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Abstract The metal/composite hybrid thin-walled structure can meet requirements of both crashworthiness and light-weight
of auto body. Intended to compare the dynamic bending characteristic of Al/CFRP ( Aluminum/ Carbon Fibre Reinforced Plastic)
hybrid beams with different fiber layup patterns, the bending failure behavior and crashworthiness of specimens were
comparatively analyzed by three-point bending tests, and the finite element model was established in good agreement with
experimental results. On this basis, the effects of punch size, punch shape and impact position on the bending performance of the
hybrid beam were further analyzed. The results show that layup angle has a greater effect on the bending performance than the
layup sequence. The larger the punch size, the flatter the punch shape or the further away from the middle the impact position is,
the better the crashworthiness characteristic is. These methods used and these obtained conclusions can provide a reference for the
crashworthiness design of similar bending resistant structures.
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Fig. 1  Physical picture of Al/CFRP hybrid cap beam samples
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Tab.1 Specific geometric parameters of specimens

%45 Number 273 Layup pattern ZER RS} Structure size/mm Jiit Mass m/g
MX-DT-1 [0°/0°/0°] 410x120x48x1. 51 436.0
MX-DT-2 [45°/0°/0° ] 410x120x48x1. 51 441.3
MX-DT-3 [0°/45°/0° ] 410x120x48x1. 51 438.6
MX-DT-4 [0°/0°/45° ] 410x120x48x1. 51 435.4
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Fig. 2 Structure diagram of the dynamic three-point bending test device
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Fig. 3 Comparison of ultimate bending damage failure forms of specimens
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Tab.2 Each crashworthiness evaluation parameter of Al/CFRP hybrid cap beams

- T (E -2 A ﬁﬁf?ﬂl}: AL fE He i
Specimen type Peak load Average load Load efficiency Total energy Spet?lﬁc energy
F /KN Fean” kN Cp/ % absorption E/]J absorption S/ (J/g)
MX-DT-1 5.75 4.80 83.48 192.13 0. 441
MX-DT-2 7.12 4.70 66.01 188.13 0. 426
MX-DT-3 7.56 4.75 62.83 190. 15 0.434
MX-DT-4 7.27 4. 66 64. 10 186. 34 0. 428
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s Al/CFRP {4 MH RS2 = mi 5 Ay BROT Ay EA R
Fig.5 Dynamic three-point bending finite element model of Al/CFRP
hybrid cap beam
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Fig. 6 Tension and compression tests of CFRP laminate specimens
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Tab.3 Mechanical properties of CFRP

R G 1) S AR B ] SER AR R .
Densi o THAR L
ensity Longitudinal modulus Transverse modulus Poisson’s tafi
p/(g/cm®) of elasticity E,/GPa of elasticity E,/GPa olsson’s ratio ¥
1.76 75. 00 75.00 0.28
AB [ 5 IR BC [ 5 U i CA T 5y IR il ) 47 50
Shear modulus of AB surface Shear modulus of Shear modulus of CA surface Axial compression strength
G,p/GPa BC surface Gy./GPa G/ GPa X /MPa
9.00 9.00 9.00 496. 00
ot e o i 7 o) HE 47 588 2 (ELENALILE S T PN Y L) ik
Axial tensile strength Radial compression strength Radial tensile strength In-plane shear strength
X,/MPa Y./MPa Y,/MPa S./MPa
732.00 496. 00 732.00 300. 00

&4 CFRP ENZMERESH
Tab.4 Non-mechanical properties of CFRP

BATT I I B T 25 A
Time step size for
element deletion

TFAIL

RV BT Y ) 28
Shear stress parameter
for the nonlinear term

ALPH

TRl 28 i S A BT 0l 2
Softening reduction factor
for material strength in

crashfront elements

Sorr
0.35 0. 50 0. 10
B A R 2T 48 77 17) B A R 2T 48 75 17
EALEEESER R 54 4755 BEIR A R AL RT3 ) B A A
Reduction factor for tensile Reduction factor for compressive fiber Maximum strain for fiber tension
fiber strength after matrix compressive failure strength after matrix compressive failure Dpiar
Figr Yerac
0.35 3.00 0. 05
. o= N L L AH £ 2 A K e B D T £
P IR R4 2 BT Flp AR DU A
. . - . o . . Weighting factor for shear
Maximum strain for fiber compression Effective failure strain . e
| term in tensile fiber mode
Dyanc Eys B
ETA
-0.09 0.90 0. 60

RS AIG063T5 HFERESH
Tab.5 Mechanical properties of A16063T5

iy PR i HEL/N =4
Density p/( g/Cm3) Elastic modulus E,,/GPa Poisson’s ratio v
2.70 69. 00 0.33
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FHBE X T O U i 1) T i, W) AR
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A64x5 CFRP Z[H) Y )23 8] 3% 42/ FH 38 2o 422 i i
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B Npws 5 Spus SRR ALRLN T 585 Y10 ), S
BOICHEAGE 1 )2 (R W A0 A A T AR e
B — S TR 0 AR SO B A [R) 268 )2 () 3 2
SRR A 1 315 e A U, Bk n gk 6
FFs

