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TOM TAT

Vat liéu tam hybrid la vat liéu lai két hop gitta kim loai va composite gia cuwong soi, dién
hinh la cdu triic (GB/T700)/CFRP/(GB/T700), c6 tinh chdt co hoc vuweot tri. Nghién citu nay sir
dung phirong phdp phén tich phan tir hitu han (FEA) trong phan mém Abaqus dé mé phong trang
théi uén ba diém cia tam hybrid. Mét mé hinh sé chi tiét dwoc xdy dung, trong d6 16p CFRP dwoc
ap dung tiéu chi huw hong Hashin, con thép s dung mo hinh pha huy déo. Phan tich xem xét tinh phi
tuyén vt liéu va si tién trién hwe hong dé mé phong chinh xdac hanh vi uon. Két qua cho thay tam lai
c6 do bén uon cao, véi hir hong chii yéu bt dau tir I6p CFRP do ditt sgi va niet ma trdn. Lop thép
chiu bién dang déo, gitip tang cwong kha ndng chong chiu ciia toan bé két cau. M6 phong cung cdp
cdi nhin sdu sdc vé phan bé g sudt va co ché hw hong ciia tam hybrid. Nghién ciru khdng dinh
FEA la mot cong cu hiéu qua duw doan ddc tinh co.

Tw khéa: Tam hybrid; (GB/T700)/CFRP/(GB/T700); Uén ba diém; Abaqus; Tiéu chudn
Hashin; FEA.

ABSTRACT

Hybrid laminate materials are composite structures combining metal and fiber-reinforced
composites, typically in a (GB/T700)/CFRP/(GB/T700) configuration, offering superior mechanical
properties. This study employs the finite element analysis (FEA) method using Abaqus software
to simulate the three-point bending behavior of the hybrid laminate. A detailed numerical model
is developed, where the CFRP layer is modeled using the Hashin damage criteria, and the steel
layers adopt a ductile damage model. The analysis accounts for material nonlinearity and damage
evolution to accurately capture the bending behavior. Results show that the hybrid laminate exhibits
high flexural strength, with damage initiating primarily in the CFRP layer due to fiber breakage
and matrix cracking. The steel layers undergo plastic deformation, contributing to the overall
structural resistance. The simulation provides valuable insights into stress distribution and failure
mechanisms of the hybrid laminate. The study confirms that FEA is an effective tool for predicting
mechanical properties.

Keywords: Hybrid laminate; (GB/T700)/CFRP/(GB/T700), Three-point bending, Abaqus;
Hashin criterion, Finite element analysis.
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1. GIOI THIEU

Hién nay, nhu cAu vé vat liéu hiéu suét
cao trong cong nghi¢p ngay cang gia tang, doi
hoi vat li¢u phai ¢o6 tinh co hoc cao ciling nhu
trong luong nhe. Vat licu tam hybrid 1a mdt loai
vat liéu lai hién dai, bao gdm cac 16p kim loai
va polymer duoc gia cudng bang soi cacbon
xen k& nhau. Vat lidu tim hybrid, dang ngay
cang dugc ung dung rong rai trong linh vuc
hang khong, 6 t6 va két ciu chiu tai trong cao
nho vao cac dac tinh wu viét nhu ty 1€ cuong
d6 trén khdi lugng cao, hap thu ning lugng t6t
[1, 2]. Ngoai ra, v6i su t6i wu hoa quy trinh
san xuat vat liéu va giam chi phi san xuat, cac
tam lai kim loai soi (FMLs) con duoc st dung
trong céac linh vuc cong nghiép khac nhu thiét
bi thé thao va k¥ thuat 6 to [3, 4]. Trong nhiing
nim gan day, nhiéu nghién ctu thuc nghiém
da duoc thuc hién dé phan tich cac tinh chét co
hoc dong va tinh cia FMLs nho vao uu diém
trong luong nhe, do bén cao, kha nang chiu va
dap t6t [5, 6] va d6 bén chdéng hu hong cao [7].

Cac k¥ thuat mé phong sb da duoc st
dung dé mo phong qué trinh tai tinh gan nhu
tinh cta cac tim, nham kham pha cac dang hu
hong cu thé bén trong FMLs va phan tich dic
tinh hdp thu ning luong. Piéu ndy cung cip
gia tri tham khdo quan trong cho Ung dung
ky thuét thuc té clia cac tAim. Dé hiéu rd hon
vé dic tinh co hoc va co ché hu hong cua vat
licu CARALLs (CArbon fiber Reinforced
composites/Aluminum Laminates) dudi tac
dong cua thu nghiém udn ba diém, Hu va cong
su da thyc hién cac thi nghiém thue nghiém két
hop voi mo phong s6. Két qua nghién ciru lam
sang to anh huong cua cau trac xép 10p giita
nhém va soi carbon dbi véi tinh chat co hoc
ctia mau vat CARALLSs [8]. Sellitto va cong su
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cling d3 tién hanh nghién ctru vé& phan tng co
hoc cua cac tAm laminate hinh chit nhat dudi
tac dong va dap tbe do thép, trong do ho su
dung phuong phap mé phong s6 dé phén tich
hanh vi va dap cua céc vat li¢u composite.

