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Rapid Prototyping (RP) - What???




Vat liéu cheé tao (Additive Fabrication)

Vat liéu dwoc thém vao va lién két v&i nhau dé tao
thanh maukhong phai 1a cat got vat liéu nhw cac
Ehwo’ng phap gia congtruyen thong (phay tién,

ao

Trwe tiép ché tao tir CAD (Direct fabrication from
CAD data)

Trwec tiép tao ra cac mau thyc tlr md hinh CAD
Lé&p san xuat (Layered Manufacturing)

Mau duoc tao theo Iop (I6p sau dugc tao thanh trén
nén cua lop trude)
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CO thé hiéu tao mau nhanh la qua trinh
tao mau sén pham gilp cho nha sdn xuat
quan sat nhanh chong sén phdm cudi
cung. Qua trinh nay nhor cac thiét bi RP
nhw nhiPng may in ba chiéu cho phép
nguoi thiét kéchuyén nhitng div liéu CAD
3D thanh nhitng mau thure mot céach
nhanh chong.



@ Sy phat trién cdia tao mau nhanh c6 quan hé
mat thiét v&i sy phat trién (’ng dung ctiia may
tinh trong cong nghiép

wViéc gia tang st dung may tinh da thdc day d
tien bo trong nhiéu linh vire lien quan dén may
tinh bao gébm

«Thiét ké (CAD—Computer Aided Design)

«Ché tao (CAM—ComputerAided
Manufacturing).

«Gia cong diéu khién s nhd may tinh (CNC —
Computer Numerical Control).



LS w ndi lén cta hé thong RP khéng thé
thiéu sw hién dién ctia CAD

ANhiéu cong nghé va nhiéu su tién bd
khac nhw cac hé thdng ché tao va vatliéu
cling c6 tinh quyét dinh dén sw phéat trién
clia hé thong RP.



ATuy thudce vao kich thwée va do phirc tap cua
mau ma thoi gian dé tao ra mot maumaéi mat
khoang tr 3 — 72 gi&, tham chi it hon. (nhanh
hon nhiéu so v&i cac phwong phap tao mau
truyén thong).

A Do mat it thoi gian nén RP gilip cho nha san xuat
nhanh chong dwa san pham ra thi trwdéng va
gidm chi phi san xuat. D6 ciing la wu diém ndi
bat cGia qua trinh tao mau nhanh.



Ba th&i ky cia qua trinh tao mau

ATh&iky dau : tao mau bang tay

LTheiky thiy hai :Phan mém tao mau hay tao
mau o

AThei ky thir ba : Qua trinh tao maunhanh



Nén tang cua qua trinh tao mau nhanh

AMau hay mot bo phan chi tiet dwoc thiét ké trén
hé thong CAD/CAM.

AM® hinh dang khoi hay mo hinh bé mét sé dugrc
chuyén sang file dinh dang “. STL”
(StereoLithography)

M\/Iay tinh phantlch file”.STL" dé xéac dinh ré rang
mo hinh cho san xuat va cac lIép mdng trén mat
cat ngang.



Quy trinh tao mau trong RP

‘ Tao mé hinh CAD clia mau ’

. .

Chuyén mé hinh CAD sang
Dinh dang STL (*.stl)

. 2

Cat mau thanh nhikng I6p mong
Trén mat cat ngang

. .

{ Hoan chinh mau va J
Chuyén di¥ liéu téi may RP

.l &

[ Tao mau theo I6p ]

. 2

[ Lam sach va xt ly mau }




Tao md hinh mau

LTao trwe tiép bangCAD
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St dung phwong phap chup cat 1é¢p(CT,uCT,MRI,...)




Dung may do toa do, but vé laser,..




Chuyén sang dinh dang STL

L STL biéu dién xap xi cac bé mat dwdi dang cac mat canh.

