CONG NGHE https://jst-haui.vn | P-ISSN 1859-3585 | E-ISSN 2615-9619

NGHIEN CUU ANH HUONG CUA HUGNG IN
DEN CHAT LUONG SAN PHAM
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TOM TAT

C6ng nghiép in 3D la mot xu hudng clia cich mang cong nghiép 4.0 va la xu thé clia tuong lai, dan thay thé viéc ché tao cac chi tiét tir don gidn dén phic tap
chi bang vai thao tac nho. Trong nhitng nam gén déy, ing dung in 3D trong linh vuc co khi @ thu hut sy quan tdm manh mé tit cong dong nghién cu va cong
nghiép. Dua trén co s¢ cdc nghién ciiu hién c6, dong thai véi muc tiéu ndng cao hiéu biét chuyén mdn va phuc vu thuc tién in an 3D sau nay, nghién ctu nay tap
trung vao viéc tdi uu hda hudng in nham giam thiéu thoi gian in, cdi thién chat luong bé mat san pham va t6i vu héa cau tric hé tro (support). Két qua md phang
va in thit nghiém cho thdy huéng in Surface 2 dat dugc su can béng tot nhét: thé tich support chi khodng 19.000mm?, thdi gian in ~6.198s, chuyén vi cuc dai
0,8388mm, trong khi chat lugng bé mat in nhdn, it khuyét tat va hinh hoc 6n dinh. Diéu nay chiing minh rang Iva chon hudng in Surface 2 khdng chi gidp tiét
kiém vat liéu va thai gian ma con dam bao chat lugng san pham vugt trdi so véi cac phuong an khac.

Tirkhéa: Mdy in 3D, nhua ABS, téi uu héa huéng in 3D.

ABSTRACT

The 3D printing industry is a trend of the Fourth Industrial Revolution and the future, gradually replacing the manufacturing of components from
simple to complex with just a few small steps. In recent years, the application of 3D printing technology in mechanical engineering has attracted many
researchers. Based on existing research and the desire to enhance understanding and serve future 3D printing processes, this paper discusses optimizing
print orientation to reduce print time, improve surface quality, and optimize the area. Simulation and experimental results show that the Surface 2
orientation provides the most balanced performance: support volume of approximately 19,000mm?, printing time of ~6,198 s, and a maximum
displacement of 0.833mm, while the printed surfaces are smooth, with few defects, and geometrically stable. This demonstrates that selecting the Surface
2 orientation not only saves material and time but also ensures superior product quality compared with other orientations.

Keywords: 3D printers, ABS plastic, optimization of 3D printing orientation.
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1. GIGI THIEU

Coéng nghé in 3D [1], hay con goi la cong nghé in ba
chiéu, la phuong phap san xuat 16p chéng (additive
manufacturing), trong dé vat liéu dugc tich lay tung 16p
dé tao nén cac chi tiét c6 hinh dang ba chiéu dua trén
mo hinh ky thuat s6. Khac véi cac phuong phap gia
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céng truyén théng nhu tién, phay hay duc, in 3D khong
yéu cau khuén mau va cho phép ché tao cac chi tiét co
hinh hoc phtc tap véi d6 chinh xac cao, t6i uu hoa vat
liéu st dung va rat ngan thai gian ti thiét ké dén san
pham. Ké tir khi dugc Charles W. Hull [11] phat minh vao
nhing nam 1980 v&i cOng nghé stereolithography (SLA
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- quang trung hgp nhya ldng cdm quang), cdng nghé in
3D da phat trién manh mé va hién nay dugc ting dung
rong rai trong nhiéu linh vuc nhu ca khi ché tao, y sinh,
hang khéng va gido duc.

