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TOM TAT

Bai bdo trinh bay mét phwong phép tién tién dé du dodn dwrong cong ving sudt uon trong cdc
cau triic ky thudt, sir dung mé hinh tinh todn két hop véi dit liéu thuc nghiém. Phirong phdp ndy tich
hop cdc thudt todn hoc mdy va mé phong sé dé phan tich hanh vi iing sudt dwdi tai trong uon. Cdc
thi nghiém dwoc thuc hién trén cac mau vat liéu tiéu chuan, cho thd'y do chinh xac cao trong viéc duw
dodn diém gay va bién dang. Két qud chi ra rang mé hinh dé xudt vurot tréi so véi cdc phirong phdp
truyén thong vé do tin cdy va hiéu qua tinh todn. Nghién civu ciing thdo ludn cdc yéu té anh hirong
nhie ddc tinh vat liéu, diéu kién tai trong va hinh hoc cau triic. Phirong phdp nay ¢ tiém nang vmg
dung trong thiét ké ky thudt va danh gid d¢ bén, gép phan ndng cao an toan va téi wu héa chi phi
trong cdc dw dn xdy ding va san xudt.

Tiwr khoa: Uhg sudt uon; Dy dodn; Hoc may,; Mo phong s6; D6 bén vit liéu.
ABSTRACT

The paper presents an advanced method for predicting the bending stress curve in engineering
structures, utilizing computational models combined with experimental data. This approach
integrates machine learning algorithms and numerical simulations to analyze stress behavior under
bending loads. Experiments conducted on standard material samples demonstrate high accuracy in
predicting failure points and deformations. Results indicate that the proposed model outperforms
traditional methods in reliability and computational efficiency. The study also discusses influencing
factors such as material properties, loading conditions, and structural geometry. This method holds
potential for applications in engineering design and strength assessment, contributing to enhanced
safety and cost optimization in construction and manufacturing projects.

Keywords: Bending stress; Prediction; Machine learning; Numerical simulation; Material
strength.
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1. TONG QUAN

Trong bdi canh khoa hoc va ky thuat
hién dai, nghién ctru vé do bén udn cua vt lidu
dong vai tro quan trong do su phd bién cua cac
két cau chiu tai trong udn trong nhiéu nganh
cong nghiép, bao gdm hang khong vil try, 6 6,
xay dung va k¥ thuat y sinh [1]. P9 bén ubn
khéng chi quyét dinh kha ning chiu tai va tudi
tho cua vat liéu ma con anh hudng tryc tiép dén
an toan, hi¢u qua kinh té va do tin cay cua cac hé
théng co khi [2]. Sy phat trién ctia cong nghé in
3D da mé ra co hoi maoi trong viée ché tao cac
chi tiét c6 ciu trac phic tap, chang han nhu két
cau lattice, voi do chinh xac va kha ning tuy
chinh cao [3] Tuy nhién, viéc du doan duong
cong (g sudt ubn ciia cac san pham in 3D, dac
biét 1a cc chi tiét 1am tir nhya, van la mot thach
thirc 16n, doi hoi nghién ctru sau rong dé tdi uu
hoa thiét ké va dam bao hiéu suat trong cac ing
dung thuc tién [4].

V& mit khoa hoc, do bén udn la mot dic
tinh co hoc quan trong, phan 4nh kha nang cta
vat liéu chong lai Gmg suat udn trudc khi xay
ra bién dang hodc pha huy [5]. Ddi véi cac san
phém in 3D, d6 bén ubn phu thudc vao nhiéu
yéu t6, bao gdbm hinh hoc cu tric, tinh chat vat
liéu va thong sd ché tao [6]. Cong nghé in 3D
quang trung hop, sir dung nhua long cdm quang
dé tao ra cac ciu trac lattice v6i do chi tiét cao,
mang lai tiém ndng 16n trong viéc san xuét cac
chi tiét nhe, bén va c6 kha nang tuy chinh [7].
Tuy nhién, sy phtic tap cta cdu trac lattice va
tinh chit khong dong nhat cua nhya in 3D ¢
thé dan dén su phan bd ung suat khong déu, anh
hudng dén hanh vi co hoc cua vat liéu dudi tai
trong ubn [8].

