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LOI NOI PAU

Tai liéu giang day Cong nghé in 3D duoc bién soan cho sinh vién cao dang nganh
Cong nghé K¥ thuat Co khi va nganh Céng nghé Ky thuat Co dién ti.

Tai liéu trang bi cac kién thirc 1y thuyét, thuc hanh co ban dé sinh vién thiét ké,
thi cong mot sé san pham in 3D trong cac linh vuc nhu: Co khi, thoi trang, nghé thuét,
dién — dién tu, Robot, ...

Tai liéu gom 4 bai:

Bai 1. Gidi thiéu tong quan vé cong nghé in 3D

Bai 2. Nguyén tac chung trong thiét ké - ché tao mau 3D

Bai 3. Quy trinh in 3D

Bai 4. Cong nghé in 3D va Gng dung

R4t mong dugc su phan héi quy bau tir ban doc dé tai liéu ngay cang duoc hoan

thién hon.
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Bai 1
GIO1 THIEU TONG QUAN VE CONG NGHE IN 3D
I. Tong quan vé lich str hinh thanh céng nghé in 3D
1. Thuat ngir cong nghé

Cong nghé duogc md ta trong tai liéu nay duoc goi 1a céng nghé bdi dap vat liéu
(Additive Manufacturing — AM) hoic cong nghé ché tao mau nhanh (Rapid Prototyping
— PR) hay con duoc goi véi ten phd bién hién nay 1a cong nghé in 3D (3D Printing -
3DP). Cong nghé boi dap vat lidu dugc str dung trong cac nganh cong nghiép dé tao ra
“mau” hay “san pham” truéc khi dwa vao san xuét dai tra hoac tién hanh thuong mai
hoa. Cac nha quan ly san xuat, ky su thiét ké sir dung cong nghé nay dé phuc vu cong
viéc két hop voi viéc cho phép khach hang caa ho thir nghiém cac y tudng va cung cap
thong tin phan hdi trong qua trinh phét trién san pham.

Thuat ngir dau tién dé chi cong nghé nay 1a “cong nghé ché tao mau nhanh”. Tuy
nhién, theo qua trinh phét trién cong nghé, ngudi st dung nhan ra rang thuat ngir nay
chua di va dac biét khdng hiéu qua khi m6 ta cac ung dung gan day cua n6. Nho nhitng
cai tién lién tyc trong viéc nang cao chat lugng dau ra, cdng nghé ché tao mau nhanh d
tién rat gan dén san pham hoan thién cha khong con don thuan 1a mau. Nhiéu san pham,
trong thyc té dang dugc san xuat truc tiép tir cong nghé nay, do dé cong nghé nay duoc
d6i tén thanh “cong nghé in 3D”. Gan day, Uy ban K¥ thuat ASTM Quéc té dong y véi
dé xuat thuat ngir cong nghé in 3D.

2. Lich sir hinh thanh

Cong nghé in 3D ra doi da duoc hon 30 nim nay, thiét bi va vat liéu san xuét dap
dan d3 duoc phat trién trong nhitng nim 1980. Nam 1981, Hideo Kodama cta Vién
Nghién Ctu Céng Nghiép thanh phd Nagoya (Nhat Ban) da sang tao ra phuong phap
tao mot md hinh bang nhya ba chiéu véi hinh anh cimg polymer, noi dién tich tiép xdc
V6i tia cuc tim duoc kiém soat boi mot mo hinh 16p hay phéat quang quét. Sau dé, vao
nam 1984, nha sang ché ngudi My Charles Hull ciia cong ty hé thong 3D (3Dsystem)
da phat trién mot hé théng nguyén mau dwa trén qué trinh nay duoc goi A
Stereolithography, trong d6 cac 16p duoc bo sung bang cach chixa gidy nén véi anh sang
cuc tim laser. Hull dinh nghia qué trinh nhu mdgt “Hé théng dé tao ra cac dbi tuong 3D
bang cach tao ra mot mo hinh mat cit cua cac dbi twong dugc hinh thanh” nhung diéu
nay da duoc phat minh bai Kodama. Dong gop ciia Hull 12 viéc thiét ké cac dinh dang
tap tin STL (StereoLithography) duoc tng dung rong réi trong cac phan mém in 3D.

Niam 1986, Charles Hull da sang tao ra quy trinh Stereolithography — san xuat vat
thé tir nhya long va lam cang lai nho laser. Sau d6 ong dang ky ban quyén cho cong
nghé in 3D “Thiéu két laser chon loc” (Selective laser sintering — SLS) ¢6 st dung file
dinh dang STL (Standard Tessellation Language). Hull cling thanh 1ap cOng ty
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3Dsystems va dén nay nd la méot trong nhitng cong ty cung cap céng nghé 16n nhat hién
nay trong linh vuc in 3D.

