THREE- DI MENSI ONAL PRI NTI NG APPARATUS AND PRI NTI NG METHOD THEREOF BACKGROUND
OF THE I NVENTION 5Field of the Invention [0001] The present invention
generally relates to a printing apparatus and a printing nmethod thereof.
More particularly, the present invention relates to a three-dinensional
printing apparatus and a printing nethod thereof. Description of Related

Art 10[ 0002] . There ar ifferent technol ogi yrrentl dto build
ohysi cal ¢ AHREE DLRERPNAL RS dING APRA AT S N Bk i Bfeng
technol ogy, for exanple, buildi by |l ayer. Typically, a
virtual design of the 3-D nodg{l&%ﬂ'gbﬁigl@@é%epr esented through
conput er - ai ded design (CAD) software or the like, is transfornmed into a
plurality of thin (quasi-two-dinensional) cross-sectional |ayers which
15are built on one another in succession. [000% There are a nunber of
known ways in which the BAGCKSRANRL LR THRANVENHON may be fornmed. For
exanple, a printing head is usually installed in a manner that it can be
noved sabdvedaf ttedaventioan X-Y coordi nate to extrude or deposit material in
correct shape of the cross-sectional |ayer by reference to an X-Y-Z

coor di nayg§o130 ¢H@?Fé&ﬁtiﬁ\¢erﬁibﬁ;qefwéiﬁlﬂé]ét€§{o A9Rh@Ry SHafatud AR PRAGHG €d

mat eri al may then harden natur y or be cured by, for exanple, powerful

19Nt SOy &Rad therebP" bR APRI AR 1! 982 RE RNl @48 a three-dimensional

printing apparatus and a printing method thereof.

Description of Related Art

10 [0002] There are many different technologies currently used to build physical
three-dimensional (3-D) models using additive manufacturing technology, for example,
building a model layer by layer. Typicaly, a virtua design of the 3-D model, for
example, represented through computer-aided design (CAD) software or the like, is
transformed into a plurality of thin (quasi-two-dimensional) cross-sectional layers which

15 arebuilt on one another in succession.

[0003] There are a number of known ways in which the thin cross-sectional layers
may be formed. For example, a printing head is usualy installed in a manner that it
can be moved above a base in an X-Y coordinate to extrude or deposit material in
correct shape of the cross-sectional layer by reference to an X-Y-Z coordinates

20  constructed from the virtual design data. The deposited material may then harden
naturally or be cured by, for example, powerful light source, to form the desired
cross-sectional layer.

[0004] However, these technologies aso impose limitations. For example, such
planar layer additive technologies exhibit poor surface qualities due to X-Y plane
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[ 0004] However, these technol ogies also inpose limtations. For exanple,
such planar |layer additive technol ogi es exhibit poor surface qualities due
to X-Y plane terracing when 3-D nodels are in circular or curvy shape.
Therefore, the conventional planar |ayer additive technol ogies are
unsuitable for fabrication of three-dinensional objects with curvy
contours. There renmins need for an apparatus capabl e of fabricatjng
Conpl ex  AFEFCLI WS ¢-DhRIoRElS AR STsUAh oSGy | St tog-CopuEnRENT! On

[ 0005] Accordingly, the present invention is directed to a

t hr ee- di rpkanel baysl agditivie itephnalppigs Are snsuiicblie fiondalistoatien of deieedimersianad bett er
printing quality. [ 0006] The present invention is directed to a nethod
for fabrioppicingita dlH\reetalirsre MHiepe abmaibi e tnewd tfor bRt dpperaies cdpableoof and
quality [0007] The present invention provides a three-dinensional printing

apparatu e [ i | fERsi onal object froma nodel
of the tﬁ?@‘tﬁa@ﬁ%ﬁg@%gﬁ@%@@%@g@@ﬁpggtjn I 'mensi onal printing apparatus
includes a rotary base and a printing head. The rotary base has a carrying
surface and is configured to rotate about a first axis and 15 shift al ong
the first axis. The printing head is di sposed above the rotary base and
configured to shift al ong SUNMARY QkiTHEINWENdICN| ar to the first axis for
di spensi ng successive layers of building material onto the carrying

sur face. [0005] supcesrsingsy, ttiaeyereseno fnvedii drdisdirecries iasthreeali metdienal printing

t hree- di nensi onal object. The di spensing shape of each |ayer of the

bui | di ng ﬁtruisWhiéiﬁ}#%&t&‘?g?oﬂﬁdnhﬁldrb%&ét[{;%n@hFélng. rotary base about the

first 20axls, the shitting e rotary base along the first axis and the
shifting [8606t]heT é'?)%'n invention is directed to a method for fabricating a

10  three-dimensional object with better resolution and quality
[0007]  The present invention provides a three-dimensiona printing apparatus suitable
for fabricating a three-dimensional object from a model of the three-dimensional object.
The three-dimensional printing apparatus includes a rotary base and a printing head.
The rotary base has a carrying surface and is configured to rotate about a first axis and

15  shift aong the first axis. The printing head is disposed above the rotary base and
configured to shift along a second axis perpendicular to the first axis for dispensing
successive layers of building material onto the carrying surface. The successive layers
of building material form the three-dimensional object. The dispensing shape of each
layer of the building materia is decided by the rotation of the rotary base about the first

20  axis, the shifting of the rotary base aong the first axis and the shifting of the printing
head along the second axis.
[0008] The present invention further provides a method for fabricating a
three-dimensional object by the three-dimensional printing apparatus described above.

