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CONG NGHE IN 3D — HUONG UNG DUNG TRONG
TUONG LAI

kkhkkhkkkkhkkkhkkhkkkhkkhkkhkkikkhkkikkikikkikikkikkikikikx

I. TONG QUAN VE NGHIEN CUU VA UNG DUNG CONG NGHE
IN 3D TREN THE GIGI VA TAI VIET NAM
1. Téng quan céng nghé in 3D

Theo Hiép hoi vat liéu va thir nghiém My (American Society for Testing
Materials — ASTM), Céng nghé in 3D la mot qué trinh st dung cac nguyén liéu
dé ché tao nén md hinh 3D bang phuong phap chong ting I6p nguyén liéu Ién
nhau. Va qua trinh nay trai nguoc voi céng nghé cat got truyén thong ding trong

qua trinh ché tao trudc day.

Cong nghé in 3D &p dung nguyén 1y dip chong Iop dé tao san pham. N6
cho phép céc nha thiét ké co thé tao ra cac mau thi nghiém vat Iy chinh xac tur
mé hinh 3D CAD chi trong vai gio dong ho. Bén canh d6, Cong nghé in 3D cho
phép cac nha thiét ké tu do sang tao céc chi tiét co do phuc tap cao véi chi phi

thap hon nhiéu so véi cac phuong khac.

Theo ATKearney, Cong nghé in 3D c6 nhitng vu diém vuot trdi so véi

cdng nghé ché tao cat got truyén thdng nhu sau:

Cach
san xuat

Chi phi/san Chi phichosan | Thaigianra

S6 luong phim pham phiictap | thitruong

In3D Nho, thay | Khéng cé dinh, | Khdng cao hon so véi | Ratnhanh (<
dai linh thay doilinh | san pham don gian 1 ngay)

hoat hoat
Truyén Lén, khé | Codinh, khé | Cao hon nhiéu so véi Cham
théng thay doi thay doi san pham don gian

Theo ATKearney, 3D Printing: A Manufacturing Revolution

Bdng 1: So sanh giia cong nghé in 3D va truyén thong



Hién nay, cac tng dung cua céng nghé in 3D dang ngdy cang phat trién
rong rai, né tham nhap sau tir cac linh vuc cbng nghiép vi mé nhu hang khong,
vii tru dén cac nganh co ban nhu y té, gido duc, xay dung, kién triic va tham chi
la ca 4m thuc, nghé thuat va thoi trang,. ... Cu thé:

e Trong nganh céng nghiép dién ti:

May in 3D di duoc st dung dé ché tao cac bo phan phuc tap dac biét tir
cac chat liéu khac nhau va dd mé ra mot trao luu méi cua nganh cdng nghiép nay.

e Trong cong nghiép thoi trang:

D3 c6 nhitng show dién ma & dé ngudi mau trinh dién cac trang phuc
duoc san xuat 100% bang céng nghé in 3D. Trang sic va trang phuc thiét ké
theo yéu cau ca nhan dugc san xuat bang céng nghé in 3D hién nay da trd nén
kha phd bién trén thé gioi.

e Trong cong nghiép san xuat:

Pay la nganh sir dung may in 3D nhiéu nhat. Ly do chinh khién cong nghé
nay duoc sir dung rong rai trong moi truong cdng nghiép la do né cho phép san
Xuat cac md hinh c6 hinh dang phuc tap, cat giam phé liéu, tao nhanh san pham
thir nghiém theo yéu cau. Vi vay, in 3D mo ra tiém ning vé loi thé chi phi
san Xuat, cai tién quy trinh va ca san pham cho cac nha cung cap trong mot s6
truong hop cu thé.

e Trong cong nghiép 0 to:

Cong nghé in 3D duoc st dung dé san xuat thir nghiém céac thiét ké, tao
mau va san xuat mot s6 bo phan, cong cu lap rap dic biét. Ngoai ra, nguoi ta
cling da dung cong nghé in 3D dé san xuat ra nhiing chiéc xe hoan chinh.

e Trong nganh hang khong vii tru:

Pi ¢6 cong ty ung dung cong nghé in 3D trong viéc san Xxuat ra cac
bo phan may bay, dac biét la cac bo phan c6 hinh dang phuc tap. Quan trong
hon, nguoi ta dang ky vong rang bang cach dua cac may in 3D ra ngoai khong
gian, cac nha du hanh vu try c6 thé tu san xuét cac bo phan thay thé ngay khi can

thiét. Chi can c6 may in va vat liéu in 4n duoc du trix san, khi c6 bat ky hong hoc
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gi trong c&c chuyén du hanh vii try, nha du hanh c6 thé nhan file thiét ké tir trai
dat chuyén 18n va truc tiép in ra cac bo phan thay thé & ngoai khong gian.

e Trong cong nghiép quéc phong:

Nganh coéng nghiép quéc phong st dung in 3D cho cac muc dich san xuat
dic biét va tiét kiém chi phi. Hién nay, cac may in 3D kim loai dung dé san xuat
sung da ra doi.

e Trong cong nghiép thuc pham:

Pi c6 nhiéu cong ty chuyén vé tng dung cong nghé in 3D trong thuc
pham duoc thanh lap. Nguoi ta c6 thé thiét ké cac moén an nhu socola hay banh
keo thanh nhiing hinh dang dep mat va cau ky, sau dé str dung cac nguyén liéu
thuc pham & dang 16ng hoic dang bdt dé in thanh mén dn theo nhitng hinh dang
da duoc thiét ké.

e Trongy té:

Cong nghé in 3D da dugc ung dung dé san xuat cac mo sinh hoc, mé hinh
giai phau bo phan co thé con ngudi (xwong, rang, tai gia,...). Cong nghé nay
cling duoc str dung dé hd tro cac thir nghiém vé phuong phép va cong nghé y té
mai, tang cuong nghién ciu y khoa, giang day va dao tao doi ngili y bac si. Bac
biét, vai Bioprinting (in 3D cac md sinh hoc), ngudi ta con ky vong 1 ¢ thé san
Xuat ra cac bo phan co thé ngudi phuc vu cho viéc thay thé va ciy ghép céc co
quan bi hong (nhu ghép da, ghép than, ghép tim,...).

e Trong gido duc:

In 3D ciing c6 nhitng tng dung rat thiét thuc, dac biét lién quan dén cac
mén hoc khoa hoc, cdng nghé, ky thuat va k§ ning toan hoc. Sinh vién cé thé
thiét ké va san xuat cac san pham trong 16p hoc va ¢6 co hoi thir nghiém cac y
tuong, vira hoc vira lam véi may in 3D. Cach lam nay lam tang hing khéi hoc
tap, lam viéc theo nhom, twong tac trong 16p hoc ciing nhu ho tro kha niang sang

tao, k§ nang mdy tinh, va kha ning tu duy ba chiéu cia sinh vién.



e Trong kién trac va xay dung:

Kién tric va xay dung di méi chi ¢ giai doan dau tién nhung da co rat
nhiéu nd luc duge thuc hién thanh cdng trong viéc xay dung céc tod nha bang
cac may in 3D khdng 16. Vat liéu phd bién nhat cho in xay dung 1a nhya, bé téng
va cat. Phuong ph ap in 3D trong xay dung c6 thé mang lai nhitng cai tién dang
ké vé chat luong, téc dd, chi phi, dic biét 1a trong chi phi lao dong, cai thién tinh
linh hoat, dam bao an toan xay dung va giam cac tac dong moi trueong. Ngoai ra,
ngudi ta ciing dung cong nghé in 3D dé in ra cac mo hinh kién tric, céc thiét ké
cin ho dé phuc vu cho viéc trung bay hoac kiém tra lai thiét ké.

e Trong gia dinh:

May in 3D dé ban cho phép ban san xuét bat ct tht gi ban mubn ngay
trong can nha riéng ctia minh, tat nhién 1a véi kich thudc phd hop véi may in va
cac nguyén lidu co thé co. Cac vat dung yéu thich nhu d6 choi, d6 dung va do vat
trang tri 1a nhitng tng dung phd bién nhat. Nho may in 3D dé ban, mdi nguoi c6
thé tu thiét ké va san xuat vat dung theo yéu cau riéng biét, 1am nén ca tinh cua

ban than.

C6 thé néi cong nghé in 3D gitip con ngudi vuot qua dugc moi gisi han
trong san xuat. Pay dugc xem la cong nghé co thé thay déi cach thirc ma thé gigi
nay van hanh.

2. Phén loai cac thiét bi cong nghé in 3D tai Viét Nam va trén thé giéi

2.1 Fused Deposition Modeling (FDM):

Hinh 1: May in 3D Fused Deposition Modeling (FDM)


https://en.wikipedia.org/wiki/Fused_deposition_modeling

FDM la qué trinh bdi ddp vat liéu bang cach nung nhua soi néng chay déo
roi tao ting lop theo mat cat 2D sau mdi 16p truc z s& nang 1én d6 cao bang do
cao cua 1 l6p in dé dan tao nén cau trdc chi tiét. Vat liéu in 1a soi nhya déo
(PLA, ABS...) duoc dan tir mot cudn téi dau chuyén dong diéu khién bang dong
co va hé thdng cudn. Khi sgi nhua téi dau dun né duoc nung chay bai nhiét do
sau d6 dugc dun theo voi dau dun va in bién dang theo mit cat caa chi tiét.

Vit liéu in: Sgi nhya PLA, ABS...

Uu diém: L& cong nghé in 3D gid ré, chi phi cho thiét bi va vat liéu thap.
Thuong si dung trong cac san pham can chiu luc, san pham cé d6 ctiing cao. Toc
d6 tao hinh 3D nhanh.

Nhuoc diém: it khi dung trong lip ghép vi d6 chinh xac khong cao,
nguyén nhan sai so tir duong kinh sgi nhua. Kha nang chiu lyc khong dong nhat.

2.2 Stereolithography (SLA):

~ (Hé théng quét) (Nguon anh sang Lazer)
Scanner System Laser
Laser Beam -
(Tia lazer)

I (Vat thé dbng cling tir cac Idp chat 1ong)
Layerg of Solidifed Resin

Liquid Resin
Nhya 16n

Hinh 2: Mdy in 3D Stereolithography (SLA)

SLA la ky thuat dung tia laser lam dong cing nguyén liéu long dé tao céc
l6p mat cat cho dén khi san pham hoan tat. C6 thé hinh dung k¥ thuat nay nhu
sau: dit mot bé d& trong thung chara nguyén liéu long, chum tia laser di chuyén
lén mat trén clng caa nguyén lidu long theo hinh mat cat ngang ctia san pham
lam 16p nguyén liéu nay cung lai. Bé d& chua Iop nguyén liéu da cimg duoc ha
xudng dé tao mot 16p méi, cac 1op tiép theo dugc thuc hién tiép tuc dén khi san

pham hoan tat.

Vat liéu: Nhua long Resin.


https://en.wikipedia.org/wiki/Stereolithography
https://en.wikipedia.org/wiki/Stereolithography

Uu diém: COng nghé SLA c6 kha ning tao ra cac md hinh c6 d6 phan giai
cao, sic nét va chinh xéac. St dung ngudn lazer nén téc do in nhanh hon cac cong
nghé FDM. Tiét kiém duoc nguyén liéu so véi cac phuong phéap gia cong truyén
théng, nhua long thira khi in xong chi tiét van dung dé tai sir dung trong cac lan
in tiép theo.

Nhuoc diém: Chi phi cho thiét bi va vat liéu in 3D kha dat, san pham in
3D bi giam do bén khi dé 1au dudi 4nh séng mat troi.

