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TOM TAT

Nghién cuu nay trinh bay viéc ung dung mang no-ron nhan tao (ANN) trong duw doadn kha
nang chiu xodn ciia san pham nhira PLA dwoc ché tao bang céng nghé in 3D FDM. Thiét ké thi
nghiém dwoc thuc hién theo ma tran truc giao Taguchi L9 (3%) nham giam 56 lwong thi nghiém
nhung van dam bao tinh dai dién cia dir lidu. Bon thong 56 cong nghé gém mat dé in, nhiét do dau
phun, géc infill va do day 16p in dwoc khdo sat. Dir liéu thire nghiém tir thir nghiém xodn dwoc sir
dung dé hudn luyén va kiém chirng mé hinh ANN. Két qua cho thdy mé hinh ¢é dg chinh xdc cao va

phan dnh tot quan hé phi tuyén giita théng sé cong nghé va mé men xodn.
Tw khoa: ANN; Taguchi; Torsional strength; 3D printing; PLA.
ABSTRACT

This study presents the application of Artificial Neural Networks (ANN) for predicting
the torsional strength of PLA specimens fabricated using Fused Deposition Modeling (FDM) 3D
printing technology. The Taguchi L9 (3%) orthogonal array was employed to design the experiments
efficiently. Four printing parameters, including infill density, nozzle temperature, infill angle, and
layer thickness, were investigated. Experimental torsion test data were used to train and validate
the ANN model. The results demonstrate high prediction accuracy and confirm the effectiveness of

ANN in modeling nonlinear relationships between printing parameters and torsional behavior.
Keywords: Artificial Neural Network; Taguchi method; Torsion test; 3D printing; PLA. <~
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1. TONG QUAN

Trong nhitng nim gan day, cong nghé in
3D (Additive Manufacturing) phat trién manh
meé va dang dugc g dung ngay cang rong rai
trong nhiéu linh vyc nhu co khi, y té, gido duc,
dién tir va ché tao san pham tuy bién [18], [19].
Trong do, vat li¢u nhya PLA (Polylactic Acid)
la mot trong nhiing loai vat liéu dugc st dung
phd bién nhat nho vao tinh dé in, kha nang phan
huy sinh hoc va chi phi hop 1y [1], [2], [21].

Tuy nhién, cac san pham in 3D tir PLA
thuong c6 dac tinh co hoc kém on dinh, dic
biét 1a khi lam viéc trong céc diéu kién tai co
hoc phtrc tap nhu udn, xoén hay chiu luc lap lai
[18]. Trong thuc té, kha nang chiu xoan 12 mot
trong nhiing tiéu chi quan trong dé danh gia do
bén co hoc téng thé cua san phém, dac biét la
trong cac chi tiét co khi nho, chi tiét lip ghép,
hodc linh kién hoat dong c6 md men X04n.

Viéc khao sat dd bén xodn ciia san phém
in PLA theo cach truyén théng doi hoi thuc
hién nhiéu thi nghiém vat 1y, tén kém thoi gian,
nhan lyc va vt liéu. Dic biét, véi s6 luong 16n
thong s6 cong nghé in anh hudng dén tinh chat
co hoc (nhu mat d6 in, toc do, nhiét do, d6 day
16p, goc in...), viée thyuc hién day du cac t6 hop
thi nghiém 1 gan nhu khong kha thi [13], [23].

Trong bdi canh d6, viéc Gmg dung céc
phuong phap hoc may — dic biét 1a mang than
kinh nhan tao (Artificial Neural Network —
ANN) dé xdy dyng mo hinh du doan do bén
xodn 1a mot hudng di tiém nang [5], [7], [9].
M6 hinh ANN c6 kha nang hoc tir dir 1iéu thyc
nghiém, mé phong mdi quan hé phi tuyén gitra
nhiéu bién dau vao va dau ra, tir d6 giup giam
dang ké s lugng thi nghiém thuc té can thuc
hién, dong thoi nang cao hiéu qua thiét ké va toi
uu hoa quy trinh in 3D [15], [17].