The method includes the following steps. Firstly, a model of the three-dimensiona
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head al ong the second axis. [0008] The present invention further provides a
nmet hod for fabricating a three-di nensional object by the three-dinensional
printing apparatus described above. The nethod includes the follow ng
steps. Firstly, a nodel of the three-dinensional object including a
plurality of cross sections is provided. Then, a plurality of noving
paraneters.is. optained accordi ng to .each crass section of the nodel. The
Dt & ng CRiss i B Y B SRUOR T brRed” oo an el ChTTY HD | ho
novi ng paraneters for the printing head to di spense successive |ayers of

bui | di ng paeaRaterais eiai oed aasoksking ipiaagh €063 seckorsolf thetmeodebt arhie wukiegtead or m t he
t hr ee-di nensi onal object. [0009] According to an enbodi nent of the present

i nvent i oraind tthee rtay asiseli Seortiofl bélto mdvetaicagdﬁgnartaé uoving pétameterciondes a
control unit, coupled to the rotary base and the printing head for

cont ol | iy hd B T8N hboclife LY Ty ABfbria6nB i tel ffhd/1Eftke [ 0010)

Accordin ment of t resent ention, the control unit 10
controls e rota ase t ot atee about, the first axis according to a

r ot at?ngoﬁ) eiﬁga%ﬁgsﬁg%l?qgﬁﬁ?h?@eg'ﬁ%enﬁwgr@%&se to shift along the first
axis according to a first shifting parameter obtai ned fromthe nodel.

[0011] AdCRSdi ndceddiy terdhrmbashnefof (the presery d Aventian.etheitiies-dirnensiasyt r ol

unit controls the printing head to shift along the second axis according to

a second peilntihg iapgaratos partiaarahe udeoa aomes dritprotbied i@ ded rotdr)ddad aAd cles di ng to
an enbodi rent of the present invention, the three-dinensional printing

oD L WA B B PR o UM it ol Ui
[0010] According to an embodiment of the present invention, the control unit
10  controls the rotary base to rotate about the first axis according to a rotating parameter
and controls the rotary base to shift along the first axis according to a first shifting
parameter obtained from the model.
[0011] According to an embodiment of the present invention, the control unit
controls the printing head to shift along the second axis according to a second shifting
15  parameter obtained from the model.
[0012] According to an embodiment of the present invention, the three-dimensional
printing apparatus further includes a pulley assembly, coupled to the control unit for
carrying the printing head to shift along the second axis.
[0013] According to an embodiment of the present invention, the pulley assembly
20 includes abelt and at least one pulley. The belt extends along the second axis, and the
printing head is disposed thereon. The pulley is connected to the belt for driving the
belt to move along the second axis.

[0014] According to an embodiment of the present invention, the three-dimensional

printing apparatus further includes at least one motor, coupled to the control unit and
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[ 0013] According to an enbodi nent of the present invention, the pulley
assenbly 20 includes a belt and at | east one pulley. The belt extends al ong
the second axis, and the printing head is disposed thereon. The pulley is
connected to the belt for driving the belt to nove along the second axis.

[ 0014] According to an enbodi nent of the present invention, the

t hr ee- di nensi onal rinti apparatus, further includes at | east one tor,
el ed danaeEetda 1Be itaites BR AT Sl ber G bree i Sk dost thedasrare g vi ng
the rotary base to shift along the first axis and rotate about the first

axi s. [O0atsle houidhefing akis. an enbodi ment of the present invention, the notor
further includes a first nmotor and a second notor. The first notor drives

t he rot anfgoisseAccortisiy {d anl eittbdihent ofr Be poeksht iavishtiohe tiseamist fupther dri ves
the rotary base to rotate about the first axis. [0016] According to an

e odi ot ; . . ISP e | |
enbo '”e”ﬁ%lﬁrﬁeeﬁ r L hiot6nd Q%&J&hﬂ‘?ﬁotfrt ‘irﬂéii\r(:%fc g@ﬁrﬁdgl%%%&ﬁ&b&%@t@ horna

vect or 01'J carrying surface. 00 ment of
the presept LBvention of 0eg SRl hSiol Briv QPR bkl MG g
first axis.
[0016] According to an embodiment of the present invention, the first axisis parallel
to anormal vector of the carrying surface.
[0017] According to an embodiment of the present invention, the second axis is
10 parald to the carrying surface.
[0018] According to an embodiment of the present invention, the three-dimensional
printing apparatus further includes a spool for providing the building material to the
printing head.
[0019] According to an embodiment of the present invention, the moving parameters
15  include arotating parameter, afirst shifting parameter and a second shifting parameter.
[0020] According to an embodiment of the present invention, the step of controlling
the movements of the printing head and the rotary base according to the moving
parameters includes the following steps.  Firstly, the rotary base is controlled to rotate
about the first axis according to a rotating parameter. Next, the rotary base is
20  controlled to shift along the first axis according to a first shifting parameter obtained
from the model.
[0021] According to an embodiment of the present invention, the step of controlling

