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NGHIEN CUU NANG CAO PO CHINH XAC CUA CAC MAU PAC
TRONG 3D-PRINTING VOI KiCH THUGC TU 10 PEN 100 MM

TS Nguyén Cong Nguyén
Khoa Co khi, Truong Dai hoc Thuy loi, email: ngenguyen@tlu.edu.vn

1. GIOI THIEU CHUNG:

Cong nghé¢ in 3D phat trién rat nhanh
trong nhitng nim gan day. Wohlers Report
2019 dy bao nam 2020 dat 15,8 ty d6 la cho
tat ca cac san phfim va dich vu in 3D trén
toan thé gisi. Tang hon 200% so véi 2017
(dat 7 ti 46 la).

In 3D ¢6 rat nhiéu vu diém, nhung c6 han
ché vé do chinh xac [1]. Pac biét 1a phuong
phap in 3D dung vt lidu bot va chat két dinh
c6 do chinh xac khong cao ca vé kich thude
14n chét lugng bé mat cia mau.

Cac bai trudc 1a nang cao d9 chinh xac kich
thuéc cho mau tr 1 dén 10 mm. Véi kich
thude nho, sy xuét hién chi tiét réng rat it nén
b6 qua. Déi vai kich thude tir 10 dén 100 mm,
mau dugc xem xét & 2 dang, dang rong (c6 16
hoidc hdc bén trong) va dang ddc. Bai bao nay
nghién ctru nang cao do chinh xac kich thudc
clia cac mau “‘ddc’” duoc tao ra bang phuong
phép in 3D véi khich thude tir 10 dén 100 mm.

Muc dich 1a 1ap dugc phuong trinh sai s0.
Tir d6 xac dinh duge sai s6 cho kich thudce cu
thé dé hiéu chinh trong ban vé& thiét ké va dat
dugc kich thuéc cd d6 chinh xac dung sai
a+0.] mm.

2. PHUONG PHAP NGHIEN CUU

Pé tai duoc thyuc hién trén may in ZPrinter
310 Plus. Vit li¢u in 1a bot High Performance
Composite ZP150 va chat két dinh ZB60. Hat
bdt co kich thude duong kinh trung binh 100
pm [5]. B& day 16p in 14 0.1016 mm.

Trong linh vuc cong nghé ché tao may,
sau khi mot loat chi tiét dugc gia cong, sai sb
thudng x4y ra hai dang:
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1) Kich thu6c khac voi kich thude danh nghia
2) dung sai 16n hon dung sai yéu cau hinh 1.

Gid trj mye tidu

Gid trj
trung binh

Hinh 1. Sai s6 kich thudc va dung sai

E - Sai s0; a - mién phan b kich thudc yéu
cau (dung sai); a’ - mién phan bd kich thuéc
thuc. Muc dich cta thi nghiém la:

1) dich chuyén duong gia tri trung binh cua
kich thudc thuc vé trung véi gia tri muc tiéu dé
sai s6 E =0 hinh 2;

2) giam mién phan bd thyc a’ vé& nho hon
hodc bang mién phan bd thuce a hinh 3.

Gid trj trung binh | Gia tri myc tiéu

Hinh 2. Dich chuyén sai s6

Gid tri

. Gia tri mue tiéu
trung binh

a'<= a

- -

Hinh 3. Gidm mién phdn bo thuc
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Phuong phéap in 3D dung vat liéu bot 1a
phuong phép cho sai s6 16n nhat trong cac
phwong phap in 3D. Cy thé:

Stereolithography systems: £100um [p48, 1].

Fused Deposition Modelling Systems:

(£ 0.127 + £ 0.356 mm) [Stratasys, 2000].

ZPrinter system (Powder): £+ 0.5 mm.

Dé khao sat kich thuéc miu in c6 kich
thudc tir 10 dén 100 mm cho ca 3 phuong X,
Y, Z, tic gia dung mau thi nghiém la mot
phén tu hinh thap bac, mdi bac 10 mm. Mdi
mau duge in ¢ bé day 16p in 14 0.1016 mm.

S
=

Hinh 4. Mdu in mét phan tw thdp béc

Dé giam sé luong thi nghiém, tac gia da
ap dung mang truc giao (orthogonal array)
ciia phuong phap Taguchi. Két qua 1a mau
duoc in 6 4 vi tri nhu hinh 5.

Hinh 5. So d6 bé tri mau trong khoang in

Sau khi in, xu Iy mau va do. Cac mau duoc
do bing may FARO ARM, v6i do chinh xac
£ 0.013 mm. Két qua cho thay mau in & vi tri
so 1 ¢6 do chinh xac cao nhat. Tur day rut ra
két luan, cac mau in dwoc in nhu vi tri s6 1.