Néu 1ap biéu thoi gian thi ching ta s& thiy cong nghé nay phét trién theo mot
biéu d6 logarit. Tir 1986 dén 2007, trong 20 nam dau tién, cdng nghé nay maéi chi cé cac
bude di nho, ddy duoc goi la giai doan xam nhap, budc nén cho céng nghé tao mau
nhanh. Tuy nhién, dén ndm 2009 d c6 mot sy bién dong Ion trén thi trudng, nhiéu bang
sang ché vé céng nghé nay di hét han bao ho ban quyén, trong dé c6 bang s¢ hitu vé
cdng nghé “Mo hinh hoa bang phuong phap néng chay ling dong” (FDM). Quy trinh
FDM tao hinh san pham nho nau chay vat liéu roi xép dat chong 16p, von duoc so hitu
boi hdng Stratasys, mot trong nhitng doi thu canh tranh hang dau trong linh vyc in 3D.
Khi bang sang ché vé FDM hét gié tri, cong nghé nay da thu hat nhiéu nha san xuét tham
gia. Gia thanh san xuat giam va FDM tr& thanh mot trong nhirng chia khéa cong nghé
co ban cta cac may san xuat dip dan duoc tiéu thu trén thi truong hién nay.

Nhitng méc quan trong trong lich st cong nghé in 3D:

Nam 1984 Quy trinh san xuat dap dan duoc phéat trién bai Charles Hull.

Nam 1986: Charles Hull dang ky ban quyén chiéc xe may tao vat thé 3D bang cong nghé
SLS va tu file dinh dang STL. Charles Hull dat tén cho cdng nghé cua minh la
Stereolithography, thanh l3p cong ty 3Dsystem va phét trién may in 3D thuong mai dau
tién duoc goi la Stereolithography Apparatus (SLA).

Nam 1987: 3Dsystem phat trién dong san pham SLA-250, day 1a phién ban may in 3D
dau tién dugc gidi thiéu ra cdng ching.

Nam 1988: Hang Stratasys va cong ty 3Dsystem lan dau cdng bé nhitng chiéc may san
Xuat dap dan.

Nam 1989: Ra doi cong nghé SLS (Selective Laser Sintering), la cdng nghé in 3D st
dung con lan dé dat mong nguyén liéu ra thanh cac 16p, sau d6 xép chong va dinh chat
cac 16p lai véi nhau bang céch chiéu tia laser vao.

Nam 1990: Cong ty Stratasys thuong mai héa cdng nghé “Mo hinh héa bang phuong
phap nong chay ling dong” (Fused deposition modeling — FDM) dugc phét trién boi
Scott Crump vao cudi nhimg nam 1980. Stratasys ban chiéc may FDM dau tién: “3D
Modeler” nam 1992.

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

Nam 1993: cong ty Solidscape duoc thanh lap dé ché tao ra dong may in 3D dya trén
cong nghé in phun, may c6 thé tao ra nhitng san pham nho véi chat lwong bé mat rat
cao. Cling trong nam nay, Vién Cong Nghé Massachusetts Institute of Technology
(MIT) dang ky bao ho cong nghé “3 Dimensional Printing Techniques (3DP)”.
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Nam 1995: Cong ty Z Corporation da mua lai gidy phép doc quyén tir MIT dé st dung
cdng nghé 3DP va bit dau san xuit cc may in 3D.
Nam 1996: Stratasys gioi thi¢u dong may in 3D “Genisys”. Cung nidm nay, Z
Corporation cling gidi thi¢u dong “Z402”. 3Dsystem ciing gidi thi¢u dong may “Actua
2100”. Téi lGc nay thi cum tir “May in 3D” duoc sir dung lan dau tién dé chi nhitng
chiéc may tao mau nhanh.
Nam 2005: Z Corporation gigi thiéu dong may Spectrum Z510. Pay la dong may in 3D
dau tién tao ra nhitng san pham c6 nhiéu mau sic chat lugng cao.
Nam 2006: Dy &n may in 3D ma ngudn mé duoc khai dong — Reprap — muc dich 1a tao
ra nhitng may in 3D c6 thé sao chép chinh ban than n6. Nguoi ta ¢ thé diéu chinh hay
stra d6i n6 tiy ¥, nhung phai tudn theo diéu luat GNU (General Public Licence).
Ndam 2008: Phién ban dau tién cia Reprap dugc phéat hanh, nd cd thé san xuét dugc 50%
cac bo phan cuaa chinh minh.
Nam 2008: Objet Geometries Ltd d3 tao ra cudc cach mang trong nganh tao mau nhanh
khi gioi thiéu Connex500, day 1a chiéc may dau tién trén thé gioi co thé tao ra san pham
3D véi nhiéu loai vat liéu khac nhau trong cting mot thoi diém.
Nam 2009: Ban quyén vé cong nghé “Mo hinh héa bang phuong phap nong chay ling
dong” (FDM) hét han bao ho va chiéc may in 3D ma nguén mé dau tién ra doi.
Néam 2010: Urbee — chiéc xe hoi nguyén mau dau tién duoc gidi thiéu, day 1a chiéc xe
dau tién trén thé gigi ma toan bo phan vé duoc in ra tir may in 3D. Tat ca cac bo phan
bén ngoai, ké ca kinh chac gio déu duoc tao ra tir may in 3D Fortus kho 16n cia Stratasys.
Nam 2010: Organovo Inc, méot cdng ty y hoc hoc tai tao nghién ciru trong linh vuc in
3D sinh hoc d3 cong bd viéc ché tao ra hoan chinh mach mau dau tién hoan toan bang
cdng nghé in 3D.
Nam 2012: Thuong mai hoa may in 3D c4 nhan dau tién.
Nam 2014: Cac bang sang ché cho cong nghé “Thiéu két laser chon loc” (Selective laser
sintering — SLS), ciing bat dau hét han bao ho, tao co hdi cho nhitng sang ché méi phat
trién hon nita nganh san xuat dap dan, mo dudng cho mét thoi ky phét trién manh mé
ctia nganh cong nghiép nay trong tuong lai gan.
3. Khéi niém