Vi véy, dé tai “Ung dung mang than
kinh nhan tao (ANN) trong khdo sat do bén
x0dn cua san pham in 3D tir nhya PLA” 13 hoan
toan can thiét va co y nghia thuc tién cao trong
cd linh vuc nghién cuu vat li€u, k¥ thuat san
Xuét, va ing dung cong nghé tri tu¢ nhan tao
trong cong nghiép.

2.CO SO LY THUYET

Cong nghé Fused Deposition Modeling
(FDM) tao hinh san pham thong qua qué trinh
dun vat liéu nhi¢t déo nong chay theo tung 16p.
Do co ché tich 16p nay, dac tinh co hoc cia san
pham khong chi phy thudc vao vat liéu ma con
bi chi phdi manh béi cac thong s6 cong nghé
nhu mat do in, nhi¢t do dau phun, gbc infill va
do day 16p. Cac thong sb nay kiém soat truc
tiép cdu tric vi mo, mirc do lién két giira cac
16p va kha nang truyén tng suét trong vét thé.
Mat d6 in thé hién ty 1¢ vat licu ran bén trong
chi tiét. Khi mat do ting, mang ludi vat liéu tro
nén lién tuc hon, gitip cai thién kha nang truyén
tai ing suat va ting do ctng ciing nhu kha nang
chiu xon. Tuy nhién, diéu nay di kem véi sy
gia tang khoi lugng va thoi gian ché tao, doi hoi
su can bang giita hiéu ning co hoc va hiéu qua
san xuat. Nhiét do dau phun dong vai trd quyét
dinh dén muc do nong chdy va khuéch tan vat
lidu gitra cac 16p. Khi nhiét d6 dugc tdi uu, lién
két 16p duogc cai thién rd rét, giam khuyét tat
va nang cao kha nang chiu tai. Nguoc lai, nhiét
d6 qué thap dan dén bam dinh kém, trong khi
nhiét d6 qua cao co thé gy suy giam tinh chét
polymer do phan huy nhiét.

Goéc infill quyét dinh hudéng sap xép cua
cac soi vat li¢u trong cAu trac bén trong. Dudi
tac dung cia tai xodn, hudng tng suit cit co
tinh dinh hudéng 18 rét, do d6 sy dinh hudng
soi anh huong 16n dén co ché truyén lyc va qua
trinh hinh thanh vét nut. Viéc lua chon goc infill
phu hop gitip t6i vu hoa kha nang chiu tai cia
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chi tiét. Do day 16p anh huong dén s6 lugng va
chat luong bé mit lién két gitra cac 16p. Lop
mong thuong tao diéu kién cho su lién két tot
hon va phan bd tng suit dong déu, trong khi
16p day c6 thé hinh thanh cic mit phan cach
yéu, 1am suy giam do bén co hoc, dic biét trong
diéu kién chiu xodn.

Do su tuong tac phurc tap gitra cac thong
s6 trén, hanh vi co hoc cua vat liéu PLA in
FDM thé hién tinh phi tuyén cao, gay kho khin
cho viéc xay dung cic md hinh giai tich truyén
thong. Phuong phap Taguchi 1a mot cong cu
thiét ké thi nghiém hiéu qua dua trén ma tran
truc glao cho phep danh gid anh hu’ong cua
nhiéu yeu t6 voi s6 luong thi nghlem t6i thiéu.
Véi 4 yéu t6 ¢ 3 muc, thiét ké toan phan yéu
cau 81 thi nghiém, trong khi ma tran L9 (3*) chi
can 9 thi nghiém, giup giam dang ké chi phi va
thoi gian. Ngoai ra, phuong phap nay con cung
cap bo dir lidu c6 tinh dai dién cao, phu hop
cho cac md hinh hoc may. Trong cac bai toan
co hoc vat liéu, dac biét voi vat liéu in 3D FDM
c6 cau tric di huéng va khong dong nhat, moi
quan hé gitta thong s6 cong nghé va dic tinh
co hoc thuong mang tinh phi tuyén phirc tap.
Mang no-ron nhan tao (ANN) 1a cong cu hi¢u
qua dé xay dung mé hinh du doan dua trén dir
li¢u thuc nghiém. Mot mang truyén thfmg dién
hinh gom 16p dau vao, cic 16p an va 16p dau
ra. M&i neuron thuc hién phép tong c6 trong s6
két hop véi ham kich hoat phi tuyén, cho phép
mo hinh héa cac quan hé phtrc tap. Trong cac
bai toan hodi quy, 10p an thuong st dung ham
sigmoid hodc tansig, trong khi 16p dau ra sir
dung ham tuyén tinh.

