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TOM TAT

Nghién civu ché tao chi tiét chiu uon sir dung két cau lattice nham toi weu hoa trong luwong va
dé bén co hoc ciia chi tiét. Két cau lattice la mot mang hedi cdc thanh két néi véi nhau, glup giam
vt liéu ma van dam bao kha ning chiu luc tot, ddc biét la trong cdc tng dung yeu cau tlet kiem
trong leong nhuw hang khéng, 6 t6, va xdy dung. Cdc phirong phép ché tao chii yéu bao gom in 3D
va gia cong CNC, cho phép sdan xudt cdc chi tiét ¢é cau triic phire tap ma khong can khuén mau.
Viéc phan tich cac dac tinh uén cua két cdu lattice giup 16i wu héa thiét ké dé dat hiéu sudt t6i da.
Nghién ciru nay hidng dén viéc cdi thién hiéu quad vt liéu, giam chi phi va ndng cao tinh linh hoat
trong san xudt.

Tir khéa: Chi tiét chiu uon; Két cau lattice; BS bén co hoc; Mang luoi thanh két noi.
ABSTRACT

Research on manufacturing bending-resistant components using lattice structures aims to
optimize the weight and mechanical strength of the components. Lattice structures, which consist
of a network of interconnected struts, help reduce material usage while maintaining excellent load-
bearing capacity. These structures are particularly advantageous in applications requiring weight
savings, such as aerospace, automotive, and construction. The primary manufacturing methods
include 3D printing and CNC machining, allowing the production of complex structures without
molds. Analyzing the bending properties of lattice structures helps to optimize the design for
maximum performance. This research focuses on improving material efficiency, reducing costs, and
enhancing flexibility in production.

Keywords: Bending-resistant components, Lattice structure; Mechanical strength,; Network
of interconnected struts.
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1. TONG QUAN

Su phat trién ctia cac nganh cong nghiép
hién dai nhu hang khong vii try, 6 to, va y sinh
doi hoi céac chi tiét co khi co trong lugng nhe,
dd bén cao, va kha nang chiu tai t8i wu. Két ciu
lattice, voi dac trung 1a mang ludi 6 khong gian
dinh ky, da tro thanh giai phap tiém niang cho
cac chi tiét chiu uén nho kha ning giam trong
luong va duy tri hiéu sut co hoc [1]. Phan
tong quan nay trinh bay cac dic diém cua két
cau lattice, ung dung trong chi tiét chiu udn,
phuong phép ché tao, va nhimng thach thirc can
giai quyét dé thuc day tng dung thyc tién.

(*) Pic diém cia két ciu lattice:

Két cau lattice 1a hé thong cac thanh,
nut hoéc 6 lap lai trong khong gian ba chiéu,
tao ra c4u tric nhe nhung cing vimg. Dac tinh
noi bat cua lattice 1 kha nang phan bo tai trong
dong déu, giam khéi luwong so vai vat liéu dic,
va cung cap d6 bén cao trong cac (mg dung chlu
luc phtic tap [2]. Cac nghién ctru chi ra rang
lattice c6 thé dugc thiét ké voi céc 6 hinh hoc
nhu body centered cubic (BCC) hoac octet-
truss dé t6i wu hoéa kha ning chiu udn, nén,
hoac hap thu nang luong [3]. Tinh linh hoat
nay cho phép tily chinh cau triic theo yéu cau
cu thé, chiang han nhu trong cic bo phan giam
chan hodc khung két ciu [4].

Viée thiét ké lattice duoc hd trg boi
cac cong cu tdi wu hoa té po, gitp diéu chinh
mat do va hinh dang 6 dé dat hiéu suét t6i uu
[5]. Tuy nhién, hiéu qua cua két ciu lattice phu
thuoc khong chi vao thiét ké ma con vao vat
liéu va k¥ thuat ché tao, von dong vai tro quan
trong trong viéc dam bdo tinh kha thi.

(*) Ung dung trong chi tiét chiu uén:

Chi tiét chiu u6n, nhu dim, thanh ngang,

hodc bo phan két cu trong may bay, yéu cau sy
can bé‘mg gitra do bén, do cung, va trong luong.
Két cau lattice thay thé 18i dac bang mang lu6i
6 rong, giup giam khéi luong déang ké ma van
dam bdo kha nang chiu tai [6]. Trong hang
khong vii try, cac by phan nhu canh quat hoac
khung than st dung lattice da giam t6i 30%
trong lwong so véi thiét ké truyén thong, dong
thoi duy tri d6 bén udn [7].