Tap chi The Engineer ciia Anh dinh nghia: In 3D & mét chudi cdc céng doan
khdc nhau dwoc két hop dé tao ra mét vat thé ba chiéu. Trong in dn 3D, céc I6p vat liéu
dwoc dap chong 1én nhau va dwoc dinh dang duwedi sie Kiém soét ciia mdy tinh dé tao ra
vat thé. Cdac déi twong ndy c6 thé ¢ hinh dang bt ky, va dwroc san xudt tir mét mo hinh
3D hogc nguén di liéu dién tir khac. May in 3D l1a mét logi robot cong nghiép.

Hiép hoi vat liéu va thir nghiém Hoa Ky (American Society for Testing Materials
— ASTM) d4 dwa ra mot khéi niém rd rang vé cng nghé san xuét dap dan: “Céng nghé
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sdn xudt dap dan 1a mét qua trinh siz dung cac nguyén liéu dé ché tao nén md hinh 3D,
thwong 1a chong ting 16p nguyén liéu Ién nhau, va qud trinh ndy trdi nguwoC Véi quUa
trinh cdt got van thuwong dimg dé ché tao xwa nay”. Co thé thay day 1a mot phuong phap
san xuat hoan toan trai nguoc so Vai cac phuong phap cat got — hay con goi 1a phuong
phap gia cong, mai gitia vat liéu nguyén khdi — bang céach loai bo hoic cét got di mot
phan vat liéu, nham c6 duoc san pham cudi ciing. Con vai san xuat dap dan, ta co thé
coi né la cong nghé tao hinh nhu dtc hay ép khuon, nhung tir nhirng nguyén liéu riéng
1& dé dap dan thanh san pham cubi cung.

“In 3D” chi viéc sir dung “mdy in phun” vé6i “dau muc” di chuyén dé ché tao ra
cac san pham hoan thién. Trén thyc té thi céng nghé san xuat dip dan ciing c6 thé hoat
dong twong tu nhu vy, nhung nd con c6 nhitng qué trinh, ky thuat tién bo hon. In 3D
trong goc cua thuat ngir co y nghia lién quan dén qué trinh tuan tu cac vat liéu tich liy
trong moi trudng bot vai dau may in phun. Hién nay, ¥ nghia cua thuat ngir nay da duoc
mé rong dé bao gom da dang hon cac ki thuat nhu cac quy trinh dy trén phun ra va thiéu
két.

4. C4c quy trinh thiét ké san pham in 3D

- Quy trinh thuan: thiét ké san pham mau bang cac phan mém thiét ké vat thé 3D,
sau d6 chuyén file ndy thanh file in dé nhap vao may in 3D va may chay san xuat ra cac
vat thé 3D. Céc vat thé 3D trong quy trinh thuan Ia san pham méi hoan toan.

- Quy trinh nguoc: st dung may quét 3D dé quét cac vat thé that ngoai thuc té,
sau do file quét 3D dugc xur ly va chuyén file cung cap cho may in 3D, may in 3D san
Xuit ra san pham (vat thé 3D) giéng hoan toan 100% v&i vat thé da quét. Cong nghé nay
duoc dung dé tai tao cic vat thé can duoc bao ton hodc nhan ban nhu: twgng, chi tiét nha
ctra, chi tiét cong cy, may moc, cac mon do quy gia bi sac mé mot phan, ...

Il. Cac cong nghé in 3D va wng dung lién quan

Céc cong nghé in 3D chinh bao gom: “Thiéu két laser chon loc” (Selective laser
sintering — SLS), “Thiéu két laser chon loc truc tiép” (Direct metal laser sintering —
DMLS), “M6 hinh hoéa bang phuong phap ndng chay ling dong” (Fused deposition
modeling — FDM), “Tao hinh nho tia laser” (Stereolithography — SLA) va “In phun sinh
hoc” (Inkjet bioprinting). Trong moi trudong hop, cac dbi trong duoc tao thanh tir mot
16p tai mot thoi diém cho dén khi 16p cudi cing cua dbi twong duoc hoan thanh. Vi
mot s6 cdng nghé duoc thuc hién bang cach nong chay vat liéu va lang dong vat liéu
trong cac 16p, trong khi cac cong nghé khéc kién ¢ hda vat liéu trong mdi 16p bang cach
st dung laser. Trong trudng hop in phun sinh hoc, mot su két hop cua vat liéu khung d&
va céc té bao séng duoc phun.
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Hinh 1.1. May in 3D Delta, may in 3D Mini, may in 3D NANO

