Tap chi Khoa hoc va Cong nghé - Trwdng Dai hoc Binh Dwong — Quyén 8, s 3/2025
Journal of Science and Technology — Binh Duong University — Vol.8, N0.3/2025

Nghién ciru tin cdy va dap caa 6ng thanh méng vudng chén
161 ABS

Study of crashworthiness of thin — walled aluminum square
structures reinforced with ABS cores

Nguyén Ngec Hoai An', L& Vin Cuong?, Nguyén Minh Khwong?®, Tran Quéc Pat?,
Lé Hoang Minh®, Nguyén Ba Ba®

! Khoa Ky thuat cdng nghiép, Truong Trung cap cng nghé Bén Tre, Vinh Long

2 Truong Pai hoc Binh Duong, Tp. H6 Chi Minh

3 Khoa Co khi, Trudng Cao ding Bach khoa Nam Sai Gon

4 Khoa Co dién O to, Trudng Cao ding Céng nghé Tp. H6 Chi Minh

5 Khoa Co khi — O t6, Trudng Cao dang Kinh té - K§ thuat Tp. H6 Chi Minh

Tac gia lién hé: Nguyén B4 Ba. Email: nguyenbaba@hotec.edu.vn

Tom tat: Bai bao nay nghién ciru tinh tin cay va dap cua ciu tric ng nhom thanh
moéng duoc chén 18i nhua ABS da 6. Két qua phan tich cho thiy rang khi sb lwong 6
trong 161 ABS tiang, kha ning chiu lyc va hiéu qua hap thu ning lwong cua ciu tric
cling dwoc cai thién dang ké. Ngoai ra, tit ca cac ciu tric duoc khao sat déu thé hién
ché do bién dang lity tién, trong d6 cac nép gép hinh thanh tuan tu trong qua trinh va
cham. Pang chu y, hién tuong bién dang cong—mat dang bién dang khong mong mudn
d6i véi cac cau tric hap thu nang lugng—khong xuat hién trong cac mau nghién ciru.
Tir khoa: ABS; Hdp thy ndng lieong; Va déap

Abstract: This study investigates the crashworthiness of thin-walled aluminum square
structures reinforced with multi-cell acrylonitrile butadiene styrene (ABS) cores. The
findings reveal a positive correlation between the number of cells within the ABS core
and both the load-bearing capacity and energy absorption efficiency of the composite
structure. Furthermore, all tested configurations exhibited a progressive and stable
deformation pattern, while undesirable curvature deformation—typically detrimental

to the performance of energy-absorbing systems—was notably absent.
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1. Mé dau
Céu trac dugc ché tao tir cac éng nhém
thanh mong, von déng vai tro thiét yéu
trong cac ing dung 6 t6 nho kha nang
chdéng va dap va hap thu ning lugng,
da thu huat sy quan tam dang ké tir gi6i
nghién ctu dang tim cach t6i vu hoa
thiét ké cac cAu trac chju va cham, do
chtrc nang phan tan nang lugng trong
qua trinh va cham cua chung. Kha
nang chiu va cham—dugc dinh nghia
la ning lyc ciia ciu trac trong viéc
chdng chiu va giam thiéu ning luong
sinh ra khi xdy ra va cham—giir vai tro
quan trong trong thiét ké xe, nham dam
bdo an toan cho hanh khach [1-2].

Trong nhiéu nim qua, cic nghién
ctru thyc nghiém va mé phong sb da
tap trung kham pha da dang hinh dang
dng, bao gém cac cau hinh rdng [3], da
6 [4], 6ng 16ng vao nhau [5], vdi cac
mit cat ngang hinh luc giac [6], hinh
tron [7] va hinh chit nhat [8] duogc
nghién ctru thudng xuyén nhit, chu
yéu nho vao tinh d& ché tao, kha ning
san xut hang loat va sy don gian trong
phan tich, cung vdi cac nghién clu
toan dién vé lua chon vat liéu.

Maic du hién nay da c6 nhiéu nghién

cuu tap trung vao cac cau trac chong
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va cham duoc dién dﬁy br:ing vat liéu
bot foam [9], cac nghién ctru lién quan
dén cau trac sir dung 18i ABS nhiéu 6
v6i tiét dién tron van con twong doi
han ché. Nhim khic phuc khoang
trong nay, nghién ctu hién tai tién
hanh mot khao sat c6 hé théng vé anh
huong cua sy thay d6i sé luong 6 trong
16i ABS dén kha niang hip thu ning
lugng va do bén chiu luc caa cac ciu
tric 6ng nhom thanh mong duoc chén
161 ABS.

