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MAU BUC BU'Q'C CHE TAO BANG CONG NGHE IN 3D LCD

APPLYING ANN TO PREDICTE THE DIMENSIONAL ACCURACY OF CASTING
SAMPLE FABRICATED USING 3D LCD PRINTING TECHNOLOGY
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TOM TAT

Viéc ing dung cong nghé in 3D dé ché tao mau cho qud trinh diic mau chay (Investment
Casting — IC) mang lai nhiéu loi ich do gitip it ngan quy trinh, tiét kiém thoi gian va chi phi.
Day ciing la linh vuc dang dvwoc cac nha khoa hoc trong va ngoai nuoc quan tam nghién curu. Mot
trong nhitng van dé quan trong la sai $6 kich thuée ciia mau diic do hién twong bién dang, co riit
trong qud trinh ché tao mau. Bai bdo nay trinh bay qua trinh s dyng phuwong phdap mang than
kinh nhan tao (Artificial Neural Network — ANN) dé dw dodn a6 chinh xdc kich thude ciia mau diic
dwoc ché tao bang cong nghé in 3D sir dung vdt liéu nhira long (3D Printing Resin) theo cong nghé
LCD (Liquid Crystal Display). Qua trinh quy hoach dugc thiét ke theo quy hoach doi xing dang B
(Face-centered Central composite design — FCCCD) gom 32 mdu. Mau dwoc ché tao bang vit liéu
Anycubic Dental Castable Resin, mét loai vét liéu giong sap dwoc sir dung dé diic cac san pham
trong nha khoa. Két qud cho thdy mé hinh dw dodn dwoc xdy ding la phiv hop, ¢é méi lién quan chdt
ché voi dir liéu dau ra véi sai léch giiva két qua duw dodn véi két qua thuce nghiém (MAE) la 0,0425.

T khéa: IC; LCD; FCCCD; Théng sé cong nghé.
ABSTRACT

The application of 3D printing technology to create samples for the investment casting
process (Investment Casting - IC) brings many benefits because it helps shorten the process, saving
time and costs. This is also an area that is being researched by domestic and foreign scientists.
One of the important issues is the dimensional error of the cast sample due to deformation and
shrinkage during the sample manufacturing process. This article presents the process of using the
artificial neural network (Artificial Neural Network — ANN) method to predict the dimensional
accuracy of cast sample fabricated using 3D printing technology, using liquid plastic materials
(3D Printing Resin) based on LCD (Liquid Crystal Display) technology. The planning process is
designed according to symmetrical plan type B (Face-centered Central composite design — FCCCD)
including 32 models. The model is made of Anycubic Dental Castable Resin, a wax-like material
used to cast dental products. The results show that the built prediction model is suitable, has a close
relationship with the output data with the difference between predicted results and experimental
results (MAE) being 0.0425.

Keywords: IC; LCD; FCCCD; Technology parameter.
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1. GIOI THIEU

Cong nghé bdi dip vat liéu (Additive
Manufacturing — AM) hay con duoc goi la
cong nghé in 3D la mot trong nhitng cong nghé
tién tién va nhiéu tiém nang nhat cua thé ky
21. Coéng nghé nay dang phat trién manh mé
va duoc st dung rong rai ¢ nhiéu linh vuc khac
nhau trong d6 c6 linh vuc IC. Cong nghé AM
c6 thé gitp rat ngan quy trinh ché tao mau duc
bang sap so voi cac phuong phap truyén thong.
Viéc quan tam, st dung AM cho linh vuc IC
bat ddu ngay tir khi cong nghé nay duogc phat
trién. Pidu nay duoc thé hién trong tac pham
trinh bay qua trinh str dung SLA cho dic nhanh
(Rapid Casting — RC) dugc thuc hién bdi Paul
F. Jacobs dau nam 1992 [1], trong d6 c6 mot sd
nghién ctru dién hinh vé viéc ché tao cic mau
duc bang cong nghé SLA (Stereolithography)
dé thay thé cho miu sap trong qué trinh san
xuat don chiéc. Mot s6 nha nghién ciru [2-4]
da trinh bay két qua nghién ctru cua ho trong
viéc tim ra anh hudng ciia cic thong s6 cong
nghé dén do 6n dinh kich thudc ctia mau sap.
Morwood va cdng su [5] da nghién ctru va tim
ra phuong phap st dung mau sap dic ¢ khoang
nhiét do thép, c6 do ciing vura phai dé dam bao
d6 co rat t6i thiéu ciia mau sap. Trong giai doan
tao khuon, Bates va cong sy [6] da trinh bay
viéc st dung mdt loai vat liéu phu la hon hop
gilta zircon va vita dé kiém soat do day cia
khuon. Bén canh do, Singh va cong su [7], va
Kumar va cong su [8] di st dung két qua nay
két hop véi cac yéu td khac dé nghién ctru vé
qua trinh tao khudén dtic mau chay. Trong giai
doan duc, Okhuysen va cong sy [9] da bao céo
nghién ctru vé hién tuong sai I¢ch kich thudc
c¢6 thé xay ra khi dic cac miu bang vat lidu
hop kim khac nhau. Harste va Schwerdtfeger
[10] da do do co rut cua thép trong qua trinh
dong dac va lam nguoi, dong thoi xac dinh anh
huéng cua ham luong cacbon dén d6 co rit.

