SCIENCE - TECHNOLOGY

NGHIEN CU'U, TINH TOAN, THIET KE, MO PHONG
MAY IN 3D PHOI MAU VAT LIEU NHUA

RESEARCH, CALCULATION, DESIGN, SIMULATING 3D PRINTERS OF PLASTIC MATERIAL COLOR

TOM TAT

Trong nhitng ndm gan day, khoa hoc ki thudt va cong nghé phat trién rat
manh mé, cdng nghé tao mau nhanh ngay cang dugc ap dung nhiéu vao cac linh
vuc clia ddi s6ng nhu: y hoc, thdm my, khoa hoc vi tru... Ngay nay nhu cau ca
€on ngudi ngay cang cao ddi héi nhiing san phdm tao ra phai bit mat va c6 chét
lugng tot. May in 3D phdi mau vat liéu nhua st dung cong nghé tao mau nhanh,
tao ra nhiéu san phdm véi mau sic da dang. Trong nghién ctu nay, may in 3D s
dung cong nghé in FDM, ¢ cdu Cartesian, vat liéu nhua PLA, hé thdng truyén
ddong HBOT gitip tang téc dd in va giam kich thudc may.

Tir khéa: In 3D phéi mau, truyén dong HBOT, tao mdu nhanh.

ABSTRACT

In recent years, science and technology have developed very strongly, rapid
prototyping technology has been increasingly applied in many areas of life such
as medicine, aesthetics, space science. .. Today's human needs are increasingly
demanding products that are eye-catching and of good quality. 3D printers
color-coordinating plastic materials using rapid prototyping technology, creating
many products with diverse colors. In this paper, 3D printers use FDM printing
technology, Cartesian structure, PLA plastic materials, HBOT drive system to help
speed up printing and reduce machine size.

Keywords: 3D color printing, HBOT drive, rapid prototyping.
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1.DAT VAN BE

Ngay nay, may in 3D dugc xem la mot phat minh mdi la
cla nhan loai va dugc moi ngudi sir dung trén toan thé gidi.
May in 3D dugc Ung dung réng réi trong nhiéu linh vuc
nhu: san xuat tao miu cong nghiép, thiét ké noi that, san
xudt tiéu dung, gido duc, thai trang,... va ké ca nhiing linh
vuc khac nhu: y hoc, thdm my, cong nghiép hang khéng vi
tru, quan su...

& Viet Nam hién nay thi méy in 3D sif dung c6ng nghé
FDM dang dudgc phat trién rdt manh mé, véi nhiéu dong
may hién dai va co tinh ting dung cao trong ddi séng. Tuy
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nhién trén thi trudng hién nay chd yéu la may in 3D moét
mau, hodc in cdc mau riéng biét. Xa hoi ngay cang phat
trién, nhu cdu clia con ngudi ngay cang cao, doi hoi phai
tao ra cac sdn pham véi mau sac dep va bat mat.

Bai bao trinh bay két qua nghién ctu, tinh toan, thiét ké
may in 3D ph6i mau vat liéu nhya nhdm tao ra may in 3D
phdi mau thuc té, cé thé in dugc nhiéu san phadm vai hinh
dang va mau sac da dang phuc vu nhu cau ctia con ngudi.

2. CAC THONG SO CO BAN VA PAC TiNH KY THUAT CUA
MAY IN 3D

- Két cau may: Cartesian

- Cong nghé in: FDM

- Hé théng truyén déng cac truc:

+ Cum truc XY: Hé thong truyén dong HBOT

+ Truc Z: Vit- me dai 6c¢ truot

-Vat liéu in: Nhua PLA

- Théng s6 ky thuat dau vao dé thiét ké:

+ Kich thudc san pham téi da: A x B x H = 200x200 x230

+ D6 chinh xac chi tiét: [As] =0,Tmm

+ T8¢ d6 in téi da: V =120 (mm/s)

+ Do daylspin:s=0,1-0,4mm
3. TiNH TOAN, THIET KE MAY IN 3D PHOI MAU
3.1. Nguyén ly hoat déng ctia dau phun phéi mau

