NGHIEN CU’U - TRAO BOI

TOI U HOA HUONG SO BANG PHUONG PHAP SO NHAM NANG
CAO PO BEN UON CUA TAM HYBRID KIM LOAI/CFRP/KIM LOAI

NUMERICAL OPTIMIZATION OF FIBER ORIENTATION FOR IMPROVED FLEXURAL
STRENGTH IN METAL/CFRP/METAL HYBRID LAMINATES

ThS. Dwong Lé Hung, ThS. Bui Chin Thanh
Khoa K§ thuat — Cng ngh¢, Truong Dai hoc Nguyén Tat Thanh
Email: dlhung@ntt.edu.vn;
bcthanh@ntt.edu.vn

TOM TAT

Trong nghién ciru nay, anh huong cia dinh hwéng soi trong 16p CFRP dén kha néang chiu
uon bon diém cia tam vat liéu hybrid THEP/CFRP/THEP dwoc khdo sat bang phwong phdp phan
tir hitu han. M6 hinh s6 dwoc xdy dung trong phan mém Abaqus, trong dé 16p CFRP dwoc mé hinh
hoéa theo cdu triic tam véi cac cau hinh dinh hwéng soi khac nhau bao gom [0/0/0/0], [90/90/90/90],
[45/45/45/45], [0/90/90/0]. Tiéu chudn phd hiy Hashin dwoc dp dung dé mé phong sw huw héng tién
trién cua vat liéu composite. Cac thong $6 nhu lye cuce dai, do chuyén Vi va co ché pha huy dwoc
phan tich va so sanh gitta cdc cau hinh. Két qua cho thdy dinh huéng soi anh hwéng dang ké dén
kha nang chiu uén cia tam hybrid, trong d6 cdc cau tric tam hybrid da hwéng nhie [0/90/90/0] thé
hién sw phdn b6 vng sudt dong déu va kha ning hdp thu nang lwong tot hon. Nghién ciru gép phan
cung cdp co s6 thiét ké t6i wu cho cdc két cau vit liéu lai iing dung trong cong nghiép 6 té va hang
khong.

T khéa: Tam hybrid;: Huong soi; Thir uon 4 diém; M6 hinh phd hity Hashin,; FEA.

ABSTRACT

This study presents a numerical investigation into the influence of fiber orientation in the
CFRP core layer on the four-point bending performance of STEEL/CFRP/STEEL hybrid laminates.
A finite element model was developed in Abaqus, in which the CFRP layer was represented as
a laminated composite with various stacking sequences, including [0/0/0/0], [0/90/90/0],
[45/45/45/45], [0/90/90/0]. The progressive failure behavior of the composite was simulated using
the Hashin damage criterion. Key mechanical responses such as peak load, mid-span deflection, and
failure modes were analyzed and compared across different fiber orientations. The results reveal that
fiber orientation has a significant impact on the flexural behavior of the hybrid laminate. Among the
investigated configurations, multidirectional layups such as [0/90/90/0] exhibited improved stress
distribution and superior energy absorption capacity. These findings provide valuable insights for
the optimal design of metal-composite hybrid structures in automotive and aerospace applications.

Keywords: Hybrid laminate; Fiber orientation; Four-point bending; Hashin failure model;
Finite element analysis (FEA).
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1. GIOI THIEU

Trong nhitng nim gan ddy, cic tim
hybrid két hop gitra kim loai va vat liu
composite cdt soi da thu hiit nhiéu sy quan tim
nho kha ning tan dung vu diém cua ca hai vat
lidu: 46 déo va kha ning hap thu ning luong
cao cua kim loai, cung voi do bén riéng cao va
trong lugng nhe ciia composite [1-3]. Trong do,
céu trac tAm hybrid thép/CFRP/thép (Carbon
Fiber Reinforced Polymer) dugc nghién ctu
rong rii cho cac umg dung yéu cau do bén co
hoc va kha nang chéng pha huy tdt, dac biét
trong cac nganh cong nghi¢p 6 tO va hang
khong [4, 5].

