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1. TAM QUAN TRONG CUA CONG NGHE IN 3D TRONG CUQC CACH MANG 4.0

Cong nghé boi dap vat liéu in 3D la cong nghé duoc cac nha khoa hoc trén thé gii du bao
s€ 1a 1 trong nhiing cong ngh¢ cot 16i trong cudc cach mang cong nghiép lan tha 4.

Dé ¢ thé dap ng nhanh san pham cho khach hang tiéu thy da xuat hién mot cong nghé
mdi la cong nghé tao mau nhanh.

Tai hoi nghi thuong dinh toan cau vé cong nghé tao miu nhanh t6 chirc vio nim 1998 tai
Michigan - M§. Ong Cappelo dai dién cho hang xe hoi FIAT cua Italia da bao cao két qua 1a néu
ding cong nghé truyén thong dé san xuat manifol phai mat 6 thang voi chi phi 1 150 ngan USD,
trong khi 4p dung cong nghé in 3D thi co thé rit ngin thoi gian san xuat xudng con 1 thang
(giam 6 1dn) voi chi phi 1a 15 ngan USD (giam 10 1in) “diéu ky diéu” 1a mot thuat ngit ma cac
nha khoa hoc in 3D trén thé gi6i ndi dén cong nghé in 3D nay.
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Nha phan tich Alan Kendrick ciia hang NERAC tir goc nhin ctia nganh cong nghiép hang
khong vii tru cho ring nganh cong nghé in 3D phai ching s& 1a cudc cach mang cong nghiép
tiép theo.

Trong khi cac tac gia T. Camphell [1] suy nghi 1a cong ngh¢ in 3D s€ lam thay d6i thé gidi
va cac du bao téc do phat trién nhanh dén nim 2030. Khong nhiing vay, cong nghé in 3D con
duogc du bao s& 1a cude cach mang cong nghiép tiép theo o thé ky 21.

Trong cudn sach “Ché tao nhanh” 13 cudc cach mang méi cho ky nguyén k¥ thuét s6 cua
tac gia N.HopKimSon dé cap dén cac ndi dung vé tao miu nhanh va ché tao nhanh.

GS. E. J. Kenedy va G. Meyer dén tir Nottingham ¢ PH Maryland (M§) c¢6 quan diém la
cudc cach mang cong nghiép tiép theo trén nén tang in 3D nha mAy san xudt tai nha va mo hinh
diéu khién xa hoi.

Trong cudn sach cua minh vé cong nghé in 3D tic gia C.Barnatt ciing danh riéng chuong
dau tién vé cudc cach mang tiép theo.

Gio su tién si R.S.Kalva ciia An d6 trong bdo cio noi cong nghé in 3D sé 1a tuong lai cia
nganh ché tao may va 1a cudc cach mang cong nghiép tiép theo.

Tac gia Barry Berman [2] khang dinh ngay trong bai bao trén tap chi trién vong kinh doanh
in 3D 1a cugc cach mang cong nghiép maoi.

Tai hoi nghi qudc té vé cude cach mang cong nghiép tiép theo - che tao may va xa hoi
trong thé ky 21 tai Tuninnf - Italia vao ngay 14-15/11/2014, chuyén gia tu vin Roland Berger [3]
da trinh bay bao cdo vé cudc cach mang cong nghiép lan thir 4. O day tic gia manh dan dwa ra
mo hinh nha may 4.0 ma cdt 16i 1a cong nghé in 3D.

Tac gia Muniz trong chinh sach cong nghiép ciia cong dong chau Au vao nim 2012 ciing
nhén manh in 3D s& 1a chia khoa cho cudc cach mang cong nghiép moi.

Trong tai liéu tac g1a da gidi thiéu h¢ thong thye - do 1a nén tang cua cudc cach mang 4.0,
con trong tai liéu cac tac gia da tich hop hé théng thuc ao trong thiét bi bdi dép vat liéu - in 3D.