Anh hudng cua nhiét do rot dén do chinh xac
kich thudc da dugc nghién ctru bodi Farhangi va
cong sy [11] va Seidu va Onigbajumo [12], két
qua nghién ctru di xac dinh rang viéc tang nhiét
do rot sé lam tang hién tugong bién dang. Vé
viéc ung dung cong nghé AM trong viéc ché
tao mau dac, Huynh Hitu Nghi va cong su [13]
da chi ra hai vin dé chinh déi v6i qua trinh duc
nhanh d6 1a sy nut vo cua vo khudn trong qua
trinh nung va cac mau bi chay khong hoan toan
s& d¢é lai tro va giai phong cac san pham phu
¢6 tac dung an mon anh huéng dén vo khuon.
Trong nghién ctru, cac tac gia da sir dung ba
thong sb gom s6 10p vo, mat do dién day va
kiéu dién day dé xac dinh anh hudng cua ching
dén lugng tro con lai. Cac mau thir ABS dugc
ché tao bang cong nghé FDM. Nhya ABS duoc
st dung vi n6 c6 nhiét do chay cao va thuong
duoc st dung trong san xuat cong nghiép. Sau
do, cac tac gia da huan luyén mang ANN dé du
doan két qua cta cac thir nghiém va so sanh
v6i két qua dy doan theo phuwong phap Taguchi
bang cach sir dung sai s6 phan tram tuyét d6i
trung binh (MAPE). Két qua cho thiy sy twong
tac gitta mat do dién day va kiéu dién day, kiéu
dién day va sd 10p vo 1a quan trong nhat ddi
v6i lwgng phan trim ciia phan tro con lai trong
khuon. Phan tich MAPE gitra két qua du doan
cua phuong phéap Taguchi va phuong phap ANN
cho thay rang phuong phap ANN déang tin cay
hon. Bén canh d6, nhom tac gia ciing dé& xuét
can cai thién thém mot vai khia canh trong quy
trinh thyc nghiém. Muslim Mukhtarkhanov,
Asma Perveen va Didier Talamona [14] da xem
x€t tinh trang hién tai cua cong nghé AM su
dung vat li€u nhya long trong san xuét bé“mg
phuong phap IC. Céc tac gia két luan rang cong
nghé SLA 1a mdt cong cu t6t dé san xudt ca
khuon mau va dung cu, von 1a nhimg yéu tb
chinh cua nganh cong nghi¢p IC. Bai bdo nay
cling da trinh bay mot van dé can dugc khic
phuc l1a d§ gian nd nhiét cao cua cac loai nhya
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do6i khi gay nat vo khuon.

Qua trinh khao sat cac nghién cuu trén
cho thdy, viéc ung dung coéng nghé in 3D dé
ché tao miu duc mang lai nhiéu loi ich tich cuc.
Trong qua trinh nay, do chinh xac kich thudc
ctia mau 1a chi tiéu quan trong trong viéc danh
gia chét lugng cua vat duc. Muc dich cua bai
b4do nham tim hiéu anh huéng cua cac thong
s6 cong nghé sir dung vat liéu nhya dang 1ong
theo cong ngh¢ LCD va du doan dd chinh xac
kich thudc cua san pham nham giam thiéu sai
sO trung gian va ting chat lugng san pham diic
cudi cung phuc vu cho qua trinh ing dung cong
nghé in 3D dé ché tao cac mau duc tai Viét
Nam.

