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TOM TAT

Trong linh vuc nghién cieu vat liéu va co hoc ung dung, viéc thiét ké va ché tao mau thir dé
bén uén cho két cdu dang lattice dong vai tré quan trong trong viéc danh gia ddc tinh co hoc ciia
cdc cau tric nhe nhung co do bén cao. Két cau lattice, véi dic diém hinh hoc phure tap va kha nang
phadn bé ing sudt hiéu quad, dang dwoc vmg dung réng rdi trong cdc nganh céng nghiép tién tién
nhu hang khéng, y sinh va san xudt boi ddp. Nghién civu ndy tdp trung vao qud trinh thiét ké toi wu
hinh dang va théng sé cdu triic ciia mau thir, két hop véi cong nghé in 3D dé ché tao chinh xdc cdc
chi tiét ¢ hinh hoc vi mé phitc tap. Thong qua viéc thir nghiém dg bén kéo va phan tich g xir co
hoc, nghién ciru nham danh gia anh hwong cia cau tric lattice dén kha nang chiu lwc, tir dé cung
cdp co s6 cho viée toi wu héa thiét ké trong cdc iing dung thuec tién.

Tir khéa: Két cau lattice; P bén chi tiét; Chi tiét chiu bién dang uén; M6 phong; In 3D
lattice.

ABSTRACT

In the field of materials research and applied mechanics, the design and fabrication of tensile
test specimens for lattice structures play a crucial role in evaluating the mechanical properties
of lightweight yet high-strength configurations. Lattice structures, characterized by their complex
geometries and effective stress distribution capabilities, are increasingly being applied in advanced
industries such as aerospace, biomedical engineering, and additive manufacturing. This study
focuses on the optimal design of geometry and structural parameters of test specimens, combined with
3D printing technology to precisely fabricate components with intricate microstructures. Through
tensile testing and mechanical behavior analysis, the research aims to assess the influence of lattice
structures on load-bearing capacity, thereby providing a foundation for structural optimization in
practical applications.

Keywords: Lattice structures; Component strength, Bending deformation resistance;
Simulation; 3D-printed lattice.
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1. TONG QUAN

Céc két cdu dang lattice da tr¢ thanh
mot gidi phap ky thudt quan trong trong céc
linh vuc nhu hang khong vii try, 6 to, va xay
dung nh¢ déc tinh trong lugng nhe, do bén cao,
va kha ning tuy chinh linh hoat [1]. Nhiing cdu
triic nay dugc hinh thanh tir cac don vi té bao
lap lai theo mé hinh khong gian, cho phép tdi
wu héa hiéu sut co hoc thong qua diéu chinh
hinh hoc, vat liéu, va phuong phap ché tao [2].
Khi chiu bién dang uén, hiéu suit cua cac két
ciu lattice phu thudc vao nhiéu yéu t, bao gdbm
thanh phan vat liéu, cdu hinh hinh hoc, phan
b tai trong, va cac dic trung vi ciu tric. Cc
nghién ctru gan day di tap trung vao viéc cai
thién kha nang chiu udn cua cac két ciu nay
thong qua thiét ké sang tao, mo phong sb, va
thir nghiém thyuc nghiém. Phan tong quan nay
thao ludn vé céac tién bo mdi nhat, nhin manh
cac yéu t6 anh hudng dén d6 bén ubn va cac
phuong phéap nghién ctru hién dai.

(*) Pic diém cia két ciu lattice trong tng
dung chiju uon

Két cau lattice thuong duogc thiét ké véi
cac don vi té bao lap lai nhu hinh 1ap phuong,
luc giac, hoac cac cAu tric phtc tap hon nhu
gyroid va auxetic [3]. Cac ciu tric nay co thé
duoc ché tao tir kim loai, polymer, hodc vat li¢u
composite, tlly thudc vao yéu cau ing dung cu
thé [1]. Khi chiu tai udn, chung thé hién cac dic
trung co hoc doc dédo, nhu kha nang hép thu
ning luong cao va phan bd tmg sut dong déu
[4]. Tuy nhién, hiéu suit uén bi anh hudng bai
ty 1€ réng, do day thanh, va goc lién két gitra
cac thanh trong té bao lattice. Cac nghién ciru
chi ra ring céc cau tric lattice voi ty 18 rdng cao
thudng c6 mo dun uén thip hon, nhung vuot
troi trong viéc giam trong lugng [5].