2. HIEN TRANG PHAT TRIEN CONG NGHE IN 3D TREN THE GIOI VA VIET NAM
2.1. Tong quan tinh hinh nghién ciru trén thé giéi
2.1.1. Sw ra doi va phdt trién

Vao nam 1984 Charles W.Hull nop bang sang ché dau tién (Patent US 4575330) vé may in
3D theo phuong phép tao hinh lap thé SLA (Stereo Lithography Apparatus) va dugc cong nhan
nam 1986. Cung trong nam 1986, ong tiép tuc thanh 1ap cong ty 3D System dé phat trién may in
3D va chiéc may dau tién trén thé gioi ra doi vao nam 1987.

Ciing trong nam 1987, Carl Deckard, tai dai hoc Texas da ndp bﬁng sang ché US 4863538
tai M¥ va qua trinh in 3D bang phuong phap thiéu két chon loc bang laser (SLS) va dugc cong
nhan vao nam 1989.

Vao nam 1989 Scott Crump, ngudi dong sang 1ap cua Stratasys Inc. Pa ndp mot bang sang
ché US 5121329 vé cong nghé dun nhya nong chay FDM (Fused Deposition Modelling).

Nam 1991, Michael Feygin ndp bang sang ché US 5354414 vé cong nghé dan theo 16p
LOM (Laminated Object Manufacturing).

Vao nam 1993, Emanuel Sachs thugc vién cong ngh¢ Massachusetts (MIT) dang ky sang
ché “ 3 Dimensional Printing techique (3DP)” (Patent US 5204055).

Nam 2004-2005 Tién si Bowyer dua ra RepRap nhu mot khai niém vé mot mi ngudn ma,
tu sao chép mdy in 3D phat trién tir tén thuong mai FDM, nhung dugc goi 1a phuong phap gia
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cong tur soi nhya nong chay FFF (Fused Filament Fabrication). Nho vao ma ngudn mé niy di
mang lai nguén loi 16n cho céc cong ty, mot trong s6 do 1a Stratasys.
Mot s6 cong nghé in 3D kim loai nhu: DMD, SLM, EBM...

2.1.2. Khdi ni¢m va phdn loai cong nghé in 3D

Tén khoi dau ciia in 3D 1 tao mau nhanh (Rappid Prototyping). Tuy nhién c6 nhiéu thuat
ngit lién quan dén cong nghé nay nhu: Cong nghé gia cong khong khudn, gia cong theo 16p, gia
cong tu dong,...

Tuy nhién khai niém chinh x4c va toan dién hon ca vé cong nghé nay duoc Terry Wohlers-
Chu tich hiép hoi tao mau nhanh trén thé gidi dua ra vao ndm 2001 nhu sau:

“Tao mau nhanh 1a cong nghé ché tao mo hinh véat ly hodc mau in tir dir lidu thiét ké ba
chiéu trén may tinh hodc tur dir li¢u cit 16p dién toan CT, cdng hudng tir MRI hodc tur dit li€u cua
céc thiét bi s hoa ba chiéu”.

Ngay nay c6 rat nhiéu cong nghé in 3D khac nhau dang dugc sir dung va thwong mai héa.
Trong d6 nhiéu cong nghé c6 nhitng dic diém chung vé ngudn vat liéu, ning luong, phuong
phap tao miu.

C6 rat nhidu cach dé phan loai hé thong in 3D trén thi truong va mot trong nhiing cach tét
hon 14 phan loai ching bang trang thai vét liéu ban dau. Theo cach nay, hé thng in 3D cé thé d&
dang phan loai thanh: Dya trén vat li€u long, vat li¢u ran va vat liéu bot.

Tuy nhién theo cac cach phan loai nay thi chua thé hién ban chat vat 1y cta cac cong nghé
tao in 3D. Vao ndm 2012 hiép hdi thir nghi€ém va vat lifu ASTM cua Hoa Ky da dua ra tiéu
chuan vé thuat ngii: cong nghé bdi dép vat liéu (Additive Manufacturing).

Bing 1. Phan loai cua cong nghé boi dap vat liéu

- Coéng ngh¢ in thach ban SLA.

Doéng dac vat liéu nhua cd x
Ong Gac vat licu niira cam quang - Cong nghé anh sang k¥ thuat s6 DLP.

Phun vét licu - Cong nghé tao mau nhiéu voi phun MIM.

Pun vat liéu - Cong ngh¢ dun nhya néng chay FDM.

