BAI BAO KHOA HQC

~ NGHIEN CUU CAC THONG SO LAM VIEC ANH HUONG
DPEN PQ CHINH XAC SAN PHAM CUA MAY IN 3D HAI DAU PHUN
THEO CONG NGHE FDM

DPoan Yén Thé!

Tom tat: Trong bai bao trinh bay két qua nghién citu thiét ké ché tao may in 3D hai dau phun va nghién ciu
Vé s dnh hieong cia cdc théng sé 1am Viéc nhue: dé day \op in, toc do in va do dién day anh hwong dén do

chinh Xac ciing nhur chdt lwong bé mdt cia chi tiét in 3D. Phwong phdp thiee nghiém Taguchi dwoc sir dung dé

thiét ké thi nghiém va danh gic mirc @6 anh hwong ciia tirng théng s6 do dén dg chinh xdc chi tiét mau in 3D.
Tir khoa: May in 3D, FDM, Taguchi, 6 day I6p in, toc do in.

1. PAT VAN PE

Hién nay trén thé gioi c6 rat nhidu cong nghé in
3D khac nhau ung dungtrong cac nganh cong
nghiép. Cac loai méay in 3D s& tao ra cac san pham in
3D vai vat liéu khac nhau nhu: nhwa, kim loai,
composite. Cac loai may in 3D chu yéu st dung
trong nganh cong nghiép thiét ké cac san pham mau
va phuc vu cong tac dao tao nghién cuu cia cac
truong hoc. Bai bao nay trinh bay két qua nghién
ctru thiét ké may in 3D hai déu phun coéng nghé
FDM sir dung ma nguon ma, dé tiép can phl hop dé
nghién ctru phat trién san pham véi linh kién dé tim
kiém va gia thanh hop 1y.

Hién nay nhitng loai may in 3D dugc ché tao &
Viét Nam con mét s han ché nhu bi gigi han kich
thudc san pham in, ¢ chinh xac va chat luong bé
mat cOn thp, va do tin cdy ciia may chua cao.
Trong b&o cao nay tac gia trinh bay nghién ctu
thiét ké ché tao may in 3D hai dau phun c6 thé in
vat thé 3D dat duoc kich thudc 280 x 280 x 300
(mm) véi yéu cau may in 3D 1am viéc co do tin
cdy cao. Mit khac, chat lugng san pham in 3D
duogc cai thién nhu nang cao d9 chinh xac kich
thudc va chit luong bé mat.

Dé nang cao d6 chinh x4c san pham cta may in
3D hai dau phun cong nghé FDM sau khi d4 thiét ké
ché tao thi can phai danh gia 6 chinh xac cia san
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pham in. Trong bai béo nay tac gia da ung dung
phuong phép thuc nghiém Taguchi dé danh gia cac
thdng s6 1am viéc anh huong dén do chinh xac kich
thudc san phélrn in 3D. Su phu thudc cua cac thong
s6 1am viéc nhu: do day 16p in, toc d6 in va do dién
day anh huong dén d6 chinh xac ciing nhu chét
lugng bé mat cia chi tiét duge nghién ciu. Tir két
qua nghién ctu ndy cung cip nhiing co s cho viée
lya chon cac thong sé phil hop trong qua trinh in san
pham dé dat duoc d6 chinh xac theo yéu cau.

2. MO HINH THIET KE MAY IN 3D HAI
PAU PHUN THEO CONG NGHE FDM

2.1. Thiét ké mé hinh may in 3D

Duya theo yéu cau lam viéc va khdng gian lam
viéc ctia may in 3D hai dau phun cong nghé FDM,
phuong 4n thiét ké két cAu may in 3D dugc mo ta
nhu Hinh 1. Céc b6 phén chinh ctia may gom: (1) ti
dién , (2) cum tryc Z va ban may, (3) cum truc Y, (4)
cum truc X, (5) cum déu phun, (6) man hinh diéu
khién, (7) khung may.