the movements of the printing head and the rotary base according to the moving

parameters includes that the printing head is controlled to shift along the second axis
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[ 0018] According to an enbodi nent of the present invention, the

t hree-di nensional printing apparatus further includes a spool for providing
the building material to the printing head. [0019] According to an

enbodi ment of the present invention, the noving paraneters 15 include a
rotating paranmeter, a first shifting paraneter and a second shifting

par anet er 020 Accord ng to an e t of the present invention, the
step of @6?& 8'6‘9It ﬁ&eqq}g ?'@etsrfantﬂaaﬂprﬁ‘ttﬁﬁﬁ‘oﬁgad and the rotary base
according to the noving parameters includes the follow ng steps. Firstly,
the rot a%QOZi’éseAicsordb@tw@nIewowmenbofalthe pagseiti nvend on; the sucoestvedays di ng to a
rotating paraneter. Next, the rotary base is 20controlled to shift al ong

the firsthubding nasgatl dbrﬁl@pbﬁdﬁ)tﬁébﬁissgé@:tlbhs&djfgh@ﬁfoﬂélﬁrbﬁfecmm i ned fromthe
nodel . [0021] According to an enbodi nent of the present i nvention, the step

of cont rgb{ﬁﬁ@ BASA BN FERBLSI oA Bntd@:rllﬁ(é:('li %db rﬂﬁﬁ@%r%ﬂ( ihD&t 'Lroﬂtﬂ‘L %@5

accordin t he novi ng para ferersn pr|n b

par amst el RO R BRBIETaeN S SPEBEb o AU A0 L0 MBI of Che

pr esent |nvent|on the successive |layers of building material correspond to
the cr osdirgewis awsheprinting heedés suitebleder shiféing along the second axis according to

the cross sections of the model of the 3-D object, while the printing head dispenses
successive layers of building material onto the rotary base to form the 3-D object from
the model. Thereby, unlike the conventional 3-D printing apparatus which the base

10  thereof is not rotatable and can only shift along the X-Y coordinates, the 3-D printing
apparatus having the rotatable rotary base can provide better surface qualities without
X-Y plane terracing when 3-D models are in circular or curvy shape. Therefore, the
3-D printing apparatus of the present invention has better resolution and better printing
quality.

15

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The accompanying drawings are included to provide a further understanding

of the invention, and are incorporated in and constitute a part of this specification. The

drawings illustrate embodiments of the invention and, together with the description,
20  serveto explain the principles of the invention.

[0025] Fig. 1illustrates a perspective view of athree-dimensional printing apparatus

according to an embodiment of the invention.

[0026] Fig. 2illustrates a perspective view of the three-dimensional object in Fig. 1.

[0027] Fig. 3illustrates a perspective view of the rotary basein Fig. 1.
-5



[ 0023] Based on the description described above, in the present invention,
the rotary 5 base of the 3-D printing apparatus is suitable for shifting
al ong and rotating about the first axis and the printing head is suitable
for shifting along the second axis according to the cross sections of the
nodel of the 3-D object, while the printing head di spenses successive

| ayers of | diLn terial nto the rota e to . formthe 3-D. object
From ¢ he [P0 * FiEbdnBisgiatcha figw Soord ot suhad B drrs2ng AR i apisaPht us
whi ch the base 10 thereof is not rotatable and can only shift along the X-Y
coor di natobject phdheshree-gimensiangl prppangeppgatiaii hig. Lhe rot atabl e rotary base
can provide better surface qualities without X-Y plane terraci ng when 3-D
nodels are in circular or curvy shape. Therefore, the 3-D printing
apparatus of the present invention has better resolution and better

printing quality. 15 BRb@_SC% Blg‘{-lgtl\)l- WI-NSS [ 0024] The

acconpanyi ng draw ngs are her under st andi ng of

the inve are i.ncor ora i d constl u part of thi

spec 11 a8l ReScEwiflgont @‘fer'a#étaﬁﬁa PisferfetRgBRTSR and,
together with the description, 20serve to expl ain the principles of the

i nvent i orihe [ipgEpn, FEWM%quuwthht ae Hlystrpted eiet thee ageampanying drawings.

t hree- di nensi onal printing apparatus according to an enbodi nent of the

i nvent i olWhéreds 6poskibs, tRe ishinasiefepdree ruUNIEH'S REE Ubace i1V itieyvdedvihdgee and the

t hree-di nensional object in Fig. 1. [0027]Fig. 3 illustrates a perspective

view of g fifbA%Y PRI tHdsafrler like parts.