2. Phuong phap nghién ctru

2.1. Xay dung mo hinh

Cau trac dugc nghién ctru bao gdm
mot dng nhom thanh mong két hop véi
16i nhya ABS da té bao. Ong thanh
mong cé tiét dién hinh vudng véi canh
dai 80 mm, chiéu cao 150 mm va do
day thanh 1,2 mm. Vat liéu ché tao 6ng
1a hop kim nhém AA6061-0O, voi mo
dun dan hoéi la 68,2 GPa, mat do
2,7x107° kg/mm?, hé s Poisson 13 0,3
va gioi han chay la 45,27 MPa [10].
L&i da té bao dugc lam tir nhya ABS,
¢6 md dun dan hoi 1,1 GPa, mat do
1,02x107° kg/mm?, hé sb Poisson 0,33
va tng suat dan hdi 40 MPa [11].
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Hinh 1. Céu triic 6ng nhém thanh mong

Thiét ké 16i ABS dugc thuc hién dua
trén sb luong 6 bén trong, dao dong tir
3 dén 5 6, nhu minh hoa trong Hinh 1.
Vi dy, mau “E1.2_4” biéu thi céu tric
c6 161 ABS gdm 4 6, v6i do day thanh
ddng nhét 1a 1,2 mm cho ca dng va 151,
va chiéu cao téng thé cua cdu truc 1a
150 mm. Cac thong sé chi tiét cua dng
va 101 ABS dugc trinh bay trong Bang
1. Pé han ché nguy co nut v& Ong
trong qua trinh va dap, mot khe ho 1,4
mm gitra 161 va thanh trong cua 6ng da

duoc bo tri.

Mo hinh phén tir hitu han (FE) cua
cdu trac dugc mod ta trong Hinh 1,
trong do cAu tric duoc dat gitra hai tAm
cing: tim dudi duoc ¢b dinh, con tim
trén dong vai tro 1a khéi lwong va dap
voi gia tri dugce chon 1a 500 kg. Phan
mém LS-DYNA duoc st dung dé xay
dung m6 hinh phén tir hitu han, véi tat
ca cac phan tir trong cau trac dugc chia
ludi co kich thude 2 x 2 mm?. Trong
qua trinh mé phong, mo hinh vat li¢u
dan hoi déo tuyén tinh ting phéan
(piecewise linear plasticity) dugc ap
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dung dé mé ta hanh vi co hoc ciia vat  céc tAm cung. H¢ sb ma sat cho tit ca
liéu. Tiép xuc tu nhién dwgc xac dinh  céc tiép xuc duoc dat 13 0,3 va vén tdc
cho cac thanh phén cua éng, trong khi va cham duogc thiét lap & muc 15,6
tiép xtic bé mat-bé mit duge sir dung m/s.

dé mo hinh hoéa tuong tac gitra ong va

Hinh 2. Kich thudc 6ng nhom thanh mong 80x80x150x1.2 mm

Bang 1. Cac thong sb cia dng nhém thanh moéng

] Ong vudng L&i ABS Cao
Cau tric .
axaxt(mm) S6 cell t (mm) L (mm)
E12 4 4
E1.2 5 80 x80x 1.2 5 1.2 150
E1.2 6 6
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2.2. Tiéu chuin vé kha ning chéng
va cham
Dé danh gia kha nang chiu va dap cua
cac két cAu hép thu nang lugng, mot b
chi sb dac trung thuong dugce st dung,
trong d6 bao gdm chi s6 hip thu ning
luong (Energy Absorption — EA) va tai
trong va ddp cuc dai (Peak Crushing
Load - PCL) [12].

Chi s6 EA duoc dinh nghia 14 tong
ning lugng ma két cau hap thy trong
sudt qua trinh va cham, va duogc tinh

theo cong thurc sau la:
EA= [ F(x)dx 1)

Tai trong va dap cuc dai (PCL)
duoc xic dinh tai thoi diém dau cuia
qua trinh va cham, khi lyc dat gia tri
16n nhat. Gia trj PCL cang cao thi nguy
co giy chin thuong cho hanh khach

trong xe cang lon, do lyc tac dong tuc
thoi vuot qua ngudng an toan sinh ly
cua con nguoi.

3. Két qua mé phéng

Cac md phong s6 da duoc thuc hién
dbi v6i ca ba mau cdu trac. Hinh 3
minh hoa trang thai bién dang cua cac
ciu trac tai thoi diém 3,5 ms, trong do
nép gip dau tién bat dau hinh thanh ¢
dau phia trén cua mau, cho théy mot
phan ning lugng va dap da bat dau
duoc hép thy.

