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DANH MUC CAC KY HIEU, CAC CHU VIET TAT

STT

Ky hiéu

Tu

Nghia

FE

Forward Enineering

Cong nghé thiét ké thuan

RE

Reverse Engineering

Cong nghé thiét ké ngugc hay
cdong nghé dao chiéu, cong

nghé chép mau.

CAD

Compurter Aided Design

Thiét ké véi su trg gilp cua

may tinh

CAM

Compurter Aided

Manufacturing

Str dung may tinh dé tao chuong
trinh diéu khién hé thong san
Xuat, ké ca tryc tiép diéu khién
c4c thiét bi, hé thong dam bao

vat tu, k¥ thuat .

CAE

Computer Aided Engineering

Tinh todn k¥ thuat voi sy tro gidp
cia may tinh. CAD va CAE
thuong gan lién véi nhau vi thiét
ké san pham gan lién voi thir
nghiém, md phong hoat dong cua

san pham.

CAPP

Computer Aided Process

Planning

Linh vuc str dung may tinh tro gidp
thiét ké qua trinh cong nghé ché tao
san pham (thuong duoc goi la

chuan bi cong nghg).

RP

Rapid Propotyping

Bao gom cac phuong phap gia

cong tao mau nhanh

CNC

Computerized Numerical

Control

May gia cong dieu khién sb ¢ su tro
gilp ctia may tinh trong viéc van

hanh va lap trinh gia cong.
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MO PAU

1. Ly do chon dé tai

Cong nghé thiét ké nguoc va cong nghé tao mau nhanh 1a nhitng céng nghé
mai, no tich hgp nhitng thanh tuu cta cong nghé théng tin, cong nghé vat liéu, tu dong
hoa, k¥ thuat laser va co khi hién dai... Nhirng céng nghé nay dugc tng dung trong
nhiéu linh vuc khac nhau va dic biét phat huy dwoc wu diém trong nhiing tng dung
thiét ké phirc tap, yéu cau rat ngan thoi gian, nang cao chat luong nhu thiét ké kiéu
dang vo 6 t0; thiét ké khubn dap; thiét ké cac chi tiét may....Dac biét cong nghé tao
mau nhanh tir khi ra doi dén nay da duoc cai tién va phat trién rat nhiéu. Hang loat
phuong phap va cong nghé tao mau ra doi, mdi cong nghé tao mau ¢ nhitng vu diém
riéng. Hién nay maot trong nhitng phuong phap tao mau duogc sir dung phé bién nhat 1a
cdng nghé FDM véi nhitng vu diém nhu don gian, dé thiét ké, vat liéu d& tim, khdng
gay doc hai ....

Bén canh nhitng vu diém d6 thi nhuoc diém 14 chi tiét sau in c6 d6 bong bé mit
thap, toc do in chua cao ....dan dén viéc ung dung cong nghé nay vi thé cling c6 nhiéu
han ché. Viéc nghién ciu anh hudng cua cac thong s in dén chat luong mau in trong
qua trinh in 3D, nhét 14 chat lwong bé mat 1a hét st can thiét dé ting budc dua cong
nghé in 3D vao cudc séng, nhat 1a trong cac nganh dic thu nhu phuc ché ¢6 vat.

Puoc sy déng y cua Khoa Co khi- Trudng DPai hoc Su pham ki thuat Nam
Dinh, dic biét 14 TS. Vii Ngoc Thuong, tac gia chon dé tai : “Nghién ciru cong nghé
thiét ké ngwec va tao mdu nhanh trong phuc deng cé vdr” 1am dé tai Luan vin Thac
sy cta minh.

2. Lich sir nghién ciru

2.1. Trén thé gi6i:

Nam 1986, Charles Hull sang tao ra mot qua trinh goi la Stereolithography —
san xuat vat thé tir nhya long va 1am cang lai nho laser. Sau d6, ong thanh 14p cong ty
3DSystems, mot trong nhirng nha cung cap cong nghé 16n nhat hién nay trong linh vuc
in 3D.
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Tir 1986 dén 2007, trong 20 ndm dau tién, cdng nghé nay méi chi co cac budc
di nho, cham, day duoc goi 1 giai doan xdm nhap, budc nén cho cdng nghé tao mau
nhanh.

Nam 2009, cdng nghé nay da thu hut nhiéu nha san xuat tham gia. Gia thanh
san xuat giam va FDM tré thanh mot trong nhitng chia khda cong nghé co ban caa céc
may in 3D trén thi treong hién nay.

Niam 2013, nganh cong nghé san xuat in 3D ¢4 tri gia khoang 3,1 ty USD/nam,
tang 35% so v6i nam 2012. Trong vong sau nam, téc do ting trudng trung binh & mic
cao, khoang 32%/nam va sé dat mac 21 ty USD vao nam 2020.

2.2. Trong nudec:

Mic du cong nghé in 3D di c6 mit trong kha nhiéu linh vuc & Viét Nam, tir y
khoa, my nghg, thoi trang, kién tric, co khi dén gido duc... nhung theo cac chuyén
gia, viéc ang dung van chii yéu mang tinh chat thir nghiém.

Sau hon mét thap ky c6 mat tai Viét Nam, thanh tyu noi bat nhat dugc ghi nhan
cua cong nghé in 3D la viéc “in” manh so bang methyl methacrylate dé va 15 thung
trén dau mot bénh nhan 17 tudi ¢ Bénh vién Chg Ray TPHCM vao dau nam 2016. K§
thuat in 3D tao ra miéng ghép c6 do chinh xac cao vé hinh dang, kich thudc, giup toi
vu hiéu qua diéu tri va tham my.

In 3D ciling da dugc tng dung trong nghién ctru, gido duc nhu Pai hoc Béach
khoa Ha Noi, Truong THPT thuc nghiém Ha Néi, Truong qudc té Lién Hop Qubc Ha
Noi... Pai hoc Cong nghé - Pai hoc Quéc gia Ha Noi - di dung thiét bi nay trong viéc
nghién cau ché tao céc thiét bi vi cam bién.

3. Muc tiéu nghién ctru cia luén van

Muyc tiéu nghién ciu cua dé tai 1a: “Nghién ciru cong nghé thiét ké ngwoc va
tgo mdu nhanh trong phuc deng cé var” . Trong do:

- Hé théng héa nhitng Iy thuyét lién quan dén cong nghé thiét ké nguoc va
cong nghé tao mau nhanh.

- Nghién ctu, khai thac cac phan mém Solidwork 2012, Geomagic studio

va thiét bi Scan 3D trong ché tao chi tiét nham phuc dung c6 vat.
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- Ung dung phan mém thiét ké va tao mau chi tiét bang may in 3D.

- Panh gia anh huong cua thong sé ché do in dén chat lwgng mau in khi in
3D. Cu thé Ia nghién ciru anh huong cua van toc in va d6 day 16p in dén chat
lwgng bé mat mau in.

- Chon dugc bo théng sb van téc - do day 16p in trén miu may in da cai
tién 1am tién d& mau cho phuong thtc hiéu chinh nang cao chat lugng mau in
3D trén cac may in 3D khac.

4. N0i dung nghién ciru

- Tong quan vé céng nghé thiét ké nguoc va céng nghé in 3D.

- Nghién ciru anh huong caa théng sé ché do in 3D dén chat luwong mau in
khi in 3D.

- Nghién ctu thyc nghiém xéac dinh ché d6 in 3D ti uu.

- Panh gia két qua
5. Phuong phap nghién ciru

- Nghién ctu ly thuyét: Nghién ctu cong nghé thiét ké nguoc, dac biét 1a
cdng nghé in 3D; thiét bi in 3D; vat liéu in 3D; anh hudng cua van téc in va do
day 16p in dén chét luong bé mat mau in.

- Nghién ctu thyc nghiém: Str dung phuong phap quy hoach thyc nghiém
truc giao toan phan dang 2k dé nghién ctru anh hudng cua céc thdng s6 ché do in

(D, v) dén do chat luong bé mat mau in 3D.
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CHUONG |I: TONG QUAN VE CONG NGHE THIET KE NGUQC VA
CONG NGHE TAO MAU NHANH

1.1. Cong nghé thiét ké ngwoc

1.1.1. Khai niém

Trén pham vi rong cong nghé thiét ké nguoc dugc dinh nghia 1a hoat dong
bao gom céc budc phan tich dé lay théng tin vé san pham di c6 san (bao gom
thong tin vé chirc niang cac bo phan, dic diém vé két cau hinh hoc, vat liéu, tinh
cdng nghé) sau do6 tién hanh khéi phuc lai md hinh CAD cho chi tiét hoic phét
trién thanh san pham méi, sir dung CAD/RP/CNC dé ché tao san pham. Cong
nghé thiét ké ngugc da dugc ung dung trong nhiéu linh vyc nhu héa hoc, dién
tu, xay dung, co khi, y hoc, nghé thuat. Vi du trong xay dung, chung ta ludn hoc
hoi ki thuat thiét ké ciing nhu thi cong cua nhitng cong trinh hoan thién
(Succeessful building/brige) cua thé gisi dé giam thiéu nhitng sai s6t. Giam thoi
gian thiét ké va tang thém nhitng wu viét cho nhitng cong trinh caa minh.

Trong linh vuc co khi ché tao, cdng nghé thiét ké nguoc duoc dinh nghia
la hoat dong tao ra san pham tir cA&c mau san pham cho trugc ma khéng co ban
vé thiét ké hoic da bi mat hay khong rd dang. San pham méi duogc tao ra trén co
s& khoi phuc nguyén ven hoac phat trién 1én tir thuc thé ban dau .

1.1.2. Uu nhwoc diém ciia cong nghé thiét ké ngwoc
* Uu diém.

- Kiém tra chat lwong san pham bang cach so sanh md hinh CAD véi san
pham, tir d6 diéu chinh mé hinh hozc céc théng sé cong nghé dé tao ra san pham
dat y&u cau.

- M6 hinh CAD dyoc sir dung nhu la m6 hinh trung gian trong qua trinh
thiét ké bang cach tao san pham bang tay trén dat sét, thach cao, sap...roi quét
hinh dé tao md hinh CAD. Tir mé hinh CAD nay ngudi ta s& chinh sta theo y
muén.

- Giam bét thoi gian ché tao dan téi ning suét cao.

- Ché tao duoc nguyén mau ma khdng can ban thiét ké.

* Nhwoe diém.
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- Can c6 cong nghé hién dai 1a cac loai may quét hinh.

- Gia thanh cao.

1.1.3. Quy trinh cong nghé thiét ké nguwoc

Ngay nay véi sy phat trién cua khoa hoc cong nghé hién dai, qua trinh san
Xuat san pham ngay cang duoc chuyén mén hda, viéc ché tao ra 1 loai san pham
dugc chia tach thanh nhiéu cong doan riéng biét nhung co6 quan hé mat thiét véi
nhau theo 1 tiéu chuan chung thdng nhat hop thanh quy trinh san xuét. Tuy c6
nhiéu cai tién mgi song qui trinh san xuat hién nay nhin chung déu duoc biéu
hién bang 2 so d6

Trong quy trinh thiét ké thuan, xuat phat tir ¥ tuong thiét ké (cua nguoi
thiét ké hoac cua khach hang mé ta san pham), ngudi thiét ké phéac thao so bo
san pham (ban v& CAD). Ban vé& phéc thao nay s& duoc tinh toan, phan tich,
kiém tra cac thong sé ki thuat, tinh cdng nghé (Dit liéu duoc chuyén tir CAD
sang CAE). Sau d6 mo hinh s& duogc t6i wu hoa dua ra ban vé thiét ké (ban vé
CAD) hoan chinh. Tiép theo qua cac budc chuan bi cong nghé (CAPP), lap trinh
gia cong (CAM), md phong va ché tao thar mau san pham bang phuong phap tao
mau nhanh (RP) hoac trén cac may cong cu, may CNC. Mau san pham ché thir
nay sé duoc dem di kiém tra thuc té xem c6 thoéa man céc yéu cau dit ra hay
khong. Néu khong dat thi s& quay vé chinh sta lai tir ban vé phac thao. Tiép tuc
qué trinh trén cho toi khi mau san pham dat yéu cau thi méi dua vao san xuat
thuc su.

Con trong quy trinh thiét ké nguoc ching ta lam nguoc lai. Xuat phat
diém 1a 1 mau san pham thyc té (Physical part). Mau san pham thuc nay duoc
s6 hoa va st ly bang cac thiét bi va phan mém chuyén dung dé dua ra mé hinh
CAD cu thé. Sau d6 duoc md hinh CAD cho san pham rdi thi cac cong doan tiép
theo ciing giébng nhu chu trinh san xuat thuan trai qua cac buéc tinh toan, phan
tich , tdi wu hoa trén cac phan mém CAE/CAM, chuan bi céng nghé (CAPP) gia
cong tao mau nhanh hozc 1ap trinh gia cong trén may CNC hay cac may cong cu
khéc, kiém tra thuc té cubi cling mai dua vao san cling maéi dua vao san xuat dai
tra.
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1.1.4. Quy trinh mé hinh héa miu sian phim di c6 sin theo cong nghé thiét
ké nguwoc

Qua trinh mo hinh héa mau san pham c6 sén, tao ra cac md hinh CAD cu
thé cua vat mau 1a cong doan quan trong va la trong tam cuaa cong nghé thiét ké
nguoc . Qui trinh md hinh cu thé duoc chia lam cac giai doan sau :

1.1.4.1. Giai doan s6 hoa san pham

Pé s6 hoa san pham ta ding cac may quét hinh dé quét hinh dang vat thé .

Dua theo céch thirc quét hinh nguoi ta phan ra 2 dang thiét bi quét hinh chu yéu
la cac may quét dang tiép xuc (nhu may do toa do Coordinate Measuring
Machine — CMM) va cac may quét khong tiép xtc (may quét lazer). Cac may
CMM st dung cac dau do dé tiép xGc voi bé mat can do. Mot sb vi tri tiép xuc
s& cho mot diém c6 toa do (x, Y, z). Tap hop cac diém nay sé tao thanh cac ludi
diém v& trén hinh dang vat thé. Con cac may quét lazer thi sir dung chum tia
lazer phét ra tir may chiéu vao vat thé. C4c tia ndy s& phan xa tré lai cam bién
thu. May tap hop céc tia phan xa nay dé dung Ién anh caa vat thé. Hinh dang cua
toan bo vat thé duoc ghi lai bang cach dich chuyén hay quay vat thé trong cham
anh sang hoac quét chim anh sang ngang qua vat thé. Phuong phap nay c6 do
chinh x4c kém hon phuong phap tiép xtc song nhanh hon va day du hon. Dit
licu thu duoc khéng phai 1a ludi diém ma 1a tap hop vo van cac khéi anh diém
(d¢dam may diém). Pam may diém nay s& chuyén sang ludi tam gi4c dung dé xay
dung cac bé mit .

1.1.4.2. Giai doan sir ly sb li¢u dir hoa

Giai doan nay bao gom 4 budc :
- Buéc 1 : Chinh stra ludi dit liéu, dam may diém.
- Budc 2 : Pon gian hoa ludi tam giac bang cach giam sb luong tam

giac va toi vu hoa vi tri dinh va cach két ndi cac canh cia mdi tam giéc trong
luéi sao cho cac dac dieém hinh hoc khong thay doi.

- Budc 3 : Chia nho lugi va cat bo phan thira (d3 don gian hoa) dé tao
bé mat tron theo y muon.

Cac hinh sau day md ta cong nghé quét dau nguoi:
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Hinh 1. 1 M6 hinh héa chi tiét mit nguoi

a. Quét hinh b. Diz liéu sau quét c. Toi wu héa d. Dung cac bé mat

1.1.4.3. Thiét ké lai trén co sé dir liéu s6 hoa

Trén co so dir liéu s6 hoa da st ly ta dung lai md hinh CAD cho san pham
dang Solid hoic dang Surface bang cac phan mém chuyén dung (Phan mém
thiét ké nguoc). Két qua cudi cing ta nhan duoc mot bé mit tron va dugc
chuyén vao file CAD véi cac dinh dang: IGES, DXF, STL

1.1.4.4. Tao mAu, gia cdng chi tiét

Tir dir lieu md hinh CAD, c6 thé dp dung céng nghé tao mau nhanh
(Rapid Prototyping) dé tao ra mau cho san pham. Ciing c6 thé tao mau trén may
CNC, khi d6 phai lap trinh NC nhd céc phan mém CAD/CAM chuyén nghiép
nhu Cimatron, Pro/Engineer, GibCAM, dé tao ra cac duong chay dao. Hinh
dudi day minh hoa qua trinh gia cong mat nguoi trén may phay CNC :

Hinh 1. 2 Phay mat ngwoi trén may CNC

1.1.5. Phwong phap va thiét bj s6 héa trong cong nghé thiét ké nguoc.
Su khéc biét 16n nhat va chu yéu giira cdng nghé thiét ké thuan va thiét ké
nguoc chinh 1a cong doan sé hoa san pham. S hoa san pham tac 1a lay dir lidu
18



hinh hoc cua san pham & dang dit liéu tho ban dau (Raw Geometric Data). Ddi
véi thiét ké thuan dé chinh 1a ¥ twéng, phéac thao ¥ tudng. Con dbi véi thiét ké
nguoc thi dit liéu thd ban dau duoc lay tir 1 san pham c6 sén. Trude day, dé dua
ra md hinh CAD cho chi tiét c6 sin theo cong nghé thiét ké nguoc, ngudi ta phai
do do truc tiép bang tay, roi vé lai két qua do dugc. Cong viéc nay doi hoi su ti
mi va tén rat nhiéu thoi gian. Ngay nay, nho su trg gilp ctaa may tinh viéc md
hinh CAD hda 1 san pham tré nén cuc ky don gian, chinh xac va nhanh chéng.
Viéc s6 hda bé mat 3D cho san pham duoc thuc hién theo 2 phuong phap chu
yéu: Phuong phép do tiép xtac(phuong phap co hoc) va Phuong phap do khéng
tiép xuc (phuong phap quang hoc).