2. PHUONG PHAP NGHIEN CUU
2.1. Quy trinh thwe nghiém

bé du doan do chinh xac kich thudc cua
mau dic duogc ché tao bang cong nghé in 3D

LCD. Quy trinh thuc nghiém va danh gia dugc
tién hanh theo luu dd duoc trinh bay ¢ Hinh 1.

Chon thong s6

Kiém tra kich thuée Thiét 13p mé hinh hudn

va mire gid tri chiéu cao

l

Xéy dung ké hoach
thye nghigm FCCCD

|

Thi nghiém méu
theo ASTM céng nghé

| T

Hinh 1. Luu do quy trinh thwe nghiém va déanh gid

luyén mang ANN

‘ Ché tao min ‘ Hudn luyén mang ANN

Chira tot

Thiét lip thong s6

2.2. Thong s6 cong nghé

Duya vao khao sat cac nghién ctru, cac
thong so dau vao dugc lya chon str dung trong
qué trinh thuc nghiém goém: chiéu day 16p, thoi
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gian phoi sang, mat d¢ dién day, chiéu day vo
va do phoi sang 16p cudi. Theo phuong phap
FCCCD, v6i mdi thong sb ta cAn lwa chon gia
tri & hai muc thap (-1) va cao (1). Marc trung
binh (0) cua cac thong sb s& 1 gia tri trung binh
gitra hai mirc thép - cao da duoc lua chon trudce
d6. Cac thong s con lai nhan mirc gia tri trung
binh va duoc giir khong doi dé tiét kiém thoi
gian va vat li¢u. Gia tri cac thong sb duoc chon
vao cac cong trinh nghién ciru da cong bd va
kinh nghiém van hanh may cua nhom nghién
ctru. Céc thong sb va mirc gia tri duoc trinh bay
trong Bang 1.

Bang 1. Théng sé va mikc gid tri thi nghiém

Trung
Thong Ki | Ma | Don | Thap | Binh | Cao
i) hi¢u | héa | vi | (-1) ) a
Chicu 1 1 ) T mm | 0,05 | 006 | 0,07
day 16p
Thoi
gian phoi | B x2 S 20 22 24
sang
Matdd e 3w | 20 | 40 | 60
dicn day
Chitu 1 bl a T mm | 15 2 25
day vo
Do phoi
sangl6p | E x5 s 60 70 80
cudi

2.3. Miu thi nghi¢m

o

30 )

Hinh 2. Mau thir nghiém va cdc vi tri do kich

thuée (H) ciia mau
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Hién nay van chwa c¢6 mau thir nghiém
tiéu chuan nao dugc quy dinh riéng cho linh
vuc nay. Dya trén céc tai liéu tham khao, nhém
nghién ctru dé xuat mau thyc nghiém c6 hinh
dang 13 hinh try réng véi kich thudc nhu Hinh
2. Mau dugc ché tao trén thiét bi in 3D LCD
dong PhotonS cua hang ANYCUBIC. Vat
liéu dugc su dung 1a nhya Anycubic Dental
Castable Resin dang long dung dé ché tao mau
phuc vu cho qué trinh diic trong nha khoa. Dé
do gia tri kich thudc, nhém str dung dung cu do
la thudce kep dién tur cua hang INSIZE véi do
chinh xéc thiét bj 1a + 0,03 mm.

Thi nghiém dugc thiét ké theo phuong
phép quy hoach hdn hop ddi xtmg bac hai dang
B (Face-centered Central composite design

— FCCCD) 1a mét bién thé cua phuong phéap

CD [15]. Trong thiét ké nay, cac diém sao
niam & tim mdi mat cua khong gian giai thira,
do d6 a = =1. Tong s6 thi nghiém N = 2k + 2k
v6i thuc nghiém nhan td toan phﬁn. Cac nhan
t6 dau vao duoc biéu dién qua phuong trinh (1):

Xii—X;
§ij = (_U_L) * 2 (1)
J_\.xi
2
2y
= % and Ax; = x;, — x5 for =1,2,3,...,Kand j =1,2.

Vi i va x la gia tri da dugc ma hoa va
gia tri thuc tuong g cta nhan t6 tht i, mirc
thr j va k 1a s6 luong nhan t6 dau vao. Ma tran
quy hoach va két qua thuc nghiém duoc trinh
bay trong Bang 2.