Ngay nay, in 3D cd thé tao ra d6 vat tir nhiéu loai vat liéu, bao gom nhua, kim
loai, gém st, thuy tinh, gidy, va tham chi ca té bao séng. CAc vat liéu nay c6 thé dudi
dang bot, day toc, chat long hoac tim. V&i mot sb ki thuat, mot vat don gian c6 thé duoc
in bang nhiéu vat liéu va mau sic, va mot tac vu in don 1¢ tham chi cé thé tao ra cac bo
phan chuyén dong két ndi (nhu ban 18, lién két chudi hozc ludi).
1. Cong nghé SLS

SLS (Selective Laser Sintering) 1a cdng nghé dung tia laser cong suét cao dé nung
néng vat liéu bot (thay tinh, gom sw, thach cao, kim loai,...) dén dudi nhiét d6 ndng
chay nham thiéu két va hop nhat cac hat bot vat liéu lai véi nhau, tao thanh mot khéi ran
dang xop.

Ngoai ra con c6 cong nghé SLM twong tu SLS nhung st dung ngudn laser c6
cudng do manh hon dé 1am néng chay hoan toan bot kim loai va két dinh chang lai véi
nhau thanh mét khéi rdn dong nhat.
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1.1. Nguyén ly hoat dong cua cdng nghé SLS
Thung bot

Nguon Laser

Thanh gat bot

~ Ban may

P San pham

! ‘ ‘ o Chira vat
' ' liéu thira

Hinh 1.2. Nguyén ly cbng nghé SLS

Cong nghé SLS ché tao san pham bang cach thiéu két 1am két dinh cac hat vat
licu duéi tac dung cua tia laser. Dau tién, mot 16p vat liéu bot mong duoc trai truc tiép
trén ban may. Sau d6, nang luong tia laser s& két dinh phan vat liéu nam trong bién dang
ciia mat cat san pham ma no tiép xdc. Qua trinh két dinh hoat dong twong ty nhu qua
trinh quang hda trong cong nghé st dung vat liéu long. Sau khi xong maét 16p, hé thdng
cap liéu dugc ha xudng mot khoang bang do day 16p ké tiép, dua nguyén liéu bot vao vi
tri 1am viéc va qué trinh nay sé lap di 13p lai nhiéu lan dén khi hoan thanh san pham.

Trong qua trinh 1am viéc, nhitng vat liéu khéng thudc bién dang mat cit s& dugc
lay ra sau khi hoan thanh san pham. Nhitng san pham dugc ché tao bang cong nghé SLS
c6 do nham twong di cao, xuat hién 16 hong trén bé mit, sau d6 san pham duoc xir ly
bang cac phuong phap gia cong tinh khéc.

1.2. Quy trinh ché tgo san pham bang céng nghé SLS

- Budc 1: Sir dung cac phan mém chuyén ding cho cong nghé in 3D dé tao cac
md hinh 3 chiéu ¢ dinh dang STL, chia ludi, cat I6p, cai dat cac thdng sé qua trinh va
tao ra c&¢c ma G-codes tuong ung.

- Budc 2: Chuyén dit liéu G-codes vao may in 3D dé ché tao san pham. May s&
tao mot 16p dau tién bang céach trai vat lidu va tién hanh gia nhiét. Vat liéu bot thira sau
khi tao 16p s& duoc dua tro vé thing chira.

- Budéc 3: Tia laser s& thidu két cac vung vat liéu theo bién dang mat cit caa san
pham.
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- Buégc 4: Khi 16p thi nhit d hoan thanh thi 16p vat liéu bot thir hai dugc cip
vao vi tri 1am viéc bang con lin hoic dao gat dé chuan bi cho qua trinh tao I6p th hai.

- Budc 5: Budc 3 va bude 4 duoc 13p lai cho dén khi san pham dwgc hoan chinh.

Sau khi qué trinh két thic, san pham dugc 1ay ra khoi thiét bi va c6 thé sir dung
phuong phap xir Iy nhu phun cat hodc danh bong tuy tirng tng dung cua san pham.

1.3. Uu, nhwoc diém cua cong nghé SLS

Uu diém:

- Cong nghé SLS la cdng nghé duy nhat trong tat ca cac céng nghé in 3D cho
phép tao ra cac san pham c6 tinh hda hoc va vat 1y twong dwong vat liéu gbc. Cac ung
dung chiu nhiét cao va khéng phan tng voi hoa chat.

- Cong nghé SLS khong doi hoi cau tric vat lidu d& nhu nhiéu cdng nghé in 3D
khac ma sir dung chinh phan bot khdng thiéu két dé d& phu trong toan bo qué trinh in
gilp tiét kiém chi phi vat liéu va cho phép in nhanh hon.

- Téc @6 in nhanh hon 5 — 10 1an, chi phi in thip hon 7 1an so véi tat ca cac cong
nghé khac.

- Cong nghé SLS in duoc nhiéu san pham trong ciing maot lan.