1.1.5.1. Phwong phap do tiép xuc

a.Khai nié¢m.

Pay 1a phuong phép thuong dung 1 dau do co khi truot trén bé mat chi
tiét theo lwdi dinh trudc va lién tuc ghi lai toa do nhan duoc.

Cong cu chu yéu ciia phuong phap nay chinh 1a cac may do toa do 3 chiéu
(Coordinate Mesuring Machine — CMM) la tén goi chung cua cac thiét bj van
nang c6 thé thuc hién viéc do cac thong s6 hinh theo phuong phap toa do.

C6 hai may do toa do thong dung 1a may do bang tay (dau do duoc dan
dong bang tay) va may do CNC (dau do duoc diéu khién tu dong bang chuong
trinh s6).

b.Uu nhwoc diém ciia phwong phap do tiép x(c.
* Un diém:
- Do nguyén tac do timg diém trén doi twong nén do chinh xac cao, hoat

déng cua may theo nguyén tic hanh trinh nén may c6 d6 chinh xac dén phan van
(0.1 pm -0.5 pm)

- Tinh tu dong hoa cao: C6 thé do tu dong trong ca qué trinh do.

- Két qua do 1a cac file c6 nhiéu dinh dinh dang tiéu chuan nhu IGS,
Step, Stl ... thich hop véi cac phan mém thiét ké 3.

- D& xur ly két qua do: Két qua do 1a tap hop cac duong curve thuan loi
tao c4c mat trén cac phan mém thiét ké 3D.

- Pau do da dang phu hop véi cac ddi tugng do.
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* Nhwoc diém :
- Han ché do cac ranh hep, canh séc, co kich thudc nho hon ban kinh dau
do

- Toc d6 do khong cao: Chi tir 10 dén 1000 diém /phit cham hon nhiéu so

véi cdng nghé scan laser.
=
£

-
B
- ! - g
.

v

Hinh 1. 3 M4y do va dau do dung trong phwong phap do tiép xuc

Pé khac phuc, nguoi ta ché tao da ché tao ra cac may do khong tiép xuc,
dung Lazer tia X, siéu &m, anh video.

1.1.5.2. Phwong phap do khong tiép xuc

a. Khai niém.

Phuong phap do khong tiép xtic 1a phuong phép dung tia lazer hoic cac
tia quang hoc khac dé do hoic chup anh bé mat vat can do (quét) sau do dir lidu
duoc st ly, hoan thién nho cac phan mém xi Iy anh chuyén nghiép .

Thiét bi s6 hoa d6 chinh 1a cac loai may quét lazer va may quét 4nh sang
trang (trong d6 an nay em sir dung va nghién ciru may quét anh sang trang). May
quét cd thé do cac vat tir gan ti xa dén 35m d6i voi may quét Lazer.
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Hinh 1. 4 M6 hinh may quét anh sang tring

b. Uu nhugc diém ciia phuwong phap.

* Un diém:

- Thai gian 1y mau nhanh, ¢é thé 1ay mau vat thé co kich thuéc lon .

- Phuong phép nay c6 thé ldy mau céc vat thé 1am bang vat liéu mém nhu
chat déo, x4p, sap ...hay cac vat thé bi bién dang ma khéng lam bién dang hay
ph& hity mau can do.

Nhuwoe diém :

- Do chinh xéac khdng cao bang phuong phap do tiép x(c.

- Vi mdi phuong phap déu c6 uu diém, nhuge diém riéng nén s& duoc
ding trong timg truong hop cu thé. Ciing c6 thé két hop ca 2 phuong phap dé
dat hiéu qua cao nhat. C6 thé s hda bang may quét khong tiép xtc sau d6 kiém
tra sai s6 san pham bang may do toa do tiép xdc.
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1.1.6. Cac ung dung ciia cong nghé thiét ké nguoc

V6i tinh wu viét cia minh 13 mo hinh héa duoc nhiéu chi tiét (ké cac chi
tiét c6 d6 phuc tap cao) mot cach nhanh chong va chinh xac dap tng ti da cac
nhu ciu da dang cua thi truong trong rat nhiéu linh vuyc :

* Trong linh vuc nghé thuat.

Trong linh vuc ndy cdng nghé thiét ké nguoc dugc thé hién & viéc sao
chép hoidc phan tich cac dic diém, nét vé cua cac kiét tac hoi hoa, diéu khic.
Thong thuong véi cac chi tiét yéu cau cao vé tinh tham my, san pham duoc md
hinh hoa boi cac nha ki thuat (Stylist) trén cac chat liéu nhu dét sét, chat déo,
g6... Tuy nhién céc tic pham hay cac kiét tac nghé thuat chi 1a két qua cua 1 vai
nha nghé thuat, nha thiét ké nao do, trong khi dé ai cling mudn dwoc c6, mubn
dugc thusong thac ching. Nhu cau thi trudong doi hoi cac san pham phai ¢6 1 s6
lugng l6n theo mot vai phong cach, hay san pham cia mot s nha thiét ké ma tac
pham cua ho da dugc khang dinh trén thi truong. BEé dap tng nhu cau dé can co
dugc md hinh CAD cua san pham mong mudn. Viéc nay chi c6 thé thuc hién
duoc bang cong nghé thiét ké nguoc. Vai cac thiét bi hién dai va sy tro gilp cua
may tinh ching ta c6 thé xay dung dugc cac dy liéu CAD gidng hét mé hinh that
do cac nha my thuat tao ra véi dung sai nho .

Hinh 1.5 Cbng nghé RE dwng md hinh CAD cho cac tac pham nghé thuat
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Hinh 1. 6 Ung dung cdng nghé tai tao 1y mau hoa vin thi cong

* Cong nghé RE c6 vai trd rat 16n trong cai tién mau ma san pham. Yéu
cau vé thoi gian khoéng cho phép ching ta khi ché tao 1 mau ma méi c6 thé bat
dau chu trinh san xuét tir khau phac thao thiét ké téi tinh toan, téi wu, ché thir
kiém tra kiém nghiém méi dua vao san xuét vi qua trinh trén tén rat nhiéu thoi
gian, cong suc . Do vay ma ching ta phai biét ké thira cac mau san pham da
duoc t6i uu, dat cic tiéu chuan Kiém tra trén co so d6 ta thiét ké lai phi hop véi
yBu cau méi dé c6 dugc mot mau md mai. Nhu vay sé giam duoc thoi gian thiét
ké, rat ngan thoi gian dua san pham vao thi trudng tac 1a giam thoi gian cua chu
trinh san xuat (Lead time) . Vi nhu cau cua thi truong thay doi lién tuc ting
ngay nhu hién nay cong ty ndo sém dua ra duoc mau ma mai sé chiém duoc thi
phan va gianh duoc loi nhuan cao nhat. Con cong ty nao dua ra san pham moi
cham hon s€ khong con co hoi ¢o6 dugc loi nhuan.

Do vay cong nghé thiét ké nguoc RE thuc sy s& 1a trong tm cua cong
nghé thiét ké san pham cua tuong lai.
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Mb hinh quét mdu san pham M&6 hinh CAD duwa ra
Hinh 1. 7 Ung dung RE thiét ké lai san pham co khi phirc tap
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* COng nghé RE con duoc sir dung khi can thay thé 1 chi tiét, bo phan ma
nha san xuét khdng con cung cap, chling ta phai ché tao lai chling ma khong hé
cd ban vé thiét ké. Hay khi mudn san xuit theo mau ma méi téi wu trén thi
trudng ma nha thiét ké ra ching 1am mat, 1am hong, hoac khéng muédn cung cap
tai liéu thiét ké. Dac biét 1a khi san pham c6 hinh dang rat phuc tap, khé miéu ta
nhu hinh nguoi , hinh con vat ...

Hinh 1. 8 Ung dung c6ng nghé thiét ké ngwoc ldy mau mat nguoi va dong vat

Trong khao c6 hoc, cong nghé RE cho phép khdi phuc hinh dang cuaa cac
sinh vat thoi tién st dua trén cac hoa thach co thu duogc trong dat, da, hay trong
bang ma khong hé 1am ton hai hay pha hoai mau hoa thach d6. RE con cho phép
ching ta dung lai cac mau tuong cb, khdi phuc lai cac cong trinh kién tric |
nghé thuat c6 da bi tan pha trong lich su.

Hinh 1. 9 Ung dung RE trong khao c6 hoc

* Trong y hoc: Cong nghé thiét ké nguoc cho phép ching ta cé thé tao ra
cac bop phan co thé phi hop cho tirng bénh nhan trong thoi gian ngan dé thay
thé cac khuyét tat, cac bo phan hong, bi ton thuong, bi hu hai do tai nan hoac
do bam sinh nhu xuwong, khdp, ring ham, manh so ndo...
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M6 hinh CAD Chuong trinh gia cong Khuén bang nhém
Hinh 1. 10 Ung dung RE tao manh s¢ ndo dung trong y hoc

*Trong thoi trang, RE tro gitip dac luc cho cac nha thiét ké tao cac trang
phuc cAc miu ma theo hinh dang con ngudi.

Hinh 1. 11 Sir dung RE thiét ké nhan vat va méi trweong trong Game

*  Cong ngh¢ RE con dugc ung dung rong rai trong linh vyc gidi tri, mo
phong nhu thiét ké cac nhén vat trong Game 3D, tao cac mdi truong giao dién
ao trong Game phuc vu gia tri, lam phim anh hay mé phong 1 qua trinh nao dé
phuc vu cho 1 muc dich nao do.

*  Cong ngh¢ RE con dugc ap dung trong mot vai linh vuc khac nixa.
NOi chung ctr ¢ dau can thiet ké dua ra mo hinh CAD thi ¢ d6 c6 the ap dung
cbng nghé RE. Xu hudng cua nén san xuat hién dai huéng den tiéu chi JIT (Just
—In

— Time 1a tiéu chi ngan thoi gian ché tao san pham). Véi tiéu chi, khoang
thoi gian thoi gian tir luc dat hang san pham cho dén khi c6 san pham that da rat
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ngan di rat nhiéu , c6 thé tinh theo ngay, theo gid thay vi tinh theo quy, theo
thang hay theo tuan trudc kia. Voi tinh wu viét vé thoi gian va do chinh xéc,
cdng nghé thiét ké ngugc hira hen s& 1a cong nghé thiét ké cha dao cua nén san
Xuat. [3]

1.2. Cong nghé tao mau nhanh

1.2.1. Gi6i thiéu k¥ thuit tao miu nhanh

K thuat tao mau nhanh (Rapid Prototyping - RP) la k¥ thuat in hinh anh noi
chi tiét mau. La khai niém méi mé trong linh vuc ché tao may hién nay. Phwong phap
nay co thé tao ra vat thé khong gian 3 chiéu tryc tiép tir dit liéu md hinh CAD 3D Véi
thoi gian rat ngan. K§ thuat nay gop phan giam dang ké thoi gian, chi phi trong qua
trinh thiét ké co khi. So véi phuong phap gia cong truyén thong k¥ thuat nay cé uu
diém nhu sau: Khong can chuan bj dung cu cét got. Khong tén do g4, sira doi nhanh,
thiét ké lai chi tiét thuan lgi, c6 thé thiét ké nhitng chi tiét phuc tap ma khi gia cong
trén nhitng may cong cu s kho khin hoic khéng gia cong dugc.

Ra doi vao nam 1998, k¥ thuat tao mau nhanh dang ton tai hon 30 cong nghé
khac nhau nhu : SLA, LOM, SLS, .... V&i nguyén tic chung la boi dip vat
liéu hoac tach vat licu theo 16p. Vi mdi phuong phap, mdi loai vat liéu khac nhau thi
do6 chinh xac cling khac nhau.

* Un diém cia cong nghé tao miu nhanh.

Tao mau nhanh cé nhitng vu diém sau day:

- Tang kha ning quan sét trong qua trinh thiét ké.

- Tao dugc mau c6 do phic tap cao.

- Giam chi phi, thoi gian thiét ké va ché tao.

- Cho phép giam chu ky thiét ké, ché tao san pham dé mang san pham ra thi
trrong nhanh hon.

* Nhwoe diém cia cong nghé tao miu nhanh.

- D6 bén cua mau phu thudc vao vat lidu va cdng nghé sir dung.
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- b6 chinh xéc cua san pham khong cao vi nguyén tic gia cong dap vt liéu
theo tung 16p.

- Gi& thanh cuia san pham con cao do chi phi dau tu va bao tri thiét bj 16n.

1.2.2. Cac buéc cong nghé trong tao miu nhanh

Qua trinh tao mau nhanh cua mdi céng nghé cé nhitng diém khac nhau, nhung
chung déu c6 cac budc sau.
1.2.2.1. Mb hinh hoa CAD

Pay 1a budc dau tién trong qua trinh tao mau nhanh, 4p dung cho tat ca cac hé
théng tao mau nhanh khac nhau, né gan lién véi viéc tao mé hinh 3D cua vat thé thiét
ké bang may tinh.

Dé tao ra mo hinh vat thé thiét ké, nguoi thiét ké cd thé xay dung md hinh nho
phan mém CAD, Scaner hoic tao dung vat thé theo toa d6 ma mdy do toa do cung cap.

Pay 1a budc quan trong nhat va quyét dinh dén chét lwong va do chinh xéc cua
san pham.
1.2.2.2. Xuat sang dang file.STL

Thong thudng mot file CAD can chuyén dén bo dich cia may tao mau nhanh.
Budc nay dam bao dir liéu CAD dua vao may tao mau nhanh duoc dinh dang STL,
dang md hinh biéu dién mit bién gom nhiéu manh tam giéac rat nho. Pay 1a dinh dang
tiéu chuan cia may tao mau nhanh.
1.2.2.3. Tao cac chan d& san pham

Budc nay nham tao chan d& va dugc luu trong 1 file CAD riéng. Cac nha thiét
ké CAD c6 thé tryc tiép thuc hién nhiém vu ndy hoic bang cac phan mém chuyén
dung cua tao mau nhanh. Viéc thiét ké chan dé nham:

- Bam bao cac ludi phu khong bi va vao ban dit chi tiét.

- Pam bao bat ctr bién dang nhé nao cua ban dat chi tiét ciing khong anh huéng
dén qué trinh ché tao chi tiét.

- Cung cap phuong thirc don gian nhat cho viéc lay san pham ra khoi tim dé khi
ché tao xong
1.2.2.4. Cit lat
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Ca chi tiét va chan d& déu phai cit Iat. Chi tiét duoc cat lat toan hoc bing may
tinh thanh 1 chudi cac mat phang song song voi nhau. Ciing trong budc nay can phai
lya chon céc thdng sé nhu chiéu day lép cat, kiéu ché tao duy tinh, chiéu sau luu hoa,
khoang cach cac buéc quét can thiét, ...