Trong qué trinh phat trién va dng dung, nhiéu
nghién ctu [7, 8] da tap trung vao viéc t6i uu hoa cac
thong s6 anh hudng dén chat lugng san pham in 3D.
Trong s6 d6, hudng in [4, 5] dugc xem la moét yéu to
then chét tac dong truc tiép dén chat lugng bé mat, kha
nang tao hinh, d6 chinh xac hinh hoc cling nhu cac tinh
chéat co hoc cua chi tiét sau in. Nhdm lam ré vai trd va
anh hudng cta thong sé nay, nhiéu cong trinh nghién
clu trong va ngoai nudc da dugc thuc hién trong thdi
gian qua.

Cac nghién ctu tap trung vao dac tinh hinh hoc bé
mat cho thay huéng in anh hudng ro rét dén dé nham,
d6 bong va hién tugng stair-stepping (hiéu Ung bac
thang do I6p in chéng Ién nhau) trong qua trinh in.
Nghién ctu c@ia Bellamkonda va Dwivedy [2] phan tich
anh hudng clia hudng in dén d6 bén kéo, dé ciing va do
nham bé mat trong cong nghé polymer jetting, cho
thay su bién dong dang ké clia cac chi tiéu nay khi thay
d8i hudng in. Trong khi d6, Goracci C [3] thuc hién thi
nghiém vai vat liéu resin nha khoa, cho thay huéng in
theo phuong dung tuy tao dugc d6 bong cao nhung lai
lam tdng d6 nham bé mat. Tuong tu, Buj-Corral | [4] két
ludn rang hudng in l1a yéu t6 chi phéi chinh dén chat
lugng bé mat, dac biét trong diéu kién goc nghiéng 16n,
do hiéu (ng stair-stepping rd rét. Dang chu y, bai téng
quan do Golhin [5] da hé théng hod cac anh huéng cla
hudng in dén sai s6 hinh hoc, d6 bién dang va chat
lugng bé mat, tir d6 khuyén nghi st dung hudng in cé
gbc nhoé hon 45° dé dat hiéu qua téi uu.

Bén canh cac nghién ctu vé bé mat, mot nhom cac
cong trinh khac da tap trung vao danh gia anh huéng
cla hudng in dén tinh chat co hoc va kha nang lam viéc
cla chi tiét in, bao gém dé bén kéo, do cling va dac tinh
tribo hoc. Trong d6, Hanon M. M [6] khao sat vat liéu
composite PLA-bronze cho thay huéng in on-edge (in
theo phuong canh) c6 d6 bén kéo cao hon dang ké so
vGi upright (in theo phuong thang ding). Bén canh do,
Bouzaglou [7] ching minh rang huéng in ndm ngang
cai thién sai sé hinh hoc va giam d6 nham hiéu qua.
Trong khi d6, Wang E [8] tién hanh t6i uu hoa ba géc
dinh huéng khéng gian dé dat stic bén kéo I6n nhat, ghi
nhan sy dao déng lén dén 78,7% khi thay déi huéng in.
Clng hudng tiép can do, P. Turek [9] st dung hé théng
do GOM Scan va MarSurf dé cho thdy sai s6 kich thuéc
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phu thuéc manh vao orientation, tir d6 dé xuat cac dinh
hudng t6i uu dé ki€ém soat hinh hoc san pham.

Tai Viéet Nam, mét nghién ctu dang chu y do Cuong
N. V [10] thuc hién trén mdy in Markforged Metal X véi
vat liéu thép khong gi 17-4 PH da cho thay d6 nham bé
mat thay d&i |6n theo hudng in. Mau in theo upright dat
Ra = 7,42um trong khi mau nam ngang (flat) dat
Ra=82,8um. Nghién ctiu nay dong thoi dé xuat mo hinh
du doan d6 nham dua trén huéng in nham phuc vu téi
uu hod quy trinh in kim loai trong nuéc Mac du doi
tugng nghién ctu la thép khong gi 17-4 PH thay vi nhua
ABS, két qua nay van nhan manh tinh phé quat cda hién
tugng: orientation la mét théng s6 then chét anh
huéng truc ti€p dén chat lugng san pham in 3D, bat ké
loai vat liéu st dung. Mac du déi tuong nghién cdu la
thép khéng gi 17-4 PH thay vi nhua ABS, két qua nay van
nhan manh tinh phé quat cda hién tugng: “Hudng in” |a
mot théng s6 then chét anh huéng truc tiép dén chat
lugng san pham in 3D.