- Vat liéu ding cho céng nghé SLS c6 co tinh tét nhat trong tat ca cac loai vat
liéu, chiu duoc nhiét d6, méi trudng, tac dong vat 1y, tac dong hoa hoc,. ..rat tot cho tng
dung dtc bang khuén thach cao.

- Vat liéu thira sau in ¢ thé dugc thu gom tro lai va tai sa dung cho céc lan in
tiép theo.

Nhuoc diém:

- Gia thiét b va vat ligu kha dat.

- Véi cac mo hinh kin va ¢ phan rdng bén trong van phai tiéu ton mot luong vat
licu kha 16n vi khong lay ra duoc.

- Cong nghé nay doi hoi cung cap nguodn ning luong 16n trong qua trinh in vi
phai str dung laser dé thiéu két vat liéu.

1.4. Vat liéu sir dung trong cong nghé SLS

May in 3D SLS c6 thé str dung nhiéu loai vat liéu dang bot, nhung hau hét chiing
1a cac polyamit (dién hinh 12 Nylon PA12) c6 thé tron thém céc chat phu gia dé thay doi
cac dac tinh san pham nhu mau sic, do bén, tinh linh hoat, 46 cimg... Mot vi du dién
hinh chinh la vat liéu Nylon, mét chat liéu nhua nhiét déo c6 do bén va kha nang chong
mai mon cao.

Ngoai ra, cong nghé SLS thuong st dung nhitng vat liéu ¢ dang bot khac nhu:
thaty tinh, nylon, sap, bot kim loai (copper polyamide, rapid steel), bot gém (ceramic),
glass filled nylon, vat liéu dan hoi (elastomer), polycachonate (PC), bot gom s, ...

1.5. Ung dung tiéu biéu cia cdng nghé SLS

-Y té va chiam séc sirc khoe: in ring st (cuc chinh xac dé gan vira van dep mét

hodc theo nhu cau khéch hang). Mdi ngudi sé hitu nhitng chiéc riang chi vira van mét
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cach tu nhién véi khung ham va nuéu cua ho, vi thé khi ¢é su can thiép cua nha khoa
ngudi ta mong muédn cé nhirng chiée riang thay méi dep nhu that. Ldc ndy, céng nghé in
3D tao ra nhiing chiéc rang giong 100% véi rang can thay thé, tham chi néu can sau khi
quét rang that, file duoc xur 1y dé c6 nhitng chiéc rang dep mét hon (theo y khach hang)
nhung van gin vira khit véi khung ham va nuéu caa chi nhan. Cong nghé in 3D ché tao
chan tay gia cho bénh nhan gan day ciing 1a mot wng dung déng khen ngoi gianh cho
c4c nha thiét ké 3D.

Uu diém cua in 3D duoc thé hién rit rd trong linh vuc y té va cham séc stc khoe
véi vo van ang dung, cdng nghé in 3D rét hitu ich trong san xuat cac mé hinh sinh hoc
(c&c m6 hinh bo phan con nguoi nhu xwong, rang...). Trong tng dung nay, mo hinh di¢n
tir ctia bo phan co thé con ngudi dugc dung bai cac hinh anh 3D hozc mot may quét 3D.
Sau d6, mé hinh sinh hoc duoc tao ra tirng 16p tirng 16p nho vao cdng nghé in 3D. Trong
nganh giai phau, mdi bénh nhan 1a mot cé thé riéng biét va duy nhat, mé hinh sin hoc
3D cho phép béc si thuc hién phau thuat thuan loi hon do c¢6 duoc sy hiéu biét sdu hon
vé co thé bénh nhan va cac chan doan dugc chinh xac hon. Nho d6, ké hoach phau thuat
duoc chi tiét hon, cac thar nghiém, dién tap phau thuat hay huéng dan trong ca mé duoc
dam bao vé do chinh xac va chat luong. Cong nghé in 3D con hd trg cac thir nghiém
phuong phap va cong nghé y té maéi, taing cudng nghién ctu y khoa, giang day va dao
tao d6i ngil y bac sy. Chang han nhu gitp bac si co thé luyén tap phau thuat gia lap bang
cac md noi tang nhan tao hodc ché tao céc dung cu trong y hoc dugc st dung dé dua
hoic gan vao trong co thé.

Cong nghé in 3D gitp cac bac si phau thuat ghép mat, phau thuat thay xuong
ham. Pé tiang ty I¢ thanh cong, phau thuat sir dung cac md hinh phan dau gidng vai kich
thudc that cta bénh nhan, duoc tao ra nho anh chup CT va cong nghé in 3D. M6 hinh
nay gitip cac bac si nam rd cau tric giai phdu phan mat caa bénh nhan truge khi tién
hanh phau thuat, rit ngan thoi gian phau thuat va cé lgi cho bénh nhan.

Hinh 1.3. Xwong va ham rang dwoc tao tir cong nghé in 3D
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Hién nay, cac nha khoa hoc da thanh céng trong viéc sir dung may in phun 3D dé
tai tao c4c té bao mit, té bao da ngudi, in cau tric mo c6 ca mang ludi mach mau bén
trong bang loai muc in sinh hoc chta cac thanh phan chiét xuat tir mé co thé.