Trong y sinh, lattice dugc tng dung
trong cdy ghép xuong nhan tao, noi cau tric
x6p mo phong dic tinh co hoc cia xuong, cai
thién tich hop sinh hoc [8]. Nhiing tng dung
nay minh chimng tiém nang cua lattice trong
viéc dap g cac yéu cau phuc tap cua chi tiét
chiu udn, tir cong nghiép dén y té.

Cong nghé ché tao bdi dip (additive
manufacturing - AM), hay in 3D, dé cach mang
hoéa viéc san xuat két ciu lattice. Cac ky thuat
nhu Selective Laser Melting (SLM) va Electron
Beam Melting (EBM) cho phép tao ra cc cau
triac ludi phuc tap voi d§ chinh xac cao, dic
biét khi st dung kim loai nhu titan hodc hop
kim nhom [9]. SLM nbi bat nho kha nang xur 1y
vat liéu kim loai, phtt hop véi chi tiét chju uén
trong moi truong khac nghiét [10].

Tuy nhién, AM gip han ché vé& do chinh
xac voi 0 lattice kich thudce nho (dudi 1 mm) do
co ngdt nhiét hodc 16i bé mit [1]. Chi phi van
hanh cao va thoi gian san xuat dai cho cac chi
tiét 16n ciing 14 rao can [2]. Pé khic phuc, cac
phuong phap két hop AM véi gia cong CNC da
duoc dé xuét dé cai thién chét luong bé mit va
d6 chinh xéac [3]. Ngoai AM, dic dau tu hodc
¢p phun cling dugc st dung cho lattice don
gian, nhung bi gidi han bdi d§ phtc tap hinh
hoc [4].

Mac du c¢6 nhiéu vu diém, két cau lattice
do1 mat véi cac thach thire 16n. Thir nhat, viéc
du doan hanh vi co hoc dudi tai uén la phuc
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tap. Céac mé hinh phén tir hitu han (FEM) yeu
cau tai nguyén tinh toan 16n dé mé phong cau
trac ludi, dac biét khi co khuyet tat vi mo nhu
16 rd hodc nut [5]. Nhitng khuyét tat ndy c6 thé
1am giam do bén chi tiét, doi hoi kiém soat chat
lwong nghiém ngit [6]. Thit hai, t6i wu hoa thiét
ké lattice van 1a van dé kho. Céc thuat toan to
p6 hién nay chua hoan toan can bang dugc giita
hiéu suat, chi phi, va tinh kha thi ché tao [7].
Thiéu tiéu chuén thiét ké va kiém tra chat luong
cho lattice ciing han ché ting dung rong rii [8].
Cudi ciing, lya chon vat liéu 14 yéu t6 then chét.
Kim loai nhu titan mang lai do bén cao nhung
chi phi dit do, trong khi polymer va composite
¢ han ché vé chiu nhiét va d6 bén lau dai [9].
Céc giai phap vat liéu méi can duoc nghién ctru
dé dap mg yéu cau da dang.

2.COSO LY THUYET

Két ciu lattice 12 mang ludi cac thanh
két néi v6i nhau, dugc thiét ké dé ti uu hoa
trong lugng va kha nang chiu luc. Cac mo hinh
toan hoc va phuong phap phan tich co hoc dugc
stt dung dé mo phong va dy doan hanh vi cia
két cau nay dudi tac dong cua luc udn. Cac vat
liéu pho bién bao gém kim loai, hop kim nhe,
va vat liéu composite. Pac tinh co hoc cua vat
liéu, nhu d6 bén kéo, do cung va kha nang chiu
moi, dong vai trd quan trong trong viéc thiét
ké va ché tao. Cong nghé in 3D va gia cong
CNC la hai phuong phép chinh, cho phép tao ra
cac chi tiét c6 cau tric phirc tap ma khéng can
khudén mau. Cac nghlen ctru 1y thuyét thuong
tap trung vao viéc t6i wu héa quy trinh ché tao
dé dam bao d6 chinh x4c va hiéu suit cao.

M6 phéng nghién ciru ché tao chi tiét
chiu udn st dung két cu lattice thuong dugc
thyc hién bang cic phuwong phip nhu phan
tich phan tir hitu han (Finite Element Analysis
- FEA). Phuong phap nay cho phép cac nha

nghién ctru danh gid kha nang chiu lyc, dac tinh
uon, va toi uu hoa thiét ké cua két cau lattice
trong cac dicu kién tai trong khac nhau.