Pé qué trinh ché tao dugc tét thi phai dinh huéng ché tao. Mot qua trinh dinh
huéng ché tao hop Iy cé thé nang cao dugc do chinh xac chi tiét va giam thoi gian ché
tao chi tiét do d6 giam duoc gia thanh san pham. Pinh huéng ché tao phu thudc vao
muc tiéu lya chon, ¢ nhiéu muc tiéu nhu: Chiéu cao ché tao, chat lwong bé mit, viéc
ché tao c4c phan nang d& san pham, ...
1.2.2.5. Ché tao

Pay 1a giai doan polyme hoa nhua hay thiéu két vat liéu va két qua cudi cung
mét vat thé 3D duoc tao ra. Tuy theo phuong phap gia cong viéc ché tao duogc thuc
hién véi phan cang va phan mém véi vat ligu thich hop. Nhung qua trinh ché tao van
tuan theo nguyén tic gia cong vat liéu theo tirng 16p, 16p nay ké tiép Iép kia. Vat thé
duoc hinh thanh c6 thé theo cach bdi dap vat hay tach bo vat liéu theo 16p. Két cau d&
dugc ché tao trudc hoic dugc ché tao cing véi chi tiét. Tuy theo phwong phép, sau
mdi 16p ban d& duoc ha xudng hoic nang 1én dé gia cong 16p tiép theo. Céac chuyén
dong cua ban d& va dung cu déu dugc lap trinh va diéu khién bang may tinh.
1.2.2.6. Loai bé vat li¢u thira, hoan thién va lam sach vat thé ché tao

Sau khi két thdic qua trinh ché tao, vat liéu thira (bot thira trong phuong phap thiéu
két, nhura long thira, cac 16p vat liéu da duogc cit bo trong phuong phap LOM ...) dugc
ldy di khoi ving gia cong. Vat thé sau khi ché tao duoc lay ra khoi ving gia cong va
duoc 1am sach bang cac phuong phap nhu phun khi, rira, stra va 1am sach bing phuong
phap co khi.
1.2.2.7. Xir ly sau ché tao

Trong mot s6 cdng nghé tao mau nhanh, vat thé sau ché tao méi chi duoc thiéu két
hay polyme hod mét phan nén chua dat duoc céc chi tiéu cao nhat vé cac tinh chét co

1y hod... nén can phai c6 cac budc xir ly tiép theo tuy theo phuwong phap ché tao. Vat
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thé sau khi dugc tao hinh c6 thé duogc thiéu két hoan thién hoic nhing vao nhua hay
cao su dé tién hanh polyme ho4 hay luu hoa dé dat yéu cau dat ra.
1.2.2.8. Hoan thién chi tiét

Tuy theo muc dich str dung, c¢d thé dung nhiéu muc hoan thién chi tiét nham mo
hinh hoa quan sat va mé hinh hoa khai niém, chi can loai bo cac chan d& 1a dugc. Dé
linh hoat va t6i wu hon c6 nhiéu phuong phap hoan thién nhu bang tay, phun céc hat
¢6 kich thuéc nho, hay bién phap tich hop ca hai phwong phép trén. Céc chi tiét ciing

c6 thé duoc danh bong, son hay phi kim loai.

1.2.3. Cac cong nghé tao mau nhanh
1.2.3.1. Céc céng nghé tao mau nhanh sir dung vat liéu & dang léng

*Hod ran polime léng cam quang

-Phuong phap nay duoc xay dung dya trén hién twong mot sé loai polime long
bi hod rin duéi tac dong cua birc xa dién tir: VD: nhu tia tir ngoai, tia laze. ..

-Chi tiét c6 thé duoc xay dung bang cach hoa ran timg diém hoic hoé ran toan

bo 16p.

-Phuong phap nay duoc ap dung kha pho bién.

*Ho4 ran vat liéu ndng chay

-Pay 1a phuong phap dya trén viéc lam chay va hoa ran lai vat lidu ché tao chi
tiét.

-Phuong phép nay ¢ 2 dang chinh d6 1a ling dong vat liéu néng chay tai cac
diém va hoa ran vat lidu ca 16p cing luc.
1.2.3.2. Céc cong nghé tao mau nhanh sir dung vat liéu ¢ dang bét

Céc phuong phap nay tao chi tiét bang céch lién két cac hat dang bot véi nhau

bang tia Laze hay bang vat liéu két dinh riéng. C6 3 phuong phap duoc ding phd bién
hién nay khi tao chi tiét dang bot Ia:

-Thiéu két cd chon loc bang bing Laze.

-Tao hinh dang ludi bang ky thuat Laze.

-Str dung cdng nghé in 3 chiéu.

1.2.3.3. Céc cdng nghé tao miu nhanh sir dung vat liéu & dang tam
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Céc phuong phap nay tao chi tiét bang cach sir dung tia Laze hay vat liéu két
dinh lién két cac tim mong véi nhau. C6 3 phuong phap duoc ding hién nay khi tao
chi tiét dang tam:

- Gia c6ng vat liéu dang tim mong.
- Tao hinh dung tim giay.
- Polime hoa céc 14 vat liéu ran.
1.2.3.4. Dir liéu dau vao trong cong nghé tao mau nhanh

Dit liéu dau vao quan trong nhat can thiét cho cong nghé tao mau nhanh 1 dit
lieu vé bién dang cua md hinh can ché tao. Ngoai ra con can cac thong tin khac nhu
dung sai, chat lugng bé mat, vat liéu gia cong, phuong phap va thong sb gia cong. Dir
liéu vé md hinh chu yéu ¢ cac dang sau:

-M6 hinh bé mit (Surface).

- M6 hinh khéi ran (Solid).
- Dir liéu dang diém.

- Dir liéu dang toan hoc.

- Dtr liéu dang hinh anh.

- Dix liéu l6p cat.

1.2.4. Ung dung ciia cdng nghé tao miu nhanh

2.4.1. Puc khuon vé méng

Puc khuon vo mong 1a mot qua trinh duc chinh xac dé ché tao 1a nhiing chi tiét
c6 hinh dang sac canh tir cac hop kim. Hiéu qua chu yéu khi &p dung phuong phap tao
mau nhanh trong cong nghé dac khuoén vé mong la kha ning tao ra mau cé do chinh
Xé&c cao, chi phi thap va thoi gian dé tao mau ngan

1.2.4.2. Ché tao dung cu

Nguoi ta tng dung cdng nghé tao mau nhanh trong ché tao dung cu nhu dién
cuc trong gia cong tia lra dién, ché tao cac khe ho hodc rudt caa khudn phun nhua,
dng dan hé théng diéu hoa nhiét do. ..

1.2.4.3. Tao miu nhanh trong ché tao san xuit
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Céc vat thé ché tao bang tao mau nhanh ngay cang dugc sir dung thudng xuyén
dé kiém tra chirc ning va c6 thé kiém tra trudc khi san xuat hang loat. Bang cach d6
ngudi ta cd thé kip thoi phat hién cac 15i ¢ giai doan khi ma sy thay doi chua ton kém
lam.

Tao mau nhanh cho mot md hinh vat 1y cé thé sir dung dugc ngay nhu 1a mot
mo hinh CAD 3D c6 san. Md hinh vat ly 1a3 mét céng cu truyén dat thong tin hoan hao.

Néu mot hinh anh bang mét ngan 1di néi thi mé hinh vat Iy bang mét ngan hinh anh.

1.2.4.4. Ung dung tao mau nhanh trongy hoc

Ung dung phuong phéap tao mau nhanh trong y hoc 12 mot linh vuc mai. Nhiéu
g dung da tré nén rat quan trong do sy hoi tu ciia ba cong nghé riéng biét d6 1a: hinh
anh noi soi, d6 hoa dién toan, CAD va tao mau nhanh.

CT (Computer-Assisted Tomography) va URI (Magnectic Resonance
Imaging) cung cip nhitng hinh anh dé giai quyét tét nhitng ciu tric bén trong caa co
thé con nguoi. Vi du c&c cau trlic cua xwong va cac co quan. Nhitng hinh anh nay duoc
xir ly bang nhitng cong cu phan mém thich hop. N6 c6 thé chuyén két qua cho qui
trinh tao mau nhanh va tao ra vat thé vat Iy, mé hinh nay duoc goi 1a mé hinh y hoc.

Cong nghé nay cung cap cho bac si va nha phau thuat nhitng cong cu méi.
nhitng md hinh vat ly cia cdu tric bén trong 1a co s& dé hoi chan va chuan bi cho

nhitng truong hop phau thuat phirc tap mot cach tét hon.

1.2.5. Mt s6 cong nghé tao miu nhanh dién hinh
1.2.5.1.Phwong phap tao mau nhanh SLA
Phuong phip tao miu nhanh SLA (Stereo Lithography Aparatus) dugc phat
minh boi Charles Hull vao ndm 1984 va duogc phat trién boi cong ty 3D Systems — My
(thanh Iap nam 1996 Charles W. Hull va Raymond - S — Freed).
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Hinh 1. 12 May tao miu nhanh SLA

Thiét bj SLA — 190 Ia thiét bi dau tién cua phuong phap tao mau nhanh va sir
dung tia laser He-Cd. Thiét bi SLA sir dung tia laser He-Cd. Thiét bi SLA —sir dung
laser & trang thai ran Nd: YVO4. Thiét bi SLA — 500 sir dung tia laser Argon-ion rat
manh. Tat ca cé4c thiét bi déu st dung chung maot loai vat lidu san xuat 1a loai nhua
long c6 kha nang dong dac dudi tdc dung cua céc tia tir ngoai nhu: tia gama, tia cuc
tim, tia X, tia electron, phong xa cua truong dién tir, nhu expoxy, actylates, ...

Tén thuong mai cua cac loai nhya nay la: Accura plastic, Accura 25 plastic,
Accura 10 plastic, Accura 50 Natural plastic, Accura 50 Grey plastic, Accura
Bluestone nano-composite plastic, Accura 45HC plastic...Qua trinh tao mau bang
phuong phap SLA duoc trai qua 5 giai doan Tao mé hinh CAD 3D Tao file di liéu

STL Kiém tra Tao mau Hau xi ly
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Hinh 1. 13 Nguyén ly hoat dgng ctia phwong phap SLA
Nguyén ly lam viéc
Dau tién ngudi ta dit thiét bi nang cach bé mat chat long mot khoang bang Vi
d6 day cua Iop vat liéu dau tién (tac 1a 16p nam dudi cung). Sau dé, chum tia laser
duogc diéu khién bang may tinh thdng qua hé théng quét bang quang hoc s& quét 1én bé
mit theo nhitng tiét dién cua tirng mat cit. \Vat liéu long khi bi tac dong cua chum tia
laser s& bi déng dac lai hodc 1a duoc xir 1y. Sau d6, Co cdu nang dugc dich chuyén
xudng phia dudi mot doan dung bang chiéu day cia mot 16p va qua trinh duoc lap lai.
Cac 16p lién két lai v6i nhau thanh khoi. Cudi ciing vat thé dugc Iy ra tir thung dung
chat long va chat long con lai thong thuong dugc xir Iy trong 16 nung dic biét. Boi vi
chi tiét duoc tao thanh trong méi truong chat long va bén trong vat thé con chira chat
long polyme, do dé can thiét phai thém céc két cau trg giup dé ting do cang chi tiét va
dé tranh cho phan chi tiét da duoc tao thanh chim trong chat long khéng bi noi I1én
hodc khong bi trdi noi tr do & trong thung.
Sau khi lay chi tiét ra khoi hé thdng SLA, chi tiét phai trai qua mot loat cac qua
trinh hau xir 1y dé 1am sach, g& bo co cau tro gidp...
* Mot 56 wu, nhuwoc diém cia phwong phap SLA.
- Uu diém :
+ Hé thdng ciring vitng va hoan toan ty dong.

+ D0 chinh xac kich thudc cao +/-0.1 mm.
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Do béng bé mit cao.
Do phan giai cao phu hop vai cac chi tiét phuc tap.
Vi su ho trg caa phan mém chuyén dung QuickCast cho phép tao mau

cho qua trinh dtc khuon kim loai nhanh chéng va chinh xac.

- Nhwoe diém :

+

+

+

+

+

San pham bj cong vénh.

Gia thanh hoi cao.

Vit liéu sir dung bi han ché.
Phai qua giai doan hau xu ly.

Chi phi van hanh va bao tri cao.

1.2.5.2. Cong nghé tao miu nhanh SLS

Phuong phap SLS (Selective Laser Sintering) nay dugc phat minh boi Carl

Deckard vao nim 1986 & truong dai hoc Texas va dugc bang sang ché 1989, duoc dwa
ra thi trudng bai tap doan DTM (duoc thanh lap 1987). Thiét bi dau tién dugc thuong

mai hoa vao 1992. Pay la mot trong nhitng phuong phap dau tién va dugc cdng nhan

sau SLA. Phuong phap nay ciing dya trén qua trinh ché tao ting 16p nhung chat

polymer long duoc thay bang vat lidu bot.

Hinh 1. 14 M4y tao miu nhanh SLS

Nguyén ly lam vigc:
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Hinh 1. 15 Nguyén ly hoat dong cia phwong phap SLS

Phuong phap SLS str dung tinh chat cua vat liéu bot 1a ¢6 thé hoa ran dudi tac
dung cta nhiét (nhu nylon, elastomer, kim loai). Mot 16p mong cua bot nguyén liéu
duoc trai trén bé mat cua xy lanh cong tac bang mot trong dinh mirc. Sau do, tia laser
hoa rin (két tinh) phan bot nam trong dudng bién cua mat cat (khong thuc su 1am chay
chat bot), 1am cho chiing dinh chat & nhitng chd c6 bé mit tiép xuc.

Trong mot s6 trudng hop, qué trinh nung chay hoan toan hat bot vat liéu dugc
&p dung. Qua trinh két tinh c6 thé duoc diéu khién twong tu nhu qua trinh polymer hoa
trong phuong phap tao hinh lap thé SLA. Sau d6 xy lanh ha xuéng mot khoang céch
bang do day 16p ké tiép, bot nguyén liéu dugc dua vao va qua trinh duoc l1ap lai cho
dén khi chi tiét dugc hoan thanh.

Trong qué trinh ché tao, nhitng phan vat liéu khéng nam trong dudng bao mat
cit s& duoc lay ra sau khi hoan thanh chi tiét, va dugc xem nhu b phan phu trg dé cho
l6p méi dugce xay dung. Didu nay c6 thé lam giam thoi gian ché tao chi tiét khi dung
phuong phap nay. Phuong phap SLS c6 thé duoc ap dung véi nhiéu loai vat liéu khac
nhau: Policabonate, PVC, ABS, nylon, sap,... Nhitng chi tiét duoc ché tao bing
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phuong phap SLS tuong déi nhdm va ¢6 nhitng 16 hdng nho trén bé mat nén can phai
xur ly sau khi ché tao (xi ly tinh).

Vat liéu sir dung: Polycachonate (PC), nylon, sap, bét kim loai (copper
polyamide, rapid steel), bot gébm (ceramic), glass filled nylon, vét liéu dan hoi
(elastomer).

* Qua trinh tao mau :

San pham duoc chia thanh céc lat cat tir file dinh dang. STL tao mot I6p bang

cach trai cac 16p bot, thiéu két bang nguon laser CO2 theo cac budc sau

- Mot 16p vat lidu bot ndng chay duge dat vao budng chira san pham.

- Lop vat liéu bot dau tién duoc quét bang tia laser CO2 va dong dac lai va vat
liéu bot khong dugc xir Iy s& duge dua tro vé thing chia liéu.

- Khi 16p thir nhit da hoan thanh thi 16p vat liéu bot thir hai duoc cp va théng
qua con lan co khi chuan bi cho qua trinh quét 16p thir hai.

- Buéc hai va buéc ba duoc 13p lai cho dén khi san pham dugc hoan thanh.

Sau khi qua trinh két thic, san pham duoc lay ra khoi buong xu ly va cé thé qua
giai doan hau xur Iy hoic danh bong lai nhu phun cat tiy tirng @ng dung caa san pham.

* Mot s6 wu, nhwoe diém ciia phwong phap SLS.
- Uu diém :

+ Sb luong vat liéu dua vao qua trinh cao gitp cho qué trinh tao mau nhanh
chong.

+ Vit liéu da dang, khong dat tién.

+ Vat liéu an toan.

+ Khéng can co ciu hd trg (Support).

+ Giam su bop méo do tng suat.

+ Giam cac giai doan cta qua trinh hau xu 1y nhu chi can phun cét.

+ Khéng can xir ly tinh (Post-curing).

+ Ché tao cuing ltc nhiéu chi tiét.

- Nhugc diém :

+ Do bong bé mit tho.
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+ Chi tiét ¢ trang thai rd.
+ Lép dau tién c6 thé doi hoi mot dé twa dé giam anh huéng nhiét
+ Mat d6 chi tiét khong dong nhat.
+ Thay doi vat liéu can phai 1am sach may k§ cang.
1.2.5.3. COng nghé tao mau nhanh LOM
Cong nghé tao mau LOM (Laminate Object Manufacturing ) dugc phat minh
bai Michael Feygin vao nam 1985 va dugc tung ra thi trwong boi cong ty Helisy.