Mot huéng nghién ctru ndi bat 1a s
dung céac két ciu lattice hai pha, két hop cac
don vi t& bao cing va mém dé cai thién hiéu
suat udn. Cac ciu tric nay tan dung sy tuong
tac gilta cac ving c6 do cimg khac nhau dé t6i
uu hoa kha ning hap thy ning luong va giam
nguy co gay vo cuc bd [6]. Chéng han, mot
nghién ciru dd chimg minh ring cc ciu trac
lattice hai pha v6i 161 mém c6 thé ting cudng
d6 bén udn 1én dén 30% so véi cac cau trac don
pha truyén thong [7]. Didu nay cho thiy tiém
nang cua cac thiét ké lai trong viéc dap tng cac
yéu cau k¥ thuat khit khe.

(*) Anh hwéng ciia hinh hoc va vét liéu dén
do bén uon

Hinh hoc cta cac don vi t& bao dong
vai trd quan trong trong viéc xac dinh kha
nang chiu udn cta két cau lattice. Cac cau tric
auxetic, voi hé s6 Poisson am, cai thién do bén
udn nho co ché bién dang doc dao, mo rong
theo hudng vudng goc khi bi nén [8]. Ngoai ra,
céc cAu triic tai nhap (re-entrant) trong 15i cua
cac tim sandwich ting cuong do bén uén dong
thoi giam thiéu tng suat cit [9]. Cac nghién ciru
ciing cho thay viéc diéu chinh goc nghiéng cua
céc thanh trong té bao lattice ¢6 thé lam thay
d6i dang ké mo dun udn va kha ning chdng giy

[2].

Vé vat liéu, cac hop kim nhe nhu titan
hodc nhém dugc str dung rong rii trong cic cau
truc lattice nho ty 1¢ do bén trén trong lugng
cao [3]. Gan déy, cac vat liéu composite va
polymer cai tién, nhu polymer gia cuong soi
carbon, da dugc tich hop dé cai thién kha nang
chiu uén va chéng moi [6]. Tuy nhién, thach
thire 16n 13 dam bao tinh dong nhét cua vat lidu
trong qua trinh ché tao, dic biét khi sir dung céc
phuong phap in 3D nhu thiéu két laser chon loc
hoac stereolithography [5].
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(*) M6 phong va thir nghiém thuc nghiém

Céac phuong phip mé phong sb, nhu
phuong phép phan tir hiru han (FEA), da tro
thanh coéng cu quan trong dé danh gia hiéu suat
ubn cua cac két cu lattice. M6 phong cho phép
du doan su phan bd ung suit, bién dang, va
diém gay trong cac cu hinh lattice trudc khi
thir nghiém thuc té [7]. Mot sé nghién ciu da
str dung FEA dé t6i wu hoa thiét ké lattice, nhu
xac dinh ty 1¢ rong t6i wu hodc cau hinh té bao
phtl hop véi cac didu kién tai cu thé [9]. Cac mo
hinh vi co hoc ciing duoc phat trién dé lam rd
cach cac dic trung vi cau tric anh huong dén
hiéu suat udn tong thé [8].

Vé thuc nghiém, cac thir nghiém udn
ba diém va bén diém thuong dugc sir dung dé
danh gia d6 bén udn, cung cip dir liéu vé mo
dun udn, do bén giy, va kha niang hap thy ning
luong [4]. Gan day, ky thuat chup cit 16p vi
tinh (micro-CT) dd duogc ap dung dé phan tich
cac khuyét tat bén trong cau trac lattice sau thir
nghiém, 1am & mdi quan hé gitra vi cu tric va
hiéu suét co hoc [5]. Su két hop giita mé phong
va thtr nghiém thuc nghi¢ém da mé ra co hoi dé
phat trién cac thiét ké lattice t6i uru hon.