Mo phong ché tao chi tiét chiu ubn sir
dung két cau lattice bang phin mém ANSYS
1a mot quy trinh phirc tap nhung rat hiéu qua
dé phan tich va t6i wu hoa thiét ké. Stir dung
ANSYS Design Modeler dé tao mo hinh chi
tiét voi két cdu lattice. M6 hinh ndy can phan
anh chinh x4c hinh hoc va cac dic diém cua chi
tiét thuc té. Str dung ANSYS Meshing dé chia
lu6i mo hinh. Qua trinh nay giap phan chia mo
hinh thanh cac phan tir nho hon dé phan tich
chinh xac hon. Nhap cac thong s6 vat liéu nhu
dd bén kéo, do cing, va kha nang chiu moi.
ANSYS hé trg nhiéu loai vat lidu, tir kim loai
dén composite. M6 phong cac diéu kién tai
trong thuc té, nhu luc udn, luc kéo, hodc ap
suat. Piéu kién bién ciing can dugc thiét 1ap dé
phan anh moéi truong hoat dong cua chi tiét. St
dung cac module nhu ANSYS Mechanical dé
phan tich v ing suét, bién dang, va kha nang chiu
u6n ctia két cau lattice. T6i uu hoa thiét ké bang
cach diéu chinh cac thong s6 nhu d¢ day thanh,
hinh dang, hoac cAu tric mang ludi.

3. KET QUA VA THAO LUAN

Két qua mo phong cho thiy cac ving
g suat tap trung cao nhét thuong xuat hién
tai cac diém giao nhau ctia cac thanh trong két
céu lattice. Bién dang cua chi tiét duoc phan
bb déng déu hon khi thiét ké toi wu, gitp cai
thién kha nang chiu udn. Céc thiét ké lattice t6i
vu hoa c6 thé giam dang ké trong lugng ma
van dam bao d6 bén co hoc. Két qua mo phong
thudng chi ra rang viéc thay d6i hinh dang hodc
kich thudc cua cac thanh lattice c6 thé cai thién
hiéu suit tong thé. Cac két qua mo phong c6 thé
goi v nhimg cai tién trong thiét ké, chang han
nhu thay ddi vat liéu hodc ciu tric dé tang kha
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nang chiu lyc. Thao ludn cling c6 thé bao gom
cac han ché cia mo phong, nhu do chinh xac
cua mo hinh vat liéu hoac dic¢u kién bién.

3.1. Chuén bi thi nghiém

Hinh 2. Cai dat cdc théng sé in 3D

Pé bat dau in 3D voi may Anycubic
Photon Mono, nguoi dung can bat ngudn bang
cach nhan nut khéi dong. Khi man hinh cam
ung 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 véi cac bude 0.1mm, 1mm hoic
10mm, nhim diéu chinh ban in sao cho chinh
xac, dua né vé dung vi tri hodc thiét 1ap khoang
cach phu hop v6i man hinh. Sau khi da can
chinh xong, nhan “Z = 0” d¢ dat lai gdc toa do
7, dam bao céc 16p in sau nay s€ chinh xac. Sau
khi hoan tat budc hiéu chinh, quay lai man hinh
chinh va chon “Print” dé chuén b 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 dat va cac bude s& duoc hién
thi rd rang trén man hinh cam Gng, bao gdm

lira chon hé thng (System), cong cu (Tool) va
ché do in (Print), gitp nguoi dung dé dang thuc
hién céc thao tac can thiét trudc khi bt dau qua
trinh in 3D.
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Hinh 3. Giao dién cai dat théng sé in 3D

May in 3D resin hoat dong dya trén viéc
stt dung nhua léng cam quang, duoc do vao
khay in. Dau tién, nguoi dung can diéu chinh
ban in bang cach di chuyén tryc Z dé ban in tiép
xtc gan v6i mat phim FEP trong khay resin,
nham dam bao 16p in ddu tién bam chat vao bé
mit. Sau d6, man hinh LCD duéi khay sé& chiéu
céc 16p cat cia md hinh, va anh sang UV tir dén
LED s€ xuyén qua cac vung da dugc xéac dinh,
lam dong cung nhya & nhitng khu vuc dé6. Khi
mot 16p hoan thanh, ban in s€ tir tir nang 1én,
déng thoi 16p nhya moi s€ dugc dua vao vi tri
cii dé tiép tuc in. Qua trinh nay duogc 1ap lai lién
tuc, 16p sau s€ duoc in 1én trén 16p trudc cho
dén khi mé hinh hoan thién. Sau khi in xong,
vat thé s& duogc nang lén khoi khay resin, va can
thuc hién cac bude hau xur Iy nhu rira bﬁng cdn
va chiéu UV dé 1am ctng hoan toan.

