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TOM TAT

Bai bdo nay gi6i thiéu két qud nghién ciiu thiét ké hé thong in 3D khéng dong phing, st dung
cdnh tay robot. H¢ thong sii dung phuong phdp cdt 16p khong dong phang, cho phép logi bé hiéu ting
bdc thang gdy dnh huéng dén chdt lugng bé mdt mdau in. Bén canh dé, khd ndng chiu lyc cia mau in
ciing duigc ndng cao thong qua viéc cat 16p stk dung cdu triic Bouligand.

T khoa: In 3D; Cdt I6p dong phang; Canh tay robot; Cdu triic Bouligand.

ABSTRACT

This paper proposed a nonplanar 3D printing system using the robotic arm. The nonplanar
slicing technique can completely remove the staircase effect that reduces the quality of the surface of
the printed part. Additionally, the strength and toughness of the printed part are also enhanced via the

Bouligand structure-inspired parallel-scan path.
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1. DAT VAN DPE

Trong nhiing ndm gan day, cac ky thuat
tao mau nhanh, st dung nham muc dich ché
tao ra cac mo hinh vét ly, dugc phat trién manh
mé va dang cach mang hoa quy trinh thiét ké
va san xudt cac san phdm mdi [1]. Cong nghé
in 3D st dung mo6 hinh ling dong nong chay
(FDM) la mét trong nhiing ky thuit tao mau
nhanh dugc st dung phé bién nhit hién nay
[2-3].

Phuong phép in 3D FDM tao mau bang
cach dun cac sgi nhua nhiét déo qua dau gia
nhiét va trai [én cac 16p theo bién dang mat cat
ctia mau, cac 16p nay dugc xép chong lén nhau
dé tao thanh mau in. Trong phuong phéap in 3D
FDM truyén thong, s¢i nhua dugc trai 1én cac
16p mit phing. Viéc trdi lén cac 16p phang la
giai phap don gian, c6 thé dugc st dung trong
cac may in 3D c6 ba truc [4]. Tuy nhién, phuong
phap nay sé dan dén viéc bé mat nghiéng hodc
cong trén cung chi ti€t sé c6 dang bac thang
(staircase effect) (Hinh 1.a).
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(a) (b)
Hinh 1. Hi¢u ting bdc thang: a) In 3D dong phdng;
b) In 3D khong dong phdng [5].

Hién nay, phuong phap in 3D FDM
khong dong phing dang dugc nghién ctu st
dung [6-7]. Pay la mot trong nhiing ky thuat
dugc dung dé giam thiéu hodc x6a bd hoan
toan hiéu ting bac thang. Phuong phéap nay cho
phép trai cac sgi nhya lén cac mat cong, thay
vi chi trai 1én cac mit phdng nhu phuong phap
truyén théng, nhd dé, nang cao chat lugng cac
bé mat cong cua chi tiét (Hinh 1.b). Trong qua
trinh in 3D FDM khong d6ng phéng, diu dun
nhua phai di chuyén véi quy dao phtc tap. Do
vay, phuong phap nay yéu cau mot hé thong in
3D vdi it nhat 6 bac tu do.

Trong bai bao nay, nhém tac gia trinh
bay mot thiét ké cua hé thong in 3D khong
dong phang st dung cédnh tay robot. Bén canh
do, cau triac Bouligand ciing dugc st dung véi
muc dich ning cao kha ning chiu luc cia mau
in.

2. NOI DUNG NGHIEN CUU
2.1. Hé thdng in 3D st dung canh tay robot

Hinh 2, minh hoa hé thong in 3D su
dung robot Motoman HP3 véi 6 bac tu do,
dugc diéu khién bing may tinh thong qua tu
diéu khién NX100. Canh tay robot dugc lap dit
hé thong dun nhua stt dung dau in E3D V6 véi
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kim phun 0.4mm. Co c4u dun nhya dugc diéu
khién thong qua board RAMPS 1.5 va vi diéu
khién Arduino Mega 2560.

Hinh 2. Hé thong in 3D sii dung canh tay robot.
2.2. Giai thuat in 3D FDM khéong d6ong phing
2.2.1. Cdu tric Bouligand

Ciu truc Bouligand 1a mdt cdu trac vat
liéu xuét hién nhiéu trong ty nhién [8], ciu
tao tu nhiing sgi dugc xép thanh tting 16p, cac
16p nay dugc xép chong va léch nhau mot goc
a (10.2° < a < 16.4°). Hinh 3, md ta mdt cdu
truc Bouligand. Céu tric Bouligand dugc xem
la mot trong nhiing c4u trac ty nhién, cé kha
ndng chiu lyc rat tét. Do do, cac nghién ctiu gan
day trong linh vuc in 3D thudng xem xét viéc
sti dung céu truc nay dé ting cudng kha nang
chiu luc cta céc chi tiét [9-10].

Hinh 3. Cdu triic Bouligand

Trong hé thong dugc thiét ké trong bai
bao nay, giai thuat hoach dinh quy dao sé dugc
x4y dung dé mau dugc in cé cdu truc Bouligand.
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2.2.2. Gidi thudt cit 16p khong dong phang

Giai thuét cat 16p trong in 3D la sti dung
cac thong tin ctia bé mit vat thé co dugc tu tap
tin STL. Sau d6 sé tao ra mdt ma tran cic diém
trén bé mat nay. D6i véi in 3D dong phing
truyén thong, chung ta chi can 3 thong s6 vé
vi tri cta diém d€ dinh vi dau dun nhua. Tuy
nhién, phuong phép in 3D khong dong phang
yéu cau 6 thong s6 ctia diém dé xac dinh vi triva
ca cac goc xoay ctia ddu duin nhya. Cac diém nay
sé dugc ndi lai v6i nhau, tao thanh cac duong
thang song song va lién tuc. Sau khi hoan thanh
moi 16p thi sé nang toa do Z 1én mot doan bang
v6i chiéu day cta 16p nhua dugc khai bao ban
dau. D€ xay dung ciu tric Bouligand cho mau
in, cdc dudng thing song song & 16p sau sé léch
mot goc a so vai 16p trude do.

3. KET QUA THUC NGHIEM

Thong qua giai thuat cit 16p khong
dong phang, mo hinh 3D cta vit mau (hinh
4.a) dugc phan tach thanh cac 16p nhu minh
hoa trén hinh 4.b. Dya trén dii liéu cua cac 16p,
quy dao di chuyén ctia robot dugc hoach dinh.
Két qua cho thdy, hé thong dugc thiét ké da
hoat dong t6t. C6 thé quan sat trén hinh 5, bé
mdt cong cua chi tiét dugc in bam dung bién
dang cua vit mau. Bén canh do, hiéu ting bac
thang da dugc loai bé hoan toan.

St

=

Hinh 4. a) M6 hinh 3D ctia vat mau; b) Két qud cat
16p khong dong phdng.

--=

Hinh 5. Méu dvigc in khong dong phdng véi chiéu
day 2 16p.

4. KET LUAN

May in 3D sti dung phuong phap cat16p
khong dong phiang la c6 thé vugt qua nhiing
nhugc diém lién quan dén hiéu ting bic thang
cta may in 3D FDM truyén théng. Thong qua
két qua thuc nghiém, hé thong dugc thiét ké da
cho thdy hiéu qua ctia minh trong viéc xti ly cac
chi tiét c6 bé mat cong. %
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