2.1.1. Cum truc X

Cum truc X ¢6 nhiém vu 1a diéu khién may tinh
tién theo phuong X va d& dau phun. Phuong an thiét
ké cum truc X dugc dua ra nhu Hinh 2. Két cdu
chinh cum truc X gom: (1) ray truot, (2) puli cing
dai GT2, (3) TAm d& co cdu truc X, (4) cum déu
phun, (5) day dai GT2 ban 10mm, (6) cam bién hanh
trinh, (7) motor step dan dong.
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Hinh 1. M6 hinh téng thé ciia may

2.1.2.Cum truc Y

Cum tryc Y Ia diéu khién may tinh tién theo phuong
Y va @6 cum tryc X, cum truc Z. Phuong an thiét ké
cum truc Y dugc dua ra nhu Hinh 3. Két cau chinh cia
cum truc Y gdm: (1) puly GT2 20 rang, (2) ga do ray

Hinh 2. Cum truc X

truot, (3) day dai GT2 ban 10mm, (4) ga dong co, (5)

dong co step motor 57 dan dong truc y, (6) Khdp ndi,

(7) truc dan dong, (8) gdi d& 6, (9) Puly din dong GT2

20 rang , (10) Ray truot vudng 12, (11) Co ciu ciang dai
2.1.3.Cum truc Z

Hinh 3. Cum truc Y

Cum truc Z 1a diéu khién may tinh tién theo
phuong Z va d& ban méay. Phuong an thiét ké cym
truc Z duoc dua ra nhu Hinh 4. Két cdu chinh cua
cum truc Z gdm: (1) Khép ndi mém va dong co, (2)
tim sau , (3) tim d& ban cong xon, (4) xich nhya di
day dién, (5) Gbi d& truc, (6) kep truc, (7) tim d&

Hinh 4. Cum truc Z

trén, (8) vit me dai 6¢ bi 12mm, (9) thanh trugt con
truot bi 16mm, (10) ban gia nhiét, (11) d& ban gia
nhiét, (12) tim d& dudi.

Céc thong sb k¥ thuat chinh caa may in 3D nhu
dugc mo ta trong Bang 1.

Bang 1. Cac théng s6 k§ thuit may in 3D

Pic tinh ky thuat Thong sb
Kich thudc may (mm) 540 x 700 x 730
Hanh trinh may (mm) 280x280x300
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DPéc tinh ky thuéat

Thong sb

Pong co bude truc X va bo toi nhya

NEMA 17(42) 34mm 1.2A

Dau phun nhya Cong suat 40 W

Kha nang gia cong In 3D céc chi tiét phiic tapVa in 2 mau
Vit liéu in Nhua ABS hoac PLA

Puong kinh dung ti da 0.4 mm

Pong co budc truc Y va truc Z NEMA 57 3A

2.2. May in 3D dwgc ché tao va chay thir nghiém
7 1 C

Hinh 5. May in 3D hai dau phun dwoc
ché tao va chay thir nghiém

3. PANH GIA THONG SO LAM VIEC ANH
HUONG PEN PQ CHINH XAC CUA SAN
PHAM IN 3D

3.1. Xac dinh cac thong sé thuc nghigm

Do chinh xac cua cac san phém in 3D phu thudc
rat nhiéu vao céc thdng s6 nhu két cdu ciia may va
céc thdng sé diéu khién trong qua trinh 1am viée. Dé
nang cao chét lwong san pham in 3D can nghién ctu
céc thong sb 1am viéc anh huong dén d6 chinh xac
cta san pham. Theo két qua nghién ciu (Omar A.
Mohamed, et al 2014) cho thiy sai léch vé kich
thudc ciia san pham in 3D phu thudc vao chiéu day
I6p in, khoang cach giita cac khoang h, chiéu cao
mdi 16p. Theo (Nancharaiah T, 2011) chi ra rang bé

Hinh 6. Mét s6 san phdam in 3D ciia mdy in 3D
hai dau phun

day 16p va bé rong dudong din anh hudng nhiéu dén
chat lugng san pham vé d¢ chinh xac kich thudc va
d6 nham bé mat. Phuong phap thyc nghiém Taguchi
dugc str dung dé thiét ké thi nghiém va danh gia
mtic d6 anh hudng cua cac thong sé 1am viée (Sood
AK, Ohdar R, Mahapatra S, 2009), cho thiy bé day
I6p, tbc do in va d6 dién ddy anh huong dén do
chinh xéc ciing nhu chit lugng bé mit cua chi tiét.
Tir nhimg két qua nghién ciu trén va kinh
nghiém trong qua trinh chay thtr nghiém may in 3D
va kha nang lam viéc ctia may, trong nghién ctru nay
s& tap trung phan tich, danh gia ba théng sb 1am lam
viéc: tbe do in (V), chidu cao mdi 16p in (H), bé rong
duong dun (W) thay d6i v6i ba mirc nhu Bang 2.