- Cong ngh¢ in noéng chay béng chum dién td EBM.

- Cong ngh¢ thiéu két bot nhwra b'fmg laser SLS.

- Cong nghé thiéu két bot nhya bang nhiét SHS.

- Cong nghé thiéu két tryc tiép kim loai bang laser DMLS.
- Cong nghé dau phun myc két dinh bot PBIH.

Lam néng chay kim loai.

Phun chét két dinh x ;
un chat ket din - Cong ngh¢ tao mau dya trén 16p phu dinh két PP.
.z - Cong nghé cit dan gidy bang laser LOM.
Dén tam R A X 13 A A
- Cong ngh¢ tao mau bang siéu am.
Két dinh bang ning luong truc tiép - Cong nghé két dinh kim loai bang laser.

2.1.3. Cdc két qud dat dwoc

Su phét trién cong nghé in 3D va sy xuat ban cac bang sang ché lién quan bt dau xuat
hién tir nhitng ndm 1980 vdi su gia tang rd rét trong cac hoat dong xung quanh cdng nghé nay
xay ra trong 5 nam qua.
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Hinh 1. Théng ké sb luong béng sang ché lién quan dén cong ngh¢ in 3D

Theo mdt sb IP bit dau hét han tir nim 2000, k¥ thuat AM da bét dau thu hat rit nhiéu sy
quan tam tir nganh cong nghiép, dan dén mot sy tang truong dang ké trong nghién ciru AM lién

quan, do d6 s lurong AM cong bd di ting theo cip s6 nhan véi hon 3.000 trén toan cau trong
nam 2015 (hinh 1) [4].
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Hinh 2. Tong s cac 4n pham AM trén toan cau hang nim

Sb sach vé cong nghé in 3D tir ndm 1993 dén nay di co khoang 90 cudn. Trong céc sch,
s6 tay co thé thdy xu thé phat trién tir tao mau nhanh, tao khuon nhanh dén san xuit nhanh (co
thé ché tao nhanh chi tiét nhya, gdm str, kim loai va hop kim).

Céc két qua nghién ciru vé in 3D kim loai dwoc trinh bay trong céc tai liéu [7,8]. Ap dung
trong nhiéu cong viéc khac nhau nhu tén lia, y hoc va trang sirc.

Mot trong nhitng thanh tyu cua cong nghé nay 14 4p dung trong an ninh quc phong dugc
trinh bay trong tai liéu [9].

In 3D kim loai 1a mot cong nghé phirc tap da vat 1y, nhiéu théng sé cho nén trudc khi
nghién ctru thi nghiém thudng tién hanh mé hinh hda va mé phong. Cac két qua nghién ctru nay
duoc trinh bay trong 2 cudn [10,11].
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C6 thé noi trong giai doan nay céng nghé in 3D dang phat trién bung nd va c6 nhiing
hudng phat trién méi 1a cong nghé in 4D dugc J.C André trinh bay trong tuyén tap 4 cubn [12].

Mot hudng nghién curu 4p dung cua cong ngh¢ in 3D la trong y hoc va hinh thanh cac san
phim thuong mai vé in 3D sinh hoc dé in ndi tang ctia nguoi [13,14], ciing nhu ap dung cho cac
vt liéu khac nhu gdm, su, thity tinh va vét liéu thong minh.

2.2. Hién trang cia Viét Nam

Nhom diu tién vé cong ngh¢ tao mau nhanh dugc thanh 1ap vao thang 3 ndm 1999 tai khoa
Co khi truong dai hoe Bach khoa TP.HCM. Muc dich cia nhom la nghién ctru va phat trién loai
cong nghé madi nay [5].

Vao nam 2001 khoa Co khi dau tu may SLA250 Viper.

Vao giai doan 2005-2006 Phong thi nghiém trong diém qudc gia Diéu khién sb va K§ thuat
hé thdng ciing trang bi hai loai may 1a Polyjet va SLS. Trudng dai hoc Bach khoa Ha Ndi ciing
dau tu mot may Polyjet, con dai hoc Thai Nguyén thi mua mot may theo cong nghé 3D Printing
(tén mdi 1a Binder Jetting). Khu cong ngh¢ cao trudong dai hoc Su pham ky thuat TP.HCM va
truong dai hoc Nha Trang dau tu may FDM.

