb, UTO IIPOLIeCC He SIBJISIeTCS
[10-HACTOSLIeMY HeIIPephIBHEIM, KaK B Cjiy4ae ¢ $poTo-
IIOTUMEPHBIMU CMOJIAMH (IIOTOBOPHUM 06 3TOM UyTh
[I03Xe), a AUCKPeTeH I10 CBOeH CYTH.

B 2021 ropmy Stratasys, Inc mpemogHOCHUT Cpasy
HeCKOJIBKO CIOPIIPU30B B BH/Ie IIOTpsICaIoller KOHIleI-
LUK poTOpHBIX (puc. 10) 3d-mpuHTepoB J5 Dentajet,
J5 MediJet, J35 Pro, J55 Prime C IIOJSPHOM CHCTe-
MoH KoopguHat [11]. IlpencTaBieHHBble IIPUHTEPHI
XOpOLIX BO BCeM: MOTPSCAIOMIUI JU3aMH OT AU3au-
HepoB BMW, yHacne,uOBaHHmﬁ oTr FDM ceMericTBa
F123, BpICOKas IIPOM3BOAMTEIBHOCTH, MYJIbTHMATE-
PHUIBHOCTD, HAIESKHOCTh, KOMIIAKTHOCTb. B 0bmieM,
BCe, YUTO KAET CaMbIF TpeboBaTebHBIN IIOTPeOUTENH
oT obHCHOM LBeTHOM 3d-rreyaru. Kasamock ObI — BOT
OHa KOHLEILIMS MeYThl IpuHTepa byaymiero! OgHaKko
OTpaHMYEHUSIMHU SB/ISIOTCS HH3KHE 3KCIUIyaTallMOH-
Hble XapaKTePUCTUKU I10y4aeMBbIX U3Jennuil u3 ¢poto-
II0JIMMEPOB, a TAKOKe HeJOCTAaTOYHO BBICOKHI YPOBEHD
ABTOMATH3aLUH.

Jla IIPOCTHUT MeHs AOPOrON YHUTaTelb, HO IIOCIEA-
HUHU «QPYKT» OIS HAIero HAaTIOPMOPTa HeCKOJIBKO
He COOTBETCTBYeT paHee MPHUHSTOM XPOHOIOTHYeCKOU
[10C/Ie0BATE/IbBHOCTHU MOEro [10BeCTBOBaHUSI, CoelaHo
3T0 6BUIO HaMepeHHO AJIS PAaCCTAHOBKH BCeX TOUYeK
HaJ «i» B KOHIe AaHHOro ob3opa-pacciiefoOBaHHUS.
Hemernkas kommnanus dp Polar GmbH [2] mpumeHsiet
TEeXHOJIOTHIO POTALIMOHHOM Me4YaTH B IO PHBIX KOOP-
nuHatax High-Speed Rotative AM (HSR) ¢ momoInso
[1be303/IeKTPUUECKUX CTPYHMHBIX IIeUaTaIoIIUX T0JI0-
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bench surface. When describing the STEP technology,
I always give the example of traditional printing pro-
cess, according to which the printing machines deliv-
ers the image to a rolled base material by impression
using a stencil, a mould and electrophotography.

Almost the same principle is applied in this case, but
the place of stencil is filled by the build and auxiliary
material. The final product made of technical amor-
phous or semi-crystalline thermoplastic is isotropic
along all three axes with the possible full-color print-
ing and multi-material printing. The cost per part and
the surface quality are comparable to the traditional
production results. It’s very breathtaking, isn’t it? Such
systems are very difficult-to-copy (reverse-engineering)
and can only be used on an industrial scale. This is
almost exactly what we need: extremely fast and rela-
tively small-footprint solution with the ability to print
really massive parts, given the large table dimensions.
It is significant that this technology can be protected by
a number of uncommon patents.

Tritone Technologies was founded in 2017 [7]. Its
heart is the unique MoldJet hybrid technology that com-
bines 3D printing technology described by an umbrella
term of MJM (Multi Jet Modeling), MBJ/BJT (Metal
Binder Jetting/Binder Jetting Technology) (Fig. 8),
and traditional MIM/CIM (Metal/Ceramic Injection
Molding).