(*) Thach thirc va trién vong

Du mang lai nhiéu loi ich, cac két cau
lattice van d6i mat voi cac thach thire nhu chi
phi ché tao cao, dic biét khi sir dung k¥ thuat in
3D tién tién [1]. Viéc dam bao tinh dong nhat
va do chinh x4c & quy mo vi mo ciing la mdt rao
can k¥ thuat [3]. Trong twong lai, cic nghién
clru can tap trung vao phat trién cac phuong
phap ché tao chi phi thip va cac thiét ké lattice
thich (mg v6i nhiéu diéu kién tai khac nhau.

Tom lai, cac két cdu dang lattice cho
thay tiém nang lon trong cic Ung dung chiu

bién dang udn nho dic tinh co hoc vuot troi va
kha ning tily chinh linh hoat. Céc tién bo trong
thiét k&, mo phong, va thir nghiém thyc nghiém
dang mé ra nhitng co hoi méi dé toi wu hoa
hiéu suit. Tuy nhién, dé ung dung rong rai, can
thém nghién ctru veé vt liéu, quy trinh ché tao,
va phuong phap danh gia hi¢u suét.

2.COSOLY THUYET

Thir nghiém d6 bén chi tiét chiu bién
dang ubn véi cac két ciu lattice dya trén
nguyén 1y co hoc vt liéu va phan tich két cau,
tap trung vao phan bd tmg suét, co ché hap thy
nang lugng, phuong phap thu nghiém va mo
phong s6. Cac két cau lattice c6 hinh hoc phirc
tap, dan dén su phan bd tmg suit khong dong
déu, anh huong dén kha ning chiu tai va nguy
co pha hily. Chung hap thu ning lugng thong
qua bién dang dan hoi va déo, véi cac thiét ké
hai pha gitip t6i wu hoa sy phan bd luc. Cac
thir nghiém phd bién nhu uén ba diém va ubn
bbn diém dugc sir dung dé danh gia kha ning
chiu tai, trong khi phuong phap phan tir hiru
han (FEM) hd trg du doan tng suat, bién dang
va co ché pha huy cua két cau duéi tai trong
uon.

3. MO PHONG

Cac mo phong thir nghiém d6 bén chi
tiét chiu bién dang udn voi két ciu lattice thuong
stt dung phuong phap phan tir hitu han (FEM)
dé phan tich Gng suat, bién dang va co ché pha
hiy. Mot nghién ctru da thiét ké va mo phong
cac két cau lattice in 3D bang titan, danh gia
d6 bén thong qua thir nghiém nén va mo phong
tinh tuyén tinh. Mot nghién ctru khac da phan
tich cac cdu tric lattice dang dam udn, str dung
phan mém Solidworks dé danh gia higu suit co
hoc dudi tai trong udn. Ngoai ra, mé hinh dan
hdi - déo ciing dugc ap dung dé nghién ctru tai
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trong udn trén cac két ciu lattice, gitp du doan
phan tng vat liéu dudi di€u kién tai trong thuc
té.