V& hoat dong khoa hoc cong nghé cé cac dé tai sau day vé cong nghé tao mau nhanh:

- Nam 2002-2004 khoa Co khi PHBK TP.HCM duoc Bé KHCN giao d& tai cip nha nude
“Nghién ctru 4p dung cong nghé tao mau nhanh dé ché tao cic chi tiét phic tap” chi tri 1a
PGS.TS Ping Vin Nghin, két qua 13 dd cdy ghép cho 25 bénh nhan boi cac miéng so ndo duoc
ché tao boi cong nghé SLA cho 3 bénh vién la: Cho Rﬁy, 115 va Nhan dan Gia Dinh.

- Nam 2012-2013 Vién Co hoc va Tin hoc ung dung dugc Vién Han 1am Khoa hoc va
Cong nghé Viét Nam giao dé tai cip Vién “Nghién ctru thiét ké ché tao va diéu khién CNC hé
thdng tao mau nhanh” chu tri 13 PGS.TS Ping Vin Nghin.

- Nam 2013-2014 Phong thi nghiém trong diém qudc gia Diéu khién sb va Ky thuat hé
thdng thyc hién dé tai cap co so “Nghién ctru thiét ké va ché tao may tao mau nhanh LOM”.

- Nam 2013-2015 Phong thi nghiém trong diém qudc gia Didu khién sb va Ky thuat hé¢
thong dugec B6 KHCN giao chu tri dé tai doc 1ap “Nghién ctru thlet ké ché tao may tao mau
nhanh FDM” do PGS.TS Thai Thi Thu Ha cha tri, ddy 13 mdy tao miu nhanh cong nghiép lin
dau tién duogc ché tao tai Viét Nam.

Kich thwde may 600x600x 1000mm
Truc X: 400mm
Hanh trinh ¢dc trye | True Y: 400mm

True Z: 450mm

2(1 dau chay vt ligu
S6 hrong diu dun tao miu, mot dau chay
viit ligu hd tro)

Dwong kinh diu 0.3mm
Sei nhwa ABS duong

Vitlitu kinh 1,75mm
Nhiét do didu dun 180-280°C £5 C
Nhiét dj buong 30-70°C £5 °C
may

Hinh 3. May in 3D VINAFDM 2015
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- San phim cua dé tai 13 may in 3D cho céng nghé dun nhya néng ban VINAFDM 2015,
duogc thuc hién vao nam 2015 c6 cac dac tinh k¥ thuat kém theo.

- Nhom tac gia Nguyén Hoang Vii, Nguyén Tan Thing va Nguyén Thi Thay Thanh cta
truong Cao dang Cong thuong Tp.HCM di thyc hién dé tai cip Bo “Nghién ciru thiét ké ché tao
chi tiét chan gia bang cong nghé FDM”.

- Nam 2015-2017 Vién Co hoc va Tin hoc ung dung thuc hién dé tai tré cép Vién Han lam
Khoa hoc va Cong nghé Viét Nam “Nghién ctru, thiét ké, ché tao chi tiét cdy ghép y hoc 4p dung
cong nghé in 3 chiéu”.

Hinh 4. Hé théng tich hop in 3D va quét 3D

- Pay la hé thong tich hop giita 3 may quét 3D gid ré va 1 may in 3D dong RepRap mi
ngudn mo.

- Nam 2014-2016 Phong thi nghiém trong diém quéc gia Piéu khién s6 va K¥ thuat hé
thong thuc hién dé tai “Nghién ciru thiét ké ché tao hé thong tich hop gitta may quét 3D voi may
tao mau nhanh”. De tai do PGS.TS Dang Vin Nghin chu tri da két thuc, cac san pham cua dé tai
da tham gia mot s6 hoi cho, trién 1Am trong nudc.

Hién nay da c6 mot sb truong dua cong nghé in 3D vao chuong trinh dao tao nhu: Pai hoc
Bach khoa Tp.HCM, Pai hoc Nha Trang, Dai hoc Can Tho.