Qua trinh huan luyén ANN nham tbi
thiéu hoa sai s6 du doan thong qua thuat toan
lan truyén nguoc, két hop véi cac phuong phap
t6i wu nhu Gradient Descent hodc Levenberg—
Marquardt dé nang cao toc do hoi tu va do 6n
dinh. Nho d6, ANN tr¢ thanh cong cu manh

trong du doan va phan tich hanh vi co hoc cua
vat liéu in 3D.

3. PHUONG PHAP NGHIEN CUU VA
THIET KE THi NGHIEM

Dua trén cac thong sd cong nghé da
trinh bay trong phan co s& 1y thuyét, thi nghiém
trong nghién ctru nay duoc thiét ké theo phwong
phép Taguchi nham xay dung bo dir li¢u phuc
vu cho qué trinh mé hinh hoa bang mang no-
ron nhan tao (ANN). Bdn yéu t cong nghé cua
qué trinh in 3D FDM dugc khao sat, mdi yéu tb
duoc xét & ba murc khac nhau.

Ma tran tryc giao Taguchi L9 (3*) duoc
lya chon dé xay dung ké hoach thi nghiém.
Thiét k& nay cho phép giam s lugng t6 hop thi
nghiém so voi thiét ké toan bo t6 hop, dong thoi
van dam bao kha niang danh gia anh huong cta
timg yéu td dén két qua dau ra.

Mbi t6 hop thi nghiém duoc thuc hién
ba lan lap lai nhém néng cao d¢ tin céy cua két
qua. Do do, tong s6 mau thu dlIO’C ché tao va
kiém tra trong nghién ciru 1a 27 mau.

Bdng 1. Bang ma tran tryc giao orthogonal array

L9 (3)
. Infill .
Run De(:‘l)l/:;ty Tem?oecr;\ture al(lgg)le Th(l:ll::)ess
1 50 200 0 0.1
2 50 210 45 0.2
3 50 220 90 0.3
4 75 200 45 0.3
5 75 210 90 0.1
6 75 220 0 0.2
7 90 200 90 0.2
8 90 210 0 0.3
9 90 220 45 0.1
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Hinh 1. Mau thir xodn

Cac mau thtr dugc ché tao bang cong
nghé in 3D FDM st dung vat licu PLA theo
cac t6 hop thong sé di xac dinh trong ma tran
Taguchi. Sau khi in, cic maiu duoc kiém tra
kich thudc va chuan bi cho qua trinh thi nghiém
co hoc. Thi nghiém xoan dugc thuc hién nham
xac dlnh mdi quan hé gitta goc xoin va mod
men Xodn clia mau Vat liéu. Trong qua trinh thir
nghi¢m, mé men xo0én duoc tang dan va gia tri
tuong tmg v4i goc xoan duoc ghi nhan cho dén
khi dat gia tri cuc dai hodc xdy ra pha hay. D
liéu thu duogc tir thi nghiém duoc xtr 1y dé xay
dung bd dit liéu dau vao — dau ra phuc vu cho
viéc huin luyén mo hinh ANN.

B dir liéu thu dugc tur thi nghiém bao
gém cac thong sé cong nghé in Va gia tri mo
men xodn twong mg véi goc xodn cua mau
Céc thong sb6 cong nghé cing voi goc xodn
dugc st dung 1am bién dau vao, trong khi mo
men xodn duogc chon lam bién dau ra cua mé
hinh ANN.

B9 dir liéu sau khi xt Iy dugc st dung
cho qua trinh huan luyén va danh gia hiéu suat
cia mo hinh mang no-ron nhéan tao trong du
doan kha niang chiu xoin cua san phim PLA in
3D.

