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Bending and Vibration Properties of SMP/CFRP Hybrid Laminates
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Although fiber reinforced plastics (FRP) are often used for structural components and functional materials, the
vibration reduction for FRP materials is still difficult. The hybrid construction of FRP is well known as more effective
for the improvement of this property. In this paper, in order to improve damping characteristics of FRP materials, car-
bon fabric reinforced shape memory polymer (SMP/CFRP) hybrid laminates are developed. The bending and damp-
ing property is investigated by the three-point bending test and mechanical impedance method. The influence of lam-
ination position and contents of SMP in hybrid laminates on mechanical property is discussed. The theoretical for-
mula for bending modulus and bending strength was proposed, and the validity was confirmed by experiment. The
results show that the developed hybrid laminates has high bending modulus and excellent damping properties.
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Table 1 Stacking sequence of laminate specimens.

Symbol Congituion -—Zﬁiiflﬁr:::;n:;:
SHy-1 | [C90,/Q0,/SMP,/CF fabric]g 04
SHy-2 | [C90,/Q0,/SMP,/CF fabric]g 0.6
SHy-3 | [SMP,/C90,/C0,/SMP,/CF fabric]g 0.6
CFRP {C90,/Q0s ] 0
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Fig. 1 Typical experiment setup for mechanical
impedance method.
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Fig. 2 Bending stress-deflection curves of laminate
specimens.
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Fig. 3 Modes of bending fracture of laminate specimens.
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Table 2 Bending properties of laminate specimens.

Bending modulus Bending strength
Type
Esyy (GPa) o, (MPa)
SHy-1 32.97 743.96
SHy-2 33.35 607.18
SHy-3 17.31 360.21
CFRP 19.70 218.79
< b >
) 3
g (WLLATTACTAATTANTATTACTINy =
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/

Fig. 4 Thickness of SMP/CFRP hybrid.
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Fig. 5 Stress and strain distribution of SHy-1 and SHy-2.

) = 3?2;0‘ (11)

L, 22T, ali

o = Egotoot2;qy + Eotot2,, + Ests1t2,
Thb. HBOY Y rE L&D SHy-1 & SHy-2 #0
TS 0, 2 KD BH I ENTE S,

SHy-3 "4 7'V v FEERIRISH LT, KIS 20
SMP ZfdA L, HiFE— x> b M2k & ED SMP
DX AMINE ST 152 BE L 2 D AMIG T 1212 & %72
A Sso 1T AW ST DR E F NI 50 5 L NUE
FTIUL, ZDZEMIL Fig. 6 D& 3 1w AWIGIIIRRE L
%0, SMP DX AMITHERE Gs &5 &, HAKOT
A vs2 X

P __ P
2Gs2tssb  4Gstsyb
b, HAMOTADERIZN D ys2 = dose/dx
ADIZRA LT, HAMETRIZL 572bA §x 13
Pl

—Ts2 _
Ys2 = Gs 12)

e Y vz
S5 = [ ysadr = 1bi5;Gs Jy dx= 8bts,Gs 13)
L5,
A AN SHITEIFIZ L B 72bA Sis i3
_ O'bslztz
Ops = 260 14)
THO, TS ows lZXOXEE 2 5.
3P
Ops = Wiz 15)
A 1D EAH» 5
3
Ops = % (16)

L%, hISENTE 4521 % SHy-3 /N4 7Y v P iElE

WD7=bA i, ik OITERIZ L D72 A Sps &
EAMETAC X B 72k 85 L DRI E LT
_PB . P
0= 2 ibo ¥ 8hts,Cs an

s, X (15 &AND
KHDHIENTED,

&0, SHy-3 OHITHRIE ops %

Ois = 36t52650€5 18
tz(tsstlz + 30() ( )

CFRP FABRF 12D\, mAMEDii#E & LTl
ovc AN 5. AT 51kIE SHy-1 & SHy-2 M 7Y v
N RS bR & (Rl Eﬁﬂ TS oy RD K HIZ5 A2 50,

Opc = lztz [E90t90tM90 +E0t0tM0] (19)

P2 l6 =6, +05,

Fig. 6 Shear deformation of forward SMP.
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Table 3 Geometrical parameters of each layer.

(Unit: mm)

Type tr ts1 to too ts2
SHy-1 0.450 0.155 0.285 0.285 0
SHy-2 0.450 0.345 0.190 0.190 0

SHy-3 | 0.450 | 0.155 | 0.190 | 0.190 | 0.190
CFRP 0 0 0.475 | 0.475 0

Table 4 Comparison between the calculated and
experimental values.

(ESHy)c (ESHy)C ( o b)c ( o b)c

Type
» GPa | (Esu).| MPa | (0o
SHy-1 36.75 1.11 839.31 1.13
SHy-2 37.65 1.13 677.22 1.11

SHy-3 20.37 1.17 328.45 0.91
CFRP 20.84 1.06 216.89 0.99

Suffix c: calculated values, e: experimental values
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Fig. 7 Natural frequency to 1st mode of vibration with
heating.
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Fig. 8 Loss factor to 1st mode of vibration with heating.
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