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TOM TAT

Bai bdo trinh bay vé viéc thiét ké va ché tao mdy in 3D — FDM toc dé cao bang hé thong
truyén dong CoreXY va hé thong diéu khién t6i wu toc do di chuyén ciia cum dau in trong khéng gian
XY, Thiét ké nham t6i wu toc dé va thoi gian in khi sir dung cong nghé in 3D trong quy trinh tao mau
nhanh bang nguyén 1y boi dép vit liéu. Bai bdo trinh bay mot cach cu thé tir thiét ké co khi, diéu
khién may in 3D bang hé diéu hanh Raspberry Pi kiém sodt qud trinh in bang nhitng théng sé dwgc
can chinh PID ty dong va tir do dem mau in di kiém nghiém kich thudc, chat luwong san phcfm va do
bén kéo doi véi teng logi nhwa. Bai bao sé dwa vao cac nghién ciu da thuc nghiém dé ap dung hé
qua dé nghién ciru tim ra nhitng théng soé in lam tang chdt lirong san pham va toi wu thoi gian tao
mau véi co cau CoreXY dé phdt trién cong nghé tao mau nhanh phuc vu trong hoc tdp, co khi va y
té trong twong lai.

Tir khéa: My in 3D FDM; Truyén dong CoreXY; In mdu 3D toc do cao.
ABSTRACT

This paper presents the design and fabrication of a high-speed 3D printer based on Fused
Deposition Modeling (FDM) technology, utilizing a CoreXY motion system and an optimized control
mechanism to enhance the printhead's movement within the XY plane. The design is focused on
maximizing printing speed and minimizing production time in the context of rapid prototyping using
additive manufacturing principles. The paper details the complete development process, including
mechanical design and the integration of a Raspberry Pi-based operating system for printer control.
The control system employs auto-tuned PID parameters to regulate motion precision, ensuring
consistent print quality. Printed samples are evaluated for dimensional accuracy, surface quality,
and tensile strength across different thermoplastic materials. Based on experimental results, the
study identifies optimal printing parameters that improve product quality and reduce prototyping
time using the CoreXY architecture. The findings aim to contribute to the advancement of rapid
prototyping applications in education, mechanical engineering, and medical fields.

Keywords: FDM 3D Printer, CoreXY Motion System; High-Speed 3D Printing.
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1. GIOI THIEU

May in 3D 1a mot cong nghé san xuét
tién tién dya trén nguyén ly gia cong cong don
vat liéu (Additive Manufacturing - AM), trong
d6 vat thé dugc tao ra bang cach xép chong
tirng 16p vat liéu theo mo hinh thiét ké s6. Cong
nghé nay da phat trién manh mé trong nhiéu
linh vuc, tir cong nghiép, y té, hang khong vii
try dén san xudt san pham tiéu dung. Trong
sO cac phuong phap in 3D hién nay, Fused
Filament Fabrication (FFF), con dugc goi la
Fused Deposition Modeling (FDM), la mot
trong nhitng cong nghé phd bién nhat. Phuong
phap nay st dung soi nhya nhiét déo nhu PLA,
ABS, PETG... dugc nung chay va dun qua voi
phun dé tao thanh vat thé theo timg 16p. Tuy
nhién, qua trinh in 3D van ton tai nhiéu thach
thirc nhu @6 chinh xac kich thudc, chét luong
bé mat, kiém soat d9 co rit vat lidu va dac biét
1a t61 vu héa toc d6 in. Phuong phap AM dang
thu hut duoc sy quan tdm manh mé trong moi
truong hoc tap, khuon dic, y té, cac san pham
ngh¢ thuat. Cac img dung cling da néu va cung
cap cac tmg dung méi da duoc dé cap gan day
[1-6].