Tu téng quan trén, c6 thé thdy rang huéng in 1a moét
théng sé c6 anh hudng sau rong dén nhiéu dac trung
ky thuat ctia san phdm in 3D. Do d6, viéc tiép tuc nghién
clu, md phdng va thuc nghiém cac huéng in khac nhau
la can thiét dé tim ra phuang an t8i uu héa phu hgp véi
tung loai vat liéu va yéu cau ing dung cu thé. Trén co
sG do, nghién ctu nay dugc thuc hién nham danh gia
anh hudng cltia cac phuong an hudéng in khac nhau dén
chat lugng san pham in 3D s dung vat liéu nhua ABS
(Acrylonitrile Butadiene Styrene - nhua nhiét déo ky
thuat, c6 dé bén va dap cao, dé gia cdng). Bang cach két
hop gitta mé phong sé véi phan mém Altair Inspire va
thit nghiém thuc té bang may in 3D, nghién ctu tap
trung phan tich cac chi tiéu nhu chuyén vi, ing suat, va
luogng vat liéu hé trg can thiét. K&t qua thu dugc cho
phép so sanh dinh lugng giira cac hudng in, qua do dé
xuat phuaong an in pht hgp nham cai thién chat lugng
bé mat, gidm thiéu vat liéu support va t6i uu hdéa do
chinh xac hinh hoc cua chi tiét.

2. PHUONG PHAP NGHIEN CUU

Phan mém dugc st dung trong nghién ctu la Altair
Inspire, mot cong cu md phodng tién tién cho phép du
doan va gidm thiéu cac su c6 tiém &n trong qua trinh in
3D, dién hinh nhu bién dang nhiét hay khuyét tat két
cdu. Khong nhimng thé phan mém con hé trg dé phan
tich Ung suat - bién dang trong céac chi tiét lam bang vat
liéu nhua, ddm bao san pham cudi cing khéng bi hdng
héc, gilt nguyén ndng va thiét ké cau truc support xay
ra trong qua trinh in, chdng han nhu bién dang nhiét
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hay cac khuyét tat vé cau trac. Trong nghién ctu nay, vat
liéu dugc st dung la nhua ABS (Acrylonitrile Butadiene
Styrene). Day la loai nhua nhiét déo ky thuat phd bién
trong in 3D nh& c6 d6 bén va dap cao, d6 ciing tot va kha
nang gia céng thuan Igi. 1a nhua nhiét déo ky thuat phd
bién, c6 mat do khodng 1,06 - 1,10g/cm?, nhiét d6 chuyén
kinh ~100 - 105°C [12]. ABS ndi bat vai dé bén va dap cao,
6n dinh kich thudc va kha nang gia cong tét - ly tuéng cho
tng dung in 3D ca khi va nguyén mau.

Cac mé hinh 3D sau khi dugc mé phdng phai chuyén
déi dinh dang tép sang *.STL, sau d6 dua vao phan mém
Repetier-Host (phan mém cat 16p va sinh ma G-code
diéu khién may in 3D). Tai day, ddi tugng dugc xi ly
bang céc chiic ndng cét 16p vat thé do cong nghé in 3D
theo tung I6p sao cho do day I6p cat cang mong thi
chét lugng bé mat va d6 chinh xac ciia mau in cang cao.
Cuébi cung, mé hinh dugc dua vao qua trinh in th
nghiém trén may in 3D dé danh gia tinh kha thi va do
chinh xac cta toan bd quy trinh.