50 mm fan

3D printed housing/mounting

- E3ID Heatsinks

Insulation to help maintain the
temperature differential

40 w heater cartridge

Extra small mixing chamber for fast

color change and better filament
/ economy

04 mmsingle nozzle

Hinh 1. Dau phun Diamond hotend
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Khi nhua dugc dun bdi bd dun nhya xuéng dau phun sé
qua bo phan tan nhiét, tai day nhya sé dugc gilr trang thai
rdn. Néu tan nhiét khong t6t sé lam nhya chuyén thanh
trang thai 16ng trudc khi xuéng béd phan nung chay sé dé
gay ra hién tugng ket nhua cho dau phun. Khi nhua dugc
dun xuéng dén bé gia nhiét sé dugc nung chay thanh trang
thai long. Tai buéng trén sé dién ra qua trinh tron phéi mau
dé tao ra mau mdi theo ti lé dinh sn theo bang mau RGB.
TU d6 nhua sé dugc phun ra ngoai thong qua kim phun.

RGB
Color Red

255-0-0 (range

Magenta Yn}mw
255.0.255 255.255.0
prin G
z" Green
0-0-255 .3 111-220;5-0
0-255.255 Husdeheterart, com
Hinh 2. Vong tron mau RGB
Bang 1. Ti & phdi mau
STT Mau Tile
RED GREEN BLUE
1 Cyan 0 1 1
2 Ocena 0 1 2
3 Blue 0 0 2
4 Violet 1 0 2
5 Magenta 1 0 1
6 Raspberry 2 0 1
7 Red 1 0 0
8 Orange 2 1 0
9 Yellow 1 1 0
10 Spring Green 1 13 0
1l Green 0 1 0
12 Turquoise 0 2 1
13 Cyan-Brown 1 13 13
14 Magenta-Brown 13 1 1,3
15 Yellow-Brown 13 13 1
16 Brown 1 1 1
3.2. Tinh chon ddng co

Tinh chon déng co cho truc Z ( tuong tu'véi cum truc XY):

Thiét ké truc z dam bdo do chinh xac dich chuyén
[As] thi:

[Ag] = 84k, <0,Tmm
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TU d6, ta c6 do chinh xac déng hoc:
a 0,1

= a <18°
Mt khac dé dam bao téc d6 chay thi n,, > “mex

Trong d6: K,= 8mm budc vit me; i = 1 ty s6 truyén (chon

s0 b dai c6 ty s6 truyén bang 1).

S6 vong quay cla dong co thuc hién téc do chay Ién

nhéat cda truc z:

Ny = % =15 (vg/s)
Tinh chon c6ng sudt déng co chay truc Z:
Cong suat clia ddong co dudc xac dinh theo téc d6 chay

I6n nhat cla truc Z va dugc tinh theo cong thic:

p="2=2% (n
n n

Theo yéu cau cia may ta cé:

Q= m.g=3,326.10=33,26 (N)

V,=0,12 (m/s) - T6c d6 chay I1&6n nhat cla truc z.

Hiéu suat cta truc z:

M ="Mo1* - Nym-Na’ (2)

Trong do:
- Nor = 0,99 - Hiéu suat bd truyén ctia mot cap 6 lan.

-Nun =094 77, = 0,94 - Hiéu suat bo truyén vitme -

dai 6c.

-Ng = 0,95 - Hiéu suat bo truyén dai.

Thay vao coéng thuc (2) ta cé:

N =TNo1> - Nom Mg 2 == 0,993.0,94.0,95% = 0,781

Thay s6 liéu vao (1) ta cé: P =5,11W

Tu d6, ta chon cdng sudt ddong co truc Z 1a: P = 6W

Chon dong co: Nema 17 42x 42 x 48 (hinh 3) va c6 cac

thong s6 ki thuat nhu bang 2

Hinh 3. Ddng ¢ Nema 17 42x42x48
Bang 2. Thong s6 dong co truc Z

Kich Chiéu | Dong Moment Vin téc
thudc dai chiu | Gochuéc | xodn trén t5i da
matbich | than tai truc