Tuy chua that sy hoan hao, céng nghé in 3D dang ¢ nhitng budc tién dai trong
linh vuc phau thuat, y hoc, nhirng &ng dung tién tién trén day cho thay cong nghé in 3D
dang gitp ich cho cac bénh nhan va ma ra xu hudng y hoc mai.

- Nghé thuat: viéc tai thiét cac cong trinh, trong, nha ctra dang trong qua trinh
bao ton can dung dén cdng nghé in 3D dé tao ra san pham hoan chinh hozc chi tiét hu
hong can co dé thay thé.

- 4
Hinh 1.4. Birc twong diéu khic dwec nha diéu khic Sophie Kahn tao ra

Cac nha bao ton nghé thuat ngudi Y da wng dung cng nghé in 3D dé khoi phuc
hai bre trgng béan than ¢ thanh phd ¢ Palmyra ¢ Syria bi cac thanh vién nha nuée nhém
Nha nuée Hoi gido pha huy (hinh 1.5). Pay duoc xem la budc tién manh mé cua loai
ngudi dé phuc ché nhitng cong trinh mang tinh lich st v6i nién dai 1én dén hang ngan
nam, gop phan bao ton cac kién trdc nghé thuat va kham pha méi vé cac nén van minh
cua nhan loai tudng chirng bi chdn vui theo dong chay cua thoi gian.

Hinh 1.5. Bikc twong cd dwoc khoi phuc ¢ thanh phé Palmyra, Syria
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2. Cong ngh¢ SLM
2.1. Nguyén ly hoat dong cua cong nghé SLM

Nguon laser

v di¢u khién chim laser

Co cdu gat bjt

1 [

Hé théng cz‘ip bt

2904
) ¢
)4

Ll R —

Hinh 1.6. Nguyén ly céng nghé SLM

Trong cdng nghé SLM (Selective Laser Melting), ning luong dung dé 1am néng
chay bot kim loai dugc tao boi nguon laser Yb-fiber c6 cong suat tir 100W dén 400W.
Chum tia laser duoc diéu khién va hoi tu tai mot diém dé 1am nong chay bot kim loai
nho hé théng thau kinh. Qua trinh ché tao bit dau bai mot 16p bot mong duoc rai 1én
ban ché tao nho co ciu gat bot. Chum ning luong laser duoc hoi tu va nung chay bot
kim loai tai cac diém dugc xac dinh boi dit liéu sé ¢6 san. Sau khi 16p bot kim loai dugc
nung chay trong ving tiét dién, ban ché tao s& di chuyén xuéng mot doan bang chiéu
day 16p cit tir mé hinh CAD cua chi tiét (thong thuong chiéu day mdi 6p tir 75um dén
150pum). Tiép theo, mot 16p bot khac dugc rai 18n nho co cau cap liéu, sau do duoc nung
chay dé lién két véi l6p trude 6. Qua trinh nay sé& duoc lap di 1ap lai cho dén khi chi
tiét dugc ché tao hoan chinh.

Trong qua trinh ché tao, céc 16p bot kim loai lién tiép duoc nung chay hoan toan,
dong dac va lién két véi 1op trude d6. Qua trinh 1am néng chay kim loai va qué trinh
dong dac kim loai dugc thuc hién trong moi truong khi tro.

Khi qua trinh ché tao két thic, chi tiét duoc lay ra khoi thiét bi. Bot kim loai
khong ndng chay hodc néng chay mot phan s& duoc go bo dé st dung lai cho nhitng lan
tiép theo. San pham s& duoc lam sach va thuc hién gia cong tinh & mot sb bé mit.

Qua trinh ché tao san pham bing cdng nghé SLM gidng cong nghé SLS, chi khac
& mot diém 1a vat liéu trong céng nghé SLM dugc lam ndng chay hoan toan.

2.2. So sanh cong nghé SLM va SLS

Coéng nghé SLS SLM

Nguyénly | Dung laser cong suat cao lam | Dung tia laser cong suat cao dé lam
néng bot kim loai dén duéi nhiét | tan chay hoan toan kim loai va két
d6 noéng chay dé thiéu két|hop cac hat bot kim loai lai voi
(sintering) va hop nhét cac hat | nhau thanh mét khéi dong nht.
bot vat liéu lai véi nhau
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Vat liéu

SLS dung cac loai bot nhua, chat
déo, thay tinh, gdm st,...trong
do6 nylon la vat liéu ly tudéng vi

SLM dung cac loai bot kim loai
tinh khiét nhu dong, nhdm, thép
khong ri, thép sb, cobalt crom,

titanium va vonfram. Vat liéu co
dic tinh khi néng chay s& dong chat
& dang nguyén tu.

Khoang dung sai £0,05 — 0,2mm

trong lwong nhe, d6 bén cao va
chiu nhiét.

Tuy vao ting dong may, trung
binh d0 chinh xac dat duoc
khoang dung sai la +0,05 —
0,25mm

San pham c6 do xop, mat do thap

Do chinh xac

Dbic tinh San pham c6 dac bé mit, co tinh tét

Céc thong s6
khac

Tuy vao dong may sé c6 nhirng
thong sb k§ thuat khac: téc do in,
kich thuéc, bé day 16p vat liéu, khi
bao vé, nguén,...