Laser

Hinh 1. 16 Nguyén ly hoat dong cia phwong phap LOM

Nguyén ly lam vigc:

Dau tién, thiét bi nang ¢ vi tri cao nhat cach con lin nhiét mot khoang bing
dung do day cua 16p vat liéu, tiép theo con lin nhiét s& can 16p vat liéu nay, dudi bé
mat cua vat lidu c6 chat két dinh ma khi dugc ép va gia nhiét bai truc lin no sé& gilp
I6p nay lién két vai 16p trude. Hé théng quang hoc sé dua tia laser dén dé cat vat lidu
theo hinh dang hinh hoc ctia mé hinh di tao tir CAD. Vat liéu duoc cit bai tia laser
theo duong vién cua mat cat 1at. Phan vat liéu du s& duoc thu hdi bang con lan hoi liéu.

Sau d6 dé ha xudng cdu nang ha xudng thap va vat liéu méi duoc nap vao, co cau lai
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nang 1&n cham dén vi tri thip hon chiéu cao trudce do, truc can sé& tao lién két giira 1op
thi hai véi 16p thir bang dung chiéu day 1op vat lidu ké tiép.

Chu ky nay duoc Iap lai cho dén khi két thuc. Nhiing vat liéu du dong vai tro
nhu co cdu phu tro dé d& cho chi tiét. Vat liéu du nay ciing dwoc cit thanh nhiing
duong ngang doc (cross-hatch). Nhitng duong giao tuyén song song nay lam bong
nhitng vat liéu du dé né duoc lay di d& dang sau khi ché tao. Sau d6, bé mat cua chi
tiét co thé duoc danh bong, xi ma, hodc son phu theo yéu cau. Theo nguyén tac tat ca
c4c vat liéu dang tdim déu co thé sir dung cho hé thong LOM. Nhung thong thudng
LOM str dung nhiéu nhat 1 giay, plastic, gdm va vat liéu composite

* Mot s6 wu nhwoe diém cia phwong phap LOM
- Uu diém:

+ Vat liéu da dang, ré tién. V& nguyén tic c6 thé sir dung cac loai vat liéu:

gidy, chat déo, kim loai, composites va gém.

+ Do chinh x4c cao dat dugc tot hon 0,25 mm. Bang viéc cat vat liéu thay vi
héa ran n6, hé thong cé thé bao vé duoc nhitng dic tinh ban dau cua vat liéu.

+  Khong can thiét két cau hd tro.

+  Tbc dd cao, nhanh hon cac phuong phap tao 16p khac bai vi tia laser
khdng cat toan bo dién tich ma chi quét theo chu vi bén ngoai. Do d6, vat liéu day va
mong cd téc do cat bang nhau.

+  Khéng c6 su thay doi pha trong qua trinh ché tao chi tiét nén tranh dugc do
co rut cua vat liéu.

+  Khong doc hai va 6 nhiém moi truong.

- Nhwoe diém:

+  Khdng thu hdi duoc vat liéu du. Sy cong vénh cua chi tiét thuong 1a van dé
chinh cta phuong phap LOM.

+ LAy san pham ra khoi két cAu hd tro kho khan.

+ Do bong bé mat khong cao.

1.2.5.4. Cong nghé tao mau nhanh SGC
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Hé thng tao mau nhanh SGC (Solid Ground Curing) duoc san xuat boi cong ty
Cubital Ltd. Cong ty Cubital Ltd duoc thanh lap 1987 va san pham thuong mai dau
tién 1a 1991. Bén ngoai Israel, cdng ty Cubital con c6 cdc cong ty ¢ My va buc. Cac
san pham cua Cubital bao gdm: Solider 4600 va Solider 5600 (tinh dén nim 1997).

Nguyén ly lam viéc:

Chi tiét duoc xay dung tirng 16p mot tir vat liéu long photopolymer.Vat liéu nay
s€ bi dong clirng dudi tac dung cua tia cyc tim.

Céac bude duoc tién hanh nhu sau:

-Chuan bi di liéu

-Tao mat na va tao mau.

M3t na nay duoc tao tir dir lisu CAD nhap va in trén mot nén trong sudt (thay
tinh) bang phuong phap tinh dién, giéng nhu qua trinh duoc sir dung trong may
photocopy va may in laser. Mot 16p mau den s& phu 1én toan bo bé mat trir nhitng tiét
dién caa san pham thé hién bang nhiing mién trong sudt phan anh chinh xac mat cat o
I6p hién hanh cua san pham. Lép mau den nay co6 thé x6a dugce dé tao mat na cho
nhitng 16p vat liéu tiép theo. Dudi tac dung cta chum tia tir ngoai xuy@n qua tam thuy
tinh khi tim thuy tinh di chuyén dén vi tri gan phia trén dinh cua Iop mong chét long
polymer va chiéu vao thing vat liéu bén dudi. Phan vat liéu bi chiéu bai tia tir ngoai s&
dugce déng dic nhanh chong, cung ldc nay hinh anh trén tim thuy tinh s& duoc xo4 di
dé chuan bi cho I6p tiép theo. Vat liéu du khong bi dong dic s& duoc thu hoi lai, va
khoang tréng xung quanh san pham dang dugc ché tao s& duoc dién diy bang sap
(wax), ¢ tac dung nhu 1a bo phan hd tro trong suét qué trinh tao san pham. Bé dam
bao cho qué trinh hoa ran nhanh, sép long duoc dong dic bang mot tam 1am ngudi sép.
Sau d6, dau phay s& lam nhian bé mat san pham va xac dinh ding bé day caa mot 16p.
Bo phan d& san pham sé& dich xudng ding bang chiéu day cua mét 16p va qua trinh
duoc lap lai cho dén khi hoan thanh san pham.

*Mot s6 wu nhwoe diém cia phwong phap SGC.

- Uu diém:
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+ Hé théng xu ly song song: qué trinh tao mau va xt ly tinh xay ra song song
do @6 tiét kiém thoi gian tir 25-50%, giam Gng suat bén trong va do cong vénh san
pham.

+  Khong can thiét ké két cau hd tro .

+  Pic tinh san pham dong nhat.

+  C6 thé ché tao cung lic nhiéu san pham.

- Nhwoe diém:

+  Gi4thanh cao, thiét bi 1am viéc on.

+  Vat liéu sir dung bi han ché.

+  Phai qua giai doan hau xu ly.

+  Chi phi van hanh va bao tri cao.

+  Phai lay sép ra khoi san pham khi ché tao xong.

1.2.5.5. Tao miu nhanh bang cong nghé in 3 chiéu

Cong nghé in 3 chiéu (3D Printing Technology) la san pham cua héng
Zcoporation cua My day 1a hang chuyén cung cap, san Xuat va cung cap cac thiét bi
tao mau nhanh véi cong nghé in 3 chiéu c6 téc dd nhanh nhat hién nay.Cong nghé nay
c6 thé ché tao ra cac san pham mau nhanh, dé dang véi chi phi thap tir dir liéu dang
CAD va céc dang k¥ thuat sb khac.

Thiét bi in 3 chiéu st dung cdng nghé két dinh vat liéu bot 1a mot phat minh
sang ché cua Ely Sachs hoc vién céng nghé Massachusetts (MIT) ciia my dé ché tao ra

cac chi tiét truc tiép tir cac file dit lidu so.
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Hinh 1. 17 May in 3 chiéu

* Nguyén ly lam viéc.
Phuong phap 3D Printing hoat dong theo nguyén tic in “phun muyc”. Mot loai
muc keo dic biét dugc phun 18n 16p bot nhya di duoc trai phang va hoa ciung. Nhu thé

1a chung da tao ra mot 16p va ting 16p dan dan tao ra vat thé.

Bf;hﬁu rdi &
chit gin két Vang xdy dung mau
Hp dung bot

Con lidn 1rdi bot Ldp bot mdi
phun

|‘l / .4.U \\
Piston tiép bjt /

Piston Iy bt Méu mdi hién ra
thita

Hinh 1.18 C4u tao may in 3 chiéu

Cong nghé nay dugc thuc hién qua 5 budc :

- Pau tién thiét bi trai ra mot 16p bot mong
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- Sau d6 dau phun ra cac chat dinh két dé tao ra mat tiét dién ngang cua chi tiét
hoac san pham.

- LUc nay piston gitta ha xuéng mét bac tao khéng gian cho lép (mat tiét dién
méi) hinh thanh.

- Qué trinh duoc 13p lai cho dén khi toan bo chi tiét hodc san pham hinh thanh.

- Sau khi hoan thanh chi tiét hoac san pham s& dugc bao boc mot 16p bét thira,
ltc nay chi viéc rung hoic lic va nai long bot dé Iy chi tiét hoac san pham ra. Bot
thira ¢ thé tai sir dung.

* Mot s6 wu nhwoe diém cia cong nghé in 3D.
* Uu diém:
+ Téc do hinh thanh san pham rat nhanh, cé thé gap 5-10 lan so véi cong nghé
khéac

+

Chi phi dau tu s& hitu thap nhat trong linh vuc ¢éng nhgé tao mau nhanh.

+  Chi phi nguyén vat liéu va chi phi san xuét thap.

+  Padang vé vat lidu ché tao va céc ung dung.

+  CO4thé in cac vat co cau tao hinh hoc phirc tap ma khéng can gia d.

+ D@ dang chuan bi, sir dung, va bao dudng.

+ L& cong nghé tao mau c6 day dit mau sic 1én dén hang triéu mau.

Cong nghé in 3D cho phép ché tao cac san pham da dang tir cac vt liéu khac
nhau, mau sac khac nhau, khéi luong va kich thudc véi cac ty 1é khac nhau so vai chi
tiét hodc san pham that.

1.2.5.6. Tao miu nhanh bing céng nghé in 3 chiéu (FDM)

Cong nghé in 3D bang phuong phap FDM (Fused deposition modeling) 1a mot
phuong phap san xuat san pham trong d6 cac 16p vat liéu duoc két hop véi nhau theo
mot mau dé tao ra mot vat thé hoan chinh. Vat liéu s& duoc str dung nhiét dé l1am chay
nong chay vat liéu, va sau d6 duoc dun theo mau Ién canh hoac 18n trén c4c lan ép dun
trude do, tao ra ting 1op tirng 16p caa san pham.
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print head
moving in X and Y

Hinh 1. 19 Céau tao may in 3D-FDM

Noi cach don gian 1a lay mét soi nhua va ép n6 qua mot dau nong, 1am tan chay
n6 va sau d6 ling dong thanh ting 16p trén ban in. Cac Iép nay duoc hop nhat véi
nhau, tich tu trong suét qué trinh in, va cudi cting ching sé& tao thanh phan hoan thién.

SU RA POl CONG NGHE FDM

Cong nghé in 3D FDM duoc phét trién boi S. Scott Crump nam 1980 cua héng
Stratasys. Hang nay dd ban ban chiéc may st dung cong nghé FDM dau tién c6 tén
“3D Modeler” nam 1992. Vat liéu st dung trong FDM la céac loai nhua nhiét déo:
ABS, polyamid, nylon, sap.

Cong nghé FDM cua Stratasys ngay nay da phat trién tim ¢& cdng nghiép. Tuy
nhién, sy ting truéng manh mé cua cac may in 3D tir nhimg nam 2009 phan 16n lai
khéng phai dua trén cong nghé cua Stratasys, ma dua trén mot phuong phap in la
Fused Filament Fabrication (FFF) caa cong ty noi tiéng tén 1a MakerBot.. Vi phuong
phap in FFF 1a nd khong chi c6 kha ning in cac nguyén mau ma con in dugc CAC san
pham hoan thién cudi cung dén tay nguoi ding. Cong nghé nay cé hiéu suat cao va st
dung k¥ thuat in nhiét déo rat c6 gia tri d6i véi ki su co khi va cac nha san xuat,chinh
vi vay san pham sau khi dugc in hoan thiét c¢é chat luong rat tot vé mit co hoc, nhiét
va héa hoc.
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Tbc do in cua cdng nghé FDM phu thude vao kich thude va do phic tap cua
mot ddi twong in. Cac d6 vat nho cd thé in twong d6i nhanh chéng trong khi cac bo
phan phtc tap doi hoi nhiéu thoi gian hon. So véi ki thuat SLA, FDM thuc hién in
cham hon.

Vi gia thanh may va vat liéu in 3D ré, nén cong nghé nay dang la cong ngh¢ in
3D phaét trién manh nhat, pho bién nhat hién nay (con duoc goi 1a cong nghé in 3D
FFF). Dién hinh 1a cac dong may in 3D Reprap hoic may in 3D gia ré (Makerbot,
Printerbot, Flashforge,..)

Hinh 1. 20 May in 3D-FDM

CAU TAO CUA HE THONG IN 3D BANG PHUONG PHAP FDM
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Vit liéu ho tro
Vit liéu chinh 'Y

au phun

~ Banhxe
Ong gia nhiét

Vo1 phun

>

f
. \#i

Cudn vat lidu ho tro

Cudn vat liéu chinh \o

Hinh 1. 21 Céu tao may in 3D-FDM

Chi tiét dang duoe ché tao

‘hi tiét d&

M@t hé théng in 3D bing phwong phap FDM gom:

- May tinh va hé théng phan mém: May tinh doc duoc file 3D dudi dang
duodi STL. Pay 1a dinh dang tiéu chuan dé thé hién cac vat thé ran cia nganh cong
nghiép tao mau. Va phan mém " cit-tach" dé diéu chinh kich thuéc, vi tri va hudng dat
dé moé hinh. Sau d6 phan mém s& tién hanh cat tach, chinh sta cac s6 liu, cai dat
thong s6 dé phan mém xuét ra file GCODE dé may in c6 thé doc dugc.

- Co ciu diéu khién dau in: Dau in di chuyén theo theo phuong X va Y
thong qua motor. N6 co trach nhi¢m cho viéc “vé&” tung I6p in 2D theo ding nhu thiét
ké cua chi tiét. Do chinh xac cua mot chi tiét in 3D do d6 chic chin cua dau in va chat
lugng cua dong co va cam bién diéu khién cua ban in s& quyét dinh.

- Pau in va hé thong ép dun: Hé thdng ép dun chiju trach nhiém gia nhiét va
dun vat liéu in 3D bang nhya nhiét déo théng qua mot voi phun dé tao thanh san
pham. Cac yéu té nhu kich thudc voi phun va tdc d6 dun nhya s& tic dong dén do
chinh x4c ma may in c6 thé dat duoc, cling nhu toc d6 in. P rong cua dudng dun co
thé thay d6i trong khoang tir (tir 0,193mm dén 0,965mm) va dugc xac dinh bang kich
thudc cua miéng dun.

- Ban in va hé théng chuyén ddng truc Z: Ban in 14 noi chira san pham in,

dau in s& ép dun vat ligu 1&n ban in. Trong qué trinh in, hé thong chuyén dong truc Z di
chuyén ban in theo ting budc, bang nhau dé tao ra cac lop cau thanh chi tiét in. Do
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chinh xac cua cac dong co diéu khién hé théng chuyén dong Z kiém soat do phan giai
va chat Iugng cua chi tiét theo truc Z.

- Sgi nhyra nhiét déo hay sap: dun qua dau phun nho cua khudn duoc gia
nhiét

- Co' ciu cung cap sei nhua

UU PIEM VA NHUQC PIEM CUA CONG NGHE IN 3D BANG
PHUONG PHAP FDM
* UU PIEM

- La cong nghé in 3D gia ré, dé sira chira va thay thé chi tiét may mac, in véi s6
lugng 16n va sir dung it nguyén lidu dé tao san pham.

- Téc do tao hinh 3D nhanh.
- Cong nghé tao mau nhanh, don gian, dé tin cay cao, bao dudng dé dang.

_-Su dung vat liéu nhya nhiét déo khong doc, khong mui, va do do s€ khdng gay
0 nhiém mo6i truong xung quanh.

- Thiét bi hoat dong tao ra it tiéng on.

NHUGC PIEM

- It khi diing trong lap ghép vi do chinh xac khdng cao.
- Kha ning chiu lyc khong ddng nhat .

- D6 min bé mat khéng cao

Ngoai ra con c6 cac phuong phap khac: 3DP, DSPC, BPM, DFL, SDM,
MSDM, FDM. [3]

1.3. Két luan chuong |

Noi dung chuong 1, tic gia d3 trinh bay mot sé van dé sau:
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- Gidi thiéu ky thuat tao mau nhanh

- Cac budc céng nghé trong tao mau nhanh
- C4c cong nghé tao mau nhanh

- Ung dung cta cdng nghé tao mau nhanh

- Mot sb cong nghé tao mau nhanh dién hinh [3]

CHUONG Il : CONG NGHE IN 3D DUNG PE TAO MAU NHANH TRONG
PHUC CHE CO VAT

2.1. Gi6i thi¢u mot s6 miu may in 3D sir dung cong nghé FDM

2.1.1. May in 3D Prusa i3

May in 3D Prusa i3 1a mot phan cua du 4n RepRap va 1a mdy in 3D duoc sir
dung nhiéu nhat trén thé gisi. Prusa i3 duogc thiét ké boi Josef Priiga vao ndm 2012 vi
Prusa 13 MK2 dugc phat hanh vao ndm 2016 va MK2S duoc phat hanh vao nam 2017.
Phién ban mai nhat, duoc goi 13 Prusa i3 MK3 duogc phat hanh vao thang 9 nim 2017
Vi nhitng cai tién dang ké so véi cac mau trude do.