Trong thiét ké két cau, kha nang chiu
ubn — dic biét 1a dudi tai bén diém — dong vai
trd quan trong, phan anh do cing, kha nang
phan bd ng suit va co ché pha hiay cua vt
lidu. Hanh vi co hoc ctia cac tdm hybrid dudi
tai udn chiu anh huong béi nhiéu yéu té nhu
chiéu day 16p vat liéu, chét luong bé mat lién
két, va dang chu ¥ nhat 1a hudng soi trong 16p
CFRP [6]. C4u hinh xép 10p (stacking sequence)
ciia CFRP quyét dinh tinh chit di huéng cua
laminate, tir &6 anh huong dén su truyén tai noi
luc, vi tri khoi phat pha huy va kha nang phan
tan Uing sudt [7].

Tuy nhién, cac nghién clru tap trung vao
viéc t0i wu hoa hudng soi trong tim laminate

lai kim loai/CFRP bang phuong phap phan tu
hitu han (FEA) van con han ché, dic biét l1a
trong mbi lién hé voi tidu chudn pha huy tién
trién nhu Hashin. Do d0, nghién ctru ndy nham
khao sat anh hu:ong cua dinh huorng soi dén
hanh vi chiu uén bén diém cta tAm hybrid thep/
CFRP/thep bang phuong phap mé phong s6
trong phin mém Abaqus Céc cau hinh xép 16p
khac nhau bao gom [0/0/0/0], [90/90/90/90],
[45/45/45/45] va [0/90/90/0] dugc xay dung
va so sanh. M6 hinh pha huy Hashin dugc ap
dung d& mo phong tién trinh hu hong trong 16p
composite. K&t qua nghién ctru ky vong s& cung
cép co sO khoa hoc phuc vu thiét ké t6i wu cho
cac két cau hybrid trong thyc tidn cong nghiép.

2.VATLIEU VA PHUONG PHAPNGHIEN
cUU

2.1. Vat ligu

Nghién ctru nay str dung vat li¢cu CFRP
la mot vat liéu composite soi carbon T700 véi
tinh chit duoc thé hién ¢ bang 1. TAm CFRP ¢
do day 2mm duoc ¢p tao thanh tir 4 16p prepreg
c6 do day mdi 16p 1a 0.5mm. Trong dé E, lamo
dun dan héi doc, E,la m6 dun dan h01 ngang,
1a hé s Poisson, va G 12 m6 dun cit. Kim loai
duoc sir dung 13 tAim thép GB/T700 thudc nhoém
cacbon thép c6 d6 déo cao, c6 do day 1 mm da
duoc lua chon, va cac tinh chit duoc trinh bay
O bang 2.

Bdng 1. Cdc tinh chdt vt liéu ciia CFRP (T700)

Density
(Kg/om®) E, (GPa) E, (GPa) u, G, (GPa) G, (GPa) G,, (GPa)
1560 130 8 0.28 4.5 4.5 3.6
Bang 2. Cac tinh chat vt liéu ciia GB/T700
. Elastic modulus Tensile Strength . . .
3 b}
Density (g/cm?) (GPa) (MPa) Yield strength (MPa) | Poisson’s ratio v
7.85 210 450 235 0.3
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2.2. Phuong phap nghién ctiru

Nghién ctru nay dugc thuc hién st dung
phan mém thuong mai Abaqus d& mo phong
bai kiém tra udn 4 diém. Tam hybrid c6 chiéu
dai 78 mm, chiéu rong 13 mm va chiéu day 2
mm. Khoang cach giira hai diém hd tro 1a L =
60 mm nhu thdy & Hinh 2. Thanh vat liéu duoc
dat trén hai diém tya va chiu tai tai hai diém
(bang hai mii tai), mdi mii tai cach déu diém
tua ké can. Khoang cach gifta cac miii tai (tirc
1a chiéu dai tai) bang mot nira chiéu dai giira
cac diém tua.