L STL file 1a mot danh sach chira di¥ liéu cac mat canh. M6i mat
canh dwoc xép dinh b&itoa dd 3 dinh cua mdt tam giac va
mot phap tuyén ngoai don vi cua tam giacdo

{1) CAD Model {2) STL Modlel o A

S







LMoi tam gidc chi tiep gidp qua hai diem v&i tam giéc ke
hay noi cach khac méi dinh cua tam giac khong thé nam
trén canh cua tam giac khac

ALM&t vat thé hop Ié sé nén co:

| - S6 mat phai la s chan

1 S6 canh phai 1a bdi s6 cua

| -2*S6 canh = 3 * S6 mat

| - S6 mat - SO canh + S6 dinh = 2 * S6 khdi ran riéng 1é

Hai matphang cat nhau
trong khéng gian 3D

Hai tam giac nam dé lén nhau
Tao ra khoang h¢ gilra
Cac bé mat




Cat/lép vat thé

AV Aat thé 3D dinh dang .stl séduoc cat thanh nhiing lop
mong 2D thong qua mdt phan mém cat I&p chuyén
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Hoan thién mau va chuyén div liéu dén RP
AThém cac phan d& trong trwdng hop tao mau kém cing
virng
AHinh thanh dwdng chay, xac dinh cac ché dé taomau
AChuyén di liéu t¢i may RP dwéi dang code

() ()

1711

Gussets

= —

Island

ceiling _

Ceiling withing an arch



Tao mau theo I&p bang RP

LTao mau theo nguyén tac I&p sau chong Ién I&ptrudc

AV At liéu c6 thé bang nhya, giNély, bot kim loai, ceramic...
tuy tteng phuwong phap tao mau nhanh

, Laser
Mirror , |
Layered
Object \ -
/
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Lam sach va xi |y mau

ALTh&ao mau ra khéi may

ATach bd cac bd phando

LR{ra sach cac vat liéu bandau

AX @ Iy lwu hod véi cadc mau lam bang vat liéu cdmquang

Easy support removal with WaterJet



LSy phat trién cda qué trinh tao mau nhanh dwoc thé

hién qua cac mat co ban:

oc Dy liéuvao.

o« Phwong phap tao mau nhanh.
o X ly quang héa (Photo-curing)
wCat va dan lién két (Cutting and Glucing/Joining)
wNOng chay va déng dac (Melting and

Solidifying/Fusing)
oc Vat liéu.



Phan loal

A - Dwa trén co s& vat liéu dang long.
A - Dwa trén co s vat liéu dang khoi.
A - Dwa trén co so vat liéu dang bot.




A

Dwa trén co’ s& vat liéu danglong.

Qua trinh tao mau 1a mét qua trinh lwu héa, vat liéu

chuyén doi tir trang thai 1dng sang _trang thai ran. Sau

day la mot s6 phwong phap tao mau nhanh dya trén

co' s& vat lidu dang Iong

Thiét bi tao mau lap thé SLA ctia3D Systems

Thiét bi x& ly dang khdi SGC ctia Cubital

Thiét bi tao mau dang khdi SCS cuia Sony

Thiét bi in st dung tia t& ngoai tao vat thé dang khdi SOUP

cua Misuibish

Thiét bj tao anh ndi cia EOS

. Thiét bj tao anh khdi ctia Teijin Seiki

7. Thiét bj tao mau nhanh ctiaMeiko cho nganh cong nghiép doé
trang surc.

8. Thiét bj tao mau nhanh SLP cla Denken.

9. Thiét bj tao mau nhanh COLAMM cua Mitsui.

10. Thiét bi tao mau nhanh LMS cta Fockele vaSchwarze.

11. Thiét bi diéu khac bang anh sang

12. Thiét bj hai chum tia laser

S\

o o



Hé théng tao mau nhanh cdng nghé SLA cua 3D System



Dwa trén co sé vat liéu dang khoi

cac hé thong tao mau nhanh v&i vat liéu co ban dang khoi
cé lién quan dén tat ca cac hinh thuc vat lidu dang khoi bao
gom cac: dang: day, cudn, dat mdng va dang vién .

