GIOI THIEU

Cong nghé in 3 chiéu (in 3D), con duoc biét dén véi tén goi “Cong nghé san
Xuit dap dan” (Additive Manufacturing), da tr& thanh xu huéng cong nghé quan trong
trén thé giéi va 1a mot trong nhitng cong nghé chi chét cua cude Cach mang cong
nghiép 1an thir tu (bén canh cac cong nghé: Internet van vat — 10T, dit liéu 16n, ro-bét,
sinh hoc téng hop...). Theo cac chuyén gia, ddy ciing chinh 1a “chia khoa” cong nghé
cho twong lai ma bat ctr doanh nghiép nao, bat cir nganh cong nghiép san xuat nao va
bat ctr qudc gia ndo déu phai chu ¥.

Cong ngh¢ in 3D dang ngay cang phat trién, khong chi giip cho viéc ché tao
khuén mau duoc chinh xac va dé dang hon ma con tim dwoc nhiéu ung dung trong
thuc té cudc song. Cong ngh¢ in 3D hién dugc ¢ng dung nhiéu va ngay canh pho bién
trong cac linh vuc san xuat cong nghiép, xay dung, y té - cham soc stc khoe, gido
duc... Cyu Tong thong Hoa Ky Barack Obama da tirng nhan dinh: “Céng nghé in 3D
s& 1a mot cudc cach mang trong nganh cong nghiép san xuat cuaa Hoa Ky".

Kién thtrc vé cong nghé in 3D 1a rat rong va phirc tap. Véi viéc bién soan tong
luan “IN 3D: HIEN TAI VA TUONG LAI”, chiing t6i hy vong cung cap cho ban doc
nhitng thong tin co ban nhat vé in 3D, bao gom: lich st hinh thanh, khai niém, cac
cong nghé in 3D chii yéu, vai trd va tam quan trong cta cong nghé in 3D, ciing nhu
cac ung dung, cac tac dong vé mat kinh té, xa hoi va khung phap 1y, cac rao can va
thach thirc ciia cong nghé san xuat hién dai nay.

Xin tran trong gidi thigu.

CUC THONG TIN KHOA HQC VA
CONG NGHE QUOC GIA



|. KHUNG KHAI NIEM VE IN 3D
1.1. Dinh nghia va cac khdi niém
In 3D 12 mot dang cong ngh¢ duoc goi 1a san xudt dap dan/dip 16p (Additive

Manufacturing). Cac qua trinh ddp dan tao ra cac dbi tuong theo ting 16p, khac véi
cac k¥ thuét dic hodc cit got (nhu gia cong).

Hiép hoi vat lieu va thur nghiém Hoa Ky (American Society for Testing
Materials - ASTM) da dua ra mot khai niém rd rang v€ cong nghé¢ san Xudt dap dan:
“Céng nghé san xudt ddp dan la mét qud trinh sir dung cdc nguyén liéu dé ché tao
nén mé hinh 3D, thuong la chong ting [6p nguyén ligu lén nhau, va qua trinh nay trai
nguwoc véi qud trinh cdt got van thuwong ding dé ché tao xwa nay”. Co thé thay day la
mot phuong phép san xuat hoan toan trai nguoc so véi cac phuong phap cat got - hay
con goi la phuong phap gia cong, mai gitia vat liéu nguyén kh01 - bang céach loai bo
hogc cat got di mot phan vat liéu, nhdm c6 dugc san pham cudi cing. Con véi san
xuat dap dan, ta c6 thé coi nd 1a cong nghé tao hinh nhu dic hay ép khudn, nhung tir
nhitng nguyén liéu riéng 1¢ dé dap dan thanh san pham cudi cung.

C6 nhiéu thuat ngit khac ciing dugce dung dé chi cong nghé in 3D nhu cong nghé
tao mau nhanh, cong ngh¢ ché tao nhanh va cong nghé ché tao truc ti€ép. Nhu vay, hau
hét cac thudt nglr ndy déu ra doi dua trén co ché hay tinh chat cia cong nghé.

Vé thuat ngi, “in 3D” chi viéc sir dung “may in phun” voi “dau muc” di chuyén
dé tao ra cac san pham hoan thién. Trén thyc té thi cong nghé san xuét dip dan cling
c6 thé hoat dong tuong tu nhu vay, nhung n6 con c6 nhitng qua trinh, ki thuat tién bod
hon. In 3D trong goc cua thuét ngir co y nghia lién quan dén qua trinh tudn tu cac vat
lidu tich liiy trong méi truong bot véi ddu may in phun. Hién nay, y nghia cua thuat
ngir ndy di dugc mé rong dé bao gdm da dang hon cac k¥ thuat nhu cac quy trinh dya
trén phun ra va thiéu két.

Tap chi The Engineer cia Anh dinh nghia: In 3D la mot chugi cdc cong doan
khdc nhau dwoc két hop dé tao ra mét vit thé ba chiéu. Trong in an 3D, cdc I6p vt
lieu duoc dap chong 1én nhau va dwoc dinh dang dwdi sw kiém sodt ciia may tinh de
tao ra vit thé. Céc doi tuwong nay co thé c¢6 hinh dang bat ky, va dwoc san xudt tir mot
mo hinh 3D hoadc nguén dit lieu dién tw khdac. May in 3D la mot logi robot cong
nghiép.

3D trong cong ngh¢ in 3D la mdt dinh nghia hoan toan khac v6i 3D mang tinh
md phong nhu TV 3D, phim 3D, &m thanh 3D, hinh 3D. 3D ¢ day la san pham that,
vat thé that ma ta co thé cam trén tay, sd mo, quan sat mot cach chinh xac, 3D ¢ day la
moi thir xung quanh ta, ma tir nguyén thity dén hién nay ta van tiép xtic hang ngay. In
3D la in ra ndi dung lén tung 16p, cac 16p duge in lan luot chéng lién tiép 1én nhau,
ting 16p tung 16p. Muyc in chinh la vat liu mudn ap 1én vat thé 3D, c¢6 thé 1a nhuya,
gidy, bot, polymer, hay kim loai ..., cac vat liéu nay c6 dic diém 1a c6 su két dinh véi
nhau dé vat liéu 16p bén trén két d1nh v6i 16p bén dudi duoc. Chung ta c¢6 thé hiéu
ndm na rﬁng in 3D ¢ day la in ra mdt vat thé 3D c6 thé s& mo, quan sat, cAm nim
duoc chir khong phai 13 in ra mot hinh anh ma ta nhin vao n6 ndi khdi 3D gan gidng
nhu ngoai doi.



Nhue Vay, twu chung cé thé hiéu Cong nghé in 3D hay dwot Qoi la cong nghé san
Xudt dap dan, bao gom viéc tao ra mét doi turong Vét Iy bang cdch in theo cdc I6p tir
mét ban vé hay mét mé hinh 3D c6 truée. Cong nghé ndy khdc hoan todn so véi ché
tao cat got - ldy di cdc vat liéu thira tir phéi ban dau cho dén khi thu dwoc hinh dang
mong muén. Nguoc lai, cong nghé in 3D bdt dau véi vt ligu roi va sau dé tao ra met
san pham ¢ dang 3D tir mdu kj thugt sé.

Mot loat cac cong nghé in 3D duoc sir dung ngay nay, mdi loai déu c6 nhitng vu
diém va han ché riéng. Cac cong nghé chinh bao gom: “Thiéu két lazer chon loc”
(Selective laser sintering - SLS), “Thiéu két laser chon loc truc tiép” (Direct metal
laser sintering - DMLS), “Mé hinh héa bang phuwong phap néng chay ling dong”
(Fused deposition modeling - FDM), “Tao hinh nho tia laser” (Stereolithography -
SLA) va “In phun sinh hoc” (Inkjet bioprinting). Trong moi trudng hop, cac dbi tuong
dugc tao thanh tir mot 16p tai mot thoi diém cho dén khi 16p cudi cung cua dbi tugng
duoc hoan thanh. Véi mot sb cong ngh¢ dugc thuc hién bang cach nong chay vat li¢u
va léng dong né trong cac 1op, trong khi cac cong ngh¢é khac kién c¢b hoa vit lidu trong
mdi 16p bang cach sir dung laser. Trong truong hop in phun sinh hoc, mét su két hop
cua vat liéu khung d& va cac té bao sdng dugc phun.

Ngay nay, in 3D co the tao ra do vat tir nhleu loai vt li¢u, bao gdm nhua, kim
loai, gbm sw, thiy tinh, gidy, va tham chi ca té bao song. Cac vat lidu nay co thé dudi
dang bot, day toc, chét long hoac tam. V&i mot sb k¥ thuat, mdt vat don gian co thé
duoc in béng nhiéu vat liéu va mau sic, va mot tc vu in don 1é tham chi c6 thé tao ra
cac bo phan chuyén dong két ndi (nhu ban 18, lién két chudi hodc 1udi).

Lich svwr cuia cong nghé in 3D

Cong ngh¢ in 3D ra doi da dugc hon 30 nam nay. Thiét bi va vat liéu san xuat
ddp dan da duoc phat trién trong nhimg nim 1980. Nam 1981, Hideo Kodama cta
Vién Nghién ctru Cong nghiép thanh phé Nagoya (Nhat Ban) da sang tao ra phuong
phap tao mot md hinh bang nhua ba chiéu v6i hinh anh ctmg polymer, noi dién tich
tiép xtc véi tia cuc tim duoc kiém soat boi mot mé hinh 16p hay phat quang quét. Sau
do, vao nam 1984, nha sang ché nguoi My Charles Hull cua Cong ty Hé thong 3D
(3Dsystems) da phat trién mot hé théng nguyén mau dya trén qua trinh nay duoc goi
1a Stereolithography, trong d6 cac 16p duoc bo sung bang cach chira glay nén véi anh
sang cuc tim laser. Hull dinh nghia qua trinh nhu mot "hé théng dé tao ra cac dbi
tuong 3D béng cch tao ra mot md hinh mat cit cta cac ddi tuong dugc hinh thanh,"
nhung diéu nay da dugc phat minh bdi Kodama. Pong gop ciia Hull 1a viée thiét ké
cac dinh dang tap tin STL (STereoLithography) dugc tng dung rong rai trong cac
phan mém in 3D.

Niam 1986, Charles Hull di sang tao ra quy trinh Stereolithography — san xuét
vat thé tir nhya 1ong va lam cimg lai nho laser. Sau d6 ong dang ky ban quyén cho
cong nghé in 3D “Thiéu két lazer chon loc” (Selective laser sintering - SLS) c6 sir
dung file dinh dang STL (Standard Tessellation Language). Hull ciing thanh 1ap cong
ty 3Dsystems va dén nay n6 1a mot trong nhitng cong ty cung cap cong nghé 16n nhat
hién nay trong linh vuc in 3D.

Néu 1ap biéu thoi gian thi ching ta s& thdy cong ngh¢ nay phat trién theo mot
biéu dd logarit. Tir 1986 dén 2007, trong 20 nim dau tién, cong nghé ndy méi chi co
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cac budc di nho, cham, day dugc goi 1a giai doan xam nhap, budc nén cho coéng nghé
tao mau nhanh. Tuy nhién, dén nam 2009, d c6 mot sy bién dong 16n trén thi truong,
nhiéu bang sang ché vé cong nghé nay da hét han bao ho ban quyén, trong do c6 bang
s& hitu vé cong nghé “Mo hinh hoa bing phuong phap néng chay ling dong” (FD M)
Quy trinh FDM tao hinh san pham nhd nau chay vat lidu rdi xép dat chong 16p, von
duoc s¢ hitu boi hing Stratasys, mot trong nhitng dbi tha canh tranh hang dau trong
linh vuc in 3D. Khi bang sang ché vé FDM hét gia tri, cong nghé nay da thu hat nhiéu
nha san xuat tham gia. Gi4 thanh san xuat giam va FDM tr& thanh mot trong nhiing
chia khoa cong nghé co ban cia cac may san xuét dip dan dugc tiéu thu trén thi
truong hién nay.

Nhitng mdc quan trong trong lich sir cong nghé in 3D:
Nam 1984: Quy trinh san xuit dip dan duoc phat trién boi Charles Hull.

Ndam 1986: Charles Hull dang ky ban quyén chiéc may tao vat thé 3D bang cong
nghé SLS va tur file dinh dang STL. Charles Hull dat tén cho cong ngh¢ cua minh la
Stereolithography, thanh 1ap cong ty 3D System va phat trién may in 3D thwong mai
dau tién dugc goi 1a Stereolithography Apparatus (SLA).

Nam 1987: 3DSystem phat trién dong san pham SLA-250, day 1a phién ban may
in 3D dau tién dugc gidi thi¢u ra cong ching.

Nam 1988: Hang Stratasys va Cong ty 3Dsystems 1an d4u cong b nhirng chiée
may san xuat dap dan.

Nam 1989: Ra doi cong ngh¢ SLS (Selective Laser Sintering), 1a cong ngh¢ in
3D sur dung con lan d€ dat mong nguyén li¢u ra thanh cac 16p, sau d6 x€p chong va
dinh chat cac 16p lai v&i nhau bang cach chiéu tia laser vao.

Nam 1990: Cong ty Stratasys thuong mai hdéa Cong nghé “M6 hinh hoa bang
phuong phap nong chay lang dong” (Fused deposition modeling - FDM) dugc phat
trién boi S. Scott Crump vao cudi nhitng nam 1980. Stratasys ban chiéc may FDM dau
tién: “3D Modeler” ndm 1992.

Nam 1991: Ra doi cong ngh¢ LOM (Laminated Object Manufacturing), day la
cong nghé in 3D sir dung nhiing vat liéu dé dang dat mong nhu giay, gd, nhua..

Nam 1993: Cong ty Solidscape dugc thanh lap dé c}le tao ra dong may in 3D dua
trén cong nghé in phun , may co6 thé tao ra nhirng san pham nhoé véi chat lugng bé mat
rat cao.

Ciing trong nam nay, Vién Cong nghé Massachusetts Institute of Technology
(MIT) dang ky bao ho cong nghé “3 Dimensional Printing techniques (3DP)”.

Nam 1995: Cong ty Z Corporation da mua lai gidy phép doc quyén tir MIT dé sir
dung cong nghé¢ 3DP va bat dau san xuat cac may in 3D.

Nam 1996: Stratasys gidi thi€éu dong mdy in 3D “Genisys”. Cung nam nay, Z
Corporation cling gidi thi¢u dong “Z402". 3D Systems ciling giéi thi€u dong may
“Actua 2100”. Téi luc nay thi cum tir “May in 3D > duoc st dung lan dau tién dé chi
nhitng chiéc may tao mau nhanh.



Nam 2005: Z Corporation gio1 thiéu dong may Spectrum Z510. Pay la dong may
in 3D dau tién tao ra nhirng san pham c6 nhiéu mau sac chat lugng cao.

Nam 2006: Dy 4n may in 3D ma ngudn md dugc khdi dong — Reprap — muc dich
1a tao ra nhimg may in 3D co6 thé sao chep chinh ban than nd. Nguoi ta co thé diéu
chinh hay stra doi n6 tuy y, nhung phai tuan theo di€u luat GNU (General Public
Licence).

Nam 2008: Phién ban dau tién cua Reprap dugc phat hanh. N6 c6 thé san xuat
dugc 50 % cac bo phan ctua chinh minh.

Nam 2008: Objet Geometries Ltd. da tao ra cudc cach mang trong nganh tao
mau nhanh khi gigi thiéu Connex500™., Pay la chiéc may dau tién trén thé gioi co thé
tao ra san pham 3d v6i nhiéu loai vat liéu khac nhau trong cung 1 thoi diém.

Néam 2009: Ban quyén vé cong ngh¢ “Mo6 hinh hoa bang phuong phap néng chay
lang dong” (FDM) hét han bao ho va chiéc may in 3D mi ngudn mé dau tién ra doi.

Nam 2010: Urbee - chiéc xe hoi nguyén mau dau tién dugc gidi thidu. Pay la
chiéc xe dau tién trén thé gidi ma toan bo phan vo duge in ra tir may in 3D. Tt ca cac
bd phan bén ngoai, ké ca kinh chin gié déu dugc tao ra tir may in 3D Fortus kho 16n
cua Stratasys.

Nam 2010: Organovo Inc. mQt cong ty y hoc tai tao nghién clru trong linh vuc
in 3D sinh hoc da cong bo viéc ché tao ra hoan chinh mach mau dau tién hoan toan
bang cong ngh¢ in 3D.

Ndam 2012: Thuong mai hda may in 3D c4 nhan dau tién.

Nam 2014: Céac bang sang ché cho cong nghé “Thiéu két lazer chon loc”
(selective laser sintering - SLS), ciing bét dau hét han bao hg, tao co hoi cho nhitng
sang che moi phat trién hon nita nganh san xuét dap dan, mo duong cho mot thoi ky
phét trién manh mé ctia nganh céng nghiép nay trong twong lai gan.

Uu diém va han ché ciia in 3D

In 3D c6 nhiéu wu diém so vé6i cac phuong phap thong thuong. Véi in 4n 3D,
mot ¥ tuong cod thé chuyén tryc tiép tir mot tép tin trén may tinh cia nha thiét ké t6i
mot bo phan hoan chinh hodc san pham, c6 thé bé qua nhiéu budc san xuat truyén
thong (bao gdm mua sam tirg b phan, tao ra cac bo phén bang cach str dung khuon
mau, gia cong dé khac cac by phan tir khéi vat liéu, han phan kim loai véi nhau va lap
rap).

In 3D cling co thé 1am giam luong vat li€u bi lang phi trong san Xuit va tao ra
cac vat thé kho hodcvat thé khong thé san xuét véi cac k¥ thuat truyén théng, bao gom
cac vat ¢ ciu triic bén trong phirc tap lam tang sirc manh, giam trong lugng, hoac
tang chirc nang. Vi dy, trong san xuat kim loai, in 3D c6 thé tao ra cac vat thé ¢ cau
trac to ong bén trong, trong khi in sinh hoc (bioprinting) ¢ thé tao ra cac co quan cia
co thé voi mot mang ndi by cac mach mau.

Uu diém cua cong nghé in 3D con & chd tao miu nhanh. Céng nghé nay co su
vuot tro1 vé thoi gian ché tao mdt san pham hoan thién. “Nhanh” ¢ day cling chi la
mot gidi han tuong doi. Thong thudng, dé tao ra mot san pham madi mat khoang tir 3 —



72 gio, phu thudc vao kich thude va do phic tap ciia san pham. C6 thé khodng thoi
gian nay c6 ve cham, nhung so voi thoi gian ma cac cong nghé ché tao truyén thong
thuong mat tir nhleu tuan dén nhiéu thang dé tao ra mot san pham thi n6 nhanh hon rat
nhiéu. Chinh vi can it thoi gian hon dé tao ra san phdm nén cac cong ty san xuat tiét
kiém duoc chi phi, nhanh chéng dua ra thi trudng nhitng san pham méi.

Uu diém nira ctia cong nghé in 3D 1a c¢6 thé ché tao ra d6i tuong v6i ddy du cac
bd phan ca bén trong lan bén ngoai mot cach chi ti€t chi trong mot lan thuc hién ma
cac phuong phép truyén thong khong thé ché tao dugec.

Ngay nay, cong ngh¢ in 3D phat trién rat da dang, voi mdi san pham 3D c6 thé
dugc in ra voi nhiéu loai vat liéu khac nhau, vat liéu dang khéi, dang 16ng, dang bot
bui. V&i mdi loai vat liéu cling co nhiéu phuong thure dé in nhu st dung tia laser, dung
cu cat, dun ¢p nhya ... Cach thtc in thi ¢6 in tir dudi l€n, in tir dinh Xuéng. Goi la tao
mau nhanh vi so véi cac phuong phap gia cong ché tao vat thé 3D (mau) khac nhu cit,
got, tién, phay, bao, nin .... Thi phuong phap nay cho phép tao ra mau nhanh hon.

Cong nghé in 3D c6 nhitng vu diém ma cac chuyén gia tin rang né s& sém tro
thanh mdt xu hudng phat trién manh mg trong thoi gian t61 va la xu hudng cia tuong
lai. Chung ta sé& thay trong tuong lai gan cong ngh¢ in 3D phat trién den mirc ¢6 thé in
duge ca mot chiée tau vil tru voi toe do in rat nhanh. Tat ca cac chi tiét tir bén trong ra
bén ngoai déu dugce in xong voi day dt moi chat liéu nhu dong den, bach kim, vang,
sat, thép, nhua, thily tinh...déu dugc in chi trong mot 1an in duy nhat. Cong nghé nay
s& tao ra mot chiéc tau vii tru v4i gia ré chua timg c6 va khong c6 sai sot. Do 1a trong
tuong lai, con hién tai cong ngh¢ nay da lam duogc diéu d6 trén cac chét liéu don gian
nhu bé tong, nhya, sat thép ... Hién nay, vdi cung mot loai chat liéu, cong nghé in 3D
da co6 thé in ra bat ci vat miu nao c6 hinh dang cu thé. Pa c6 nhiing qua tim, gan,
phdi ... ciia con ngudi dugc san xuét ra bang cong nghé in 3D véi d6 chinh xac hoan
hao tuyét doi.

Tom lai, cong nghé in 3D c¢6 nhitng wu diém chinh: Tdc d6 hinh thanh san pham
rat nhanh so véi cong nghé khac; Chi phi dau tu s¢ hitu thap nhat trong linh vuc cong
nghé tao mau nhanh; Chi phi nguyén vt liéu va chi phi san xuét thap; Pa dang vé vat
ligu ché tao va cac ing dung; Co thé in cac vat co cau tao hinh hoc phuc tap ma khong
can gia do; Dé dang chuan bi, st dung va bao dudng; La cong nghé tad mau co day du
mau sic 1én dén hang triéu mau; Cho phep ché tao cac san pham da dang tir cac vat
liéu khac nhau, mau sic khac nhau, khi lurong va kich thudc véi cac ty 1€ khac nhau
so Véi chi tiét hodc san pham that.

Vé cac han ché hién tai ciia in 3D, khac nhau tuy theo ky thuat in, bao gom toc
d6 in hién tai chua thyc sy twong xing voi tiém nang, kich thudc dbi tuong dugc in
han ché, chi tlet hoic do phan giai ctia doi tuong con gio1 han, chi phi vat liéu con cao,
va trong mot sd truong hop, do bén chac cua san pham dugc in ciing han ché. Tuy
nhién, trong nhitng ndm gan day da c6 nhimng tién bd nhanh chéng trong viéc giam cac
han ché nay.

1.2. Cac cong ngh¢ in 3D
1.2.1. Nguyén ly chung ciia céng nghé in 3D



Pé bat dau in 3D, ngudi ta cin mot ban thiét ké vat thé 3D trén phan mém CAD,
mot phﬁn mém quen thudc hd tro thiét ké trén may tinh. M6 hinh cua vat thé hodc
duoc thiét ké truc tiép trén phan mém nay hodc duwgc dua vao phan mém thong qua
viéc sir dung thiét bi quét laser. Sau khi ban thiét ké dugc hoan thanh, ta cin tao ra tai
lieu STL - Standard Tessellation Language, mot dang tai liéu quen thudc v4i cong
nghé san xuét dip dan. Lam tesselate theo ngdn ngir Tesselation chuan 13 chia mot vat
thé thanh nhiing da giac nhé hon, dé mé phong cho cau triic bén ngoai va ca bén trong
cta vat thé. Pay 1a phan rat quan trong trong san xuat dap dan. Khi tai liéu da duoc
hoan thién, hé thdng s& chia nho thiét ké mau thanh nhiéu 16p khac nhau va chuyén
thong tin dén thiét bi san xuit dip dan. Sau do, hé théng san xuit dip dan s& tir ché tao
vat thé theo tung 16p maot cho dén khi vat thé can san xuit duoc hoan thién. Dé san
xudt cac vat thé, cac hé thong may in 3D str dung két hop nhiéu cong nghé khac nhau.
Céc cong nghé nay dugc phan loai dua vao ban chat vat liéu. In 3D hay san xuat dap
dan c6 thé 1am viéc véi vat liéu ran (nhya, kim loai, polymer), vat liéu long (nhua long
dong cung lai nho tdc dong cua laser hay dnh sang dién tir), hay vat liéu dang bdt (bot
kim loai, bot gdm két dinh v6i nhau tao thanh san pham...).