4. PHUONG PHAP MO PHONG

Mo phong ché tao chi tiét chiu ubn st
dung két c4u lattice bang phan mém ANSYS la
mdt quy trinh phtrc tap nhung rat hiéu qua dé
phan tich va t6i wu hoa thiét ké. Pau tién, st
dung ANSYS Design Modeler dé tao mé hinh
chi tiét v6i két cau lattice. M6 hinh nay can
phan anh chinh xac hinh hoc va céac dac diém
ctia chi tiét thuc té, bao gdom cac yéu t6 nhu
mat do, hinh dang cac té bao va sy phan bd lyc.
Tiép theo, sir dung ANSYS Meshing dé chia
luéi mod hinh. Qué trinh nay gitp phan chia
mo hinh thanh cac phan tir nho hon, tir d6 cai
thién d6 chinh xac trong phan tich tmg suit va
bién dang. Sau khi hoan thanh viéc chia luéi,
cac thong s6 vat liéu nhu do bén kéo, do cung
va kha nang chiu moi dugc nhdp vao. ANSYS
hd trg nhiéu loai vat liéu, tir kim loai truyén
théng dén composite hodc vat li¢u dac biét phu
hop v6i két cau lattice. Sau do, cac diéu kién
tai trong thuc té, nhu luc udn, luc kéo hodc ap
suét, dugc mod phong dé mé phong cac didu kién
1am viéc thuc té ctia chi tiét. Cac diéu kién bién
can duoc thiét 1ap dé phan anh méi trudong hoat
dong cua chi tiét, nhu cac kep chat hodc diéu
kién tai trong bat d6i xting. Cudi ctng, sir dung
ANSYS Mechanical dé phan tich tmg suat,
bién dang va kha niang chiu udn cua két cau
lattice. Qua trinh nay cho phép cac nha thiét ké
t6i wru hoa ciu trac lattice bang cach diéu chinh
cac thong s6 nhu do day thanh, hinh dang hoac
cAu tric mang ludi, tr dé dat dugce sy can béng
gitra hi¢u qua chiu luyc va trong lugng nhe cua
chi tiét.

5.KET QUA VA THAO LUAN
5.1. Setup thi nghi¢m

4

=

o Anvcupichl

==

Hinh 1. Céc budc kiém tra may

Két qua md phong cho thdy cac ving
{mg suat tap trung cao nhét thuong xuat hién
tai cac diém giao nhau cta cac thanh trong két
ciu lattice, noi ma cac tmg suat co xu hudng
tap trung do sy thay doi dot ngdt cua hinh hoc
céu triic. Bién dang cua chi tiét duoc phan b
ddng déu hon khi thiét ké ti wu, didu nay giup
cai thi¢n kha nang chiu udn cua chi tiét. Céc
thiét ké lattice t6i uu hoa co6 thé giam dang ké
trong lugng cua chi tiét ma van dam bao duoc
d6 bén co hoc can thiét. Cac két qua mo phong
thuong chi ra rang viéc thay doi hinh dang hoic
kich thudc cua cac thanh lattice c6 thé cai thién
hiéu suit téng thé cua két cAu, dic biét 1a trong
viéc phan phdi ing suét va giam thiéu cac diém
yéu. Két qua mo phong con cung cip nhimng
goi ¥ vé cac cai tién trong thiét ké, nhu thay
d6i vat liéu sir dung hodc diéu chinh cau trac
dé ting cudng kha niang chiu lyc va giam thiéu
su mat mat nang luong. Tuy nhién, thdo luan
cling can luu ¥ dén cac han ché ciia md phong,
chang han nhu d6 chinh xac ctia mé hinh vat
liéu hodc diéu kién bién, khi ma su twong dong
giita mo phong va thuc té co thé bi anh huong
boi nhitng yéu t6 khong thé mo phong day du,
nhu sy khong dong déu trong qua trinh ché tao
hodac cac khuyét tat vat liéu.
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5.2. Van hanh may moéc

Hinh 2. Cdc bude setup thong so

Pé bat dau in 3D véi may Anycubic
Photon Mono, nguoi dung can bat ngudn bang
cach nhan nit khéi dong. Khi man hinh cam
g hién thi giao dién chinh, chon muc “Tool”
dé vao phan thiét 1ap va hiéu chuan. Trong muc
“Move Z”, st dung cac nut diéu khién dé di
chuyén truc Z voi cac bude 0.1mm, Imm hoac
10mm, nham diéu chinh ban in sao cho chinh
xéc, dwa no vé dung vi tri hoic thiét 1ap khoang
cach phu hop véi man hinh. Sau khi da can
chinh xong, nhan “Z = 0” dé dat lai géc toa do
Z,dam bao cac 16p in sau nay s€ chinh xac. Sau
khi hoan tat budc hiéu chinh, quay lai man hinh
chinh va chon “Print” dé chuén bi file in. Déng
thoi, nguoi dung can d6 day resin (nhya 1ong)
vao khay in, chic chin luong resin du dé in mo
hinh hoan chinh. Kiém tra xem khay resin da
duoc 1ap dung va khong c6 vat can. TAt ca cac
thong tin vé cai dit va cac budc s& dugc hién
thi rd rang trén man hinh cam Gng, bao gdbm
lwa chon hé théng (System), cong cu (Tool) va
ché d in (Print), gitp nguoi dung dé dang thyc
hién cac thao tac can thiét trudc khi bit dau qua
trinh in 3D.