2.3 Digital Light Processing (DLP):

DLP

M opope S dien

Hinh 3: May in 3D Digital Light Processing (DLP)

V& co ban cdng nghé nay gan nhu giéng vai SLA, sir dung anh sang dé gia
cong san pham, vat liéu in 1a nhya long quang hoa (Resin). Sau khi tiép xdc véi
anh sang, nhya long dong két hinh thanh céc 16p ran rat mong xép 16p 1én nhau
dé cd thé tao ra mot vat thé ran hoan chinh. Tuy nhién, mdi cdng nghé van cd
nhitng diém dic trung riéng va déi véi tiing yéu cau cho san pham, nguoi ding

can chon cho minh cdng nghé in phi hop dé mang lai hiéu qua cao nhat c thé.

DLP thay vi st dung mot dau phét laser va chi c6 thé dong két tai 1 diém
trén ban in thi né dung 1 man hinh may chiéu ky thuat so, cac pixel trén man
hinh 4y déng vai tro 1a 1 dau phat anh sang chi c6 2 trang thai 1a tat va mo (0 va
1), vi thé véi man hinh nay hoan toan c6 thé in ra ca 1 16p Resin thay vi chi in

ra dugc 1 diém nhu cong nghé SLA.



V& d6 phan giai nho nhat cia 2 phuong phép nay ciing c6 sy khac nhau rd
rét vi d6i véi SLA chim tia sang ¢ hinh tron va Céng nghé DLP thi chim anh
séng lai duoc sd hoé theo Pixel tac 1a mot don vi 4nh sang nho nhat 1a hinh
vubng. Vay thi co ban & cap do vi md, ching ta s& thay bién dang ma 2 phuong

phap nay in ra s& rat khac nhau va s& chiém lay wu thé cho riéng né.

Vé thoi gian in: cong nghé DLP c6 thoi gian in ngin hon nhiéu so voi

SLA, vi ching c6 kha ning két tinh dong loat 1 16p resin.

Vé chét luong san pham: céng nghé SLA c6 su 6n dinh cao hon DLP, hay
tudng twong man hinh chiéu anh sang cua DLP ¢6 hang ngan, hang van pixel va
khong phai pixel nao ciing hoat dong tuong tu 1an nhau vé cuong do anh séang,
vé goc chiéu sang, vé khoang cach chiéu sang cua pixel d6 dén Iop resin ma né
can dong dac.

2.4 Selective Laser Sintering (SLS):

Quét hinh anh
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Hinh 4: May in 3D Selective Laser Sintering (SLS)
Selective Laser Sintering (SLS) sir dung ning luong tia laser dé thiéu két
vat liéu in theo I6p mat cat, (khdng thuc su 1am chay chat bot), 1am cho ching

dinh chat & nhitng chd c6 bé mat tiép xuc.
Vat liéu: kim loai bot, hop kim dang bot.

Uu diém: C6 thé in dugc cac md hinh c6 thanh mong, cac chi tiét do deo,
vat liu kim loai, hop kim, hay mé hinh 16n va c6 phan rdng phia duéi day,

khdng can hé théng support.


https://en.wikipedia.org/wiki/Selective_laser_sintering

Nhuoc diém: Chi phi dau tu cho thiét bj va vat liéu kha cao, lwong vat liéu
tieu ton Ion.
2.5 Selective laser melting (SLM):

| = M I )

Powder deposition Laser melting

Hinh 5: May in 3D Selective laser melting (SLM)
SLM co ban ciing c6 nguyén li hoat dong twong ty nhu SLS, nhung cong
suat laser & mic cao hon, c6 kha niang 1am tan chay céc bot kim loai va két hop
cac hat bot kim loai lai voi nhau thanh mot khéi dong chat. O nhiéu nguén khéc

nhau, SLM chi la mot bo phan cuaa cong nghé in SLS.

Phuong phéap in nay dugc wng dung rong rai vai cdc bd phan hinh hoc
phirc tap va cac cau tric mong hoac khoang trong nam an bén trong. Nhiéu du an
tién phong sur dung cong nghé SLM duoc danh riéng cho cac linh vuc trong tng
dung hang khong vii try dé tao ra cac bd phan co trong luong (nhe) khac nhau.
Cong nghé nay khong duoc ding cho nhu cau gia dinh, hau hét 1a cho ché tao

thiét bi chinh hinh y té va hang khong vii tru.

Ngoai ra con mot sé ¢ong nghé khac nhu: Polyjet (Ink Jetting), Cong nghé
in EBM (Electronic Beam Melting), Cong ngh¢ in LOM.

Theo két qua khao sét cia Cong ty Sculpteo (Phap) tir gan 1.000 don vi ¢d
su dung cong nghé in 3D. Trong dd, c¢6 ba cong nghé in 3D hién duoc su dung
nhiéu nhat 1a SLS, FDM va SLA (biéu d6 1). Mdi cdng nghé déu c6 nhing wu,

nhuoc diém riéng. Lya chon cdng nghé tly theo muc dich va diéu kién tai chinh.



Yéu té chinh can can nhic khi chon lya cng nghé in 3D 1a can in san pham g,
tdc do, do chinh xac va chi phi.
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Ad Nguén: Sculpteo, The State of 3D Printing, 2017.

Biéu dé 1: Cong nghé in 3D duwrec sir dung
3. Thong ké tinh hinh ché tao may in 3D tai Viét Nam va trén thé giéi

STT Cac Linh Vuc Khao Sat S6 Luong Tyke
(%)

1 Dai dién hang 3 6%
2 Cung cap may in 3D 20 40%
3 Cung cap may Scan 3D 13 26%
4 Cung cap linh kién 6 12%
5 Cung cap vat liéu in 16 32%
6 Cung cap dich vu in 21 42%
7 Cung cap dich vu Scan 14 28%
8 Cung cap thu vién 5 10%
9 Cung cap dich vu thiét ké 10 20%




10 Cung cap dich vu mé phong 3 6%

11 San xuat may 5 10%

12 bao tao 4 8%

Ngoai ra, con ¢ cac dong may nhap khau trén thi truong Viét Nam

Hinh 6: Dong may in 3D cuia Systems ProX DMP 320

Hinh 7: Cac dong may Scan ATOS cia GOM
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Hinh 9: Dong may Creatbot

4. Gidi thiéu vat li€éu ing dung trong cong nghé in 3D

Vit liéu dung trong in 3D ¢ thé chia thanh 3 nhom chinh: vat liéu
polymer; kim loai va cac loai vat liéu khac.

4.1 Polymer:

Co thé ké dén nhu nhya ABS, nhuya PLA, Resin v.v... mdi loai vat liéu
nay cling déu co nhimg dac tinh riéng. Vi dy nhu:

a. Sgi nhua ABS:

La vat liéu tong hop c6 ngudn géc tir dau mé va duoc sir dung nhiéu nhat
cho méy in 3D FDM so cép. Pic tinh cia nhya ABS 1a c¢6 d6 bén cao, chiu luc

tbt, chiu duoc nhiét do cao, linh hoat. Cac san pham tao ra tir vat liéu in 3D 1a

11



nhwa ABS duoc ung dung trong cdng nghiép: san xuat éng cdng, éng chat thai,
linh kién 6 t6, dung cu nha bép....

b. Nhwa PLA:

La nhwa nhiét déo phan huy sinh hoc. Nhya c6 ngudn gbc tir cac nguon tai
tao nhu bot ngd, mia, cua sin.Ban chit ban dau caa PLA c¢d mau trong suét nén
né cd thé d& dang nhuom thanh bat ci mau gi hay bat ci sic do dam nhat nao
cling dugc va c6 kha ning phat sang trong budi téi. Khi chon vat liéu in 3D 1a
nhua PLA thi s& khéng bén va déo nhu nhwa ABS nhung nhua PLA cing va
khoe hon ABS nén do6i khi kho ché tac gia cong ddi véi nhiing chi tiét & nhitng
bo phan phai long ghép vao nhau nhu khép ndi chang han.

c. Nhya Resin:

La mot loai nhua tong hop thuong dugc ding trong cong nghé in SLA
nhiéu hon thay vi ABS va PLA vén hay ding véi cong nghé FDM. Resin c6 rat
nhiéu loai, chu yéu sir dung dugc 1a nhiing loai c6 thé ngung két dudi tac dong
cua tia UV, tac la bao gém nhirng chit nhu acrylics, epoxies, urethanes,
polyesters, silicones....

4.2 Kim loai:

Pic diém caa nhom vat lidu nay 1a thuong dugc xir Iy ¢ dang bot, khi in ra
thanh pham c6 do cimg va do bén cao, cd thé str dung truc tiép. Mot sb vat ligu
in 3D kim loai pho bién c6 thé ké dén nhu: nhom (alunium), dan xuét cacbon,
thép khong gi, vang, bac ( la vat liéu in 3D duoc sir dung trong may in 3D nir
trang), titanium. ..

4.3 Cac loai vat ligu khéc:

Cac loai vat lidu khac ciing duogc str dung trong céng nghé in 3D c6 thé ké
dén nhu: socola, dudng kinh (duoc ding trong thuc pham); dat sét (ding trong
san xuat cac san pham tha cdng my nghé) hoic mé, té bao (dung trong 3D
printing).

Cac vat liéu in 3D hién nay du van con dang 1a 1 han ché cho viéc ung

dung cdng nghé nay trong doi séng, xong nd dang duoc thé gisi tiép tuc nghién
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ctru va phét trién, trong twong lai khong xa, c4c loai vat liéu ndy s& ngay cang da

dang hon, dép tmg dugc nhiéu muc dich sir dung khac nhau cua con nguoi.

Il. PHAN TiCH XU HUONG NGHIEN CUU CONG NGHE IN 3D TREN
CO SO SO LIEU SANG CHE QUOC TE
Theo “Panh gia cong nghé ché tao cong va trir trudc vién canh an ninh”
cta Lién doan Qudc té vé xu Iy thdng tin (IFIPI) (2017), cdng nghé ché tao mau
c6 02 cdng nghé co ban: cdng nghé ché tao cat got truyén théng (cong nghé tri)
va cdng nghé in 3D (cdng nghé dap dan, cdng nghé cong, céng nghé ché tao
mau nhanh).
Trén co s phan tich sang ché cho thay, nhom cong nghé ché tao cat got truyén
thdng chiém 138.953 sang ché, nhém cong nghé in 3D chiém 19.190 sang ché.
e Tinh hinh cong b sang ché theo thoi gian ctia 2 nhém cong nghé ché tao cat

got truyén thong va cong nghé in 3D, c6 thé chia thanh 2 giai doan:
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Biéu dé 2: Tinh hinh cong béd sang ché vé cong nghé ché tao cit get truyén théng va
cong nghé in 3D theo thei gian
% Giai doan 1: Tir niim 2011 tré vé truée
- Nhom cong nghé ché tao cat got truyén thong duge nghién ctru va ung dung
tir 1au doi va c6 sang ché dau tién vao nam 1896, tai Anh. S6 luong sang ché ting

déu, lién tuc trong giai doan nay. Pat 59.624 sang ché.
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- Nhém cong nghé in 3D dugc nghién ctru sau ndy. Sang ché dugc cong bd
dau tién vao nim 1967 tai Canada. Giai doan dau tir nim 1980 dén 2011 sb luong
sang ché cong bd khong dang ké, chi dat khoang 461 sang ché, day dugc xem la
giai doan tién dé vé nghién ctru cong nghé nay.

% Giai doan 2: tir nim 2012 dén hién tai

- Nhoém cong nghé ché tao cit got truyén thong: sé luong sang ché vin ting
déu va on dinh, s6 luong dat 80.456 sang ché, tang gép 1,3 14n so voi giai doan
dau. Nghién ctru va timg dung ctia cong nghé nay van dugc quan tim, nhung véi
tbc doc phat trién trong linh vuc ché tao mau hién nay, cong nghé truyén thong
van chua dap ung duoc hét nhu cau nghién ctru va tmg dung ctia con nguoi.