Vé mat thyc tien, nghién ctru d¢ bén uén
cua cac san pham in 3D nhya mang lai nhiéu
loi ich, bao gom cai thién tudi tho két cau, toi

uu hoa cong nghé ché tao va nang cao hi¢u qua
bao tri trong cac ung dung cong nghiép [9]
Vlec du doan chinh xac duong cong ung sudt
udn gitp cac nha thiét ké Iya chon thong sb ché
tao phi hop, giam thiéu rui ro hong hoc va toi
vu hoa hiéu suit cia chi tiét may [10]. Ngoai
ra, nghién ctru nay hd tro phat trién vat liéu tién
tién va cac phuong phap san xuat hién dai, tir
do6 thiic ddy san xuat bén virng bang cach giam
lang phi vat liéu va chi phi san xuat [11]. Trong
bbi canh Viét Nam dang day manh cong nghiép
hoa, viée ing dung cong nghé in 3D dé ché tao
cac chi tiét co do bén udn t6i vu khong chi nang
cao nang luc san xuat trong nudc ma con gitp
cac doanh nghiép canh tranh trén thi truong
qudc té [12].

Nghién ctru nay tap trung vao Vvi¢c du
doan dudng cong tng sudt udn cla cic mau
thir in 3D dang lattice, dugc ché tao bing cong
nghé quang trung hop su dung nhya léng cam
quang. Cac méu thir dugc thiét ké véi cau trac
lattice, mot loai cAu trac lugi voi cac 6 1ap lai,
cho phép t6i uu hoa ty 1& sitc manh trén trong
luong. Pham vi nghién clru gidéi han ¢ nam
thong sd chinh: chiéu cao, chiéu dai, chiéu
rong, tiét dién canh trong va canh ngoai cua
cAu truc lattice. Nhirng thong sb ndy anh hudng
truc tiép dén do cung, kha nang chiu tai va bién
dang udn ctia mau. Vi du, cac 6 luéi co tiét dién
16n hon c6 thé ting mémen quan tinh, tir d6 cai
thién kha nang chéng uén, trong khi cac 6 ngin
hon ting d6 ctng tong thé.

Hinh 1. Hé théng in 3D
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Phuong phéap nghién ciru két hop phéan
tich Iy thuyét, thr nghiém thyc nghiém va phan
tich dir liéu. Cac tai li€u tham khao duoc su
dung dé xay dung co so 1y thuyét vé hanh vi
co hoc cua ciu trac lattice dudi tai trong udn.
Cac mau tht duogc ché tao béng hé théng in
3D quang trung hgp, dam bao d chinh xac
cao trong vi€c tai tao cac thong s6 hinh hoc.
Dit liéu momen uén dugc thu thap tor may thu
ubn va phan tich théng qua cac biéu dd dé danh
gia do bén udn cua vat liéu. Ngoai ra, cac mod
phong sb, chang han nhu phan tich phan tir hitu
han (FEA), dugc sir dung dé du doan duong
cong Ung suat udn va so sanh véi dir liéu thuc
nghiém, tr d6 xac dinh céc mbi quan h¢ gitra
thong s dau vao va hanh vi co hoc.

Tiét dén conh trong
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Hinh 2. Théng so cell cia két cdu lattic

Két qua nghién ctru du kién cung cap
co s& khoa hoc dé tdi wu hoa thiét ké va san
xuét cac chi tiét may in 3D, dac biét 1a cac cAu
trac lattice chiu tai trong u6n. Nhirng phat hién
nay khong chi hd trg cac nha thiét ké trong
viéc lya chon thong s6 ché tao phu hop ma con
dong gop vao viée phat trién cac tiéu chuan ky
thuat cho cac san pham in 3D nhwa. Vé mit Gmg
dung, nghién ciru mang lai tiém ning trong viéc
ché tao céc chi tiét nhe va bén cho cic nganh
cong nghi¢p nhu 6 t6, hang khong vii tru va y
té, dong thoi thuc ddy san xuét bén viing thong
qua vi¢c tdi wu hoa sir dung vat li¢u. Trong
tuong lai, nghién ctru ¢6 thé mé rong sang viée
thir nghiém cac loai nhya méi hodc tich hop cac

cong ngh¢ tri tué¢ nhan tao dé du doan chinh x4c
hon hanh vi co hoc cia ciu trac lattice, tir d6
nang cao kha ning Umg dung trong cic nganh
cong nghiép hién dai.

