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NGHIEN CUU NANG CAO DQ CHINH XAC CUA CAC MAU RONG
TRONG 3D-PRINTING VOIKICH THUOC TU 10 PEN 100 MM

Nguyén Cong Nguyén'

Tom tat: Vi sw canh tranh todn cau Vé yeu cau giam thoi gian va gia thanh san pham, cong nghé tao mau
nhanh (Rapid Prototyping-RP) néi lén nhw mét chia khda cong nghé ddp irng diwoc yeu cau nit ngan thoi
gian thiér ké va phat trién san pham. Mic dU RP ¢0 rdt nhiéu wu diém, nhwng né ciing c6 han ché vé dp
chinh xdc. Pdc biét la phirong phdp in 3D-Printing dung béz va chdt két dinh ¢6 dé chinh xdc khéng cao cd
Vé kich thuée lan bé mdt ciia mau. Bdo cdo ndy nghién ciru ndng cao dé chinh xdc cia cdc mau rong trong
in 3D cho CAc san phdm cé kich thieoc tir 10 dén 100mm.

Tiur khéa: Tao mau nhanh, d6 chinh xéc, in 3D, d chinh xac kich thuéc, may ZPrinter 310 Plus.

1. GIOI THIEU CHUNG

Cong nghé tao mau nhanh bang in 3D (Rapid
Prototyping-RP) néi 1én nhu mot chia khoa cong
nghé¢ va phét trién rat nhanh trong nhimg nam gan
day. Theo Wohlers Report 2019 ting truong doanh
s6 ban hang don vi trung binh ciia may in 3D ting
véi toc do hang nim 87,3% tir 2008-2015. Thi
truong thé gioi dat 7 ti d6 la nam 2017 (Wohlers
Report, 2018). Riéng vat liéu bot polymer dat hon
400 triéu d6 lanam 2018 (Hinh 1).
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Hinh 1. S tang trieong cia bot polyme in 3D
Don vi: triéu do la (Wholer Report 2019)

Mic di RP c6 rat nhiéu wu diém, nhung ciing
c6 han ché vé do chinh xac(C. K. Chua, 2010).
Dic biét, phuwong phap in 3D dung bot va chat két
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dinh ¢6 d6 chinh xéc kich thudc va chét luong bé
mit ctia mau khong cao. B4o céo nghién ctru nang
cao do chinh x4c kich thudc cia cdc mau "rong"
dugc tao ra bang phuong phap 3D véi khich thude
tir 10 dén 100 mm. Pham vi kich thuéc nho tir 1
dén 10 mm va kich thuée 16n hon 100 mm duoc
dé cap obao cao khac.

Muc dich cta nghién ctu 1a lap dugc phuong
trinh sai s6 cho kich thuéc tir 10mm dén 100 mm.
Tir d6 c6 thé xac dinh duge sai sb cho kich thude in
cu thé dé hiéu chinh trong ban v& thiét ké va dat
duoc kich thude ¢6 dd chinh xac a =+0.1 mm.

2.PHUONG PHAP VA VAT LIEUNGHIEN CUU

Nghién ctu dugc thuc hién trén may in ZPrinter
310 Plus. Vat liéu in 1a& bot High Performance
Composite ZP150 (Hinh 2) va chét két dinh ZB60.
Hat bot co kich thude duong kinh trung binh 100
um (Mitch Heynick and Ivo Stotz, 2000). Bé day
I6p in 0,Imm. Nghién ctru dugc hoan thanh bing
phuong phap thuc nghiém.

Trong linh vuc cong nghé ché tao may, sau khi
mot loat chi tiét dugc gia cong, sai s6 thuong xay
ra hai dang: 1) Kich thudc khac véi kich thude
danh nghia, 2) dung sai 16n hon dung sai yéu cau
(Hinh 3).

E: Sai s6 kich thudc; a: mién phéan b kich thude
yéu cau (dung sai); a’: mién phan bd kich thuédc
thyc. Duong bén phai 1a dudng phan bé kich thude
yéu cau; duong bén trai la duong phan bd kich
thuéc thuc.
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Gié tri i Gié tri muc tiéu

trung binh

Hinh 2. Bg in ZP 150

Muc dich cua thi nghiém 1a 1) dich chuyén
duong phan bd kich thude thuc (bén trai) vé tring
véi dudng phéan bd kich thude yéu cau (bén phai) dé

Hinh 3. Sai 6 kich thuée va dung sai

sai s6 E=0 (hinh 4); 2) giam mién phan bd thuc a’ vé
nho hon hodc bang mién phan bd thuc a (hinh 5).