Tiép ndi cac nghién ctru trén dua trén sy
két hop gitta d6 bén cao va trong luong nhe cia
CFRP véi tinh déo va kha ning chéng va dap
cua thép giup cho loai vat li¢u nay tré thanh lya
chon tbi wu trong cac két ciu yéu cau do climg
vitng va do bén cao. Nhiéu nghién ctru trude
day da phan tich dac tinh co hoc cua vat li¢u
tam hybrid (GB/T700)/CFRP/(GB/T700) duéi
cac diéu kién kéo, va dap va moi. Tuy nhién,
hanh vi ctia chung khi chiu uén ba diém, mot
yéu t6 quan trong trong thiét ké két cdu, van
chua dugc nghién cuu sau rong, dac biét la
trong bdi canh md phong sd.

2.VATLIEU VA PHUONG PHAPNGHIEN
cUU

2.1. Vit liéu

Nghién ctu nay duoc thuc hi¢n trén
phin mém thuong mai Abaqus qué trinh thir
uén 3 diém theo tiéu chuan D7264. CFRP 14 vat
li¢u composite soi carbon T700 dugc san xuét
boi Toray, Tokyo, Nhat ban véi do day 2mm.
Nhua prepreg tiéu chuan voi ham lwong nhya
38% da duoc su dung trong nghién ctu nay.
Céc tinh chét cua vat liéu CFRP duoc trinh bay
¢ bang 1. Trong do E, 1a m6 dun dan hdi doc, E,
12 mo dun dan hoi ngang, v 1a hé sb Poison, va
G 12 mé dun cat. Cac tam thép GB/T700 thudc
nhom cacbon thip c¢6 do déo cao, co do day 1
mm di duoc lwa chon, va cac tinh chat dugc

trinh bay & bang 2.
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Bdng 1. Cdc tinh chdt co ciia CFRP (T700).

Mat do
(Kglem?) E, (GPa) E,(GPa) T G,, (GPa) o3 (GPa) G,, (GPa)
1560 130 8 0.28 4.5 4.5 3.6
Bang 2. Cdc tinh chat co ciia GB/T700.
Khéi luong riéng | M6 dun dan hdi E Gi6i han kéo Gi6i han chay HE o8 Poisson v
(g/em?) (GPa) (MPa) (MPa) i
7.85 210 450 235 0.3

2.2. Phuong phap nghién ctiru

Hiéu suit uén cua tdm hybrid duoc
nghién ciru thong qua thi nghiém uén ba diém
theo tiéu chudn ASTM D7264 thong qua may
thr dién tir van nang TSE105D. Céc mau st
dung trong kiém tra c6 chiéu dai 78mm, chiéu
rong 13 mm va khoang cach giita 2 gbi do 1a
60mm, tim c6 do day 4mm, gbi d& c6 duong
kinh 10mm. Nhu vy, & mo phong chinh xéac
hon mé hinh mé phong duogc tao ra gidng véi
thuc nghiém théy nhu hinh 1, v6i kich thudce
tdm cu thé nhu sau:

* Lop thép GB/T700 c6 d6 day Imm.

« Lop CFRP ¢6 tong do day 2 mm. Mbi
16p prepreg c6 do day 0.5mm. Bén 16p duge
sip xép theo huéng cua truc chinh (0/45/-
45/90) nhu thiy ¢ hinh 2.

Hinh 1. M6 hinh thir uén 3 diém theo tiéu chudn

D7264
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Hinh 2. M6 hinh dinh hudéng soi moi 16p cia tam
CFRP