- Nhém cong nghé in 3D: giai doan nay c6 sy phat trién manh vé s luong
sang ché, s6 luong dat 18.729 sang ché, ting gip 40 lan so véi giai doan dau,
chiém gan 97% tong sb luong sang ché cua cong nghé ché tao niy. Pic biét, sd
luong sang ché cac nim 2015 dén nam 2017 ting rat cao, s6 luong sang ché cao
nhat 12 nim 2017 véi 7.141 sang ché cao gan gap ddi so v6i ndm 2016 va gap 03
lan so voi nam 2015. Qua d6, ching t6 cong nghé in 3D dang 1a hudng nghién
ctru dang dugc quan tam trong giai doan hién nay.

1. Tinh hinh cong bd sang ché vé cong nghé in 3D theo thoi gian
Theo CSDL sang ché qudc té DerWent Innovation, tir ndm 1967 dén hién
nay, c6 19.190 sang ché vé nghién ctu cong nghé in 3D. Hai sang ché dau tién
déu dugc cong bé tai Canada vao nim 1967, cu thé:
- Séang ché lién quan dén chuong trinh CAD in 3D cua cong ty Stephen
Laskoski Visual Comm.
- Séng ché lién quan dén vat liéu in 3D cua nha sang ché Hugh J.

Hagemeyer Jr., Raymond I. EtterJr thuoc cong ty Eastman Kodak.
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Biéu dé 3: Tinh hinh cdng bé sang ché vé cong nghé in 3D theo théi gian

Tinh hinh cdng bd séng ché vé nghién cau céng nghé in 3D duoc chia lam
02 giai doan:

- Tur nam 1967 dén 2011: S6 luong sang ché it, khoang 461 sang ché, tap
trung nhiéu tai cac quéc gia: My, Nhat Ban, Han Qudc, Buc, Trung Qudc,
Canada. Trong d6, My va Nhat 12 hai quc gia dan dau veé sb luong cong bd sang
ché. Trong giai doan nay, do cac kho khin vé chi phi dau tu va sy bao ho vé ban
quyén, nén tang cdng nghé in 3D méi chi ¢ cac bude di nho va cham, day duoc
goi 1a giai doan xam nhap, budc nén cho cong nghé tao mau nhanh sau nay.

- Tur nam 2012 dén hién nay: sé luong sang ché bat dau ting nhanh, dat
18.729 séng ché, tang hon 40 13n so véi giai doan tir ndm 1967 dén 2011 va chiém

97% trén tong s luong sang ché cong bd vé cong nghé in 3D.
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Biéu do 4: Tinh hinh céng bé sang ché vé cong nghé in 3D theo giai dogn

Trong giai doan nay, tinh hinh cdng bd sang ché vé cong nghé in 3D tai
Trung Quéc phét trien kha manh mg, chiém khoang 51% tong sé luong cong b
sang ché cua thé gisi va vuon 1én dan dau thé gidi vé s6 lugng sang ché cong nghé
nay, tiép theo 1a M¥, Han Quéc, Nhat Ban, Pirc, Canada. . ..

C6 thé noi, day 1a giai doan phat trién manh vé sb luong cong bd sang ché
ctia cdng nghé in 3D, né da danh diu va ma 161 di méi cho trong linh vuc ché tao
Mau va sé& tiép tuc 12 huéng phat trién trong tuong lai.

22.Tinh hinh c¢cdng b6 s3btgaic hcéa cv ég ucdéen gg |

Cac sang ché vé nghién ctiu cong nghé in 3D dugc cdng bé tai 40 qudc gia
va 2 t6 chire WO, EP va duoc phan b tai 05 chau luc:

- Chau Au: 22 quéc gia c6 sang ché cong bd, chiém 55% tong sé lwong
quéc gia.

- Chau A: 12 quéc gia c6 sang ché cong b, chiém 30% tong sb luong
quéc gia.

- Chau My: 03 québc gia c6 sang ché cong bd, chiém 7% tong sé lugng
quéc gia.

- Chau Pai Duong: 02 quéc gia ¢ sang ché cong bd, chiém 5% tong sb

luong qudc gia.
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- Chau Phi: 01 quéc gia c6 sang ché cong bd, chiém 3% tong sé luong

qudc gia.

3%

H Chau Au

E Chau A

¥ Chau My

¥ Chau Pai Duong

= Chau Phi

Biéu d6 5: Tinh hinh céng bé sang ché vé cong nghé in 3D theo chau luc
Trong 40 qudc gia c6 sang ché cong bd, thi Trung Quéc, My, Han Quéc,
Nhat Ban, Dai Loan, Ptc, Canada , Anh, An Do, Uc 14 10 quéc gia dan dau vé sb
luong séng ché cong bd. Trong d6, Anh c6 224 sang ché, Canada c6 228 sang
ché, Puc cd 264 sang ché, Pai Loan c6 370 sang ché, Nhat Ban c6 532 sang ché,
Han Quédc cd 758 sang ché, My co 2.847 sang ché va cao nhat 1a Trung Quéc c6
10.023 sang ché.
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Biéu dé 6: 10 quéc gia ddn ddu vé sé Iweng cdng bé sang ché cong nghé in 3D
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> Mot sé qudc gia tiéu biéu:

- Trung Qudc méi bat dau cd sang ché dau tién vao nam 1989, thoi gian bit
dau nghién ctru vé cong nghé nay cham hon so voi cac qudc gia My, Canada,
Nhat, Dac. Nhung Trung Qudc di timg budc vuon 18n phét trién manh mé va
qudc gia c6 sb lugng cong bd sang ché cao nhat thé gidi hién nay. Pic biét 1a
giai doan tir 2012 dén nay, s6 luong sang ché dat 9.991 sang ché ting gip 312
lan so v&i giai doan dau. Piéu do chung to, viéc nghién ciru cong nghé in 3D
dang rat duoc quan tam tai Trung Qudc trong giai doan nay.

- M¥ 1a quéc gia dimg thtr 02 sau Trung Qudc vé sb luong sang ché cong bd
va 1a nudc mot trong 02 qudc gia dau tién sang ché cong bd dau tién vé cong
nghé in 3D. Trong giai doan dau tir nim 1968 dén 2009, My thudng xuyén dan
dau vé sb luong cong bd sang ché trén thé gidi, qua giai doan 2010 dén nay, My

da xép thir 02 voi tong s6 lugng 2.847 sang ché.

3.Tinh hinh c¢cb6ng bd6 saBdptlce@E wa&c clowmd
nghi én ¢ &u
Trén co sé dir liéu sang ché cong bd, nhan thay nghién ciru va ang dung
cong nghé in 3D hién nay c6 3 hudng chinh, d6 1a san xuat san pham tir cong
nghé in 3D; tao hinh, dinh hinh san pham tir nhya, chat déo va tao hinh, dtc cac
san pham tir bot kim loai. Trong d6, hudng nghién ctu san xuat san pham tur
cong nghé in 3D chiém ty 1é cao nhat, cho thay day 1a huéng nghién cau rat

duoc cac nha sang ché quan tam.
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Biéu d6 7: Tinh hinh céng b sang ché vé cong nghé in 3D theo cdc hwéng nghién cizu
4. Cac don vi din dau sé hiru s6 lwong sang ché cong bo vé cong nghé in 3D

Theo CSDL sang ché qudc té DerWent Innovation, day 1a 10 don din dau so

hitu sang ché vé nghién ctiu cdng nghé in 3D.

GEN ELECTRIC 302
HEWLETT-PACKARD DEV COMPANY .. 296
STRATASYS INC 260

XYZPRINTING INC 240

UNITED TECHNOLOGIES CORP 33

KINPO ELECT INC 227
XEROX CORP 82

HEWLETT PACKARD DEVELOPMENT.. 17

RENISHAW PLC 159

APPLIED MATERIALS INC 126
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Biéu dé 8: 10 don vi dén ddu vé sé¢ hitu sé lwong sang ché cong bé
Trong cac don vi dan dau so hitu sang ché vé nghién cau in 3D, ¢6 xuat hién

c4c tén tudi cac don vi 16n chuyén cung cip cong nghé/ thiét bi in 3D trén thé gidi
nhu Gen Electric, Stratasys, Xerox,... Trong d6, Gen Electric 1a don vi ¢6 s6 luong
sang ché duogc cdng bd nhiéu nhat véi 302 sang ché. Céc sang ché cong bd da phan
tap trung tai My, Trung Quéc, Bric, Han Quéc.
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5. Mot s6 sang ché tiéu biéu
a. Phwong phdp diéu khién cong nghé in 3D trong viéc tao khuon méu cho
hén hop khoai tiy nghién
Tac gia: ZHANG MIN, LIU ZHENBIN, YANG CHAOHUI
Pon vi: Jiangnan University
Nam céng bd: 2018
S6 ¢ong bd: US15871952A
Qudc gia cong bd: My
Sang ché lién quan dén viéc tng dung cong nghé in 3D trong cong nghiép
thuc pham. Trudc tién, khoai tdy duoc 1am sach, bdc vo, thai 14t va dem hap. Sau
d6, cac lat khoai tay hap dugc nghién thanh bot cho dén min va sang bong. Sau
d6 cho mot chat keo vao bot khoai tay va tron déu. Hon hop nay duoc hap dé nau
chin khoai tdy va chat keo hoa tan. Sau d6, hdn hop duoc 1am lanh dén nhiét do
phong va cho thém bot sd ¢ la trang vao hon hop. Tién hanh in 3D dé tao ra san
pham tir hon hop trén. Phuong phap dua ra cac thong sé nhiét do in, toc do di
chuyén cua voi phun, toc do xa chinh xac dé dam bao chat luong san pham. Do
chinh xéc cua vat thé in ¢ thé dat hon 95% va khong bi sap trong vong 40 phut
dén 60 phut sau khi in.

b. H¢ thong cong nghé In 3D két hop hé thong xir Iy bjt

Tac gia: Beauchamp Robert, Carlsbad

Don vi: 3D SYSTEMS INC.

Niam cong bo: 2018

S6 cong bd: US20180185915A1

Qudc gia céng bd: My

Sang ché lién quan dén hé thdng in ba chiéu (3D) bao gom mat thiét bi in,
va 02 mé-dun xur 1y bot, 01 ray, va 01 bo diéu khién. Bo diéu khién van hanh
dong co in dé ché tao ra cac san pham 3D. Bo diéu khién van hanh md-dun xir ly
bot thir nhat s& chuyén bot du thira tir dong co in sang mo-dun thir 2 va nhan bot

méi. Cac mo-dun xur Iy bot dau tién co nhiém vu phan phdi va sang bot. Bo diéu
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khién s& van hanh md-dun xir ly thir hai dé chuyén bot tir rdy sang mo-dun xu ly

bot tha nhat. M6 dun xt ly bot tha hai 6 nhiém vu cung cip bot cho dong co in.

c. May in 3D
Tac gia: Mark Gregory Thomas, Ozdz Antoni S.
Pon vi: MARKFORGED INC.
Niam cong bd: 2018
S6 ¢ong bd: US10016942B2
Qudc gia cong bd: My
Sang ché lién quan dén soi filament va viéc gia ¢o soi nay trong may in 3D.
Soi filament s& duoc gia c6 va dua vao 6ng dan cia may. Soi filament c6 cung
cap lién tuc hozc bén lién tuc trong qua trinh hoat dong caia may in. Soi filament
dugc nung nong dén nhiét do 16n hon nhiét d6 néng chay cua vat lidu soi va it
hon nhiét @6 ndng chay cua I0i.
Két luan
Cong nghé in 3D di tao ra nhiig budc dot pha trong ché tao miu. Cong
nghé nay cd tiém ning thay d6i cach thirc san xuat caa con nguoi. Pham vi ¢ng
dung rong rai cong véi cong nghé phat trién da dang va chi phi ngay cang giam s&
gitp in 3D duoc quan tdm va tng dung phd bién hon trong hién tai va tuong lai.
> Dén thang 07/2018, c6 19.190 cong bd sang ché vé nghién ctu va ang
dung cong nghé in 3D tai 40 qubc gia va 2 t6 chic thé gisi (WO va EP).
> Trung Quéc, My, Han Qudc, Nhat Ban, Dai Loan, Btc, Canada, Uc la
quéc gia dan dau sé luong cong bd sang ché vé nghién ctu va tng dung
cong nghé in 3D.
> Nghién ctru va ting dung cdng nghé in 3D tap trung vao 03 hudng chinh, do
1a hudng @ng dung san xuat cac san pham in 3D; tao hinh,dinh hinh vt liéu
nhya, vat liéu trang thai déo; tao hinh, duc cac san pham tir bot kim loai.
Trong d6, huéng ung dung san xuat cac san pham in 3D 1a hudng nghién

ctru va ung dung nhan dugc nhiéu s quan tdm caa cac nha sang ché.
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I11. GIOI THIEU VE CONG NGHE IN 3D TAI TRUONG PAI HQC
BACH KHOA TP. HO CHi MINH

1. Nghién ciru cdng nghé in 3D tai trwong Pai hoc Bach Khoa TP.HCM

1.1 Ung dung cong nghé in 3D

Cong nghé in 3D la cong nghé c6 kha nang dua cac mo hinh 3 chiéu (hinh
anh 3D) duoc thiét ké trén may tinh bang cac phan mém ky thuat ra ngoai doi
thuc nho vao mot loai thiét bi co tén 1a thiét bi in 3D. So véi phuong phap in
thong thuong chi cho ra san pham 2 chiéu trén gidy, Céng nghé in 3D cho ra san
pham thyc té 3 chiéu ta c6 thé cam nam va cam nhan duoc.