2.COSOLY THUYET

Cong ngh¢ in 3D resin, hay quang trung
hop, 1a mot phuong phap san xuat boi déap sir
dung nhya léng cam quang (resin) lam cung
ting 16p bang anh sang UV dé tao ra san pham
cb o6 chi tiét cao. Cac cong nghé chinh bao
gdm SLA (str dung tia laser UV), DLP (may
chiéu k thuat s6), va LCD (man hinh LCD v&i
dén LED UV), déu dua trén qua trinh polymer
hoa quang hoc, chuyén resin tir trang thai long
sang ran. Uu diém cta cong nghé ndy bao gdm
dd chinh xac cao (dat chi tiét dudi 25 micron),
bé mit min, va kha nang in cac mau phuec tap,
phu hop cho cac ing dung nhu trang stc, nha
khoa, va mo6 hinh thu nhé. Tuy nhién, nhuoc
diém bao gom chi phi cao, kich thudc in gidi
han, thoi gian in 1au, va yéu cau xtr 1y hau ky
phirc tap nhu rira resin va chiéu UV dé dam bao
do bén.

D06 bén ubn cia san pham in 3D resin
phu thudc vao nhiéu yéu tb, bao gom loai resin,
thong sb in, va xt 1y sau in. Cac loai resin
nhu Tough Resin (chiu lyc cao) hodc Flexible
Resin (dan hdi) co kha ning chiu udn tét hon
so voi Standard Resin (gion). Do day 16p in anh
hudng dén sy két dinh giita cac 16p: 16p mong
(10-25 micron) ting d6 bén do két ndi chit ché,
trong khi 16p day (50-100 micron) giam do bén
nhung in nhanh hon. Thoi gian chiéu sang UV
quyét dinh muc d6 polymer hoa: thoi gian ngin
gdy yéu vat lidu, trong khi thoi gian dai tang do
cimg nhung c6 thé dan dén co ngét hodc nut.
Hudng in va cdu trac hd tro ciing anh hudng
dén do bén, voi in ngang thuong mang lai lién
két 16p tot hon in doc. Xt 1y sau in, bao gdm
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rtira resin du va chiéu UV, 1a yéu to quan trong
de tranh cac diém yéu trén bé mat hodc do gion
qué muc.

Nghién ctru do bén udn cua san pham
in 3D resin doi hoi hiéu biét vé cac thong sb
nay dé toi vu hoa thiét ké va vat lidu. Co so
Iy thuyét nay cung cap nén tang cho viéc phan
tich thuc nghiém, gitp xac dinh cac thong s in
t6i uu dé cai thién kha nang chiu ubn cua chi
tiét may.

3. PHUONG PHAP THU'C NGHIEM

Quy trinh thuyc nghiém sir dung may in
3D HALOT-ONE PLUS dé ché tao cac mau
thir uén bang céng nghé in resin. Pau tién,
nhwa 16ng cam quang duoc db vao khay dung
ctia may. File thiét ké tir phan mém Inventor
duoc xuét sang dinh dang STL, sau do chuyén

vao may qua USB. Trén giao di¢n man hinh,
file duwoc chon va tai vao hé théng. Céc thong
s6 in, bao gdbm d6 day 16p va thoi gian chiu
sang UV, duoc cai dit trude khi nhén “Start” dé
bat dau qua trinh in. Trong sudt qua trinh, may
ty dong lam cung ting 16p resin bang anh séang
UV, tao ra mau thtr véi do chinh xac cao. Giao
dién man hinh hién thi trang thai in, ddm bao
kiém soét quy trinh.

Pé danh gia do bén udn, phuong phap
Taguchi véi 5 mic d§ duge ap dung, tao ra 25
truong hop thir ngh1em voi cac thong 5O ngau
nhién (chleu cao, chiéu dai, chiéu rong, tiét
dién canh trong va ngoai). Phuong phap nay
giup mo rong pham vi nghién ciru, xac dlnh cac
yéu t6 anh huong lon nhit dén d6 bén udn va
danh gia tinh 6n dinh ctia quy trinh in, cung cap
dir li¢u dang tin cdy cho phan tich.

Bang 1. Théng soé thuwc nghiém

Théng s6 phan tich theo TAGUCHI
STT | Chiducao (mm) Chidu dai (mm) | Chidu rong (mm) | Lict dién canh | Tiét di¢n canh
trong (mm) ngoai (mm)