3.2. San phim
3.2.1. Khai quat

San pham duoc thiét ké dudi dang *luéi
cubic*, day la mdt ki€u cau trac pho bién trong
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ky thuat vdi cac 6 déu dan, c6 tinh ung dung
cao trong cong nghi¢p, k¥ thuat co khi, va cac
hé théng ky thuat cong trinh. Puogc ché tao tir
vat liéu nhya c6 tinh chiu luc va chéng mai
mon, san pham ndy dap Gmg céac tiéu chuan ky
thuat khat khe va phu hop voi cac tng dung doi
hoi tinh chinh x4c va bén bi.

Véi kiéu dang nho gon va duoc tdi wu
hoa qua viéc phan bd dong déu cac 6 ludi, san
pham khong chi nhe ma con c6 kha ning chiu
tai trong tot, thich hop cho ca méi trudng ap luc
cao hay méi truong yéu cau tinh thong thoang
nhu hé thong loc khi, loc nudc, hodc lam bé
mat gidm ma sat.

T O L "k‘
ﬁmn IIIII[[EEEIIIII!”H"
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Hinh 4. San pham in 3D

- C4u hinh mang 6 déu (Uniform Grid):
Ludi cubic dugc hinh thanh tir cac 6 hinh vuong
hodc chit nhat déu din, voi cac duong lién két
vudng goc tao thanh mang ludi ba chiéu. Piéu
nay dam bao su phan bd dong déu cua tai trong
va ti wu hoa khong gian tréng.

- Ty 1& rong so véi dic (Void-to-Solid
Ratio): Thiét ké mang 6 déu cung cap ty 1é rong
16, tao ra kha nang thong khi, thoat nudc hoac
giam trong luong ma khong lam suy giam déng
ké do bén két cau.

- Tinh d6i xtmg: Ludi cubic dam béao su
ddi xtrng hoan hao, giup cai thién hiéu suét co
hoc, dé dang du doan va kiém soat hanh vi cua
cAu tric dudi tac dong cua lyc.

- Phan phdi tai trong: Ludi cubic phan
bo luc dong déu trén toan b bé mat, giam thiéu
nguy co tap trung luc (stress concentration) tai

cac diém két nbi. Dicu nay giup tang tudi tho
san pham va giam nguy co hu hong. Kha ning
chiu lyc nén va luc kéo phu thudc vao mat do 6
(cell density) va do day cua thanh 6.

- P bén udn: Véi cu trac 6 déu, ludi
cubic c6 kha nang chiu duogc luc udn tir nhiéu
hudéng khac nhau ma van gilr duge do on dinh
hinh dang.

- Kha ning chdng bién dang: Ciu tric
ba chiéu cho phép chdng lai sy bién dang trong
diéu kién 4p suat 16n hodc tai trong thay doi
lién tuc.

- Ung dung trong nganh xay dung: Luéi
cubic duoc st dung lam ludi gia ¢b trong nén
mong hodc cic bé mit can kha ning thoat nude
t6t, nhu trong thi cong duong bd hodc toa nha.

- Ung dung trong nganh co khi: Cac
mang 0 déu duoc tich hop vao thiét ké cac bod
phan giam trong lugng, nhu khung may moc,
hodc lam 16p giam chén trong hé théng co
dong.

- Ung dung trong cong nghiép in 3D:
Céu tric nay thuong duoc sir dung trong in 3D
dé tao ra cac san phdm nhe nhung van dam bao
dd bén cao.

- Uu diém: Téi wu héa vat liéu, higu
nang cao, va da dang ing dung tur co khi, xay
dung, y t& dén ché tao cac san phdm cong
nghiép phurc tap.

- Han ché: Viéc ché tao lué6i cubic doi
hoi cong nghé gia cong hién dai dé dam bao
tinh dong nhét va kich thudc chinh xac. Ngoai
ra, tiy vao vat liéu sir dung, kha nang chiu nhiét
ctia ludi c6 thé bi gidi han.
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Hinh 5. Thir uén mau

3.2.2.Théng so kich thwdc

- Kiéu ludi: Ludi cubic dang mang 6 déu.

- Chiéu dai tong thé san pham: 150mm.

- Chiéu cao san pham: 10mm.

- Khoang céch gitra hai phan san pham: 88mm.
- Buong kinh mot cell (6 ludi): 2mm.

- Vat liéu: Nhuya ky thuat, c6 kha ning chdng
mai mon, chiu nhié¢t do cao va khang hoa chat.

3.2.3. Phan tich
a) Uu diém cdu triic va thiét ké:

- P06 bén cao: Thiét ké dang ludi cubic
dam bao phan bd déu luc tic dong, giam tai
trong tap trung, gitp san pham c6 kha ning
chiu luc t6t ma khong bi bién dang.

