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TOM TAT

Cong nghé in 3D theo phuong phdp Fused Deposition Modeling (FDM) hién duoc ung
dung rong rai nho uu diém vé tinh linh hoat va chi phi van hanh thcfp. Tuy nhién, mot trong nhitng
han ché dang ké ciia phwong phdp nay la @ chinh xdc bé mdt con thdp, ddc biét tai cdc ving cé
hinh hoc phirc tap hodc dé nghiéng 1om. Nghién civu nay dé xudt mét ky thudt diéu khién van téc in
tw thich nghi, trong do téc dé in dwoe diéu chinh theo dic diém hinh hoc ciia mé hinh: tang tai cac
khu viee phang hodc don gian, va giam tai cac khu viee yéu cau dé chinh xdc cao nhw bé mdt nghiéng
hodic chi tiét nho. Két qua thuee nghiém cho thdy ky thudt diéu khién vin téc theo ving ndy givip cdi
thién ddng ké chat lwong bé mdt ma khéng lam gia tang dang ké thoi gian in, qua dé nang cao hiéu
qud tong thé ciia qud trinh in FDM.

Tir khéa: In 3D; FDM; Piéu khién thich nghi.
ABSTRACT

Fused Deposition Modeling (FDM) is a widely adopted 3D printing technology due to
its flexibility and low operational cost. However, a major limitation of FDM is its relatively low
surface accuracy, particularly in regions with complex geometries or steep inclinations. This study
proposes an adaptive print speed control technique, in which the printing speed is adjusted based
on the geometric features of the model, which is increased in flat or simple areas and reduced
in regions requiring higher precision, such as inclined surfaces or small features. Experimental
results demonstrate that this region-specific speed adjustment significantly enhances surface quality
without substantially increasing printing time, thereby improving the overall efficiency of the FDM
process.

Keywords: 3D printing; FDM; Adaptive control.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 331, thang 8 nim 2025 BREE
cokhivietnam.vn



NGHIEN CUU - TRAO DOI

1. GIOI THIEU

Cong nghé in 3D, ddc biét 1a phuong
phap Fused Deposition Modeling (FDM), dang
ngay cang dugc ung dung rong rai trong cac
linh vuc nhu thiét ké san phérn, ky thuat co khi,
va y sinh hoc nho vao kha nang tao mau nhanh,
chi phi thap va kha ning san xuét linh hoat [1].
Tuy nhién, mot trong nhirng han ché noi bat cua
cong nghé nay 1a d6 chinh xac bé mat khong on
dinh, dac bi¢t tai cac khu vuc hinh hoc phuc tap
nhu bé mit nghiéng, goc nho, hodc cac ving
dugc hd trg boi két cdu support. Cac khuyét
diém thuong gip bao gdm hién twong bac thang
(stair-stepping), ranh 16p, bién dang vi mo, va
nham bé mat khong kiém soat [1, 2].

Trong nhitng nam gan day, nhicu giai
phap da duoc nghién ctru nham cai thién chat
luong bé mat in FDM. Mot trong nhitng cach
tiép can pho bién 1a giam chiéu cao 16p in (layer
height), qua d6 giam d6 nham va cai thién tinh
lién tuc gitra cac 16p. Mac du phuong phap nay
don gian va dé thuc hién, nhung n6 lam gia
tang dang ké thoi gian in va c6 thé dan dén hién
tuong bién dang nhiét néu khong kiém soat tbt
[3]. Mot s nghién ctru khac da tap trung vao
viéc toi uu hoa vat lidu support nhu ciu trac cay
(tree support), support dang hiru co hodc cau
trac lattice nham giam anh hudng 1én bé mat
duéi (bottom face) ctia mau. Tuy nhién, viéc
loai bd support sau khi in van dé lai ddu vét, dic
biét & cac chi tiét nho hodc mat nghiéng, giy
anh hudng dén d6 chinh xéc kich thudc va tinh
tham my [4].

Ngoai ra, cac k¥ thuat xur 1y hau ky nhu
danh béng co hoc, xir Iy bang hoi dung moi
(acetone vapor smoothing), hoac phu 16p hoan
thién cling dugc 4p dung nham cai thién do
min bé mat. Du mang lai hi¢u qua tryc quan,
cac k¥ thuat nay ton thém thoi gian, chi phi va

khong phu hop v6i cac mau co6 hinh hoc phuc
tap hodc yéu cau glu nguyén kich thude gdc
[5]. Gan ddy, mot s nghién ctru di thir nghiém
cac thuat toan t6i wu duong di dau in (toolpath
optimization) hodc in khong theo 16p phing
(non-planar printing), nhung cac ky thuat nay
doi hoi phén mém hoidc phén cung dac thu, kho
trién khai dai tra [3].