1 4 4 4 0.5 0.5

2 4 4.5 4.5 0.625 0.625

3 4 5 5 0.75 0.75

4 4 55 5.5 0.875 0.875

5 4 6 6 1 1

6 4.5 4 45 0.75 0.875

7 4.5 4.5 5 0.875 1

8 4.5 5 5.5 1 0.5

9 4.5 5.5 6 0.5 0.625

10 4.5 6 0.625 0.75

11 5 4 5 1 0.625

12 5 4.5 5.5 0.5 0.75

13 5 5 6 0.625 0.875

14 5 55 4 0.75 1

15 5 6 45 0.875 0.5
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16 5.5 4 55 0.625 1
17 5.5 4.5 6 0.75 0.5
18 5.5 5 4 0.875 0.625
19 5.5 5.5 4.5 1 0.75
20 5.5 6 5 0.5 0.875
21 6 4 0.875 0.75
22 6 4.5 4 1 0.875
23 6 5 4.5 0.5 1
24 6 5.5 5 0.625 0.5
25 6 6 55 0.75 0.625

4. KET QUA THU'C NGHIEM

Trong nghién ctru nay, nhom thyuc hién
thi nghiém do do bén ubn cho cac mau ciu trac
lattice duoc ché tao bang cong nghé in 3D sir
dung vat li¢u nhya resin. Téng cong 25 mau thir
da dugce in va kiém tra co hoc nham phan tich
anh huong cua cac yéu t6 hinh hoc nhu chiéu
cao, chiéu dai, chiéu rong, tiét dién canh trong
va ngoéi dén kha nang chiu tai udn. Phuong
phap thiét ké thi nghiém Taguchi du0’c ap dung
e phan tich hiéu qua cac thong s va tim ra to
hop t6i wu.

4.1. Qua trinh thi nghiém va thu thap dir liéu

Thi nghiém dugc thuc hién trén may thur
udn ba diém, trong d6 mé-men ubn (moment
bending) va goc udn (bending angle) cua cac
mau dugc ghi lai lién tuc trong qua trinh tai.
Mobi mau duoc danh ma s6 tir 1 dén 25 twong
g v6i cac to hop khac nhau ctia nim thong sd
hinh hoc. Sau khi thi nghi¢m, dir liéu dugc xur
1y dé xac dinh mé-men cyuc dai ma mdi mau co
thé chiu duoc trude khi bi pha huy, cling nhu
goc ubn tuong tng tai thoi diém do.

Két qua cho thdy mo-men udn cuc dai
nam trong khoang tir 0,38 N.m dén 0,73 N.m.
Trong d6, miu 3 ghi nhan gia tri thip nhat (0,38

N.m) trong khi mau 22 dat gia tri cao nhét (0,73
N.m), phan anh sy thay doi dang ké trong kha
ning chiu tai giita cic mau. Pidu nay chimg
minh rang cdu trac va hinh hoc ciia mau dong
vai tro quyét dinh trong hiéu suat co hoc cia
vat li€u in 3D.

DPéng chu ¥, goc udn tai thoi diém dat
moé-men cuc dai dao dong tur 10 dén 25 do,
trong d6 mau 3 ghi nhan goc 1én dén xap xi 30
d6 — cho thdy mic du c6 mo-men thip, mau nay
lai ¢6 kha nang bién dang déo tdt hon so v&i cac
mau con lai. Tt ca mau sau khi thir déu bi pha
huy doc theo cac vach mdéng — vi tri tap trung
g suit dién hinh cua vat liéu nhua resin, vn
c6 dic tinh gion. Cac vét nit thudng xuat hién
theo hudng doc cAu truc, ching minh sy yéu tai
cac vi tri giao nhau hodc tiét dién mong. Hinh 3
minh hoa két qua kiém tra do bén uén cho toan
bo 25 mau. DO thi mé ta sy phan bd md-men
cuc dai cta ting mau, cho thiy sy khac biét &
rét vé do bén giira cac thiét ké khac nhau.

3(,.. )_,/f-\‘\\_

Hinh 3. Két qua kiém tra do bén
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4.2. Phan tich anh huong ciia thong so6 hinh
hoc

Phéan tich sau hon dir li¢u thyc nghiém
cho thdy chiéu cao ciia mau la yéu t6 c6 anh
huong ro rét nhat dén mo-men udn. Cu thé, khi
chiéu cao tang tir 4 mm dén 6 mm, moé-men ubn
cuc dai cling tang theo, do md-men quén tinh
tang giup ciu truc chng lai bién dang uén tét
hon. Diéu nay thé hién 16 rang & nhom mau 21-
25, trong d6 mau 22 (cao 6 mm) dat mo-men
16n nhét 1a 0,73 N.m.

Tuy nhién, anh hudng cua chiéu dai va
chidu rong miu lai khong thé hién 16 rang va
c6 phan khong dong nhat. Mot s6 mau c6 chiéu
dai va chiéu rong 16n (nhu mau 17, 19, 20) cho
thiy goc uén 16n hon — tic c6 kha ning bién
dang déo nhiéu hon — nhu’ng dleu nay khong
X4y ra ¢ tit ca cac mau, cho thay yeu t6 nay con
chiu anh hudng boi cach thiét ké tiét dién va két
céu lattice bén trong.