Sau qua trinh ndy thudng c6 thém maot vai khau hoan thién sau san xuat. C6 thé
14 loai bo bui ban hodc cac chat liéu khac bam trén san pham. Ngoai ra, doi khi ching
ta can thém qua trinh théu két dé co thé phu kin cac 16 hong trén san pham. Hodc s
dung mot vai qué trinh tham thau dé phu kin san pham bang cac vat liéu khac.

Céc cong nghé str dung trong san xuat dép dan c6 thé mé ra nhiéu cach két hop
cac loai vat li¢u, phuong phap nung chay va két dinh khac nhau. Mdi cong nghe déu
c6 nhimg uu - nhugce diém va hiéu qua nhat dinh theo tirng muc dich cu thé. Trong khi
mot s6 cong nghé in 3D chi c6 thé sir dung mot loai vat liéu riéng biét, mot so cong
ngh¢ khac lai linh hoat, c6 thé 1am viéc vé6i nhiéu loai va dang vat li¢u khéac nhau. Gén
day, may in 3D da c6 kha nang stir dung vat liéu méi nhu kinh, s6-c6-la va ngay ca cac
té bao clia con nguoi.

Mot loat cac cong nghé in 3D duge sir dung ngdy nay, mdi loai déu c6 nhirng uu
diém va han ché riéng. Cac cong nghé chinh bao gom: “Thiéu két lazer chon loc”
(Selective laser sintering - SLS), “Thiéu két lazer chon loc truc tiép” (Direct metal
laser sintering - DMLS), “M6 hinh hoa bang phuong phap nong chay ling dong”
(Fused deposition modeling - FDM), “Tao hinh nho tia laser” (Stereolithography) va
“In phun sinh hoc” (Inkjet bioprinting).

1.2.2. Cong nghé “Tao hinh nho tia laser” (stereolithography - SLA)

Pugc phat trién boi Chuck Hull, day la cong ngh¢ in 3D xuat hién dau tién va
cling 1a cong nghé in 3D chi tiét chuan xéac nhat co sai so thip nhat trong cac cong
nghé in 3D khéc. Hién 3D Systems la hing nam ban quyén thuong mai cong nghé in
3D nay. Cong nghé in 3D SLA 1a mot cong nghé in 3D van hoat dong theo nguyén tic
“ddp 16p” c6 dic diém khac biét v6i cac cong nghé khac 1a dung tia UV 1am ctng
tirng 16p vat liéu in (chtl yéu 13 nhua 16ng).

Tuong ty cong ngh¢ SLS, cac may in 3D su dung cong nghé SLA sir dung chum
tia laser/UV hodc mot ngudn ning luong manh tuong duong dé 1am “dong cimg” cac

16p vat liu in 3D la nhya dang long, nhiéu rat nhiéu 10’p nhu vy s& tao nén vat thé in
3D SLA. Lop in SLA c6 thé dat tir 0.06, 0.08, 0.1,...
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Cong nghé nay duogc st dung dé ché tao ra cac vat phém 3D chi tir nhirg hinh
anh trén may tinh va cong ngh¢ nay cho phép ngudi dung kiém tra cac mau thiét ké
mdt cach nhanh chéng, chinh xac trude khi quyét dinh dau tu san xuat hang loat.

Vé nguyén 1y hoat dong: Sau khi tap tin 3D CAD dugc két nbi dudi ngon ngir
STL (Tessellation language) thi qua trinh in dwoc bat dau: Lép nhya 1ong dép 1én mau
3D thiét ké sin tia UV lam cung 16p nhya nay, sau d6 nhiéu 16p duoc dip 1én nhau
cho dén khi dat chi s6 k¥ thuat ctia vat thé di dinh sin. Cac 16p in 3D SLA c¢6 thé dat
tir 0.06mm, 0.08mm, 0.1mm tily vao nhu cau in.

LA

Vit the tao thanh
tir nhieu lop

Bé d& di chuy en
Ién, xuong

- Nguyén liéu long

Céng nghé in 3D SLA: M6 hinh cdu tao cia SLA

Uu diém: Cong nghé SLA c6 kha ning tao ra cic mo hinh c6 do chi tiét cao, sic
nét va chinh xac. Vé cac cong ngh¢ in 3D st dung vét liéu nhya, thi day l1a cong nghé
tao ra san phém in 3D 1a nhuya tot nhit, co thé su dung ngay, d0 phan giai, d min cao,
c6 thé néi 1a cao nhét hién nay.

Nhuoc diém: Vat liéu in 3D kha dat, san pham in 3D bi giam d6 bén khi dé lau
dudi anh sang mat troi.

SLA dugc sir dung rong rii cho viéc tao mau nhanh va dé tao ra cac hinh dang
phirc tap v6i chat két thiic chat lugng cao, chang han nhu do trang stre. Cong nghe
SLA ciing dang duoc st dung nhiéu trong cic nha may san xuét gidy dép cho cac
hang 16n nhu Nike, Adidas,...dé thuc hién cong doan in 3D khuén gidy va tao mau dé
gidy nhanh.




Hinh anh Sanphamdwac tao ra tur cong nghé SLA

1.2.3. Cong nghé “Thiéu két lazer chon lpc” (Selective laser sintering — SLS)

Cong ngh¢ nay dugc sang tao boi Carl Deckard vao nam 1986 ¢ Truong dai hoc
Texas va dugc cdp bang sang ché nim 1989, dugc dua ra thi trudng boi tap doan
DTM (duge thanh 1ap 1987). Thiét bi dau tién duoc thuong mai hod vao nam 1992.
Pay 1a mot trong nhitng cong nghé dau tién va duoc cong nhan sau SLA. Cong nghé
ndy nay ciing dua trén qua trinh ché tao ting 16p nhung chat polymer long dugc thay
bang vt liéu bot.

Quét hinh anh

p -~ . \\-I__;-' 3 —

(  Plston ¢ Piston

\ di chuyén Ien" / \di chuyén xudng)
pa—— o A

Mo hinh Cong nghé SLS

Cong nghé SLS van hanh tuong tu SLA nhung vat liéu & dang bot gém st, thép,
titan, nhom, bac, thuy tinh,... Tia laser gitp lién két cac hat bt véi nhau. Dic biét, bot
thira sau quy trinh c6 thé tai ché nén rat tiét kiém. Co thé tao I6p bang vat liéu phu tro
1a keo chuyén dung (c6 khi kém mau sic néu in 3D da sic mau), hoic tia laser, tia
UV,....

Nhin chung, SLS 14 cong nghé tao mau duya trén vat liéu dang bot. Su dung tia
laser, cong nghé SLS nung két cac loai vat liéu dang bot khac nhau v6i nhau dé tao ra
mau dang ran. Cong nghé in 3D SLS 1a chia khoa dé cac may in 3D tao ra nhitng san
pham da dang, dic biét 14 in 3D bang chat liéu kim loai/gém.

Nguyén ly hoat dong

Phuong phap SLS st dung tinh chat cua vat liéu bot 1a c¢6 thé hoa ran dudi tac
dung cua nhié¢t (nhu nylon, elastomer, kim loai). Mgt I6p mong cua bot nguyén liéu
duoc trai trén bé mat cia xy lanh cong tac bang mot trong dinh mirc. Sau do, tia laser
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héa ran (két tinh) phan bot nam trong duong bién ctia mat cat khong thuc su lam chay
chét bot), lam cho chiing dinh chit & nhiing chd c6 bé mat tiép xuc. Trong mot sb
trudng hop, qua trinh nung chay hoan toan hat bot vat liéu duge ap dung. Qua trinh
két tinh c6 thé dugc diéu khién twong tu nhu qua trinh polymer hod trong phuong
phép tao hinh 1ap thé SLA. Sau d6 xy lanh ha xuéng mét khoang cach bang do day
16p ké tiép, bot nguyén liéu duge dwa vao va qua trinh dwoc Iap lai cho dén khi chi tiét
duoc hoan thanh.

Trong qué trinh ché tao, nhitng phan vt liéu khong nam trong dudng bao mait
cit s& duoc ldy ra sau khi hoan thanh chi tiét, va dugc xem nhu bd phan phu tro dé
cho 16p méi duge xay dung. Diéu nay c6 thé lam giam thoi gian ché tao chi tiét khi
dung phuong phap nay. Phuong phap SLS c¢6 thé duoc ap dung véi nhiéu loai vat liéu
khac nhau: Policabonate, PVC, ABS, nylon, sap,... Nhirng chi tiét dugc ché tao bang
phuong phap SLS twong ddi nham va cé nhitng 16 hdng nho trén bé mat nén can phai
xtr 1y sau khi ché tao (xu 1y tinh).

Mét s6 dang san pham cia céng nghé SLS

Uu diém: Kha ning tao mau bang cac loai vat liéu dang bot khac nhau nhu nhuya,
kim loai, thuy tinh, gdm. Tao miu da dang vé mau sic, co thé tao ra cac mau hinh
dang phuc tap, khong can su dung vat liéu hd tro, khong can ciu tric hd tro. SLS da
duoc su dung chu yeu dé tao nguyén mau, nhung gan day da duoc tng dung cho san
Xuit theo timg yéu cau cy thé. Vi du, General Electric ¢3 mua mot cong ty cong nghé
SLS dé ché tao cac bo phan cho dong co phan luc thuong mai.

Cong nghé SLS thich hop dé in cac md hinh c6 thanh mong, cac chi tiét can do
déo. Bic biét, SLS 1a lya chon tuyét vai khi can in nhitng mé hinh 16n hoic c6 phan
réng phia duéi day. Xét vé do min bé mat, cong nghé SLS cho chat lugng cao hon
cong nghé FDM, tuy nhién rat kho dé phan biét &6 min cac 16p in bang mat thuong.

Nhuge diém: Phic tap, chi phi dﬁy tu cao, chi thi van hanh cao do hao ton vat
liéu I6n. Cac mo hinh kin va c6 phan rong bén trong van phai tiéu ton mot luong vat
ligu kha lon.

1.2.4. Cong nghé “Mo hinh héa bang phwong phdp néng chdy ling dong”
(Fused deposition modeling - FDM)
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Puoc phét trién bai S. Scott Crump vao cudi nhitng nim 1980. Hang Stratasys
ban chiéc may sir dung cong nghé FDM dau tién c6 tén “3D Modeler” nim 1992. May
in 3D dung coéng nghé FDM xay dung mau bing cach dun nhya néng chay roi hoa ran
ting 16p tao nén ciu trac chi tiét dang khoi.

Cong nghé FDM cua Stratasys dén nay dé tré thanh mot cong nghé ¢ tim c&
cong nghiép. Tuy nhién, su ting truéng manh mé cua cac may in 3D tAm so cap tur
niam 2009 phan 16n lai khong phai dua trén cong nghé cua Stratasys, ma dya trén mot
cong ty khac ndi tiéng véi cong nghé in nay 1a MakerBot, ho ¢6 cong nghé tuong tu
va dit da dat tén cho phwong phap in nay 13 Fused Filament Fabrication (FFF). Diéu
dac biét cua cong ngh¢ nay do la no khong chi c6 kha nang in cac nguyén mau ma con
in dugc cac san pham hoan thién cubi cung den tay nguoi dung. Cong ngh¢ nay co
hiéu suét cao va sir dung k§ thuat in nhiét deo rat co gia tri dol véi ki su co khi va cac
nha san xuat, nho thé ma thanh pham c6 pham chat tét vé mit co hoc, nhiét va hoa
hoc.

‘ Thoi gian irl phu thudc \{éo kich thudc va do phuc tap cua mot ddi tuong in. Cac
do6 vat nho co6 the in twong doi nhanh chong trong khi cac bo phan phuc tap doi hoi
nhiéu thoi gian hon. So vai ky thuat SLA, FDM thuc hién in cham hon.

Vi gia thanh may va vat li¢u in 3D ré, nén cong ngh¢ nay dang la cong nghé in
3D phat trién manh nhat, phd bién nhat hién nay (con dwoc goi 1a cong nghé in 3D
FFF). Pién hinh 1a cac dong may in 3D Reprap hodc mdy in 3D gia ré (Makerbot,
Printerbot, Flashforge,..)

Uu diém: La cong nghé in 3D gia r¢, dé sira chita va thay thé chi tiét may moc,
in vai s6 luong Ién, it ton nguyén liéu. Thuong su dung trong cac san pham can chiu
lyc. Toc do tao hinh 3D nhanh. Qua trinh tao mau nhanh cia FDM khong gidng nhur
cong nghé SLA, LOM, SLS phai sir dung tia laser dé tao hinh san pham ma cong nghé
tao mau nhanh FDM don gian hon rat nhiéu, d tin cay cao, bao dudng dé dang.

Cong nghé tao mau nhanh FDM str dung vat liéu nhya nhi¢t déo khong doc,
khong mui, va do do s& khong gay 6 nhiém méi truong xung quanh. Thiét bi hoat
dong tao ra it tiéng on.

Nhugc dlerp: t khi dung trong lap ghép vi d6 chinh x4c khong cao. Kha ning
chiu lyc khong dong nhat .

Cong nghé FDM/FFF dua trén nguyén tic 1am néng chay soi nhya dugc ling lai
thong qua mat dau phun nhiét trén mot bé mat. Cu dong cua dau phun duoc diéu
khién dua trén sb liéu 3D dugc cung cip dén may in. Mdi 16p sau khi lang lai s& ran
hoa va lién két véi 16p dugc in trude do. Cong ty Stratasys da phat trién mot pham vi
rat rong nhiing vat liéu tam c& cong nghiép doc quyén cho cong ngh¢ FDM cua ho va
c6 thé g dung trong nhiéu qua trinh san xuat khac nhau. O tm thi trudng so cap, du
van dang tiép tuc mé rong nhung vat liéu con twong ddi han ché . Nhiing vat liéu pho
bién nhét danh cho mdy in 3D FFF ¢ cdp d6 so cap chinh 1a nhua ABS va PLA.

Ngoai ra, Cong ngh¢ FDM/FFF can ¢6 cac cau trac hd trg khi sir dung trong ing
dung c6 bién dang nho ra hodc cat ngam. Véi FDM, dé xur ly nguoi str dung s€ can

mot vat li¢u khac, thuong la dang long, cé thé 1am troi vat liéu hd trg mot cach dé
dang sau khi in xong. Viéc str dung vat liéu ho trg co6 tinh gion cling 14 mdt lya chon,
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do co thé dé dang loai bo bang cach bé giy hogc cit ra khoi chi tiét. Bdi voi cac may
in 3D so cép dang FFF, thi vat li¢u hd tro van 1a mot han ché. ‘Tuy nhién, voi cac hé
thong dugc phat trién, cai tién dé sir dung voi hai dau phun, van dé nay da phan nao
duogc giai quyét.

N6i vé ché tac hinh mau, cong nghé FDM tir Stratasys 14 cong nghé c6 do chinh
X4c va tin cdy cao, trong ddi than thién v6i méi truong vin phong/studio, du viée sir
dung cic qua trinh xtr Iy sau gia cong c6 thé s& can thiét trong nhiéu truong hop. O
muc do so cép, cong ngh¢ FFF tao ra nhitng mo6 hinh c6 do chinh xac kém hon nhiéu,
nhung van dé nay van dang khong ngimg duoc cai thién.

Cong nghé nay co thé tiéu tén nhiéu thoi gian khi lam viéc voi mot s6 bién dang
chi tiét phuc tap. Kha nang gin két gitra cac 16p cling la mot van dé can phai can nhic,
vi ¢6 thé 1am anh ‘huong dén do kin cua san pham. Tuy nhién, qua trinh xir 1y sau khi
in c6 thé giai quyét dugc phan nao van dé nay.

Nguyén 1y hoat dong ctia may in 3D cong ngh¢ FDM: May in 3D dung cong
ngh¢ FDM xay dung mau bang cach dun nhya ndng chay rdi hoa ran timg 16p tao nén
cau trac chi tiét dang khéi. Vat liéu st dung ¢ dang soi c6 dudng kinh tir 1.75 — 3mm,
duoc dan tir mot cudn t6i dau dun ma chuyén dong diéu khién bang dong co servo.
Khi soi dugc cip t6i dau dun nd dugc 1am néng sau d6 nd duoc day ra qua voi dun 1én
mit phang dé.

Trong may in 3D (FDM) vit liéu nong chay duoc diy ra, dau dun sé& di chuyén
mot bién dang 2D. PO rong ctia duong dun co thé thay doi trong khoang tir (tir
0,193mm dén 0,965mm) va dugc xac dinh bé“mg kich thudc cia miéng dun. Miéng cua
voi dun khong thé thay d6i trong qua trinh tao mAu, vi thé can phan tich cic mo hinh
tao mau trudc khi chon voi dun thich hop.

Vit liéu ho tro

Vit liéu chinh 'Y
au phun

Banh xe

Ong gia nhiét

— Vo1 phun

il
o \di

Cuodn vat liéu ho tro —_—

Cuodn vat liéu chinh \0

Nguyén li hoat dong cua may in 3D cong nghé FDM

Chi tiét dang duoc ché tao

‘hi tiét d&
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Tur may in 3D (FDM) 16p vat liéu nong chay dugc dun ra n6é ngudi nhanh trong
khoang 1/10(s) va dong cumg lai. Khi mét 16p duoc phu hoan thanh trén mat phang thi
s& di chuyén sang mot 16p khac mong thong thuong tur 0,178mm dén 0,356mm va qua
trinh duoc 13p lai cho dén khi tao xong san pham.

V& vt liéu tao mau kha da dang: Trong cong nghé tao mau nhanh FDM, duong
kinh dun ra tir voi phun nam trong khoang 0,25-1mm, vi vay hau hét cac loai vat liéu
nhiét déo déu co thé dap tmg duoc voi viée thay doi kich thude. Ngoai ra, cling mot
loai vat liéu nhung c6 thé sir dung nhiéu mau sic khac nhau dé tao ra nhiing chi tiét
yéu cau nhiéu mau sic. Cong nghé tao mau nhanh FDM tao co tinh tdt cho vat liéu tao
mau 14 nguyén nhin co ban din dén sy phat trién nhanh chong cua cong nghé nay, bsi
vi n6 dap tng t6i da cac yéu cau da dang ciia ngudi sir dung vat liéu.

Trong nhiing nam qua nhu cau cho cac bd phan, mo hinh chirc ning lién tuc
phat trién va cong nghé FDM réat phi hop véi cac yéu cau ngdy nay. Cong ngh¢ FDM
c6 thé tao ra nhiing san pham phtrc tap ma cac cong nghé tao hinh truyén théng khong
lam duoc. Nhitng san pham véi két cau phuc tap, nhirng san pham c6 cac khoang rong
bén trong v4i vo ngoai kin, nhitng san pham mang tinh chat tiru tuong. .

1.2.5. Cong nghé in 3D ddn nhiéu Iép (Laminated Object Manufacturing -
LOM)

Cong ngh¢ LOM duogc sang tao bdi Michael Feygin vao nam 1985 va duoc tung
ra thi trudng nam 1986 boi cong ty California Helisys (Hoa Ky). bay 1a kiéu in 3D st
dung nhitng vat liéu dé dang dat mong nhu gidy, go, nhuya.. Kiéu in nay cho ra mau
sac chuan xac véi ban mau thiét ké nhat. Trong ‘qua trinh in LOM céc 16p gidy, nhua
hoac kim loai can mong dinh boc dugc hop nhét bang cach st dung nhiét va ap luc,
sau d6 cdt thanh hinh v&i mdy tinh diéu khién tia laser va dao cat. Sau khi thuc hién
qua trinh in, budc cudi cung 13 gia cong va khoan.

Cac ddi twong 3D duoc tao ra tirng 16p, mdi 16p s& duoc cit bang tia laser hoac
dung cu cit chuyén dung (cit theo dudng bién dang véi téc do khoang 15 inch/gidy)
sau d6 dugc dan chat ting 16p, ting 16p vao véi nhau tao ra san pham. Sau khi vat liéu
du thira duoc cit bo, ddi tuong co thé duoc danh giéy rdp hoac dugc son. Mac du do
chuan xéc cia cac loai may in 3D cong nghé nay 1a hoi thap hon S0 Véi cac cong nghé
SLA hay SLS, nhung LOM 1a mét trong nhitng cong nghé in an gia ca phai chang
nhat va 3D nhanh nhit dé tao cic bo phan tuwong ddi 16n. N6 ciing cho phép tao nhiéu
mau sic 3D in cac dbi tuong.

Cong nghé nay cung cép cac dich vu in 4n bao gém in cac bo phan nhu dién
thoai, but, d trang strc va nhiéu vat hitu ich khac hoac nhitng d6 khach hang thiét ké
riéng.

Cu thé vé nguyén 1y 1am viéc cua qua trinh LOM: Pau tién, thiét bi nang (dé) ¢
vi tri cao nhat cach con lin nhiét mot khoang bang dung d6 day cua I6p vat liéu, tiép
theo con 13n nhiét s& can 16p vat liéu nay, dudi bé mit cua vat liéu c6 chat két dinh ma
khi dugc ép va gia nhiét boi truc lan nd s& giup 16p nay lién két véi 16p trudc. He
thdng quang hoc s& dua tia laser dén dé cit vat liéu theo hinh dang hinh hoc ctia mé
hinh di tao tr CAD. Vat liéu duoc cit boi tia laser theo dudng vién cua mat cat lat.
Phan vat liéu du s& duoc thu hdi bang con lidn hdi liéu. Sau d6 dé ha xudng theo cau
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nang ha xubng thap va vat liéu méi duoc nap vao, co cau lai nang 1én cham dén vi tri
thap hon chiéu cao trudc do, truc can s€ tao lién két gitra 16p thir hai vai 16p thir bang
dang chiéu day 16p vat liéu ke tiép. Chu ky nay duoc lap lai cho dén khi két thuc.

Nhiing vat liéu du dong vai tro nhu co cau phu trg dé do cho chi tiét. Vat ligu du
ndy ciing dugc cit thanh nhitng duong ngang doc (cross-hatch). Nhitng duong giao
tuyen song song nay lam bong nhtng vat liu du dé né duoc lay di dé dang sau khi
ché tao. Sau do, bé mit cua chi tiét c6 thé duoc danh bong, xi ma, hodc son phu theo
yéu cau.

Theo nguyén tic tit ca cac vat liéu dang tam Eiéu cc'),thé su dung cho h¢ thdng
LOM. Nhung théng thuong LOM st dung nhiéu nhat la giay, plastic, gom va vat liéu
composite.

Uu diém cua cong nghé LOM: Vit liéu da dang, ré tién. V& nguyén tic co thé st
dung cac loai vat liéu: giéy, chat déo, kim loai, composites va gém; Do chinh xac cao
dat duoc tét hon 0,25 mm. Béng viéc cat vat liéu thay vi hoa ran nd, hé théng 6 thé
bao v€ dugc nhiing dac tinh ban dau cua vat liéu; Khong can thiét két cau hd tro; Tdc
d6 cao, nhanh hon cac phuong phép tao 16p khac boi vi tia laser khong cat toan bo
dién tich ma chi quét theo chu vi bén ngoai. Do d6, vat liéu day va mong c6 téc do cat
bang nhau; Khéng co sy thay doi pha trong qua trinh ché tao chi tiét nén tranh duoc
dd co rat cua vat ligu; Khong doc hai va 6 nhiém méi truong.

Nhuoc diém: Khong thu hoi duoc vat liéu du. Su cong vénh cua chi tiét thuong
12 vAn dé chinh cua phuong phap LOM; Liy san pham ra khoi két cau hd tro kho
khéan; Bg bong bé mit khong cao.