[0030] Fig. 1illustrates a perspective view of athree-dimensional printing apparatus
10 according to an embodiment of the invention. Referring to Fig. 1, in the present
embodiment, the three-dimensional (3-D) printing apparatus 100 is suitable for
fabricating a three-dimensional (3-D) object 10 from a model (not shown) of the 3-D
object 10. The model may be built by, for example, computer aided design (CAD) or
animation modeling software, etc., and the model is dliced into a plurality of cross
15  sections for the 3-D printing apparatus 100 to use as a guideline for printing, such that
the 3-D printing apparatus 100 reads the model to fabricate the 3-D object 10 from the
cross sections of the model.
[0031] In the present embodiment, the 3-D printing apparatus 100 includes a rotary
base 110 and a printing head 120. The rotary base 110 has a carrying surface 112 for
20  carrying the building material from the printing head 120. The rotary base 110 is
suitable for rotating about a first axis A1 and shifting along the first axis A1. The
printing head 120 is disposed above the rotary base 110 and configured to shift along a
second axis A2 for dispensing successive layers of building material onto the carrying

surface 112 to form the 3-D object 10. In the present embodiment, the 3-D printing
-6-



[0028] Fig. 4 illustrates a flow chart of a nethod for fabricating a

t hr ee-di nensi onal object by the three-dinensional printing apparatus in
Fig. 1. DESCRI PTION OF THE EMBODI MENTS 5[ 0029] Reference will now be nade
in detail to the present preferred enbodi nents of the invention, exanples
of which are illustrated in the acconpanying draw ngs. Werever possible,
the sanme refere nynbers are used Ji he draw ngs, and the description to
Fofer 1o AR08 SRRty o S5 e forpevidiy T bl dipe S G s« e
view of a three-dinensional printing apparatus 10 according to an

enmbodi memringng thead {1AQ.eand te. buRelfngr mateak tnckidgs liguid, movvaler, faperedit sheet

enbodi nent, the three-dinensional (3-D) printing apparatus 100 is suitable

for fabringatiaor any dtheesuitbirenst@ihl (3-D) object 10 from a nodel (not
shown) of the 3-D object 10. The nodel may be built by, for exanple,

conput er ghegd i rgfég’) Sp%etli' ] N ne, ; d the
nodel is [g?%edgﬁﬁ?gméép uraaéél?ty o\{‘m%:llrags%é §9e§§?§ﬁé%rl'tr@§??)g gd:i nti ng
apparatu 00 to use.as a guideline for printin uch that the 3-D

ot eng Paltpaiond 60 il % e el i By i fensiin o 23 metidEi®io 1 om
the cross sections of the nodel . [00.315( I'n the present enbodiment, the 3-D
pri nti ng tagediret ads Ado Herai ndbe figst psisay i shtps exampleahg Zaaps sawmig Hgad 120.
The rotary base 110 has a carrying surface 112 for 20 carrying the building
mat er i al 2 aqunstgaeal et iod harghaheestiorla? Qhe ddreyimgpdafage baze Ad(bngssshe ssabhce f or
rotating about a first axis Al and shifting along the first axis Al. The

printing Qead %%@dfgﬁ(ﬁ%ﬁt@ ; smearfo%%aéu@%%é%&pgggsﬁr@&fei%w ed to

shift along a seco axi's A2 for dispensing successive yers of bullding
TR et Al e RS BT T B0 of e S SAD BB el

10 A2. The shape of each layer 12 of the building material shown in Fig. 2 is decided by

Q

the rotation of the rotary base 110 about the first axis A1, the shifting of the rotary base
110 aong the first axis A1 and the shifting of the printing head 120 along the second
axis A2. The X-Y-Z coordinates of the 3-D object 10 may respectively correspond to
the X-Y-Z coordinates of the model of the 3-D object 10, and each layer 12 of the 3-D
15  object 10 respectively correspond to a cross section of the model of the 3-D object 10,
such that the successive layers 12 of the building material form the 3-D object 10.
[0033] In detail, the 3-D printing apparatus 100 further includes a control unit (not
shown) coupled to the rotary base 110 and the printing head 120 for controlling the
movements of the rotary base 110 and the printing head 120. To be specific, the
20 control unit controls the rotary base 110 to rotate about the first axis A1 according to a
rotating parameter 61 and controls the rotary base 110 to shift along the first axis Al
according to afirst shifting parameter Z1, wherein the rotating parameter 6 and the first
shifting parameter Z; are obtained from the cross sections of the model. In addition,

the control unit aso controls the printing head 120 to shift along the second axis A2
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apparatus 100 further includes a spool 160 for providing the building
material to the printing head 120, and the building material includes

| i quid, powder, paper or sheet nmaterial or any other suitable nmaterial.
[0032] Fig. 2 illustrates a perspective view of the 3-D object in Fig. 1.
Referring to 5 both Fig. 1 and Fig. 2, in the present enbodi nent, the
second axis A2 is perpendjcular to the first i S . Herein, the first
oo etorfige' B, PR hind baiaelel Renuptiined g She gk Sadtions B e Lo a
normal vector of the carrying surface 112. As |long as the second axis A2 is
per pendi ¢oodgt. thamély, the cemtrelxing cantrelsdhe wtasy base 0 toaneveeaceardingitaghe ur f ace
112, the present invention does not |imt the direction of the first axis
Al and t herregoaditiggxrand&sAR, ZTobtaieapieonfthe agdss! @yttonsler ke mbedl bemd di ng
material shown in Fig. 2 is decided by the rotation of the rotary base 110

about th IS 5% & ; t %Sﬁ@g anoy t he
first ax?gﬁ%l%ip}%‘ﬁ?ﬁtg‘@sbﬁ?aﬁl% r?;taorb&\ﬁgzcgﬁnﬁéﬁ)ng%h%% 1 ﬁlglléeggﬂ%the s%cond
axis A2. e X-Y-Z coordinates of .the 3-D object 10.may r tivel