2.2.1. M6 hinh phén tir hitu han

CAu trac tAm hybrid bao gdm mot 16p
CFRP day 2 mm va mét 16p thép GB/T700 day 1
mm. Lép CFRP bao gdm bén 16p prepreg duoc
dinh hudng soi theo cac truong hop nghién ctru
twong tmg [0],, [90],, [+45],, va [0/90/90/0]
nhu thay ¢ Hinh 1. Lu6i mang tinh vi dugc 4p
dung, st dung phan tir C3D8R cho thép GB/
T700 va phan tr SC8R cho CFRP, phan tir
R3D4 cho cac diém hd tro va mdi tai. Mat do
lu6i duge toi wu hoa dé can bang do chinh xac
va hi¢u qua tinh toén, nhu thé hién trong Hinh
3. Tiép xtic mit d6i mat duoc thiét 1ap gitra céac
16p laminate, dau tac dung tai va gdi d&; trong
do thuoc tinh tlep xuc theo phuong phap phap
tuyen duoc thiét lap 1a tlep xuc cu’ng, thugc tinh
tiép xtic theq phuong tiép tuyén sir dung ham Soaal
phat, va h¢ s6 ma sat duoc dat la 0.25. Hinh 2. M6 hinh mé phong tam hybrid

d. Binh huong soi 0/90/90/0
Hinh 1. M6 hinh dinh hwong soi trong CFRP

a. Pinh huong soi 90/90/90/90 Hinh 3. M6 hinh chia lum trong phwong phap thie
uon 4 diém
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2.2.2. M6 hinh hw héng cho tém hybrid (GB/
T700)/CFRP/GB/T700)

2.2.2.1. M6 hinh hu hong tam thép GB/T700

Thép GB/T700 da &p dung mo hinh dan
hdi déo. Pha dan hoi tuyén tinh cua thép dugc
mo hinh hoa nhu mét diéu kién dang hudng,
dugc xac dinh boi mé dun dan héi va hé s6
Poisson ctuia n6. Hon nira, thép GB/T700 dung
tiéu chuan hu hong déo dé danh gia sy hu hong
ban dau cua nd. Sy hu hong duge gia dinh xay
ra khi € bién dang déo twong duong 1a mot ham
cua téc do bién dang va Gng suét 3 truc:

dePt

o= gt O

Trong d6 n = - p/q, p 1a ung suét nén,
qla }'Ing suat trong duong Von Mises2 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 phét trién hu hong nhu sau:

o = D%/(e-&) (2)
Df'= (1-d) D, 3)

i Trong do, D 1a do cung d?m hoi ban
dau, D¥ Ia @6 cung sau khi hiéu suat suy giam
va e”1a sy bién dang déo twong duong tai bat
ky thoi diém nao. Bién hu hong d6 cimg d thay
ddi tir 0 dén 1, tiéu biéu cho bt dau hung hong
dén nirt hoan toan.

2.2.2.2. M6 hinh hw hong tam CFRP theo tiéu
chudn Hashin

Tiéu chuan Hashin 12 mot mé hinh hu
hong tirmg budc dua trén Gmg suat. Mo hinh nay
dua ra gia thiét réng vat liéu van c6 mot s6 kha
nang chiu lyc ngay ca sau khi hu hong xay ra va
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xem xét su tac dong cit vao su dit gay kéo soi
va nén. Tiéu chuin Hashin dy doan 4 phuong
thirc hu hong khac nhau: hu héng kéo soi, hu
hong nén soi, hu hong kéo nén, va hu hong nén
nén. Do d6, viéc danh gia mirc d6 hu hong sé
chinh xéac hon:

2 2 2\2
011 o1 + 043
= — _— = =
Fft X??: a( 5-122 ) 1(e;120) 4)
o11\?
Fe=(30) =101 <0) (5)

2
Fo = (0'22 + 0'33) n ob +0f ‘
.=
T 57

2 =1, (05, +033 = 0) (6)
533
Gry + Gaa\ 2 Y \?
chz(zz 33) +l( C) _ll
AT S
037 + 033 J1:)::»: + J123 " CT:223 + 025033
Ye S5 S3
=1, (0y; + 033 <0) (7)