Pic diém cua may in 3D Prusa i3 MK3 14 chi phi ché tao thap, bo phan than
khung may d& gia cong vi thé no da tré nén phé bién trong gi4o duc, va nhitng ngudi

dam mé.
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20 PWNT HOUBL

Hinh 2. 1: May in 3D Prusa i3 MK3

Véi nhitng dac diém trén trén, mau may nay duoc tac gia lya chon dé thyc

nghiém nham tim ra sy anh huéng caa cac thdng sé ché do in dén chat luong mau bé

mat mau in.

2.1.2. May in 3D Delta Kossel

DPuoc phat trién bai Johann tai Seatle, My vao nim 2012. Dong may nay st
dung co cau delta, cdng nghé in FDM, loai nhya thudng dugc st dung 1a nhua ABS,
PLA.
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Hinh 2. 2: May in 3D Delta Kossel

Loai may Delta
Toc do in 320 mm/s
Do phan giai dong co 100 step/mm

Khong gian in / Buong Kinh in

170 mm, chiéu cao 240 mm

Do phén giai moi 16p in

0.2 mm

Gia

600USD

Bang 2. 1: Thong sé6 may in 3D Delta Kossel

Uu diém cia mau may nay 1a may hoat dong ém, it rung, téc d6 va do chinh xac

cao co thé in duoc vat thé co chiéu cao 16n, co ciu co d6 cang virng cao. Bén canh
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nhitng vu diém d6 14 nhitng nhuoc diém nhu khé may 16n, cong kénh, két cau phuc
tap, khé can chinh, gia thanh dat hon so voi dong may prusa.

2.2. Chi tiét vé may in Prusa i3

2.2.1. Tong quan chung
May in 3D Original Prusa i3 MK2S cua hing PRUSAPRINTERS c6 két cau

don gian, dé lap réap, chi phi ré, 6 cang viing twong d6i cao. Phan khung may duoc
thay ddi, st dung nhom dinh hinh 20x20, phan board mach sir dung mach board
Arduino Mega 2560 do board mach dé sir dung ngay ca véi nhing ngudi khong

chuyén, ngon ngi 1ap trinh d& hiéu, phan ctiing duoc két néi dé dang.

Hinh 2. 3: Ban vé m6 phéng may in 3D Prusa i3

Théng sé ky thudt ciza may nhu sau:

Thong sb Gia tri

Kich thudc may 456x460x460 mm

Khong gian lam viéc dau phun 200x200x200 mm

Khéng gian in t6i wu 190x190x190 mm
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Téc d6 in tdi da 150 mm/s

Tdc d6 in tdi uu 20 ~ 80 mm/s
D0 phan giai cia mdt 16p in 0.05~ 0.4 mm
Dung sai cho phép +0.1 mm
Nguon dién dau vao 150- 220V

Bang 2. 2: Thong s6 may in 3D sir dung phuc ché cé vat
2.2.2. Chi tiét két cAu may in Prusa i3
2.2.2.1 H¢ théng co khi.
Déi v6i két cau khung may danh cho mdy in 3D, duoc thiét ké khung may bang
nhom dinh hinh dé thao ldp va stra chita trong qua trinh lap may. Kich thuéc nhom
dinh hinh st dung 14 20x20 dé khung may nho gon. Cac thanh nhom duoc ndi véi

nhau bang ke goc nhom va bu 16ng lyc gic.

4-R1.5

Hinh 2. 4: Khung may in 3D

Véi két cau nhu thé, ban in s& dich chuyén theo phwong Y, dau phun s& dich
chuyén theo phuong XZ. Hai truc XY sir dung b truyén dai, truc Z sir dung bo truyén
vit me — dai dc. Céc chi tiét khac nhu gbi d&, gid gan dong co budc, gia cd dinh truc
XY...duoc in 3D bang chat liéu nhya PLA.[1]

2.2.2.2 Hé thong dién

Pbi véi may in 3D do thoi gian hoat dong lién tuc rat dai co thé t6i hang traim
gio nén nguon cap phai dam ludn 6n dinh dién 4p va dong dién. Nguon dién duoc sir
dung 1 ngudn t6 ong 30A-12V.
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Board diéu khién st dung 14 board Arduino Mega 2560. Board két néi & board
mach trung gian nham két ndi vi diéu khién véi driver va cac thiét bi phan ciing khac.
Str dung board RAMPS & board mach dugc su dung khé nhiéu trong céc du an in 3D.

Driver 1a mot mach phan phéi xung cho dong co, 1am nhiém vu cép dién cho
dong co budc hoat dong. Driver dugc su dung cho may la A4988.

Cong tic hanh trinh 1a thiét bi phan hdi nhim gisi han hanh trinh chuyén dong
cua may.

Cam bién nhiét cho phép biét dugc gia tri nhiét d6 cua dau phun nhua, ban
nhiét, tir d6, quan 1y va diéu khién dwoc gia tri nhiét do nay trudc ciing nhu trong qua
trinh in.

bién tro gia nhiét c6 tac dung dbt nong gia nhiét cho cuc ndng giup cho nhya
nong chay.

Man hinh LCD c¢6 chtrc ning hién thi toa do, cac thong sé va truc tiép in 4n ma

khong can phai thdng qua két ndi véi may tinh. O day ta dung module LCD 2004,

Hinh 2. 5: Board mach RAMPS

Hinh 2. 6: Board mach Arduino Mega 2560
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Co chu chép

Khoi nguon » Phan diéu khién hanh
Vi diéu khién
Board két néi

, | ' ,

Driver Cong tic Déu phun Cam bién

hanh trinh nhua nhiét
| '
Dc_)ng, co LCD
budce

Hinh 2. 7: So 6 khéi hé théng dién may in 3D

P

Truc X

BO toi

ra CTHT CTHT CTHT

TrucY

LCD 2004

Hinh 2. 9: Mgt s6 san pham in bang may in Prusa i3




2.3. Céc yéu té anh huéng dén chit lwong miu in 3D theo phwong phiap FDM

Cong nghé khi in 3D gdm rat nhiéu cac thdng s6 nhu: s nét in bén thanh vat
thé (Perimeters), s6 16p in bao pha ¢ trén cung va dudi cung(Solid layers
Top/Bottom), d6 dic rdng cua vat thé (Fill density), cdu tric nhim nang d& vat thé
(Support meterial), toc d6 in thanh trong ngoai cua vat thé(Perimeters), toc do khi in
phan lap day bén trong cua vat in (Infill).....

Céc thong s6 can duoc nghién ciru va téi wu hoa: do day 1op in (Layers height),
tbc do in thanh trong ngodi cua vat thé(Perimeters), téc do khi in phan lap day bén
trong cua vat in (Infill), toc do lap day mat in khi can lam dac(Solid infill), Téc do dién
day mit trén cua vat (Top solid infill), tbc do khi lap day vat liéu trong nhitng khe
hep(Gap fill)...

2.4. Két luan

May in 3D theo cong nghé FDM véi muc dich phuc vu cho cdng tac nghién
ctu, in the nghiém. Véi dac diém chi phi ché tao ré hon cac dong méy thuong mai, do
cing viing twong ddi cao, ngdn ngit 1ap trinh ma nguon ma dé dang tiép can moi doi

tuong.

CHUONG I11: NGHIEN CUU THUC NGHIEM NANG CAO CHAT LUQNG
BE MAT SAN PHAM IN 3D UNG DUNG CHO PHUC CHE CO VAT
3.1. Muc tiéu nghién ciru thue nghiém
Nghién ctru thuc nghiém 1a phan tich va lya chon cac thong sé ky thuat cia may
in 3D — d6i twong dugc nghién ctu. Trong thuc té rat nhiéu cac thong s cong nghé
cua may in 3D c6 anh huong dén chat luong va bé mit mau in. Tuy nhién, can thiét
lya chon cac thdng sé chinh anh huong dén két qua diéu tra, cac théng s khac dugc

coi 1a khong doi.
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Nghién ctru thie nghiém nhim so sanh, danh gia anh huong cua cac thong s6 dén
chat luong bé mit mau in 3D. Tir d6 so sanh két qua thuc nghiém véi tinh toan 1y thuyét
nham t6i wu héa mot vai thong s6 cong nghé khi in 3D.

Cong nghé khi in 3D gdm rat nhiéu cac thdng s6 nhu: s nét in bén thanh vat
thé (Perimeters), s6 16p in bao pha ¢ trén cung va dudi cung(Solid layers
Top/Bottom), d6 dic rdng cua vat thé (Fill density), cdu tric nhim nang d& vat thé
(Support meterial), toc d6 in thanh trong ngoai cua vat thé(Perimeters), téc do khi in
phan lap day bén trong cua vat in (Infill).....

Cac thong sb can dugc nghién ciru va téi uu hoa: do day 16p in (Layers height),
tbc do in thanh trong ngodi cua vat thé(Perimeters), téc do khi in phan lap day bén
trong cua vat in (Infill), toc do lap day mat in khi can lam dac(Solid infill), Téc do dién
day mit trén cua vat (Top solid infill), tc do khi lap day vat liéu trong nhitng khe
hep(Gap fill)...

3.2. Pham vi nghién ctru thuc nghiém

Tac gia nghién ctru anh hudng clia thong sb ché d6 in 3D dén chat lugng bé mat
mAu in phuc ché ¢o vat: cu thé 1a nghién ctru anh hudng cua do day 16p in (Layers height),
téc d6 in thanh trong ngoai ctia vat thé(Perimeters).

- May in 3D Prusa i3

- Cac thong s6 khac ctiia may dit mic dinh.

3.3. Tong quan co ban vé quy hoach thwe nghiém [5]; [6]

3.3.1. Ké hoach thwc nghiém

Ké hoach thuc nghiém bao gém cac diém thi nghiém, con goi 1a cac diém cuaa ké
hoach. D6 1a mién khong gian chtra cac diém thi nghiém cua céc yéu té dau vao Z. Tai
diém thir i cua ké hoach, bo két hop cac gia tri Zji bao gom gia tri cu thé caa k yéu t6
dau vao:

Zji = [Z1i, Zai, ..., Zxi]
Tap hop chung cac vecto Zji (i = 1, 2, ..., n). n 1a s6 luong thi nghiém cua ké

hoach, phu thugc vao loai mé hinh, sé yéu t6 dau vao va loai ké hoach thuc nghiém.
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3.3.2. Cdc mirc gid tri va khodng bién thién ciia yéu t6 dau vao

3.3.2.1. Sé marc cia yéu té trong quy hogch

Cac gia tri cu thé cua yéu td dau vao Z duoc an dinh tai cac diém ké hoach thuc
nghiém goi 1a cac muc cua yéu t6. Muc caa cac yéu té khong gidng nhau va sé muc
cua cac yéu tb trong ké hoach thuc nghiém ciing khac nhau. S6 mic cua yéu té trong
ké hoach phé bién nhu sau:

- Ké hoach 2 muc

- Ké hoach 3 muc

Viéc lua chon sé mic cua yéu td trong ké hoach thuc nghiém rat quan trong, c6
lien quan truc tiép dén sé luong thi nghiém va diéu nay cang rd khi s luong yéu té
tang 1én.

Vi du: ddi voi mé hinh da thirc bac k yéu té dau vao, sé lwgng thi nghiém trong
treong hop ké hoach toan phan la:

+ Ké hoach 2 muc: N = 2%;
+ Ké hoach 3 muc: N = 3X trong d6: k - 12 s6 yéu t6 dau vao (sé bién vao).

Theo biéu thuc trén sé lugng thi nghiém theo ké hoach 3 muc sé ting 1én rat
nhiéu so vai ké hoach thuc nghiém 2 muc, diéu ndy cang thé hién rd khi sé luong yéu
t6 dau vao ting l1én. Do vay, thic té ang dung phd bién ké hoach 2 muc ¢ bd sung
mét sé diém thi nghiém dic trung va nhitng van dé gigi thiéu tiép theo trong tai liéu
nay sé lay vi du vé ké hoach 2 muc (hai muc t6i wu).

3.3.2.2. Cac marc gid tri va khodng bién thién cia yéu té dau vao trong ké
hogch 2 mac

Khéi niém muac cua yéu té dau vao dugc diung dé miéu ta cac diém dic trung
trong mién ké hoach thyc nghiém. Trong ké hoach 2 muc yéu té dau vao gdm cd: mic
trén, mirc dudi, ngoai ra con bo sung muc co sé, CAc mic “sao” (diém sao).

Thong thudng ké hoach thuc nghiém bao gém cac diém thi nghiém, con goi la
cac diém cua ké hoach. Do 1a mot bo (con goi 1a phuong an) két hop cac gid tri cu thé
cua cac yéu té dau vao Z. Khi d6 tén goi cdc muc cua yéu td nhu sau:

- Mitc trén: Zjmax— la gid tri thuc muc trén cua yéu té dau vao thu j;
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- Mike dudi: Zjmin— 12 gia tri thuc mic dudi cua yéu td dau vao thu j;

- Mite co s¢ Z% cua cac yéu to dau vao 1a diém thi nghiém rat quan trong. Vecto
yéu té dau vao tai mirc co so Z° = [Z°%, Z%, ..., Z%] chi ra trong khdng gian yéu t6
mét diém dic biét quan trong goi 1a tdm ké hoach thuc nghiém, ma ving xung quanh
n6 phan bé toan bo cac diém cua ké hoach thuc nghiém.

CAc toa do Z° (gia tri thuc cua yéu tb tai muc co sd) cua vecto Z° duoc xac dinh
theo cong thac:

Z? - ijin _;ijax

- Khodng bién thién (hay budc thay d6i, diéu chinh) AZ; ctua cac yéu té dau vao

(3.1)

S0 v&i muc co s¢ dugce xac dinh theo cong thirc:
AZj = Zimas = £ jmin (3.2)
2

- C4c bién ma hoa:

Pé tién cho viéc xac dinh cac hé sé cua phuong trinh hdi quy thuc nghiém va cac
budéc xir ly s6 lieu khac, trong cac ké hoach thuc nghiém quy dinh chi ghi cac muc yéu
t6 theo gid tri da duoc ma hoa.

Gia tri ma hoa cua céc yéu td 1a dai luong khong thir nguyén, quy doi tir cAc muc
gia tri thyuc (bién thuc) cua cac yéu té dau vao theo quan hé:

7,7

Xj —T 5 j=1,2,...,k (33)

]
Trong d6 : Z;j — 4 gia tri thuc cua yéu té dau vao thu j;
Xj — 12 gia tri ma hda cua yéu t dau vao thir j.

Nhu vay, theo ty 1& quy chuan, mic co s cua bién ma hoa dau vao x% = 0, tic 1a
gc toa do cua cac bién x; tring véi tam thuc nghiém, con budc bién thién cua cac bién
ma hoa X; tng V&i cac bude Axj = 1.

-7

AXj = _Jm&x Tjmn — 1 (34)
207,

3.3.3. Cac budc cua bai toan quy hoach thuc nghiém va tim cwc tri
3.3.3.1. Chgn yéu té dau vao va ham muc tiéu
S7



Giai doan nay bao gom chon cac yéu t anh huéng dau vao thuéc nhém Z va lua
chon cac ham muc tiéu vyi.
3.3.3.2. Ldp ké hoach thyc nghiém
Y&u cau co ban cua giai doan ndy la chon dugc dang ké hoach thuc nghiém pho
hop véi diéu kién thi nghiém va dic diém cua ham muc tiéu.
3.3.3.3. Tién hanh thi nghiém nhdn théng tin
Tién hanh thi nghiém theo ké hoach thuc ngiém da duoc lap & trén, ddng thoi xir
ly nhanh céc théng tin trong qua trinh thi nghiém.
3.3.3.4. Xay dung va kiém tra md hinh thyc nghiém
Str dung phuong phap binh phuwong nhé nhat va cac noi dung phan tich héi quy,
phan tich phuong sai dé xac dinh cac hé s6 ciia phuong trinh hoi quy (dang da thuc).
Tuy theo mé hinh thuc nghiém c6 dang (dang da thirc bac nhat) tuyén tinh:
Y, =8, +a;.X +a,.X, +..+a,.X, :Zn:ak.xk (3.5)
0
hay da thirc bac hai (phi tuyén):
Yi=bo + bix1 + ... + biX i + biaXaxXe + ...+ bixa® +....+ biiXi? (3.6)
Céc hé sb phuong trinh hdi quy B = [bo, by, by, ..., bk, b1, ba, ..., bjj ] dugc xac
dinh theo cong thirc tong quat dudi dang ma tran:
B = [X*X] XY (3.7)
Trong d6: X — ma tran ké hoach;
X" — ma tran chuyén vi ciia ma tran ké hoach;
X*X — ma tran thong tin;
[X*X]? — ma tran nghich dao ctia ma tran thong tin [X*X] (hay con goi la
ma tran twong quan);
Y - ma tran cot (két qua).
Pé ton tai ma tran nghich dao thi ma tran thong tin (X*X) phai khong suy bién.
Mubn théa man diéu kién d6 cac bién xa, X, ... xk can doc lap tuyén tinh.
Y nghia cua cac hé sé phuong trinh hdi quy thuong duoc kém tra theo tiéu chuan

Student, con sy twong thich (phu hop) cta phwong trinh hoi quy thuc nghiém duoc
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kiém tra theo tiéu chuan thong ké Fisher va c6 thé tham khao thém hé sé twong quan F
cho thay muc d6 ph hop caa mé hinh.