Bai bao dé xuét ky thuat diéu khién van
tdc in tu thich nghi theo hinh hoc chi tiét, béng
cach tu dong diéu chinh tdc d6 in dua trén dic
diém dia hinh ctia mo hinh s6 — giam tdc ¢ ving
nghiéng, chi tiét nho va ting tbc & ving phang,
don gian. Phuong phap tan dung kha nang phan
ving cua cac phan mém slicing hién dai nhu
Cura hoac PrusaSlicer, gitp cai thién do chinh
xac bé mat ma khong lam ting thoi gian in
dang ké. Khac v6i cac cach truyén thong, giai
phap nay khong yéu cau chinh sira phan cimg
hay hau xir 1y phtrc tap, dé tich hop qua G-code
hodc script. Nho vay, k¥ thuat mang lai sy can
bang giira chat luong va hiéu suat, pht hop cho
ung dung FDM quy m6 nhé va trung binh.

2. PHUONG PHAP NGHIEN CUU
2.1. M6 hinh nghién ciru

Trong nghién clru nay, chung to1 xay
dung mot md hinh k¥ thuét s6 dai dién cho cac
dang hinh hoc thuong gip trong in 3D FDM
gy khé khin cho viéc dam bao chat luong bé
mit. M6 hinh gom ba ving dic trung: Bé mit
nghiéng 16n (tir 45° dén 80°): 1a ving d& xuét
hién hién tugng stair-stepping do hi¢u ing phan
16p; Bé mit ngang (0-10°): it nhay cam véi toc
d6 in, thuong khong anh huong dang ké dén do
chinh x4c bé mat; Bé mat 16i hodc 16m phia trén
support: dé xuat hién vong, nhin va do két dinh
16p kém do khong c6 nén viing.
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Hinh 1. Hinh hoc mau

Hinh hoc miu dugc thiét ké dang t6 hop
khdi don gian: mot khdi hop c6 mat nghiéng,
mot mai vom (cau ban nguyét) dugc in trén
support, va mot mit phang chuan nim ngang
dé lam ddi chimg. M6 hinh nay dai dién cho
cac bé mat ma chat luong thuong bi anh hudng
nhiéu nhét béi van toc in.

Xu huéng vén te in duoc dé xuit trong
nghién ciru nay 1a didu chinh van toc theo timg
khu vuc ctia mo hinh: gidm van tdc tai cac vung
nghiéng va ving c6 support dé ting do chinh
xac dinh hinh va do bam dinh 16p, déng thoi
tang vén toc tai cac ving phang nham rat ngan
thoi gian in ma khong anh huéng dang ké dén
chét luong bé mat. Su bién thién nay la co so
cho k¥ thuét diéu khién vén tdc tu thich nghi
duoc 4p dung.

2.2. Thiét 1ap thi nghiém

Nham danh gia gia thuyét dat ra, hai
mau in duoc tao ra tir cing mot md hinh 3D,
cung vat liéu va may in, chi khac nhau vé cach
diéu khién van tdc in:

a. Lap trinh bang UltiMaker Cura véi van toc
khong doi

b. Ldp trinh bang Creality print véi van toc diéu
khién thich nghi

¢. Vung co goc nghiéng lon tie 45-80°

d. Viing cé géc nghiéng 16m hon 80° va tiép xiic
Vo1 support
Hinh 2. Diéu khién vdn toc thich nghi tirng vung

- MAu A (d6i ching): Cai dat van toc in
¢d dinh 265 mm/s cho toan bd mé hinh, khong
phan ving diéu chinh.

- MAu B (thtr nghiém): Sir dung k¥ thuat
diéu khién van tdc ty thich nghi, trong d6 van
toc toi da 1a 265 mmy/s, tdi thiéu la 10 mmy/s.

Viéc diéu chinh dugc thuc hién thong
qua tinh ndng modifier mesh ctia phan mém

UltiMaker Cura, creality print, két hop script &
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g-code thi cong dé t6i wu chinh xac theo chidu
cao 16p. Thong sé in con lai duge git nguyén
gitra hai mau: Vat liéu nhua PLA-CF, nhiét dau
in 1a 210°C, toc d6 lam mat 1a 100%. Pay la
thiét 1ap chuan hoa dé dam bao moi khac biét
vé chat lugng bé mat dén tir sy van tde in.

2.3. Quy trinh do va danh gia

DPéanh gid ngoai quan hai miu duoc
quan sat va so sanh bang mat thuong va kinh
lap ky thuat sé dé nhan biét cac 18i bé miat phod
bién: stair-step, vong, ranh 16p, tach 16p tai
vung nghiéng hodc vung trén support.

