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Impact characteristics of corrugated sandwich carbon fiber metal laminates

WANG Jian™"?, DING Zijun"?, WANG Chongyang"*, XIONG Lang"*, WANG Aidong'?, YAN Xiaogiang'*
(1. National Engineering Research Center for Equipment and Technology of Cold Strip Rolling, Yanshan University,
Qinhuangdao 066004, China; 2. School of Mechanical Engineering, Yanshan University, Qinhuangdao 066004, China)

Abstract: The low-velocity impact properties of carbon fiber metal laminates with corrugated sandwich aluminum
plates were studied. The deflection, load, energy and surface visual damage of corrugated laminates with different
height differences under different impact loads and laminates with microscopic particles added between layers
were explored. On the basis of adding corrugated aluminum plate in the core, particle modification was added to
the surface of the prepreg strip to further improve the overall impact performance of the laminate. The impact tests
of corrugated sandwich carbon fiber metal laminates were carried out with 157, 30 J and 50 J impact energy respec-
tively, and the low-speed impact response of the laminates was studied. Under the three kinds of impact energy, the
laminates with a height difference of 0.2 mm and the addition of nanocellulose show the best impact resistance, and
the surface visual damage and internal damage of the laminates are the lowest. The difference is most obvious when
the impact energy is 30 J. The peak contact force of corrugated laminates with nanocellulose reaches 8.2 kN, which
is 9.3% higher than that of 7.5 kN with only 0.2 mm corrugated laminates, and also shows better energy absorption
characteristics. The results show that the addition of corrugated aluminum plate in the core of the laminate can
toughen and support the core of the carbon fiber metal laminate. The addition of nanocellulose can change the
direction of crack propagation and improve the impact resistance of the carbon fiber metal laminate to a certain

extent. The combination of the two makes the overall impact resistance.
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Fig.1 Corrugated spline diagram with height difference of 0.3 mm
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Table 1 Relationship between ripple height difference and

central angle
Corrugated height difference/mm Central angle/(°)
0.1 40
0.2 46
0.3 54
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Fig.2 Preparation diagram of corrugated aluminum plate
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Fig.3 Schematic diagram of corrugated sandwich carbon fiber

metal laminates
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Fig.4 Temperature-pressure curve of molding preparation
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Fig.5 Tensile shear test of three kinds of particles modified

with different mass fractions
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Fig.6 Low-velocity test tooling diagram
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Table2 Front and back local damage views of corrugated sandwich carbon fiber metal laminates with different height
differences under different impact energies
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0.1 mm

Impact energy/]J Face 0 mm 0.2 mm 0.3 mm

Dent damage|

Dent damag %

Dent damage |
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Front face

50
| Crack
Back face
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Table 3 Internal damage view of corrugated sandwich carbon fiber metal laminates with different height difference
under different impact energies
Impact energy/]J 0 mm 0.1 mm 0.2 mm 0.3 mm
Matrix craéking
15
: 0, Delamination
30 ‘ &
. Matrix cracking l

50

N
Dereminaion |
5 mmn

R -
Dellatlon 5 mm

Note: The yellow part represents the matrix cracking, and the red part represents the delamination.
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Fig.8 Contact force-time curves of different corrugated sandwich

carbon fiber metal laminates under 15 J, 30 ] and 50 J impact energies
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particle modified laminates under different impact energies
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