Tuy vao dong may sé cé nhiing
thong sé ky thuat khac: toc do in,
kich thuéc, bé day 16p vat liéu,
khi bao vé, ngudn,. ..

Céc van dé caa cong nghé SLM:

- San pham con tng suat du

- Vat liéu kim loai pht hop cho cdng nghé con han ché

- Chi phi dau tu cho cong nghé SLM con qué cao so Vai thyc té

- San pham chua dam bao cho san xuat hang loat
2.3. Vat ligu su dung trong céng nghé SLM

- Bot hop kim cua Titan (Ti -6A1-4V) cé cac tinh nang co hoa hoc dac biét, do
bén san pham 16n nhung tinh déo thap. Ngoai ra, san pham dwoc lam Titan c6 trong
lwong nhe, dd bén cao, chdng an mon va tinh dinh hinh tét (rat 1y tuong cho linh vuc
hang khong vii try).

- Bot hop kim Niken (Rene, Inconel....) duoc st dung ché tao san pham can hiéu
suat 1am viéc cao nhu dong co phan lyc va tubin khi dé cai thién su can bang trong kha
nang chiu tai, d6 bén kéo va an mon, chong oxy hoa.

- Bot hop kim sit: SLM it st dung hop kim nay do san pham duoc tao ra khong
thé dat duoc mot ty trong hoan toan. Vay vay hop kim sat chi dung khi ché tao céc chi
tiét dac hoan toan. Ca sat va Crom rat d& bi oxy hoa.

- Bot hot kim nhom: it dwoc sir dung do nhém doi hoi ngudn ning luong cao dé
lam ndng chay do su dan nhiét cia nhdm I6n. Qua trinh oxy héa ciing 1a mot gisi han
cua nhém.

- Bot hop kim dong duoc st dung nhiéu do kha nang chong an mon cao, dic biét
khi tron ddng do véi thiéc hoic tron dong thau véi kém. Pong mém va yéu hon thép
nhung kha ning chéng in mon kim loai cao, do bén mai, dan nhiét tét hon so véi thép.
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- Bot Composites kim loai: bao gdm bot kim loai nén pha thém gém st dé ting
d6 cung va d6 bén. Ngay nay, vat liéu bot MMC dugc sir dung ngay cang nhiéu trong
cong nghé in 3D.

2.4. Mét sé thiét bi theo cdng nghé SLM/SLS
a. Thiét bi EOS M290 (Dric)

EOS M 290
EOS M 290

Hinh 1.7. M4y in 3D EOQS M290 ciia Diic

EOS 290 la may in 3D cong nghiép dugc hang EOS (Pic) san xuat. Pay 1a dong
may dap tng san xuat hang loat. Trong tdm cua may la kha ning giam sat méi gom 4
cong cu

+ EOSATE Base: Cong cu theo di cac thong sb trong budng 1am viéc cua
thiét bi bao gom céng suat nguon laser, vi tri theo truc Z, nhiét do, &p suat va do am
trong buong 1am viéc. Tt ca cac yéu to trén déu anh huong dén chat lwong san pham.

+ EOSATE Powder Bed: Theo ddi su lang dong cua Iop vat liéu bot bang
cach chup anh doc theo mdi 16p vat liéu duoc trai ra bang mot may anh don gian.

+ EOSATE Laser Monitoring: Hé théng LaserMonitoring nham dam bao
ngudn laser ludn duy tri duoc cuong d6 va birc xa nhat quan trong sudt qua trinh ché tao
san pham. Cong cu nay bao dam rang mot 16p cua san pham ludn pha hop véi céc 16p
khac va sé c6 cung mot dac tinh.

+ EOS Parameter Editor: Cong cu nay cho phép ngudi st dung c6 thé tao
ra c4c bo théng sé riéng caa minh cho cac hop kim khéac nhau va cho phép tay chinh.
Hién tai, Parameter Editor cho phép nguoi ding tly chinh cong suat laser, téc d phoi
sang va chién lugc ché tao. Trong twong lai gan, nha san xuat cho phép thém céc tay
chon khac: thay doi d6 day 16p, hdn hop khi tro, nhiét d6 ban dau cua qué trinh ché tao.

May st dung ngudn laser 400W, khi bao vé Argon hoic Nito.
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b. Thiét bi SLM® 125HL

SLM 125"

1

Hinh 1.8. May in 3D SML® 125HL

Puoc biét dén nhu 1a dong may c6 toc do in tét nhat vai 25cm?/h, phi hop dé ché

tao cac san pham bang kim loai kich thudc nhé trong linh vuc nghién ctru va phat trién.

Thiét bi cho phép diéu chinh théng sé phi hop véi yéu cau cu thé, hé thdng tuan hoan

khi téi uru theo tang vat liéu trong chu trinh khép kin, 1am nong chay bang hé thong laser
nhé gon mang lai sy an toan va chi phi hiéu qua.