cor £ edportiain Hafbe % BBERn f 44 FiodeuTiEdEe pBR 0o BREBEE 0. and
each layer 12 of the 3-D 15 object 10 respectively correspond to a cross
secti on GHCGERRVEISHEE Obbuitdieg marighprie therotary base 1f1AAe farAethedde &BiervE0 | ayer s
12 of the building material formthe 3-D object 10. [0033] In detail, the
3- D pri ntfiongthempessatationd 60theunddeer i ncl udes a control unit (not shown)
coupled to the rotary base 110 and the printing head 120 for controlling

t he nove OFid 3811 1Ry 1R 80 Of ol Bhde'td Figad  Referrid§ide
, t L ase gte about

specific 20 “control uni ontrols the rotary 10 to rot

the first_axjs Al_acgordjng to rotatin ar ter.1 and con | s_t he
rotary bdie b F00va0eR; b sl s RLERT bihuny APiulS B8 ial

shifting paraneter Zi, wherein the rotating paraneter |and the first

shi f tiong pAvdamat Ry leyj asaprablybl3 MaUCt ivgpemed ¢p dbe copiceli BAis of he well@bdel . In
addition, the control unit also controls the printing head 120 to shift

al ong t hesssatynti3@xickidé®a belt €82 enchg |east anspu eyd 3ghi The pantpray lkead 120 | i
obtained fromthe cross sections of the nodel. Nanely, the control unit

control s idBsiPbAT thePRSE 133 CoddndiRY 8 R CPEERoNd AxisA 2COrHRSRANS T3y

paranmeters 1, Zi obtained fromtheé croSs sections of the nodel, "and

par amot orenper BREPALERS ok v P KL TEERY Mof€albPo SR BIORANLC, e

printing head 120 di spenses successive |layers of building material onto the
rotary b &80 LAWY tthe Peping Readz129 Bbﬁ@fital(irﬁg theosrceirt 26 dvd BEHEiNgAQ the t he

nodel. [0034] Fig. 3 illustrates a perspective view of the rotary base in
Fig. 15. Redomdrshiiging parameter Y 1.

[0035] In addition, the 3-D printing apparatus 100 may further include at least one
motor (illustrated as two motors 140, 150), which is coupled to the control unit and
connected to the rotary base 110 for driving the rotary base 110 to shift along the first
axis Al and rotate about the first axis AL.  In the present embodiment, the 3-D printing
20  apparatus 100 includes a first motor 140 and a second motor 150 disposed under the
rotary base 110 as shown in Fig. 3. The control unit controls the first motor 140 to
drive the rotary base 110 to shift along the first axis A1 according to the first shifting
parameter Z;, and control the second motor 150 to drive the rotary base 110 to rotate

about the first axis A1 according to the rotating parameter 6.
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Fig. 1 and Fig. 3, in the present enbodinent, the 3-D printing apparatus
100 may 10 include a pulley assenbly 130 which is coupled to the control
unit. The pulley assenbly 130 includes a belt 132 and at | east one pulley
134. The printing head 120 is di sposed on the belt 132 extending al ong the
second axis A2. The pulley 134 connected to the belt 132 for driving the
belt 132 ve al gng the. secqnd . axjs A2, so_as to.carry the printing head
190 to shOME ol Dl e SBRsiRD SsEruDoh bRvEn 1 g 96 TH G BREES AGO SR ( g
par aneter Yi. EOOBS] In addition, the 3-D printing apparatus 100 may

furt her icaptreldee sataydwse 1Hh shift alongithe fikst e¢s &d ansl rotete ahoubthe firgioexisa 50)
which is coupled to the control unit and connected to the rotary base 110
for dri vixmgadchelingtoathy corepoidifg arapitidrs ZalGangnd dueitrbi thetpriating hééd @2al rotate
about the first axis Al. In the present enbodi nent, the 3-D printing 20

apparatu i H%egef LS th I BF it Fﬁﬁﬁ hsposed
under thzor%@?[aélgﬁ%ase %Jgé§é10m8fdﬁﬂ$fbg%g90ﬁ e ggﬁté’% %trelril??'c\ghlféf)ols t he
first notor 140 t rjiye . the rotary base 110 ta shift along the first axis
A " acdor dipong fe 1S aRet R E Tt bl il BB (R0l ong
notor 150 to drive the rotary base 110 to rotate about the first axis Al
accor di ndpase 141G dorfermat theg3-baohiest 4P from theodegiel w TTherehe hiespEs ptinibirg

descri bed above, the 3-D printing apparatus 100 may control the rotary base

110 to shapparambdng dahrdvides bettexisarfAle qutitieoiviibie 3ab onddd harefin cirtulaxos Al
according to the corresponding paraneters Zi, 1, and control the printing

head 120 Chwa%?ﬁéémghdetgg bR&S Pty ?ﬁﬁ‘a@%m@mm@st o the correspondi ng

par anmet er Yi, e bt rinting 120 di spens successi ve | ayers of

the. moaol OB o Eig, ATk’ 8 ek 7 & idtbod e " R5ebf e dthSiiorel, "

surface qualities when 3-D nodels are in circular or curvy shape since the
rotarly) b&biect by the breesdi geas pea \iintiad gppareiuadn H®ol7]Rekergng40iFig. s entit es a
flow chart of a method for fabricating a three-di nensional 10 object by the
t hr ee- di rRigsl, oméle gresent ermbodi preat, aheimethod Fogfabili catiRef the 3D @bjest O ¢y the and