Cong nghé in 3D dugc van hanh dua trén nguyén Iy boi dap vat liéu cé
nghia 1 cac san pham dugc tao 1én theo ting 16p, cac 16p nay dugc xép chong
lién tiép 1én nhau va myc in ciing chinh 1 vat liéu muén st dung cho san pham
nhu: nhua, kim loali,.... Cac vat liéu dugc sur dung trong Céng nghé in 3D sé cé
dac tinh ty dong két dinh véi nhau tao su lién két bén viing.

Trong nhiéu tng dung, qué trinh thiét ké va san xuat truyén théng mang rat
nhiéu han ché phai can nhiéu dung cu dt tién va doi khi viéc phai 1ap ghép véi
c4c chi tiét phirc tap dan dén sai s6. Thém vao d6, khi gia cong cat got c6 thé gay
ra hao phi 1én dén hon 90% so vé&i khéi luong vat liéu goc. Nguoc lai, cdng nghé
in 3D kha ning co thé tao ra dugc cac hinh dang phtc tap va né hoan toan su
dung may moc ty dong con nguoi khdng can phai can thiép qua sau vao qué
trinh san xuat, nén cé thé ung dung dugc vao tat ca cac nganh nghé, linh vuc
trong doi séng.

1.1.1 Céng nghé in 3D trong ché tao m§y thuit va cudc séng

Cac san pham in my thuat hién tai cha yéu 1a tir nhua PLA, boi mau sic
nhya da dang, cac thong sé nhiét do dé higu chinh, gia thanh phu hop véi viéc
nghién ctru cua sinh vién....

Hién tai nhém dang nghién ctru cac thdng sé dé co thé in loai nhya cé pha
kim loai, vi viéc nghién ctru va tng dung mot cong nghé mai la ca mot qué trinh

dai nén khong thé &p dung céac thdng sb cia ngua PLA hoic ABS vao ngay duoc.
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Khi thanh cong ta c6 thé ap dung dé 1am ra cac tuong gia ddng, cac birc phu diéu
kho vira voi gia thanh ré hon rat nhiéu 1an so véi san pham bang dong kim loai.
Ngoai ra, viéc in mot san pham c6 nhiéu mau sac ciing 1a mot nhu cau 16n
dang duoc nhidu ngudi chi y. Nhom da va dang duoc nghién ctu phéc trién ki
thuat in phdi nhiéu mau sic va ché tao dong may in nhiéu mau. San pham may

3D Multicolor Printer v&i ba mau co ban c6 thé phdi thanh 16 mau khac nhau.

Hinh 10: M4y in 3 mau cung sén pham.

T Mb hinh d6 choi hoat hinh:

———

Hinh 11: Pé choi in 3D.
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1 Dung cu hec tap cho tré em:

Hinh 12: Dung cu hec tap 3D.
1 Céc tac pham My thuit trung bay:

!

Hinh 13: Cac san pham my thudt 3D.
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1 Dung cu Vian phong:

Hinh 14: Céc san phdm dung cu vin phong 3D.

§ M6 phéng kién trac néi tiéng:

Hinh 15: Cac md hinh kién truc 3D.

25



 Thir nghiém phdi mau san pham:

Hinh 16: Cac san phdm dwec phéi mau tircdng nghé in 3D.

> Panh gia chung vé yéu cau ciia chi tiét:

- V& d¢ chinh xac kich thwéc:

Cac chi tiét my thuat thuong khong yéu cau cao vé do chinh xac kich thudc
vi da sé khéng dung ldp ghép hoac ¢ chuyén dong twong ddi voi chi tiét khac,
cha yéu céc san pham sau khi in s& duoc xtr Iy bé mit va trung bay ngay. Néu co
lip ghép, da sb mat ghép 1a mat phang dugc thiét ké tir trudc. Vi vay, néu két
hop Véi céc bién phap xu Iy khéc thi gisi han sai sé cho phép cua san pham my
thuat in 3D c6 thé 1én dén 1 milimet. Trong nhiéu truong hop nguoi lap trinh in
3D con c6 thé thu nho hodc phdng 16n chi tiét ¢é phi hop véi nhu cau hoic phu

hop kich thudc may in.
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 Vé chat lwong bé mit:

Thay vi yéu cau vé kich thuéc khdng qué cao, san pham in 3D my thuat yéu
cau c6 bé mit dep, min va c6 nhiéu mau sic. Nhiéu chi tiét doi hoi bé rong soi
nhua chi 0.3 mm mai cd thé cho chi tiét dat yéu cau.

 Vé d6 bén co hoc:

Tay thudc vao muc dich st dung, ching ta c6 thé thay d6i do dién day bén
trong chi tiét dé thay do do cting, khdi lwong hoac mot sb thong sé co hoc khac
cht khdng phu thudc vao mét thdng sb cimg nao cho truéc.

1.1.2 Trong sdn xudt cong nghiép

Mot hudng di khac ctia cdng nghé in 3D 1a &ng dung san pham vao san xuat
cong nghiép, day la huéng di méi gidp khai thac hét tiém nang ciia cong nghé in
3D. Trén thé gioi hién nay, cong nghé in 3D dugc &p dung san xuit trong cac
linh vuc Y hoc, Hang khong vii try, san Xuat 6 to, ...

Tai phong thi nghiém bo mdn ché tao may Khoa co khi Pai hoc Bach khoa
TP.HCM nhém dang nghién ctu @ng dung cong nghé in 3D dé phuc vu trong
nganh duc, tao khuén mau va ung dung ché tao chi tiét may don, .... Mot ung
dung quan trong nita 1a san xuat theo chu trinh thiét ké nguoc.

f Lam khudn, mau thir:

Cong nghé In 3D phét trién da dong gdép mot phan khdng nho gitp khudn
mau duoc ché tao chinh x&c va cung cap cac tng dung thuc té hon. Ngay nay,
chi véi mot tim ban vé ki thuat 3 chiéu, céng nghé in 3D s& tao ra cac san pham
chi tiét mang day du yéu cau hinh dang ban mong mudn, khéng can gia céng
phuc tap trén loai may CNC, hay con goi l1a cong cu diéu khién sb truéc kia.
Trong linh vuc san xuat phu kién va khudn mau, in 3D thuong dugc ding dé in
d6 ga lap, cong cu, may do, md hinh, khuon mau,.... R3 rang, véi cong nghé moi
nay, ching ta co6 co hoi tao ra cac khudn mau va tuy chinh cong cu dem lai sy
linh hoat, tiét kiém thoi gian cling nhu giam chi phi va rai ro thuong gap trong
san xuat truyén théng. Thay vi danh thoi gian va tién bac dé mua may roi ché tao
khuén va cac cong cu, ching ta c¢d thé d& dang in ching bang céch sir dung nhiéu

loai vat liéu hiéu suat cao.
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{ Kiém tra thiét ké:

-

Hinh 17: O khéa dwoc san xudt tir cong nghé in 3D.

T Nghién ciru ché tao miu dung trong ky thuat dic miu chay

Hinh 18: Khuén dic.

 Ché tao va lap ghép thir nghiém céc chi tiét trong may bién thé:

/
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Hinh 19: Chi tiét may bién thé.

| Dung cu hd treg trong y hoc:
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qua sé hda bé mat mau bang thiét bi do toa d6 va xay dung md hinh thiét ké tur
dir liéu s6 hoa. Uu diém cua phuong phép thiét ké nguoc 1a cho phép thiét ké

nhanh va chinh xac mau thiét ké c6 do phuc tap hinh hoc cao, hoic miu dang bé

mat tu do (khong xac dinh duoc quy luat tao hinh).

V& ban chat thiét ké nguoc 1a qua trinh sao chép mot san pham da duoc san
xuat (nhd kha ning sao chép hinh anh cua mot vat thé thanh dir lieu CAD 3D) va

lién quan dén viéc quét hinh (scaning), sé héa (digitizing) vat thé thanh dang

diém duong va bé mit 3D.

1.2.1 Qui trinh thiét ké nguoc

Piém bt dau
(Start)

Quét 3D do dac
thong so

Xay dumg bé mat
B-Spline ghép vao
dir liéu point-cloud

v

Dir ligu
point cloud

v

Mé hinh bé mat

7| (Surface Model)

So sédnh gid tri
e vai gia tri 1y

thuyét cua cac
diem kiem tra
(Check points)

h 4

Piém kiém tra
(check points)

Tien hanh

kiém tra

4 Pung

Mo hinh 3D CAD
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Hinh 20: Dung cu hé tro'y hec.
1.2 Nghién ciu vé scan 3D va quy trinh thiét ké ngwoc
Thiét ké nguoc 1a qui trinh thiét ké lai mau - md hinh vat 1y cho trudc théng

Théng s do
luwomg thyre cua
cac diém kiém
tra duwgc thém

vao dir ligu

point-cloud




1.2.2 Ung dung cia qui trinh thiét ké ngwoc

C6 vai trd rat Ion trong cai tién mau ma san pham. Yéu cau vé thoi gian
khong cho phép ching ta khi ché tao mot mau ma mai ¢ thé bét dau chu trinh
san xuit tir khau phac thao thiét ké téi tinh toan, téi wu, ché tao thir kiém tra
kiém nghiém méi dua vao san xuit vi qua trinh trén ton rat nhiéu thoi gian, cong
sic. Do vay ma ching ta phai biét ké thira cac mau san pham da duoc téi wu, dat
cac tidu chuan Kiém tra trén co s& d6 ta thiét ké lai phO hop véi yéu cau méi dé
c6 mot mau ma méi. Nhu vay s& giam duogc thoi gian thiét, rat ngan dugc thoi
gian dua san pham vao thi truong tac 1a giam thoi gian chu trinh san xuat.

Véi nhu cau cua thi truong thay doi lién tuc ting ngay nhu hién nay céng ty
nao dua ra mau ma mai sé chiém duoc thi phan va gianh duoc loi nhuan cao
nhat. Con cong ty nao dua san pham méi cham hon s& mat co hoi thu duoc loi
nhuan cao.

Hién nay tinh trang maot chi tiét, bo phan may, thiét bi khi mudn thay thé thi
nha san xuat khdng con cung cap nia 1a mot van dé phd bién. Ching ta phai ché
tao lai ma khdng hé c6 ban vé thiét ké, d6 1a mot van dé 16n nhung khi cong
nghé thiét ké nguoc ra doi thi qua trinh d6 s& tré nén don gian hon rat nhiéu. Chi
can str dung chi tiét can thay thé qua qui trinh thiét ké nguoc, hiéu chinh ta s&
dugc mot chi tiét nhu mong mubn ma khéng phai qua nhiéu giai doan thiét ké,
ché tao, kiém tra kha phuc tap.