This technological solution allows to make a layer-
by-layer casting mold from the support material using
a piezoelectric jet head and immediately fill its cavities
with a build material made of a metallopolymer (MIM)
or ceramic-polymer (CIM) composition. There is no only

Puc. 11. lMpouedypa 3ameHbl cekyuu 3d-npuHmepa
AMpolar c noaspHoli cucmemot KoopouHam, Komna-

Hus dp Polar GmbH [15]

Fig. 11. Replacement procedure for the AMpolar 3D printer
section with a polar coordinate system, dp Polar GmbH [15]

Puc. 12. Busyanusayus 3ameHbl CeKUUU pomopH020 CmMoAna
mexHono2uu HSR, Komopas moxkem ocyLwecmansimbcs Kak
uenosekom, max u PTK, komnanus dp Polar GmbH [15]

Fig. 12. Visualization of the HSR rotary table section replace-
ment to be performed both by a person and by the robotic
system, dp Polar GmbH [15]
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Puc. 13. HaneyamaHHble KOMNOHeHMbl 3AeKMpPOHHbIX
ycmpoticma AME, komnarus (Nano Dimension Ltd [16])
Fig. 13. Printed electronic components, AME (Nano Dimen-
sion Ltd [16])

Puc. 14. KomnoHeHm HocumoU 3AeKmpoHUKU, NOAHOCMbIO
Hane4amaxHbll Ha 3d-npuHmepe, CNOCO6HbIL NPUHUMAMb
bopmy mena yenogexa uAu xugomHozo (Hansjorg Wyss
Institute for Biologically Inspired Engineering at Harvard
University [17])

Fig. 14. A completely 3D printed wearable electronics compo-
nent capable of taking the shape of a human or animal body
(Hansjorg Wyss Institute for Biologically Inspired Engineering
at Harvard University [17])

BOK Xaar 1003 aHITIHICKOTO IIpou3BoAuTens Xaar [12].
KoHe4yHO >Ke, TaKue TOJIOBKU IIpefHa3sHaudeHBl )i
TeXHOJIOTUH CTPYHMHOIO0 HaHeceHHS (OTOIOIHMe-
poB MJM (momobHasi TEeXHOJIOTHUSI HCIIOJIb3yeTCs
y 3d Systems, Inc - MultiJet Printing [13] u y Stratasys,
Inc - PolyJet [14]).

Emre ¢ 2019 roga dp Polar 3asgBuia o cebe KaK 0 KOM-
[IaHWH, LeJbI0 KOTOPOM SIBJSIETCSI ITOKOPeHHe IIPo-
MBIIIJIEHHOTO KaCTOMHM3HMPOBAHHOIO IIPOM3BOACTBA
¢ nomoIupio AT. 3asBseTcss CKOPOCcTb okosio 10 s1/4ac
C IOTEeHIIUAJIBHBIM 00BEMOM IIOCTPOEHHUSI B Oymy-
IeM 3a OOMH LMK/, paBHBEIM 700 . ABTOMaTH3aLlHs
pellleHa 37eCh OYeHb 3JIeraHTHBIM obpa3om. OpHa
K3 BOCBMH CEKLIUK POTOPHOIO CTOJIA B JIFOOOM MOMEHT
BpeMeHH MOXeT OBITh 3aMeHeHa BPYYHYIO HIH
¢ moMmompio PTK Ha COBepIIEHHO ITYCTYH MM CIie-
LIMAJIPHO ITOATOTOBIEHHYIO IS IIeYaTH KaKoro-mubo
GYHKUMOHAIBHOTO CJI0S1 MM 3JIeMeHTa (pHC. 11-12).
Jajee cekLMg MOXKeT IlepelaBaThCsl Ha CIeLYIOIIYIO
TeXHOJIOTUYeCKYI0 OIlepallHio, HallpUMep pacTBope-
HUS MaTepHaja IIOAJePsKKH.

Kommanus dp Polar CmbH yske roBoput o Bo3-
MOXKHOCTH HCITONIB30BaHUS ee cucteM AMpolar mis
My/JIBTUMATEPHUAIBHON IIeYaTH, BKIOYas 3d-medarts
37IeKTPOHHBIX KOMIIOHeHTOB AME (anrn. Additive
Manufactured Electronics) (puc. 13) Ha J106BIX IIOBEPX-
HOCTSIX M MHOTOCJIOMHBIX CTPYKTypaX TOKOIIPOBO-
OAINMMU YepHIJIAMU H OU3JIeKTPUKaAMHU, BKIIOYas

one such innovation in the invention of Israeli develop-
ers. The entire process takes place on a carousel (Fig. 9),
consisting of 4-6 platforms that are alternately moved
under the process device (printing, primary heat treat-
ment, control). The declared efficiency is 220 cm® - 1600
cm® for the Dim and Dominant systems, respectively [8,
9]. In this case we see rotation as a logical method of
compaction, acceleration and automation of full-scale
production. It is unfortunate that the process is not
truly continuous, as in the case with photopolymer res-
ins (we will talk about it a little bit later), but is inher-
ently discrete.

In 2021, Stratasys, Inc. presents several surprises at
once in the form of an amazing concept of rotary J5
DentaJet, J5 MediJet, J35 Pro, J55 Prime 3D printers (Fig.
10) with a polar coordinate system [11]. The presented
printers are good at everything: stunning design from
the BMW designers, inherited from the FI23 fam-
ily FDM; high capacity; multi-materiality; reliability;
portability. In general, it has all properties that are
expected by the most demanding consumer from the
office color 3D printing. One would think that this is
the dream concept of the future printer! However, the
limitations are the low performance parameters of the
resulting products made of photopolymers, as well as
an insufficiently high level of automation.