3.4. Quy hoach thuwc nghiém xac dinh thong s6 ché d¢ in 3D

3.4.1. Lwa chon thong so nghién civu

O giai doan nay, ta tién hanh xac dinh cac yéu té anh huong va cac chi tiéu
danh gia d6i twong. Yéu ciu co ban di véi cac bién duoc lya chon 1a cac yéu t vao
(yéu té anh huong) cua nghién ctu thyc nghiém: 1a cac bién doc lap diéu chinh duoc,
la céc yéu t6 dinh luong, ¢d hiéu tng anh hudng rd nét dén ham muc tiéu (chi tiéu) can
danh gia.

C6 rat nhiéu yéu té anh huong dén chat luong bé mat mau in 3D. C6 thé chia
ching thanh cac nhom: yéu té vat liéu (nhya in PLA, ABS...); yéu t6 thong sé ché do
in; yéu t6 con ngudi (cong tac chuan b, file in...); yéu té may mac thiét bi (do chinh
xac may in 3D, thiét bi giam rung, can chinh ban in) ...;

Trong pham vi cua luan van nay, tac gia tap trung nghién ctu anh huong cua
yéu t6 théng s ché do in dén chat luong bé mat mau in 3D véi may in 3D Prusa i3.
Cac yéu t6 nay bao gom: sé nét in bén thanh vat thé (Perimeters), s6 16p in bao pha &
trén cung va dudi cung(Solid layers Top/Bottom), d6 dic réng cua vat thé (Fill
density), cau trdc nham nang d& vat thé (Support meterial), toc d6 in thanh trong ngoai
cua vat thé(Perimeters), téc do khi in phan lap day bén trong cua vat in (Infill).....Céc
thong s6 can dugc nghién ciu va téi wu hoa: do day 16p in (Layers height), téc do in
thanh trong ngoai cua vat thé(Perimeters).Dé loai bét cac yéu té khong can thiét, nham
dam bao tinh kha thi va hiéu qua cua thyc nghiém, tac gia chon cac yéu té anh huong
dé nghién ctru bao gom d¢ day Iép in, tée dd in thanh trong ngoai caa vt thé.

Pay 1a cac yéu td thudc nhom Z (Kiém tra duoc, diéu khién dugc).Bén canh do,
can lya chon chi tiéu (muc tiéu) danh gia dbi tuong, sao cho céc chi tiéu nay vira dap
{rng cé&c yéu cau cua quy hoach thyc nghiém, vira dai dién cho cac diéu kién ti vu cua
d6i twong nghién ctru. Bé danh gia duoc chat luong cia san pham in 3D, bang viéc
tham khao céc tai liéu truée d6 cung véi viéc in thir nghiém trong thuc té, tac gia lua

chon théng sé danh gia 1a 6 nham bé mat cua san pham khi in 3D.
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D6 nham, hay d6 nhin bong bé mit thuong duoc danh giad qua 2 chi tiéu sau:
Sai léch trung binh (Ra) va Chiéu cao nhap nhd (Rz). Sai léch trung binh sé hoc cua
profile Ra, dugc do bang um. La trung binh sé hoc cac gia tri tuyét doi caa profile (hi)
trong khoang chiéu dai chuan (L). Chi tiéu Ra thuong dung dé danh gia do nham bé
mat cap 5 dén cip 11.+ Chiéu cao trung binh cua profile Rz, um. La tri s6 trung binh
cua tong céc gia tri tuyét ddi cua chiéu cao 5 dinh cao nhat (ti) va chiéu sau cua 5 day
thap nhat (ki) cua profile trong khoang chiéu dai chuan (L). Chi tiéu Rz thudng ding
dé danh gia do nham bé mat cap 1 dén cp 5 va cap 13, 14.Tiéu chuan Viét Nam chia
d6 nhin bé mat ra 1am 14 cap d6 nhu bang dudi day, trong d6 cap 14 14 cao nhat (bé
mat nhin bong nhat)[7].

L0
|
\

A /\? I /\ /f:*\ ;jr\
} ‘ \ [ ')) ‘ | ‘I.:\l _/ J \! -
I TTHHE A |

\

/ ’ ) 4 \\ V 7
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Hinh 3. 1: Sai léch trung binh Ra va chiéu cao nhap nhd Rz

Chatlllllrz:?t’ng be Cép d9 nhin | Ra (um) | Rz (um) Chlet ?;’;I n$)huan
1 80 320
R 2 40 160
Tho 3 20 80 8

4 10 40
5 5 20

Ban tinh 6 2.5 10 2.5
7 1.25 6.3
8 0.63 3.2

Tinh 9 0.32 1.6 0.25
10 0.16 0.8
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Bang 3. 1: Cac cip d¢ nhin bé mat
Nhu vay, hé khao sat ché do in 3D bao gdom:
e Hai yéu tb dau vao:

- bo day Iop in (mm).

- Toc do in thanh trong ngoai cia vat thé (mm/s).

e Mot yéu té dau ra: Po nham bé mit cia san pham in 3D-(Ra -pm)
3.4.2. Ldp ké hoach thwe nghiém

Y&u cau co ban cua giai doan nay la chon dugc dang ké hoach thuc nghiém phu
hop véi diéu kién tién hanh thi nghiém va véi dic diém céc yéu té cua ddi tuong. MAi
dang ké hoach dic trung boi cac chuan tdi uu va tinh chat khac nhau, ma khong phai
bao gio ciing c6 thé phan tich d6i chitng mot cach rach roi. Vi thé ¢ ddy nén quan tam
nhiéu dén diéu kién thi nghiém va dic diém do dac, nhan gia tri ctia muc tiéu.

Do chua c6 thong tin cho biét hé dang ¢ ving phi tuyén thi dé mé ta qué trinh
trong hé tac gia lua chon ham tuyén tinh va khdng c6 cac hé s binh phuong. Dé xac
dinh céc tham sé tac gia lwa chon ké hoach bac mot hai muc téi wu toan phan cua Box-
Wilson con duoc goi 1a ké hoach 2 (k 1a s6 yéu té dau vao).

Ké hoach bac mot hai muc tdi wu c6 cac vu diém co ban sau:

- K& hoach truc giao, vi vay tinh toan don gian, cac théng sé déu tinh doc
lap véi nhau, nén khi loai bo cac hé s6 khong cé nghia s& khong phai tinh lai cac
hé sb c6 nghia.

- Ké hoach t6i vu D, nghia 1a dinh thirc ciia ma tran théng tin caa ké hoach
(X’X) 1a cuc dai, nén cac thong sé déu tinh véi do chinh xac cao nhat va theo ca N
thuc nghiém.

- Ké hoach c6 tinh tam xoay, ¢ tam ké hoach thong tin dac nhat, cang xa tam
thong tin cang loang, luwgng théng tin ti 1€ nghich véi binh phuwong ban kinh; vi vay chi

can 1am thi nghiém lap tai tam.
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- Ngoai ra con ¢ wu diém nita la néu mo ta thong ké bac mot khong twong hop
thi khi chuyén sang bac hai ta van dung dugc né 1am nhan ké hoach bac hai.

V6i md hinh ké hoach bac mot hai muc t6i wu da chon, ta tién hanh lya chon
viing khao st (mién quy hoach) cho cac thong s6 ché d6 in 3D. Qua viéc tham khao
cac tai liéu lién quan va thyc té in thu nghiém cho thay viéc lua chon thong sb ché do
in 3D thich hop phu thudc rat nhiéu vao yéu té loai, hing may in 3D. Trong pham vi

luan van nay, tac gia luya chon may in Prusa i3, loai nhya in PLA, khéng st dung ban

gia nhiét .
Mot s hinh anh va s liéu khi in véi cac ché do khéac nhau:
Danh gia
Hinh anh san pham in 3D Ché do in ngoai
ST dang
T Do day | Tocdo
I6pin-D| in-v
(mm) (mml/s).
San pham
in 3D bi
bong
tréc, bé
1 0.03 20 mat
khong
dong déu
Bé mit
vat in kha
dong déu
2 0.05 30
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0.2

40

Bé mat
vat in kha
déng déu,

chi co

mot s6
duong in

bi x6 léch

0.1

80

Bé mat
vat in kha

dong déu,

0.2

120

B& mat
vat in kha

ddng déu

0.3

80

B& mat

co hién

ddng déu

Bé mat
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0.4

40

cO hién

ddng déu,

0.4

120

Bé mat

co hién

dong déu,
nétin
thd, co bi

x0 léch

0.4

180

Hinh 3. 2: Mau in thir nghiém véi ché dd khac nhau

Qua danh gia so bd qué trinh in thir nghiém o trén, tac gia nhan thay véi do day

I6p in 0,03, toc d6 in tir 150mm tré 1én thi may in Prusa i3 dang sir dung cho ra san

pham mau in c¢6 bé mat dut doan, khéng dong déu, nét in xd léch 16i 16m khong dam

bao yéu cau. Vi thé tac gia lua chon mién quy hoach cho cac théng sé ché do in nhu

Sau.:

Min quy hoach {D =0.05-0.4(mm) }

v=20+150(mm/s)
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Dé tién cho viéc tinh toan va dong nhit cac ky hiéu, tac gia dit cac thong s dau
vao: do day lop in (D); Van téc khi in (v) lan luot ¢ng véi cac bién Zi; Zo. Tinh toan

mtc co sé va khoang bién thién theo cong thic (3.1); (3.2), ta co:

20 Z, . ;zlmax _005+04 _ 0 oos )
AZy = Lams ;ZW“ _04-005_ 0.175(mm)
2 Zy ;szax _ 204150 _ 85(mm /)
AZ, = Lo ;ZZ"“” _150-20 65(mm/s)

Diém c6 toa d6 Z1°, Z% , goi 1a tdm ké hoach hay mirc co so. Chuyén tir hé toa

do thyuc sang hé toa do khdng thir nguyén phai dung cong thic (3.3):

2
Y3
Céac muc
.2 Khoang
Yéu to Mtic trén | Mtic co s¢ | Mtrc dudi P
bién thién

(+1) (0) (-1)
Z1 (D): B¢ day 16p in (mm) 0.4 0.225 0.05 0.175
Z> (v): Van toc khi in (mm/s) | 150 85 20 65

Bang 3. 2: Bang diéu kién thwc nghiém (gia tri va khoang bién thién cia cac

thong sé ché dé in can khao sat 1a D va v)

Trong hé toa d6 khong thir nguyén, toa d6 mic trén la +1 va muac dudi la -1,
tam 12 0 va tring véi goc hé toa d6. V&i md hinh ké hoach bac mét toan phan hai mirc
t6i wu da chon, s6 yéu tbi dau vao k = 2, ta c6 sb thi nghiém can phai lam 1a N = 2k =
22 = 4 thi nghiém. Dé tinh toan phuong sai 1ap, tac gia l1am thém 3 thi nghiém lap tai
tam cua ké hoach. Vay s thi nghiém can phai tién hanh 1a N = 4 + 3 = 7 thi nghiém.

M6 hinh hdi quy ¢ dang phuong trinh nhu sau:

(9]

V =ao + arXi + axX2 +annXiz (3.8)
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Ké hoach tién hanh thi nghiém duoc cho trong bang sau

S6 thi Cac yéu to theo Cac yéu to theo Ham muc tiéu
Nghiém ti 1€ thuc ti [é ma hoa
Z: Z> X1 X2 y
1 0.05 20 - -
2 04 20 + -
3 0.05 150 - +
4 0.4 150 + +
5 0.225 85 0 0
6 0.225 85 0 0
7 0.225 85 0 0

Bang 3. 3: Bang ké hoach thuc nghiém
3.5. Tién hanh thue nghiém
3.5.1. S6 héa miu co vat va thiét ké chi tiét bi khuyét ciia ¢ vat
3.5.1.1. Lua chon chon miu c6 vat

Mau cb vat can duoc phuc dung trong dé tai nay la bo chde ban tho (bo gom 2
chiéc, mdi chiéc gom than va nip day) cé chat liéu bang gém st. Trong d6 c6 1 chiéc
d3a bi v& phan nap day va khéng thé phuc hoéi do cac manh va nho va khong day di.
Chée thudng xuat hién trén ban tho Phat va ban tho gia tién caa ngudi Viét dung dé
dung mudi gao va nude sach. Chée tho dugce thiét ké véi bb cuc gom 3 phan:

- Phan ndp: C6 dang mét chiéc 16ng ban ap, gitta ¢ nim tron nhu bap sen,
phan trén nip gap khuc tron xuéng miéng roi loe 16n ra thanh vanh chom lén miéng
choe.

- Phan than: Mép miéng chée phang, dé moc tao diéu kién tiép giap véi nip rat
khit, vanh ngoai vé tron thanh go nho. C6 dang, ngan, vai ng, than phinh thudn dan vé
day. Trén phan nd nhat cua chée trang tri hinh Réng hoic hoa tiét hoa sen

- Phan chan dé: Dudi cung 1a chan d¢é Choe c6 thé chodi ra (ddi véi chée to)
hodc thon vao (d6i véi chde nho), sat mép dudi 1a dudong vong tron bao quanh mau

xanh lam tao bd cuc trang tri can d6i va hai hoa cho san pham.

66



Hinh 3. 3: Hinh dang phan nép choe tho

Dé sb hoa san pham, st dung may quét 3D Horus. Sau d6 sir dung phan mém

Geomagic Studio dé xay dung hoan chinh mé hinh CAD cho san pham.

3.5.1.2. Thiét bi s6 hoa
Tén may quét: SCANNER 3D HORUS [4]
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Tinh niang

Loai may quét: ca nhan/van phong

Cong nghé: Laser Triangulation

Kich thudc (mm): 450 x 330 x 230 mm

Céc kich thudc t6i da cia mé hinh hoéa (mm): 250 x 205mm
Mo hinh téi thiéu (mm) kich thude: 50 mm
Trong lugng (kg): 2,25 kg

DG chinh xac (mm): 0,50

Xuat khau dinh dang: 16p

Phan mém: Horus

Két nbi: Cap USB

Hé thong twong thich: Windows, Linux, Mac

Ngudn dién: 12V 1.5 A
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Hinh 3. 4: May quét 3D Horus

Acqumition de Nmage
9 14

Dfarce .

0 mn
Cornante '

] u
Setraten .

I 14
Eaposion '

Uty s (hytes 900
Segmentation
de Nmage

Gérsdration
du maage de pomits

Hinh 3. 5: Giao dién cua may quét 3D Horus
Pé sir dung may, trudc hét ta hiéu chinh lai cac théng sé
Cai dat
Horus c6 thé dugc cai dit trén hé diéu hanh Ubuntu, Windows va Mac.
Buwéc dau tién véi Horus
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Lan dau tién khi st dung may, mot thong bao chao muing xuét hién.

—

>

3D Scanning for everyone

Create new Open recent file
Wizard mode (step by step)
SN usny recet settings
Advanced Control

Advanced Calbration

Don't show thus & AOg agan

Hinh 3. 6: Ctra s6 1am viéc ban dau cua may quét 3D Horus

Cira s6 nay cung cap cac phim tit cho cac chtc ning chinh nhu khoi chay
trinh huéng dan, quét hodc truy cdp bang cdu hinh ning cao. N6 ciing bao gdm
quyén truy cdp nhanh vao cidc mé hinh dugc sir dung gan ddy (ddm may diém hoic
ludi).

Cira s chinh

Cira s6 chinh c6 thanh menu, thanh cong cu va menu tha xuéng dé chuyén

gilra cac ché do lam viéc
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Horwn 0.3 ~ Beta x

File Edt Vew Help

Y% » BN Scanming workteoch

Hinh 3. 4: Cira s6 chinh 1am viéc cua may quét 3D Horus

Phan mém bao gdm tiy chon tai file va luu file, ciing nhu dit lai cac tham sd
mic dinh. N6 ciing cung cip quyén truy cip vao cac tiy chon trong d6 ngudi ding
c6 thé diéu chinh cac tham s6 két ndi, firmware hodc chon ngdn ngir tng dung.