Bdng 2. Ma trdn quy hoach va két qua thire nghiém

Miu thi Nhintdmahoa | CMEU | yx g Nhin t6 ma hoa | Chi€u
nghiém cao H, nghiém cao H,
x1 | x2 | x3| x4 | x5 mm x1 | x2 | x3 | x4 | x5 mm
1 -1 -1 ]-1]-1] 1 3548 17 -1 0] 0|00 3531
2 1 |-1|-1]-1|-1] 3529 18 1 0] 0 0|0/ 3528
3 -1 1 | -1 -1 -1 3544 19 O /-1 00| 0] 3512
4 1 I | -1]-1] 1] 3539 20 0 110 ]00]| 3525
5 1) -1 1 -1 1 3547 21 00 |-1]01]0] 3533
6 1 -1 |1]-1|-1] 3544 22 O 0| 1]0]0] 3524
7 -1 01 1|-1|-1] 355 23 0O 0| 0 |-1]0] 3518
8 1 1 1 -1 ] 1] 3542 24 0O ]0|] 0|10 35,2
9 1) -1 -1 1 1 3522 25 0O 00| 0| 0]-1] 3526
10 1| -1 ]-1]1]-1] 3529 26 00,0701 35,25
11 -1 1 -1 1]-17] 3519 27 0O ]0|0]0]0] 352
12 1 1 -1 1] 1] 3525 28 OO0 0|00 353
13 -1 -1 1] 1] 1] 3549 29 0O 0| 0]0]0] 3531
14 1| -1 1|1 ]-1] 3527 30 0O 00| 0| 0] 0] 35206
15 1)1 1|1 -1] 3524 31 00,0100 35,1
16 1 1 1|1 |1/ 3515 32 00| 0| 0]0] 3519
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2.4. Xdy dung md hinh dw doin bang ANN

[T —

. ——— — Fa—
i ':-iﬂ- ’jia- ]

i Tpemeg Begermen Fins
Hinh 3. Thiét ldp mang ANN trén ph[{n mem
Matlab

Mo hinh ANN duogc xdy dung voi cdu
trac 5-10-1, str dung ham truyén tansig-purelin
cung thuét toan lan truyén nguoc Levenberg-
Marquardt (LM) dé huén luyén. Céu triic mang
dugc thé hién nhu Hinh 3. S6 lidu thuc nghiém
duoc chia ngau nhién thanh céc tap dir liéu nhu
sau: 70% dugc su dung dé huén luyén, 15%

(a) ' (b)

Brwl Velidstion Performance in 0LV 08 of spach T

ey

L

Hasr Sopusrss Erar jmas)

cho viéc xac thuc va két thiic sém dao tao khi
¢6 hién tuong qué khop, 15% con lai dé kiém
tra vé tinh tong quat.

3. KET QUA - THAO LUAN

Két qua qué trinh huén luyén mang s&
hién thi sai s6 binh phuong trung binh (Mean
Square Error — MSE) va hé s twong quan (R)
clia cac tap dir liéu. DO thi hinh 4.a cho thay,
trong qua trinh huén luyén, gia tri MSE cuia tap
xac thyc dat duoc gia tri tdt nhat & 1an lap tha 2
(epoch 2), sau do bat dau tang. Vi vay, ky thuat
két thic sém da dugc st dung dé tranh hién
tugng qua khop. Gia tri MSE tot nhét cua tip
xac thuc thu duoc 1a 0,01088. Bén canh do, sai
s6 huan luyén (duong mau xanh duong) va sai
s6 kiém tra (duong mau do) déu thap, nghia la
két qua du doan rat chinh xac.

D6 thi hdi quy ciia ANN (Hinh 4.b) cho
thiy hé sé twong quan R cho qué trinh huin
luyén (Traning) va kiém tra (Test) déu réat cao
(R>0,9), diéu nay c6 nghia 1a mang dugc huin
luyén t6t, md hinh dy doan c6 moi tuong quan
rat chit ché véi dit liéu dau ra.