Hién nay, cac nghién ctru da phan tich
dong hoc co cdu CoreXY tdi uu tdc do in lén
hé théng in 3D [7] nhung dé ap dung vao thuc
nghi¢m dé thuc hién ché tao va phat trién hé
thong diéu khién tir d6 di kiém nghiém mau in
va kiém bén tir d6 danh gia két qua. Trong bai
béo s& néu rd phan thiét ké co khi va cac chuc
nang diéu khién lam ting ning suét in va giam
sai sO khi in bang thuat toan PID bao gom:
nhi¢t dJ, can ban, khir rung cung ltc dé gidm
sat qua trinh in thong qua man hinh hoac di¢n
thoai thong minh khi két ndi cing dia chi IP
wifi phan hoi tir camera bang hé diéu hanh do
Raspberry Pi tao ra.

2. THIET KE HE THONG CO KHIi
Quy trinh thiét ké hé thong co khi:

Bdng 1. Théng so thiét ké mdy in 3D

Théng sb Gia tri
Kich thudc may 435x 410 x 500 (mm)
Kich thudc mau 16n 200 x 200 x 200 (mm)

nhét

Vat liéu tao mau PLA, PETG, ABS...
1.75 mm
1 dau dun

V =100-300 mm/s

Puong kinh day nhua

S6 luong dau dun

Van toc dau in khi dun

Van tbc khi chay

khong tai V =300 mm/s

2.1. Cum truc di chuyén XY

Cum truc di chuyén XY la thanh phan
ciu tao tao chuyén dong quan trong nhat cia
dau in trong mit phang XY thi phai dam bao
duoc cac yéu td sau: do cung viing, ém ai, don
gian, tao duogc gia tc 16n khi in va giam duoc
gia tbc quéan tinh. Tir so dd dong cua nguyén ly
CoreXY phan tich dong hoc co cau nhu Hinh 1
dwa ra mi trong quan gitra cac dai lugng trong
co cau nhu sau:

iy ey ey

Hinh 1. So' do nguyén Iy CoreXY dwoc dp dung
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Trong do:

(1) Pau in nhua (6) Pully dan hudng
(2) Con trugt vudng (7) Con trugt vudng
truc X trucY

(3) Ban gia nhiét (8) Thanh ray truc Y
(4) Thanh ray truc X | () Pong co bude chu

dong
(5) Day dai rang GT2

Phan tich dong hoc co cdu CoreXY:

Do dich chuyén ciia dau in phy thudc
vao lugng dich chuyén cua diy dai theo cong
thure sau:

__ AA#AB
T2 _}{ﬂﬁ=ﬁ}(+ﬂ?

_ 8a-28 7 {AB = AX— AY
2

(1)
AY

Tir lugng dich chuyén theo truc X va'Y
tir 46 tim duoc d6 dich chuyén dugc biéu dién
theo ma tran Jacobian (J).

Ap =R.].AB )

11 1 .. [A8
veil =3 [1 —1]‘ a8 = [ﬂﬂj
Trong do:

- J: Ma tran Jacobian la ma tran xac
dinh chuyén dong cua pully toi vi tri dau in;

-AB: Goc quay cua 2 dong co budc dan
dong;

- R: Bén kinh ctia pully dai dugc sir dung.

Sau khi c¢6 luong dich chuyén thi lay
dao ham cua lugng dich chuyén dau in theo
thoi gian s& c6 phwong trinh vén toc cta dau in
nhu sau:

v, =3 =RJlT=RJle O

. Wy
Vo1, w = ]

W3
Trong d6: , va o, la van toc goc cua
hai dong co chu dong.

Motor dan dong dong co NEMA 17
42STH48-2504AC cua LDO motors 1a dong co
duoc sur dung rong rai may in 3D véi goc bude
1,8°. Tinh toan d¢ dich chuyén va vén tdc tbi da
ma hé théng CoreXY c6 thé dat duoc nhu sau:

S(Z Géc bo d;xch S0 vong Théi
buwdéc ua ch’uyen quay ian
(buére/ ?m dy) toida | toida (giﬁ )
vong) (mm) | (RPM) | ‘&Y

200 on 37,7 477 1

Tur nhitng tinh toan va lua chon cac chi
ti€t co khi thi duoc thiét ké nhu hinh sau:

Hinh 2. Thiét ké cum XY

(1) Thanh nhoém ga
pully dan huéng

(2) Cum dau in (10) Thanh ray truc Y
(3) Ga pully dan huéng | (11) Pully khong ring
(4) Thanh nhém truc Y | (12) Pai rang GT2

(9) Pong co dan dong

(5) Con trugt vudng (13) Thanh ray truc X

(6) Bo ga thanh truc X | (14) Pully rang

(7) Bd ga motor dan dong | (15) Thanh nhom truc X

(8) TAm ga cang dai
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2.2. Cum truc Z

Cum Z dugc ding dé dich chuyén ban
in theo truc Z can phai do chinh xac cta timg
16p in va chat luong nén sir dung truyén dong
vit me — dai 6c, ban in va khung d& can phai
dam bao do ciing virng thi dugc gia cong CNC.
Thiét ké cum truc Z nhu hinh:

Hinh 3. Thiét ké cum ban in Z

Trong do:

(1) Pong co toinhwa | (7) TAm trén ga dau in

Hinh 4. Thiét ké cum dau in ciia méy in 3D
Trong do:

(1) Pong co toinhwa | (7) TAm trén ga dau in

A (8) Quat luu thong
(2) B toi nhya khong khi
%)uilr‘l’at heatsink cho 1 o) 1411 duei g4 dau in
(4) Pau in (10) Tam sau
(5) Dan khong khi quat

lam mat nhua (11) Cam bién can ban

(12) Tam ga cam bién

(6) Ong dan day di¢n gia the

Mo hinh tong thé ctia may sau khi thiét
ké trén phﬁn mém Solidworks va thuc hién va

lam mat nhua

A (8) Quat luu thong
(2) B0 to1 nhua khong khi
(%)uli{r‘:‘f‘t heatsink cho | ) 1411 dusi g4 dau in
(4) Pau in (10) TAm sau
(5) Dan khong khi quat

(11) Cam bién can ban

(6) Ong dan day dién

(12) TAm ga cam bién

lap rap.

gia toc

2.3. Cum déu in 3D

Cum diu in duge st dung bg toi nhya
truc tiép duoc dan dong boi dong co Nemald
36STH20-1004HG théng qua bd truyén banh
ring dé ting moment khi dun nhya tryc tiép
vao dau gia nhi¢t. Cum dau in duoc tich hop
thém cam bién cin ban ty dong Bltouch, cong
tac hanh trinh truc X dugc thiét ké nhu hinh:

Hinh 5. (a) Thiét ké trong phan mém 3D, (b) Mé
hinh thuc té cia may khi ché tao

3. HE THONG PIEU KHIEN

Cong nghé in 3D dang phat trién manh
mé va dong vai tro quan trong trong cac nganh
cong nghi¢p ché tao, y t€ va gido duc. Trong
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d6, may in 3D sir dung co cdu CoreXY két hop
v6i firmware Klipper mang lai kha ning diéu
khién chinh xac, toc do cao va t6i uvu hoa chat
luong san pham. Bai béo niy tap trung nghién
clru cdu trac hé thong diéu khién may in 3D
CoreXY st dung Klipper, lam rd nguyén ly
hoat dong ciia cac thanh phan chinh va phan
tich céac thuat toan diéu khién tién tién.

Hé thdng diéu khién may in 3D CoreXY
bao gdm cac thanh phan chinh sau:

«Raspberry Pi (B diéu khién chu - Host
Controller):

- Thuc hién xur 1y cac thuét toan phuc
tap nhu dong hoc CoreXY, Input Shaping va
Pressure Advance.

- Tiép nhan va giai ma 1énh G-code tir
nguoi dung thong qua giao dién web (Mainsail/
Fluidd).

- Gui 1énh diéu khién qua cong USB téi
vi diéu khién chinh (MCU).

*Mainboard MKS Robin Nano V3.1 (Vi
diéu khién - MCU STM32F407):

- Tiép nhan 1énh tir Raspberry Pi va
thuce thi didu khién cac thiét bi phan cimg.

- biéu khién cac dong co bude (X, Y, Z,
Extruder), b0 gia nhiét (hotend, ban nhi¢t) va
cam bién (BLTouch, ADXL345).