Trong nghién cau khao ¢ hoc, cong nghé RE cho phép khdi phuc lai hinh
dang cua cac sinh vat thoi tién sir dua trén cac hoa thanh c6 thu duoc ma khong
lam t6n hai dén cac mau c6 d6. N6 con cho phép ta dung lai cdc miu tuong cd,
khoi phuc lai cac cong trinh kién tric, nghé thuat co da bi tan pha trong lich st

Trong y hoc cdng nghé thiét ké nguoc cho phép ching ta co thé tao ra cac
bo phan co thé phi hop cho ting bénh nhan trong thoi gian ngan dé thay thé cac
khuyét tat, cac bd phan hong, bi ton thwong, bi hu hai do tai nan hoic do bam

sinh nhu xwong, khop, raing ham, manh so néo,....
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Cong nghé thiét ké ngugc con dugc tng dung rong rai trong linh vuc giai
tri, mé phong thiét ké cac nhan vat trong game 3D, tao cac mdi truong gian dién
ao trong game phuc vu giai tri, lam phim anh,.. ..

Mau vat truéc va sau khi Scan:

Hinh 21: Binh hoa

Hinh 22: Twpng médu

g

Hinh 23: Chai nuwéc gidi khat
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1.3 Nghién ciru ché tao thiét bi in 3D
1.3.1 Cac dong may pho thong

Hién nay trén thi truong c6 rat nhiéu dong may in 3D, nhitng dong may nay
da phan danh cho cac doanh nghiép san xuit Ién va gia ban rat cao, nhung tai
Viét Nam céc doanh nghiép vira va nho chiém ti Ié cao hon rat nhiéu va nhu cau
vé in 3D la rat 16n. Bén canh d6, su anh hudng cia Cong nghé in 3D khéng chi
dirng lai & mirc do san xuat, Céng nghé in 3D di dugc phd bién trong cac trudng
THCS va THPT. Nam bat tinh hinh thi trudng day tiém nang nay nhém nghién
ctru da thiét ké va ché tao thir nghiém cac dong may in 3D dap tmg du yéu cau
cua tirng mirc o khac nhau.

1 Model REPBOX - 1E:

IS (=X

<hoa Ce

MAY I 3D
DuNG TRONG HEC ‘AP
NModel REPBOX - 1E

THONG SO 1KY THUMAT:

- Klch thudc bao: A40xA470x700

- Kioh thude lam viéc: 220x220x300
- Vat liéu: ABS, PLA, PVVA
- S6 dau ddn: q

- TS A6 I NhEt: 120Mm/s

- Nhiét d& téi da: 2680'c

- BaIGpiInnhd nhdt: 0.1 mm

- Ngudn dién: 220V

KHA NANG LAM VIEC:

~ In méu Nho, tdc dd in Nhanh

- Lam viéc tur ddng.

= In méu ky thuét, dd chinh xéac cao.

- Glao tiép thong qua ctHng USE hoac

@ :www.in3Dvinhthinh.com - &:0918277963 - &2 :in3dtphcmvinhthinh@gmail.com
[ : www.facebook.com/in3d.tphcm
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1 MarBox Model REPBOX - 1E:

TrusHe)EEl [Hos EEEh Ko U= HIS Gl MiAR
Khoa Co KR _[E26 Mitn ChE Teo NMéy

NH¢> \ NGHIEN clill CcONG NG

AN AFEIEEEE

NModel REPBO>X - 1E

THONG SO KY THUMAT:
- Kich thude lam viéc: S00x300x350

- Vvat liéu: ABS, PLA, PVA
- S8 dAu Aur: 3

- T8 dd I6m Nhét: 150 /s

- Nhiét d6 t&i dla: 2s0°cC

- D6 chinh xéac: 0.1 mm

- BaIGpinnhdnhde: 0.1 mm

- Ngudn diénr: 220V

KHA NANG LAM VIEC:

- Khéng gian lam viéc Idn, Umg dung ché tao f ;
KkKhudn, méau Idn. 5) ]
- Lam viéc tyu dong. o - [QJ

- In Mau ky thuat, dd chinh xéac cao. f
- Giao tiép thong qua cbHng USB hoac theé SD.

MOT SO SAN PHAM: nguyén ly hoat déng

@ :www.in3Dvinhthinh.com - ®:0918277963 - &2 :in3dtphcmvinhthinh@gmail.com

9 Delta Printer Model DEM:

Khoa Co IKh _E6 Mitn ChS Teo My
NHOM NGHIEN c Gl -

MopeEL DEM

THONG SO IKY THUMAT:
Kich thudc lam viéc: 1 10x1 10x270

- TSc do toi da: 120 mm/s

- Nhiét dé tdi da: =2s0°°cC

- S6 luong dau ddn: 1

- Vac liéu im: ABS, PLA

- S& luong Mmau: 16

- P& chinh xac: o.2 mm

- Bé day Iép nhé nhac: 0.1 mm

- Ngudn dién: 220 Vv
KHA NANG LAM VIEC:

- Lam viéc tur déong.

- Thich hop cho céc chi tiét cé chiéu cao va
dang tru tron.

- INn Mau My thuat k&t hop Nhiéu Mmau s&c.
- Han ché& su rung l&c khi hoat déng.
- Giao tiép théng qua ctng USEB hoac the SD.

MOT SO SAN PHEM:

www.in3Dvinhthinh.com - 0918277963 - &2 :in3dtphcmvinhthinh@gmail.com
1 : www.facebook.com/in3d.tphcm

34



9 Delta Printer Model DES:

Trushe el Hlos Eeh Khem T2 (1B Chif Mk

Khoa Co K _B6 Mén ChS Teo Méy
NGHIEN cUU cor

MobpeEL DES

THONG SO KY THUMAT:
Kich thudc lam viéc: 1 10x1 10x340

- TSc db t&i da: 150 mm/s
- Nhiét dé t&i da: 2s0°c

- S8 luong dau ddn: 1

- Vatliéuin: ABS, PLA
- P& chinh xac: 0.2 mm

- Bé day I&p nhd nhdt: 0.1 mm

- Ngudn dién: 220V

KHA NANG LAM VIEC:

- Lam viéc tu déng.

- Thich hop cho céac chi tiét cd chiéu cao Ién
va dang truy.

- In chi tiét ky thuat cé d& chinh xéac cao.

- Han ché su rung l&c khi hoat déng.

MOT SO SAN PHAM:

THONG SO KY THUST:
- Kich thudc lam viéc: 250x250x250

- Vac lieu: ABS, PLA, PVA
- S& dau dur: 3

- T8c dd Ién NhEtc: 120 mM/s

- Nhiét dé t&i da: 2s0°C

- P& chinh x&c: 0.1 mm

- B& I&p in nhd nhatc: 0.1 mm

- Ngudn dién: =220V

KHA NANG LAM VIEC:
- Cé thé théo I8p 2 cum dau din, cum 2 dau
va curm tron mau.
- Tich hop hai dau ddn: 1 in vat liéu chinh, 1 in
vat lieéu support.
- Thay déi chic Na&ng tron mau bang dau
Diamond
- Lam viéc tu dong.
- In Mau ky thuat, dé chinh xac cao.
- INn Mau My thuat, phdi trén 16 Mmau.
- Giao tiép théng qua cdng USB hoac the SD.

MOT SO SAN PHEM:

@ :www.in3Dvinhthinh.com - ©:0918277963 - &2 :i i inh@gmail.com
o : www.facebook.com/in3d.tphcm
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1 REPMARBOX Model REPBOX - 2E:

Truse el o Elsh [Khem U= 18 i Miint
Khoe Co KR _B6 Mitn ChS Teo Méy

N NG H N NG NG

REPMARBOX

NModel REPBOX - 2E

THONG SO KY THUST:
Kich thude lam viéc: 280x280x280

- Vat liéu: ABS, PLA, PVvVA
- S& dau Adin: 2

- TSe db Idm Nhat: 120 mM/s

- Nhiét dé t&i da: 280°C

- D6 chinh xac: 0.1 mm
-Béldpinmnhdmnhdc: 0.1 mm

- Ngudn dién: 220V

KHA NANG LAM VIEC:

- Tich hop hai dau dbn: 1 in vat liéu chinh, 1 in f I

vat liéu support. L
- Lam viéc tur déng. 8 «.D
- In Mau ky thuat, dé chinh xac cao. i

- Giao tiép théng qua cong USB hoac thé SD.

L. ]
MOT SO SAN PHEM: nguyén ly hoat déng

<

n3dtphcmvinhthin
pham

PRUSA PRINTER

NModel PR - 1E

THONG SO K¥ THUAT:
- Kich thudc lam viéc: 280x220x280

- Vat liéu: ABS, PLA, PVVA
- S6 dau din: 1

- T&c dd 1 Nhat: 120 mM/s

- Nhiet db t&i da: 2s0°C

- P& chinh xac: 0.1 mm

- Béldpinmnhdnhdt: 0.1 mm

- Nguén dién: =220V

KHA NANG LAM VIEC:

- Hanh tinh chay dau ddn Ién, chi tiét in Ién.

- Lam viéc tyu dong.

- In Mau ky thuat, dé chinh xéac cao.

- Giao tiép théng qua céng USB hoac the SD.

www.in3Dvinh nhthinh@gma
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1.3.2 M@y sir dung trong cdng nghiép:
Mot s6 mau, khudn doi hoi dung khich thudc thiét ké, nhung da sé cac may
hién tai ma nhom dang c6 kich thudc lam viéc chi trong khoang 240 x 240 mm.
Vi vay viéc nghién ciru ché tao cac dong may c6 kich thude 1am viéc 16n 1a diéu
can thiét.
Nam 2017, nhom d& nghién ciu ché tao thanh céng may co kich thuéce 1am
viéc 1a 350(W) x 350(L) x 400(H) phuc vu san xuét chi tiét lon.

Hinh 24: May phuc vu cho cong nghiép.

Trong twong lai, dinh huéng san xuat dong may c& 16n véi vat lidu khung
may 1 nhdm dinh hinh dé giam khéi luong may, gilp giam di cac budc dinh vi
vi tri va do chinh x4c, ting tinh tham my....

1.4 XAy dung quy trinh ché tao va t6i wu héa qua trinh vin hanh

1.4.1 Xay dwng quy trinh ché tao san pham

TUy vao ting cong ty — co s& san xuat, ho déu c6 mot quy trinh ché tao
riéng, sau khi nghién ctru nhom da xay dung mot quy trinh ché tao san pham cua
Cong nghé in 3D mot cach co ban va dé hiéu nhat nhu hinh anh dudi day. Quy
trinh bao gom 8 budc co ban tir khi 1én y tuéng thiét ké cho dén gian doan hoan

thanh dua vao sir dung trong doi séng.
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2 STL convert

3 File transfer to machine
4 Machine setup

5 Build

6 Remove

7 Post-process

8 Application

Hinh 25: Quy in hinh ché tgo sdn pham ciza Cong nghé in 3D.
e Buwéc 1: Thiét ké mo hinh 3D trén may tinh.