Tai thoi diém 4,3 ms, nhu thé hién
trong Hinh 4, cac nép gip thir hai bat
dau hinh thanh va xép chdng 1én nép
thi nhat, phan 4nh qué trinh hip thu
ning lugng tiép tuc dién ra mot cach

on dinh.

Hinh 3. Bién dang ciia cac ciu tric tai thoi gian 3.5 ms
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Hinh 4. Bién dang ciia cac cdu tric tai thoi gian 4.3ms

Giai doan bién dang thur ba dugc trinh
bay trong Hinh 5, cho thay cac nép gip
tiép tuc hinh thanh va chong 16p 1én
nhau, minh ching cho qué trinh héap
thu ning luong va dap dién ra lién tuc
cho dén khi két thic va cham. Ca ba
mau déu thé hién ché d6 bién dang tién
trién, voi cac nép gip duoc hinh thanh
tuan ty trong sudt qua trinh va dap—
mot dic diém dugc danh gia 1a tdi wu
dbdi véi cac cdu trac hip thu ning

luong. Pang chu y, cac cau trac co 161

ABS gdém 4 va 5 6 cho thdy muc do
bién dang 16n hon so véi cdu tric co
161 6 6. Piéu nay co thé duogc ly giai
bdi viée céac cu trac vai 16i it 6 hon ¢6
khong gian tréng 16n hon, dan dén kha
ning bién dang cao hon. Tuy nhién, do
luong vat liéu ABS trong cAu trac co
161 6 6 16n hon, kha nang hap thu ning
luong ctia mau nay ciing vugt troi hon

so v&i cac mau con lai.

Hinh 5. Bién dang ciia céc ciu tric tai thoi gian 5.37ms

Hinh 6 minh hoa mdi quan hé giira lyc
va dap va do lun bién dang. Cac duong
cong luc—do lan cua ba mau déu thé
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hién ba giai doan dac trung: (1) giai
doan khoi dau va cham gitta cdu truc

va khéi luong va dap, (2) giai doan
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bién dang 6n dinh, va (3) giai doan nén
chat. Trong giai doan dau, luc va dap
tang nhanh dén gia tri cuc dai (PCL),
sau d6 giam dot ngdt va duy tri on dinh
trong giai doan th hai. Khi c4u trac bi
nén chat ¢ giai doan cudi, luc va dap
lai tang dan cho dén khi két thic qua
trinh va cham. Gia tri PCL do duoc cua

cacmiuE1.2 4,E1.2 5vaEl.2 614n

lugt 1a 89,23 kN, 91,17 kN va 93,59
kN. Két qua nay cho thdy PCL cua
mau E1.2 6 cao hon mau El1.2 4
khoang 4,92%, chiung minh ring sb
luong 6 trong 1601 ABS c6 anh hudng
dang ké dén kha nang chdng bién dang
ciia cau tric—cang nhiéu 8, luc PCL

cang lon.

Hinh 6. Bap tng luc cta cac cau tric
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Hinh 7. Hip thu ning luong cua cc ciu trac

Hinh 7 trinh bay cac duong cong hap
thu niang luong (EA) ctia ba mau tai
van tdc va cham doc truc 1a 15,6 m/s.
Céc miu déu cho thdy xu hudng ting
dan vé nang luong hap thu theo d6 lun
bién dang. Trong sudt qua trinh va
cham, kha ning hip thu ning luong
phu thudc truc tiép vao sb lugng 6 cua
16i ABS. Mau c6 15i 6 6 dat gia tri EA
cao nhat, trong khi miu c6 15i 4 6 dat
gia tri thap nhit. Cu thé, EA cta miu
E1.2 6 cao hon mau E1.2 4 khoang
7,32%, cho thiy hiéu qua hap thu ning
lwong duogc cai thién khi tang sd luong

0 trong 10i.
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4. Két luan

Bai bdo nghién ctru tinh tin cdy va dap
cia cau tric ma né dugc hinh thanh
boi dng nhom bén ngoai va 16i ABS
bén trong, v6i sb luong 6 thay doi tir 4
dén 6. Két qua cho thay sb 6 cua 15i
ABS c6 anh huong rd rét dén kha ning
chdng bién dang va hdp thu ning
lugng va dap. Khi s 6 tang 1én, trong
khi d6 day thanh dng dugc giit ¢d dinh
o0 muc 1,2 mm, thi ca kha nang hép thu
ning luong va kha ning chéng lai bién
dang ban dau cua ciu trac déu ting
theo. Bén canh do, ca ba miu céu tric
déu thé hién ché d6 bién dang liy
tién—mot dang bién dang dugc danh
gia 1a toi wu ddi voi cac hé thong hap

thu nang luong trong ing dung 6 t0.
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