2.3. M hinh phan tir hiru han va tiéu chuén
hu héng

2.3.1. M6 hinh phan tie hitu han 3 diém uén
cho tém hybrid (GB/T700)/CFRP/(GB/T700)

Pé moé hinh chinh x4c trang thai cia
tam hydrid trong phan tich phan tir hitu han,
ban kinh mii tai va gia do va kich thuéc FMLs
gidng nhu thyc nghiém. Sy tiép xtc mit — mat
duoc dua vao giita cac tim, dau tai va gia da,
va thudc tinh tiép xtc binh thuong dugc thiét
lap 1a tiép xtc cimg, thudc tinh tiép xuc tiép
tuyén v4i ham phat va hé s6 ma sat 1a 0.25.
Diéu kién bién cua gia do la ¢ dinh hoan toan
va rang budc ddi xing duogc thiét 1ap cho hai
bé mat cia tim dé tranh sy dich chuyén cua
vat cimg. Mot diém tham chiéu dugc thiét 1ap
& mili tai va tit ca cac bat tw do déu dugc rang
budc trir hudng tai. Su dich chuyén tai ¢ diém
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tham chiéu duogc thiét 1ap, va phan tng hd tro
cung v6i d6 dich chuyén cta diém tham chiéu
dugc dua ra. Cac tim thép GB/T700, mili tai
va gia d& duoc mo hinh hoéa boi cac phan tir
C3D8I va R3D4 tuong ung. Lép CFRP dugc
mo hinh hoa bang phan tir SC8R. Céac thong
s0 vat lidu dugc st dung phi hop véi nhitng gi
dua ra ¢ trén. M6 hinh phén t dugc thiét lap
theo cac rang budc va vat liéu trén nhu thy ¢
hinh 3 bén dudi.

Hinh 3. Mé hinh phan tir hitu han 3 diém uén ciia
tam hybrid

2.3.2. M6 hinh hw héng cho tim hybrid (GB/
T700)/CFRP/(GB/T700)

2.3.2.1. Mé hinh hw hong tam thép GB/T700

Thép T700 da ap dung mo hinh dan hdi
déo. Pha dan hoi tuyén tinh cua thép dugc mod
hinh héa nhu mét diéu kién ding hudng, dugc
xac dinh béi mo dun dan hdi va hé sb Poisson
ctia n6. Hon nita, thép T700 dung tiéu chuan hu
hong déo dé danh gia sy hu hong ban dau cua
n6. Tiéu chuan nay dugc gia dinh rang sy bién
dang déo xay ra trong sudt qué trinh dat tai vat
liéu dn dén su hinh thanh, phat trién va su két
tu cac 16 rdng va vét nit té vi & bén trong nd
lam gidm d¢ cung vat liu va lam giam hicu
suat ciia né. Su hu hong duoc gia dinh xay ra
khi € bién dang déo tuong dwong 1a mot ham
cua tdc do bién dang va Gng suét 3 truc:

J‘ deP! . .
wWn = e
D | ggl (n ‘, gpl) ( )
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Trong d6 1 = - p/ q, p la Gmg suit nén,
qla ng sudt trong duong Von Misesz va o
la bién trang thai tang don di¢u theo bién dang
déo. Dua vao 1y thuyét co hoc hu hong lién
tiép, qua trinh phat trién hu hong nhu sau:

o = D%/(e-¢) ()

D?=(1-d) D" 3)

. Trong d6, D 1a do cing d’e‘ln ho6i ban
dau, D 1a d6 clg sau khi hi¢u suat suy giam
va e 1a su bién dang déo twong duong tai bat
ky thoi diém nao. Bién hu hong d6 cung d thay
d6i tir 0 dén 1, tiéu biéu cho bat dau hung hong
dén nurt hoan toan.

2.3.2.2. Mé hinh hwr héng tam CFRP theo tiéu
chudn Hashin

Tiéu chuan Hashin 1 mot md hinh hu
hong timg bude dua trén (g suat. Mo hinh nay
dua ra gia thiét rang vat liéu van c6 mot s kha
nang chiu lyc ngay ca sau khi hu hong xdy ra
va xem xét sy tic dong cét vao sy dit gy kéo
soi. Tiéu chuan Hashin du doan 4 phuong thirc
hu hong khac nhau: hu hong kéo soi, hu hong
nén soi, hu hong kéo nén, va hu hoéng nén nén.
Do do, viéc danh gia muc do hu hong s€ chinh
xac hon:

2 2 22

11 oy + 073

Fpe :?“‘(572) Bk
T 12

2
011
Fre = (X_c) =1,(01; < 0) (5)
2
F o= (Jzz+ E79.9.) n 05 + 05 033+ 05,05
U )T s

=1,(0p+ 0332 0)
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Fo— (0'22 + 0'33)2 . ( Ye )z 1 097 + 033
me 2853 25,4 Y

Ofy +0f3 O3 + 0y033
S5t 5%
=1,(0y; + 033 < 0) (7
F.,F.F ,F_ téu biéu cho hu hong

kéo soi, hu hong nen so1, hu héng kéo nén,
va hu hong nén nén. o tiéu biéu cho tng sut
hudng 1én ctia mdi bén, trong d6 chir s6 mii T
biéu thi hudéng kéo, C biéu thi huéng nén. Y
tiéu biéu cho d6 bén theo hudng cua soi, X ti€u
biéu cho d6 bén theo huong cua nén, va S tiéu
biéu cho d¢ bén cat mdi bén.