(T Ty ccc Ty |

T2y Tzl e T2
Input = |x3; x31 -+ T32

Ty Tg1 vt T42

61 b - By i

L(')p dau vao (Input Layer):
;- Mat do in ctia mau;
Nhlet do in cua mau
Goc dién day cua mau
Do day 16p in ctia mau;
. 0 Goc xoan tuong trng voi moé men
dau ra;
« Tong s6 dir liéu dung cho huin luyén
va danh gia la 5313.

Lép dau ra (Output Layer):

=[T,T,...T], n=5313

utput
T, la gia tri mo men xodn do duoc tir
thi nghlem tai goc xodn thir i.

4. XAY DUNG VA HUAN LUYEN MO
HINH ANN

Trong nghién ctu nay, mang no-ron
nhan tao (Artificial Neural Network — ANN)
dugc str dung dé xay dung mo hinh du doan
mé men xodn ctia mau PLA in 3D duya trén dix
li¢u thyc nghiém. ANN duoc lya chon do kha
ning mo hinh héa cac quan hé phi tuyén phirc
tap gitra cac thong s6 dau vao va dic tinh co
hoc cua vat li¢u. M6 hinh dugc xay dung dudi
dang mang truyen thing (Feedforward Neural
Network) gdm ba thanh phan chinh: 16p dau
vao, 16p 4n va 16p dau ra. Cac bién dau vao cua
mang bao gdm cac thong sb cong nghé in 3D
va diéu kién tai, cu thé: Bién dau ra cua mang
1a mé men xoan (Torque) ctia mau thir.

Trong c4u trac mang duoc st dung, 16p
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an st dung ham kich hoat tansig (hyperbolic
tangent sigmoid) nham ting kha nang mo hinh
hoa quan hé phi tuyén gitra cac bién, trong khi
16p dau ra sir dung ham tuyén tinh purelin dé dy
doan gi tri lién tuc cia mo men xodn. Qua trinh
xay dung va huén luyén mang ANN duogc thyc
hién bang cong cu Neural Network Toolbox
(nntool) trong phan mém MATLAB. Thuat
toan huan luyén dugc sir dung 1a Levenberg-
Marquardt (trainlm), mot trong nhiing thuat
toan huan luyén pho bién cho mang perceptron
da 16p do c6 téc d6 hoi tu nhanh va hiéu qua
cao ddi voi cac tap dir lidu c6 kich thudce vira
va nho. Trong qua trinh huan luyén, bo dir lidu
duogc chia thanh ba tap:

« Tap huin luyén (training set) ding
dé cap nhat trong sd ctia mang;

» Tap xac thuc (validation set) dung
dé kiém soat hién tuong overfitting;

« Tap kiém tra (test set) dung dé danh
gia hiéu suit mé hinh.

Qua trinh hun luyén duoc thyc hién lap
lai qua nhiéu vong (epoch), trong d6 cac trong
s6 cua mang dugc cap nhat nham ti thiéu héa
ham mat mat.

Tratning R=0 #9912 Valdation R=0 09928

Output ~= 1°Target  0.0041
Output ~= 1*Target * 0.083

Target

At R=0 99914

1" Target + 0.98

Output == 1*Target + 0.000

Ouitput ~=

r-v\.m . IN';I-!

Hinh 2. Cira s6 thé hién do thi hoi quy cho tdp
huan luyén mang than kinh nhan tao

Sau khi qua trinh huén luyén hoan tat,
hiéu sudt cia md hinh mang no-ron nhan tao
(ANN) duoc danh gia thong qua hé sb tuong
quan R giita gia tri m6é men xodn dy doan boi
mo hinh va gia tri thuc nghiém thu dugc tur thi
nghiém xodn. Hé s6 tuong quan R duoc sir dung
rong rii trong cac bai toan hoi quy dé danh gia
muc do phu hop gitra dit liéu du doan va dir li¢u
thuc té ciia mo hinh hoc may.