»

Hinh 1. Mdy in 3D
3. KHAO SAT HUGNG IN

St dung phan mém Altair Inspire dé€ khao sat va danh
gia hudng in trong in 3D la mot qua trinh chi tiét bao gém
viéc tao mo hinh, thiét 1ap cac huéng in khac nhau dén
phan tich két qua dé t6i uu hda do bén co hoc va chat
lugng bé mat sdn phdm. Phan mém hd trg lua chon
hudng in phu hgp, déng thoi gidp rat ngan thai gian in
théng qua cac thuat todan mé phong t6i uu. Cac mau in
3D dugc th nghiém véi nhiéu hudng in khac nhau dé
danh gia toan dién anh hudng cua yéu t6 nay dén chat
lugng bé mat sdn pham va thai gian in.
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3.1. Khao sat, danh gia huéng in Max Height

Printing Time
7966.96 5

Distance 00mm | 4 B Move inside
Orientation

Max Height

SupportArea  Support Volume
971.0 mm2 32000.0 mm3

: Currentorientation values
mm2  Supp volume: 32000.0 mm3  Printtime: 7966.96 5

Hinh 2. Huéng in Max Height

Hudng in Max Heigh trong in 3D la phuang phap in 3D
ma tai @6 mo hinh dugc sap xép theo chiéu doc téi da ma
may in c6 thé dat dugc. Binh nghia nay tap trung vao viéc
tan dung t6i da chiéu cao truc Z cia may in 3D dé tao ra
cac vat thé vai chiéu cao 16n nhat cé thé. Qua dé, huéng
in Max Height khéng chi giup phat huy t6i da nang luc tao
hinh cGia may in ma con hé trg gia céng hiéu qua cac san
pham c6 hinh déng phuc tap va chiéu cao dang ké mot
cach hiéu qua, gop phan nang cao hiéu suat va chat
lugng san pham in.

3.2. Khao sat, danh gia huéng in Surface

Distance 72315 mm 4 @ Move inside
Orientation
Max Height

Surace 1

SupportArea  SupponVolume
4710 mm2 320000 mm3

18000.0 mm3

Printing Time
7566 96 5

£99.0 mm2 564057 3

Hinh 3. Huéng in Surface 1

Surface 2 _

i Distance J617e-16mm| 4 B Movainside
Orientation
Max Height

SupportArea Support Volume Printing Time
971.0 mm2 320000mm3 7966965
Surface 1 899.0 mm2 18000.0 mm3 564057 5
. | Surface 2 1003.0 mm2 19000.0 mm3 6197813

Hinh 4. Huéng in Surface 2
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Huéng in Surface trong in 3D la viéc xac dinh va dat
mo hinh 3D theo mét hudng nhat dinh trén ban in nham
dat dugc cac muc tiéu in an nhu bé mat min mang, dé
bén cau trdc cao, va gidm thiéu thai gian in va tiét kiém
vat liéu hé trg (support). Viéc lua chon hudng in Surface
trong in 3D la mét budc quan trong trong qua trinh t6i uu
hoa quy trinh in an. Bang cach phan tich ky luéng va su
dung céc cdng cu hé trg, ngudi thiét ké co thé cai nang
cao chat luong bé mat, d6 bén cau truc, va téi uu hiéu qua
in ctia san pham 3D.

4. MO PHONG VA DANH GIA KET QUA

Sau khi thuc hién nhap mé hinh vao khéng gian mo
phong cua Altair Inspire, qua trinh m6 phong dugc tién
hanh qua cac budc: thiét 1ap moé hinh, dinh hudng in, thiét
lap thong sé in va khéi chay mo phéng qua trinh in. Sau
khi hoan tat, phan mém cung cap cac két qua bao gém:
bién dang, chuyén vi va ting suat ctia mé hinh trong qua
trinh in 3D. Cac théng s6 dugc thé hién nhu sau.