F,F.,F ,F_ téu biéu cho hu héng
kéo sg¢i, hu hong nén soi, hu hong kéo nén,va
hu hong nén nén. o tidu biéu cho tng suat
hudng 1én ctia mdi bén, trong d6 chir sé mii T
biéu thi huéng kéo, C biéu thi huéng nén. Y
tiéu biéu cho do bén theo hudng cua soi, X tiéu
biéu cho d6 bén theo hudng cta nén, va S tiéu
biéu cho do bén cit mdi bén.
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3. KET QUA VA THAO LUAN
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a. Biéu do Lirc — chuyén vi tam hybrid dinh huéng
soi (0/0/0/0)
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b. Biéu do6 Luc — chuyén Vi tam hybrid dinh huong
ST (45/45/45/45)
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c. Biéu do Lwc — chuyén vi tam hybrid dinh huéng
501 (90/90/90/90)
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d. Biéu do Lirc — chuyén vi tam hybrid dinh huéng
soi (0/90/90/0)
Hinh 4. Biéu dé Luc — chuyén Vi clia tam hybrid
(GB/T700)/CFRP/(GB/T700)
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Hinh 4 trinh bay duong cong Luc —
chuyén vi cta cic tim hybrid (GB/T700)/
CFRP/(GB/T700) khi chiu tai uén bon diém véi
céc cau hinh dinh huéng soi khac nhau trong
16p 161 CFRP bao gdm [0/0/0/0], [45/45/45/45],
[90/90/90/90], va [0/90/90/0]. Ca bdn ciu hinh
déu thé hién mot giai doan dan hoi tuyén tinh
ban dau, tiép theo 14 sy phat trién phi tuyén cta
hu hong, dan dén tai trong cuc dai va suy giam
tai sau cuc dai.

Giai doan 1: Pan hoi tuyén tinh (linear
elastic) — Ca 1op thép va CFRP chiu tai ma
khong c¢6 hu hong dang ké. Trong giai doan
nay, tam hybrid van duy tri tinh chat dan hoi
ctia ca 16p thép va 16p CFRP. Moi 16p vat licu
trong tAm hybrid s& phan tng theo cach riéng
ctia nd, nhung tong thé ciu tric van & trang thai
dan hoi.

Giai doan 2: Phat trién hu hong phi
tuyén — Sau khi vuot qua giai doan dan hdi,
tam hybrid bat dau chuyén sang giai doan phi
tuyén, noi sy phat trién hu hong bat dau xuat
hién. Ca 16p CFRP va thép c6 thé c6 hu hong,
nhung co ché hu hong gitta cac 16p nay sé khac
nhau:

« CFRP: Do tinh chit composite cua 1op
CFRP, hu hong ma tran va tach 16p co thé bat
dau hinh thanh trong giai doan nay. Hu hong
do cit hodc niit ma tran c6 thé xuat hién tai cac
interface giita cac 16p soi, dac biét néu co su
tuong tac cua cit lién 16p.

« Thép: Lép GB/T700 c6 thé bat dau
bién dang déo trong giai doan nay, voi su Xuét
hién cuia cac vét nut hodc hu hong do trugt. Tuy
nhién, thép thuong bén hon trong giai doan nay
so voi CFRP va c6 thé van giir duge mot phan
kha nang chiu tai.
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Giai doan 3: Tai cuc dai va suy giam tai
— Trong giai doan nay, tam hybrid s€ dat duoc
tai trong cuc dai (peak load) va sau do6 suy giam
tai do su phat trién manh mé ctia hu hong va
pha hily ciu trac do hu hong cit.

So sanh gitra cac duong cong cho thay
dinh hudng soi anh huong dang ké dén kha
nang chiu udn, dic biét 1a vé luc cuc dai, kha
nang hap thu nang luong va co ché pha hay.

« Cau hinh soi don hudng [0/0/0/0]
thé hién luc cuc dai tuong ddi trung binh
(7335.035N), do cac soi duoc b tri song song
v6i truc doc ciia mau thir. Du cdu triic ndy cung
cép dd cung cao theo phuong truc, no lai thiéu
kha ning khang tng suit cit ngang khi udn,
dan dén hién twong pha hiy som va phan tng
gion nhu thiy ¢ Hinh 5a.

« Cau hinh soi dinh huéng [45/45/45/45]
cho thay hiéu sudt cai thién nhe so vai [0/0/0/0]
tuong Ung voi luc cuc dai 1a 7401.297, voi
kha nang hép thu niang lugng cao hon nho kha
nang bién dang cat tot hon va Gng suat phan bd
déu hon giita cac 16p nhu thiy ¢ Hinh 5b. Tuy
nhién, do tit ca cac 16p déu nim & +45°, 46
ctg theo phuong udn van con han ché.