Hé sb tuong quan Pearson dugc xac
dinh theo cong thirc sau:

Z?zl(}’t —¥F - ﬁ

[
I 7 | ) E
1.."2?:1[}?1 - ?j ‘\IIE?::L[:FL - F:]

E=

Trong do:

* y, la gia tri m6 men xoén thuc nghi¢m;

* ¥.1a gia tri m6 men xodn dy doan bai
mo hinh ANN;

« y va § lan luot 14 gia tri trung binh
cua dir liéu thuc nghiém va dir li¢u dy doan,;

* n 12 s6 lwong mau dir liéu.

Hé s6 tuong quan R co gia tri trong
khoang tir —1 dén 1. Khi gi4 tri R tién gan dén
1, mbi twong quan tuyén tinh gitra dit liéu du
doan va dir liéu thyc nghi€ém cang manh, cho
thdy mo hinh c¢6 kha ning du doan tét. Nguoc
lai, gid tri R gf?m 0 thé hién mdi quan h¢ yéu
gitra hai tap dir liéu [26].

G xadn 8 7]

Hinh 3. Puong cong T-0 ciia mau PLA s6 1: Thuc
nghiém va dy dodan bang ANN
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Trong nghién ciu nay, két qua huan
luyén mang ANN duoc biéu dién thong qua do
thi hdi quy (regression plot) gitra gia tri du doan
va gia tri muc ti€u. MATLAB Neural Network
Toolbox cung cap cac dd thi hdi quy riéng biét
cho tap dir liéu huan luyén (Training), kiém tra
(Validation), kiém dinh (Test) va toan bo dir
liéu (All). Cac d6 thi nay cho phép danh gia
truc quan muc do phu hop gitra dir liéu dy doan
va dir liéu thyc nghiém thong qua su phan bd
ctia cac diém dir liéu xung quanh duong thing
ly tudng.

Ngoai ra, dudng cong mdé men xoin
theo goc xo0dn duogc xay dung dua trén dit li¢u
du doan cuia ANN va so sanh véi duong cong
thuc nghiém. Két qua cho thdy mé hinh ANN ¢6
kha nang tai hién twong ddi chinh xac xu hudng
bién thién cia mé men xoén theo g6c x0én, dic
biét tai vung dat m6 men cuc dai (peak torque).
Diéu nay chimg t6 moé hinh ANN c6 kha ning
hoc va mé ta mdi quan hé phi tuyén giira cac
thong s6 cong nghé in 3D va dic tinh chiu xodn
cua vat liéu PLA.

Thong qua cac chi tiéu danh gia va do
thi hoi quy, c6 thé nhan thay rang mé hinh ANN
dat dugc do chinh xac cao trong viéc du doan
mo men xodn cua san pham in 3D PLA, qua
d6 khang dinh tiém nang tmg dung ctia phuong
phép hoc may trong phan tich va du doan dac
tinh co hoc cua vat liéu in 3D.

Hiéu suit cia mo6 hinh ANN duoc danh
gia thong qua viéc so sanh gitra duong cong mo
men xoan du doan bdi mé hinh ANN va dit liéu
thi nghiém thyc té theo goc xodn ctia mau PLA.
Phuong phap nay cho phép danh gia truc quan
kha nang mo hinh tai hién hanh vi co hoc cua
vat liéu dudi tai xodn [5], [7].

H1nh 3 trinh bay moi quan hé giltra mo
men Xo4n va goc xoan ctia mot mau thir nghiém

dién hinh. Trong dd thi nay, duong cong biéu
dién dir liéu thi nghiém phan anh qua trinh ting
mo men xoan theo gbc xodn cho dén khi dat
gia tri cuc dai (peak torque), sau do glam manh
do hién twong pha hiy hodc mat 6n dinh cua
cAu tric vat liéu. Duong cong du doan tir mo
hinh ANN duoc xay dung duya trén dir liéu huan
luyén va thé hién xu hudng bién thién ciia mo
men xodn theo goc xoan.