Gia tri muc tiéu Gia tri

Gia tri muc tiéu
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Gia tri trung binh

Hinh 4. Dich chuyén sai s6

S

Hinh 6. Mdu in mét phan tur hinh thap béc

Phuong phép in 3D dung vat liu bt 1a phuong
phap cho sai s6 16n nhét trong cac phuong phép in
3D. Cy thé:

- Hé thdng Stereolithography : £100 um (John A,
Slotwinski).

- H¢ théng FDM (Fused Deposition Modelling):
(£ 0.127 + + 0.356 mm) (Stratasys, 2000).

- Hé thong ZPrinter (Powder): % 0.5 mm.

D¢ khio sat kich thudc mau in ¢6 kich thudc tir
10 d&én 100 mm cho ca 3 phuong X, Y, Z, tic gia

Hinh 5. Gidm mién phén bé thuc

Hollow Pyramid

Hinh 7. Mdu in rong

ding mau thi nghiém 1a mot phan tu hinh thap bac,
mdi bac 10 mm (Hinh 6). V&i mau ndy mot 1an in c¢6
thé do dugc kich thude tir 10 dén 100 mm cho ca 3
phuong X, Y, Z.

Trong thi nghiém nay, miu rdng duoc in véi bé
day I6p in (Layer thickness) 1a 0.1016 mm va 0.0889
mm (Hinh 7).

Dé giam s luong thi nghiém, tic gia d4 4p dung
mang tryc giao (orthogonal array) ciia phuong phap
Taguchi. Két qua 12 mau duoc in & 4 vi tri nhu Hinh 8.

254 KHOA HOC KY THUAT THOY LOT VA MOI TRUONG - SO BAC BIET (10/2019) - HOI NGHI KHCN LAN THU X1l - CLB CO' KHi - BONG LUC



s
Sl «

S
=

~

Hinh 8. So'd6 b6 tri mau in trong khoang

Sau khi in, cac mau dugc do bang miy FARO
ARM (d6 chinh xac +0.013 mm). Két qua cho thay
mau in & vi tri s 1 ¢6 d6 chinh xac cao nhat. Tir day
rat ra két luan, cac miu co vi tri va hudng in nhu vi
tri s6 1 dugc ap dung dé khao sat cho ca hinh thép
dac va hinh thap rong.

Cic buwdc thi nghiém: 1) in mau. 2) xir Iy mau va
do. 3) thu thap dit liéu, tinh toan sai s6. Néu sai s6
dat 0.1 mm thi dimg thi nghiém, néu chua dat thi
lap phuong trinh quan hé giira sai s6 va kich thuéc
danh nghia. 4) Tinh toan kich thudc hiéu chinh trong
thiét k& CAD dua vao phuong trinh sai s6 & budc 3.
5) In mau véi kich thude tinh toan & budc 4. 6) quay
tré lai budce 2.

2. KET QUA NGHIEN CUU

1) Mdu réng véi bé day lép in 0.1016 mm

Sau khi tién hanh thi nghiém qua 5 budc nhu
trén, tac gia d4 lap duoc phuong trinh sai s6 cho mau
rong nhu sau:

AX'=0.0001*X, + 0.3381 (1.2)

AY =0.0026*%Y, + 0.2042 (1.2)

AZ = 0.0026*Z - 0.0129 hodc AZ = 5*10-05Z5" -
0.0027* Zy+ 0.0948 (1.3)

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

- Xo, Yo, Zo: Kich thuéc danh nghia (mm)

Ap dung hé¢ phuong trinh sai s6 (1.1-1.3) d¢é tinh
sai s6 cho céc kich thude cu thé, rdi hiéu chinh kich
thudc trén ban vé thiét ké, sau do in mau. Két qua
(Hinh 9) cho thay sai s6 cia mau d4 thoa yéu cau vé
d6 chinh yéu cau a =£0.1 mm. Puong phia trén Ia
duong sai s6 trudc khi hiéu chinh va c6 sai s6 16n
hon. Puong phia dudi 1a dudng sai sé sau hiéu chinh
va 0 sai sb trong pham vi mong mudn.
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Hinh 9. So s&nh sai s6 tride va sau hiéu chinh véi bé day 1ép in 0.1016 mm.