Phan quét cho phép céc tiy chon dé tai file, luu va x6a mé hinh. M@ hinh 1
mot dbi tuong 3D, co thé 1a dam may diém dang file PLY hodc ludi STL.

Phian huéng din hiéu chinh

Trinh huéng dan sé& huéng dan ngudi dung thong qua phién ban don gian hoa

cua cac quy trinh két noéi, hi€u chinh va diéu chinh cac tham s6 quét.

e

Hinh 3. 5: Huéng dan hiéu chinh may quét 3D Horus
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Cau hinh nang cao

Phan nay mo ta cac ban lam viéc kiém soat va hi¢u chuan.

Kiém soat nang cao: cho phép kiém soat tat ca cac thanh phan cua may quét
mot cach doc 1ap: may anh, laser va dong co budc. N6 cling cho phép doc cac cam
bien LDR - mdt tinh ndng dugc thém vao dé thuyc hién di€u chinh thong minh

camera.

Hinh 3. 6: Hiéu chinh c4u hinh ning cao may quét 3D Horus

Phan diéu khién camera cho phép thay ddi cac thong sb sau:
o DJ sang: d sang hinh anh
« Do twong phan: su khac biét trong ddi ctia cudng d6 hinh anh
o D3 bao hoa: cuong do0 mau cua hinh anh
« Phoi sang: thoi gian mé cua 6ng kinh may anh tinh bang mili gidy
« Téc do khung hinh: s6 luong hinh anh dugc chup mdi gidy
« Do phan giai: kich thudc ctia hinh anh, ludn trong mdi quan hé 4: 3

« Bién dang: cho phép hiéu chinh bién dang cta dng kinh - cac gia tri nay duoc

tinh trong qué trinh hiéu chinh may anh

Céc laser trai va phai c6 thé dugc bat hodc tit thong qua ban lam viée nay. Gia
tri ctia cac cam bién LDR ciing c6 thé thu dugc. Gia tri ndy ndm trong khoang tir 0
dén 1023, tuy thudc vao luong anh sang duoc phat hién boi mdi cam bién.
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Trong phan dong co: ¢6 thé dugc kich hoat hodc v6 hiéu hoa. Géc quay va tde
d6 goc va gia toc cling co thé duoc cai dat.
Menu G-code: cho phép giao tiép véi bo xir 1y.
Hiéu chuin ning cao
Cho phép diéu chinh cac thong sé camera dé co dugc hiéu chuan t6i wu. N6
cling cho phép thyc hién ba hiéu chinh co ban dé x4c dinh cac thong sé may quét:
cam bién may anh va hiéu chuan dng kinh, hiéu chuan laser lién quan dén may anh
va hiéu chuan nén tang quay so v6i may anh. Ciing c6 thé thay doi cac gia tri mau
hiéu chuan dé sir dung cac mau khac nhau.
Hi¢u chinh may anh
Trong hiéu chuan nay, cac thong sb bén trong ctia may anh duoc lay. D6 la:
o Khoang céch tiéu cu (ngang va doc)
o Trung tdm quang hoc (ngang va doc)

« Bién dang dng kinh
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Hinh 3. 7: Hiéu chuin may anh méay quét 3D Horus

Hiéu chuan laser

Trong hiéu chuan nay, cdc phuong trinh mit phang laser duoc xac dinh, dugc
mo ta bang phuong ddi voi mat phang va khoang cach dén diém gbc. Vi tri va hudng

cua laser khong quan trong. Hi€u chuan nay xac dinh cdc méat phang ctuia chung véi
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do chinh xac bang milimét, bat ké vi tri cua chung.

Hi¢u chuan laser 1a chia khoa dé xac dinh ddm may diém lién quan dén hé

théng camera. Day 13 hiéu chuin quan trong nhat.
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Hinh 3. 8: Hiéu chuan laze may quét 3D Horus
Hiéu chuin dia quay

Xéc dinh vi tri va goc quay cua hé thong dia so vé1 hé thong camera.

'y L A J
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Hinh 3. 9: Hiéu chuan dia quay may quét 3D Horus
Bit dau quét

bam may diém cua doi twong can quét dugc tao ra va ta c6 thé xem trong qua

trinh quét
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Hinh 3. 10: Qua trinh quét bang may quét 3D Horus

Khi két thiic qua trinh quét, chung ta ¢c6 ddm may diém ¢ dinh dang PLY, ta
phai str dung cac phan mém dé xur 1y diém anh va dua vé dinh dang STL hodc OBJ.

Str dung phan mém [4]

Horus 1a mot phan mém da nén tang dugc thiét ké dé kiém soat may quét 3D
Horus. Phan mém c6 giao dién do6 hoa dé quan 1y thong tin, thu thap va dong bo hoa
dir li¢u, xtr 1y hinh anh, cac quy trinh hi¢u chuan va tao va truc quan hoa cac dam

may diém.

Phin mém duoc phat trién va téi wu hoéa cho hé diéu hanh Windows /
Linux/ Ubuntu va ciing da dugc thir nghiém trén Mac. Phan mém duoc xay dung trén
nén tang ngdn ngit 1ap trinh Python 3 . N6 sir dung wxPython 4, NumPy 5 , SciPy 6 ,
Matplotlib 7 , OpenGL 8 va mét phién ban OpenCV 9 dugc t6i wu hoéa cho Linux.
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RUS

OR EVERYONE

Hinh 3. 11: Phan mém Horus

3.5.1.3. Qua trinh quét miu san pham [12]:
Buégc 1 : Chuan bi may quét (lap rap, hiéu chinh may quét, két ndi hé thong

duong cap truyén, khoi dong mdy tinh... ).

Hinh 3. 12: Két ndi cap va zic cam trén may scan 3D Horus
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Budc 2 : VE sinh chi tiét can quét, doi voi chi ti€t trong dé tai nay c6 mot phan
mau sac toi mau la hoa van nén can dugc phu mot 16p son sang mau. Panh dau trén

chi tiét cdc diém tham chiéu (cham tron), va dit chi tiét 1én ban quét xoay tron.

Hinh 3. 13: Chi tiét nap day choée tho trude va sau khi phun phi

Budc 3 : Quét miu

Nguyén tic quét : Vi mau quét c6 hinh dang phuc tap nén ta quét theo cac goc
d6 khac nhau. Sau d6 ghép ghép cac mit quét voi nhau theo cac diém chung d3 danh
dau dé tao thanh mau quét hoan chinh. Khi da thu duoc hinh dang kha hoan chinh
clia mau quét ta s& luu file véi dudi STL va chuyén sang cic phan mém thiét ké

ngugc dé xay dung lai mé hinh CAD cho chi tiét.
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Hinh 3. 14: Quét chi tiét nip choe

* Quét cac bé mdt cua chi tiet bao gom hinh dang cua nhiéu khoi & cac vi tri
khac nhau, chinh vi vay dé thu dugc toan bd dir li€u ctia bé mat ching ta can tién

hanh quét nhiéu 1an ¢ nhiéu géc do khac nhau.

Sau mdi 1an quét chiing ta chi cin xoay ban di 1 goc nao d6 dé thu dir liéu caa
céc vung tiép theo. Vi nhitng viing ma anh sang khong thé t6i dugc ching ta c6 thé
diéu chinh tAm ngudn sang va ciing c6 thé ké dém chi tiét. Dit liéu quét cia mdi ving
s& dugc may tinh tinh toan va ghép lai v6i nhau sau mdi 1an quét, hinh thanh nén
hinh dang bé mit cia chi tiét.

* Ghép cac hinh v6i nhau. Vi phai quét nhiéu 1an, mdi lan 1a 1 anh, phdn mém
da tu dong ghép dir liéu thu sau mdi 1an quét dé tao nén hinh dang ctia mdi mit nhung
dé dam bao cho hinh anh miu quét tron chu, dep va thuan tién cho budc thiét ké mo

hinh CAD.
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Hinh 3. 15: Chi tiét sau khi d3 quét xong theo 1 goc do.

Khi quét bat ky mot mau nao khong tranh khoi nhung sai sb nhét dinh chinh
vi vy mau sau khi quét chua that sy hoan thién c6 nhitng chd can chinh sira. Phan
mém ciing co tinh nang chinh sira nhitng khuyét tat (do qué trinh quét dé lai) trong
pham vi nhét dinh. Pén diy chung ta da hoan thanh coéng viéc quét mau san pham,
cong viée tiép theo cua chiing ta d6 chinh 1a Export sang file STL va thiét ké lai mé
hinh CAD cho chi tiét.
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Hinh 3. 16: Cac khuyét tat sau khi quét

3.3. Ung dung phan mém Geomagic Studio thiét ké lai mé hinh CAD trén co s dir liéu
s6 hoa.

3.5.1.4 Gioi thiéu chung vé phan mém Geomagic Studio

Geomagic Studio 1a phan mém tét nhat trén thé gidi vé mang thiét ké
nguoc. Geomagic Studio ¢ thé wng dung trong san xuat riéng I¢, bao tén di san....
Phan mém Geomagic Studio sir dung dir liéu quét 3D c6 thé tao ra md hinh chinh xac
nhu ché tao ban dau. Ngoai ra, tir dir liéu quét 3D, c6 thé thay ddi theo y tudng thiét
ké mai nham tai tao mot hay nhiéu vo han cac hinh dang phtc tap mot cach nhanh
chong va dé dang

Geomagic Studio tich hop dwoc véi tt ca cac may quét 3D va phan mém
CAD/CAM. Tinh ning ty dong va don gian hoéa quy trinh 1am viéc gilp giam tbi da
thoi gian va tiét kiém chi phi.
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Hinh 3. 17: Phan mém Geomagic Studio

Tinh nang vuot troi cia Geomagic Studio
Chia luéi ddm may diém thanh cac da gidc mot cach chinh xac va théng minh.

Tang hiéu qua va tdi wu héa thoi gian san xuat. Geomagic Studio hoat dong
nhanh hon so véi cac phan mém CAD c6 dién, ngay ca dbi voi cac ddi twong phurc tap.

Chirc ning va tinh ning ty dong cao giup ngudi ding co thé nhanh chéng tiép
can vai phan mém, tich hop véi cac phan mém CAD 16n, xuit ra cac file c¢6 dinh dang
tiéu chuan nhu: STL, OBJ, VRML, DXF, PLY, 3DS, PDF.

H& tro hang loat cac may quét tiéu chuan (cac loai may Scan 3D).

Phan mém Geomagic c6 gidy chtng nhan PTB (Physikalisch-Technische
Bundesanstalt).

Ngoai ra, Geomagic Studio con c6 cac module dé thiét ké md phong, 1ap trinh
gia cong CAM (T4i vu héa thiét ké va dat hiéu qua cao trong gia cong). [5]

3.5.1.5. Qua trinh sir dung phan mém Geomagic Studio trong xir Iy dir liéu scan,
xdy dung mé hinh CAD cho chi tiét miu quét
Dir liéu thu duoc sau khi quét bang may scan 3D Horus ¢ dang thd, nhiéu

khuyét tat nén ta s& chinh stra, t6i wu dit liéu va phan ving trudc khi dung mé hinh
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CAD. Mb hinh c6 dang khéi nén ta can ct dit liéu luéi dé dung cac bé mat, cac khoi

tir cac phac thao. Dung cac mat, cac khdi nay ta cat hoic ghép tao thanh chi tiét.

Qua trinh sir ly dit liéu s6 héa dugc thuc hién nhu sau :

Tt man hinh 1am viéc, chon -Import File, chon céc file FLY da luu tir c4c 1an
quét trudc.

tJ‘n—‘t— =d !0" E“ m e @ Q

Hinh 3. 18: Import dir liéu quét
Chon Points > Repair > Filter dé giam cac diém nhiéu

Chon Alignment > Scan Registration > Manual Registration dé sap xép céac ban
quét
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Hinh 3. 19: Sap xép cac ban quét

Sau khi da sap xép cac layer nhung chung van tach biét va can phai dugc két
hop thanh mét déi twong duy nhat. Chon Points > Combine > Combine Point Objects

Str dung cac cdng cu khac nhu Disconnected Components; Manual Editing;
Reduce Noise dé giam nhiéu va loai bo cac tap hop diém thura

Chuyén dinh dang tir tap hop diém sang dang ludi STL
Chon Points > Wrap > Wrap
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Hinh 3. 20: Vat thé ¢ dang ludi

Str dung cac cbng cu nhu Spike Removal; Manual Editing; Make Manifold;
Reduce Noise; Mesh Doctor; Filling Holes dé chinh sira va hoan thién ludi.
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Hinh 3. 21: Chinh stra ludi

Chuyén sang Parametric Surfacing
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Hinh 3. 22: Ché d6 Parametric Surfacing

Xuét sang file CAD
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Hinh 3. 23: Ché d6 CAD

Str dung Solidwork dé hoan thién trudc khi xuat sang file STL
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Hinh 3. 24: Sir dung Solidwork hoan thién file

Cunert Tnangles: 34 620
Selecied Trisngles 0

Hinh 3. 25: File hoan thién
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3.5.2. Quy trinh thwe nghiém in 3D:
3.5.2.1. Vat liéu in 3D:

Vit liéu duoc lua chon trong tao mau cho chi tiét dugc sir dung 1a nhua PLA
(Polylactic axit). La nhya nhiét déo phan hay sinh hoc c6 ngudn géc tir cac ngudn tai
tao, chang han nhu bdt ngd, mia, cu san hoic tham chi tinh bot khoai tay, no co doc
tinh thap va than thién véi moéi truong so véi tat ca cac san pham nhya tir dau mo.
Chinh vi diéu ndy nén nhua PLA [a mot giai phap than thién véi moéi truong, nhat 1a
trong linh vyc in 3D.

Nhuoc diém chinh cua n6 12 n6 khé 1am mat vi qua ndng. Vi nguon PLA c6 thé
tai tao nén n6 co san. PLA c¢6 sin hau hét cac mau sic va c6 thé mo hoic ran. PLA co
thé phat sang trong bong téi.

Nhua PLA (Polylactic axit) 1a vat liéu chinh dé dung trong cdng nghé in 3D tao
ra nhitng vat dung pho bién nhu giay, dép thoi trang, ly tach udng nudc, hay nhiing

cdng nghé in 4n phic tap nhu in chan dung. ..

Hinh 3. 26: Nhwa PLA dung cho may in 3D

3.5.2.2. Cac buéc thuce hién:

Bude 1: Chuan bi may in 3D, kiém tra co cdu co khi va hé thong diéu khién
dién tr

Budc 2: Chuan bi nhya in 3D.

Budc 3: Kiém tra thir chuyén dong tinh tién theo céc truc cua dau in cta may
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Budc 4: Kiém tra va thir hoat dong cua cong tic endstop.

Budc 5: Cai dit thong s6 may.

Budc 6: Kéo day nhya in 3D vao mé to kéo ctia dau phun nhya
Buée 7: Bidu chinh nhua in

Budc 8: Nhap file Geode dé in 3D

Budc 9: Cai dit thong sé va ché do support ctia phan mém in.
Budc 10: Thuc hién 1énh in

Bude 11: Két thic 1énh in

Budc 12: Ding mdy, 1dy méu in ra khéi ban in.

Budc 13: Xt 1y san pham (tach bo céc 16p support...)

- M6t s6 hinh anh minh hoa qué in:

e

Printer Settings

Printer: Prusa i3 M i&i
Connection | P|inte(| Extruder | Printer Shape | Scripts | Advanced
Connector: Senal Connection M Help

Motice: You have a Repetier-Server installation. We highly recommend using the

Repetier-Server connector instead. Click "Help" for more informations.

Part: COME -
Baud Rate: 115200 -
Transfer Protecel: Autodetact -

Reset on Emergency Send emergency command and reconnect <

Recerve Cache Size: 127

Communication Timeout: 40 [=]
Use Ping-Pong Communication (Send only after ok)

The printer settings ahlways comespond to the selected printer at the top. They
are stored with every OK or apply. To create a new prnter, just enter a new
printer name and presz apply. The new printer starts with the last settings
selected.

| ok || mesv || Cance

Hinh 3. 27: Cai dat may in 3D
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Hinh 3. 29: Thiét lap suport
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Hinh 3. 31: San pham khi in xong
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Hinh 3. 32: Sir dung may in 3D Prusa i3

3.5.3. Két qua in thyc nghiém:
3.5.3.1. Lay miu thwc nghiém:
Sau khi tién hanh in véi cac ché do in theo bang 3.2. Té4c gia tién hanh danh sb

cac mau dé thuan loi cho qua trinh do dac sau nay.