Fig. 1, in the present enbodi nent, the nethod for fabricating the 3-D

obj ect 1G.ByyihhRg ép;%r&ﬁé 160 AscARRAdRYE fhck s BHRIBIHRRE APV eFira 6k Bies the

followi ng steps. First of all, a nodel of the 3-D object 10 is provided

dosi gn (52 O PerRen ST aSeRh b tStpng) "t B A o BEB Sk en Vs cea
into a plurality of cross sections for the 3-D printing apparatus_100 to
f abri cat &0k & copjpeter aipigd deggn (G Dg 0p 381 maien inpppleling Software, etc.  The

15 model is dliced into a plurality of cross sections for the 3-D printing apparatus 100 to
fabricate the 3-D object 10 from the cross sections.
[0038] Then, a plurality of moving parameters is obtained according to the model
(Step S120). Herein, the moving parameters are obtained from each cross section of
the model, and the moving parameters include the rotating parameter 81, the first

20  shifting parameter Z; and the second shifting parameter Y1 mentioned above. The
moving parameters may be obtained by converting the cross-sectional information of the
model into the moving parameters 01, Z1, Y1 for the 3-D printing apparatus to read and
use as aguideline for printing.

[0039] Next, the printing head 120 and the rotary base 110 of the 3-D printing
-O-



[0038] Then, a plurality of noving paranmeters is obtained according to the
nodel (Step S120). Herein, the noving paraneters are obtai ned from each
cross section of the nodel, and the noving paraneters include the rotating
paranmeter 1, the first 20 shifting paraneter Zi and the second shifting
paraneter Yi nentioned above. The noving paraneters may be obtai ned by
converting the %r8ss-sect'onal infornﬁgion f the nodel int? thg Vi ng
par aret e8P alU5;100 gre eqryiropl gh tosmpve apqerdiifg, 1o, Kledai ng PRraMeess (e ‘as a
guideline for printing. [0039] Next, the printing head 120 and the rotary
base 110 Tée priléngheadsk20and ige rotasy Seset 119 ar®movedaceoith maliol teeicareespencing
according to the noving paraneters (Step S120). The printing head 120 and

t he rot amyowas parbivdtens & 1By &d chetsadirog the dros sofidre o et nfagelMo ionige
paranmeters Yi, 1, Zi obtained fromthe cross section of the nodel. To be

speci fi C,enbden :Q t ; ; iTst axis
Al accor 3P %ﬁ%’g%@&wgﬁ%ﬁlﬁég%@gﬁe@& Rj’f@%ﬁ’@ﬁﬁ?ﬁ%%ﬁ%ﬁ ﬁcgb P’l?rr]ittdéaxi s A
according to the first, shiftin ar ter Zi, while.th ripting.head 120
s conit r 6PPRR0 PR (01 AT MSGLDE TGRS Adaceotdipdiia e i, Lo
shifting paraneter Yi to dispense successive |ayers of building materi al
ont o t he PaEmEl Zawbila the pristing haact 129 is contemiedde shift, al engrthe recosd @sieds ve

| ayers of building material respectively correspond to the cross sections

of the nededrdingQo[06460d &iiftevgvyeerametbh¥ | 30l cispessevaicteasiee $ayefs dfubli itlimg
material may be cured by cooling, radiation or any other suitable curing

process, v } i i eSSy I \ ¢ | di ng
o Ol e i ot P10 19 0 e cors e shsat s |

material is in solid fo d fromt
rotary base 110 after the curin racess. [004 Ln. su e 3-D printing
ppar at uougP B el B e R P SR s L el o Lo it
al ong and rotate about the first axis, and controls the printing head to
shi f tloal dAQAA] he Adieuaiel, the Sdccaesivey! ayangoft i kdh meker AgnanbPerEed Py cedingi ned
fromthe cross sections of a nodel of a 3-D object, while the printing head
di spensesadiaomess iamg otlay exugalié doring Qiromessredoethieal-Dopbjectt @ foimhenr py llase t o
formthe 3-D object fromthe nodel. Thereby, unlike the conventional 3-D
printing sagfRasdd wyeMhbichuildify Paedid 1618 2blid Jof®t The 3-D object 10 is then
removed from the rotary base 110 after the curing process.
[0041] Insum, the 3-D printing apparatus of the present invention controls the rotary
15  baseto shift dong and rotate about the first axis, and controls the printing head to shift
along the second axis according to the moving parameters obtained from the cross
sections of amodel of a 3-D object, while the printing head dispenses successive layers
of building material onto the rotary base to form the 3-D object from the model.
Thereby, unlike the conventional 3-D printing apparatus which the base thereof is not
20  rotatable and can only shift along the X-Y coordinates, the 3-D printing apparatus
having the rotatable rotary base can provide better surface qualities without X-Y plane
terracing when 3-D models are in circular or curvy shape. Therefore, the 3-D printing

apparatus of the present invention has better resolution and better printing quality.