May in 3D resin hoat dong dua trén viéc
su dung nhya long cam quang, dugc do vao

khay in. Pau tién, nguoi dung can didu chinh
ban in bang cach di chuyén truc Z dé ban in tiép
xtc gan v6i mat phim FEP trong khay resin,
nham dam bao 16p in dau tién bam chit vao bé
mit. Sau d6, man hinh LCD duéi khay s& chiéu
cac 16p cit cia mo hinh, va anh sang UV tir dén
LED s€ xuyén qua cac vung da dugc xéac dinh,
lam dong cing nhua ¢ nhirng khu vuc do6. Khi
mot 16p hoan thanh, ban in s€ tir tir nang 1én,
ddng thoi 16p nhwa mai s& duoc dua vao vi tri
cii dé tiép tuc in. Qua trinh nay duogc lap lai lién
tuc, 16p sau s€ dugc in 1én trén 16p trudc cho
dén khi mo hinh hoan thién. Sau khi in xong,
vat thé s& duoc nang 1én khoi khay resin, va can
thuc hién céc bude hau xur Iy nhu rira béng con
va chiéu UV dé 1am ctng hoan toan.

5.3. San phim

(*) Khai quat

San pham c6 hinh dang gidéng mau thu
kéo tiéu chudn (dang dog-bone), dugc dung
phé bién trong thtr nghiém co hoc vat licu.
Phan than gitra c6 thiét ké dang ludi véi cac
cell hinh tru/hinh hop rong (duc 16). Hai dau
duoc gitr nguyén dang khoi dic dé ga kep khi
thtr nghiém.

Hinh 3. San pham sau in 3D

Cau trac dang dog-bone (xuong ché) 1a
mot thiét ké mau tha tiéu chuan dugce st dung

rong rai trong cac thi nghiém kéo nham danh &
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gia ddc tinh co hoc cua vat liéu nhu 4o bén udn,
d6 gidn dai va mé dun dan hoi; diém ndi bat
ctia thiét ké nay 1a phan giira dugc lam hep lai
so v6i hai ddu, tao ra ving tap trung tmg suit
r0 rét, gitip dam bdo qua trinh dat gay xay ra
tai khu vuc mong mudn thay vi & cac vi tri ga
kep, tir d6 tang dd chinh xac va d¢ tin cay cua
két qua thir nghiém. Thiét ké nay ciing gitp han
ché cac anh hudng tu bién dang cuc bd hodc
trugt tai ddu mau khi kep vao thiét bi kéo, dong
thoi dé dang trong viéc quan sat va do luong
bién dang thuc té trong qua trinh mau bi kéo
dut, dac biét phu hop véi cac vat li¢u in 3D, vat
liéu composite hodc vat liéu c6 cau trac rong
can kiém chung hiéu suét chiu luc trong diéu
kién chuén hoa.

(*) Thong s0 kich thuéc

Hinh 4. Mé hinh 3D ciia san pham
- Kiéu luéi: Ludi cubic dang mang 6 déu.
- Chiéu dai tong thé san pham: 150mm.
- Chiéu cao san pham: 10mm.
- Khoang cach gitra hai phan san pham: 88mm.
- Buong kinh mdt cell (6 ludi): 2mm.

- Vat liéu: Nhuya k¥ thuat, c6 kha nang chéng
mai mon, chiu nhiét do cao va khang hoa chat.