4.1. Huéng in Max Height

Stage
print

Result Types
von Mises

W [ 6]

von Mises

Max: 9.550e+02 MPa **
— 9.550e+02 MPa £
— 8.657e+02 MPa
— 7.764e+02 MPa
— 6.871e+02 MPa
— 5.978e+02 MPa
— 5.085e+02 MPa
— 4.192e+02 MPa
— 3.298e+02 MPa
— 2405e+02 MPa
— 1.512e+02 MPa
— 6.192e+01 MPa

Min:  6.192e+01 MPa ™

Show

& de =

Callouts

VB e =

Hinh 5. Ung suét

aldye
print

Result Types
Displacement

w [t [*]e

Displacement Mag v
Max: 6.705e-01 mm
— 6.705e-01 mm
— 6.034e-01 mm
— 5.364e-01 mm
— 4693e-01 mm
— 4.023e-01 mm
— 3.352e-01 mm
— 2682e-01 mm
—2011e-01 mm
—1.341e-01 mm
— 6.705e-02 mm
— 0.000e+00 mm
Min:  0.000e+00 mm

Show

& &

Callouts

Hinh 6. Chuyén vi
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Két qua md phéng cho thay, chuyén vi t6i da dat
khoang 0,6705mm, la gia tri thap nhat trong ba phuang
phap, phan anh d6 én dinh hinh hoc tuang déi cao trong
sudt qua trinh in. Vung c6 chuyén vi I6n nhat tap trung &
dinh dau mé hinh, nai chiu tac dd6ng cdng dén clia chiéu
cao in va trong lugng phan trén. V€ phan bé ting suat, mo
hinh ghi nhan Gng suat tap trung ro rét tai phan than
gilia, dac biét quanh cac canh gap khuc, véi gia tri téi da
khodng 95,5MPa. Do ciu truc dung thang ding, luong vat
liéu support can st dung la I6n nhat, kéo dai toan bd
chiéu cao mé hinh dé€ nang dé cac bé mat nghiéng va nho
ra. Bi€u nay giup gidm chuyén vi nhung déng thai lam
tang dang ké vluing ti€p xuc support, anh huéng dén hiéu
qua téng thé khiin. T mé phéng co thé thay, phuong én
Max Height mang lai d6 ciing hinh hoc tét trong phan
tich s6, nhung chi phi vat liéu va kha nang xuat hién ing
suat n6i bo cao tai than mo hinh.

4.2, Huéng in Surface 1

| X print

Result Types
von Mises

“ [« [x

von Mises

Max. 9.550e+02 MPa **
—9.550e+02 MPa =
— 8651e+02 MPa
— 7.753e+02 MPa
— 6.854e+02 MPa
— 5.955e+02 MPa
—5.057e+02 MPa
- —4.158e+02 MPa
— 3.259¢+02 MPa
— 2.361e+02 MPa
— 1462e+02 MPa
—5.633e+01 MPa
Min:  5.633e+01 MPa ™

Show

o de =

Callouts

R

Stage
print

Result Types
Displacement

<

Displacement Mag
Max 7.835e-07T mm
— 7.835e-01mm
— 7051e-01 mm
—6.268e-0T mm
— 5484e-01 mm
—4701e-01mm
—3917e-01mm
—3134e-01mm
— 2.350e-01 mm
— 1567e-01mm
— 7.835e-02mm
— 0.000e+00 mm
Min:  0.000e+00 mm