Bang 2. Cac théng s6 thuc nghiém dinh gia d9 chinh xdc san pham in 3D

Thong sé 1am vige Ky hi¢u Gia tri thi nghi¢m Pon vi
' ' Mrc 1 Mc 2 Muc 3 )
Tbc d6 in \Y/ 40 50 60 mm/s
Chiéu cao mdi 16p in H 0.15 0.2 0.25 mm
Bé rong dudng dun W 0.3 0.4 0.5 mm
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3.2. Thiét ké miu thi nghiém

Trong nghién ctru nay, thiét ké thi nghiém L9
(Bang 3) voi ba thdng s va ba cap do thay doi dugc
lya chon dé tién hanh thi nghiém. Mau thi nghiém
Hinh 7 duogc thiét ké véi cac kich thude co ban cia
san pham in 3D gdm: chiéu dai, chiéu rong, chiéu cao
va kich thudc 16 tron. Céc kich thude nay duge do va
danh gia trén mdi mau. Mau in dugc thiét ké bang
phﬁn mém Solidwork 2016 va luu file & dinh dang
*STL sau d6 dwoc dua vao phan mém cit 16p
Repitier Host dé cai dt thong sb. Cudi cling xuit file
sang dinh dang Gcode va nap tryc tiép vao may in
FDM. Mau in 3D dugc in bang vat liéu nhya PLA.

Dé kiém tra kich thudc ta dung Panme dién tir c6
d6 chia nho nhat 14 0.001 va dé do kich thudce dai va
thudc cip dé do duong kinh 18. Gia tri sai léch cua
cac kich thude duge ghi vao Bang 3. Dé xdy dung

m6 hinh thyc nghiém danh gia cac thdng sé 1am viéc
anh huong dén do chinh xac ctia san pham in 3D, thi
nghiém duoc tién hanh dya trén phuong phap
Taguchi. Va dugc xir Iy tinh toan bang phan mém
Minitab 2016.

Hinh 7. Mdu thiét ké thi nghiém

Bang 3. Thiét ké truc giao L9 theo phwong phip Taguchi

Muc
STT v H W X (mm) Y (mm) Z (mm) D (mm)
1 1 1 1 29.976 39.891 9.969 9.8
2 1 2 2 29.891 39.849 9.974 9.88
3 1 3 3 29.96 39.92 9.919 9.9
4 2 1 2 29.929 39.82 10.028 9.86
5 2 2 3 29.957 39.848 9.957 9.88
6 2 3 1 29.911 39.923 9.924 9.78
7 3 1 3 29.982 39.87 10.138 9.78
8 3 2 1 29.926 39.808 10.026 9.76
9 3 3 2 29.959 40.02 9.864 9.78

3.3. Két qua va thao luan

Bang 4, 5, 6, 7 thé hién gia tri d6 nhifu trung
binh cho timg thong s va mic do danh gia twong
mg v6i mirc d6 anh huong cua cac théng sb dbi voi
kich thudc theo truc X, Y, Z, kich thudce 16 D. T d6
tinh dugc pham vi Delta = Cao SN — Thip SN cua
mdi thong s6. DOi voi mot thong sd gia tri Delta
cang I6n thi mic d6 anh huong cua nd cang nhiéu.
Tir d6 ta xép hang duoc mirc d9 anh huong cia timg

Bang 4. Mirc do 4nh hudng cia cac thong
s6 doi véi kich thuéce theo truc X

thong sb. Két qua ciia cac bang trén duoc dua ra
bang phan mém Minitab 2016.

Hinh 8, 9, 10, 11 cho thdy mic 6 anh hudng
cua cac thong sé qua do dbc cua dd thi twong ting
v6i anh hudng clia cac thong s6 dén kich thudc theo
truc X, Y, Z, kich thudc 16 D. Két qua ciia hinh trén
dugc dua ra tir phan tich tin hi¢u nhiéu S/N bang
phan mém Minitab 2016.

Bang 5. Mirc do 4nh hudng cia cac thong
s6 doi véi kich thuéc theo truc Y

Level V H W

Level V H W

1 26.54 30.09 25.34

1 19.02 17.29 18.62
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Level \Y/ H w Level \Y/ H w
2 23.77 23.07 23.32 2 17.84 15.71 21.76
3 28.42 25.57 30.06 3 22.01 26.06 18.67

Delta 4.65 7.02 6.74 Delta 4.17 10.36 3.15

Rank 3 1 2 Rank 2 1 3

Main Effe;:s‘a l:lllz)atnzor Means Main Effe:)::fal::;)atnzor Means
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Hinh 8. Anh huéng ciia cdc théng S6 dén Hinh 9. Anh huéng ciia cdc théng sé dén
kich thwoc theo truc X kich thwoc theo truc Y