2) Mdu réng véi bé day lép in 0.0889 mm
Thi nghiém dugc tién hanh tuong ty nhu trén, chi
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khac 1a bé day mdi 16p in 1a 0.0889 mm. Phuong
trinh sai s6 trong truong hop nay la:
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AX =0.0027*X, + 0.1779 (2.1) cau vé dung sai a =+0.1 mm.

AY = 0.0038*Y, + 0.1295 (2.2) Compare the deviation of x-axis

AZ = 0.0025*Z, + 0.0108 (2.3) e

- AX, AY, AZ: Sai s6 ctia truc X, Y, Z (mm) g o /__,/’

- Xo, Yo, Zo: Kich thude danh nghia (mm) g O em————

Hé phuong trinh sai s6 (2.1-2.3) dé dp dung dé | & oo
tinh sai s6 cho cac kich thudc cu thé, roi hi¢u chinh b e @ @ w e o s s W

Nominal dimension (mm)

kich thudc trén ban vé& thiét ké, sau do in mau. Két oD e —a e et
qua cho thay (Hinh 9) sai s6 cua mau d4 thoa yéu
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Hinh 10. So s&nh sai so trude va sau hiéu chinh voi bé day |op in 0.0889 mm.
DPuwong phia trén: trudc hiéu chinh. Duwong phia dwdi: sau hi¢u chinh.
3) Tham dinh két qua rong kich thudc da hiéu chinh(X = 39.5993, Y =

Pé tham dinh vé sy phan b mién dung sai sau  39.7670, Z = 29.7766) dugc in véi bé day I6p in
khi hiéu chinh, 5 mau hinh lap phuong rong véi  0.0889 mm.
kich thudc 40x40x30 mm va 5 mau hinh lap phuong

Hinh 11. Mdu in

Két qua cho nhu Hinh 12. kich thudc da duoc dich chuyén vé gan kich thudc
Tir hinh 12, ta thiy sau hiéu chinh kich thu6c trén  danh nghia, cho ca 3 truc. Dung sai ciing d4 thoa
ban v& thiét ké thi sai s6 ché tao E da giam vé gan  diéu kién dit ra a=+£0.Imm.
bang khéng, nghia 14 gié tri trung binh cia phan b
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Probability density function of X=40 mm
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Hinh 12. Su phdn b6 kich thide trwede va sau hiéu chinh cia 3 truc X, Y, Z.
Duong bén tradi: trudc hiéu chinh. Puong bén phdi: sau hiéu chinh.

3. KET LUAN

Sau khi hiéu chinh t6i uvu hoa cac thong sé ciia
may in, do chinh xac kich thudc cia mau in van
chua dat dugc mong mudn. Cac sai nguyén nhan
gay ra sai s6 co thé 1a do két céu truyén dong co
khi khong chinh xac, do rung dong khi may lam
viéc, do chat két dinh lan ra bén ngoai bién dang
can in, do bé day 16p in, do tdc d in, ... Dé khic
phuc cac nguyén nhan nay, tac gia dua ra phuong
phap diéu chinh trong khau thiét ké tao hinh 3D.
Dé tinh duoc sai s cho moi kich thudc danh
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nghia trong khoang tir 10 dén 100 mm, tac gia da
lap dugc phuong trinh sai s6. Nguoi st dung may
c6 thé sir dung cac phuong trinh nay dé tinh sai s6
cho kich thuéc cu thé, sau d6 diéu chinh trong
thiét ké CAD dé sau khi in c6 dugc mau dat do
chinh xac kich thudc dit ra ban dau 1a +0.1mm.
Nhu vay muc dich cta thi nghiém da dat va thoa
man d6 chinh xac da datra.

Déi véi céc chi tiét dic hodc co kich thude 1on
hon, sai s6 kich thudc ciing s& 16n hon, do viy s&
dugc tiép tuc nghién ctru trong cac bao cao khac.
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Abtract:
AN INVESTIGATION OF IMPROVING THE DIMENTION ACCURACY OF
PARTS PRODUCED BY 3D-PRINING WITH SIZE FROM 10 TO 100 MM

With the global competition for saving cost and time, Rapid Prototyping (RP) has emerged as a key enabling
technology, with its ability to shorten product design and development time. Although RP has many
advantages, it has also some disadvantages such as the accuracy of models or parts. Especially, the 3D-
Printing method based on powder and binder has not very high accuracy in both dimension and surface
finish. This work carries out an investigation of improving the accuracy of hollow parts in 3D printing for
products with sizes from 10 to 200mm.

Keywords: rapid prototyping, accuracy issue, 3D-Printing, dimensional accuracy, ZPrinter 310 Plus.
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