] W<« e«

G de =
Callouts
7 M Pt =

Hinh 8. Chuyén vi

G phuong an Surface 1, két quad mo phong cho thay
chuyén vi t6i da dat khodng 0,7386mm, 16n hon Max
Height nhung van nam trong pham vi kiém soat. Vung
chuyén vi I6n nhat xuat hién tai phan dau phia trén cia mé
hinh, nai ¢4 hinh hoc vugt nhé ra khéi mat phang in va
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dugc hé trg bdng mot lugng support han ché. Ung suat 16n
nhat, tuong duang khoang 95,5MPa, tap trung tai cac viing
giao ti€p gilta cac khéi hinh hoc véi su thay déi tiét dién
dang ké, nhu khu vuc tiép néi gitia than chinh va phan dau.
So véi Max Height, lugng support st dung trong Surface 1
da dugc gidam dang ké, phan bé tap trung tai mét s6 vi tri
can thiét nhu bén dudi cac phan vugt va trong cac khoang
réng. Tuy nhién, do hé trg khong lién tuc va khong déi
xUing, cac viing nay van phét sinh chuyén vi tuong déi 16n.
Phan tich cho thdy hudng in Surface 1 dat dugc su can
bang gilta viéc gidm khéi lugng support va kiém soat
chuyén vi, tuy nhién sy phan bé (ing suat van tap trung tai
cac vung cé thay d6i hinh hoc ré rét.
4.3. Huéng in Surface 2

3 ;= — print

Result Types
lvan Mises

e« [x

von Mises

Max. 9.550e+02 MPa **
— 9.550e+02 MPa
— 8672e+02MPa
— 7.7%e+02MPa
— 6.916e+02 MPa
— 6.038e+02 MPa
— 5.160e+02 MPa
— 4.282e+02 MPa
— 3404e+02 MPa
— 2526e+02 MPa
— 1648e+02 MPa
— 7.701e+01 MPa

Min:  7.701e+01 MPa **

Show

& de =

Callouts

PEE - s

print i
Result Types ¥
Displacement i

%

Displacement Mag v

Max: 8.388e-01 mm
— 8.388e-01 mm =
— 7.550e-01 mm
—6.711e-01 mm
— 5.872e-01 mm
—5033e-01 mm
—4.194e-01 mm
— 3.355e-01 mm
—2517e-01 mm
— 1.678e-01 mm
— 8.388e-02 mm
— 0.000e+00 mm

Min:  0.000e+00 mm

Show

o b

Callouts

7 ™

Hinh 10. Chuyén vi

Mé phong theo huéng in Surface 2 cho thay chuyén vi
I6n nhat trong ba truong hgp, dat khoang 0,8388mm, cha
yéu tap trung & vung dau cong va canh trén, noi khong
cb support truc ti€p nang dé bén dudi. Mac du vay, phan
b6 chuyén vi dién ra kha mugt va lan tda, khéng xuat hién
bién dang cuc bé dot ngot. Ung sudt I6n nhat van duy tri
& muc khodng 95,5MPa, nhung vung tap trung trdi rong
tai phan tiép gidp gitra than va dau cong, cho thay luc
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cang phan b6 déu thay vi tap trung cuc bo. Vé mat cau
trdc support, phuang phap nay st dung it support nhat,
chi xuat hién & cac vung hang dudi cung hodc cac 16 hé
bén trong. M6 hinh cho thay su phan bé tng sudt va
chuyén vi trong Surface 2 la déng déu hon, du gia tri cuc
dai cao hon, nha dinh hudng in phu hgp véi su phan bo
trong luc va dong vat liéu ndng chay. Biéu nay gép phan
t6i uu khéi lugng support va gidm thiéu nguy co tap trung
(rng sudt tai cac viing c6 thay déi hinh hoc dét ngét hoac
chiu tai khong dong déu.
5. THU NGHIEM QUA TRINH IN VA DANH GIA KET QUA
Repetier-Host 1a mét phan mém diéu khién va hé trg
qua trinh in 3D, cho phép ngudi dung nap mé hinh, thiét
lap hudng in va cau hinh théng sé in, thuc hién cat I6p
(slicing) va sinh ma lénh G-code (mé Iénh diéu khién hanh
trinh in 3D). Phan mém ciing cung cap giao dién truc
quan dé giam sat va diéu chinh qua trinh in, gitp nang
cao hiéu qua va chat lugng san pham in. Sau khi thiét l1ap
mo hinh, hudng in va cac thong sé can thiét, tién hanh cat
I6p va kiém tra G-code, ta sé thu dugc két qua in mé hinh
thuc té nhuhinh 11 +13.