% 6 CFRP fEEE&EEEESH

Tab. 6 Parameters of aluminum alloy and CFRP interlayer connection

KA TR SRR Ty S 5y N g FHIHR B 32 B g
Keyword option Interfacial tensile stress Interfacial shear stress Interface limit separation distance
Opp Nprs/MPa Spis/MPa Cegrp/ mm
8 50 70 0. 005

V2PN AR SIS N 2 S Lk 35 A Dl
o S B IRAER S SRR T 2 A, 2 PIEEY)
AIBPELA A RSk B Ak 7t B S A 1
b BEH R ARG SRR, SR RO & —2

3.2 BRTERSH

P 8 H# T MX-DT-1 SR A M A2 = 5 245 il ge
SHERRICHPEE R, IRA RN EZRYIT N 5K
SERILAWIE A FRTT AT Es SR, CFRP 32 24 AR
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Fig. 8 Test and simulation final failure forms of

MX-DT-1 hybrid cap beam

A BR TG40 BT A3 56 1) 2% A -5 B 0 R -0 B il
LT H A B9 T, b il 2 2 B0 R L R A
7 RIS A BRI 4 A0 4% i 9 O 2 Bk AT
HAL A, P Z S HOR R 6%, %A R
TR O] F T2 2800 AL/ CFRP TR 448 25 il 4% 1k
[R5 M0 43 BT

RAF Load I/ kN

——MX-DT-1 R Test
- — MX-DT-1 i & SimulationI

0 10 20 30 40
fr# Displacement x / mm

(a) BAT-Fr e h £

(a) Load-displacement curve

200 r
= 150
<
5
= 100
55
]
&
50 ¢
——MX-DT-1 iR} Test
" ) — = MX-DT-1 ﬁ?flﬁ Simulation
0 10 20 30 40
L% Displacement x / mm
(b) BEE-PIRE R

(b) Energy-displacement curve

B9 MX-DT-1iRA AR 5 07 F i £
Fig.9 Test and simulation curves of MX-DT-1 hybrid cap beam
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Tab.7 Each crashworthiness parameter of test and simulation

P2 . 24 eI .
T ?ﬁl s 17? " u% SRy ?5( g
Evaluation Simulation Evaluation
Test result Error/ %
parameter result parameter
F /KN 5.75 5.98 F o 4.00
Fpean/ kN 4.80 4.70 Fean -2.08
Cy/ % 83.48 78. 60 Cy -5.85
E/] 192. 13 187.91 E -2.20
Se/(V/g) 0. 441 0.431 S -2.27
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Fig. 10  Load-displacement curves of hybrid cap beams with different

punch sizes
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Fig. 11 Ultimate bending failure forms of hybrid cap beams with different punch sizes
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Tab.8 Each crashworthiness parameter of hybrid

cap beams with different punch sizes

F%Eﬁi e’ Frean” S/
Punch diameter k]d\l kll\} Cy/ % E/) (V)
d/mm
24 5.98 4.70 78.60 187.91 0.431
48 6. 62 5.63 85.05 225.16 0.516
96 8.02 6.57 81.92 262.73 0. 603

4.2 ELFIK

TR S Bl I i v T RE T B 2 2 B IR
ZER Y ity DR SK RS AL/ CFRP R4 1 20 38 i
PR RIS B E B A T T HEE R
TE LA K7 T i Sk X A5 e 760 532 1 48 2 B 1 R i), e sk
AT R ST R B AN 12 B, 4 BB 2 1 3%
PR AR 5 w4 R T i an &l 13 514 14
JiR . BT ST RS X Ji -, %07 il 2 4 1k
AR REE I Z

12
| 1
A

Bl12 [ Sk A5 A T 7R B

Fig. 12 Schematic diagram of structural section size of different punches
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Fig. 13 Load-displacement curves of hybrid cap

beams with different punch shapes

PIARWE N, 5 S B e Sk B8 N T 18% ~31% , 9K
1M C,, FIAWI D, 7T RSB HEE k080 T 8. 91%,
CERRE , TTIEHSAE R T 45 F W RERICR e
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Tab.9 Each crashworthiness parameter of hybrid cap beams

with different punch shapes

JASS AN Frw/  Frcan” Co/%  E/) Sg/
Punch shape kN kN ) (J/g)
HEIE Taper 5.42 4.29  79.15 171.46 0.393
[#J¥ Round 5.98 4.70  78.60 187.91 0.431
FH Square 7.06  5.09 72.10 203.59 0. 467

4.3 HEHENE
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Fig. 14 Ultimate bending failure forms of hybrid cap beams with different punch shapes
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Tab. 10 Each crashworthiness parameter of hybrid

cap beams with different impact positions

EIRBE AN FLL AN C% B S/
Impact position
P 5.98  4.70 78.60 187.91  0.431
Middle position
F1/E 40 mm
Middle Loft 40w 6:06 499 8234 199.77  0.458
1172 80 mm 6.85 5.8 85.84 23519  0.539
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Fig. 16  Ultimate bending failure forms of hybrid cap beams with different impact positions

P15 A [a) il (o7 2 1 45 W B SRR T - (67 % b 22
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beams with different impact positions
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