Thong sb ky thuat cua may SLM® 125HL

Thong sb ky thuat caa may SLM® 125HL

Kich thugc may (L x W x H) 1400 x 900 x 2460 mm

Kich thuéc san pham (L x W x H) 125 x 125 x 125 mm

CAu trac hé théng quang hoc Nguon laser céng suat 400W
Téc do in 25 cm?/h

Do day lop 20pm - 75um, bude ting 1um
Dbuong kinh chum tia laser 70pm - 100pum

Téc do quét toi da 10m/s

Muc tiéu thu khi trung binh khi lam viéc | 2lit/phat (khi Argon)

Muc tiéu thu khi khi tiy rira vé sinh 70lit/phat (khi Argon)

Dién 4p dau vao 400V 3NPE, 32A, 50/60Hz, 3kW
Hé thdng khi nén 1SO 8573-1:2010 [1:4:1], 50lit/phut, 6 bar
Khéi lugng may 750kg
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c. Thiét bi Zrapid SLM 150

Hinh 1.9. May in 3D Zrapid SLM 150

Thiét bi Zrapid SLM 150 Iy tuéng cho cac san pham can d6 bén va chirc niang
véi nhiéu ung dung. Céc vu diém bao gom:

- Céc san pham duoc ché tao cd thé gia cong lai, son va c6 tinh khang héa chat
tét.

- Chat luong bé mat tét

- Thoi gian nhanh

- Vat liéu khong duoc nung chay c6 thé dé dang lay ra sau khi ché tao.

Thong sb ky thuat

Loai laser: Fiber Laser (IPG), budc song 1070nm, cong suat laser 200W

Recoating system: quy trinh Scraper paving, bé day 16p 0.04 -0.1mm, d6 chinh
xac 0.02 — 0.04mm.

Hé théng quang hoc: duong kinh cham tia 0.05-0.15mm, phuong thirc tap trung
SCANLAB, tc do quét khi ché tao 2m/s, tbc do di chuyén nhanh 10m/s.

Hé thdng bao vé: khi bao vé Ar/N2, kiém soat luu luong (diéu chinh théng minh
0-3/phut, kiém soét hat bui (hé thdng tai ché bao vé hiéu qua cao).

Thong sb hoat dong: kich thudc san pham 150 x 150 x 200mm, phwrong thic 1am
nong dién tro day.

Phan mém: hé diéu hanh Windows 7, Ethernet, IEEE902.3; phan mém cat lép
3DMAGICS3.0; phan mém diéu khién may Zero 4.0; giao dién CAD, phan mém thiét
ké 3D, dinh dang STL.

Piéu kién lap dat: cong suat 200 — 240VAC 50/60Hz, 3 pha, 8Amps; nhiét do
mai truong 20 — 26°C; tich hop diéu hoa khdng khi; d6 am dudi 40%, khong ngung tu.

Kich thudc may: 1290 x 1020x 1750mm.
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2.5. Ung dung tiéu biéu cia cong nghé SLM

- Thoi trang: c&c san pham nhu gidy cao got, mil ludi trai, quan 4o,...duoc tao
méi hoic tai tao (san pham cua nhirng dién vién, ngudi mau noi tiéng) dé nhan ban, ban
lai v6i wu diém “hang nhay” dang duoc tng dung nhiéu hién nay. Hinh 1.10 14 bo trang
phuc duoc san xuit bang cong nghé in 3D. Shapeway, mot cdng ty chuyén ché tao, mua
ban san pham 1am tir may in 3D da tao ra bo d6 N12. Bo d6 nay duoc tao thanh bang
nhitng vong tron ni véi nhau theo dang hinh hoc: dudng cong 16n, vong tron nho. Toan
bo thiét ké duoc dua vao hinh scan co thé, do d6 san pham cudi cing rat vira van véi
nguoi Mac.

Hinh 1.10. B§ trang phuc N12 [am tir may in 3D

- COng nghiép san xuat, ché tao:

Céc nganh cong nghiép san xuat ché tao 13 noi san xuat va ang dung san pham in
3D nhiéu nhat, ly do chinh khién cong nghé san xuat dap dan duoc sir dung rong rai
trong moi trudng cdng nghiép 1a do nd cho phép san xuat cac bo phan véi sé luong it.
Bo6 phan c6 hinh dang phuc tap, cat giam phé liéu, tao nhanh san pham thir nghiém, san
Xuit theo yéu cau. Ly do nita dé sir dung in 3D la gitp giam d6 phirc tap trong quan ly
chudi cung ung, cho phép san xuét cac bo phan tai chd thay vi phai san xuat & noi khéac
mang dén. Vi vay, in 3D mé ra tiém ning vé lgi thé chi phi san xuét, cai tién quy trinh
va ca san pham cho cac nha cung cip trong mét sé truong hop cu thé. Nhiéu san pham
in 3D ra doi 1a cac cdng cy, dung cu co kich thudc tir nho nhat cho téi 1on nhat duoc
chao ban va ang dung thiét thuc vao cudc song, ching trong rat dep mat va hitu dung.

s ™~

Hinh 1.11. Pan Guitar dwoc lam tir may in 3D