Hinh ddng may in 3D céng nghé LOM va mét sé san phdam

1.2.6. Cong nghé “Laser kim loai thiéu két truc tiép” (Direct metal laser
sintering - DMLS)
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Nam 1994, hai hang Rapid Product Innovations (RPI) va EOS GmbH da phat
trién Cong nghé “Laser kim loai thiéu két truc tiép” (Direct metal laser sintering -
DMLS). Pay 1a mdt phuong phap tao mau nhanh thudc nhéom tao hinh theo 16p
(Additive layer manufacturing), c6 thé sur dung vat liéu bot kim loai va mé ra mot
huéng méi, hiéu qua hon cho viéc ché tao nhimng hé théng phtc tap.

Cong nghé DMLS 1a mdt trong nhitng cong nghé dau tién san xuit nhiéu bo
phan kim loai trong mot quy trinh. V&1 DMLS, kim loai bot (duong kinh khoang 20
micron), khéng chira chat két dinh hodc chat dan xuét, bi tan chay hoan toan khi quét
chum tia laser cong suét cao dé chuyén thanh mdt dang vat liéu maéi voi cac tinh chét
cua vat liéu ban dau. Loi thé caa cong nghé DMLS so véi cong nghé SLS 1a do phan
giai cao hon do stir dung céac 16p mdéng hon, dugc tao nén bdi cac hat c6 duong kinh
nho hon. Kha ning nay cho phep tao ra mot phén hinh dang phtrc tap hon. Cac lua
chon vat liéu hién dang dugc cung cap bao g6m thép hop kim, thep khong ri, nhom,
dong, cobalt-chrome, va titan. Tuy nhién, hau nhu bét ctr kim loai hop kim nao ciing
c6 thé duoc sir dung trong cong nghé nay.

}fu diém cia cong ngh¢ DMLS so voi nhimng cong nghé tao mau nhanh khéc 1a
c6 the tao ra nhitng san pham bang kim loai v4i mat do dat trén 95% (cong nghé SLS
chi dat 70%) vé1 do chinh xac va chi tiét cao do moi 16p tao hinh chi day 20 pm.

Hién nay, san pham thuong mai cta cong nghé nay 1 mdy tao mau nhanh
EOSINT M 270 c6 thé gia cong tao hinh chi tiét co kich thudc t6i da 250mm x
250mm x 215mm véi chiéu day mdi 16p tir 20 pm dén 100 pm. Qua trinh gia cong
mot chi tiét trong hé théng trén may cé thé duoc tom tit nhu sau: Nhéan dir liéu thiét
ké 3D dué6i dang .stl, kiém tra hinh dang, vi tri truéc khi gia cong; tiép dén phu bot
kim loai theo timg 16p moéng, chiéu tia laser (Yb-fiber laser 200w) dé lam nong chay
va dong dic bot kim loai ¢ nhimng vi tri can thiét. Qua trinh nay tiép tuc cho dén khi
hoan tat. San pham sau khi gia cong bang cong nghé DMLS c6 thé dugc tiép tuc gia
cong CNC, nhiét luyén, danh bong. Bot kim loai chua thiéu két dugce st dung lai trong
nhitng lan tiép theo.

Cong nghé DMLS duogc str dung dé san xuét cac bod phan truc tiép cho mot loat
cac nganh cong nghiép bao gdm ca hang khong vii try, nha khoa, y té va cic nganh
cong nghiép khac véi co kich thude vat in nho dén trung binh. Cong nghé nay c6 thé
tao ra cic bd phan phirc tap dé 1am bo phan cdy ghép. Ngoai ra, cong nghé nay con co
thé tao ra cac bd phan cua tau khong gian vii try doi héi ti€u chuin chju nhiét cao.
DMLS 14 mdt cong nghé rat hiéu qua vé mat chi phi va thoi gian.

1.2.7. Cong nghé in phun sinh hoc (Inkjet-bioprinting)

Cong nghé in phun sinh hoc Bioprinting stt dung mdt k¥ thuat twong tu nhu cac
may in phun, trong d6 mot voi phun dinh vi chinh xac dat mét chdm nho muc in dé
tao thanh hinh dang. Trong in phun sinh hoc, vt liéu dugc sir dung 1a céac té bao cua
con nguoi chir khong phai 1a muc. Pdi twong in duoc tao ra bang cach phun mot hdn
hop “vat liéu gian gido” (nhu hydrogel c6 chtra duong) va cac té bao song duoc nudi
céy tr cac mo cua bénh nhan. Sau khi in, m6 dugc dat trong mot buéng vo1 nhiét do
va diéu kién oxy thich hop dé tao diéu kién cho té bao tang truong. Khi cac té bao da
duoc két hop, “vat liéu gian gido” duoc 1dy ra va mo di sin sang dé duoc cy ghép.
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Cong nghé in phun sinh hoc giup tdi tao 100% mo hinh qua tim nguoi

Cong nghé in phun sinh hoc 14 mét céng cu ky thuat twong dbéi moi duge sir
dung dé thiét ké ciu truc t& bao 3D cho cac liéu phap ciy ghép. Pinh nghia vé in 4n
sinh hoc da dugc Guillemot, Mironov va Nakamura dua ra trong nam 2010: "Str dung
cac quy trinh truyén tai bang may tinh dé 1am mAau va lap rép cac vat liéu sdng nhim
san Xudt cac cdu triic cong trinh sinh hoc phuc vu cac nghién ctru va Gmg dung y hoc
tai tao, dugc dong hoc va nghién ctru sinh hoc té bao co ban.”

Nén tang cong nghé nay di tan dung loi thé cuia in phun 2D. Bioprinting cho
phép phun cac protein ma tran ngoai bao dé cung cap mot chat nén xac dinh cho té
bao, xay dung cac cau trac té bao phuc tap, hoac de cung cap gen va enzyme cho cac
té bao. Trong phién ban don gian nhat ctia n6, in an sinh hoc 3D 1a nhim muc dich in
mot 16p cac té bao trén 16p cua cac te bao khéc hoac vat li¢u sinh hoc gian gido. Mat
khéc, in 4n sinh hoc 3D s& 13 mdt nén tang tao diéu kién cho viéc xay dung cac mo
hodc céc co quan phuc hop, da bao.

Uu diém cia may in sinh hoc 3D la mo hodc co quan co thé dugc tao ra vtheo
tung 16p mot d‘é dat dugc hinh hoc giai phau chinh xac. In sinh hoc 3D c6 thé thu
duoc bang in bang laser ho trg sinh hoc (LaBP) hoac in phun (IBP).

I. UNG DUNG CUA IN 3D

Cong ngh¢ in 3D dang ngay cang phat trién, khong chi gitp cho viée ché tao
khuén mau dugc chinh xac va dé dang hon ma con tim dugc nhiéu tng dung trong
thuc té cudc sdng. Cong nghé in 3D dang dugc ung dung nhiéu trong cac linh vuc
cong nghiép san xuat ché tao, y khoa, kién triic, xay dung... Du6i day la nhitng linh
vuc chinh dugc tng dung cong nghé in 3D.

2.1. Cong nghiép san xuit/ché tao

Cac nganh cong nghiép san xuat/ché tao da tré thanh d6i twong sir dung in 3D
nhiéu nhit. Ly do chinh khién cong nghé san xuét dép dan duoc sir dung rong réi
trong moi truong cong nghiép la do n6 cho phép san xudt cac b phan véi sb lugng it,
bo phan co6 hinh dang phire tap, cat giam phé liéu, tao nhanh san phiam tht nghiém,
san xudt theo yéu cau. Ly do nita dé sir dung in 3D la gitp giam d6 phurc tap trong
quan 1y chudi cung tng, cho phép san xuat cic bd phan tai chd thay vi phai san xuét &
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noi khac mang dén. Vi vay, in 3D mé ra tiém ndng vé lgi thé chi phi san xuat, cai tién
quy trinh va ca san pham cho cac nha cung cap trong mot so truong hop cu thé.

Trong nganh cong nghiép 6 t6: Ngoai muc dich thir nghiém, thiét ké, tao mau
va san xuat mot s bd phén, cong cu lap rap dic biét, nganh cong nghiép 6 t6 da su
dung cong ngh¢ in 3D dé san xuat ra nhitng chiéc xe hoan chinh. Trén thuce té, chiéc
xe hoi ddu tién duoc tao ra bang cong nghé in 3D la Urbee, dugc san xuét toan bod
bing cong nghé in 3D. Pa sb chi tiét may dwgc in trén may in 3D cta Cong ty
Statasys - nha san xuét cac hé théng sao chép nhanh cac loai khuon mau. Nha san xuat
chiéc xe nay di tip trung vao viée tang tdi da sb lwong cac bd phan xe duge in 3D véi
muc tiéu chinh 1a tiét kiém nhién liéu. Tuy Urbee chua thé dat dugc van toc nhu
nhing chiéc 6t6 thong thudng nhung lai tiét kiém nhién liéu hon han va dugc thiét ké
kha dep mit.

Chiéc xe 6 t6 Urbee dd dwoc san xudt toan bé bang cong nghé in 3D

Urbee dugc 1am bang cach ding mét chiéc may in 3D dic biét, in dan timg 16p
than xe va phan 16n cac chi tiét may. Boi thé nén qua trinh “san xuat ki thuat s6” nay
thu huat rat nhiéu su cha y, vi né khéc xa vaéi thong thuong, va cling vo cung don gidn

“chi 1a dat nhirng chat li¢u vao vi tri can thiét”.

Urbee 13 mot trong nhirng chiéc xe “xanh” nhét trén thé gidi tir trude toi nay, véi
mot dong co hdn hop xing va dién bén dudi. N6 sir dung ning luong chi bing mot
phan tam cac loai phuong tién tuong tu, co thé chay 200 dam/gallon trén duong cao
toc. Va tuyét voi hon, Urbee dugc tao thanh tir cac vat lidu tai che Chiéc xe mét dén
15 nam dé nghién cuu va ché tao nay c6 ba banh, hai chd ng01 va mdt dong co dot
trong cho nhing trudng hop khan cip. Pong co xi-lanh ciia n6 chi 8 ma luc, nhung cé
thé chay 70 dam mot gio néu can thiét, boi su nhe nhang va tinh hi¢u qua. Chat liéu
tao ra n6 c6 thé bén trong 30 nam. Véi gia mua méi vao khoang 50.000 USD, nhung
gia Urbee s& giam khi dugc san xuat hang loat.

Tai trién 1dam Geneva 2014, Hang EDAG da gi6i thiéu mét cong nghé in 3D dé
san xuét xe hoi EDAG Genesis c6 bo khung dang xuong va cac bd phan khac voi hinh
dang ma cong nghé san xuit xe thong thudng khong thé lam duoc, nhung céng nghé
3D c¢6 thé. Haing EDAG cho biét, cong nghé méi cho phép xe su dung nhitng hinh
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dang va cdu tric co trong tu nhién, vai két ciu cang va nhe 1a ban chat, nhu cac loai
vo 6¢ hay ciu tric té ong bén trong xuwong. Bo khung dang xuwong cua Genesis c6 cau
trac chéng va cham, gidng bat ct chiéc xe hoi nao hién nay. Chi c6 diéu, két ciu nay
phtrc tap hon nhiéu so véi bat cir thir gi c6 thé duoc san xuat bang cach dap hay ép
kim loai, d6ng thoi tao ra 6 cling va bén vuot troi.

Céac nha san xuat xe hoi 1on cia Hoa Ky 1a Ford, GE va Mattel dang st dung in
3D dé cit giam chi phi va thoi gian san xuit trong giai doan tao mau. Ford sir dung
cong nghé in 3D trong viéc ché tao cac dau xi-lanh dwgc sir dung trong dong co
EcoBoost (dong co sir dung trong xe dua) nhdam giam nhién liéu tiéu thu. Cong doan
nay da giam khoang 20-45% thoi gian san xuét. Con GE thi Gng dung cong nghé in
3D trong qua trinh san xuat dau do siéu am, giup cat giam khoang 30% chi phi hoat
dong.

Trong nganh cong nghiép dién tir: Cong nghi¢p dién tir cling 1a mot trong
nhitng nganh tmg dung dau tién cua in 3D. Mdy in 3D d4 duogc sir dung dé ché tao cac
b phan phtrc tap dac biét tur cac chit liéu khac nhau va dd mé ra mot trao luu méi cia
nganh cong nghiép nay. R rang, khi 4p dung cong nghé nay thi nhiing chi tiét phirc
tap duoc in ra mot cach nhanh chéng va chuan xac hon rat nhiéu.

Hang Cartesian cua Uc di tao ra may in 3D Argentum, phun ra muc dan dién
(lam bang cac hat nano bac) 1én giay, vai, acrylic, nhya, MDF va nhicu chat liéu soi
thuy tinh khac, tao ra cac bo mach cing va linh hoat, tham chi c6 thé duoc dét vao
quan ao.

Mdy in 3D cé thé in mach dién tir

Méi ddy, thang 6/2017, mot nhom sinh vién tét nghiép Pai hoc Stanford da ché
tao ra mot dang may in 3D c¢6 chirc nang tao ra cac mach dién co thé hoat dong duoc
tén 14 Rabbit Proto. Cu thé mdy in 3D xir Iy cac chit liéu ban dan song song vai chat
liu nhua thong thuong. Cac vat liéu dan dién co thé dugc nhung trong cic mé hinh
3D va in ra trong cung qua trinh in 3D d6. Pau in 3D Proto Rabbit duoc thiét ké dé
phu hop voi cac phién ban khac nhau cua may in RepRap. May in RepRap la san
pham duoc thiét ké dé co thé in hau hét cac thanh phan chat liéu, trong d6 co
Acrylonitrile butadiene styrene (ABS), Axid polylactic (PLA), hoac cac hinh thuc
khac cua nhua polymer nhiét.

Trong linh vwe ning lwong: Hang Siemen di ché tao va thtr nghiém thanh cong
canh quat dong co Turbine khi bang cong nghé in 3D, m¢ duong cho céac nha san xuat
dién va cac thiét bi nang khac st dung cong ngh¢ in 3D, khong nhirng d€ ché tao cac
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mo hinh hoic nguyén mau ma con ché tao nhitng chi tiét thuc té trong san pham cua
ho.

Siemens da thir nghiém canh quat tua bin khi lan dau tién dwoc thuc hién hodn toan
bang mot quy trinh in 3D

Tua bin khi 1a dong co d6t trong tao ra dong dién ¢ trung tdm khdi dong co.
Chiing chuyén d6i khi ddt ty nhién hodc cac nhién liéu long sang ning luong co hoc,
dan dong may phat dién sinh ra ning luong dién. Siemens cho biét thir nghiém da
duoc tién hanh thanh cong tai Trung tim thir nghiém tuabin & London (Anh) trong vai
thang, 1a mot budc tién 16n trong viéc str dung cong nghé in 3D dé ché tao cac thiét bi
phat dién. Mot trong nhitng linh vuc doi hoi khat khe nhat dbi véi tinh tng dung cong
nghé nay.

Trudce day, qua trinh san xudt canh quat tuabin cé thé chiu dugc cac diéu kién
nay duoc san xuét 'thong qua qua trinh dic hodc ren, doi hoi t6n nhiéu thoi gian va chi
phi. Tuy nhién, néu nhiing canh quat tuabin nay co thé dugc san xuat bang cach su
dung cong ngh¢ in 3D, qua trinh san xudt chung s& don gian hon va it ton kém hon rat
nhiéu. Trong qua trinh in 3D, chum tia laze chiéu vao cac 16p bot kim loai dé nung
nong dén khi tan chay roi sau d6 duge lam ngudi. Qua trinh nay duogc lap di lap lai
tirng 16p mot cho dén khi mot nguyén mau canh quat tuabin dugc in 3D hoan tat. Ung
dung qua trinh nay, nhom ky su cua Siemens da san xuét ra mot canh quat tuabin khi
tur thlet ké ctia no chi trong trong hai thang so v6i hai nim, khoang thoi gian dé san
xuat mot canh quat tuabin thong thuong. Tinh linh hoat méi trong san xuat cho phép
diéu chinh chinh x4c hon theo yéu cdu cta khach hang va cung cap cac bd phén, phu
ting riéng theo yéu cau.

Nganh hang khong vii tru va quéc phong: Trong céc linh vyc hang khong vi
tru va quoc phong ciing da ap dung cong nghe in 3D vao thyc tién nhu san xuat cac bd

phan ctia may bay, tau vii tru, ché tao siing ... Pa phan in 3D déu duoc sir dung dé san
xuat cac bo phan phure tap nhat.
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Hang khéng vil tru va quéc phong ciing da dp dung cong nghé in 3D

Nguoi ta da tmg dung cong nghé san xuat 3D trong viéc san xuat cac by phén
may bay, dac biét la cac bo phan c6 hinh dang phurc tap. Cong nghé tién tién nay hiru
ich trong san xuét cong cu, klem tra, bao tri, lap rap va han ché s lwong hang ton kho.
Hon nira, in 3D cho phép cai tién hi¢u suat nhu tiét kiém nhién liéu nho giam trong
lugng cac bo phan tir cdc nguyén li€u tién tién hon.

Nhitng may In 3D di xdm nhdp vao coéng nghé hang khong va tao ra nhiéu san
pham gia tri cao, khdi lugng thap. Airbus 1a hang hang khong dau tién ap dung cong
nghé in 3D dé tao ra nhiéu bo phan cho chiéc may bay. Airbus cho biét cac san pham
tao ra boi cong nghé In 3D tt hon, chic hon, nhe hon tir 50%-80%, va cir giam bét
duoc 220 can ning thi cong ty tiét kiém duoc 2,5 triéu USD tién mua nhién liéu mdi
nam. Hién hang Boeing ciing da in 200 bd phan khac nhau cho 10 loai may bay.

Co quan Hang khong Vii try Hoa Ky (NASA) sir dung céng nghé in 3D dé san
xudt mot sb bo phan dic biét cho tau vil try. Hon thé, NASA di thuc hién viéc in an
nay ngay trong khong gian vii tru.
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NASA di cung véi dbi tac la
cong ty Made in Space phat trién may May in 3D Made in Space thir nghiém
in 3D trén khong gian. Nhitng dot thu trén tau gia lap khong trong luong Vomit
nghiém cong ngh¢ in 3D trén tau gia Comet
1ap khong trong luong Vomit Comet
da duoc bat dau tir nam 2011. May in 3D nay s€ san xuét céac thiét bi phu kién, bd
phan thay thé hay tai ché nguyén liéu trong sudt chuyén bay. Made in Space hi vong
may in 3D nay c6 thé tao dugc ra nhitng vé tinh nhé nhu CubeSats. Va gan day,
NASA di cho biét tiém nang cua may in 3D trong viéc ché tao dén chiéu sang khong
gian va kha ning phuc vu viéc kham pha vii trii 14 rat 1on. Cong nghé in 3D ciing cho
phép cudc tham hiém khong gian kéo dai hon binh thudng.

NASA da ding mdy in 3D sdn xudt do gidp "Chain mail”

Thang 4/2017, NASA di ding may in 3D san xuat 4o giap "Chain mail" bao vé
phi hanh gia va tau vii try. "Chain mail" 1a loai 4o giap thiét yéu ddi v6i mot chién
binh thoi trung ¢, né xuét hién trong rat nhidu phim, truyén va tro choi. Nhung hién
nay, cac k¥ su cia NASA dang hi vong c6 thé sir dung loai 40 giap nay cho cac nhiém
vu ngoai khong gian. Puong nhién loai 40 gidp nay s& dugc NASA "nang cip" dé no
tré nén hitu ich trong viéc giup cac phi hanh gia va tau vii tru chdéng chiu véi méi
truong khéc nghiét cua vii tru. Pugc phat trién béi mot nhom nghién ctu cua Raul
Polit Casillas tir Phong thi nghiém Phan luc & Pasadena, California. Cac nha khoa hoc
NASA d tao ra phién ban "chain mail" cua thé ky 21. Thay vi mot tho rén thoi trung
¢ danh hang tuan 1& dé ndi timg vong kim loai nhoé lai v6i nhau thanh hinh chiéc 4o,
cac nha khoa hoc di sir dung may in 3D dé tao ra chiéc do. Piéu dé c6 nghia 1a,
nhitng chiéc "ao giap" c6 thé duoc san xuat khi can thiét & tram khong gian, hodc cac
moi truong séng khac trén Trai dét, tiy thudc vao noi ma ching ta s& dit chan dén
trong nhiing thap ky toi.

NASA con dy dinh sir dung may in 3D dé xéy dung nha trén Mat trang, tao cac
thiét bi di chuyén bao gém ca dong co tén lura..

Tuong tw, nganh cong nghiép quéc phong st dung in 3D cho cac myc dich san
xuat dic biét va tiét kiém chi phi. Ngoai san Xuat theo yéu cau phtc tap, san xuat voi
sO lugng nho, in 3D c6 loi thé khac biét trong san Xudt quoc phong - d6 la san Xuat va
thay thé nhanh chong khi ¢6 nhu cau, va truc tiép trén chién trudng. Sau viée sir dung
nhwra dé san xuit, may in kim loai 3D ché tao sting da ra doi boi mot cong ty con cia
tap doan Stratasys.
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Khdu siing bin dan thit dwoc san xudt bang cong nghé in 3D

Khau sung ban dan that dau tién duoc san xuit béng cong nghé in 3D ra doi nam
2013, khau sung mang tén Liberator ciia mot sinh vién ngudi My 1a Cody Wilson.
Liberator duoc tao nén tir 16 thanh phan linh kién khac nhau trong d6 15 chi tiét lam
bang nhua ABS, chi riéng kim hoa lam tir kim loai. Hién tai, ban thiét ké sung 3D cua
Wilson di c¢6 hang traim nghin luot tai va trd nén cuc ky phd bién, tham chi ndm ngoai
tam kiém soat ctia Chinh phu Hoa Ky.

Khac voi khau sung Liberator trude day, khau sung duoc san xuit bang may in
3D cua hing Solid Concepts dung chat liéu kim loai va c6 kha ning ban 50 loat dat.
Solid Concepts, hing ché tao ra chiéc sung 3D kim loai nay cho biét ho di su dung
Cong nghé DMLS va nhiéu loai bot kim loai dé ché tao ra san pham. Theo Solid
Concepts, viéc ché tao ra "sung thuc su™ bang cach in 3D 1a dé chirng minh rang tiém
ning ctia cong nghé in 3D rét 16n, vuot xa ngudng "in dd trang stc va dau Yoda (mot
nhan vat trong Star Wars)" nhu nguoi ta van thuong nghi. Nhiing gi ma hang Solid
Concepts lam voi sting dugc in 3D da cho thay cong ngh¢ DMLS la mot cong nghé
kha thi va c6 tiém ning khong hé nho trong san xuat sing bang ‘mdy in 3D. V&i kha
nang ban duoc 50 loat dan, va tham chi 1a con hon thé, nhitng khau sting in bang cong
nghé¢ DMLS la rat chat luong. Va trong tuong lai, sy phd bién cua cong nghé nay la
khong thé tranh khoi.

Cong nghé in 3D duogc phat trién véi myc dich thuc day su tién héa ciia nhiéu
nganh khoa hoc. Tham chi Chinh phu Hoa Ky dé cho phép dung may in 3D dé san
xuat mot sé loai vii khi chién dau phuc vu QUOC phong va ¢ thé trang bi cho cac luc
luong dac nhiém. Tuy nhién, néu khong thé kiém soat tinh hinh hién nay, xa hoi Hoa
Ky c6 thé phai ding trudc nhiéu nguy co khing bd ciing nhu bao luc bang vii khi
nong leo thang.

Cong ngh¢ in 3D khong chi tao ra nhiing thiét ké mai dang kinh ngac ma con
dua céng nghé qudc phong sang mot giai doan moi. Cong nghé in 3D dem dén sy linh
hoat cho quén d6i, nha san xuat qudc phong va quan su cta chinh pha trong thiét ké
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nhiing chi tiét thanh pham don 1¢, tao ra cong cu véi thé tich nho nhanh hon va xay
dung cac mo hinh phirc tap rat chinh xac. bi€u nay thuc su la di€m manh khi thiét bi
tuy chinh 1a v6 cung can thiét cling nhu nham dap tng thoi gian biéu chat che.