Cac san pham duoc thiét ké trén may tinh bang bat ky phan mém nao. C6
thé sir dung phuong phép thiét ké nguoc dé tao ra mé hinh 3D. Tat ca dit liéu 3D
déu duoc tao ra & dang mé hinh khéi ran (Solids).

e Buwéc 2: Chuyén dir liéu sang dinh dang STL

M6 hinh 3D dang khéi ran duoc chuyén sang dinh dang STL. Pay 1a dinh
dang ding chung cho tat ca cac hé thong thuoc Cong nghé in 3D hién nay. Mo
dun chuyén doi dir liéu nay dang duoc tich hop sin trong tat ca cac phan mém
CAD c0 trén thi truong.

e Buwéc 3: Chuyén sang phan mém danh cho thiét bj in 3D

Dit liéu STL duoc chuyén sang phan mém sir dung cho thiét bi in 3D. Trén
phan mém nay, s& duoc diéu chinh kich thudc, lva chon vi tri va hudng ché tao,
tao hé thong da.

e Buwéc 4: Thiét lap cac thong sé qué trinh

Cai dat cac théng sb lién quan dén qua trinh ché tao san pham trén thiét bi

in 3D nhu: nhiét 46, bé day 16p, kiéu dién day.... va tién hanh cat 1op.
e Buwd6c 5: Ché tao san pham
Quaé trinh ché tao dugc dién ra hoan toan ty ¢ong ma khéng can cé qué trinh

giam sat.
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e Buwéc 6: Lay san pham ra sau khi hoan thanh

Théo san pham ra sau khi qua trinh ché tao hoan tat. Can luu y cac diéu

Kién an toan nhu nhiét do...
e Buwdéc 7: Hau xie ly

Trong hau hét cac Cong nghé in 3D, san pham sau khi ché tao déu trai qua
quéa trinh hau xir 1y nhu: thao d& hé théng d&, luu hoa, xir Iy bé mit...budc nay
doi hoi thoi gian, tinh can than va k¥ ning.

e Buwdc 8: Sir dung

San pham duoc st dung theo céc tinh ning yéu cau khi thiét ké.

Trong qué trinh nghién ctu va thyc nghiém, nhom nghién ciru da cho san
Xuat rat nhiéu mau vat (my thuat), dé cho ra san pham hoan chinh can qua céc
budc sau:

1 Thiét ké - dwng hinh anh 3D:

Cac san pham duoc thiét ké trén may tinh bang bat ky phan mém nao. C6
thé sir dung phuong phap thiét ké ngugc dé tao ra md hinh 3D. Tat ca di liéu 3D
déu duoc tao ra & dang md hinh khéi ran (Solids). M6 hinh 3D dang khdi ran
dugc chuyén sang dinh dang STL. Pay la dinh dang dung chung cho tét ca céac
hé thong AM hién nay. M6 dun chuyén doi dir liéu nay dang duoc tich hop sin

trong tat ca cac phan mém CAD c6 trén thi truong.

Hinh 26: Tgo file md hinh 3D bdng phan mém 3Ds max
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Thingiverse ASHBOARD  EXPLORE  EDUCATION fEAT o

@ Sona

Hinh 28: S dung file trén trang web Thingiverse.com

T X ly file 3D thong qua phan mém ct 16p:

Hién nay, cd rat nhiéu phan mém cho phép ta mo file STL, cit 16p va xuét
file Geode dé nap vao may in 3D. Mot s6 phan mém c6 thé ké dén nhu: Repetier
Host, Slic3R, Cura, Simplify3D, .... Nhom nghién cau dang st dung phan mém
Simplify3D dé xuat file Gcode va Repetier Host dé diéu khién may. Trong
Simplify3D, Sau khi import file STL vao ta nhap dp vao vat thé va chl y cac
hi¢u chinh ban dau:

+ Xoay vat thé quanh cac truc X, Y, Z: Can cht ¥ huéng diing cua vat
thé sao cho khi in thi han ché thap nhat support, gay anh hudng dén
chat luong bé mit.

+ Scale: TUy vao y&u cau caa san pham va khé in ciia méu, ta chon ti Ié
scale sao cho phi hop nhat.

+ Poc céc sd do kich thudc bao cua vat thé dé chon may hop ly.
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Viéc hiéu chinh céc théng sé trong phan mém la mot budc quan trong quyét
dinh dén chat luong cua san pham, néu biét va cé kinh nghiém xu ly ta sé& thu
duoc két qua mong doi, nguoc lai thi coi nhu bo san pham hoic phai trai qua
nhiéu budc xu Iy bé mit sau méi hoan chinh dugc. Mot sé vi du vé san pham

khong dat chat luong:

Thong sé retraction va nhiét d6 khong hop Iy nén nhiéu to va kho go

support.

Ket nhuya do chon Retraction Distance 1on.

1 Van hanh may in 3D:
Sau khi da c6 file Geode, ta co 2 cach dé van hanh may in 3D:
+ Xuat file sang thé nhé SD va nap vao may.
+ K&t ndi véi may in 3D thdng qua cong USB va cép tin hiéu.
Trong qué trinh van hanh can phai c6 sy quan sét cac chuyén déng caa may,
va cd thé can thiép nhanh néu cé 15i. Mot s6 16i thuong gap nhu ket nhuya, chi tiét
khéng dinh ban in, bi cong do gian no nhiét,....
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1.4.2 Téi wu héa qua trinh van hanh

Dé qua trinh van hanh may dién ra thuan lgi va cho ra duoc san pham nhu
y, giam thiéu nhitng sai s6t vé sau trong qua trinh st dung phan mém trung gian
dé chuyén sang file dinh dang cho thiét bj in 3D ta can thiép va chinh sta céc
thong sd hop 1y. Dudi day nhém sé& giéi thiéu vé cac théng sé phan mém
Simplify3D ma nhém da st dung trong qua trinh ché tao c4c mau vat.

Phan mém Simplify3D: la phan mém trung gian cho phép khach hang
chuyén doi file.STL sang file cia may in 3D file. GCODE dong thoi c6 thé diéu
chinh thay d6i c4c thdng sé va t6i wu hoa cac cai dat duoc st dung trong qué trinh
in 3D. Phién ban mai nhat cua Simplify3D 1a 4.0 ¢6 nhitng cai tién chirc nang va
nang cao chat luong in 3D. Chung ta biét rang in cac ving nho, chi tiét li ti hodc
thu hep trén mot mau vat co thé khé do kich thude voi phun ¢b dinh. Véi chic
nang trong phan mém co thé tu dong diéu chinh luong nhya duge dun tir voi phun
dé tao ra cac ép dun nhé hoic 16n hon tiy vao hinh dang ban in. Biéu nay cho
phép may in cua ban tao ra hinh dang nhé hon va chinh xac hon trudc day.

Péi voi cac mo hinh phic tap hon, in 3D thuong bi anh huong bai cac yéu to
co ban dé on dinh miu vat trong suét qué trinh in, chang han nhu support, be,
hoac doc. Mot so tinh niang méi cai thién kha ning ctia cac cau trdc hd trg dé bam
vao mau vat, cho phép tham chi cac md hinh cao nhat duoc hd tro support day di.
Céc tinh niang moi khéc s& cho phép khach hang thay d6i mat o hoac vat ligu
duogc st dung cho cac 16p trén cling caa support, gan bé mat cua bd phan. DPiéu
nay tao ra mot s6 kha niang thay thé vat liéu caa support tiép xdc véi bé mat mau
vat, chang han nhu chuyén sang mot vat liéu hd trg hoa tan gan bé mat mot phan

dé d& dang loai bo va it anh huong toi chat lwong bé mat caa mau vat.
1.4.3 M@t sb yéu té anh hwéng téi chit lwgng bé mit san pham

1 Hwéng tao hinh:
Hudng tao hinh 1a mot yéu t6 ¢ thé tac dong dang ké trén bé mat caa chi
tiét. Bang phuong phap khac nhau duoc phat trién bai cac nha nghién ctu dé tim

ra dinh huéng téi vu dé ché tao céc chi tiét trén may tao mau nhanh.
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Cac thi nghiém duoc tién hanh nguoi ta di dén két luan rang khi & goc hop
véi phuong z cé gia tri 200 va 450 thi gia tri d6 nham la ty 1€ thuan vai do day

|6p nhung dbi véi goc 700 gia tri ¢6 nham lai giam khi tang d6 day 16p.
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Hinh 29: Anh hwéng hwéng tao hinh Ién bé mat.
Khi goc o cang giam thi hiéu ung bac thang cang thay r5 lam cho do nham
bé mat anh huong do xuat hién nhap nhd & vai chd.
Vi du: Nguoi ta tao chi tiét c6 cac goc bién doi tir 0 t6i 180 dé xem dd nham

cua no.

e B{xild\ .
W

Roughness
Measurement
Direction

Front
View
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Measured Surface Roughness
200 T T T T T T T - T
H H H H H H H =s—t=0.2mm
jo | —e—t=04mm ||

R (micron)

L i i i i i | i j i i i i i i i i
0 10 20 30 40 50 60 70 80 S0 100 110 120 130 140 150 160 170 180

6()
Biéu do 8: Méi lién hé d nham Ra, géc 6 va chiéu day.

MGi lién hé do nham Ra va goc 0, véi chiéu day I16p t1=0.2 (mm) va t2=0.4 (mm).

 Bé day lop:

Chiéu day 16p in cang nho tao chat lwong bé mat tét hon, nhung diéu do c6
nghia la thoi gian in s€ 1au hon.

Vasudevarao et al. dd nghién cttu anh hudéng caa thong sé nhu xay dung
dinh hudng, do day 16p, chiéu rong duong, khoang cach khéng khi va nhiét do
mo hinh trén bé mit va dua ra két luan rang bé day 16p va dinh huéng 1a yéu to
guan trong quyét dinh chat lugng bé mat cua chi tiét. Cac bé mat tét nhat khi in &
gia tri bé day lép 14 0,007 va phan dinh huéng cua 70 degree.

Po d6 nham & ca 2 hudng vudng goc véi mat phang tao mau. Pua ra két
luan rang thiét 1ap do day Iép thap hon 1am cho chét lugng bé mit tét. Hon nita
bé mat phan d6 tiép gidp vai cac 16p trén cling cua sy hd tro ¢ cau trac mugt ma
s0 v&i bé mat.

Bakar et al. da phan tich tac dong cua ba thdng s6 qua trinh nhu do day 16p,
chiéu rong dudng vién va goc raster. Cac diéu kién con lai gia thiét 1a téi uu cho
qua trinh FDM. Céac thi nghiém dugc tién hanh trén mé hinh tha nghiém cé
nhiéu cac hinh dang hinh hoc va kich ¢& nhu khe, hinh tru, hinh khéi va nhan. ..
Pua ra két luan rang kich thudc tét nhat dé duoc xay dung véi FDM trong X,
huéng y 1a 2 mm tré 18n. Viéc &p dung 1am cho bé mit I6p mong va min trong
khi in cac chi tiét kich thudc nho. Nghién ctu cho thay rang ca hai tham s co

thé hd tro lién két gitta cac 16p va dan dén bé mit tt hon.
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 Téc do:

Cac bé mat ciing phu thudc vao mét sé théng sé quéa trinh caa may FDM.
Véi diéu chinh phi hop cua cac thong sé xay dung, chat luong co thé duogc cai
thién dang ké ma khong phat sinh thém chi phi. Trong mot nghién ctu, Zhou et
al. chi ra rang téc do khi ché tao va do chinh xac 1a 2 y&u cau co ban dbi véi
thiét bi RP.

Theo tac gia tbc do quét 1a quan trong nhat yéu té anh hudng dén su méo cua
chi tiét. Phan tich khi in ¢ téc do cao dong nhua cung cip khong du, dan dén tai
mét vai chd co hién tuong thiéu hut nhya, dé quan sat nhat 1a cac 15 rd trén bé mit.

Khi in téc dd cham dong nhya chay ra nhiéu hon diéu nay co thé dan t6i du
nhua hién tuong dé quan sat nhat 1a trén bé mat néi cuc.

1.4.4 Céc 16i thuwdng gap trong qué trinh van hanh thir nghiém

T San pham bi cong vénh:

Lbi nay thuong xay ra véi nhitng san pham cd bé mat tiép xdc véi ban thiét
bi 16N, tai nhitng 16p nhya dau tién caa san pham, mét hoic nhiéu goc cua san
pham s& bi vénh 1én cao hon so véi nhitng goc khac. Lép dau tién cia san pham
khong tiép xdc véi mat ban vi khoang céch so véi miii ¢au dun cua nhitng goc nay
nho hon so vé&i nhitng géc khac nén s& cd hién tuong nhua 16p sau chong 1én 16p
treéc 1am cho bé mit bi bién dang, san sui. Khi 16p trude da dong ctng, dau dun
tiép tuc tao 16p tiép theo s& cb hién twong dau dun bi va cham vai cac map md gay

cong vénh dau dun, anh hudng dén d6 bén cua thiét bi. Viéc san pham bi cong

vénh ciing gdy nén hién tuong nit ngang & phan than caa san pham.