(*) Phan tich

Dua trén hinh anh m6 ta phan than giira
ctia miu thir va thong tin chi tiét vé cau trac
6 1udi (cell) v6i duong kinh 2 mm, chiéu cao
va chiéu rong déu 1a 5.5 mm, c6 thé nhan théy
rang thiét ké méi da duoc tdi wu theo hudng
giam mat do vat liéu ma van gilr dugc su on
dinh vé hinh dang va co tinh. Cu thé, phﬁn than
gifta cia mau thir ¢6 cau trac ludi véi cac 6
rong duoc phan bd déu, tao thanh dang mang
lu6i ba chiéu, trong d6 mdi cell c6 hinh dang
gan nhu hinh hop chit nhat rdng vé6i canh bo
tron, gop phan giam trong luong tong thé cua
san pham nhung van duy tri duoc kha ning chiu
luc tdt nho vao su phan bd tai trong déu qua cac
thanh ndi gitra cac cell. Viéc ting duong kinh
cell 1én 2 mm da lam cho mat dg vat li¢u giam
di 1 rét, cac 16 hd 16n hon giup dé dang quan
sat bién dang, dong thoi ting kha ning hap thy
ning luong va giam chén trong cac tmg dung
lién quan dén tai dong hodc mé phong mé mém
sinh hoc. Thiét ké nay ciing dong nghia véi
viéc gidm tiéu hao vat li€u in va thoi gian san
xuat trong quy trinh in 3D, dong thoi van dam
bao duoc tinh toan ven cua ciu tric trong subt
qué trinh thir nghiém co hoc. Tir hai mau gidng
nhau duoc danh dau ky hiéu “1” trong hinh
anh dau tién, c6 thé suy luan ddy 1a cac mau
chuin hodc mau déi ching trong cting mot loat
thir nghiém, nham kiém tra tinh lap lai va do
tin cdy cua thiét ké méi. Thuc té quan sat cho
thdy khong co déu hiéu nit v& hay bién dang
sau in, ching to rang VleC tang duong kinh cell
khong 1am suy yéu cdu trac mot cach dang ké
ma nguoc lai con gitp cai thién mot sé dic tinh
co hoc nhét dinh nh¢ thiét ké t6i wu hoa, tir d6
lam ndi bat kha ning ng dung cua san pham
trong cac linh vuc yéu cau tinh nhe, linh hoat
va kha nang chiu tai cao nhur y sinh, thiét bi bao
ho hodc cu trac chiu luc nhe.
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Hinh 6. Két qua thir uon cac mau voi cdac thong so
khac nhau

6. KET LUAN

Nghién ctru vé chi tiét chiu udn véi két
cdu lattice dd chimg minh tiém ning manh mé&
trong viéc t8i wu hoa trong lugng va do bén co
hoc cua san phém, dac biét trong cac nganh
cong nghi¢p doi hoi hi¢u qua cao nhu hang
khong, 6 to, va xay dung. Két cau lattice khong
chi gitup gidm vat liéu sir dung ma con dam bao
kha nang chiu luc vuot trdi nho cAu tric 6 déu
va doi xtng. Véi viée tich hop cong nghé hién
dai nhu in 3D va gia cong CNC, qué trinh ché
tao da duogc tinh gon va dat do chinh xéc cao,
g6p phan md rong tng dung thuc tién cta san
pham.

San pham ludi cubic 1a minh chimg rd
rang cho tinh linh hoat, hi¢u qua trong thiét ké,
va kha ning ung dung rong rii tir co khi dén
xay dung. Tuy nhién, nhitng han ché nhu kha

ning chiu nhiét giéi han va yéu cau cong nghé
gia cong phirc tap can dugc xem xét dé dam bao
t6i uu hoa hiéu suat. Tong quan, két cau lattice
va san pham luéi cubic hira hen sé tiép tuc tro
thanh mot gidi phép quan trong trong viéc cai
thién hi¢u qua vat li¢u, giam chi phi san Xuét,
va thac diy sy phat trién cta cic nganh cong
nghiép hién dai.
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Hoang Trong Nghia, Ta Nguyén Minh Dric.
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