Hién nay, cac nén cong nghiép quoc phong lon trén thé gioi dang huong to1 vige
van dung cong ngh¢ in 3D trong san xuat. Dién hinh nhu ¢ Hoa Ky, Lau Nam goc da
dau tr mot khoan khong hé nho cho viée in 3D quan phuc, cac miu da nhan tao giup
diéu trj vét thuong, tham chi ca do an phuc vu quan déi. Cac nha khoa hoc tai Hoc
vién cong ngh¢ Massachusetts (MIT) ciing da séng tao ra vat liéu cho in 3D c6 thé
thay do6i khi tiép xuc vdi cac yéu to khac nhau, vi du nhu nuéc. Cong nghé méi nay
mo ra trién vong mot ngay khong xa, quan doi s& co nhitng bd quan phuc d6i mau
theo moi truong.

Hoa Ky da cho xay dung mot vién nghién ctu cong nghé in 3D thi diém ¢
Youngstown, Ohio v&i khoan tro cap lién bang 13 30 triéu USD. N6 bao gdm mot to
hop cdc cong ty san xuat, cac trudng dai hoc, trudng cao dang cong dong va cac nhém
phi loi nhuan trén khap Virginia Ohio Pennsylvania.

Cuu Tong théng Hoa Ky Barack Obama ting tuyén bd, Chinh phu Hoa Ky rat
quan tim dén cong nghé in 3D. Theo ong Obama thi c6ng ngh¢ nay c6 thé dong mot
vai tr0 quan trong trong nganh cong nghiép quoc phong va thic day phat trién nganh
cong nghiép san xudt cua Hoa Ky. Ma cu thé thi cong nghé nay c6 thé giup thiét ké vii
khi va trang bi mai cho quan doi.

Ba linh vuc cong nghé chinh ma Hoa Ky mubn ap dung céng nghé in 3d vao 1a
san xudt k¥ thudt sO, san xuét kim loai nhe va hién dai, va thiét bi dién tir thé h¢ ticp
theo. Vi du nhu trong san Xuat kim loai nhe va hién dai thi cong ngh¢ nay s& gitp
giam gia thanh ché tao va ning suét cac dong co tua-bin gid, cac thiét bi y té, dong co
va céc loai xe chién diu boc thép, ché tao vii khi cong ngh¢ cao hodc cac thiét bi danh
cho lyc luong dac nhi¢m.

Tuy nhién, cac chuyén gia cling nhén dinh, néu coéng nghé in 3D thuc sy duoc ap
dung rong réi va thay thé cho hoat dong san xuat thong thuong, the gi61 s& phai chimg
kién nhitng bién dong lon ca vé chinh tri, quéc phong va kinh té, s& co nhitng bién
dong chinh tri ¢ cac quoc gia c6 nén cong nghiép qudc phong 16n nhu Hoa Ky khi
nhiéu cong ty trai khap dat nudc tao viée 1am cho hang triéu ngudi dimg trude nguy
co bi cat hop dong phuc vu cho quan ddi.

2.2. Y té va chiam soc sire khée

Utu diém cua in 3D duoc thé hién rat rd trong linh vyc y té va cham soc strc khoé
v6i vO van tmg dung. Cong nghé in 3D rat hitu ich trong san xuat cic mo hinh sinh
hoc (cac mo hinh bg phén con nguoi nhu xuwong, rang, tai gia...). Trong img dung nay,
mo hinh dién tir ciia bd phan co thé con nguoi duge dung boi cac hinh anh 3D hoic
mot may quét 3D. Sau d6, md hinh sinh hoc dugc tao ra timg 16p tung 16p nho vao
cong ngh¢ in 3D. Trong nganh giai phau, mdi bénh nhan 1a mot ca thé riéng biét va
duy nhat, mo hinh sinh hoc 3D cho phép bac sy thuc hién phau thuat thuan loi hon do
c6 duoc sy hiéu biét sdu hon vé co thé bénh nhan va cac chan doan dugc chinh xéc
hon. Nho d6, ké hoach phau thuat duoc chi tiét hon, cac thir nghiém, dién tap phiu
thuat hay hudng dan trong ca mb duoc dam bao vé do chinh xac va chit luong. Cong
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nghé in 3D con hd tro cac thir nghiém phuong phap va cong ngh¢ y t& moi, tang
cuong nghién ciru y khoa, giang day va dao tao doi ngii y bac sy. Chéng han nhu giup
béc si co thé luyén tap phiu thuat gia lap bing céc mo ndi tang nhan tao hodc ché tao
cac dung cu trong y hoc dugc str dung dé dua hodc gin vao trong co thé.

Ngoai ra, cling tuong ty nhu viéc tao mo hinh sinh hoc, cong ngh¢ in 3D con
duoc dung dé thiét ké va san xuét cac bd phan co thé gitup cho phau thuit tai tao va
ciy ghép. Cac dung cu 'y té nhu may tro thinh, khung d&, mit na, ring gia... déu c6 thé
san xuat bang cong nghé in 3D theo diing nhu kich thudc, hinh dang, dédc diém cia
tirng bénh nhan. Mot trong nhirng tng dung tha vi nhat cta in 3D 13 ché tao md va cac
CO quan cua con ngudi, ma nguoi ta hay goi l1a In sinh hoc - Bioprinting. Nho vao
cong nghé nay, hé thong té bio mé cua con ngudi ¢ thé dugce in theo 16p bang muc
sinh hoc - muc thu duoc qua xtr 1y dic biét cac té bao con nguoi va cac chat khac.
Mic du van c¢6 mot s6 van dé lién quan dén sy 6n dinh va chuc nang clu trac trong in
sinh hoc, nhung nhiing tién bo dang ké da dugc ghi nhan Vo1 md nguoi va cac co
quan. In sinh hgoc hira hen nhitng co hdi quy bau cho phat trlen thudc vy té, phuong
phap diéu tri thir nghiém, nghién ctu y hoc, chita lanh vét thuong, va ca cay
ghép. Néu cac co quan nay dugc tao ra tu cac té bao gbc clia bénh nhan, no sé it co
nguy co bi ddo thai bdi hé mién dich ctia ngudi do.

Chudi cung tng dugc phim ciing dugc thyuc hién tét hon véi in 3D. Trong tuong
lai, cac hiéu thudc hodc tham chi ca nhan c6 thé tu in cac loai thude riéng cho minh tir
cac hop chét thude bang cach st dung may in 3D. Hé thdng yéu cau tuy bién cho phép
kiém soat va phan phéi thudc chinh xac. Piéu nay giup giam cac chi phi lién quan va
cai thién dang ké viéc diéu tri tuy theo tirng ca nhan.

Trong linh vuc y hoc, cong nghé in 3D c¢6 thé gitp ctu sdng mot truong hop
bénh nhan ca biét dic thu, mat khac ciing ¢ thé tng dung giup nhiéu bénh nhan dan
dan tung giai quyét cac van dé suc khoé thong thuong. Dac biét cac tng dung cua
cong nghé nay dang duoc phat trién manh trong linh vuc vé ngoai khoa. Vi du nhu
dung dé ché tao may tro thinh. Ké tir khi bat dau sir dung mdy in 3D dé san xuat may
trg thinh, hang triéu nguoi da duoc huong loi tir d6. May tro thinh néu khong thich
hop Véi tai cua nguoi sir dung, s& gdy ap luc 1én xwong tai, khién tai bi dau va chat
lwrgng am thanh s& bi giam theo. Néu sir dung may in 3D ching ta c6 thé ché tao céac
san pham thich hop hon, thodi mai hon véi timg ngudi su dung. Khong nhiing thé,
thoi gian gan day ngudi ta con dang st dung mdy in 3D dé phat trién cac san pham
(16t) dé giay phu hop Véi ngu:ol gdp cac van dé nhu hinh dang ciia xwong chan, hoic
cac bénh vé xuwong nhu thap khép.

Vé nhitng @ng dung caa san pham in 3D trong linh vuc ngoai khoa, cac san
pham in 3D c6 thé dugc st dung dé cay truc tiép vao trong co thé ngudi. Vi dy, do
hinh dang cua khop g6i rat phic tap, khi gan khép nhan tao thi chi can diéu chinh rat
nho vé goc do cting c6 thé gitp giam dang ké ap luc 1én dau goi bénh nhan. Day chinh
1a linh vyc tiém ning 16n danh cho céng nghé in 3D. In 3D ciing bit dau duogc st dung
dé san xuat hop so nhan tao. Cu thé khi phau thuat cat bo u xuong 4c tinh cua bénh
nhan, nguoi ta thay thé phan da bi cat bo bang phan so nhan tao di duoc ché tao bang
may in 3D. Thong thuong trudce kia ngudi ta dung titan dé cdy ghép, van dé & chd khi
bénh nhan tai phat rat kho dé xac dinh vi tri phan titan da duoc sir dung. Néu st dung

24



cong ngh¢ in 3D ¢ thé khac phuc nhuoc diém nay. In 3D con rat hitu dung trong gia
1ap mo6 phdng phau thuat.

Trén thyuc té da c6 rat nhiéu bo phan co thé nguoi da duoc in ra thanh cong bang
cong nghé in 3D. Ching han, thang 4/2013, cac nha khoa hoc Anh dé thanh cong
trong viéc su dung may in 3D dé tao ra vat ||eu gidng nhu mé sinh hoc, c6 thé thuc
hién mot s6 chirc nang gidng té bao con nguoi. Ngay tir nam 2011, bac si phau thuat
Anthony Atala d3 gi6i thiéu mot mau than nhan tao duoc lam tir cong nghé in 3D.

Quy trinh tao ra cac bo
An nhan tao khong khac nhiéu
i quy trinh san xuat vat dung
khac. Vat ligu ¢ day 1a mot
n hop cua collagen va cac té
cta bénh nhan dé tao ra mot
trac 3D. Mac du chua thuc
hoan thién trong viéc tao ra
bd phan phuc tap nhung mot
cau tric don gian nhu sun,
g quang dd co thé ung dung
thuc té.

Cong nghé in 3D giup tai
a0 100% mo6 hinh qua tim
nguoi. M6 hinh qua tim ché tao
bang coéng nghé in 3D di clu
séng tinh mang cua 1 bé trai 14
thang tudi trong 1 ca phau thudt tim thang 2/2014. Pay 1a két qua ché tao cua cac k¥
su tai trrong khoa hoc k¥ thuat J.B Speed truc thuc Pai hoc Louisville. Cac nha khoa
hoc da tao nén 1 mo hinh qua tim cta tré em bang cong nghé in 3D co két ciu gidng
hét tim bénh nhan va mang dén cam giac nhu that khi bac si cham tay vao, cho phép
cac bac si c¢6 thé 1én ké hoach t6t hon truée khi ca phau thuat dugc chinh thirc thyuc
hién. St dung cac hinh anh chup CT qua tim cua bé trai, cac nha nghién ctu da tao
nén 1 mo hinh qua tim bang cong ngh¢ in 3D vdi kich thude 16n gap 1,5 lan so véi
kich thudc that. Qua tim dugce ché tao gdbm 3 phan tir cac soi déo, mét khoang 20 gio
dé thyuc hién va tén tong chi phi 600 USD. Béc si phau thuat tim Erie Austin IlI,
truong € kip phau thuat da sir dung mo hinh qua tim dé dua ra giai phap va lén ké
hoach trong tién trinh phau thuat. Cudi cung, & kip da co thé giai quyét duoc tat ca cac
khuyét tat chi trong 1 ca mo duy nhat. M6 hinh qua tim chinh 13 giai phap dé lén ké
hoach cho 1 ca phau thuat tim von di hét stic phiic tap nay.

Gido suw Atala va qua than nhan tao

Tuong tu, cong nghé in 3D ciing gitp cac bac si phau thuat ghép mit, phau thuat
thay xuong ham. Dé ting ty 1& thanh cong, ékip phiu thuat sir dung cic mé hinh phan
dau gidng véi kich thudc that ctia bénh nhan, dugc tao ra nho anh chup CT va cong
ngh¢ in 3D. M0 hinh nay gilp cac bac si nam rd cau tric giai phau phan mit ctia bénh
nhan trudce khi tién hanh phiu thuat. Diéu nay ciing gitp rat ngin thoi gian phau thuat
va co loi cho bénh nhan.
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Trong y hoc cong nghé in 3D c6 nhitng dong gop to 1om nhuw san xudt ra cdc
bo phan: tai, miii, xwong, rang, chan, tay ... bang nhiing chdt liéu chuan xdc nhat
c6 thé mé phong va thay thé cdc bg phdn ciia con ngudi.

Cong nghé in 3D FDM con ¢6 kha ning tao ra mau vat, bo phan thay thé cho
xuong nguoi, hop so trong nganh y hoc, nhirg bo phan hd tro con nguoi nhu tay gia,
chan gia, dé gitip con nguoi phuc hoi chirc ning. Nho ¢6 tao mau nhanh bang phuong
phép in 3D FDM ma viéc lién két cac bo phan hd tro chirc ning cho nhitng ngudi bi
tai nan lao dong, tai nan giao thong tré nén dé dang hon, 1am cho ngudi st dung
khong bi dau khi lién két nhiing bo phan ho tro. Ngoai ra, cong nghé FDM con tao ra
nhing chi tiét nhu hop so, xuong tay, xwong chin, cic bo phan trén co thé con ngudi
dé phuc vu cho nganh gido duc y hoc.

Tur céac dir liéu CT hoac MRI, dir liéu s€ dugc xtr 1i sau d6 dua vao may tao mau
nhanh FDM s& tao ra cac phan thay thé cho con nguoi nhu xuong (nhu hop so, ring)
hodc nhittng mo hinh phuc vu cho viéc hoc tap hay gido duc (chéng han nhu than), va
cac bo phan khac nhau dugc tao mau boi nhitng vat liéu mau sac khac nhau, tao
nhing hinh anh tryc quan trong nganh giao duc y hoc trong cac truong y. Cac mé hinh
co quan trong co thé con ngudi dé giip bac si chan doan cac truong hop bénh tat cling
nhu xdc dinh, lya chon phuong an diéu tri c6 loi nhat, day 13 van dé duoc su quan tim
rt 16n trong nganh y khoa. DPoi véi k¥ thuat phuc hdi chirc nang, cong nghé in 3D tao
ra céc chi tiét gia dé phuc vu cho nhiing nan nhan bi mat nhitng b phan trong tai nan,
véi thoi gian phuc hoi nhanh, tao hinh dé lién két cac bo phan gia va co thé, dam bao
dat muc dich churc nang ma khong lam nguoi sir dung.

Cong nghé in 3D di rat thanh cong trong linh vuc nha khoa va ché tao chan tay
gia. Do chinh x4c cao, ciing nhu d6 tham mi dwoc cai thién gitp bénh nhan dé dang
thich tmg sir dung. Vi cong nghé in 3D, cong ty Not Impossible Labs da 1an dau tién
tao ra nhirng bd chan tay gia vai chi phi chi khoang 100 USD. Cac nha khoa hoc tai
Cong ty thiét ké Autodesk va Pai hoc Toronto dang phat trién mot phan mém cho
phép quét cac bd phan cua nguoi khuyét tat, sau do thiét ké nhiing bo phan thay thé
sao cho phu hop nhéat véi gia thanh thip. Vé&i y hoc phat trién nhu hién nay, nhiing
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ngudi khong may man bi mét di tay hodc chan ctia minh da ¢ co hoi hoat dong binh
thuong voi nhitng bo chan tay gia c¢6 thé cur dong linh hoat. May in 3D c6 thé dap tng
cac tiéu chi trén khi san xuat dugc ban tay nhe, gia ré va c6 do tuong thich cao.

Mot trong nhimg linh vue duge chinh thire dp dung k¥ thuét in 3D 1a in xuong
nguoi cho cdy ghép. Cac nha nghién ctru ciia Dai hoc bang Washington (Hoa Ky) da
in dugc ciu trac nhu xuong, dong vai tro nhu khung gian gido cho té bao xwong moi
phat trién truée khi nd thoai hoa dan. Ciu trac nay duoc in bang calcium phosphate va
thir nghiém thanh cong ¢ dong vat. Cac chuyén gia hy vong phuong phap nay co thé
giup chira tri nhirng bénh nhan bi ran hodc gay xuong.

Hién nay, cac nha khoa hoc da thanh cong trong viéc sr dung may in phun 3D dé
tai tao cac té bao mit, té bao da ngudi, in ciu tric mé ¢o ca mang ludi mach mau bén
trong bang loai "muec in sinh hoc" chra cac thanh phan chiét xudt tir méd co thé.

Tuy chua that sy hoan hao, song cong nghé in 3D dang c6 nhimg bude j:ién dai
trong linh vyc phau thudt, y hoc. Nhitng ing dung tién tién trén day cho thay cong
ngh¢ in 3D dang gitip ich cho cac bénh nhan va mo ra Xu hudng y hoc méi.

2.3. Kién triic va xay dung

Nganh xay dung da sin sang dé d6n nhan mot lan song ky thuat méi goi 1a cong
ngh¢ In 3D vao viée thi cong cac cong trinh dan dung tur cau coéng dén cac loai kién
trac. Nén cong nghiép hién dai dang tién dan dén thoi Ky cong nghi¢p 4.0 déc trung
bai su phdi hop giita 3 cong nghé méi — In 3D, cam bién, va robot; va ngudi ta mdi
ngay mot kham pha thém nhirng rng dung mai tir b ba cong nghé nay.

Du méi chi ¢ giai doan déau tién nhung da co rat nhiéu nd luc duoc thuc hién
thanh cong trong viéc xay dung céc tod nha bang cac may in 3D khong 16. Vat liéu
pho bién nhat cho in x4y dung 1a nhua va bé tong. Phuong phap in 3D trong xay dung
6 thé mang lai nhitng cai tién dang ké vé chat luong, tdc dd, chi phi, dic biét 1a trong
chi phi lao dong, cai thi¢n tinh linh hoat, ddm bao an toan xay dung va giadm cac tac
dong moi trudng. Y tudng xdy nha trén Mit tring bang in 3D di xuét hién tai mot s6
trung tdm nghién ctu trén thé gidi. Cong nghé san xuat dip dan hay in 3D cho phép
sang tao, chinh sira mot cach d& dang theo ¥ ctia khach hang trong thiét ké kién tric va
xay dyng thuc té.

Cong nghé In 3D bat dau vuot ra ngoai khuon kho clia cac may in dé tryc tiép
thuc hién cong viée tai cong trudong xay dung bang sang kién st dung robot. MX3D,
mot cong ty cong nghé In 3D tai Ha Lan dang tién phong trong ky thuat méi nay bang
viéc trién khai dy 4n in toan bd mot cAy cau bang thép khau d6 15m bac qua mot kénh
dao tai thu d6 Amsterdam, tao nén mot nguyén mau cho phuong phap In 3D bang cac
robot lam viéc tu dong theo phan mém 1ap trinh san.

Trude day dé thuc hién mot cAy cau twong ty ngudi ta phai lap rap timg bd phan
da duc sin, boi cho tdi bay gio cong nghé in 3D mdi chi sir dung phuong phép thiéu
két timg 16p mong bot kim loai bang tia laser, cho ra nhiing cdu kién nho bén trong
may in ma co 16n nhét thudc thé hé may BAAM dugc dung dé ché tao miu xe Strati.
Cau in 3D bang robot & Amsterdam 1a cong trinh phdi hop giita kién tric su Joris
Laarman, cong ty cong nghé in MX3D, cong ty phan mém Autodesk va cong ty xdy
dung Heijmans.
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Bang viéc str dung cac chat liéu kim loai tir sit, thép khong ri dén nhom, dong,
thau, cdc canh tay robot phdi hop lién tuc dé in ra cac két cdu phuc tap cua cay cau
mot cach d& dang, bit dau tir hai bo tién vao gitra cho den khi chiéc cau duoc ndi lién.
Cac robot lam viéc ngay trén phan két cau vira hoan tat nhu nhitng nguoi tho chuyén
nghiép dé cudi cung cho ra cdy cau hién dai biéu tuong cho cong nghé méi trong vong
hai thang.

In 3D dé tao nén mot cdy cau hay mot cong trinh xay dung khoéng con la cau
chuyén cua tiéu thuyet Cong ngh¢ mdi dang rut ngan thoi gian, giam bat chi phi, tao
nén chit lugng t6t hon, dep hon, va gan nhu khéng c6 chit thai cia vat liéu xay dung
hay gian gido. Diéu khac biét giita cong nghé nay véi cong nghé truyén thdng 1a vuot
ra bén ngoai khuon kho ctia may in, thay vao d6 nhitng con robot sau truc sé tao nén
nhirng kh4 nang khong giéi han cho nganh xay dung.

Ha Lan cling la noi tién phong trién khai cong nghé in cong trinh kién tric. Mot
du 4n xay dung nha cao tang bang cong nghé in 3D c6 tén 1a “3D Print Canal House”
thuc hién tai Amsterdam da thuc hi¢n thang 4/2014. Viéc chuan bi cho du an cao b¢
nay da bat dau tir 2012 bao gom thiét ké ban v&, nghién ctru ché tao vat lidu bé-tong
va san Xuat loai may in ngoai troi. Myc dich cao nhat ciia nhém nghién ctru 13 tao nén
mot khudn mau méi cho nganh xay dung, mot thir “cong nghé in nha”.

Cong ngh¢ in nha 3D dang tr6 thanh mot con s6t dau tu. Cong ty xay dung
Shanka tai Thuy Dién dang ph01 hop véi Pai hoc Loughborough tai Anh dé phat trién
loai robot in bé-tdng nham chuan bi cho du 4n xdy dung phitc hop nhiing cao dc tai
Béo tang Tuong lai & Dubai. Mot nhom nghién ctru khac do Gido su Neri Oxman va
dong nghiép tai phong thi nghiém Media Lab thudc Vién Cong nghé¢ Massachusetts
(MIT) ciing dang san xuét cac loai robot khac nhau nham dam trach viéc in 3D cho
cac cong trinh xay dung.

Trong khi d6 Behrokh Khoshnevis tai Pai hoc Nam California (USC) trién khai
loai robot In 3D c6 kha ning str dung cac nguyén liéu ngay tai chd dé xay dung cong
trinh. Tién s Khoshnevis dang lam viéc voi NASA dé co6 thé dem loai robot xay dung
nay 1én khong gian, thuc hién cac cong trinh kién trc trén Mat trang va Sao hoa bang
chinh nguén nudc va vat liéu c6 san tai do, thay vi phai van chuyén vat liéu dén tur
Trai dat.

Nhiéu cong ty Trung Quéc di phat trién cong nghé in 3D dudi dang panel xay
dung phd thong tai cac cong truong roi lap ghép ching lai thanh nhiing ngdi nha.
Cong ty Winsun dé san Xuit ra loai may in bé - tong cao 6m dé in ra nhiing birc tudng
hay nhiing két cau bang loai muc bé- -tong kho nhanh va dem lap ghép thanh nhiing
kiéu nha khac nhau, c6 noi cao dén 5 tang.

Cong ty trang tri thiét ké k¥ thuat Winsun (Trung Qudc) di sir dung cong nghé
in 3D dé xdy nhitng ngdi nha. Ho sir dung mdt may in 3D khong 16 dé phun xi-ming
va mot loai vat liéu da duoc tai ché thay thé cho cac loai bé-tong thong thudng dung
dé xay nha. Nhitng ngdi nha duoc xiy bang cong nghé 3D khong co thiét ké qua dep
va kich thudc 16n, tuy nhién gia thanh ctia ching kha ré. Bén canh do, thoi gian hoan
thanh mot ngdi nha duoc xdy bang cong nghé in 3D rat nhanh, cong ty nay da xay
xong 10 ngdi nha chi trong mot ngay.
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Ngoi nha dLrO’c ‘in” bang céng nghé in 3D & Trung Quéc

Tat ca vat liéu dé tao md hinh nha & cua cong ty Winsun déu duoc tai ché lai tur
chat thai cong nghép va rat than thién voi moi trudng. May in 3D duoc sir dung dé
xay dung muoi ngdi nha nay co kich thude khong 16 v6i chidu dai 152m, rong 10m va
cao 6m. Chi phi x4y dung mdi ngdi nha vao khoang 4.800 USD.