WEEk S

Triaas g M=8REar

E.-... ::
¥ v é
Torges C e
S Toma Wi @i FaR = T M=
:E_... LD 3 s - px
- — v ey
£ B
v o L -
- T o -___,f
"=

Hinh 4. o6 thi gid tri MSE ciia 3 tdp so liéu trong hudn luyén mang (a) va
Do thi hoi quy cua moé hinh ANN (b)
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* So sanh gitra gia tri thuc nghi€ém va gid tri dy doan:

Bang 3. Bang so sanh gia tri MAE gitta mé hinh ANN va thyc nghiém

S6 thir tw | ANN thlié;g;ism MAE_ANN | S6 thir tw | ANN thié;‘gll‘:%m MAE_ANN
1 35,145 35,18 0,034778 17 35,163 35,31 0,14601
2 35,328 35,29 0,03843 18 35,432 35,28 0,152607
3 35,156 35,14 0,01668 19 35,231 35,22 0,011231
4 35,394 35,39 0,004363 20 35,311 35,25 0,061836
5 35,15 35,27 0,119776 21 35,241 35,23 0,01195
6 35,386 35,44 0,053165 22 35,298 35,24 0,058276
7 35,171 35,2 0,028318 23 35,221 35,18 0,041766
8 35,437 35,42 0,017739 24 35,324 35,42 0,095198
9 35,158 35,22 0,061937 25 35,277 35,26 0,017332
10 35,427 35,49 0,062844 26 35,26 35,25 0,010416
11 35,193 35,19 0,00346 27 35,268 35,29 0,021248
12 35,462 35,5 0,037333 28 35,268 35,3 0,031248
13 35,174 35,19 0,015818 29 35,268 35,21 0,058751
14 35,459 35,47 0,010775 30 35,268 35,26 0,008751
15 35,232 35,24 0,007388 31 35,268 35,2 0,068751
16 35,48 35,45 0,03018 32 35,268 35,29 0,021248

MAE 0,042488
Pé danh gia do chinh xac ctia md hinh Trong do:

du doan, nhom suir dung sai $6 tuyét ddi trung
binh (Mean Absolute Error — MAE) gitra bo dir
liéu cua phuong phap ANN véi dir ligu thuc
nghiém. MAE do d¢ 16n trung binh cua cac 16i
trong mot tap hop cac du doan ma khong can
xem xét hudng cua chung, do 1a gia tri trung
binh trén mau thu nghiém vé su khac biét tuyét
dbi gitra du doan va quan sat thuc té, trong dé
tat ca khac biét riéng 1é c¢6 trong sb bang nhau.
Gia tri MAE dugc tinh dua theo cong thuc [16]:

n Fa-

1 .
MAE = N Qui= |y,; — :V;| )

y 1a gié tri quan sat thuc té;
Vi la gia tri du doén;
N la tong so thuc nghi¢m.

Két qua tinh toan duoc thé hién trong
Bang 3.

Két qua tinh toan do léch chuin ctia mo
hinh dy doén theo ANN so véi gié tri thuc té
14 0,0424 cho thdy mo hinh ANN c6 kha ning
du bao tot d6i v6i do chinh xéc kich thude cua
mau duc duge ché tao bf?mg cong ngh¢ in 3D
LCD.
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>
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|

Hinh 5. So sanh gia tri thuc va gia tri dy doan
bang phwong phdap ANN

4. KET LUAN

Trong nghién ctru nay, cac tac gia da su
dung m6 hinh ANN dé du doan do chinh xac
kich thudc ciia mau duc dugc ché tao bang cong
nghé in 3D LCD véi 5 thong sé cong nghé dau
vao gdm: chiéu day 10p, thoi gian phoi sang,
mat do dién déy, chiéu day vo va do phoi sang
16p cudi véi ba mirc gia tri. Két qua cho thiy
cac thong sd ndy co anh huong 16n dén chat
lwong san pham LCD va mo6 hinh ANN c6 kha
nang du doan tdt voi do sai léch so véi gia tri
thuc nghiém thap. Piéu nay cho thay kha ning
tmg dung mé hinh nay dé du doan cho cac chi
tiéu chat lugng quan trong khac nhu: d6 nhdm
bé mit, cac dic tinh co hoc ctia san phém in 3D
LCD noi riéng va cac cong nghé in 3D khéc noi
chung.

Loi cam on:

Nghién ctru dugc tai trg boi Pai hoc
Qudc gia Thanh phé H6 Chi Minh (PHQG-
HCM) trong khuon kho dé tai ma sb C2021-
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