[0042] It will be apparent to those skilled in the art that various modifications and
-10-



20 rotatable and can only shift along the X-Y coordinates, the 3-D printing
apparatus having the rotatable rotary base can provide better surface
qualities without X-Y plane terracing when 3-D nodels are in circular or
curvy shape. Therefore, the 3-D printing apparatus of the present invention
has better resolution and better printing quality. [0042] It will be

apparent to those skilled in the art,. that various.nodifications and
T e aigieen D& e do HhiStuich i ot g Tapsehh v ristutnack Fepalfi B FM hout

departing fromthe scope or spirit of the invention. In view of the
f or egoi nghe BaopeLrispirigraiidbe iventieme |prweee ol they{aregaing it s/ietendedithat ¢he i ons
and variations of this invention provided they fall within the scope of the

fol | owi ngrekad inBerting cohe@i modiicationb and sariatdhd\df ihis iGLé&ltidaprovdded they fall 1. A

t hr ee- di nensi onal printing apparatus, suitable for fabricating a

three- di nRAR, ARALoREAE 1dioRh |H|W§And%eﬁ&gji&ah1érﬁ§' di mensi onal obj ect,
conprising: a rotary base, having a carrying surtface and configured to
rotate about a first axis 5and shift along the first axis; and a
print?ng head, di sposed above the rotary base and configured to shift al ong
a second axis perpendicular to the first axis for dispensing successive

| ayers of building material onto the carrying surface,



wherein the successive layers of building material formthe

t hree-di nensi onal 10 object, and the dispensing shape of each |ayer of the
building material is decided by the rotation of the rotary base about the
first axis, the shifting of the rotary base along the first axis and the
shifting of the printing head al ong the second axis. 2. The

t hr ee-di :@ﬂgﬂg&en‘gwgwl g apparatus as clained in claim1, further
c it

conpri si ; coupled to the rotary base and the printing head
for 15controlling the novenents of the rotary base and the printing head.
3. The three-Mdi renghree-dimensianel ngriaipigar apnaatas suigshied fom @Bdca&ing, aher ei n
the control unit controls the rotary base to rotate about the first axis

accor di nghriee-dimérgianial otg)eq droame hideladfdhe thirde-dihrientibeal fobjeat, Yolpasingo shi ft
along the first axis according to a first shifting paranmeter obtained from

the model . 20dore) Baddifindlh BBANNG Skl bR BPRT Ridis s GlrRtsTBeS | 1

claim?2, wherein e contr tcontrols t printing 1Tt al ong

t he second i.s,according to a second shifting paraneter obtained fromthe
nodel ? and%ﬁ%tam'@rﬁﬁﬂé%_%ﬁ- n@¥ki onal printing apparatus as claimed in claim

3, wherein the control unit controls the printing head to shift along the
second axis atRbitinonieadodigpossd ebave 16 motary: agea réiguEssh 19 g fangnd t he
nodel . 6. The three-di mensional printing apparatus as clained in claim
2, furtheecandrgxis pdrpendicuparltb elye £isst @risl fyr dispens redsucoessifve |ay@nd ofobuildimg  f or
carrying the printing head to shift along the second axis. 57. The
t hr ee-di rﬁ&éﬁ&%ﬁiotﬁéh&ﬁiﬁ@&ﬂ%@f atus as clained in claim®6, wherein the
wherein the successive layers of building material form the three-dimensiona
10  object, and the dispensing shape of each layer of the building material is decided by the
rotation of the rotary base about the first axis, the shifting of the rotary base along the
first axis and the shifting of the printing head along the second axis.
2. The three-dimensional printing apparatus as clamed in clam 1, further
comprising a control unit, coupled to the rotary base and the printing head for
15 controlling the movements of the rotary base and the printing head.
3. The three-dimensional printing apparatus as claimed in claim 2, wherein the
control unit controls the rotary base to rotate about the first axis according to a rotating
parameter and controls the rotary base to shift along the first axis according to a first
shifting parameter obtained from the model.
20 4. The three-dimensional printing apparatus as claimed in clam 2, wherein the
control unit controls the printing head to shift along the second axis according to a
second shifting parameter obtained from the model.

5. The three-dimensional printing apparatus as claimed in claim 3, wherein the

control unit controls the printing head to shift along the second axis according to a