Main Effects Plot for SN ratios
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Hinh 4. Téi wu cdc théng s6 theo phirong phap Taguchi

Tiét dién canh trong va ngoai cling dong
vai tro dang ké. Nhitng miu c6 tiét dién canh
16n, nhu mau 7, 21 va 22, thudng c6 md-men
udn cao hon, diéu nay dé hiéu vi dién tich mat
cit 16n s& tang kha niang chiu tai. Tuy nhién,
khong phai ltuc nao ciing ding, vi du mau 23 du
¢6 tiét dién 16n nhung lai chi dat mé-men 0,43
N.m. Diéu ndy goi y rang phan bd Gng sut
trong cdu trc lattice c6 thé lam thay doi hiéu

qué chiu tai, trc 1a két cau tong thé chi khong
chi don thuan cac kich thudc riéng 1é méi 1a
yéu t then chdt. Hinh 4 trinh bay két qua toi
wu hoa céc thong sb thiét ké theo phuong phap
Taguchi. Pay 1a céng cu phan tich thong ké
gitip nhom xéc dinh anh huong tuong ddi cua
ting thong sé dén do bén udn, tir d6 tim ra to
hop gia tri dem lai hiéu suét t6i wu. Két qua cho
thdy chiéu cao va tiét dién canh ngoai 14 hai yéu
t6 anh huong 16n nhat.

4.3. Két qua du doan va danh gia mé hinh

Dua trén mo hinh phan tich, nhém tién
hanh du doan mo-men udn cia cdc mau mdi,
chua duoc thtr nghiém thuc té, tir d6 danh gia
do tin cdy ciia mo hinh. Viéc so sanh gia tri thuc
té va gia tri du doan cho thay sai s trung binh
nhd hon 10%, x4c nhan tinh hop I¢ ctia phuong
phap Taguchi trong béi canh nay. Day 1a budc
quan trong dé tmg dung két qua vao thiét ké
thyuc té. Hinh 5 thé hién két qua dy doan do bén
ctia cac mau dya trén mo hinh Taguchi. Puong
xu hudng cho thidy mdi twong quan manh gitra
mo-men udn thyc té va gia tri mo phong, minh
ching cho kha ndng du doan chinh xac cua mo
hinh théng ké nay.

Th
Loyt doien

Chreds (Mpa

Hinh 5. Két qua du dodn dé bén
5. KET LUAN

Nghién ctru thyc nghiém khao sat do
bén udn cta san pham in 3D nhya st dung cong

ngh¢ resin va phuong phap Taguchi da mang &
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lai nhitng ket qué quan trong. Két qua cho thay
mo-men ubn cuc dai dao dong tir 0,38 N.m den
0,73 N.m, voi mau 22 (chleu cao 6 mm, tiét
dién canh 1 mm) dat do bén udn cao nhat, va
mau 3 c¢6 kha ning bién dang déo t6t nhat (~30
dg). Céc thong s6 hinh hoc, dic biét 1a chiéu
cao va tiét dién canh trong/ngoai, c6 anh hudng
1o rét dén kha nang chiu udn, trong khi chiéu
dai va chiéu rong tic dong khong dong nhat.
Phuong phap Taguchi véi 25 truong hop thur
nghiém da giup xac dinh cac thong so t6i wu,
cung cap co s khoa hoc cho viée thiét ké chi
tiét may in 3D.

Nghién ctru khong chi dong gép vao
1y thuyét vé d6 bén uén ma con mang ¥ nghia
thyc tién trong t6i wu hoa thiét ké, giam chi phi
san xuit, va nang cao d tin cdy cua san pham.
Hudng nghién ciru tiép theo nén tap trung vio
thtr nghiém véi cac loai resin khac (nhu Tough
Resin), diéu chinh ciu trac lattice, va md rong
pham vi thong s6 dé cai thién hiéu suat.

(*) Péng gop ciia tac gia:

- Hinh thanh y tuong va muc ti€u nghién
ctru: Tran Minh The Uyén,;

- Thuc hién nghién ctru, thu thap dir
liéu, phan tich dir liéu, viét va chinh sta bai
béo: V& Nguyén Anh Tu, Nguyén Vin Son,
Hoang Trong Nghia, Ta Nguyén Minh Drc.
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