3. KET QUA VA THAO LUAN

Trong nghién ctru nay, chiing t6i chi thao
luan két qua mo phong kiém tra 3 diém uén cia
tam hybrid (GB/T700)/CFRP/(GB/T700). TAm
hybrid gdm c6 2 tam thép GB/T700 va 1 tim
CFRP gdm 4 16p dugc dinh huéng nhu hinh 2.
Su khéc nhau vé mé dun va do bén cua vat liéu
thép GB/T700 va CFRP dan dén trang thai co
hoc khac nhau.
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Hinh 4. Puong cong Luwc — chuyén vi ciia tam
hybrid (GB/T700)/CFRP/(GB/T700)

Hinh 4 minh hga dudng cong Luc —
chuyén vi ctia tim hybrid (GB/T700)/CERP/

(GB/T700). Co thé thdy ring c6 mot su khac
nhau déng ké. Puong cong chia thanh ba giai
doan chinh: giai doan dan hoi, va bién dang
déo cua 16p thép T700, Va duat soi. O giai doan
dau, du’O’ng cong tang gan nhu tuyén tinh, cho
thay tim dang bién dang dan hoi, ca 16p CFRP
va 16p thép déu & trang thai dan hdi, khong co
hu héng va mau khéi phuc hoan toan khi bo
tai. Tiép tuc dat tai, do doc duong cong giam
dan, chimg t6 xuit hién bién dang déo. Thép
T700 bit dau chay déo, trong khi CFRP van
con trong giéi han dan hoi, luc tiép tuc ting
nhung voi téc d thap hon do tim hybrid bt
dau chiu tng suat cao. O giai doan thtr 3, khi
biéu do dat dén gia tri cuc dai 3094,97 N, sau
d6 c6 xu huéng giam. Lic nay, CFRP bat dau
gdy hodc nit do tmg sudt kéo vuot qua gidi han
cua soi cacbon, lam mét kha nang chiu tai clia
tam. Khi CFRP bi pha huy, thép T700 tiép tuc
chiu tai nhung khong con hiéu quéa nhu trude,
dan dén giam tai trong.

Hinh 5. Biéu d6 phdn bo iing sudt doc ciia tam
hybrid (GB/T700)/CFRP/(GB/T700)

a. Hu héng kéo soi theo tiéu chudn Hashin

b. Hu héng nén soi theo tiéu chuan Hashin
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c. Hir hong kéo nén theo tiéu chuan Hashin

d. Hur héng nén nén theo tiéu chudn Hashin
Hinh 6. Trang thadi hw hong CFRT theo tiéu chuan
Hashin

Tir hinh 5 biéu d6 phan b tung suat doc
ctia tim (GB/T700)/CFRP/(GB/T700) tai thoi
diém pha huy. Trong sudt qua trinh u6n 3 diém,
16p thép T700 & phia trén clia mau chju tng
sudt nén, trong khi tim thép & phia dudi chiu
ung suét nén. Ntra trén cla 16p CFRP chiu nén,
trong khi ntra duoi ctia 16p CFRP chiu kéo gian.

Hinh 6 cho théy vi tri bat dAu xuét hién
hu hong cua tim hydrid chu yéu tap trung ¢
su hu hong tim CFRP theo tiéu chuan Hashin.
Hinh 6a thé hién sy hu hong kéo dut soi bt
dau xuat hién 6 mot vai vi tri 16p thir tu ctia tim
CFRP khi chiu tmg suat kéo 16n tai thoi diém
chuyén vi U2 = 3.981. Hinh 6b cho thiy soi
bét dau bi dut nén khi chiu Gmg suat nén 16n tai
mot vai vi tri ¢ 10p thtr 1 cia tam CFRP tai vi
tri chuyén vi U2 = 6.051 mm. Hinh 6c cho thay
mot vai vi tri nén CFRP bat dau hu hong khi
chiu tmg suat nén chu yéu xuit hién & 16p thir
4 cua tam CFRP lac chuyén vi dat vi tri U2 =
7.471mm, dong thoi ciing bat dau xuat hién vét
nut tai 16p thar nhat tiép giap 16p thép GB/T700
do bi kéo vuot qua gioi1 han theo hudng soi (4o
bén doc soi) soi cacbon c6 thé bi dut. Hinh 6d
cho thay nén bat dau hu hong nén & 16p thir 1
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ctia tim CFRP khi s¢i trong 16p nay bi dut hoan
toan nén lic nay chiu Gmg suat nén cuc 16n dan
dén hu hong nén tai vi tri U2 = 12.815 mm lac
nay tim CFRP bi hu hong hoan toan dan dén
g suat bat dau giam.