42x42mm | 48mm 1,5A 1,8°/step 0,55Nm 300mm/s
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3.3. Tinh toan bé truyén dai
Theo [11:
- Mémen xoan trén truc déng co':

T=9,55.10°24¢ 3)

Ndc
Trong do:
T- M6 men xoan trén truc dong co (Nm)
P, - Cong suat dong co (kW), P = 5,11.10 (da tinh & trén)
ng. - T0c d6 dong ca (vong/pht), ny = 15 (vg/s)
Thay s6 vao (3) ta dugc:

5,11.1073
T =955.10%~——— = 3253 (N)
P, 3253
A T —34.10™*
Nge  9,55.106

- Médun m xac dinh theo cong thic [1]:
m = 35. 3\/E

n
Thay % = 3,4.107* vao ta dugc:

m = 35. 3\/% =35.3/3,4.10~* = 2,35

= Chon m =2 détinh toan [1].

-V&i m = 2, chon chiéu réng dai b = 8mm

Hinh 4. Ban vé phan rd

-Vé&i m =1, chon budc dai p = m.m = 6,28 (mm) [1].

- Chon s6 rang: z; = 20 rang. Theo puli thuc té.
-Pudng kinh banh dai: d; = m.z;

V6i m =2z, =20=d, = m.z, = 2.20 = 40 (mm)
Chiéu dai dai [1]:

m(ds+dp) " (dz—dy)?
4a

L=2a+

Theo thuc té:

Ta chon puli GT2, 20 rang, budc rang 2mm, truc 8mm.

Pai rang GT2 (day curoa) budc rang 2mm, chiéu rong
dai 8mm, vat liéu cao su va Ip manh tang cudng, chiéu dai
dai tuy theo hanh trinh.

3.4. Thiét lap phan mém diéu khién Repetier Host

Cac buédc xuat Geode:

Budc 1: Thiét k€ mau in 3D va luu dinh dang file STL
bang phan mém vé thiét ké mau 3D nhu Creo 3.0,
Inventor...

Buédc 2: Dua file san pham vao phan mém Repetier host.

Budc 3: Chon ma mau cho ting chi ti€t theo mau thiét
ké.

Budc 4: K&t hop lai cac khéi thanh chi tiét ban dau.

Budc 5: Chon ché do vi tri cla file sdn pham trong phan
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Buéc 6: Thiét lap cac thong sé ché dé in: Trong phan
mém Repetier host V2.0.1 tich hgp 3 loai tng dung xuat G-
code la: CuraEngine; Slic3r; Slic3r Prusa Edition. D€ phu hop
vdi tinh nang cdlia may nghién cdu st dung Slic3r.
4.KET QUA

Sau qua trinh nghién clu va tinh toan, nhém tac gia
da thiét ké thanh cong mo hinh may in 3D. Vat liéu dugc
st dung trong qua trinh in la nhya PLA.

Bang 3. Thong s6 ky thuat ctia may

Théng so Gia tri

Kich thugc méy (DxRxC) 565 X 640 x 565 (mm)
Khdng gian lam viéc (DxRxC) 230x 170350 (mm)
Toc do in toi da 120 (mm/s)

Toc dd in toi uu 60- 100 (mm/s)
Nguon dién 220V

Hinh 5. M6 hinh 3D thiét ké mdy in 3D
5. KET LUAN

Nhém nghién clu da ché tao mo hinh moé phong may in
3D phéi mau vat liéu nhua, sir dung hé théng HBOT gilp
tang t6c d6 in do lam giam khoi lugng dat trén truc X, tu
d6, c6 thé tang dugc téc dé dich chuyén cta co cdu chap
hanh. Mdy in 3D phdéi mau tao ra nhiéu san phadm véi nhiéu
mau sac da dang.

Trong thoi gian t&i, nhom nghién ctu sé ché tao san
pham thuc té&, xay dung may in cé thé in dugc nhiéu mau
sac, cdi thién toc dé in cao han, nghién ctru vat liéu in khac
¢6 chat lugng cao hon.
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