Tir gia tri Bang 4 va két qua thé hién trén Hinh 8 léch kich thudc theo truc Y nhu sau: V = 40 m/s; H
nhan duoc bo thong s6 1am viéc phii hop dé giam sai = 0.25 mm, W = 0.4 mm;
Iéch kich thudce theo truc Z nhu sau: V = 60 m/s; H Tir gia tri Bang 6 va két qua thé hién trén Hinh
=0.15mm, W = 0.5 mm; 10 nhan dugc bo théng sb 1am viéc phi hop dé giam
Tir gia tri Bang 5 va két qua thé hién trén Hinh 9 sai léch kich thudc theo truc Z nhu sau: V = 40 m/s;
nhan duoc bo thong s6 1am viéc phii hop dé giam sai  H = 0.2 mm; W= 0.3mm;

Bang 6. Mitc d6 anh hwong ciia cic théng sb Bang 7. Mitc d6 anh hwong ciia cac thong sb
déi voi kich thwée theo truc Z déi voi kich thwée D

Level \ H w Level \ H w
1 27.90 2341 28.09 1 17.47 14.74 13.18
2 24.19 30.24 23.96 2 16.22 16.41 16.22
3 22.08 20.51 22.12 3 12.90 15.43 17.19

Delta 5.82 9.73 5.96 Delta 4.57 1.65 4.01

Rank 3 1 2 Rank 1 3 2

Main Effects Plot for Means Main Effe;:tf I;Iot for Means
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Hinh 10. Anh hwéng ciia cdc théng sé dén Hinh 11. Anh hwong ciia cdc théng sé dén
kich thwoc theo truc Z kich thuoc dwong kinh D
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Tir gia tri Bang 7 va két qua thé hién trén Hinh
11 nhan dugc bo thong sé 1am viée dé giam sai léch
kich thudc duong kinh 16 nhu sau: V=40 m/s; H =
0.2 mm, W =0.5mm;

Tu Bang 4, 5, 6, 7 ta danh gia duogc chiéu cao
mdi 16p in (H) 1a thdng sé anh huéng 16n nhét dén
d6 chinh xéc kich thudc ciia san pham in 3D va van
tdc (V) 1a thong s6 anh hudng 16n nhat dén do chinh
xac cua duong kinh 16.

5. KET LUAN

Bai bao nay d4 nghién ciu thiét ké, ché tao va
thir nghiém may in 3D hai dau phun theo cong
nghé FDM d4 dat dugc cac yéu céu vé thong sb
ky thuat so voi thiét k& Cac san pham thir
nghiém dugc in tir may in 3D d& dat yéu cau vé
chat luong san pham nhu do nhin bé mit va sai
s6 kich thudc dap ing duoc yéu ciu so voi thiét

TAI LIEU THAM KHAO

ké. Céc sai sd cua kich thuéc cho phép 1a tuong
d6i nho c6 thé dat duoc 0.05 (mm). May in 3D 2
dau phun duogc ché tao su dung tdt cho viéc
nghién ctu, dao tao
dang, trung cip nghé..

Trong bai bao nay da trinh bay két qua nghién
ctru sw anh huong thong s6 1am viéc nhu cia méy in

0 cac truong dai hoc, cao

nhu téc d6 in (V), chidu cao mdi 16p in (H), bé rong
duong dun (W) dén @6 chinh xac kich thudc san
pham in 3D cta may in 2 dau phun. Két qua nghién
ctru d4 sir dung phuong phép Taguchi dé phan tich
va danh gia cac thong s6 1am viéc va dua ra by thong
s6 phi hop dé ning cao d6 chinh xac cho cac san
pham in 3D. Cac két qua nghién ctru ndy rat c6 y
nghia vé mit khoa hoc gitip cac nha thiét ké khong
ngimg cai tién dé nang cao chat luong san pham in
3D va d¢ tin cdy cua cac may in 3D.
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Abstract:
RESEARCH ON PARAMETERS AFFECTING THE ACCURACY
OF 3DPRINTER PRODUCTS BY FDM TECHNOLOGY

The paper presents the research results on designing and manufacturing two-nozzle 3D printers and shows
the results of the influencing parameters such as printing thickness, printing speed and filling rate affecting
the accuracy as well as surface quality of 3D printing products. Taguchi's experimental method is used to
design experiments and evaluate the effect of these parameters on the accuracy of 3D printing products.
Keywords: 3D printing machine, FDM, thickness, printing speed and filling rate.
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