Cadc budc thi nghiém: 1) in mau. 2) xir ly
mau va do. 3) thu thap di li€u, tinh toan sai s0.
Neu sai s6 dat £ 0.1 mm thi dung thi ngh1em
néu chua dat thi 1ap mdi quan hé giita sai sb va
kich thuéc danh nghia. Phuong trinh sai s6
duoc lap. 4) Tinh toan kich thuge higu chinh
trong thiét ké CAD dya vao phuong trinh sai
s6 & budc 3. 5) In mau véi kich thude tinh todn
0 budc 4. 6) quay trd lai budc 2.
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3. KET QUA NGHIEN CcUU
3.1. MAu dic véi bé day 16p in 0.1016 mm

May in Zprinter 310 Plus ¢6 2 ché do chon
bé day 16p in 1a 0.1016 va 0.0889 mm. V&i
khuon khé ciia bdo céo tac gia trinh bay voi
bé day 16p in 0.1016 mm.

Sau khi tién hanh thi nghiém qua 5 budc
nhu trén, tac gia da lap duoc phuong trinh sai
s6 cho mau mot phﬁn tu hinh thép bac dic
nhu sau:

AX =0.0027*X, + 0.1779(1.1)
AY =0.0038*Y, +0.1295(1.2)
AZ =0.0025*Z,— 0.0108 (1.3)

AX, AY, AZ - Sai sb cua truc X, Y, Z
(mm).

Xo, Yo, Zg - Kich thudc danh nghla (mm).

Vi hé phuong trinh sai so (1.1-1.3) da
thoa min dugc sai sb cua mau in dit ra a
=+0.1 mm.

3.2. Thim dinh két qua

Dé thdm dinh két qua, mau duoc in lai véi
kich thuoc thiét ké hi¢u chinh theo phuong
trinh sai s0. Két qua nhu hinh 5.
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Hinh 5. So sénh sai sé trudce va sau hiéu
chinh trong CAD
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Dé thim dinh phuong trinh sai s6 trén da
dap tng yéu cau cia mau in dat do chinh xac
kich thudc a + 0.1 mm, tic gia da tién hanh
in mau hinh hop dic c6 canh 40x40x30mm.
Str dung ham tiéu chuan Gause dé vé duong
phan b kich thude cho ca 3 truc X, Y, Z.

K&t qua cho nhu hinh 6.
Probahillty denslhy of functon sall Ailberyrery
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Hinh 6. So sanh sy phéin bé kich thuéc trude
va sau hiéu chinh trong CAD

4. KET LUAN

Sau khi hiéu chinh t&i wu hoa cac thong sb
ciia may in, do chinh x4c kich thudc ctia mau
in van chua dat dugc mong mudn. Céc sai
nguyén nhan giy ra sai s c6 thé 1a do két
cau truyén dong co khi khong chinh xac, do
rung dong khi may 1am viéc, do chat két dinh
lan ra bén ngoai bién dang
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can in, do bé day 16p in, do toc do in,...
Dé khic phuc cac nguyén nhan nay, tic gia
dua ra phuong phap diéu chinh trong khau
thiét ké tao hinh 3D. Dé tinh duoc sai s cho
moi kich thudc danh nghia trong khoang tur
10 dén 100 mm cho mau dic, tac gia da lap
dugc phuong trinh sai sb.

Két qua & hinh 5 cho thy sau khi 4p dung
hé phuong trinh sai s6 (1.1-1.3) thi sai sb cua
ca 3 truc X, Y, Z déu dat, déu nim trong
khoang sai s cho phép +0.Imm (duong
dudi). O hinh 6 cho thiy duong gia tri trung
binh ctia phan bd kich thudc da tién vé sat
duong gia tri muc tiéu (kich thudc danh
nghia). Nhu vay muc dich cua thi nghiém da
dat va thoa man do chinh xac da dit ra.

Nguoi st dung may Zprinter 310 Plus co
thé str dung cac phwong trinh nay dé tinh sai
s6 cho kich thuéc miu dic vai kich thude
trong khoang 10 dén 100 mm, sau d6 diéu
chinh trong thiét ké CAD dé khi in c6 dugc
mau dat d6 chinh xac kich thudc dit ra ban
dau 1a £0.1mm. Ddi véi cac chi tiét co kich
thude tir 1 dén 10 mm da dugc dé cap trong
cic bao cdo trude. Véi kich thude mau 16n
hon 100 mm, s& duogc tiép tuc nghién cuu
trong cac bao cdo tiép theo.
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