-12-



pul | ey assenbly conpri ses: a belt, extending along the second axis, the
printing head is disposed thereon; and at | east one pulley, connected to
the belt for driving the belt to nove along the second axis. 108. The

t hree-di nensi onal printing apparatus as clainmed in claim2, further
conprising at |east one notor, coupled to the control unit and connected to

the rotary base for driving the rotary base to shift along the first axis
and rot at%coggéﬁ'tﬂ”f'%@ar?"inﬁ@f 8qQ|in§(_j¥rom the rT§§).dse'The t hr ee- di mensi onal printing
apparatus as clainmed in claim2, wherein the notor further conprises a

first notor dghdThe sereedimensiane, printng i apperatkist 83 ctalingesint Hlaim 52,ofusihgr base t o
shift along the first axis, and the second notor drives the rotary base to

rotate alkouipriting afpulley agsehbly, coupled flthe Thtrdl unkiefod carpymsg BRgdri nbihp Mitddg
apparatus as clainmed in claiml, wherein the first axis is parallel to a

normal  veg§tQfi fdn tﬁés&%fﬂ&igg surface. 11. The three-dinensional
printing apparatus as clained in claim1, wherein the 20second axis is

parallel tot carryipg surface. . 2. Th .three-giJH si.onal .printing
Popar &t us. s riedoiediheRiid Bty epearafis a Hundh T cGisior TR AR G no
the building material to the printing head. 13. A method for

f abri cat iPHjSaassENBlY-COMPAEISES onal obj ect by the three-dinensional printing

apparatus as clainmed in claim1l1, conprising:
abelt, extending along the second axis, the printing head is disposed thereon; and

at least one pulley, connected to the belt for driving the belt to move aong the
second axis.

10 8. The three-dimensional printing apparatus as claimed in clam 2, further
comprising at least one motor, coupled to the control unit and connected to the rotary
base for driving the rotary base to shift along the first axis and rotate about the first axis.

9. The three-dimensional printing apparatus as claimed in claim 2, wherein the
motor further comprises a first motor and a second motor, the first motor drives the

15  rotary base to shift along the first axis, and the second motor drives the rotary base to
rotate about the first axis.

10. The three-dimensional printing apparatus as claimed in clam 1, wherein the
first axisisparallel to anormal vector of the carrying surface.
11. The three-dimensional printing apparatus as claimed in clam 1, wherein the

20  second axisis paralel to the carrying surface.

12. The three-dimensional printing apparatus as clamed in clam 1, further
comprising aspool for providing the building material to the printing head.
13. A method for fabricating a three-dimensional object by the three-dimensional

printing apparatus as claimed in claim 1, comprising:

-13-



provi ding a nodel of the three-dinmensional object including a plurality of
Cross sections; obtaining a plurality of noving paraneters according
to each cross section of the nodel; and 5controlling the novenents of the
printing head and the rotary base according to the noving paraneters for
the printing head to di spense successive |ayers of building material onto
the carrying surface of th otary base.to farm.the three-di.nmensi ona

obj ect. " POWINGRHdoRel §f e 4 et TP Okl I i nd LAY Phe oo ng
paranmeters 10conprising a rotating paranmeter, a first shifting paraneter
and a se@gei®nshi fti ng paraneter. 15. The method as clained in claim
14, wherein the step of controlling the novenents of the printing head and

the rotary basbeaaagerpliragtytsi rhbengpsiangtepaaorlieg ® EehRrdssisagion of the

15controlling the rotary base to rotate about the first axis according to a
rotating RLpLer; and controlling the rotary base to shift along the
first axis according to a first shifting paraneter obtained fromthe nodel.
16. The met hod of controlling the

20 moverent s (PCHES RS REvgerts 2k TR ae et 2pg (o RY LB AP P ne

moving patlkr1ea rq]%tlﬁrgspa?gmngtrerlssflop %1:e printing head to dispense successive layers of building
material onto the carrying surface of the rotary base to form the three-dimensional
object.

14. The method as clamed in clam 13, wherein the moving parameters

10 comprising a rotating parameter, a first shifting parameter and a second shifting
parameter.

15. The method as claimed in clam 14, wherein the step of controlling the
movements of the printing head and the rotary base according to the moving parameters
comprising:

15 controlling the rotary base to rotate about the first axis according to a rotating
parameter; and

controlling the rotary base to shift along the first axis according to a first shifting
parameter obtained from the model.

16. The method as claimed in clam 14, wherein the step of controlling the

20  movements of the printing head and the rotary base according to the moving parameters
comprising:

controlling the printing head to shift along the second axis according to a second

shifting parameter obtained from the model.

17. The method as claimed in clam 15, wherein the step of controlling the
-14-



controlling the printing head to shift along the second axis according to a
second shifting paraneter obtained fromthe nodel. 17. The nethod as
claimed in claim15, wherein the step of controlling the novenents of the
printing head and the rotary base according to the noving paraneters

further conprisi ng controlling the printing head to shift along the
second axi s acc Q.a.s ﬁﬁﬂg shlftl para ter obtai.ned fromthe
model . 518OVeReat %{E‘gcﬂ%‘ﬁ ther{OT@Dé PRCOTGIRG I e TNRUNG PREMESS s j s
parallel to a nor mal vector of the carrying surface. 19. The met hod
as cl ai nédrthes comariang3, wherein the second axis is parallel to the carrying
surface. 20. The nethod as clained in claim13, wherein the

successi ve | aygtrslliof theipricti nachebd na i fti ddncipe rsespdrsti S & cbliocioessecaktt | ons
of the nodel respectively.
shifting parameter obtained from the model.
5 18. The method as claimed in clam 13, wherein the first axis is paradlel to a
normal vector of the carrying surface.
19. The method as claimed in claim 13, wherein the second axis is parallel to the
carrying surface.

20. The method as claimed in claim 13, wherein the successive layers of building

10  material correspond to the cross sections of the model respectively.