Forgive me, dear reader, but the last “fruit” for our
still life does not correspond to the previously accepted
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HOCHMYIO 37IeKTPOHHUKY (aHri. Wearable Electronics)
(puc. 14). IMeHHO 3Ta KOHIIENILMS, II0 MOeMy MHe-
HUIO, MOJKET JIeXKaTh B OCHOBe Pa3paboTKU IIPUHTEepa
6ymymiero.

BbIBObl

CerogHss MBI CTAaHOBHUMCS CBHUIETe/ISIMHU He IIPOTO-
THUIIOB M [IeMOHCTPAaTOpPOB, a JOCTOMHBIX CEePUHHBIX
3d-npuHTepoB, penTedy 6ymyero AIl, COBMeINAOIIX
B cebe MyJIBTHMAaTepPHATBHYI0 M MHOTOKOMIIOHEHT-
HyI0 Ile4aTh (IIJIACTMACChl, J1eKTPOHHKA, MeTal/IHl,
KepaMHKa) 32 OAUH TeXHOJOTHYeCKUH LMK/, HallpH-
Mep C IIOMOIIBIO Mbe303/IeKTPUYeCKUX IOJI0BOK. IIpH-
YyeM aBTOMAaTH3allMs JOTHMYHO M YCIeILIHO pelleHa
HIIH 6YL[eT pemeHa ¢ nmomoinbio PTK. Takoe 6e3Iromn-
HOe IIPOM3BOACTBO BIIOJIHE MOJKET 3aHSTh CBOE MECTO
B LUPpoBBIX «dabpurax b6ymymero», ocBoboskmas
4yejioBeKa OT PyTHHHOIO TPyAa.

Bocmone3yroTca M TaKUMHK PpelleHHSIMH paspa-
OOTUYHMKH CHUCTEM AJISI CEPUHHOIO aJAUTHBHOIO IIPO-
13BoACTBa? Kak oHU 6yAyT pelnaTh BOIIPOCH aBTOMa-
TrU3auuu? [IosKalyi, y Hac oCTaeTcsl [Ba BapHUaHTa:
IIOKOPHO >KIATh OTBETHI HAa CBOM BOIIPOCHI MJIM BCTY-
IIUTh B PSiABL pa3paboTUMKOB, C CAMOr0 Havajia Halle-
JIMBasCh Ha pellleHHUs /ISl KOMIIJIEKCHOM aBTOMaTH3a-
LMY aJJUTUBHOIO IIPOM3BOJCTBA.
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chronological sequence of my story. It has been done
intentionally to make meaning perfectly plain at the
end of this review. The German company dp Polar
GmbH [2] uses the rotational printing technology in
polar coordinates titles “High-Speed Rotative AM (HSR)”
using the piezoelectric ink-jet print heads Xaar 1003
by Xaar [12]. Of course, such heads are designed for
the MJM inkjet photopolymer deposition (a similar
technology is used by 3D Systems, Inc.- MultiJet Print-
ing [13] and by Stratasys, Inc. - PolyJet [14]).

Since 2019, dp Polar has purported to be a company
aimed to conquer the industrial customized manufac-
turing using the AT. The declared rate is about 10 1/h
with a potential future build volume of 700 1 per cycle.
Automation is implemented in a very elegant way. One
of the eight sections of the rotary table at any time can
be replaced manually or by RS with a completely empty
one, or with a section specially prepared for printing
any functional layer or element (Fig. 11-12). Further,
the section can be transferred to the next process stage,
for example, for the support material dissolution.

dp Polar GmbH is already talking about the possible
usage of its AMpolar systems for multi-material print-
ing, including 3D printing of AME (Additive Manufac-
tured Electronics) electronic components (Fig. 13) on
any surfaces and multilayer structures with the con-
ductive inks and dielectrics, including any wearable
electronics (Fig. 14). In my opinion, this concept may
lie at the root of the future printer development.

CONCLUSIONS

At present, we are witnessing not the prototypes and
demonstrators, but the worthy commercial 3D print-
ers, the forerunners of the future AM, combining the
multi-material and multi-component printing (plas-
tics, electronics, metals, ceramics) in one process cycle,
for example, using the piezoelectric heads. Moreover,
automation is logically and successfully implemented
or will be implemented using the robotic systems. Such
unmanned production may well take its place in the
digital “plants of the future”, while relieving a person
from routine work.

Will the system developers for full-scale additive
manufacturing take advantage of such solutions? How
will they solve the automation issues? Perhaps we are
left with two options: to obediently wait for the answers
to our questions or to join the ranks of developers, from
the very beginning zeroing in on the comprehensive
automation solutions for additive manufacturing.
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