)

Hinh 30: Mdu sdn phdm bi cong vénh
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* Nguyén nhan:

Khi nhiét d6 caa nhiing 16p nhua dau tién giam dan né s& gay ra hién tugng
co rat vat liéu. Hé s6 co rat khac nhau ddi véi ting loai nhya khac nhau, hién
tuwong nay 1am cho cé&c canh caa san pham bj ubn cong 18n.

Do bam dinh cua san pham vai ban thiét bi thip, san pham d& dang bi tach
ra khoi ban thiét bi khi c6 luc tac dong vao. Mot khi di bi tach ra khoi ban thiét
bi san pham s& rat d& bi cong vénh do su co rat vat liéu khi nhiét &6 giam.

* Cach khic phuc:

Pé khic phuc hién tuong ndy c6 mot sb bién phéap sau day:

+ Sir dung ban thiét bi c6 kha nang gia nhiét dé gitr nhiét do duy tri
tir 70 — 80 do C, nhiét do nay s& duogc duy tri sudt trong qué trinh
in, giip san pham khong bi co rat do nhiét do giam.

+ Tang d6 bam dinh cua san pham véi ban thiét bi bang cach boi thém
mot 16p keo co do bam dinh tét 18n ban thiét bi trude khi ché tao.

+ Can chinh lai ban thiét bi, dam bao ban thiét bi vubng gdc véi dau
dun va khoang céch cua ban thiét bi so v4i dau dun dong déu tai
moi chd trén ban thiét bi.

+ CO thé giam thiéu hién twong cong vénh bang cach thém phan Raft
truéc khi ché tao mot san pham. Diéu nay co thé thyuc hién trong
qua trinh cit I6p & thé Support material trong phan mém
Simplifile.

+ Tang mat d6 dién day cua lép dau tién dé ting lwong nhua duoc
bam dinh vé&i ban thiét bi, diéu nay co thé thuc hién trong thé
Advance.

T L&i nhwa khong déu:

Khi nhya dun ra khéng da va it hon mong mudn, cac duong nhua s ho ra

thay vi dinh lai 1am cho vat thé tro nén d& boc tach va kém min.
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Hinh 31: Mdu san pham bi 16i nhuwa khéng déu
* Nguyén nhan:
+ Do luong nhua phun bi thiéu.
+ Do duong kinh soi nhya nhé hon duong kinh soi nhya trong qua
trinh cai dat.
+ Do mat do l16p qua thua
* Céach khic phuc:
+ Mua nhya ¢ nhitng noi c6 uy tin, co sai so duong kinh nhya trong
khoan cho phép.
+ Tang s6 16p ¢ 16p trén san pham.
1 L&i bién dang bi phu to “chin voi”:
Goi la hién tuong chan voi vi nhiing 16p nhya dau tién cua san pham bi
phinh ra, 16n hon so véi kich thuéc thiét ké, hinh dang giéng véi chan voi. Hién

tuong ndy gay sai sd vé kich thuéc cho san pham, 1am cho san pham bi xau, mat

tham my.

Hinh 32: Mdu san phdam bj 1i dién dang
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* Nguyén nhan:

+ Pé tranh hién tugng cong vénh ta thudng c6 xu hudng ting mat do
dién day cua 16p nhya dau tién. Viéc nay 1am ting luong nhya
duoc dun ra do d6 gay thira nhya va san pham bj phinh ra ¢ nhiing
|6p nhya dau tién.

+ Trong luong cua san pham tac dong 1én cac 1op nhua dau tién khi
cac 1op nay chua kip doéng cung Dac biét 1a khi sir dung ban thiét
bi c6 kha nang gia nhiét, lam cho thoi gian dong ctiing cua cac lop
dau tién 1au hon.

+ Khoang cach gitta ban thiét bi va mii dau dun qua gan, khoang
cach nay nho hon kich thude duong kinh cua soi nhya dugce dun
ra, vi vay soi nhya bi ép qua mac gay ra hién tugng phinh.

* Céach khic phuc:

+ Tim ra mot théng sé6 mat do dién day 16p dau tién thich hop dé
vura tranh hién tugng cong vénh vira khéng gay ra hién tuong
“chan voi1”.

+ Di chuyén miii dau dun ra xa thém so voi ban thiét bi, nhung
khdng qua xa vi néu qua xa khi ché tao sgi nhyua s& khéng bam
dinh duoc véi ban thiét bi.

+ Can chinh lai ban thiét bi, dam bao ban thiét bi vubng gdc véi dau
dun va khoang céch cua ban thiét bi so véi dau dun dong déu tai
moi chd trén ban thiét bi.

+ Ha thap nhiét &6 cua ban thiét bi néu thay xay ra hién twong nay.
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Dau phun qua gan ban in

> =

Khoang cach hop ly

=

Dau phun qua xa ban in
BT,

]

Hinh 33: Khodng cdch dat dau phun va ban in
Trong qua trinh thiét ké mo hinh CAD nén tao mot duong chamfer & vién
dué6i cia san pham dé tranh hién tugng cong vénh.
 San pham bi léch xién:
Biéu hién thay rd nhat cua nhitng san pham bi 15i nay 1a cac 16p nhua phia

trén bi léch, dan dén san pham bj xién va léch di trong thay.

Hinh 34: Mdu san pham bj léch xién

* Nguyén nhan:
Nguyén nhan gay ra 13i nay chu yéu do céc van dé sai hong ¢ thiét bi.
+ Giatbc lam viéc nho.

+ Dau dun bi Ket, di chuyén kho khin theo chiéu truc x hoic y.
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+

+

Cac thanh dan hudng cua cum truc x hoic y khong thang hang va
thanh dan huoéng cua hai cum truc khdng vudng goc véi nhau mot
cach chinh xac.

Puly caa dong co khong dugc gan ¢b dinh vao truc dong co.

Day dai rang qua long va bi truot khi ddng co quay.

* Cach khic phuc:

+

Kiém tra lai dau dun cua thiét bi c6 thé di chuyén dé dang hay
khong khi di chuyén bang tay, néu dau dun di chuyén khé khin
theo hudng nao d6 co thé l1a do ma sét giira ray truot va con trugt
quéa 16n, ta nén tra thém dau boi tron vao vi tri tiép xuc cua ray
truot va con truot.

Kiém tra cac ray truot ciia cum truc X va y xem céac thanh nay cé
thang hang hay khong va khoang cach giita hai thanh truot ¢ bang
nhau tai moi diém hay khong.

Kiém tra lai day dai ring va puly, néu day dai qua l1ong ta nén siét

cang lai day dai hoac gan thém bo phan cang dai.

+ Tang gia tri gia tbc trong phan mém.

 San pham bi thiéu lop:

Biéu hién cua 15i nay 1a bé mat caa san pham theo chiéu truc Z c6 nhiing

khoang ho do thiéu 16p hoic 16p khong duge dién day. Hién twong nay 1am cho

d6 bén caa san pham giam, san pham dé bi niit nén do lién két gitra cac 16p nhua

la rat thap. Hién tuong nay con lam giam tinh tham my cua san pham.

-

Hinh 35: Mdu san pham bj thiéu lép
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* Nguyén nhan:
+ Sai léch cua vis me — dai 6¢ hodc co cau truyén dong cho cum truc Z.
+ Cum cap nhwa khong cip du lugng nhua can thiét cho viéc dién
day 16p nhya d6 dan dén luong nhya dun ra bi thiéu hut.
+ Soi nhya bi 16i, duong kinh soi nhua qua nho, soi nhya bi rong.
+ Mii dun ciia cum dau dun bi tic hodc bi ket do phan nhwa con sot
lai tir dot ché tao trudc va gay ket nhua.
+ Van dé véi cac ty truot truc z, ty truot bi ket do ma séat qué lon gay
qua tai cho dong co truyén dong, sai léch vé kich thudc duong
kinh cua ti truot, ti truot khdng thang 100%.
* Céach khic phuc:
+ Kiém tra lai &6 chinh xac ctia co cau truyén dong truc z.
+ Chinh stra lai théng s vé kich thudc cua banh rang dun nhya trong
firmware hoac kich thudc caa sgi nhua trong phan mém cat 16p.
+ Thuong xuyén lam sach dau dun bang nhya chuyén dung dé tranh
hién tuong ket nhua.
+ Kiém tra lai d6 chinh x4c cua céc ty truot cum truc Z. Néu sai léch
qua 16n can thay thé ngay dé dam bao do chinh xé&c cua san pham.

T San pham bi chay xé:

Hién tugng nay thuong hay xay ra véi nhitng san pham c6 kich thuéc nho.
Hién tuong nay 1lam cho d6 nhdm bé mit cua san pham theo chiéu truc Z thap,
cac 16p nhya bj thira nhwra. do d6 1am cho bé mit san pham c6 nhimg duong van
map md lam giam d6 chinh xéac vé kich thudc va hinh dang hinh hoc caa san

pham, giam tinh tham my.
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Hinh 36: Mdu san phdm bj chdy x¢é

* Nguyén nhan:

+

Khi ché tao, nhitng san pham c6 kich thudc nho thi ¢é thoi gian di
chuyén gitra cac 16p nhya la rat nho nén nhya o 16p nhya truéc
chua kip dong cung thi 16p nhwa sau di tiép tac dun 1én. Nhiét do
giam cham nén céac 16p nhua bi chay x¢é do trong Iwgng cua cac lop
nhya sau tac dung Ién.

Nhiét d6 cua ban thiét bi cd kha ning gia nhiét quéa cao lam cho
san pham dé bi chay xé.

Cum cép nhya cap mét luong nhua qué Ion khdng can thiét cho
viéc dién day I6p nhya d6 dan dén luong nhua dun ra qua nhiéu
(OverExtrusion).

Soi nhua bi 16i, duong kinh soi nhya qué 16n, kich thudc khéng

dong déu.

* Céch khic phuc:

+

Lap thém quat tan nhiét vao vi tri dau phun dé 1am cho nhya ngudi
nhanh hon

Péi véi nhitng san pham co kich thude nho ta c6 thé in cung lc
mot hay nhiéu san pham khac dé tang thoi gian giita cac 16p nhya.

Giam nhiét do cua ban thiét bi.
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+ Diéu chinh lai théng sb cua banh rang dun nhua cho chinh xéac
trong phan cai dat firmware hoic ting thong s kich thuéc cua soi
nhya khi thiét lap trong phan mém cat 16p.

1 L&i san pham c6 bé mit sin sui:

San pham bi 13i nay c6 1ép bé mat trén clng bi thiéu hut xuat hién nhiéu 15
thang 1am cho bé mit cua san pham bi hé hodc ¢6 nhiéu vét san sui trén bé mat,
15i nay 1am cho do bén cua san pham giam, ddng thoi giam tinh tham my.

* Nguyén nhéan:

+ Mat trén khong dugc lam ngudi dang cach.

+ L6p nhua phia trén khong du day dé che Iap hét cac 16 hong do qua
trinh dién day dé lai.

+ Cum cap nhua khong cap da luong nhya can thiét cho viéc lap day
bé mit. Dan dén san pham xuit hién cac 16 héng do thiéu hut
lwong nhua can thiét (UnderExtrusion).

+ Cum cip nhya cip qua nhiéu nhya dan dén thira nhya lam cho bé
mat san pham bj san sui (OverExtrusion).

* Céch khic phuc:

+ Sir dung quat tan nhiét cho cac bé mat cé dién tich 16n dé tranh
hién tuong trén.,

+ Tang s6 luong 16p nhua trén cung dugc dién day trong phan cai dit
layers and perimeters ciia phan mém cat 16p.