4. KIEM NGHIEM
4.1. Kiém nghié¢m kich thuéc

Mau in kiém tra kich thu6c nhu hinh 6
¢6 khéi hinh chir nhat 20x20x20 mm va toc do di
chuyén dau in giir trung binh ¢6 dinh 14 200 mm/s.

D¢ 1énh kich thudc dugc tinh theo cong

thirc sau theo ba phuong X, Y, Z:

AL, = |L;— L.|

- L.: Céc gia tri trung binh do trén mau
theo phuong X (X,). Y (Y)). Z (Z)),

- L. Kich thgéc danh r,1ghia trén mau thr;

- AL_: Sai s0 tuyé€t doi cua mau thur so
voi kich thudc danh nghia theo phuong X, Y, Z;

- i: Sb thtr tu cua ddi tuong do.

Hinh 6. Mau in 3D dé kiém nghiém sai sé theo 3
phuong X, Y, Z

Bang 1. Két qua sai sé kich thuéc mdu theo 3

phuong X, Y, Z
Mién Mién Mién
Loai dung sai | dungsai | dung sai
nhua phuwong X | phwong Y | phuong Z
(mm) (mm) (mm)
PETG |20+£0,054|20+0,023 | 20+ 0,147
PLA 20+£0,06 |20£0,017 | 20+ 0,121

4.2. Kiém nghiém toc do

Phuong phap do van tdc bang quang
hoc str dung anh sang (laser hoac LED) va cam
bién anh dé thu tin hiéu phan hoi tir bé mat vat
thé ma khong can tiép xtc. Thong qua phan
tich bién doi cuong do, tan sb Doppler hoac vi
tri bong sang trén cam bién, hé thong cho biét
chinh x4c vén tdc, khoang cach hay do day. Ky
thuat nay mang lai két qua nhanh, chinh x4c va
an toan va dugc thuc hién nhu hinh 7.
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[ WE il cdn o |

Hinh 7. Quy trinh do toc dé quay cia dong co
thuee té
Bdng 2. Bang ket qua do toc do cua dong co tir

may do téc dé quang hoc.

Toc do P Toc do £ o
ddu in Tv"ifnz‘-’ diu in di Tv";n‘;‘-’
tl:iét IQP quay theo chkuyf?n quay theo
trén phan | |, . diu in £
mém tinh toan theo thue thuc te
(mm/s) (RPM) té (mm/. s) (RPM)
25 37,5 25,49 38,24
50 75 49,65 74,47
100 150 99,93 149.9
120 180 120,27 180,4
170 255 167,4 251,1
200 300 199.6 299.4
250 375 238,6 3579
300 450 286,2 429,3
350 525 365,93 548.9

Bdng 3. Bang két qua do toc do cdp liéu ciia déng

co tir may do téc do quang hoc.

Técdp | Téedp | The dp Tv";nd‘-’
thiét lap vong cap liéu gA
A X A quay cap
trén phan | quay theo | dau in o
Y . . liéu theo
meém tinh toan | theo thuc tinu’c i
(mm/ s) (RPM) | te (mm/ s) (Ri’M)
10 101,63 10,44 106,128
15 152,45 15,81 160,644
20 203,26 21,17 215,116
25 254,08 26,73 271,612
30 304,89 31,79 323,048
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5. KET LUAN

Nghién ctru di ché tao thanh cong may
in 3D dat tdc do dau in 350 mm/s, vuot muc tiéu
v6i két qua thyuc té 365,93 mm/s. Sai sb giita toc
do thiét 1ap va do duoc dudi 5% & hau hét dai
tde do, ching to h¢ théng diéu khién va co ciu
truyén dong on dinh. Tuy nhién, tai tdc do tdi da,
sai s& duong +4,5% cho thdy can toi uvu quan
tinh co hoc va kha nang tan nhiét. Két qua mo ra
tiém nang tmg dung cong nghiép, dong thoi dé
xuét cai tién thuét toan diéu khién va vat lidu dé
nang cao do 6n dinh & téc do siéu cao.
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