5.KET QUA VA THAO LUAN

Dé danh gia kha ning dy doan ciia mo
hinh mang no-ron nhan tao (ANN), mét tap
g6m 20 mau kiém chtng doc 1ap duoc str dung.
Cac mau nay khong duoc sir dung trong qua
trinh huan luyén mang ma chi dung dé kiém tra
kha nang tong quat hoa cta mo hinh. D6i véi
mdi mau kiém ching, mé hinh ANN dugc st
dung dé dy doan gia tri mo men xoén cuc dai
(maximum torque) dua trén cac thong s6 dau
vao cua qud trinh in 3D. Sau do6, cac gia tri du
doan dugc so sdnh véi gia tri mé men X04n cuc
dai thu duogc tur thi nghiém thuc té. Két qua so
sdnh gitra m6 men xoén cuc dai thuc nghiém
va md men xodn cuc dai du doan béi mé hinh
ANN cua 20 mau kiém chimg duoc trinh bay
trong hinh.

BIEL B0 50 SANH GIDA GIA TRI MOMENT THIFC TE MAK VA GIA TR| DV DOAN MAX

|||||||||

Hinh 4. So sanh gitra gid tri mé men xoan cyc dai
thuc nghiém va gia tri du doan ciia mo hinh ANN
doi voi 20 mau kiém chung.

Quan sat biéu do cho thdy cac gia tri dy
doadn ctia mo6 hinh ANN c¢6 xu hudéng phu hgp
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t6t v6i dit liéu thuc nghiém. Sy sai khac gitra
hai gid tri nhin chung 1a nhé va céac céap gia tri
c6 xu hudng bam sat nhau trong toan bo tap dix
liéu kiém chimg. Diéu nay cho thdy mo hinh
ANN c¢6 kha ning hoc dugc mdi quan hé phi
tuyén gitra cac thong sd coéng nghé in 3D va
dic tinh chiu xodn cua vat liéu PLA. Ngoai ra,
m6 hinh ANN ciing thé hién kha nang dy doan
tuong dbi chinh xac d6i voi cac mau co gia tri
md men xoan 16n. Cac miu c6 gia tri md men
xo0dn cuc dai cao van duoc md hinh du doan
v6i sai s nho, chimg to kha niang tong quat
hoa tot cia mang no-ron déi véi cac diéu kién
thi nghiém khéc nhau. Ttr két qua so sanh trén,
c6 thé nhan thay ring mé hinh ANN duoc xay
dung trong nghién ctru nay c¢6 do chinh xac cao
trong viéc du doan md men xodn cuc dai cia
san pham nhya PLA in bang cong nghé FDM.

6. KET LUAN

Nghién ctru nay da xay dung mo hinh
mang no-ron nhan tao (ANN) nhiam du doan
mo men xodan ctia san phdm nhuwa PLA dugc
ché tao bang cong nghé in 3D FDM dua trén
cac thong sb cong nghé cia qué trinh in. Thiét
ké thi nghiém duoc thuc hién theo phuong phép
Taguchi voi ma tran truc giao L9 dé giam sb
lugng thi nghiém nhung van dam bao kha ning
danh gia anh huong cia cac thong s6 cong nghé.

Mo hinh ANN sau khi hudn luyén dugc
kiém chimg bang 20 miu thir nghiém doc lap.
Két qua so sanh giira gia tri m6 men xoan cyc
dai du doan va gia tri thuc nghiém cho thay
su twong dong cao, chimg t6 mé hinh c¢6 kha
nang du doan tot mdi quan hé gitta cac thong
s6 in va dic tinh chiu xodn cua vat liéu PLA.
Két qua nghién ctru cho thay viéc két hop thiét
ké thi nghiém Taguchi va mo hinh ANN 1a mot
phuong phap hiéu qua dé dy doan dic tinh co
hoc ctia san pham in 3D, gbp phan giam chi phi
va thoi gian thyuc hién thi nghiém.

(*) Loi cdm on:

Nhom nghién ctru xin cdm on Truong
Dai hoc Cong nghé K thuat Thanh phd HO Chi
Minh d3 tao diéu kién va hd tro trong qua trinh
thuc hién nghién ctru nay. %

Ngay nhan bai: 18/3/2026
Ngay phan bi¢n: 30/3/2026
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