Mot cong ty kién trac tai Bac Kinh, cong ty HuaShang Tengda, Trung Qudc
cling mai “in” mot can biét thy rat viing chic bang cong nghé in 3D. Cin biét thy nay
c6 kha nang chiu dugc cac tran dong dat 1én dén 8 do richter, nhung khong chi vay,
diém dang noi hon nita 1a n6 dugc xay dung chi trong 45 ngay. Tac pham 3D nay
dugc in hoan toan tai noi xay dyng, khac v6i mot s6 cong trinh 3D khéac thudng in cac
phan khac nhau r01 ghép lai. Hon nira, cong ty nay cling tao ra ca mot quy trinh cong
nghé in méi gitp tdi wu s6 lugng bé tong can cho viée in. Trudc khi nhan nat bat dau
in trén may tinh, thi mot doi xay dung sé lap dat phan khung cua toa nha, bao gdm cac
thanh cbt thép va duong nudc ciia nha.

bé thyc hién quy trinh in dac biét cia minh, HuaShang Tengda da phat trién 4
phan mém chinh cho viéc tron bé tong, truyén chat liéu, lap rap thanh phan dién tu va
in 3D. Mot s6 phan cua buc tuong c6 do day 1én d&én hang mét. Sau khi hoan thanh
qua trinh in thi cac tho thi cong bat ddu son va trang tri ndi that cho nha.
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Can biét thy dwge “in” bang cong nghe in 3D cua cong ty HuaShang Tengda,
Trung Quéc

Xeét dén mat gia ca va sy chac chan cia nd, co 1€ cong nghé in 3D mébi cua
HuaShang sé nhanh chong nhan dugc su chu y tir cac nha xay dung khac. Hy vong la
no co6 the tao ra mot cudc cach mang trong nganh xay dung.

Véi viée don nhan lan song cong nghé In 3D, nganh xay dung dang tao nén tang
dé tién vao thoi ky cong nghiép 4.0 véi viée bd sung cam bién, robot va nhirg may In
3D thanh lyc lugng lao dong chinh bén canh con nguoi. Nguoi ta sé sém thay nhirng
robot nhu nhirng ¢ may thong minh xuét hién trén cac cong truong va hoat dong doc
1ap nho lién lac may-ndi-may (M2M), két ndi chung thanh nhitng dam may dir liéu
théng nhét déng bo tir thiét ké, cung irng vat tu, san xuat vt liéu, in két cAu va hoan
thién cong trinh.

Nganh cong nghiép xay dung dang ap dung cic cong nghé tién tién, cong nghé
in 3D, dé c6 thé xay nén nhitng cong trinh ¢ cdu trac an tugng, cic cong trinh bén
vitng hon nhung thoi gian thi cong lai duge rit ngdn ma chit luong an toan lao dong
van dugc ddm bdo hodc tham chi 1a cai thién. Cong nghé in 3D dang tr¢' thanh mot
hién tugng pho bién trong nganh xay dung, dugc ap dung trong nhiéu du an xay dyng
trén khap thé gioi. Cong ngh¢ in 3D dang mo ra hy vong cho hang tram triéu nguoi
song trong nhimg khu 6 chudt trén thé gigi. Véi gia thanh ré va kha ning xay cuc
nhanh, phuong phap xay nha bang cong nghé in 3D hira hen sé& thay ddi cudc séng clia
nhiéu ngudi.

2.4. Giao duc

In 3D ciing c6 nhitng tng dung thiét thuc trong gido duc, dic biét lién quan dén
cac mon hoc khoa hoc, cong nghé¢, k¥ thuat va k¥ ndng todn hoc. Sinh vién c6 thé thiét
ke va san xuat cac san pham trong 16p hoc va c6 co héi thr nghiém cac y tuong, vira
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hoc vtra 1am v41 may in 3D. Cach lam nay lam tdng himg khéi hoc tap, lam viéc theo
nhom, tuong tac trong 16p hoc cling nhu ho tro kha nang sang tao, k¥ nang may tinh,
va kha nang tu duy ba chi€u cua sinh vién.

Nho vao in 3D, sinh vién duoc tiép xtc som v&i khai niém ky thuat trude khi
dugc day cao hon, hiéu sdu hon ndi dung cua céac khoa hoc k¥ thuat. béi véi gido
vién, cac mo hinh vat thé 3D ty san xuét s& phtt hop hon cho muc dich mén hoc, giup
hinh dung dugc khai niém hodc tién hanh thi nghiém ngay tai 16p. O Hoa Ky va Trung
Qudc, cac ké hoach dua cong nghé va may in 3D dén céc truong hoc, ngay ca cho tré
em va hoc sinh tiéu hoc, da duoc bat du trién khai.

Céc t6 chirc gido duc ciing bt dau nhan thic duoc day du cac loi ich ma cong
nghé in 3D c6 thé mang lai. Mot 1y do 1am cham tré viéc tmg dung cong nghé in 3D
vao céc to chuc nay hién nay 1a cac nha hoach dinh chinh sach gido duc chua c6 kién
thirc vé cong nghé méi.

Mit khéc, cling boi vi cong nghé nay kha méi mé nén dé tao anh huong tot nhat
thi mot cach hay la dua in 3D vao cac chuong trinh giang day. Cang it tudi ngudi ta
cang dé tiép thu cac y tuong moi va phuong phap moi, do do, bac pho thong s& 1a noi
hoan hao nhat dé bat dau dio tao kién thirc nén tang vé cong nghé in 3D.

Nim loi ich 16n nhit ctia may in 3D trong gido duc:

1. Khoi goi hing thu;

2. Tao diéu kién phat trién chuong trinh gido duc STEM (Science-
Technology-Engineering- Mathematics);

3. Cho phép tlep can voi cac ddi tuong hoc tap chua timg c6 trude day;

4. M6 ra nhiéu kha niang méi cho viéc hoc tap; va

5. Thuc day k¥ nang giai quyét van de.

Str dyng may in 3D mang lai hiéu qua thiét thyc trong gido duc vi né cho phép
gido vién va hoc sinh “kham pha chan thuc cac dbi twong khong cé sin”. Vi du nhu
cac hién vat va hoa thach, day la nhirng doi tuong co thé nhan rong nho may in 3D dé
dugc kham pha mot cach chan thuc hon. In 3D dua cac vat thé tir ly thuyét ra thuc té,
tr& thanh nhitng thtr ma hoc sinh c6 thé nhin thdy va cham vao, va mo ra nhitng “kha
nang mai cho cac hoat dong hoc tap”.

Bén canh do, céc loi ich con dugc nhan Ién khi may in 3D mo ra cho hoc sinh
cac trai nghiém khac nhau trong hoc tip. Ban than thiét bi nay di yéu ciu hoc sinh
phai tim hiéu vé qua trinh san xuﬁt dap dan hoan toan mdi mé - trong d6 cac vat thé
dugc tao ra tung 16p tung ldp, vé cach thirc van hanh khac nhau cua cac may in 3D,
cach sir dung thiét bi, cach khic phuc su cd va giai quyét cac van dé. R0 rang may in
3D s€ tro thanh cong cu hoan hao dé cac em trau d01 ky nang giai quyét vin dé va tro
nén say mé va quyét tam hon khi giai quyét cac van dé.
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IN 3D
CUOC CACH MANG TRONG LOP HQC

Vé&imay in 3D:

o).«.ﬁ A g

HESY Scheo co th
ndot

Nouain thaws khao: 30 Privtng Systems

Sau day 1a mot sd truong hop cu thé vé loi ich ciia cong nghé in 3D trong gido
duc.

In 3D véi mén Todn: Co rat nhiéu cach dé tng dung in 3D vao mén hoc nay.
Mot trong nhing Ung dung thuong thdy, d6 1a st dung in 3D dé giip hoc sinh hinh
dung ra cac b1eu d6 va mo hinh toan hoc. Mot s6 hoc sinh cam thay kho khan khi
khép céc con s6 véi so do trén gidy. D6 khong phai 13 khiém khuyét trong hoc tap cia
cac em ma chi la cach ma nao bd chling ta hoat dong. In 3D gilip hoc sinh hinh dung
dé dang hon khi cic em thdy cac phwong trinh, d6 thi va mé hinh nay duoc hién thuc
héa hitu hinh. Va quan trong nhat, in 3D “thdi” vao cac chu dé kho ctng, nham chan
mot “lan gid tuoi moi”.

In 3D véi mén Pia I¥/Pia chat: Céc trudng hoc hién nay duong nhu dang bi mic
ket 0 nhiing phuong phap ct, gioi thiéu thong tin dén hoc sinh bang cach ma nhiéu thé
h¢ di trudce da thyc hién. Tuy rang cong nghé mai co thé c6 chit mao hiém, nhung sy
thay doi 1a hoan toan can thiét, va dua in 3D vao hoc tap va giang day la mot trong
nhing viéc can dugc chu trong béi in 3D cung cdp cach thire hoc tip méi véi cac mén
hoc.

In 3D 14 mdt trong nhitng cach hitu hiéu nhat dé hoc sinh hiéu r6 hon vé ciu tao
dia chét trén mo hinh thyc té ma khong phai chi qua nhitng hinh anh 2D trén sach vo.
C6 nhiéu ban in 3D vé dia chat da dugc ra doi dé hd tro cho viée hoc tap mén dia 1y
va dia chit. Trén thuc té, cac nha nghién ctru da ha canh thanh cong mot tau con thoi
trén Sao chdi nhd vao may in 3D dé tim vi tri ha canh thuan logi nhat. Mot nguoi dan
ong di in 3D cac dir liéu cua tran dong dat dé so sanh trin dong dat moi nhit o
California vdi cac tran dong dat truéc d6. Ngoai ra, cac cong ty dang sir dung in 3D dé
hiéu rd hon vé nguyén nhén va tac dong cua k¥ thuét khai thac dau va khi dot. Chung
ta dang séng trong thé gio1 3D, do do dugc giang day va hoc tap dia ly va dia chat
bang cac cong cu ba chiéu 13 1y tuéng va d& hiéu nhat.

Néu nhu céc tac gia lam sach gido khoa hiéu dugc tim quan trong cia in 3D va
muodn dua vao trong bai hoc, ho c6 thé thém céc tai li€u in mau vat 3D vao moi phan
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cua sach. Day s€ 1a trai nghiém tha vi dbi véi cac giao vién va hoc sinh khi cac day
nui, dong séng, con kénh... hién thi ngay trudce mat minh. Con hon thé nira, tré em
hoan toan co thé “tham thu” cac dia danh ndi tiéng trén thé giéi ngay trong tam tay
minh ma khong can phai thyc sy di chuyén.

In 3D véi mén Lich sir: Lich st 13 mén hoc ¢6 duge nhiéu loi ich nhat tir cong
nghé in 3D. Céc vién bao tang trén khip thé gidi ciing dan nhan ra duoc loi ich khi
may in 3D co thé tao ra ban sao hoan hdo cua cac hién vat cd. Trude day khi ban dén
tham mot vién bao tang, ban chi co thé “nhin va cam so tay vao hi¢n vat”. Nhung tur
nay, voi su hoan thién cua may in va quét 3D, ban dé c6 thé cham tay vao hién vat va
c6 rat nhiéu ban sao di c6 d6 chinh xac to1 tung chi tiét. Nhu vay, néu cong nghé in
3D duoc dua vao cac 16p hoc lich str dé in 4n cac miu vat cd chi bang cach tai vé cac
tai licu STL tr may tinh, ca 16p hoc s€ dugc tham quan mdgt bao tang hi¢n vat trong
ngay chinh ngdi trudng cua minh. Mot lan nira, viéc hoc tap s€ tro nén thi vi hon so
v6i viée chi ngdi doc tirng chuong trong cudn sach gido khoa.

In 3D voi cac mon Nghé thudt:. Cac 16p hoc nghé thuat va thiét ké chic chin sé
1a nhitng noi xuat hién nhiéu nhét cac san pham cta in 3D. Cong nghé nay di thay doi
hoan toan cach giang day va mo ra nhiéu kha niang méi cho cac gido vién nghé thuat.
Chung ta s& khong phai xem céc hinh anh ba chiéu trén man hinh hai chiéu nita. Cac
du 4n toan dién c6 thé duoc dua vao quy md qudc gia hodc toan ciu nho kha ning
chia s¢ cua thiét ké nghé thuat 3D v6i moi nguoi, trong d6 cd ca cac trudng hoc trén
toan cau. Cac 16p hoc & New York, M§ hoan toan c6 thé tham gia du an chung cung
cac 16p & An D6 va in san phdm 3D cua ho & ca hai noi nay. C6 rat nhiéu hinh thirc
nghé thuat doc dao da ra doi trong vai nam trd lai day tur khi ¢6 irng dung ctia cong
nghé in 3D.

In 3D di cho ra doi mot cach thirc méi dé sang tao cac tic pham nghé thuat. Khi
cong nghé nay co6 mit trong cac 16p hoc trén toan ciu, cac nghé sy tuong lai cia
chung ta s& chinh 14 nhitng ngudi md ra duoc hét nhitng tiém ning cta nd trong cac
linh vuc ngh¢ thuat hién co.

Hai mo hinh dwa Cong nghé 3D vao giao duc va dao tao

M6 hinh Trén xuong (Top-down): Xem xet toan di¢n nén gido duc, sau do
nghién ciru giai phap tong thé va trién khai Gmg dyung trén dién rong.

Mbt vi du tiéu biéu cho m6 hinh c6 sy chi dao cua Nha nude tir trén Xuéng la
viéc Chinh phu Trung Quéc méi day quyét dinh lap dit may in 3D trong ting truong
tiéu hoc (khoang 400.000 truong). Viéc nay s€ cho phép moi hoc sinh tiéu hoc tai
Trung Quéc, khong ké diéu kién dia ly, duoc tlep Xuc tryuc t1ep v6i cong nghé in 3D va
twong tac nhiéu hon véi qua trinh “lam thuc t&” ra san phim chi khong chi con quan
sat don thuan.

Chuong trinh ndy c6 dat hiéu qua nhu mong muén khong ciing con phy thudce
vao nhiéu yéu tb, vi du nhu: Doi ngii gido vién c6 du kién thirc, kha ning ciing nhu
tam huyét dé giup dua cong nghé 3D vao 16p hoc va thich Gmg qua trinh/ndi dung
giang day cho phul hop hon; Céc trudng hoc cé du didu kién vat chat dé bat dau va duy
tri 1au dai viéc tich hgp may in 3D vao 16p hoc.
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Mo hinh Duéi 1én (Bottom-up): Tim giai phap nho 1é, sau d6 nghién ciru tong
thé va trién khai rng dung trén dién rong.

Song song voi mo hinh Top-down, mé hinh chu dong tir dudi 1€n (Bottom-up) to
ra ¢0 hiéu qua hon 6 mot s6 x4 hoi nhue Hoa Ky. Chung ta c6 thé ké dén cudc van
dong cua Tong théng Obama hdi thang 6/2014, kéu goi cac ngudn luc, dé an co thé
gitp sinh vién tham gia nhiéu hon vao qua trinh “lam thyc t&”. Dong tién dau tu tir cac
t6 chirc/ca nhan bit dau don nhiéu hon vao cac dy an in 3D. Dy 4n in 3D & quy md
16p/truong hoc nay né manh mé. Nhing yéu té nay tiép d6 lai thuc ddy cac trudng hoc
trong viéc nghién ctru cling nhu tich hop cong ngh¢ in 3D vao gidng day.

Chung ta c6 thé thiy ring m6 hinh nay c6 wu diém 13 ¢ thé kich thich ngudn
dong luc xa hdi va khién tung by phan nho dugc chuan bj tét hon cho qué trinh Ung
dung cong nghé dai tra. Tuy nhién diéu d6 ciing c6 nghia 13 c6 nhiéu hoc sinh, sinh
vién sé& c6 diéu kién tiép xtc voi cong nghé sém hon cac noi khac (néu c6 dy an duoc
dau tu); va mot s6 dé an dat hiéu qua dau tu cao tai dia phuong lai khong hoan toan
pht hop cho muc dich dai tra hoa, vi vay khong thé t6i wu hoa ngudn kinh phi dau tu.

Véy m6 hinh nao thi s& phu hop hon cho viéc dua céng ngh¢ in 3D vao trong 16p
hoc? Pé dua ra cau tra 10i phu hop, cac nha hoach dinh nén cén nhic nhiéu yéu t6 vé
ca modi truong va con nguoi.

Ngay tai mot nuéc Pong Nam A lang giéng nhu Malaysia, cong ty san xuit may
in 3D va trudng hoc, ciing nhu chinh quyén da phdi hop dé dua may in 3D tiép can
thé hé tré vao dip ngay hoi khoa hoc “Science games day” cua truong quéc té Bandar
Sunway, hay chuong trinh nghi hé “School holiday program” tai trung tdm thuong
mai Ikano Power Centre.

Bang 1. Hai mo hinh dwa Cong nghé 3D vao gido duc va dao tao

Dieu kién

PO M6 hinh Top-down Mo hinh Bottom-up
mol truong
Chinh tri Quyén lyc tap trung Quyén lyc phan tan
Nguén von tip trung, hodc Nguon von rai rac
Kinh té Co quan cam quyén s hiru Nhiu don vi, t6 chitc c6 kha
ngudn von 16n nang tai trg

Nén tang kién thiuc, ki ndng, va

r A v Ae o g o Céc ki nang, trinh d6 cao ta
co s¢ vat chat cua cac dia phuong & i b

Ky thuat RPN X - n trung tai mot vai trung tam,
J thud tuong d6i dong déu hoac khong . &k v &
A L en dia phuong

c6 phan hoa tép trung

X4 hoi dang bat dau lam quen voi  Xa hoi da biét dén khai niém,
Xa hoi khai niém, Umg dung cua cong Ung dung cua cong nghé madi

ngh¢ mai

. Hoc va tiép thu nhanh, dé dang Can thoi gian cho qua trinh

Con nguoi 2

thich nghi v&i thay doi méi tiép thu, thich nghi
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2.5. San xuit thue pham

Nhitng chiéc mdy in 3D ngay nay khong nhitng c6 thé tao ra cac san pham dep
lam vira mat nguoi tiéu dung ma con ngay cang dugc st dung rong rai trong linh vuc
am thuec.

Thiec an dwoc lam tr may in 3D

May in thuc pham 3D nha ra vat chat an duge dang 16ng thong qua cac voi phun
theo ting 16p dya trén chuong trinh duoc lap trinh san trén may tinh. Mdy in thyc
phém 3D ¢6 thé tao ra sd-co-la, banh, keo, my, banh pizza va cac loai dd an nhanh
thom ngon khac.

Truyén thong chau Au hién dang rat hao htc voi nhitng gi ma cong nghé in thuc
phém 3D c6 thé mang lai. Ho con td churc cac su kién 4m thuc trong do6 co cac dau bép
tén tudi sir dung may in thuc phém 3D dé phuc vu thuc khach tai cac nha hang danh
tiéng cua chiu Au Truyén thong con dy bao vé viéc cong nghé in 3D s& dugc Gng
dung dé cung cép thuc pham cho cac phi hanh gia, khach du lich vii try va nhing
ngudi dang ¢ trong tinh hudng khan cap.

Céc khu nha diéu dudng tai chau Au ciing dang cung cip thuc pham 3D véi hinh
dang gidng mon thach cho nhimg ngudi gip kho khin trong viéc nhai va nubt thirc in.
Céac nha phat trién may in thuc pham 3D cho rang cac thiét bi ciia minh s& som xuat
hién trong gian bép ctia mdi gia dinh, gitp ho chuan bi cdc moén an vira thom ngon
vira bo dudng.

Cong ty Thit va Vat nuodi Australia c6 ké hoach st dung cong nghé in 3D dé san
Xudt cac san phém thit méi nham dam bao gilr lai dugc gia tri cao nhét cua thit. Do
vay, khong lau nita ching ta s€ dugc thuong thirc nhitng mon an dugc in 3D tur thit
hoic cac thuc pham trang tri duwoc 1am tir hoa qua va rau ép, dudng hoic sé-co-la.

Cong ty Modern Meadows di tién phong trong céng nghé in 3D thyc pham da
thanh cong trong viéc tao ra thit nhan tao théng qua may in 3D. Qua trinh in thit twong
tur nhu cac qua trinh in vat dung 3D khac: su dung cac té bao séng va sau d6 tién hanh
phat trién thanh cac bap thit va dap dan 1én timg 16p.

Cac nha nghién ctu cua Dai hoc Exeter (Anh) da ché tao ra may in 3D cho ra
cac san pham c6 chét liéu 1a socola. Hay nhu 1 cip vo chong ngudi My da sir dung
chiéc may in 3D dé thay thé 10 nuéng 1am ra cac san pham c6 nguyén liéu tir dudng.
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Mot trong nhitng tmg dung 3D dang dugc trién khai & NASA va dang dan duoc
tmg dung thuc té 1a cac may in thic an. NASA dang dau tu cho cong ty System &
Materials Research Corporation voi du 4n san xuat thirc n bang mdy in 3D. Giam déc
Anjan Contractor cua System & Materials Research Corporation cho biét, dang may
in nay kha da nang, ngoai vi¢c san xuat cac thic an tong 'hop may con co thé 1am banh
pizza. Véi chiéc may nay, ngudi ding con 1ap trinh dé c6 mot mén an phu hop véi
ché d6 dinh dudng ctia minh.

Khong chi dung lai ¢ viéce ché tao cac dd vat, cong nghé in 3D con gilp tao ra
nhiing dd an dic biét, trong do6 c6 cac loai keo. Tai trién 1am dién t tiéu dung Las
Vegas nam 2016, cong ty 3D Systems di 1an dau tién gi6i thidu mot chiéc may in 3D
c6 thé sir dung nguyén liéu 13 cac loai socola, duong, vani va huong liéu dé tao ra
nhiéu loai keo ¢6 hinh dang tha vi khac nhau. Hang Natural Machlnes cung da gioi
thiéu mot chiéc may in 3D dugc goi 1a Foodini, c6 kha ning “in” ra mi ong.
Dovetailed 13 mot cong ty khac ciling da gidi thiéu cong nghé in 3D dé tao nén nhiing
loai trai cay vo1 huong vi vo cung dac biét.

ba c6 may in 3D kem, may in s6-co-la 3D,.. tham chi Ia in thit 3D, d6 la nén
tang dé dua cong nghé in 3D thuc pham vao thyuc tién mot cach bai ban hon. Trung
tdm nghién ctru va phat trién k¥ thuat quan doi Natick (NSRDEC- dat tai Natick, bang
Massachusetts) dang day manh viéc phat trién cac cong nghé thuc pham méi sao cho
phu hop véi nhu cau vé thuc pham trén chién truong. Cac nha nghién ciru trong quan
d6i ky vong thuc pham in 3D c6 thé s& gitip giam bét duge chi phi khi thirc dn dugc in
ra twong (mg voi nhu cau, sao cho thirc an in ra dap tng duoc nhu cau dinh dudng cia
nguoi linh va sau do 1a ap dung mdt qué trinh méi khac dé 6n dinh thoi han st dung
cua no.

Theo céc chuyén gia, néu cong nghé duoc phd bién rong rii hon thi s& c¢6 nhiéu
nguoi quan tdm hon. Va ho sé thur néu duoc dam bao an toan thuc phflm. Trén co s¢
d6 ho ciing s& hiéu hon vé cach thirc ché bién va nguyén liéu duogc str dung. Tat nhién,
con dudng thanh cong véi thuc pham 3D s& con nhiéu gian nan. Trudce hét 14 phai co
duoc niém tin ctia cong chung vé tinh an toan. Tiép dén 1a phai cho ho thiy duoc thuc
pham 3D ciing rat thom ngon cho du trong c6 vé khong duoc tu nhién hodc duoc 1am
tir cdc nguyén liéu bi coi 1a phi truyén théng. Chi nhu vay thi thyc pham 3D méi tro
thanh mot phan hang ngay trong doi sdng.