« Pang chu ¥, cu hinh [90/90/90/90]
cho luc cyc dai (8752.8 N) cao hon so voi hai
cau hinh trudc. Két qua nay dugc 1y giai boi
kha niang truyén tng sut cit hiéu qua hon va
su kim ham bién dang ngang t6t hon, khi cac
s01 90° hoat dong hi€u qua trong viéc khang lai
{mg suat 1éch mit phang trong cau tric hybrid.
Hu hong do cit thiy ¢ Hinh 5c.

« CAu hinh gan ddi xtrng [0/90/90/0] cho
thdy do bén ubn cao nhat (9838.16N), cho thy
loi thé rd rét cua viéc phéi hop nhiéu hudng
soi. Cu trac ndy cung cip do cung can bang,
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kha ning truyén tng suit cit tot va 1am cham
su lan truyén vét nirt nho sy twong tac giita cac
soi doc va ngang. Su hu hong do cit thiy ¢
Hinh 5d.

Tir day, chung ta thay rd tam thép ngoai
dong vai tro gia cuong do cing va bao v¢ khoi
pha huy sém, nén co ché pha huy phu thudc
nhiéu vao cach 16p CERP phan tng bén trong.
Huéng soi CFRP anh huong 16n dén kha ning
truyén va phan phdi tng suat gitra thép va
composite, tir d6 nd quyét dinh d6 bén ubn téng
thé. Cau hinh dinh hudng soi [0/90/90/0] trong
CFRP cua vat liéu tim hybrid (GB/T700)/
CFRP/(GB/T700) gitip t6i wu hoa su phdi hop
giita cac 10p, ddc biét 1a kha ning khang cat, lan
truyén nit va hap thy ning lugng trong ving
chiu ubn 16n.

a.Viing bi phd hity cat ciia CFRP dinh huéng soi
(0/0/0/0)

b. Viing bi phd hiy cat ciia CFRP dinh hudng soi
(45/45/45/45)

c. Viing bi phd hity cdt ciia CFRP dinh hwéng soi
(90/90/90/90)
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d. Ving bi phd hiy cdt cia CFRP dinh huéng soi
(0/90/90/0)
Hinh 5. Sw phd hiy cdt ciia céc taim CFRP

4. KET LUAN

Nghién ctru nay da khao sat hanh vi uén
cta cac tim hybrid (GB/T700)/CFRP/ (GB/T700)
v6i bdn cdu hinh dinh hudng soi khac nhau dudi
thtr nghiém ubn bon diém. Két qua cho thdy dinh
hudng soi c6 anh hudng quan trong dén kha ning
chiu tai, sy phat trién hu hong va kha ning hap
thu ndng lugng cia vat licu.

Trong céc cAu hinh thu nghiém, thm
hybrid xép 16p chéo (0°/90°/90°/0°) thé hién tai
trong cuc dai cao nhét 9838.16N, nho su két
hop gitra sgi1 0° chiu tai chinh va soi 90° gitp
khang cit, ngan ngira sy phat trién vét nirt xuyén
thiu. TAm ddng phuong (0°/0°/0°/0°), mic du
¢6 do cting ban dau cao, nhung lai c6 tai trong
cuc dai thap va phé huy gion, do thiéu kha ning
phan tan tmg suat. Cau hinh (45°/45°/45°/45°)
mic du khoéng c6 soi song song truc tiép voi
phuong uén, nhung lai cho kha ning chiu tai
cao hon tdm dong phuong (0°/0°/0°/0°), dong
thoi c6 d6 chuyén vi thap hon. Piéu nay 1a do
hudng soi chéo ting cudong kha niang khang cit
gilta cac 16p, giup phan tan tng suat hiéu qua
va han ché bién dang udn 16n, tuy nhién lai dan
dén do cimg twong dbi cao sau giai doan dan
hoi, lam giam chuyén vi t6i da. Tam hybrid
dinh hudng so1 (90°/90°/90°/90°) mac du co tai
trong cuc dai kha cao, nhung kha nang chiu lyc
thip hon so véi tim hybrid duoc dinh hudng
soi (0°/90°/90°/0°) va bi gidi han boi co ché
pha hily chu yéu do ma trén.
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Nhing phat hién nay chi ra rang viéc
chon lya céu hinh dinh huéng soi thich hop
trong tim hybrid c6 thé t6i wu hoa hiéu suit
ubn, dic biét trong cac tmg dung yéu ciu kha
nang chiu tai cao.
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