Mét s6 phwong phap tao mau nhanh twong trwng cho
phwo’n phap nay:

1. Thiét bi tao I&p mong LOM cua Helisys

2. Thiét bj phun nhiéu Io’p FDM cua Stratasys

3. Thiét bi dap nong c6 st dung chat lién két SAHP (cla
KiRa.
4. Thiét bi tao mau nhanh cua Kinergy.

5. Thiét bi tao mau_ nhiéu dau phun MJM cua 3D System
6. Hé thong tao mau nhanh RPS cua IBM.

7. Thiét bi tao mau MM-6B cua cong ty Sanders

Protot
'I'Ynet bi tao mau nhanh Hot Plot cua SparxABs

9. Thiét bi tao mau nhanh Laser CAMM cla Scale
Model Unlimited



May tao mau LOM



Dwa trén co so» dang bot

Thiét bj thiéu két bang laser SLS cia DTM

Thiét bi duc khudn vé mdng trwe tiép DSPC cla
Soligen

Thiét bi dinh hinh nhiéu giai doan hoa clrng MJS cua
Fraunhofer

Hé thong céac thiét bi EOSINT cla EOS.

Thiét bj in phun (Ink-Jet) hay con goi la BPM ciia BPM
Technology

Thiét bi in ba chiéu 3DP ctua MIT



Hé thdng tao mau cdng nghé SLS
cua 3D system



U'ng dung cua RP

A Design review and functional testing

o« Cho phep ché tao nhanh va v&i hiéu qua kinh té cao cac mau
gilp cho nhiéu qua trinh kiém dinh san pham nhw la tdi wu hoa
thiet ké, kiém tra chirc ndng san pham trong qua trinh phét trién
san pham

A Scientific or topological visualization

o« Cho phép hinh dung dé dang nhirng mé hinh c6 két cau va hinh
dang phtrc tap trong toan, ngh¢ thuat, kién trac ma khong thé
gia cong bang phwong phap cat got thong thwdng

A Rapid tooling
o« Tao vat mau trung gian trong cong nghé lam khuon (indirect
tooling)
o Tao trwe tiép dung cu cat (direct tooling)
A Rapid manufacturing

o« Ché tao, san xuat nhanh cac chi tiét phire tap véi sé lwong nhd
tng dung trong y hoc hay cac nganh ché tao khac



Ung dung cua RP - Rapidtooling

Rapid Prototyping

ﬂ (Male tool)

Rapid Tooling
(Female tool)

Classic prototype production

S———

%B

B
e

Corrpllation ofa
from SD data

- o

Compilation of a g manual production
mold
from 3D data

Prototype
(Male tool)

Compilation of a
mold from an
existing model

F Female tool

Ry




ng dung cua RP - Indirectly Rapidtooling

Vaccum casting with silicone molds

Comppilation of a mold: @

1. Molding box with model, 2. Mold casting 3. Mold separation,
gate and vents with silicone model removal
Compilation of prototypes J Vacuum
close to serial products: /
» Vacuum casting

+ Material: PUR-resin
- 1-100 pieces




Cac vi du vé mau gia cong bangRP

SCANNE R ~LASER ta

SYSTEM |i X-Y-Z STAGE 4 p
’ A ‘ »y

4 | <« EXTRUSION
MOVEADLE | | NOZAE
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FDM (Fused Deposit Manufacturing)



Cac vidu vé mau giacbéng bang RP

(X-¥) MlRRORj LASER
(===tdo==x

_—" SCAHNER HEATED

SYSTEM ROLLER
I. “ E R /lll POMER /{_, '8 . \\ -

PAPER
ROLL

PAPER SUPPLY ROLL

POWDER
DELIVERY T l FABRICATION
SYSTEM PISTON

Planotery gear oystem Working ball 10 -sochet jomt

manifold

Harricane

Human vorwbr

SLS(Selective Laser Sintering) LOM (Laminated Ob ject Manufacturing)
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aluminum
52 inches