3. PE XUAT CHIEN LUQC PHAT TRIEN CONG NGHE IN 3D CUA NUOC TA PEN
NAM 2030

Cong ngh¢ in 3D la mot trong nhirng cong ngh¢ moi ndi ¢6 vai trd quan trong trong san
xudt ¢ thé ky 21. So sanh v6i cac nude trén thé gidi, tuy chung ta da c6 nhitng nghién ctru khoi
dau nhung con don 1é va manh min, cho nén toi xin dua ra mot s6 y kién sau day:

1. Xay dung ban d6 cong nghé va 10 trinh phat trién cong nghé in 3D vdi cac ké hoach

ngin han dén nam 2020 trung han dén 2025 va dai han dén 2030 hoic xa hon nira.

2. Xay dung chwong trinh dao tao ngudn nhan luc vé cong nghé in 3D.

Dé xuét va thuc hién cac nhi€ém vu khoa hoc cong nghé vé in 3D dac biét 1a in 3D kim loai
tap trung vao tmg dung cho y hoc, khuén miu va an ninh qudc phong.

Va sau ddy 1a dé xuat chién lugc phat trién cong nghé in 3D ciia nudc ta trong 3 gia doan
dén nam 2030.
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Giai doan 1: (2018-2020)

Muc tiéu:

- Muc tiéu thir nhat cta giai doan nay 1a hoan thién cong nghé in 3D, galvo dé trién khai ap
dung trong céac linh vuc ché tao chi tiét ciy ghép y hoc, cit va khic vat lidu trong cong
nghiép ciing nhu san xuét nit trang.

- Muc tiéu thtr 2 ciia giai doan nay 1a phat trién va 1am chii cong nghé in 3D kim loai.

Néi dung va cdc danh muc dé tdi, dw dn sin xudt thiv nghiém:

1. Dé tai: Nghién ciru thiét ké va ché tao may SLM.

2. Dy 4n san xuat thyc nghiém: “Hoan thién cong nghé ché tao va thir nghiém chi tiét cy

ghép so ndo”.

3. Du an san xuét thuc nghiém: “Hoan thi¢én cong nghé va thiét bi cat cac loai vat liéu

béng laser dung dau quét galvo”.

4. Pé tai: Nghién ciru cong nghé va thiét bi san xuét san pham sinh hoc ty hity.

Giai doan 2: (2020-2025)

Muc tiéu:

- Muc tiéu thir nhat ciia giai doan nay Ia hoan thién cong nghé in 3D kim loai dé san xuét
céac chi tiét khuén mau ciing nhu chi tiét cdy ghép kim loai.

- Muc tiéu thtr 2 ciia giai doan nay 1a phat trién cac cong nghé in 3D sinh hoc va nha khoa.

Néi dung va cdc danh muc dé tai, dw dn sin xudt thiv nghiém:

1. Dé tai: Nghién ciru thiét ké ché tao hé thong 3D - BIO PLOTTER.

2. Du an SXTN: “Hoan thién cong ngh¢ SLA, DLP trong cong nghiép san Xuét nir trang

3. Dy ansan xuét thuc nghiém: “Hoan thién cong nghe SLM d¢é san xuat khuoén miu”

4. D¢ tai: “Nghién ciru thiét ké hé thong tich hop giita in 3D va quét 3D”.

Giai doan 3: (2026-2030)

Muc tiéu:

- Muc tiéu thir nhat cia giai doan nay 1a hoan thién cong nghé in 3D sinh hoc 4p dung
trong nha khoa va y hoc.

- Muc tiéu thir 2 cua giai doan nay la phat trién cong nghé in 3D kim loai thong minh va
cong nghé in 3D lai (Hybrid) gitta in 3D kim loai va cit got.

Noi dung va cac danh muc dé tai, dw dn san xudt thiv nghiém:

1. Dy 4n san xuét thyc nghiém: “Hoan thién cong nghé ché tao cac chi tiét y khoa va nha

khoa bang SLM”.

2. Dy an SXTN: “Hoan thi¢n cong nghé san xut STENT sinh hoc tu hay”.

3. Pé tai: “Nghién ctru thiét ké ché tao may SLM thong minh”.

4. Dé tai: “Nghién ciru thiét ké hé thdng lai (Hybrid)”.
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