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Influences of fiber angle on the vibration damping performance
of variable angle laminates

LI Liang , WANG Xianfeng , ZHAO Cong, JU Xiangwen , WANG Dongli, YU Xiao

(College of Materials Science & Technology, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: With the development of automated fiber placement technology, it is possible to lay complex curves
which greatly increase the freedom of angle design. In this paper, with the purpose of improving the dynamic char-
acteristics of composite laminates, the vibration damping performance of variable angle laminates was studied and
analyzed. Firstly, the free attenuation experiment was carried out to study the relationship between the change of
fiber angle and damping ratio of variable angle laminates. Then, the vibration response of variable angle laminates
under random excitation was studied by random experiments. The transition function (TF) at the formant and the
root mean square (RMS) of the acceleration at the pick-up point of vibration were used to evaluate the effect of vi-
bration reduction. The results show that the damping ratio of laminates is the largest when the fiber angle is
+<45|60> and the least when the fiber angle is +<73|88>. Based on the vibration reduction evaluation index of RMS,
the vibration reduction performance of +<45|60> sandwich laminate is 27.13% higher than the traditional linear
laminate; Based on the formant vibration reduction evaluation index of TF, the vibration reduction effect of differ-
ent formants is obviously different with the fiber change. The results show that the vibration reduction performance
of the variable angle laminates is obviously better than that of the traditional linear laminates. The relevant experi-
mental results will be helpful for the design and optimization of vibration reduction of variable angle laminates.
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Table2 Damping ratio of EM118 carbon fiber reinforced
resin variable angle composite laminates

Fiber curve composite laminate Damping ratio /%
[£<0|15>] 56 1.588
[£<15[30>] 5 1.440
[£<30[45>] 5 1.161
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[+<73|88>] 1.056
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reinforced resin variable angle sandwich laminate with +<30[45>
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Fig. 13 Acceleration response transfer function of EM118 carbon fiber

reinforced resin variable angle sandwich laminate with +<45|60>
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Fig. 14 Acceleration response transfer function of EM118 carbon fiber

reinforced resin variable angle sandwich laminate with +<60|75>
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Fig. 15 Acceleration response transfer function of EM118 carbon fiber

reinforced resin variable angle sandwich laminate with +<73|88>
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Table 3 Value of transfer function and vibration reduction effect at the resonance peak of the acceleration response of the
random excitation measuring point of EM118 carbon fiber reinforced resin variable angle laminates

Near 48 Hz Near 90 Hz Near 158 Hz
Composite layer
sequence Transition Vibration reduction  Transition Vibration reduction  Transition Vibration reduction
function effect/% function effect/% function effect/%
[45/-45/0/90], 120.747 - 28.873 - 185.817 -
[+45/+<0|15>], 39.817 67.02 101.510 -251.57 89.800 51.67
[+45/+<15|30>], 67.944 43.73 47.002 -62.79 171.014 7.97
[+45/+<30[45>], 118.434 1.92 110.382 -282.30 25.029 86.53
[+45/+<45(60>], 37.043 69.32 20.034 30.61 9.504 94.89
[+45/+<60[75>]; 105.821 12.36 25.855 10.45 77.399 58.35
[+45/+<73|88>], 255.780 -111.83 47.988 -66.20 185.373 0.24

2y £ B A O A RHZ B BB L BB 2T 4 A B A

feia%—580; 158 Hz Wi, 4% ih £l J= Je 2 A8

e g8 B2 A B ARG IR BOR - 90 Hz it i,

oA AR 2T 24 T 2 SR DA SBOR B 2

3.3 AEZUMNERERSRIRIEERZM
24975 HRAELR B 45 44 Uk 3 1 E K,

P77 HRAEL goms 19 2B A

1 &
8rms= n inz (6)
i=1

SR PR IR 0 3 82 W 57 #9249 75 AR B AR S AR
PR AR AR . 3 4 B T AN TR B it A g = e 2 AR TE
A TR) FE AL 3 il 25 AF T B3 s 38 34 T AR % ek A A 24
(F2 48 FLER)Z 5 MR grmns— 5 HH A J2 22 A9 SR AR
gms) e ELRZ A M grmsl o PTRAZ L . DA 3 5
0o JEE W IS 1Y gons A DBCHIR VAN HE AR, A TR BE R
B AR BR T £<73188> il £k e J2 M R 3R AT I IR 2
A, BB LA T R AR AL G AR R
TWIRBOR, P <as|60>H A, R P AE

F4 EM118 BT 4GB MEE T A E R SRV =
e J82 10538 B 34 75 AR (B A B R ST SR
Table4 Random excitation measuring point response
acceleration RMS and vibration reduction effect of
EM118 carbon fiber reinforced resin variable angle

laminates
Composite layer Root mean Vibration reduction
sequence square/g effect/%
[45/-45/0/90] 0.3284 -
[£45/<0|15>], 0.2816 14.25
[+45/+<15|30>], 0.2893 11.91
[+45/+<30[45>], 0.3008 8.40
[£45/+<45|60>], 0.2393 27.13
[+45/+<60[75>], 0.2944 10.35
[+45/+<73|88>], 0.3819 -16.29
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REBAL G H R GRS B s, 0 L 4iR 08 b iy 17
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Fig. 16 Comparison of results between free decay experiment and
random excitation experiment of EM118 carbon fiber reinforced resin

variable angle laminates
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4 nfs, £2ABORIRERRK/NER N
CFRP-VS4>CFRP-VS1>CFRP-VS2>CFRP-VS5>CFRP-
VS3>CFRP-T1>CFRP-VS6., % 5 ] LAk B, 45)2
A A AH XTI EE R /NJE & A : CFRP-VS5>CFRP-VS3>
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VS2, X 3B JE T AR 4 R AR ek AR TR A
fii s &2 G ARBEJE K/hE R K. CFRP-VS4>
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Table 5 Relative stiffness and relative mass of EM118 carbon fiber reinforced resin laminated plates
with different variable angles

Composite layer

Relative stiffness

sequence Number Relative stiffness Relative mass Relative damping to mass ratio
[45/-45/0/90], CFRP-T1 1 1 1 1
[+45/+<0]|15>], CFRP-VS1 0.884 1.006 1.490 0.879
[+45/+<15|30>], CFRP-VS2 0.622 0.993 1.348 0.626
[+45/+<30[45>], CFRP-VS3 1.031 1.011 1.087 1.020
[+45/£<4560>], CFRP-VS4 0.663 1.004 1.662 0.660
[+45/+<60|75>], CFRP-VS5 1.039 0.997 1.293 1.042
[+45/+<73(88>], CFRP-VS6 0.949 0.990 0.989 0.959

ML ESCRXT AR B, % +<45|60>7F ff i
JA BRI BE AL B8 2k 25 ey 0.663 %5, BHJE K
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WIRTERE R IF, 4255 27.13%; 7 +<0|15>H1+<15[30>
A5 1 B e RO 2SR

T £<73|88>78 ) i ¢ 2 A W A% 8 4 )2
B 0.949 15, BHJE WAL G H L Z G MRy 0.989
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