Paradise

Ball and Chain

stainless steel

6 inches

acrylic plastic

wood

7.5 inches



http://www.georgehart.com/sculpture/skinks.html
http://www.georgehart.com/sculpture/ball-and-chain.html
http://www.georgehart.com/sculpture/dragonflies.html
http://www.georgehart.com/sculpture/compass-points-aluminum.html
http://www.georgehart.com/sculpture/paradise.html
http://www.georgehart.com/sculpture/deep-sea-tango.html

Five-Legged-Bee Hive Yin and Yang

walnut and
3D printing bnas_swood
3" 7" diameter

Battered Moonlight

paper mache over
steel

21 inches

The Plastic Tableware of
180 plastic knives
26 inches

Echinodermania lll

Gazmogenesis
copper
12 inches

: nylon, SLS,dyed
44 inches



http://www.georgehart.com/sculpture/blue-bees.html
http://www.georgehart.com/sculpture/damocles.html
http://www.georgehart.com/sculpture/damocles.html
http://www.georgehart.com/sculpture/gazmogenesis.html
http://www.georgehart.com/sculpture/yin-yang.html
http://www.georgehart.com/sculpture/battered-moonlight.html
http://www.georgehart.com/sculpture/echinodermania3.html

Céc vi du vé mau gia cong bang RP

LIQUID ADHE SIVE
SUPPLY

INKJET HE AD
ROLLER

MIT alpha machine Alumina tilez with 2D relbef

-

- MEG

POWDER

DELIVERY T l FABRICATION

SYSTEM PISTON

Specific surface fillers Silicon nitride component

3D Printing

Finished metal tools by 3DP



NGUYEN LY CUA SLA - STEREOLITHOGRAPHY

HeCd-laser

- Nguon phat tia laser
- Hé thong quang hoc

- Co'caunang

Elevator ——

- Binh dung

- Nhwa quanghoa (Iong)

e

Liquid polymer

He

<

edaser

Platform



Pac diém

L Uu diém

¢ Qua trinh tao mau duoc tu dong hoan toan. M6t khi da khoi
ddéng qua trinh thi khdng can phai can thiép cho dén khi chi tiét
dwoc hoan thanh

o Pd chinh xac cla chi tiét kha cao, c6 thé dat duwoc +/- 0.1mm

o B& mat hinh thanh c6 dd béng cao
L Nhwoc diém

o Bi cong vénh & nhirng vi tri thanh mong

o« Han ché vé vat liéu

o« Can qua trinh sau gia céng

o« Chi phi st dung va béo tri cao nhat 1a dau va nguon laser
A Pham vi trng dung

o« Tao cac mO hinh

o« Dung kiém tra cho qué trinh 1ap rap

o« Dung cho céng nghé lam khubn kim loai



Nguyén ly cua SLS — Selective Layer Sintering

- Nguén phatCO, laser

- Hé théng quang hoc
- Co caunang
- Thanh can

- Vatliéu dang boét

Part Cylinder
and Powder Bed

Powder Cartridge Feedding/Collecting System



Pac diem
LUPu diém
«CQ thé tao dwoc cac chi tiét clrng hon so véi cac
mau tao bang cac phwong phap tao mau nhanh khac

«Khdng can co bd phan ho tro

«Nhiéu loai vat liéu c6 thé dwoc st dung (hau hétcac
loai nhywa, sap, kim loai, ceramic...)