- Khéi luong nhe: Véi vat liéu nhua ki thuat
va cAu trac ludi, san phém dat dugc trong lugng nhe,
I tudng cho viée van chuyén va lp rap.

- Kha nang thong thoang tdi wu: Cac
6 lu6i duong kinh 2mm hd tro luu thong khi,
nudc hodc chat 1ong, rat hitu ich trong cac hé
théng 1am mat, loc hodc thoat nudc.

- Tinh da dung: Phu hop véi nhiéu linh
vuc cong nghiép nhu:

+ Hé théng loc khi, loc nude.

+ Khudn duc san phém hoidc lam bd
phan gidm ma sat trong co khi.

+ Vit liéu trong xay dung, ding 1am bé
mat giam luc hoac hép thu nhiét.

b) Han ché can heu y:

- Kha nang chiu nhiét gidi han: Trong
truong hop nhiét do vuot qua muc chiu dung
ctia nhya k¥ thuat, san pham c6 thé bi hu hong
hoic bién dang.

- Ung dung cu thé: Kiéu thiét ké nay
khong phu hop v6i nhitng hé théng chiu luc
cuc 16n hodc moéi truong cd ap sudt vuot qua
ngudng ky thuat.

¢) Ung dung thye tién:

San pham nay c6 thé dugc ung dung
trong nhiéu linh vuc:

- Nganh co khi ché tao: Sir dung 1am
cac b phan dém hodc giam rung.

- Hé théng méi truong: Lam phan tu
trong hé thong loc nudce hoic khi.

- Nganh xay dung: Lot bé mat, tao 16p
giam ma sat hoac giam ap luc nudc tai cac khe
ho.

4. KET LUAN

Nghién ctru vé chi tiét chiu udn véi két
c4u lattice da ching minh tiém ning manh mé
trong viéc tdi wu hoa trong luong va do bén co
hoc cua san phém, dac bi¢t trong cac nganh cong
nghi¢p doi hdi hiéu qua cao nhu hang khong, 6
t6, va xay dung. Két cdu lattice khong chi gitp
giam vat li¢u sir dung ma con dam bao kha ning
chiu lyc vuot tréi nho cau tric 6 déu va di xtng.
Vi viée tich hgp cong ngh¢ hi¢n dai nhu in 3D
va gia cong CNC, qué trinh ché tao di duoc tinh
gon va dat do chinh xac cao, gop phan mo rong
g dung thyc tién cta san pham.
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San pham ludi cubic 1a minh chimg rd
rang cho tinh linh hoat, hi€¢u qua trong thiét ké,
va kha ning tmg dung rong rai tir co khi dén
xdy dung. Tuy nhién, nhitng han ché nhu kha
nang chiu nhiét gioi han va yéu cau cong ngh¢
gia cong phirc tap can dugc xem xét e dam bao
t61 wu hoa hiéu suit. Téng quan, két ciu lattice
va san pham ludi cubic htra hen sé tiép tuc tro
thanh mot gidi phap quan trong trong viéc céi
thién hiéu qua vat liéu, glam chi phi san xuét,
va thuc day su phat trién cua cac nganh cong
nghiép hién dai.

(*) Péng gop cua tac gia:

- Hinh thanh y twong va muc ti€u nghién
cuu: Tran Thai Son;

- Thyc hién nghién ctru, thu thap dit liéu,
phan tich dir liéu, viét va chinh stra bai bao:
Tran Xuan Hoang, Nguyén Vin Ta, Nguyén
Quang Sang, Ta Nguyén Minh Diic;

- Tac gia lién hé: Ta Nguyén Minh Puc.

Loi cam on:

Nhom nghién ctru xin guri 161 cdm on
chan thanh va sau sic nhat dén Truong Pai hoc
Su pham K§ thuat Thanh phé HO Chi Minh
vi d4 tao diéu kién tai trg kinh phi va hd trg
tan tinh trong su6t qué trinh thyc hién nghién
ctru. Nhitng sy dong hanh va giap d& quy bau
tir nha truong da goép phan rat 16n trong viée
hoan thién dé tai nghién ctru khoa hoc v6i ma
s0 SV2025-369 nay. Sy hd trg khong chi mang
lai nguén luc ma con la dong luc lon dé nhom
thuc hién nghién cuu, dong gép vao su phat
trién khoa hoc va ky thuat. Mot 14n nira, nhom
xin chan thanh cdm on sy tng h va tin tudéng
tir Quy nha truong. %
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