+ Thay doi théng sé duong kinh cua banh rang dun nhya cho hop ly
dé luogng nhua dugce dun ra mot cach chinh xac.

1 L&i san pham bi tréc va rép ¢ nhirng Iép dau tién:

San pham bi 15i nay thuong c6 hién tugng ngay khi méi ché tao dugc 1-2
l6p dau tién. Lop nhua thir hai khéng bam dinh dugc véi 16p nhya dau tién 1am
cho 16p th hai bi tréc, rop 18n tao ra nhirng vét 1i 16m trén bé mat 16p nhua thir

hai. Nhitng vét 15i 16m nay lam cho qué trinh di chuyén cua dau dun gip rat
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nhiéu khé khan. Hién tuong nay 1am cho d6 bén cua san pham giam, chat luong

bé mat kém, 1am giam do bén cua thiét b.

* Nguyén nhéan:

+

Nhiét ¢ ché tao qua thap dan dén sgi nhua chua ¢ trang thai long
hoan toan.

Miii dau dun va ban thiét bi khéng vubng goc voi nhau, thuong
mili dau dun c¢6 mot bé mat nho & phia cudi mii dun. Khi ché tao,
bé mat nay s& tiép xUc truc tiép véi bé mat caa 16p nhua, khi miii
dau dun va ban thiét bi khdng vudng goc véi nhau, bé mat nay sé
khdng tiép xic hét va gay ra hién tugng troc, rop. Viéc mii dau
dun khong vudng goc véi ban thiét b 1a do két cau thiét bi bj cong
vénh sau mat thoi gian str dung.

Luong nhya & 16p tht hai dun ra qua it din dén khong da nhua dé
bam dinh véi 16p thir nhat.

Khoang céch giita dau dun va ban thiét bi qua I6n dan dén viéc soi
nhya duoc dun ra khong tiép xtic duoc voi bé mit cua 16p nhua

dau tién dan t6i hién tuong bi rop.

* Céach khic phuc:

+

+

Tang nhiét do dau dun.

Tiang % mat do dién day 16p thtr hai s& ting lwong nhua duoc dun
ra do d6 tang d6 bam dinh gitra 16p tha hai va 1op tht nhat. Diéu
nay cd thé thuc hién trong phan cai dat Advance.

Can chinh lai két cau cua khung thiét bi sao cho miii dau dun hoan
toan vudng goc vai ban thiét bj.

Giam khoang cach giita miii dau dun va ban thiét bi sao cho
thich hop.

T Hinh dang san pham bj thay déi:

* Nguyén nhan:
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Do hai dau dun ko dong phang, dan dén khi 1am viéc dau thap hon
s& va vao 16p nhwa caa dau kia, 1dm cho san pham bi thay ddi bién
dang.

Do ban thiét bj khong phang.

Trong qua trinh lam viéc, do trong luc lwgng nhya dang chay déo &

trong dau khong l1am viéc chay ra va vao thanh san pham.

* Céach khic phuc:

+ Can lai ban thiét bi.
+ Can chinh lai dau dun.

+ Thay d6i lai lwong rut nhya trong phan mém cat 1op.

Két luan

Sau thoi gian nghién ctu va trién khai hoat dong, du an nghién ciu da thu

duoc nhitng két qua nhu sau:

Hiéu rd Cong nghé in 3D 1a xu huéng céng nghé s& phat trién manh
trong twong lai va tim quan trong cua cdng nghé nay trong doi séng
VA san Xuat.

Nghién ctu va ché tao thanh céng cac dong may in 3D tam trung va
gia ré, phi hop véi nhu ciu cua cac doanh nghiép va ca nhan trong
nudc.

Thtr nghiém in thanh céng cho hai dong vat liéu chinh PLA, ABS.
Phat hién va khac phuc mot sb 16i thuong gap trong qué trinh in.

Xay dung quy trinh ché tao san pham theo Céng nghé FDM don gian

nham muc dich pho bién Céng nghé in 3D vao doi song.

Bén canh nhiing két qua dat duoc, dé dam bao su nghién ctu va phat trién

bén viing chung toi con dat ra cac muc tiéu hoat dong sap téi nhu sau:

Ché tao thanh céng may in 3D phuc vu cho Cong nghiép
Nghién ctru co — hoa tinh cia san pham sau khi in.

Nghién ctru va phét trién cac dong may in hién nay.
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- Xay dung chuong trinh dao tao vé Cong nghé in 3D cho timg ddi
tuong khach hang.
- Nghién cau céac loai vat liéu khac cho may in 3D: PC, Nylon, PETS,
Nhua — Glass, PVA....
- Nghién ciu va ché tao cac dong may in theo Cdng nghé: SLS,
SLA, LOM....
2. San xuat Thong minh va 3D-Printing tai Siemens

Céc doanh nghiép co thé két hop AM vao phat trién san pham va cac hoat
dong san xuat dé dat duoc nhitng thanh qua tét hon. Bé thuc hién diéu nay,
Siemens dang lam viéc véi cac d6i tac dé dot pha tu duy thong thudng va cac rao
can ky thuat dé cac doanh nghiép c6 thé mo rong quy md AM thanh céac hoat
dong chinh thdng cuaa ho. Va két hop véi sic manh cua s6 héa va AM dé thuc
hién cac y tudng sang tao thanh cong.

Siemens ciing thdy rang c6 nhiing rao can dang ké trong viéc cong nghiép
hoa AM:

- Trong phét trién san pham va k¥ thuat san xuat - cac cong ty thuong sir
dung nhiéu tng dung phan mém khac nhau, khdng c6 két ndi véi nhau dan dén
phai chuyén d6i data va thiéu kiém soat.

- Trong xudng san xuat - may in 3D thuong duoc sir dung riéng biét khién

viéc st dung AM cho san xuat tré nén khé khan.

1
End-use part Finishing / Inspection Heat Treatment AM Process

Barriers to industrializing additive manufacturing SIEMENS
lngesncity for Uife
l Design software Simulation Software Print Preparation Software
Conventional Disconnected Multiple file Uncontrolled
thinking process chain conversions workflow
bé vuot qua cac rao can do, tam nhin cuaa Siemens la tao ra mot hé thong

hoan chinh dau cubi tich hop cho AM c¢éng nghiép, ...
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Vision: One integrated end-to-end system SIEMENS
for industrializing additive lingemuity for life

Smart model-driven process

Simulate 3D Print

Data Management and Shop Floor Connectivity

Siemens Production Software and MES Systems

Partnerships

Giai phap tich hop day du cua Siemens cho san xuat AM véi NX,
Simcenter va Teamcenter c6 thé cho phép hd trg toan bo qué trinh AM, st dung
mot md hinh chi tiét cho CAD / CAE / AM / CAM bang cach sir dung mét cong
nghé phan mém, d& dang thay doi thiét ké va tich hop quan 1y vong doi san pham
PLM day du.

Digitilized Additive Manufacturing Process SIEMENS
lngenuity for Life

Initial Design space

design | Optimize

oy S%

A, 15

repare for printing*
Finish and inspect

Final part
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Design for additive manufacturing

Vé6i NX, tén truée day 1a NX Unigraphics hay thuong duogc viét tit 1a U-G,
la mot g6i phan mém CAD/CAM/CAE dugc phét trién dau tién boi Unigraphics,
nhung tr ndm 2007 do Siemens PLM Software phét trién, Siemens dang cung
cap cac cong cu mai dé thiét ké thé hé san pham tiép theo cho san xuat AM.

Nguoi dung cd thé tan dung md hinh hoi tu “convergent” dé quét cac md
hinh vat 1y va sau d6 sira doi cac thiét ké sin sang cho in 3D ma khong can trai
qua quy trinh tai tao nguoc “reverse engineering”.

Nguoi ding cé thé tan dung loi thé cua thiét ké generative str dung phuong
phap “topology optimazation”, noi ma may tinh hd trg bang céch lip lai tinh toan
dé tao ra cac hinh dang phuc tap va duoc téi wu hoa nham dat dugc cac muc tiéu
hiéu ning dau vao nhu sic bén va trong luong.

Ngudi ding c6 thé thay thé mot phan cuaa chi tiét vai cau tric dang ludi mat
cao lam giam trong luwong chi tiét trong khi van duy tri hoac tham chi cai thién

hiéu suat san pham.

Convergent Modeling ™

Topology optimization

Hinh 37: Lattice Structure
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Simulate for additive manufacturing

Simcenter 3D cung cip kha ning tién tién cho md phong dé dam bao ring
cac két qua thiét ké dap wng tat ca cac tiéu chi hiéu nang can thiét. Simcenter 3D
c6 thé duoc tich hop hoan toan trong méi trudng NX hoic ¢6 san dudi dang mot
san pham doc 1ap hoat dong véi bat ky hé théng CAD nao. Simcenter 3D cho
phép cac doi ky thuat giai quyét mot loat cac yéu cau vé hiéu suat cho stc bén,
d6 rung, &m thanh, chuyén dong, dong chay va truyén nhiét.

racket_SiM : Solution 1 Result
Dispiacement - Nodal, Magnitude
Min - 0.005, Max : 0.390. Units = mm

Animation Frame 8 of 8

Siemens khong chi hd tro pham vi rong nhit cua céng nghé in 3D ma
Siemens va cac ddi tac dang tién phong xay dung va &p dung c4c tng dung moi
trong AM

3D print SIEMENS
Revolutionary technologies supported by NX lingemuity for Life

Hybrid additive . | ‘Multi-axis "
Directed energy N Fused deposition
deposition - : modeling
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A | Laser material el Q Agent jetting/
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NX cho phép thiét Igp va diéu khién nhiéu dong may in 3D.
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Hinh 38: Tao cdu tritc support nhw y muén

Powder bed fusion
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Verify the laser path, layer-by-layer
== for error-free production

Multi jet fusion
- Agent jetting/
inkjet technology

Hinh 40: Piéu khién may in 3D méi nhdt ciia HP véi phan mém NX
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-axis SIEMENS
Ised deposition modeling lingeunuiby for life.
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Ngay tai Siemens, cac chuyén gia ki thuat ciing dang thay d6i tu duy va
cong nghiép hdéa AM trén cac bo phan va trong cong viéc.
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“Spare parts on demand”
for train components
MO Germany, Erlangen

“Functional prototyping”
of gas turbine blades
PG, UK, Lincoln

“Designed-in functionality”
for gas turbine burner tips
PS, Sweden, Finspang

Reduced supply chain
dependency, enabled
mass customization

improved internal cooling
for greater overall
turbine efficiency

Reduced repair
times by 90%
(months to weeks)

Siemens ciing dong thoi hop tac véi cac cong ty hang dau thé gigi vé thiét

bi va céng nghé AM d¢é t6i da hoa loi ich cho ngudi dung.

3D printer / Additive Manufacturing equipment

Solution
development partner

Exclusive solution
provider and reseller

Development
partner

AM Technology partner

-
materialise

INNOVBLONS Yo £an Sount on

Additive Manufacturing software technology

Topology optimization

& FRUSTUM

Security technology

IDENTIFY'

and reseller TRUMPF Maxim iZing
DMG MORI TSN the value of best-in-class
Salion partner O nalogy partner AM production technology
provider
@ e%s

Streamlining
the digital value chain

Consulting services

Accelerating

AM Enterprise consulting services

Deloitte.

Engineering consulting services

AM business transformation

= Solutions

A Siemans Busin

Hién nay, Siemens la ngudi dan dau trong cong nghiép héa AM cho san
Xuat. Siemens cung cap hé théng phan mém tich hop toan dién nhat dé phat trién
san pham va san xuat véi cac cong nghé maéi dé cong nghiép hdéa AM. Siemens
thuc day pham vi rong nhat cua cong nghé in 3D san xuét tat ca trong mot hé
théng va dang xay dung mot hé sinh thai voi cac ddi tac hang dau thé gisi va

cung nhau cach mang hoa cong nghé.
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