2.6. Trong gia dinh

Vi chi phi thép va su tién dung, may in 3D s¢€ dan tré thanh mot thiét bi trong
gia dinh. May in 3D dé ban cho phép san xuat bat cir thir gi ngay trong cin nha riéng
ctia minh, tit nhién 13 véi kich thude phu hop v6i may in va cac nguyén liéu co thé co.
Cac vat dung yéu thich nhu d6 choi, do dung va do6 vat trang tri la nhimg ung dung
phd bién nht. Nho may in 3D dé ban, mdi ngudi c6 thé tu thiét ké va san xuat vat
dung theo yéu cdu riéng biét, 1am nén c4 tinh cua ban than. Cong ngh¢ nay ciing gop
phan lam ting kha ning va co hoi sang tao ctia mdi nguoi. Va hon thé, in 3D tai gia
dinh lam giam bot cac kho khan trong chudi cung ung truyén thong. Su xuat hién cia
in 3D tryc tuyen dong vai tro quan trong trong viéc st dung rong rai may in 3D de
ban. O méi trudng truc tuyén, moi ngudi c6 thé mua va chia sé cac kién thire, ¥ tudng,
thiét ké va cac vat thé in 3D. Vi dy nhu trang web Thingiverse cho phép moi ngudi tai
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vé thiét ké in 3D mién phi trong kho dit liéu cua ho, ciing nhu cho phép bd sung
nhiing thlet ké riéng cua minh vao kho dir liéu do. Khac mét chut, Shapeways la mét
cho in 4n truc tuyén, noi moi nguoi co thé mua va ban san pham in 3D, tao co hoi
kinh doanh tir kha nang in 3D cua moi ngudi, cling nhu tao diéu kién cho nhiing nguoi
khong s¢ hitu mdy in 3D c6 thé tan dung ngudn tai nguyén cua cong dong.

Céc dd dién tu, hay bat ky d6 vat nao xung quanh chiing ta déu c6 thé bi hong
mdt vai bd phan. Thong thuong néu khong thé sira chung ta s& phai thay thé bang
nhiing linh kién méi. Tuy nhién khong phai liic nao viéc tim kiém va thay thé linh
kién cling don gian, c6 thé do dd vat d6 cia ban dd qua cii va khong con duogc san
xuat.

Nhitng chi tiét trong cdc do vt cii hodc héng cé thé dwoc thay thé dé dang nho in 3D

Tuy nhién, véi cong nghé in 3D moi ric rdi nay déu co thé dugc giai quyét dé
dang. Gio ddy ngudi ta co thé tai vé cac tap tin thiét ké cua nhirng linh kién dé, sau d6
str dung mdy in 3D tai nha dé tao ra mot cai khac hoan toan méi dé thay thé. Hién nay,
trén trang web Thingiverse c6 san nhirng ban thiét ké cua hon 2.500 linh kién thay thé
clia tit ca moi do vat tir tay quay trén cira s6 Xe, dong hd deo tay hay mot s6 linh kién
dién tir khac. Viéc 4p dung cic phuong phép tao mau nhanh in 3D FDM d tr& thanh
mot diém méi trong linh vuc cong nghé tao mau nhanh. Qua trinh lam khuén truyén
thdng rat phirc tap va tén thoi gian, ton kém chi phi 16n, thuong tré thanh diém ngin
can chia cit gitra viéc thiét ké va san xuat.Viéc khic phuc nhuoc diém thoi gian va chi
phi s€ trd thanh mot dong luc chinh cho sy phat trién cta cong ngh¢ tao khudn, do do
viéc ap dung cong nghé in 3D dé san xuat khuén mau nhanh s& mang lai hiéu qua kinh
té rat cao.
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111. TUONG LAI CUA IN 3D
3.1. Tiém ning ting truéng

Cho dén nay, in 3D da dugc su dung chu yéu dé tao miu nhanh. Tuy nhién, cong
nghe nay co the dat dén mot dinh dlem ma ¢ do viéc ap dung rong réi hon nhiéu. Cac
tién bo bao gom cai thién hiéu sudt clia cac may moc san xuit phu gia, mot loat cac
vat lidu c6 thé dugc phat trién va gia ca giam dbi véi ca may in va nguyén liéu. Mot
diéu quan trong khac 1a cac bang sang ché quan trong ban dau da hét han hodc sap hét
han.

Khi ban quyén cta sang ché cong nghé FDM da hét han nim 2009, cic hé théng
in 3D da duoc tao ra thong qua mot du an ma ngudén mo duoc goi la RepRap (dé sao
chép nguyén mau nhanh) bat dau tro nén co san trén thi truong. Diéu nay da gitp phat
trienr va lan toa cac phan mém mién phi va khuyén khich d6i mdi nhanh chéng cho
viéc in 3D bang cach sir dung mot bién thé trong quy trinh FDM. San pham cudi cung
clia cac bang sang ché cong nghé thiéu két laser di duoc cic nha phat minh (Carl
Deckard va Joe Beaman) dua ra da hét han vao thang 6/2014 dang tao ra mot su doi
m&i manh mé va thuong mai hoa chi phi thap.

In 3D dé san xuat cac san pham phtc tap, trong luong nhe va co thé tuy bién cao
dd duoc day nhanh. Céc nha kinh doanh ciing dang thiét ké va ban cac san pham in
3D, vi du nhu iPhone, thuong st dung cac dich vu nhu Sculpteo va Shapeways cho
phép céc nha thiét ké tai cac thiét ké ma cong ty in va gui cho nguoi tiéu dung. Khi
viéc in 3D tiép tuc phat trién, né c6 kha ning giai quyét nhidu nhu cau quan trong.
Trong thi trudng san pham tiéu dung canh tranh manh mé, in 3D c¢6 thé dap tung ky
vong ngdy cang ting vé chét luong thiét ké va ca nhan hoa, bao gém cac mat hang
nhu giay dép hodc mi bao hiém. In 3D ciing c6 tiém ning dé giai quyet mdi quan tAm
vé chat thai va tc ~dong moi truong cua cac quy trinh san xut truyén thong va chu01
cung Ung. San xuat truc tiép bang cach sir dung in 3D ¢ thé lam giam s budc can
thiét cho viéc san xuit linh kién, van chuyén, lép rdp, va phan phéi, va ¢6 thé lam
giam luong vat liéu bi lang phi so véi cac phuong phap truyén théng. Trong y hoc,
kha nang in cac bo phan co thé tir cac té bao cua bénh nhan co thé cai thién ty 1€ thanh
cong ghép va ngin ngira tir vong xay ra do bénh nhan phai chd doi hién tang.

Khi vat liéu, 6 chinh xac va chat luong tong thé cua két qua dau ra dé dugc cai
thién, in 3D da m¢ rong pham vi ing dung. Ngay nay, cac nguyen mau in bang 3D
phuc vu cho viéc tra lap va lap rap dang dugc phd bién rong rai va ching s& som tro
nén co gia thanh ré hon va san Xuét nhanh hon trong thap ky t6i. Cac phat trién cong
nghé gan dy bao gdm nang cao hiéu suit trong ché tao may va mot pham vi rong céac
vat li¢u ing dung thd. Céc k¥ su dang sir dung ngay cang tang cac vat liéu composit
(nhu chat déo gia c6 bang soi) va cac vat liéu dugce phan loai theo chirc ning (bang
cach thay doi cdu trac vi mo).

Cai tién vé toc d9, hiéu suat va chi phi giam s& c6 kha ning day nhanh sy lan
truyén cia in 4n 3D trong thap ky toi. May in cong nghiép trung binh hién nay dugc
ban voi gia 75.000 USD va mdt s6 may c6 gia hon 1 triéu USD. Tuy nhién, nhitng chi
phi nay dugc ky vong s€ giam nhanh chong trong nhitng nam tdi khi san lugng tang.
Céc tién bod cling dang dugc tién hanh co thé cai thién dang ké toc do dau ra va chét
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luong cua may in 3D. Vi dy, cac nghién ctru gan day tai Vién Cong ngh¢ Fraunhofer
cho thay kha nang tang gap bon lan téc do in cho cac vat bang kim loai.

V& phia nguoi tiéu dung, gia cua cac may in 3D co ban st dung céng nghé FDM
da giam tir 30.000 USD vai nim trudc xudng con dudi 1.000 USD cho mot sé md
hinh. Doanh sé ban hang ctia cac may in 3D van con nho, véi khoang 23.000 mdy in
duoc ban trong nam 2011, nhung doanh s ban hang dang ting nhanh, véi hon 300%
tang trudng trung binh hang nam tir nam 2007 - 2011.

Trong khi dé, cac dich vy in 3D dang phat trién nhanh chong. Hang Shapeways
da co6 hon 8.000 ctra hang truc tuyén va ban 1 triéu linh kién nim 2012. Vo cudi nim
2012, Staples da cong bd ké hoach trién khai mot dich vy in 3D méi tai Ha Lan va Bi
dé khach hang c6 thé tai 1én céac thiét ké 3D va nhan cac mat hang da hoan thanh tai
cua hang Staples ddt ¢ dia phuong cua ho. Céc vat liéu duoc st dung trong in 3D van
con ton kém, nhung gia dang giam nhanh chéng. Cac nha cung cip nhua Trung Qudc
da bat dau ban cac soi filament bang plastic v6i gia rat canh tranh - chi bang nam lan
gia san xuit nhua thudng - va cac may dun méi di duoc phat trién va co thé bién céac
loai nhua san xuat thanh soi. Ngoai ra, cac loai vat liéu phu gia moéi dang duogc phat
trién cho san xuat 3D. Mot s6 loai polyme mdi hon c6 thé hoat dong trong cac may in
3D mang lai d¢ linh hoat, tinh dan dién, va tham chi la kha nang tuong thich sinh hoc
(vi du, d6i v6i cdy ghép). Mot bude tién quan trong, co thé 1a sy phat trlen cua cac vat
lidu tiéu chuan dugc str dung bai cac hé thong in 3D tir cac nha cung cap khac nhau.
Ngay nay, mdi nha san xuét yéu cau cac vat liéu duoc ching nhan cia riéng minh.

3.2. Tac dong kinh té
Tiém nang kinh té dén nam 2025

Theo bao cao Wohler Report cua cong ty Wohlers Associates, cong ty 16n nhat
vé tu van k¥ thuat va chién lugc trong linh vuc in 3D, nganh cong nghiép in 3D s&
ting truong 400% vao nim 2018, va du kién 700% vao nim 2020. Dy 1a bao cdo
duoc phat hanh lién tuc tir 20 ndm qua va duoc coi 14 tai liéu tham khao hang dau cua
gidi in 3D, mot trong nhitng 4n pham theo sat nhat cudc cach mang trong cong nghiép
nay tir nhitng ngay dau tién.

Theo Wohlers Associates, nam 2015 nganh cong nghiép in 3D dat gia tri 5,1 ty
USD, so véi 3,07 ty USD ndm 2013. Cac nha san xuat hy vong n6 s& dat mirc 12,8 ty
USD vao nam 2018, va vugt con s6 21 ty USD vao hai nam sau do. Va theo cap sb
nhan, nganh cong nghiép nay sé san sang dé leo 1én con s6 200 ty USD (doanh thu san
Xudt toan cau 2%) vao nam 2030.
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More than 278,000 desktop (under $5,000) 3D printers were sold worldwide last year

Theo Wohlers Associates, co hon 278,000 may in 3D dé ban (gid dwdi 5.000
USD dwoc ban trén toan cau nam 2015

Tuy nhién, néu noi dén tac dong kinh té lan toa thi viéc tmg dung céng nghé 3D
con 16n hon rat nhiéu. Cac chuyén gia uéc tinh rang in 3D c6 thé tao ra tac dong kinh
té tir 230 ty USD dén 550 ty USD mdi nim trong cac ung dung in 3D vao nam 2025.
Nguon dong gop tiém ning l6n nhat trong s6 cac ung dung s& dén tir viéc st dung san
pham cua nguoi tiéu dung, tiép theo 1a san xuat truc tiép (tirc 1a sir dung in 3D dé san
xuét thanh pham) va st dung in 3D dé ché tao khuén.
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Ty trong cdc linh vuec trong thi trwong in 3D (Nguon: Wohlers Associates, 5/2014)

Vé ty trong céac linh vuc trong thi trudng in 3D, céng nghiép 6-t6 chiém 17%,

hang cong nghiép (19%), hang tiéu dung (18%), y té (14%), hang khong vii tru (12%),
cac linh vuc khac (20%).

Bang 2. Quy mé ng dung ciia in 3D ¢6 thé cé tic ddng kinh té truc tiép tir 230 ty

USD dén 550 tp USD méi nam vao nam 2025

Quy mé | Tac dong |Quy mé duw |Ty 1& tiém | Ning suit tiém
ung kinh té tiém | kién nang duw kién nang hodc gia tri
dung nang cua vao 2015 dem lai vao nim

quy mo wng 2025

dung vao

nam 2025

(Ty

USD/nam)
Nguoi 100-300 4.000 ty USD | 5-10% céac san | Loi ich gia tang
tieu dung doanh thu ban |phim  tuong |t san pham in
s dung cic san phdm |tng c6 thé|3D tr 60-80%
in 3D dugc in 3D dugc in 3D (vi | (trong d6 nguoi

du trong nganh | tiéu dung  tiét

san xuat do

choi)

kiém duoc tir 35-
60% chi phi, 10%
tr ca nhan hoba
tiéu dung)
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San  xudt | 100-200 300 ty USD chi [ 30-35%  cac | Cat giam duoc tir
san pham cho cic san|san pham c6 | 40-55% chi phi
truec tiép pham phuc tap | thé duoc thay | d6i voi  khach
trong luong nho | thé bang cac | hang mua san
nhu cac san |san pham lién | pham dugc in 3D.

San xudat | 30-50 pham cdy ghép | quan tir in 3D
dung cu va cong cu.
v Khuon 470 ty USD chi
man cho cac san
pham trong linh
vuc van tai
Cac ung Thi truong 360 | 30-50% cac | Giam duoc 30%
dung tiém ty USD d6i voi | san pham nhya | chi phi san xuét
nang cic san pham |in phun theo | khi sit dung cac
khac nhya in phun | khuon  mau | khuén mau in 3D
theo khuén mau | duoc tao ra tir
in 3D
Téng hop | 230-250
cdc tic
dong
kinh  té
tiem
nang

Nguon: McKinsey Globle Institute Analysis

Sir dung san pham tiv in 3D ciia ngwoi tiéu ding

Céc chuyén gia ctia McKinsey Globle Institute wdc tinh rang nguoi tiéu dung sir
dung in 3D c6 thé c6 tac dong kinh té tiém ning tir 100 dén 300 ty USD mdi nim vio
nam 2025, dwa trén chi phi giam (so voi mua hang thong qua cac nha ban I¢) va gia tri
cua viéc tuy chinh san pham In an 3D ¢ thé co tac dong c6 y nghia ddi véi cac loai
san pham tiéu dung nhat dinh, bao gom dd choi, phu kién, do trang sirc, giay dép, do
gbm va quin 4o don gian.

Céc san pham nay twong dbi dé san xuit bang cong nghé in 3D va c6 thé co mirc
do tuy chinh cao cho ngudi tiéu dung. Doanh s6 ban hang toan cau cia cac loai san
pham nay c6 thé ting 1én dén 4.000 ty USD mdi nim vao nam 2025. Theo McKinsey
Globle Institute, hau hét nguoi tiéu dung cac san phim nay cé thé tiép can in 3D vao
niam 2025, du bang cach s hitu mot may in 3D hay st dung mdy in 3D trong mét cira
hang dia phuong, hoic dit mua san pham 3D truc tuyén.

Céac chuyén gia u6c tinh ring nguoi tiéu dung c6 thé in 3D tir 5-10% cac san
pham nay vao nim 2025, tuy theo thanh phan nguyén liéu cua san pham, do phic tap,
chi phi, va su thuan tién tiém an trong vi¢c in an so véi mua hang cho nguoi tiéu
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dung. C6 kha ning tiét kiém tir 35 dén 60% chi phi cho ngudi tiéu dung tu in cac mat
hang nay mic du chi phi nguyén vat liéu cao hon (vat liéu can thiét cho san phdm &
day cha yéu 1a nhua tuong ddi ré). Cac khoan tiét kiém qua ban 1é khong chi tir viée
loai bod chi phi phan phdi ban budn va ban 1é, ma con tir viéc giam chi phi thiét ké va
quang c4o nhung vao gia cua san pham. C6 thé nguoi tiéu dung sé tra tién cho thiét ké
in éln 3D hoic tuy chinh, nhung ciing c6 thé nhiéu thiét ké min phi s& c6 sin truc
tuyén.

Sdn xudt truc tiép

Ngay cé trong nim 2025, cac k¥ thuit san xuét truyén thong h_z‘iu nhu chic chin
s& ¢6 loi thé chi phi so voi san xuit 3D ddi voi hﬁu hét cac san pham c6 khoi luong
l6n. Tuy nhién, in 3D c6 thé trd thanh mot cach tiép can ngay cang phd bién d6i véi
cac chi tiét c6 do phiic tap cao, khdi luong thap, co thé tuy bién cao. Néu duoc s
dung theo cach nay, Cac chuyén gia udce tinh rang in an 3D co thé tao ra tur 100-200 ty
USD tac dong kinh té mdi nim vao ndm 2025 tlr san xuét truc tiép cac bd phan. Thi
truong linh kién khéi luong thap, linh kién c6 thé tuy bién cao, chang han nhu cay
ghép y té va cac bd phan cua dong co, co thé 1én dén 770 ty USD mdi nim vao nim
2025, va c6 thé khoang 30% dén 50% céc san pham nay c6 thé dugc in bang 3D. Céc
san pham nay co6 thé c6 chi phi it hon tir 40% dén 55% do loai bo chi phi dung cu,
giam chat thai va giam chi phi xu 1y.

Sdn xudt cong cu va khuon

Ngay ca trudc nim 2025, phan 16n cac bo phan va san pham van sé& dugc san
xuét hiéu qua hon vdi cac ky thuat nhu dac phun. Tuy nhién, in 3D c6 thé tao ra gia tri
dang ké bang cach rat ngan thoi gian thiét 1ap, loai bo sai sot dung cy, va san Xudt
khuén mau thyc su c6 the lam ting ning suat clia qua trinh dac phun. Vi dy, khuon in
3D c¢6 thé dé dang bao gdm céc kénh lam mat cho phép lam mat nhanh hon, giam thoi
gian chu ky va cai thién mot phan chat luong. Cac chuyén gia udc tinh rang in 4n 3D
cac cong cu va khudén mau cé thé tao ra 30 ty USD dén 50 ty USD tac dong kinh té
mdi ndm vao nam 2025, dya trén co sé chi phi udc tinh 360 ty USD dé san xuat nhua
dac phun vao nim 2025 va gia dinh khoang 30 dén 50% nhua c6 thé dugc san xut
bang khuon in 3D véi chi phi khoang it hon 30%.

3.3. Tac dong dén lao dong, xa hdi va nén tang phap ly

Cong nghé in 3D cho phép giam chi phi ciing nhu thoi gian san xuit. Diéu d6 co
nghia 14, vi du, thay vi cAn nam phut dé 1am ra mot bo phan nhu hién nay, trong tuong
lai v6i cong nghé méi, ta cé thé chi con can hai phut. Sy thay doi nay, ciung véi viée
st dung robot, s& dan dén mot bod phan nhan cong du thira khong nhé trong cac cong
ty san xuat 16n. Tham chi nhitng nha xuéng véi may moc 3D, khong cé bong dang
mot nguoi cong nhan ciing s& khong con 1a mot diéu vién tudng nira.

Thém vao do, cong ngh¢ in 3D con tac dong manh me dén quan hé vé vai trd
kinh té giira cac nudc phat trlen va cac nudc dang hodc chua phat trién. Hién nay, cac
cong ty tai cac nude phat trién nd luc tim kiém ngudn nhin cong ré tai cac nude ngheéo
(chau Phi, chau A), v6i myc dich giam gia thanh san pham. Viéc dich chuyén vi tri dia
li nay can tuan theo nhiing hoach dinh dai han vé sb lugng trong san XUAt hang loat, vé
quy trinh van chuyén va cung tng sao cho bét kip nhu cau thi truong dia phuong.
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Cong ngh¢ in 3D s& khién cho nhu cau tim kiém nhan cong gia re bi thay thé boi nhu
cau vé nhan cong c6 nang lyc sang tao, trinh d6 cao va chudi cung ung gan hon vai thi
truong tiéu thu vé mat dia Iy nhim c6 thé dap tmg moi nhu cau riéng biét cua khach
hang trong thoi gian ngan nhat. Day c6 the tr& thanh thiét hai dang ké cho cac qudc
gia tr lau da noi 1én nhu trung tdm san Xuat boi co chi phi lao dong thap. Mat khac,
cac qubc gia nay con phai dbi mat voi nhiing van dé nghiém trong trong viéc nim bt
gia tri cua chudi cung ng san Xuat do thiéu kha nang thiét ké. Véi nhung nudc dang
phat trién, hién nay con dya chi yeu vao ngudn nhan lyc “gia cong”, nha quan ly can
c6 nhimg chinh sach dai han nham thich tng véi viée suy giam nhu cau tuyén dung
nhan cong gia ré. Vi du nhu dau tu vao gido duc, nang cao toan dién trinh d6 cua doi
ngil nhan cong trong tuong lai nham dap Gmg nhu cau ciia mod hinh kinh té méi, hodc
dau tu vao cong nghiép san xuét tai dia phuong dé tan dung nguon nhan cong du thura,
khong con duoc st dung bai cac cong ty tai cac nude phat trién.

Tuy nhién diéu nay khong c6 nghia 1a cong nghé in 3D s& gdy ra that nghiép
hang loat trén toan thé giéi. Khi may tinh ra doi va phat trién vao nhitng nam 1970, du
thira lao dong ciing dugc canh bao. Vay ma thay vao d6, chung ta di chung kién
khong phai bién chuyén vé luong ma 13 vé cht trong ngudn lao dong. Nhiing cong ty
cong nghé nhu Google, Apple da tao ra hang tri¢u viéc lam, mac du v6i nhitng yéu
cau ki niang hoan toan khac biét so voi ngudn lao dong vai thap ki trudc day. Tuong tu
nhu thé, cong nghé in 3D c6 thé khién giam nhu cau lao dong trong cac linh vuc san
Xuat va ban 1, nhung sé& can rat nhiéu nguoi ¢ ki ning véi may moc 3D. Theo nghién
ctru ctia cong ty Wanted Analysis tai Hoa Ky, tir thang 8/2013 dén thang 8/2014 nhu
cau tuyén dung ngudi c¢6 ki nang vé in 3D da ting 103%. Nhu cau nhan luc c¢6 thé bao
g6m nguoi ban hang c6 hiéu biét vé san pham, ngudi bao tri may in 3D, nguoi co kién
thic vé hé thé)ng thiét ké 3D, nguoi 1ap trinh hé théng hoach dinh ngu@m luc doanh
nghiép vd&i cong nghé 3D hay nguoi quan 1y tuong tac va cung ing khach hang trén
toan thé gidi. Piac biét trong nganh k¥ su, ciing theo nghién ciru cia Wanted Analysis,
nhu cau lao dong c6 ki nang 3D chiém t6i 35% tong s6 thong bao tuyén dung tai My.

Tir d6, cong nghé 3D co thé gitp cac nude dang phat trién vuon 1én mot tim cao
mai trong chudi cung ing san xuat bang cach thuc day kha nang thiét ké va tao mau
nhanh tai cdc qudc gia nay.

Hon hét, ndi lo vé sy suy giam nén kinh t& quéc gia do that nghiép tran lan ciing
khong hoan toan dang ngai. Dung la didu nay c6 thé xay ra trong thoi ki qua do
chuyen giao cong nghe Nhung vé dai han, cong ngh¢ in 3D cho phép giam chi phi
san xuat, do d6 giam gia thanh san phiam, dong nghia v&i giam chi phi sinh hoat cua
nguoi dan cing nhu tang loi nhuén cua doanh nghiép. Tuong tac chu yéu trén may
tinh cling s& thic day giao luu kinh té trén toan thé giéi. Nho vao nhimg yéu té trén
ma tong san pham quéc ndi (GDP) s& ting theo.