Str dung méay quét 3D MCAx dé so sanh
md hinh in thyc té v6i mé hinh CAD ban dau.
Sai léch hinh hoc dugc thé hién qua ban dd mau
(deviation map) va thong ké do 1éch trung binh
+c gifra cac vung do.

a. Bé mat tiép xuc voi support

b. Bé mdt nghiéng lom (tir 45° dén 80°)

.

c. Bé mat ngang (0-10°)
Hinh 4. Mau in theo phwong phap diéu khién vin
toc thich nghi tung ving

a. Bé mat tiép xuc voi support

b. Bé mat nghiéng lom (tir 45° dén 80°)

.

c. Bé mat ngang (0-10°)
Hinh 5. Mau in theo phuong phdp thong thuong
Véi vin toc khéng doi
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3. KET QUA VA THAO LUAN

A BRE W

Mau 1 Mau 2 Thang do sai so
Hinh 6. Kiem tra sai so cua moé hinh sau in voi ban
thiet ke

Cac két qua thu duoc tir qua trinh thu
nghi¢m da xac nhan rd hi¢u qua cua phuong
phap diéu khién van tdc tu thich nghi ddi véi
viéc cai thién do chinh xac bé mit trong in
FDM.

3.1. Panh gia truwc quan

Quan sét so bd bang mat thuong va kinh
lap k¥ thuat s6 cho thidy mau in st dung vén téc
tur thich nghi (Mau B) c6 bé mat dong déu hon,
cac chi tiét nho va ving nghiéng thé hién do sic
nét va do bam dinh giira cac 16p tot hon. Cu thé:

- Tai vung nghiéng (45° dén 80°), hién
tuong stair-stepping va tach 16p & Mau A (van
tdc cd dinh) dién ra rd rét, trong khi Mau B thé
hién cac 16p min hon, it ranh va lién két tot.

- O viing c6 goc nghiéng >80° va tiép
xtc voi support, Mau A xuét hién tinh trang
vong va bé mat nhan do toc d6 cao lam giam do
két dinh 16p; trong khi d6, Mau B thé hién ciu
triic 6n dinh hon nhd vén tée thép duoc ap dung
0 khu vuyc nay.

- Tai bé mat ngang (0-10°), su khac

biét giita hai mau khong dang ké, xac nhan gia
thuy€t rang vung nay it nhay cdm vai toc do in.

3.2. Do sai 1éch hinh hoc bing may quét 3D
Két qua do tir hé théng quét 3D MCAx

va phan mém Geomagic Control X cho thay sai

sO trung binh tai cac vung nghiéng cua Mau B

thip hon dang ké so véi Mau A. Cu thé:

Bdng 1. Panh gid két qua do sai léch

Vi tri do MiuA | MauB | Giim sai
: (mm) (mm) s0 (%)
Vung
nghiéng 45°- +0.39 +0.18 ~53.8%
80°
Ving tiép
xUc voi +0.42 +0.22 ~47.6%
support
Vung ngang o
(0-10°) +0.10 +0.08 ~20.0%

3.3. Thao luin két qua

Két qua trén cho thay hiéu qua rd rét
cua ky thuat diéu khién van tdc thich nghi, dac
biét tai cac khu vuc hinh hoc phtic tap. Viéc
giam toc do in tai cac ving kho gitip tang thoi
gian lam ngudi tirng 16p, gidm hién tugng vong
va cai thién do bam dinh gitra cac 16p nhua.

Ngoai ra, viéc ting toc do tai cac ving
don gian gitp rit ngan thoi gian in ma khong
lam suy giam chat lugng bé mat. Phuong phap
nay khong chi cai thién tinh chinh xac ma con
gilr dugc hi¢u suit in & muc toi wu.

So voi phuong phap giam chiéu cao 16p
hodc xur ly sau in, gidi phap nay c6 cac uu diém sau:

- Khéng lam ting déng ké thoi gian in
tong thé.
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- Khong can thay d6i phan cimg hoic
can thi¢p vat ly vao may in.

- D& dang trién khai qua cdc phan mém
slicing hi¢n dai c6 ho trg phan viung van toc
(nhu Cura, PrusaSlicer).

4. KET LUAN

Nghién ctu da ching minh k¥ thuat
diéu khién van tdc in ty thich nghi gitp cai thién
dang ké d6 chinh xac bé mat trong in 3D FDM,
dac biét tai cac vung hinh hoc phirc tap nhu bé
mit nghiéng hodc vung c6 support. Bing cach
diéu chinh linh hoat van toc theo timg khu vuc,
phuong phép nay giam sa1 so hinh hoc tur 40-
50% s0 voi in v6i véan toc ¢d dinh, ma khong
can thay dbi phan cung hay hau xu ly phuc
tap. Giai phap d& trién khai qua céc phan mém
Slicing pho bién va phu hop v6i nhiéu loai mé
hinh, mang lai hi¢u qué cao cho san Xuét mau
ky thuat hodc san phim yéu cau bé mit tdt.
Trong tuong lai, k§ thuat c6 thé duoc mé rong
bang cach két hop vé6i didu chinh chiéu cao 16p,
kiém soat nhiét do theo ving hodc téi wu hoa
dudng in dé ning cao chit lugng va ning suat.
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