4. KET LUAN

Mo phong do bén udn 3 diém cua tim
hybrid FMLs (Fiber Metal Laminates) v&i cAu
tric tim hybrid (GB/T700)/CFRP/(GB/T700)
trong Abaqus cho thiy qua trinh hu hong dién
ra theo ba giai doan chinh. Ban dau, tAim FMLs
duy tri trang thai dan hoi, véi ca thép GB/
T700 va CFRP khong bi hu hong. Khi tai tang,
thép GB/T700 bt dau bién dang déo trong khi
CFRP van trong giéi han dan hdi. Tuy nhién,
khi tai dat gia tri cyc dai 3094,97 N, 16p CFRP
bat ddu hu hong, xuat hién dit soi va vét nut
do ting suat kéo vuot qué gidi han chiu cua sgi
carbon. Su hu hong nay chu yéu xay ra ¢ cac
16p CFRP phia dudi va 16p CFRP tiép giap voi
thép T700. Sau khi CFRP b1 pha huy, kha nang
chiu tai cua tim gidm manh mac du thép T700
van tiép tuc chiu tai, nhung khong con hiéu qua
nhu trudc.

Két qua mo phong cho thiy su két hop
giira thép va CFRP gitip tan dung wu diém cua
cd hai vat liéu, nhung sy hu hong cia CFRP
lam giam dang ké kha niang chiu luc cua tim
hybrid. M6 phong nay cung cip co so dé toi uu
hoa thiét ké tim FMLs, cai thién do bén va hiéu
qua chiju luc trong cac tng dung thuc té.

Loi cam on:
Chiing t61 xin cam on Truong Pai hoc
Nguyén Tat Thanh, Thanh phé Hb Chi Minh da

hd trg cho nghién ctru nay. <

Ngay nhén bai: 08/4/2025
Ngay phan bién: 20/4/2025

cokhivietnam.vn



NGHIEN CUU - TRAO DOI

Tai liéu tham khao:

[1]. Ostapiuk, M.; Bienias, J.; Surowska, B.,
“Analysis of the bending and failure of fiber
metal laminates based on glass and carbon
fibers”. Sci. Eng. Compos. Mater. 2018, 25,
1095-1106.

[2]. Rajkumar, GR; Krishna, M.;
Narasimhamurthy, H.N.; Keshavmurthy, Y.C.;
Nataraj, J.R., “Investigation of Tensile and
Bending behavior of Aluminum based hybrid
fiber metal laminates”. Procedia Mater. Sci.
2014, 5, 60-68.

[3]. Li, H.; Xu, Y.; Hua, X.; Liu, C.; Tao, J.,
“Bending failure mechanism and flexural
properties of GLARE laminates with different
stacking sequences”. Compos. Struct. 2018,
187, 354-363.

[4]. Kuhtz, M.; Buschner, N.; Henseler, T.; Hornig,
A.; Klaerner, M.; Ullmann, M.; Jaeger, H.;
Kroll, L.; Kawalla, R., “An experimental study
on the bending response of multi-layered fibre-
metal-laminates”. J. Compos. Mater. 2019,
53,2579-2591

[5].

[6].

[7].

8].

Yu, G.-C.; Wu, L.-Z.; Ma, L.; Xiong, J., “Low
velocity impact of carbon fiber aluminum
laminates”. Compos. Struct. 2015, 119, 757-
766.

Vieira, L.M.G.; Dobah, Y.; dos Santos, J.C.;
Panzera, T.H.; Rubio, J.C.C.; Scarpa, F.,
“Impact Properties of Novel Natural Fibre
Metal Laminated Composite Materials”.
Appl. Sci. 2022, 12, 1869.

Vieira, L.M.G.; Dobah, Y.; dos Santos, J.C.;
Panzera, T.H.; Rubio, J.C.C.; Scarpa, F.,
“Impact Properties of Novel Natural Fibre
Metal Laminated Composite Materials”.
Appl. Sci. 2022, 12, 1869.

Hu, C.; Sang, L.; Jiang, K.; Xing, J.; Hou, W.,
“Experimental and numerical characterization
of flexural properties and failure behavior of
CFRP/Al laminates”. Compos. Struct. 2022,
281, 115036.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 331, thang 8 nim 2025

cokhivietnam.vn