Nén tang phdp Iy

Viéc pho bién in 3D sé& gay nhiing tac dong siu sic dén cac quy dinh vé quyén
sO hitu tri tué vi cong nghé nay cho phép tai tao cac ddi tuong hodc vat chat hoa cac
thiét ké. Doanh nghiép c6 thé gip kho khan nghiém trong khi cac hing khac hoic
tham chi cac c4 nhan c6 thé dé dang sao chép san phdm cua minh bang cach sir dung
tap tin thiét ké hodc bang may quét 3D. File CAD ciia cac vat thé, gia dinh 1a da c6
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bao ho so hitu tri tug, ciing c6 thé bi chia sé ngay tirc thi v6i ca thé gidi nho vao céc
thiét bi in 3D truc tuyén. R4t khé khin cho ca ngudi dung 1an co quan chic ning dé
phan biét viéc in 3D c6 mau thuin véi quyén sé hiru tri tué hay khong. Ngoai ra, viée
viéc theo ddi va xac dinh bat ky mot hanh vi vi pham s¢ hitu tri tué nao do st dung
may in 3D cung v6 cung phuc tap. Mau thudn quyén s& hitu tri tué cao & muc do
doanh nghiép, tham chi 1én dén tim qudc gia, 12 hoan toan c6 nguy co xay ra.

In 3D, ngoai ra, con co thé giy ra anh huong nghiém trong dén an ninh quc gia.
Cong nghé 3D tao diéu kién cho san xuat phan tan phat trién. Piéu nay ciling c6 nghia
1a khong chi nhirng san pham cd ¥ nghia t6t dep va hiru dung duoc 1am ra ma cac mat
hang khac nhu vii khi - thong thuong van chiu sur kiém soat ¢ tim qudc gia - clng s&
dugc ché tao dé dang véi gia ré hon, dé tiép can hon va dong thoi ting nguy co tiém
an.

Do d6, nha quan 1y kinh té va lap phéap can nghién ctru dua ra nhitng khung phap
ly, kip thoi dinh hudng thi trudng va tranh viée thé luc xau loi dung cong nghé mai dé
xam pham dén an toan nhan sinh ctia qudc gia.

3.4. Cac rao can va thuan loi

Pham vi céc vat li¢u sir dung trong in 3D van con han ché va viée su dung ching
phu thudc vao cac phuong phap va thiét bi in. Chit luong va chi tiét bé mat thuong
chua da cho stir dung cuoi cung va yéu cau budc xtr 1y sau ton kém. Cac thiét bi in
thong thuong hoat dong cham, rat khé giam sat chat luong trong qua trinh in, ngay ca
khi dau in ban dau véi cac cam bién tich hop di dugc phat trién.

Khi in 3D trd nén dé tiép can hon, cac van dé luat phap va quan Iy xung quanh
bao vé dit liéu, trach nhiém san pham va so hitu tri tué s& phai di trude. Cac nganh
cong nghiép, nha phat minh va cha s¢ hitu nhan hi¢u hang hoa da phai dbi mat Vol
nhiing Vi pham quyén s¢ hiru tri tu¢ dang ké trong cac linh vue in an c4 nhan va ngudn
mo. In 3D ¢6 thé tao kha néng phan quyén, Vi pham ban quyén chu dao, twong tu nhu
Vi pham ban quyen san pham trong s6 hoa 4m nhac, sach va phim anh. Viéc thuc thi
quyén sé hiru 12 ton kém (chi phi kién tung, xich mich xa hoi), khong minh bach va
thudng tiy tién. Cac nha quan 1y c6 thé 4p dit nhitng giéi han nhat dinh ddi voi thiét
ké k¥ thuat cia mdy in nham han ché viéc vi pham, mic du diéu nay c6 thé lam cham
su doi méi. Ap thué d6i vai thiét bi hodc nguyén liéu sé& anh huong dén viée sir dung
hop phap cac may in 3D.
Gidm thoi gian va chi phi
Mot nguyén tic can ban trong kinh doanh tir bao 1au nay, d6 la cang san xuat
nhiéu thi chi phi trung binh ctia mdi don vi san pham cang giam — hay con goi 1a hiéu
mg kinh té nhd quy mé (economy of scale). D6 ciing 1a mét trong nhiing rao can cua
nhﬁ:ng nguoi moi khoi nghiép, do khong thé canh tranh vé chi phi san xuét ciing nhu
gia ca voi nhirng cong ty 16n san xuat hang loat. Nhiing rao can nay tir dau ma c6? b6
1a chi phi dau tu ban dau cho may moc san xudt, nha xuong (chi phi c¢b dinh)... Khi so
luong san pham lam ra cang nhiéu, thi phan chi phi ¢b dinh chia ra trung binh trén mdi
don vi cang gidm, nho d6 ma téng chi phi cho mdi don vi ciing giam dan theo quy m9.
Nhirng cong ty lon, véi day chuyén san xuat hang loat, dua chi phi san xuét trung binh
giam dén muc toi thiéu, nhd d6 c6 thé thong linh thi trudng bang viéc manh tay giam
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gia ban, danh bt nhimg nha san xuét nhé 1¢. Tuy nhién v6i sy xuat hién cta cong
ngh¢ in 3D, dbi voi nhiéu nganh cong nghiép, chi phi dau tu cho may moc ban dau
cho mdi san phim méi co thé tré nén rat nho, tham chi bang 0, khién cho rao can vé
quy mo nay bi pha vo.

That vy, theo nghién clru ciia Pai hoc Deloitte, ddi véi viéc san xuit nhirng mat
hang tiéu dung tir gidy dép dén xe mdy, cong nghé in 3D 1am giam thdi gian dwa ra thi
truong toi 90%. Con vé mit chi phi cho mau thir nghiém, trong mot s6 trudng hop, 6
thé giam tr 2.500 USD xudng chi con 50 USD. Thong tin tir Stratasys, mot trong
nhirng nha cung cap thiét bi san xuét in 3D 16n nhét, cling khang dinh thém nhitng két
qua nghién ctru ciia Deloitte. Theo Stratasys, san xuat dap bdi c6 thé giup giam chi phi
cong cu tir 50 t6i 95% va day nhanh thoi gian hoan thanh qua trinh san xuat (lead
time) tir 30 dén 80%.

Mot nghién ctru khac ctua Deloitte Qé)i véi modt mau dong co thir nghiém trong
nganh cong nghi¢p 6 td, chi phi san xuat nho in 3D 1a 3.000 USD, so vé1 xap xi
500.000 USD bang cong nghé truyén thong.

Con trong linh vuc y té. St dung cong nghé in 3D trong san xuét bo phan thay
thé ham bang titan, giup giam thoi gian phau thuat 60 dén 80%. Hay nhu trudng hop
cia mot bé gai ngudi My, gia dinh bé chi phai tra 50 USD cho chiéc tay gia siéu nhe
(0,5kg), dé dang sir dung nho cong nghé 3D. Binh thuong hién nay, chi phi cho chiéc
tay gia tuong tu 1a khoang 10.000 USD, tham chi c6 thé cao hon.

Gidm wu thé nho chuyén mén héa ciia cong ty lom

Thém vao d6, trude ddy, cac md hinh kinh té ludn hudéng dén mot su chuyén
mon hoa nhat dinh do han ché vé chi phi ban dau ctia mdi ching loai san pham. Vi du,
dé 1am nén mot chiéc 6 t6 hoan chinh, nha san xuat khong thé dau tu may moc, nhan
cong cho viée san xudt bo phan khung xe, sim 16p hay bo phan diéu khién cing mot
lac, ma chi c¢6 thé tap trung vao mot vai phan nhét dinh va cho thau lai nhitg bo phan
khac. Nhitng nguoi kinh doanh nhé hiém khi c6 du diéu kién vé tai chinh ciing nhu
quan hé thi truong dé c6 thé dam bao chudi san xuat tuong ty. Cong nghé in 3D, véi
kha ning cho phép san xuit nhiéu bo phan khac nhau tir chung mot hé thdng may
moc, sé& thay doi hoan toan sy chénh léch vé tiém luc gitta hai bo phan kinh doanh quy
mo 16n va san xut nho 1¢ nay. Vi vay, doanh nghiép méi va nho c6 co hoi canh tranh
v6i cac cong ty truyén théng. Trong tinh huong nay, co thé luong trude duoc nhiéu
phan tGng dir doi tir cac cong ty 16n hién nay ddi véi su phat trién céng nghé in 3D.

Giam hao phi

Ngoai ra, cac cong ty hién nay van con phai dau dau vé viéc giam thiéu hao phi
hogc tan dung, xur Iy nguoén nguyén liéu thira sau san xuét. Méi lo nay s€ khong con
nira khi ma cong nghé dap boi timg 16p thay cho d&o got tir mot khdi nguyén liéu 16n
c6 thé khién giam thiéu dén 90% nguyén ligu thira.

Vi du trong nganh hang khong va qudc phong, mot trong nhiing nganh c6 yéu
cau rat ngat ngheo vé chat luong va do an toan cua san phim, doi khi ti 1& hang phé
lidu c6 thé 1én t&i 97%. Cong nghé in 3D co thé triét tiéu hoan toan phan hao phi nay
xudng t6i con 0%. Airbus khi sir dung cong nghé nay san xuit dong may bay A320,
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dd c6 thé giam 64% khdi luong vat liéu may bay ma khong hé anh huong dén stc
manh va tinh nang.

Vi cong nghé in 3D, nhitng rdo can cin ban vé mo hinh san xuét néu trén c6 thé
duoc khic phuc mdt cach dé dang. Cac nha kinh doanh, néu mudn tao ra sy khac biét
hodc chiém linh duoc thi truong, khong thé sir dung 14 bai vé chi phi va quy mé duoc
nita, ma bit budc phai tap trung vao phat trién nhitng yéu t6 khac cta san pham, vi du
nhu thiét ké, chudi cung tng ciing nhu dich vu hodc chirc ning di kém.

Pay co6 thé coi 1a 1a mot cudc cach mang vé mo hinh san xuat. Nha thiét ké
khong con phai ban tdm dén nhirng han ché ciia ngudn nguyén liéu tir xa hodc cua
may moc ma c6 thé bién moi ¥ tuéng doc ddo ciia minh thanh hién thyc trong vai
ngay. Cac nha quan 1y khong con can mot doi ngii déng dao nhitng ngudi ngdi lap rap
cac bo phan roi véi nhau nita, ma 1a nhitng ngudi co thé tiy chinh ting chi tiét nho
nhat ctia san pham mdt cach nhanh chong theo yéu cau cua khach hang. Nhiing san
pham san xuat hang loat s& dugc thay thé bang nhimng san pham tuy bién theo yéu cau
cta timg khach hang riéng biét, voi mirc gia khong hé khac biét v6i nhitng san pham
“hang tram nhu mdt” trudc day.

Hién tai ching ta ciling da chimg kién sy xuat hién cta nhitng san pham ciia cong
nghiép 3D, nhu cong ty Normal st dung cong nghé ndy dé 1am ra tai nghe nhac chuan
xac theo kich cd tai cuia tirng khach hang. Thi truong sé chung kién su xuét hién 0 at
ctia nhitng nha san xuat nho, khong con e ngai boi rao can chi phi, lai thém giau stc
sang tao va san sang ling nghe moi nhu cau cta khach hang trong muc dich tim kiém
chd dung trén thi trudng. Tham chi khong phai qua xa voi khi néi ring khach hang s&
tham gia truc tiép vao qua trinh san xuét. Vi nhirng tién bo vuot bac trong vi¢éc hién
thuc héa moi ¥ tudng thiét ké san phém khéach hang tai khép moi noi ¢ thé dua lén
mang nhimg ¥ trong méi me cua ho, dé nghi nha san xuat dua ra san pham theo yéu
cau. Nhirng nha quan 1y vi mé can phai dy bao nhiing tac dong toan ciu ndy nhim co
nhimg thay d6i phu hop trong quan ly kinh té, x4 hoi va luat phap, dac biét lién quan
dén tiéu chuan va chimg nhan ban quyén san pham.

Sy dot pha vé cong nghé nay ciing s€ kéo theo hang loat sy thay d6i khac trong
chu6i cung ung, dich vu khach hang va moi quan h¢ gitra cac nhan t6 thi truong, duoc
trinh bay tiép theo day.

Chudi cung g gid tri san pham

Trong nén san xuét hang loat, chudi cung tmg dugc quan 1y dua trén tinh toan sb
lugng hang hoa theo nhu cau cua khach hang va qua d6 thuong luong gia ca voi nha
cung cap nguyén li¢u. Vi sy thay d6i ctia m6 hinh kinh té nhd cong nghé in 3D, nha
san xuat khong con luu trit mot lugng 16n nguyén liéu nita ma phai c6 kha ning dam
bao nhiéu loai nguyén liéu khac nhau véi so lugng nho. Dicu nay ciing kéo theo rat
nhiéu thay doi vé quan 1y chudi cung ng, nham dap tng cac diéu kién van chuyén,
nha xuong, nhan cong... cho tung loai nguyén liéu khac nhau. Méi quan h¢ gitra ngudi
san xuat voi nha cung cap vi thé cling s& bién d6i manh m&. Tir mdi quan hé dua trén
gia ca cua nguyén li¢u chinh, yéu td quan trong nhat s€ tré thanh kha nang dap (mg
linh hoat nhiéu loai nguyén li¢u, trong thdi gian ngan nhat, tham chi la tic thoi.
Chung ta thiy thip thoang & day su trd lai cua khai niém san xuat tirc thoi “just-in-
time” cta Ford va sau ndy 1 kanban ctia Toyota, nhung ¢ mdt tim cao méi: khong chi
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1a giam thiéu hao phi, t6n kho trén mdi don Vi san Xuat tuong tu ‘ma con la cho moi
don vi san xuét khac biét, trong thoi gian ngin nhat, theo yéu cau cua khach hang.
Diéu nay can su phéi hop, thay d61 khong chi cua chinh trong cong ty san Xudt ma con
cua cac nha cung Uing va hé thong thong tin, ddc bi¢t 1a hé thong hoach dinh nguon luc
doanh nghiép (ERP). Chiing ta khong thé 4p dung kanban cua nén kinh té hang loat
truée ddy cho mé hinh str dung cong nghé 3D, ma cin mot hé théng méi co thé tich
hop ca su da dang cua nhu cAu khach hang va ngudn nguyén liéu trong hoach dinh
chién luogc. Pay ciing 1a mot thach thic 16n cho nhiing cong ty cong nghé thong tin
trong tuong lai.

Dich vu khach hang

Dich vu truéec ban hang: Nhu da néu ¢ phén trén, vé1 cong nghé in 3D, thi
truong bdo hoa vé gia ban, cac dich vu quang cao, kinh doanh trudc ban hang s& phai
tap trung vao két cau, chirc nang, thiét ké cua san pham thay cho yéu té nay. Nhiing
ngudi ban hang ciing phai dau tu hon vao nhu cau riéng biét cua khach hang, ngoai
viéc dé nghi nhirng mirc giam gia 16n nhu trude déy. Viée tim ra cach nao dé quan ly
cling nhu dap trng nhu cau riéng biét nay trén nhitng mat hang tai cac si€u thi, trung
tam phan phoi 16n ciing s& 1a mot thach thac cho nhiing nha kinh doanh trong twong
lai. Khach hang s¢ khong con nhu ciu di dén nhitng trung tAm phan ph01 nita khi ho
hoan toan c6 kha nang yéu cau nhirng san pham véi gia tuong duong, mau ma va chuc
nang theo ¥ minh chi bang vai cai nhap chudt. Nha san xuét 3D dua vao d6 ma lam ra
san pham mot cach nhanh chéng, theo dung nhu cau, thiét ké cua khach hang da chon
lua.

Dich vu sau ban hang: Cho dén nay, moi khi mot bo phan cua san phém gap truc
trac, khach hang can dua dén trung tim bao dudng dé sita chita hoic mua mét linh
kién méi thay thé. Cong nghé in 3D s& cho phép khach hang s& hiru nhitng may in don
gian tai nha, va do do6 co thé ty 1am ra nhitng bd phan thay thé trong mot pham vi nhat
dinh khi can thiét. Hodc cac ctra hang, dich vu in 3D trung gian c6 thé gitp dap ing
nhu cau thiét bi thay thé mot cach nhanh chong. Piéu nay s& tac dong khong nho dén
tuong tac gitta khach hang va bd phan dich vy hdu mai, cling nhu viéc quan 1y kho
hang hau mai (kho hang duy trit cho cic nhu cau thay thé linh kién). TAm quan trong
cua dich vu sau ban hang khong con ném & su san c6 cia b phan thay thé ma & su
linh hoat, thuong tryc cua doi ngu tu van nhiam gitp khach hang tu 1am ra duoc bo
phan thay thé mot cach chuan xac va nhanh chong nhat Viéc tiiy chinh cac diéu kién
trong hop ddng sau ban hang ciing s& 1a mot van dé can tinh toan ki cang hon, sao cho
van dem lai dich vu t6t nhat cho khach hang ma khong lam xao tron t6 chtrc nhan luc
va cung tng cua doanh nghiép.

Maic du c¢6 nhirng cai tién trong cong nghé in 3D, nhitng han ché con lai, dic biét
1a chi phi vat liéu va tdc d6 in, c6 thé han ché viéc ap dung rong rai. Tuy nhién, ca chi
phi nguyén vat liéu va tdc do in co thé cai thién dang ké vao nim 2025 véi nhiéu ki
thuat dua trén sy tién trién hién tai cua cong nghé. Néu chi phi nguyén vat liéu va toc
d6 in khong duoc cai thién dang ké, nd c6 thé 1am giam dang ké tac dong kinh té cta
in 3D.

Phan 16n gia tri tiém an cua in 3D danh cho nguoi tiéu dung va doanh nhan s
phu thudc vao sy noi 1én cia mot "h¢ sinh thai" dé ho trg nguoi dung. Cac trao doi
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truc tuyén ddi tuong in 3D, cac thiét ké d6i tuong dugc trao ddi va mua ban rong rai
nhu cac t¢p nhac, tao thuan loi cho sy phat trién in 4n 3D. Sy thanh cong cua in 3D
cung phy thudc vao viéc cai tién cic san pham nhu phan mém thiét ké, may quét 3D,
va cac ung dung phan mém hd tro. May quét 3D thuong mai 13 mot cong ngh¢ quan
trong. Cac nha suu tim hién dang sir dung Xbox Kinect cua Microsoft dé tao cac ban
quét 3D va dién thoai thong minh c6 thé dugce chuyén d6i thanh cic may quét 3D co
ban thong qua viéc st dung mot ing dung. May quet 3D dinh hudng theo nguoi tiéu
dung vé6i gia dudi 1.000 USD s& sém xuét hién trén thi truong. Viéc hét han cac bang
sang ché quan trong cho cong nghé in 3D c6 thé tao ra lan séng cac may in 3D co chi
phi thip cho cac doanh nghiép va nguoi tiéu dung.

Ham ¥ chién lwgc cho doanh nghiép

Mic di pham vi san phim ma nguoi tiéu ding va doanh nghiép chon in 3D ¢6
thé bi gidi han lac dau, nhung kha nang thiét ké dé dang va san pham ty san xuat c6
thé tao ra thing du tiéu dung dang ké va tham chi anh hudng dén vin hoa tiéu dung.
Tiép can may in 3D da tao cam hirng cho mdt nhom lam viéc "nha san Xuat", trong do
nhitng ngudi dam mé chia sé cac thiét ké va y twong. Vi du, dich vy in 3D Shapeways
da c6 hon 10.000 mé hinh 3D tir céc d6 trang st va cac mit hang khac da dugc nguoi
tiu dung tai Ién. In 3D c6 thé sinh ra cung mot loai h¢ sinh thai phuc tap, nang dong
ton tai trong phan mém va phat trién Web, trong d6 cac nha phat trién c6 thé dé dang
chia sé va cong tac vdi nhau, méd rong hé sinh thai doi méi nay dé tao ra cac vat hitu
hinh.

Céc nha thiét ké va cac doanh nghiép thiét ké san pham c6 thé str dung cong cu
in 3D dé nhanh chong tiép can dai ching, tham chi toan cau. Nguoi tao cac thiét bi in
3D va cac nha cung céip dich vu nén can nhic 1am thé nao dé tao ra mot vi tri thuan loi
nhit trong hé sinh thai nay, cho du bang cach thiét 1ap thwong hiéu cho ngudi tiéu
dung may in 3D, thiét 1ap mat thi truong cho céc thiét ké 3D, hodc mé cac ctra hang in
3D.

Cudi cung, viéc ting dan doanh s6 ban hang trong cac danh muc nhu d6 choi va
phu ki¢én ¢4 nhan c6 thé chuyén sang san xuét tai nha hodc trung tam in 3D. Céac hang
di dau trong nhiing linh vuc nay can phai xac dinh lam thé nao dé ting gia tri cho
ngudi tidu ding theo cach ma cac san pham in tai nha khong thé. Cac nha san xuat cac
san pham tiéu dung c6 thé nén xem xét cac cach méi dé tuy chinh cac san pham dé
phu hop voi mot sO 1oi thé cua in tai nha. Dong thoi, ho nén theo sat su tién trién cua
trao doi tryc tuyén cho cac thiét ké in 3D va quan ly. can than quyen sO hitu tri tué cua
minh, dong thoi tich cyc thiic day cac trao doi nay dé phan ph01 san pham cua ho. Céc
nha san xuit nay nén tan dung cong ngh¢ in 3D dé tao mau nhanh nham tang toc do
thiét ké va dua ra thi truong, phai can than theo déi vao thoi diém nhirng cai tién cong
nghé co thé khién cho viéc in 3D trg thanh mot phuong phap san xuat hiéu qua vé mit
kinh té.

Céc chuSi gia tri hau can, vat liéu, san xuit lién quan dén cac san pham tng
dung cho in an 3D ciing c6 thé bi anh huong boi cong ngh¢ nay. Viée nguoi ti€u dung
¢ thé san xuét truc tlep hang hoa c6 thé anh huong dén nhu cau d6i voi mot sb
nguyén vét liéu va khéi luong van chuyén toan cau. Linh dao cac doanh nghiép,
nhing ngudi ¢ thé bi anh huong boi hé sinh thai san xuit méi nay, nén nghi vé vai
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trd cta ho néu nhu ho muén phat trién cac chién lugc dé canh tranh. Vi dy, quyét dinh
thir nghiém cac dich vu in 3D cua Staples cho thiy c6 thé c6 co hdi cung cip cac dich
vu va san pham khac cho céc doanh nhan va ngudi tiéu dung st dung in 3D.

Viéc tiép can in 3D c6 thé 1am cho mot sd nganh san xuét canh tranh hon. B6i
voi cac nganh cong nghiép co hang hoa gia tri cao, trong do sy d6i méi nhanh chong
quan trong hon chi phi tuyét dbi, thi su két hop cua viée in 3D cac san pham va nguoi
may tién tién c6 thé lam cho qua trinh phan phdi ngin lai. Tuy nhién, diéu nay doi hoi
nhiing nguoi c6 tay nghé cao va co6 thé khong tao ra nhidu cong viéc san xuat, vi qua
trinh in 3D c6 muc ty dong hoa cao.

3.5. Vai tro quén 1y va chién lwgc phat trién

Cong nghé in dang thu hut sy cha y cua hang loat chinh phu céc nudc. Tang
cudng cac nganh cong nghiép san xuat va st dung trong gido duc la cac cha dé trong
tam pho bién nhét thu hut sy quan tdm cia cac chinh phu ddi vdi cong nghé nay. Dudi
day 1a mot s6 vi du noi bat lién quan dén vai tro ciia chinh phi trong sy phat trién cia
cong nghé mai in 3D.

Hoa Ky

Nguyén Tong thong Obama di dé cap dén cong nghé in 3D véi vai tro “tiém
ning cach mang hoa trong phuong phap san xuat ra hau hét tit ca moi tha”, trong
Thong diép Lién bang nam 2013 va 2014 ctia minh. Thyc té Chinh phti Hoa Ky da hd
trg cho cong nghé nay tir nhiéu thap ky trude. Vi du, cong nghé SLS di dugc phat
trién tai Pai hoc Texas dudi su bao trg ctia Co quan Pic trach ké hoach nghién ciru
qudc phong cao cip ciia Hoa Ky (DARPA). Trong bai phat biéu trén, 6ng Obama
cling d¢ cap dén Vién Cong nghé san xuat phu tro (NAMII) hay véi tén méi la
“America Makes”.