STT Hinh anh lép in Thoéng so in

D= 0.05 (mm)
v= 20 (mm/s)
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D= 0.4 (mm)
v=20 (mm/s)

D= 0.05 (mm)
v= 150 (mm/s)

D= 0.4 (mm)
v= 150 (mm/s)

D=0.225 (mm)

v= 85 (mm/s)

D= 0.225 (mm)
v= 85 (mm/s)

D=0.225 (mm)
v= 85 (mm/s)

Hinh 3. 33: Mau in thuc nghiém
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3.5.3.2. Théng ké va xir Iy so liéu thwe nghiém
3.5.3.2. 1. LAy miu do d9 nham bé miit

Téc gia st tién hanh in theo bang thdng sb 3.2 tir mau 1 dén mau 7 theo
file STL hinh 3.7

Hinh 3. 34: File in 3D cho 7 miu

3.5.3.2. 2. Thiét bi do dd nham bé mit

Tac gia sir dung may do d6 nham cam tay 178-561-01E Mitutoyo tai phong thy
hanh- trudng Cao diang nghé Viét X6- TP Ninh Binh.
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Hinh 3. 35: May do dd nham cam tay 178-561-01E Mitutoyo

Tén san pham:

My do do nham cam tay 178-561-01E
Mitutoyo

M4 san pham ( Model / Code / Part No. ): 178-561-01E

Thuong hiéu: Mitutoyo

Pon vi tinh: Caéi

Pham vi do: 17.5mm

Toc d do: 0.25,0.5, 0.75mm /s Imm /s (Tré lai)

Day phat hién:

360pum (-200pm dén + 160pm)

Do luc:

0.75mN

Bang 3. 4: Thong s6 co ban may do d nham cam tay 178-561-01E Mitutoyo
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Sau qua trinh do do nham bé mat, tac gia thu dugc bang ma tran ké hoach nhu

sau
S6 thi CAc yéu t6 theo CAc yéu t6 theo Ham muc tiéu
Nghiém ti 1€ thuc ti [é ma hoa
Z1 Z; X1 X2 Ra (um)
1 0.05 20 - - 1,171
2 04 20 + - 2,027
3 0.05 150 - + 1,695
4 0.4 150 + + 11,540
5 0.225 85 0 0 8,806
6 0.225 85 0 0 8,301
7 0.225 85 0 0 9,662

Bang 3. 5: Bang ma tran ké hoach thuc nghiém
3.5.3.3. Xay dung mé ta toan hoc
Sau khi da do dac va tinh toan dé thu duoc gia tri cia ham muc tiéu & bang 3.6,
tac gia tién hanh xac dinh céac hé sé hoi quy trong phuong trinh hdi quy. Phuong trinh
hoi quy (3.4): ¥V =ap + aiXy + axXz +a12X12 (3.11)
Céac hé s6 cia phuong trinh hoi quy 1a doc 1ap nhau. Cong thuc tong quat dé
tinh cac hé sé a trong phuong trinh hdi quy cua quy hoach truc giao cip I twong tng

véi k yéu t anh huong nhu sau [5]:

1 n

a _W; Yi

&; :iznlxiYi (3.12)
N =
1 n

q; =W§Xijyi

Y nghia cua hé sb a trong phuong trinh hdi quy: gi4 tri cua hé sé a trong
phuong trinh héi quy dic trung cho su dong gop cua yéu té thir j vao dai luong Y. Hé
s6 nao cd gia tri tuyét d6i 16n nhit thi yéu té twong tng s& anh hudng dén qué trinh 1a

nhiéu nhit.
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Dé tién loi khi tinh toan cac hé sé tuong hd (twong tac kép, tuong tac ba) ta co

thé mo rong bang ma tran ké hoach nhu sau:

STT Xo X1 X2 X2 Ra (um)
1 + - - + 1,171
2 + + - - 2,027
3 + - ¥ - 1,695
4 + + ¥ + 11,540

Bang 3. 6: Bang ma tran ké hoach mé rong

Ap dung cong thirc (3.12), ta tinh duoc cac hé sé ciia phuong trinh hoi quy:

4
a, = EZ Xy, = 1.171+2.027 +1.695+11.540 _a11
4 i=1 4
4 — p—
a - lzxiyi _ 1.171+2.027 -1.695+11.540 _ 268
4 —_— —
a - lzxzyi _ 1.171-2.027 +1.695+11.540 _250
4 i=1 4
A 1.171-2.027-1.695+11.540
a, :szlzyi = 4 =225
i=1

Dé kiém tra ¥ nghia ciia cic hé sb a trong phwong trinh hdi quy can phai tinh
phuong sai tai sinh (con goi 1a phuong sai 1ap — lam thi nghiém lip & thm ké hoach).
Tinh c6 nghia ctia cac hé s6 cua phuong trinh hdi quy c6 thé kiém tra d6i véi mdi hé
s6 theo chuan sé Student va viéc loai khoi phuong trinh hoi quy (3.8) céc hé sé khdng
c6 nghia khong phan anh 1én gia tri cia cac hé sb con lai. Tat ca cac hé sb ciia phuong
trinh (3.8) duoc xac dinh véi do chinh xac nhu nhau, nghia 1a d6 léch chuan cua céc hé

s6 a c6 chung mot gia tri.

- Do léch chuan [5]: : S, =—& (3.13)

3

5

Trong d6:  + n: s thi nghiém thwc hién

+ Sts 1a phuong sai tai sinh, dugc xac dinh theo cong thic [5]: :
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Se=t—— (3.14)

Trong d6: Y. : gid tri thi nghiém thir a tai tam ké hoach
m : s6 thi nghiém 13p lai tai tim ké hoach

y° : gid tri trung binh cua céc thi nghiém lap:

o_i L0
= (Zyj (3.15)

Ap dung céc cong thirc (3.13), (3.14), (3.15) dé tinh phuong sai cho 3 thi

<

nghiém 1ap tai tim da thuc hién trong Bang 3.6 (cac thi nghiém 5, 6, 7). Ta thu duoc

bang sau:
/0 0 —\2 —\2
STT | ! Y WY (e (=)
1 8,806 -0,117 0,014
2 8,301 8,923 -0,622 0,387 0,947
3 9,662 0,739 0,546

Bang 3. 7: Két qua cac thi nghiém & tam

Thay s6 vao cong thic (3.14) taco:  S? = %1.0,947 =0,4735

Suyra: Ss= 0,689 . Thay vao (3.13) ta duoc: S, = &\Eg =0.3445
Su c6 nghia cua hé sé hdi quy duoc kiém dinh theo tiéu chuan Student:
- 319
s

aj
Trong d6: & gia tri chuan sb Student
aj 1a c4c hé sb cua phuong trinh hoi quy
Saj 1a @6 léch trung binh cuaa hé s6 tht j.
Bac tu do ctia phuong sai c¢6 gia tri f = m — 1 =3 — 1 =2. Néu gia tri ty tinh
toan 16n hon gia tri tra bang tp.f2) ung vai gid tri da chon cua mirc ¢6 nghia p va bac tu
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do lap fz, thi hé sb bj ton tai khac khong, néu nguoc lai thi can loai bs. Vi muc c6
nghia p = 0,99, bac tu do lap f» = 2, tra bang phu luc 1 - gié tri chuan sé Student , ta
duoc to,99:2) = 6,965. Theo do, ta c6 bang danh gia sau:

STT aj tj t(0.99:2) banh gia
ao 411 11,930 Phu hop
a1 2.68 7,779 Phu hop

6,965
a2 2.5 7,257 Phu hop
a1z 2.25 6,531 Loai

Bang 3. 8: Bang danh gia cac hé sé phwong trinh hoi quy
Nhu vay, theo bang 3.8, ta thdy cac hé sé ao, a1, az, co6 nghia. Tic 12 md hinh
quan hé gitra d6 day 16p in va va toc in véi do nham vat in 3D c6 thé dugc mo ta &
dang sau:
V =411+ 2.68X; + 2.5X; (3.17)
3.5.3.4. Kiém tra tinh twong hop ciia md hinh da thiét lap
Pé danh gia sy twong thich ctia phuong trinh hoéi quy (3.17) véi thuc nghiém

can phai kiém dinh theo chuan Fisher [5]: :

SZ
ts
Trong d6: S — phuong sai du, tinh theo cong thic:
2 1 & )2
Squ = Z(Yi - yi) (3-19)

n-m-1

F: gia tri tinh ctia chuan sé Fisher

Fg: gia tri tra bang cia chuan sé Fisher & muic ¢ nghia p; bac ty do lap f2 va
bactudodufi=n-m-1

n: s6 thi nghiém n =4

m: s6 cac thong sb can xac dinh, trir thdng s ao; theo (3.17) tacoé m = 2

Tir (3.17) ta xac dinh duoc cac gia tri ciia ¥ tai cac diém thi nghiém, déng thoi
lap duoc bang sau:
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Stt N
Yi Vi yi - Vi (i - Vi)? Z(yi - y')

1 1,171 -1,07 2,241 5,022

2 | 2,027 4,29 -2,263 5,121 20,201

3 11,695 3,93 -2,235 4,995

4 111,540 9,29 2,25 5,063

- Thay s6 vao (3.18) tacd F =
0,475

Bang 3. 9: Gia tri ham hai quy

1

20,201

=42,53

- Thay s6 vao (3.19) taco SZ, = Yo 20,201 = 20,201

Tra bang phu luc 2, bang chuan sé Fisher & muc c6 nghia p = 0.99 véi fi=n —

m=4-2=2; f,=2, ta dugc Fg = 99.
Tathay F = 42,53< Fg = 99
Nhu vay md hinh ham hdi quy twong hop Vi thuc té
¥V =4.11+2.68X1 + 2.5X;

Ap dung cbng thic tinh toan chuyén phwong trinh hdi quy theo bién ma héa (xi,

X2) V& phuong trinh theo bién thuc (D, V) ta duoc phuwong trinh hdi quy md ta mbi quan

hé giita cac thong sé ché do in 3D gom do day I6p in va van toc in dén d6 nham bé

mat vat in nhu sau:

Ra =-2,57 + 15,314D + 0.038v

(3.20)

Trong phuong trinh hdi quy (3.20) nhan duoc, ta thiy rang do day 16p in- D

(mm) va toc do in v (mm/s) c6 anh huong 1on dén d6 nham bé mit mau in Ra theo

quan hé toan hoc bac 1 trong khoang bién thién cua do day 16p in tir 0.05+0.4(mm) va

van toc in trong khoang v =20+150(mm/s).

3.6. Kiém tra d6 nham bé mit san phiam in 3D

3.6.1. Két qud thir dp nhdam bé mat san pham

Cac mau in sau khi thtr 6 nhdm bé mit nhu trén, ta thu duoc bang sau:

S6thi | Cac yéu td dau

Két qua do d6 nham bé mit

D06 nham
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bé mat

Ra- um

1,171

nghiém vao
Y
D (mm) | (mm
/s)
0.05 20
1
0.4 20
2
0.05 150
3

2,027

1,695
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11,540

0.4 150
0.225 85
0.225 85

8,806

8,301
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0.225 85 9,662

Bang 3. 10: Bang két qua do nham bé mit véi cac ché dé in khac nhau

3.6.2. Pdnh gid va so sdnh d¢ nham bé mdt chi tiét in 3D vdi dp nhdam vit miu
Téc gia tién hanh so sanh két qua do do nham cia 7 mau in trén véi vat mau (
Vit mau 12 mau niap chée bang s con nguyén ven) dé thiy duoc chat luong bé mit

mau in (D6 nham bé mit cang nho, chat lugng bé mat cang min) ta c6 bang sau:

Cac mau in Vvat mau | Tilé (%) | Panh gia
S6 thi Ché db in Do nhdm | Do nham
nghiém | D (mm) v bé mat do | bé mat do
(mm/s) | duoce- dugc e-
um Hm
1 0.05 20 1,171 60.87 Khong dat
2 04 20 2,027 72.96 bat
3 0.05 150 1,695 64.69 Khong dat
4 04 150 11,540 1,086 73.69 Pbat
5 0.225 85 8,806 73.57 bat
6 0.225 85 8,301 72.43 bat
7 0.225 85 9,662 73 bat

Bang 3. 11: So sanh giéi han do nham bé mit ciaa san pham in 3D so véi vat mau

theo ché a9 in khac nhau
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Tir bang so sanh trén ta thay, trong 7 thi nghiém thi thi nghiém 1 va 3 cho chét
lwong bé mat mau in tét nhat. Nhing thi nghiém con lai bao gém thi nghiém 4 va 7
cho chat lugng bé mit xau nhat.
3.7. Panh gia két qua sw anh hwéng ciia thong s6 cong nghé téi do nham bé mit
san pham in 3D

Tir cac két qua nghién ciru trén, trong diéu kién nghién ciru trén may in 3D Pusa
i3 phuc vu cho phuc dung c6 vat, ta c6 thé thiy rang do day 1p in va van téc in c6 anh
huong rat Ién dén chat lugng mau in 3D. Cu thé:

- D6 nhdm bé mit vat in 3D ti Ié thuan véi do day 1op in va van téc in.

- Khi giam van téc in thi d6 nham bé mat giam, khi d6 bé mit vat in trg 1én
bong hon, tinh tham my cao hon.

- Khi tang d6 day Iép in thi d6 nhdm bé mit tang 1én, vat in c6 bé mit thd, tinh
tham my cia san pham giam.

- Tuy nhién dén mot gidi han nhét dinh (giam d6 day 16p in, van tbc in) thi do

nham bé mit vat in s& khong con dam bao.
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KET LUAN
Luan vin dugc tac gia nghién ciu két hop gitra Iy thuyét va thuc nghiém vé
cdng nghé in 3D. Két qua thyc nghiém phan anh tinh ding dan caa ly thuyét khi in 3D.
Cu thé, tac gia dd nghién cau:
- Tong quan vé cong nghé thiét ké nguoc, phuong phép in 3D;
- Tinh hinh nghién ctru trong va ngoai nuéc vé cdng nghé in 3D;
- Tong quan vé vt liéu sir dung trong in 3D;
- Xay dung, lap rap, ché tao may in 3D theo dang Pusa i3;
- Céc thong sé céng nghé trong in 3D;
- Cé&c giai doan va tuy tinh trong qua trinh in 3D;
- Anh huéng cua cac yéu to dén chét luong in 3D;
- Anh huéng cua thong sé do day 16p in va toc do in dén do nham bé mit san
pham in 3D;
- Xay dung duoc phuong trinh hdi quy md ta mdi quan hé gitra cac thong sé
ché @6 in 3D dén dén @6 nham bé mat san pham in 3D.
Ra =-2,57 + 15,314D + 0.038v
Tir d6 chi ra mbi quan hé giita do day Iop in (D-mm) va téc do in (v-mm/s) dén
d6 nham bé mit Ra san pham in 3D nhu sau:
+ Do day 16p in (D-mm) va tée do in (v-mm/s) 14 hai thdng sé quan trong khi in
3D
+ Khi giam d6 day 16p in thi @ nham bé mat Ra ciing giam.
+ Van toc in cling c6 anh hudng téi d6 nham bé miat nhung khong nhiéu va muc
giam cua d6 nham bé mat cé gisi han nhat dinh du giam do day 16p in va van téc in.
Trong pham vi nghién cuu cua luan van nay, khi sir dung may in 3D Prusa i3
phuc vu cho phuc ché c6 vat, tac gia xin dua ra ché do in 3D t6i vu cho san pham c6
chat lugng tét nhat 1a:
- D (mm) - 36 day lop in tir 0.05+0.4(mm)

-V (mm/s)- van téc in trong khoang v =20+150(mm/s).
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KIEN NGHI

Trong pham Vi luan vin nay, tac gia da budc dau nghién ciru va tinh toan dugc moi
quan hé giira cac thong sé ché do in 3D véi chat lugng bé mat san pham in. Viéc mo ta
mdi quan hé nay dudi dang ham tuyén tinh bac mot cho két qua twong thich véi qué
trinh thuc nghiém. Két qua nay cé thé dung lam tién dé cho nhitng nghién ciu sau nay
vé6i nhitng loai may in 3D khéc nhau. Téc gia xin dé& xuit huéng nghién ciru nhu sau:

- C6 thé bb sung thém céac yéu té anh hudng dau vao va muc tiéu dau ra khi nghién
ctru thuc nghiém dé mo ta day du va chinh xéac qua trinh in 3D.

- Nghién ciru in 3D trén nhitng vat liéu khac (Nhya ABS...) véi duong kinh va mau
in da dang, c6 d6 phdc tap hon.

- Tién hanh xay dung phan mém bo tro dé tinh toan chinh xac ty 1¢ giita &c thong

sb in 3D, dam bao chat lugng mau in 12 tét nhat.
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