«Thé&i gian tao mau ngan,

«Khéng yéu cau lwu hoa sau khi tao mau
APham vi 'ngdung

ocLam cwc cho EDM hodc cac mau cho duc khudn

«Trwc tiép tao cac khudn kim loai

«cLam cac mé hinh hodc cac chi tiét phuc vu chokhéau
kiém tra chrc nang



NGUYEN LY CUA FDM - FUSED DEPOSITION
MANUFACTURING

Cudn day cap liéu

z
y Thermoplastic or wax 5 .
‘ i filament - Paudun
X ) Heated FDM head) - Banhlan dan dong
moves in x-y plang

. Plastic model Co cau dich chuyen

eated In minutes

- Nhwanhiétdeo

Table moves
in zdirection Fixtureless foundation

B

Filament supply



U'u diém
C6 thé van hanh trong moi trwdng van phong, an
toan vé moi trwong
Qua trinh sach, don gian, dé van hanh va khongsinh
ra chat thai
C 6 thé tao nhanh cac chi tiét dang chai, dang 16 réng
Chi phi vira phai
Vat lieu thong dung
Nhuwoc diém
P& chinh xac khdong dwoccao
Kho tao hinh nhi¥ng chi tiét phirc tap
PO bén theo phwong thang dingthap
Ché tao nhirng chi tiét I&n cham
Pham vi rxngdung
Tao cac mo hinh
S dung dwoc nhiéu dang vat liéu sinh hoc



NGUYEN LY CUA LOM - LAMINATEDOBJECT
MANUFACTURING

- Nguén phattialaser

- Hé théng quang hoc

- Co cau nang

— MiiTOr

A : - Thanh can
—— Optic head

- Thanh cudn vatliéu
—— dang giay hay kim loai

[ Patform | |
Feeder 7



Pac diém
L WPu diém

o« Tao mau ratnhanh

«Sau khi hoan thanh c6 thé dem ra st dungngay

«Khéng can phan hoé tro

«Dé& st dung, khong gay anh hwédng dénméi trudng
LNhwoc diem

«Bigi¢i han vé do phirc tap tao hinh

«Khé lay nhirng phan thira bén trongra

«Nhiét do trong buong lam viéc néu tang cao sé rat nguy

hiém

APham vi (rngdung

«Tao cac mohinh

«Thich hop cho viéc tao mau trong khuén cat(wooden-
like characteristics)



NGUYEN LY CUA 3D PRINTING

Nguoén cap chat két dinh
Co cau nang
Thanh can
Vat lieu dang bt

LIQUID ADHE SIVE
SUPPLY T

INKJET HEAD
ROLLER

POWDER
DELIVERY T l FABRICATION
SYSTEM PISTON

3D Printing



(d)

l-—'>

Powder

Spread powder

Intermediate stage

(b)

”/ Binder

A
-

!

Print layer Piston movement

Last layer printed Finished part



NGUYEN LY CUA SGC - SOLID GROUND

- Nguén cap tiaUV
- Au di 2 UV-lamp +
Co cau dich chuyén i
- Matnaquang hoc g
- Vatliéu cam quan Mask plate Residual polymer
ALIIE quang /, /] Polyme?ea;er V\Ilax ki
: NN Wax plate
» SRy 2 // l U\ spreader / spreader /
- Thanh can <\ 3
- Pau phun sép
A 3 3 4\\ o
- Tamlamlanhsap  /
Electrical
charging
Mask development
Mask erasurs
Liquid polymer /
(curront Iayar)/

Wax Pplatform



t)én |_. V 2 2900 o
=it Polyme Co cautrai
o chop cim quang  Polvme Traisa
Mil na LA RN %

am lam D3

; au can
NguQ1 Sap

thuy tinh bt

..........

';l'/l/t, “reef

’
'
;
”

tlloll;l

Mau 3D khong

014 div sap

Day di dong



LIV
light

C source
Developing

Erasing

Spreading
new roesin
layer

wax layer



Pac diém

LUPu diém
«C0 thé tao ra nhirng chi tiét c6 dd phirc tap cao
«Khdng can bd phan ho tro
«Qua trinh c6 thé can thiép dé stra nhirng I&p bi hdng
ANhwoc diém
oc(dgg_a trinh phire tap doi hoi ngwdi cd chuyén mon theo
Oi
«Gia thanh kha cao (trén $500.000)
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