NAMII duogc thanh 1ap nam 2012 nhu mat dbi tac tu nhan véi muc tiéu thic déy
cong nghé in 3D trong cac nganh san xuat & Hoa Ky va tir 46 gitip ting kha ning canh
tranh ctia nganh. NAMII dong vai tro hd trg nghién ciru, phat trién va thuc day thuc
hién, tao diéu kién cho sy hop tac giira cong ty, cac truong dai hoc va cac to chiic phi
o1 nhuén; d@)ng thoi hd trg cac hoat dong gido duc dao tao lién quan dén san xut.
Niam 2014, NAMII dau tu 9 triéu USD cho céc dy an nghién ctru tng dung in 3D, cac
chu du 4n goép ngan sach 19,3 triéu USD. Nhu vay, tong von dau tu cia nha nudc va
tu nhan trong san xuét dap dan trong pham vi hd trg ctia du 4an NAMII da 1én dén 30
tricu USD nam 2014.

Bén canh d6, Quy Khoa hoc Qudc gia (NSF) 1a mét trong nhitng don vi tng ho
chinh cho in 3D & Hoa Ky, dac biét dau tu cho cac du an nghién clru san Xuat dép dan.
Ngoai ra, quy ndy ciing hd trg cac hoat dong trao do6i kién thirc va cac chuong trinh
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gido duc danh cho hoc sinh. Tir nim 1986 dén 2012, NFS cung cip 200 triéu USD cho
cong nghé in 3D.

Bo Quéc phong (DOD) ciing 1 don vi tai trg in 3D qua chinh céc co quan khac
nhau cta Bg, nhu la DARPA va Van phong Nghién cru Hai quan (ONR). Trong khi
NFS chu yéu dau tu cho nghién ctru giai doan dau va co ban, thi B Qudc phong lai
quan tdm nhiéu hon dén viéc trién khai in 3D trong san xut thuc té. Ngoai ra, cac co
quan chinh phu khéac cua Hoa Ky cling tham gian vao cong nghé in 3D nhu NASA,
B Nang lugng, BO Thuong mai Hoa Ky (DOC), Vién Tiéu chuan va cong nghé
(NIST), va ca Vién Y t& (NIH).

Trung Quéc

Trong ltic nhidu ngudi thay ring cudc cach mang ciia cong nghé in 3D 1a mdi de
doa dén lgi thé san xuét cta Trung Qudc, thi chinh qudc gia nay lai c6 tham vong tan
dung loi thé cua cong nghé in 3D dé dua vao linh vuc san xuat. Nam 2012, Trung
Quéc d3 dua cong nghé in 3D vao Chuong trinh Nghién ciru phat trién Cong nghé cao
qudc gia ctia B6 Khoa hoc va Cong nghé. Chinh pha Trung Quéc cap 6,5 triéu USD
tai tro cho cac nghién ctru tap trung vé cong nghé in 3D. Hiép hoi San xuét chau A -
don vi dugc chinh phu hd trg phong nghién ctru - da khéi xudng Lién minh cong nghé
in 3D Trung Qudc dé hd tro nganh cong nghé san xuit moi nay. Lién minh nay di co
ké hoach xay dung 10 trung tim cong nghé cao in 3D & cac thanh phd khac nhau cta
Trung Qudc, v6i von dau tu 3,3 triéu USD cho mdi trung tAm.

Bén canh do, thang 6/2013, Chinh phu Trung Qudc cam két dau tu 245 triéu
USD cho cong nghé nay trong sudt 7 nim tiép theo. Va Vién nghién ctu in 3D da ra
mat ciing trong nam 2013 v&i 33 triéu USD do Chinh phu tai trg ban dau. Thong qua
vi€c cOng tac voi cac truong dai hoc, vién nghién clru nay s€ thuc hién cac nghién ctru
vé cong nghé in 3D ciing nhu tién hanh thuong mai hoa va trién khai cac hoat dong
lién quan dén in 3D.

Trung Qudc ciing 1a nudc dau tién trén thé gidi mé Bao tang nghé thuat in 3D tai
Béc Kinh vao nam 2013.

Anh

DPau ndm 2014, Tha tuéng Anh cong bd rang ho s& thanh 14p mot trung tim qudc
gia in 3D vd&i khoan dau tu 25 triéu USD. Thuc té, day la mdt budc di mdi trong cac
nd lyc khong ngimg ctia Anh qubc. Thang 6/2013, Uy ban Chién luoc Cong nghé
(TSB) - co quan sang tao ciia Vuong qudc Anh - cing v6i ba hoi ddng nghién ciru di
gi6i thiéu mot chuong trinh hd tro tri gia 13,9 triéu USD tir chinh phu cho cac cong ty
tu nhan dé phat trién san xuét cong nghé in 3D.
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Trude d6, nam 2012, TSB da phat dong cudc thi mang tén Cam hing thiét ké tu
do trong san xuat dap dan. Cudc thi nay dugc to chtrc nham tai tro 11,5 triéu USD cho
cac hoat dong nghién curu, phat trién, hop tac trong linh vuc in 3D. Ngoai ra, B Gido
duc Anh cling danh sy quan tam cho cong ngh¢ in 3D. Trong ndm 2012-2013, mot du
an thi diém duoc thyc hién tai 21 trudng hoc nham kiém tra kha nang sir dung may in
3D trong md hinh gido duc STEM (md hinh v6i nén tang 1a hai mén hoc Cong nghé
thong tin va Robotics). Sang kién nay sau d6 di duoc ap dung rong rai dén 60 truong,
cho phép mua may in 3D va dao tao cho do1 ngii gido vién.

Nhat Ban

Chinh phu Nhat Ban 1a mot trong nhiing chinh pht sém nhan ra tim quan trong
cua cong nghé in 3D. Chién luoc Tai tao Nhat Ban, duoc thong qua thang 6/2013, bao
gdm ca cong nghé in 3D va khuyén khich dau tu vao cong nghé nay song song cing
cac cong ngh¢ tién tién hang dau khac tai Nhat Ban. Gan day, Bo Kinh té, Thuong
mai va Cong nghi¢p Nhat Ban (METI) da cong bd mot ké hoach hd tro viéc sir dung
may in 3D trong cac trudng hoc. METI sé& trg gid mua sim mdy in 3D cho nhiéu
truong dai hoc va cao dang k¥ thuat. Khoan tro cap nay du kién s& duoc mo rong
xudng cac trudng trung hoc co s sau ndy. Ngoai ra, METI danh khoang 44 triéu USD
trong ngan sach 2014 dé hd tro cac hoat dong nghién ciru va phat trién lién quan dén
viéc str dung in 4n 3D trong san xuat kim loai.

KET LUAN

Cong nghé in 3D 1a loai hinh cong nghé cao, tién tién va duoc cic chuyén gia
danh gia s& anh huong dén toan cau ¢ tat ca moi nganh nghé trong twong lai. Trong
nhimg nim gin day, in 3D di thu hit su chi ¥ ngdy cang ting. Trién vong cia cac
may moéc c6 thé in cc vat thé gibng nhur cach ma mot may in phun tao ra nhimng hinh
anh trén gidy da gy himg tha va 1am cho chiing ta tin rang in 4n 3D s& mang lai "cudc
cach mang cong nghiép tiép theo."

Nghién ctru tai liéu nay co thé gitp doc gia c6 mot cai nhin chi tiét hon. In 4n 3D
c6 tiém nang anh hudong dén cach thirc san pham duoc thiét ké, xay dung, phan phdi
va duoc ban. Viée cai tién cong nghé va cac kénh phan phéi c6 thé khién cac san
pham in 3D (nhu sir dung cira hang in dia phuong) tré nén pho bién. Trén thuc té, cac
may in ca nhan 3D da c6 gia dudi 1.000 USD.

In 4n 3D c6 thé phét trién manh trong thap ky téi. Doanh s6 ciia cic may in 3D
ca nhan ting tr 200% dén 400% mdi nam tir 2007-2011, va cac mdy in 3D di tro
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thanh phd bién cho cac nha thiét ké, k¥ su va kién tric su, nhitng ngudi sit dung
chung dé tao ra cac mau thiét ké san phidm va nguyén mau. In 4n 3D ciing dang thu
hat sy chu ¥ trong san Xuét truc tiép cac cong cu, khuon mau, va tham chi cac san
pham cubi cung. Nhiing tmg dung méi ndy ctia in an 3D c6 thé cho phép cac mic do
tiy chinh hang loat, cac chudi cung céap it ton kém hon, tham chi 12 "dan cha hoa"
trong san xuat khi nguoi tiéu dung va doanh nhan bét dau in cac san phdm cua riéng
ho. Nhin v& 14u dai, c6 1& sau ndm 2025, mét loai in 3D-bioprinting (in sinh hoc) c6
thé in cic co quan trong co thé ngudi — voi tiém ning trong giam chi phi va kéo dai
tudi tho ciia nguroi.

Céc chuyén gia udc tinh rang in 4n 3D c6 thé tao ra tic dong kinh té 1én dén tir
230 ty USD dén 550 ty USD mdi ndm vao nam 2025.

Qua su hinh thanh va ra doi ciia cac cong nghé in 3D ta thay c6 6 cong nghé in
3D chinh d¢ 1a SLA, SLS, LOM, FDM, DMLS va in phun sinh hoc. Ngoai ra c6 nhiéu
cong nghé khac nhung chi yéu van dua co ban trén cac loai cong nghé trén. Dua trén
cac cong nghé ndy ma ngdy nay, mot san pham co thé duogc thiét ké trén may tinh va
“in chup” qua mot mdy in 3D, tao nén hinh hai vat thé bang cac 16p v vt liéu chuyén
dung. D& dang thuc hién mét thiét ké duoc s6 hoa nhu thé nay chi voi vai thao tac
click chudt. May in 3D c6 thé cho chay tu do khong can ngudi kiém soat va co thé
bién nhiing thiét ké tuong chimg qua phuc tap tré nén don gian va dé xu 1y cho céac
nha mdy truyén thong. Vao thoi diém hién nay, nhiing ¢ may ki diéu nay c6 thé tao
ra rat nhiéu tha. Nhitng tng dung cua in 3D thyuc su ki vi. Tham chi, nguoi ta da co
thé “in” ra ca dung cu tro thinh va nhiéu bd phan tinh vi cia chiéc may bay phan luc
vil trang dudi nhitng hinh dang khac nhau.

Nhu vy, mic di c6 nhimng (mg dung to 16n trong rat nhiéu linh vyc khac nhau,
cong nghé in 3D ciing dit ra khong it thach thirc cho cac nha kinh doanh, san xuét,
hoach dinh chinh sach va ca x4 hoi. Con ngudi c¢6 thé ding cong nghé in 3D dé tao ra
cac bg phan, té bao co thé giap diéu tri bénh tat, nhung cling co thé tao ra sung dan
trai phép hay san pham doc hai. Bén canh d6, vu diém ché tao nhanh, tai chd cua cong
nghé sé& khién nhimg nén kinh té phu thudc vao ngudn lao dong gia ré dé san xuat do
dung hang ngay nhu quan 4o va dd choi tré em gip thay doi 16n.

In 3D mang lai co héi cling nhu thach thitc cho cac nha hoach dinh chinh sach ¢
ca cac nén kinh té tién tién va dang phat trién. Xa hoi c6 thé huong loi tir cac san
pham dugc tao ra vi it chat thai ma khong can van chuyén qua nhitng khoang cach
16n va do d6 it anh huong dén moi truong. Cac nha hoach dinh chinh sach nén xem
xét hd tro phat trién viéc in 4n 3D, dic biét béng viéc tai trg nghién cuu vé cong ngh¢
in 3D.

Nhitng thach thirc dbi v6i cac nha hoach dinh chinh sach bao g@)m vi¢c giai
quyét cac van dé vé quan 1y, nhu quy dinh vé cac vat liéu méi dé sir dung, dam bao
bao vé quyén s hiru tri tué thich hop va gan trach nhiém phap 1y cho cac van dé va su
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cd do cac san pham in 3D. Cac chinh phu ciing phai lam rd quyén so hitu tri tué s&
duoc bao vé nhu thé nao. In 3D ciing 1am noi 1én mot sé van dé khac vé an ninh, an
toan. Cac nha hoach dinh chinh sach phai d6i mit voi thach thiic trong viéc danh gia
va giai quyét cc rai ro nay ma khong 1am giam hoic han ché d6i méi sang tao trong
linh vuec méi day tiém niang nay. Vi vdy 1am sao dé quan 1y mot cach c6 hiéu qua viéc
st dung céng nghé mai, phat huy cac wu diém cia né va han ché cac mit tiéu cuc dén
nén kinh té va x hoi 1a diéu khong hé don gian.

Con tai Viét Nam, hién nay cling da bat dau xuét hién cong d(‘”)ng in 3D. Bén
canh mot s6 dich vu in 3D hay ban may in 3D nhap tor nudc ngoai, cac ca nhan, nha
khoa hoc ciing nhu mét s6 cong ty da bat ddu nghién ciru va tién hanh san xuat may in
3D tai Viét Nam véi gia thanh ré, phu hop véi thi truong. Ngoai ra, cac hoat dong day
manh gidgo duc STEM ciing d3 bat dau thu hat sy quan tdm tir nhitng ngudi ¢o trach
nhiém, t6 chtrc 1anh dao dén cac tang 16p tri thirc, ciing nhu céc gia dinh c¢6 con em
dang di hoc. Ngay hoi STEM lan dau duoc to chic dudi su bao trg cua Bo Khoa hoc
va Cong nghé Viét Nam, voi su ddng hanh cua tap chi Tia Sang d3 mang lai két qua
t6t dep va thu hut sy himg tha khong chi cta cac em nho ma con cua cic bic phu
huynh va nguoi 16n. Gido duc STEM ciing giéng nhu cong nghé in 3D, viée hoc, tiép
thu kién thirc va ki ning dugc tich lily bang thuc hanh qua nhimg du 4n trong tirng
mon hoc. Hoc sinh, sinh vién phai van dung 1i thuyét dé tao ra san pham. Nhiing ngay
hoi, trinh dién khoa hoc nhu thé nay s€ khoi day niém dam mé, long quyét tam cua
cic em nho ddi voi cac mon khoa hoc, ki thut va ca viéc san xuét cong nghiép.

Nganh cong nghiép in 3D vin dang phat trién khong nging véi tbe do chong
mit, cac phuong phap san xuit méi van dang tiép tuc ra doi, cic may in 3D gia ré, tdc
do nhanh cling da duoc gidi thiéu. Hién nay, nguoi ta tham chi con tuyén b6 c6 thé in
3D bat cir vat thé gi tir viéc sip xép cac nguyén td don 1é-cac vién gach nho co ban
clia moi vat chat. Vi vy, ting cudng phat trién gido duc, xa hoi dé chuan bi cho nganh
cong nghiép nay 1a hét sirc can thiét.

Nhan thay duoc vai trd, tim quan trong va xu huéng phat trién cua cong nghé in
3D, ngay 28/04/2017, Thi tuéng Nguyén Xuin Phuc dd ky Quyét dinh sb
13/2017/QD-TTg (c6 hiéu luc thi hanh tir 15/6/2017) sira d6i, bé sung Danh myc cong
nghé cao dugc uvu tién dau tu phat trién va Danh muc san phadm cong nghé cao duoc
khuyén khich phat trién ban hanh kém theo Quyét dinh 66/2014/QD-TTg ngay
25/11/2014 cua Thu tuéng Chinh pha (Quyét dinh 66). Quyét dinh 13 cta Thu tudng
Chinh phii d3 bd sung Cong nghé in 3D vao Danh muc cong nghé cao duoc wu tién
dau tu phat trién bén canh cac cong nghé: Cong nghé Internet két ndi van vat (IoT);
Cong nghé thyc tai 4o (Virtual Reality) va cong ngh¢ thuc tai taing cuong (Augmented
Reality). Bén canh d6, Thu tuéng Chinh phu ciing bd sung 16 nhom san pham, dich
vu vao Danh muc san phrflm cong nghé cao dugc khuyén khich phat trién, trong do co
dich vu in 3D. C6 thé thiy, nhitng cong nghé méi duoc thém vao Danh muc cong
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nghé cao nha nude wu tién dau tu phat trién déu 1a nhitng céng nghé nén tang, 1am nén
dic trung cua cudc Cach mang cong nghiép lan thtr tu (con goi 13 cach mang cong
nghi¢p 4.0) va dugc cac chuyén gia danh gia la nhitng cong nghé dang va sé tac dong
manh mé& dén moi mit cua doi séng xa hoi.

Ham y vé chién lugc phdt trién ¢ tam vi mo

Tir nhitg thong tin chién lugc phat trién cua cac quc gia khac nhau trén day,
cung cac ndi dung da duoc dé cap lién quan dén tiém ning, Gmg dung to 16n ciing nhu
cac tac dong, anh huong cu thé cua cong nghé in 3D, chung ta c6 thé thiy rang day la
mot nganh cong nghé tién tién s& chiém linh mét vi tri to 1én trong kinh té, xa hoi va
chinh trj. Trong phan cubi ciing ndy, chung t6i xin trinh bay mot s6 dé& xuét vé chién
lugc phat trién & tim vi mo.

Thiic ddy cdc hoat déng sdn xudt va thiét ké

Pé cung cb nganh cong nghiép san xuét, viéc ap dung cong nghé in 3D can duoc
khuyén khich. Sy ho tro tai chinh va k¥ thuat sé rat quan trong cho muc dich nay, dac
biét 1a & cac nude dang phét trién nhu Viét Nam. Cac co quan nha nude va chinh phu
c6 thé truc tiép giup xay dung chuyén moén k¥ thuat ban ddu va ngudn von nhan luc
trong nude. Sau do, cong nghé nay s& duogc phd bién hon thong qua cac hoat dong
gido duc, quang cdo, tmg dung thi diém va cac dich vu hudng dan ky thuat.

Chung ta c6 thé lua chon theo dudi chién lugc dé tré thanh mot trung tam dich
vu thiét ké va tao mau hoat dong qua viéc tan dung loi thé tir cong ngh¢ in 3D. Cac co
hoi méi s& duge mé ra cho Viét Nam néu ching ta biét xay dung ning luc k¥ thuit va
vbn con nguoi ngay ca khi trude diy chung ta chua co bat cir loi thé dic biét nao
trong san xuét. Trén co s& tiém nang thay ddi loi thé so sanh san xuat, Viét Nam hoan
toan c6 co hoi dé tré thanh mot trung tim san xuat trong khu vue. Cong nghé in 3D
thay doi co ché quyét dinh noi san xuét bang cach giam ty trong lao dong trong dau
vao va ting tdm quan trong cta kha ning tiy bién theo y khach hang.

Pdam bdo hé tro hoat ddng nghién civu va phat trién cé hiéu qua

Ciing nhu cic nganh cong nghiép méi ndi khac, cong nghiép in 3D c¢6 kha ning
tao ra nhitng rui ro qua cao khong thé bu dip cho cac cong ty tu nhan, dic biét 1a &
Viét Nam hay cac nudc dang phat trién khac. Do d6, chinh pha nén c6 hd trg trong
cac hoat dong nghién ctru lién quan dén cong nghé nay, vi du nhu théng qua hd trg
cac sang kién thyuc hién va thuong mai hoa.

Hb tro nghién ciru va phat trién nén tip trung vao tim ra k¥ thuat in 3D khac biét
& mot sb khia canh hodc chuyén cho mot muc dich cu thé nhu trong y té, thuc phém...
Ngoai ra, cling c6 thé tap trung vao nghién ctru vat liéu in 3D dé dat duoc nhirng vat
liéu cao cép c6 chi phi hop ly va hiéu sut tot, hay tim kiém céc vat liéu in 3D méi la
hon nhiing gi hién co.
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Tao ra cac may in 3D cd nhdn

Céc bang sang ché trong cong nghé san xuat ddp dan dang hét han, day 1a co hoi
tuyét voi dé tiép nhan cong nghé nay. Sy ton tai cia ngudn kién thirc mo xung quanh
in 3D c6 thé khuyén khich cac ¥ tudng phat trién cong nghé. Viét Nam c6 thé két hop
thiic ddy sang tao ctia thwong hiéu may in 3D trong nudc. Ngoai loi ich kinh té truc
tiép, tu san xudt may in 3D giup giam chi phi ndi tai thay vi phai phu thudc vao nhap
khau va sy khan hiém cac nha cung cip.

Tang cuong phat trién xd hji

C6 thé thay, hau hét cac nd lyc néu trén déu hudng t6i thuc dy cac hoat dong
kinh té trong viéc img dung in 3D tao ra loi ich trong twong lai gan, nhung tac dong,
anh huong cua viéc 4p dung cong nghé nay trén quy mé rong s& xay ra gian tiép va
trong tuong lai xa hon. Khi may in 3D bat dau dugc sir dung nhiéu hon, cac ning luc
qudc gia vé cong nghé in 3D va hoat dong lién quan nhu thiét ké, k¥ nang may tinh,
kha ning sang tao, d6i mai, s& ngay cang duoc cung cd. Viéc pho bién cong nghé in
3D c6 thé duoc hd trg thong qua cac hoat dong gido duc va tiép thi quang cdo.

In 3D nhu mét cong cu cai thién thuc hanh gido duc hiéu qua, dac biét 1a véi cac
mon hoc STEM. Gidng nhu viéc cung cap truy cdp internet, may tinh, may tinh bang,
bang day hoc thong minh cho cac hoc sinh, Chinh phi hoan toan c6 thé cung cap may
in 3D cho cac trudong hoc. Cac may in nay khong chi khuyén khich cac hoat dong gido
duc ma con dit nén moéng cho nhiing kién thic co ban vé cong nghé in 3D qua céac
chuong trinh tdp hudn gido vién va chuong trinh giang day sang tao vé cong nghé nay.

Giit dwoc can cdan cong bang

Nhu d3 dé cap, su can thi¢p cua chinh phu rit can thiét, nhét 13 khi céc tac dong,
anh huong phat sinh tir cong nghé in 3D s& ngay cang ting cao. Vi cac tiém ning ma
cong nghé nay cé thé tao ra, tat nhién s& c6 mot sé thanh phﬁn kinh té bi mat di loi ich
va mot s6 thanh phan khac dugc huong nhiing loi ich méi. Déi véi van dé nay, chinh
phu can dua ra cac bién phap rd rang nham dam bao duoc day du loi ich tir cong nghé
in 3D nhung van duy tri dugc nhitng quyén lgi hop phap trén mot s6 mat. Chinh phu
nén chi y dam bao rang su can thiép nay khong lam gian doan nhitng ddi méi ma
cong nghé in 3D mang lai. Pong thoi, nén cé nhitng bién phap hiéu qua dé phong
ngira ngan chan viéc sir dung bat hgp phap cong nghé in 3D, mot trong nhitng yéu to
tré ngai trong mé rong quy mo ing dung cong nghé tién tién nay.

Mic du in 3D da dan dén nhiing thay d6i dang ké trong cong nghé va quy trinh
san xudt va cac anh huong dén thi truong trén thé gidi, nhung ciing khong dé dang dé
hiéu duoc tac dong thuc su cua nd trong trung han va dai han. Cac nha phan tich quéc
té m&i chi dé cap dén mot s6 bé ndi cua cong nghé nay, ca vé sy ting truéng va cong
nghé. Cac nghién ctru mdi nhat dy doan rang cong nghé 3D s& dat duoc trang thai ap
dung rong rai trong 10 ndm tdi, ca trong thi truong cong nghi€p va nguoi tiéu dung.
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Khi ngay d6 dén, va cac nha may mini cd nhan s€ tré thanh ti€u chuan, ¢ 1€ s€ rat kho
dé tuong tuong lam sao xa hoi s€ ¢o thé ton tai ma khong cd cong ngh¢ in 3D.

Bién sogn: Phiing Anh Tién (Trung tam Phan tich Théng tin)
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