Hinh 11. Huéng in Max Height

Vé6i hudng in Max Height, mé hinh dugc dat theo
phuong dung ding, dan dén nhu cau st dung support
I&n, trai dai theo toan bo chiéu cao clia chi tiét. Viéc can
in nhiéu I6p support lién tuc khéng chi lam tang khoi
lugng vat liéu tiéu thu, ma con tao ra cac vung tiép xuc
I6n gilta support va bé mat chi tiét, gdy anh hudng dén
chat lugng bé mat sau khi thao bé support. K&t qua mau
in thuc té€ cho thay xuat hién cac vét han ro, gon bé mat
va bién dang nhe, phan anh ding mé phdng véi iing suat
tap trung va chuyén vi tai viing gilra than chi tiét.

Tap 61- 569 (9/2025)
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Hinh 12. Huéng in Surface 1

DGi véi huéng in Surface 1, lugng support da dugc téi
gian hon nha dinh huéng gitp tang dién tich ti€p xuc véi
ban in. Tuy nhién, ving dau nhé cao van can bé tri
support cuc bd. DU lugng vat liéu support giam, nhung
chat lugng bé mat tai cac vung in nghiéng van kém, thé
hién qua mau in cé vét Idp phan tang rd, bé mat tho rap
va d6 chinh xac hinh hoc thap. Két qua nay cho thay viéc
giam support khong déng nghia véi tang chat lugng néu
hudng in chua hgp ly vé mat co hoc.

PR

Hinh 13. Huéng in Surface 2

Trong khi d6, huéng in Surface 2 thé hién su can bang
t6t gitra lugng support va chat lugng in. DU lugng support
van dugc st dung tai cac vung hd bén dudi, nhung dugc
b6 tri hiéu qua tai cac vi tri can thiét, gitp gidm thiéu anh
hudng dén bé mat in. Mau in thuc té c6 bé mat nhan, chi
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tiét lién mach va it khuyét tat han han hai trudng hop con
lai, cho thay su phu hgp gitra dinh huéng in va dac diém
hinh hoc cta chi tiét. K& qua mo phong cling xac nhan
rang mac du chuyén vi téng thé cao hon, nhung phan bg
(ing suat déng déu han va khéng co diém tap trung tng
suat nghiém trong.
6. KET LUAN

Nghién cttu da cho thay rdng hudng in 3D anh hudng
truc ti€p dén chat lugng bé mat, d6 chinh xac hinh hocva
hiéu qua st dung vat liéu trong qua trinh in véi vat liéu
ABS. Qua qué trinh mé phong va in thi nghiém, ba
phuaong phap dinh hudng in khac nhau da dugc so sanh.
Hudng in Max Height tuy gitip giam bién dang nhung tiéu
tén nhiéu vat liéu support va gay anh hudng dén do chinh
xac. Hudng in Surface 1 cho phép s dung it support hon
nhung lai lam gidm dang ké chat lugng bé mat. Trong khi
dé, hudng in Surface 2 - mac du c6 chuyén vi mé phéng
I6n hon - da cho két qua in thuc té tot nhat vai bé mat
nhan va it khuyét tat. Két qua nay khang dinh tam quan
trong cua viéc lua chon hudng in phu hgp, va cho thay
rang viéc két hgp mo phong trudc in véi thir nghiém thuc
t&€ 13 can thiét dé t6i uu chat lugng sén phdm in 3D.

Trong tuong lai, nghién ctu c6 thé dugc md rong
bang cach khao sat thém nhiéu dang hinh hoc phtc tap
hon, str dung cac vat liéu in khac nhau, ciing nhu tich hgp
cac thuat toan t6i uu hdéa hudng in tu dong nham nang
cao hiéu qua in va gidm thiéu tiéu hao vat liéu ma van
dam bao do chinh xac va chat lugng bé mat clia san pham
in 3D.
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