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Tab.1 Damping material parameters

4 Parameter #{H Numerical value
W Density p/(kg/m®) 985
iM% 5 Elasticity modulus £ /MPa 15.5
JAH L Poisson ratio v 0.498
HUFERF Loss factor n, 0.2
J5LJ¥ Thickness/mm 0.1

®2 EAMHESH

Tab.2 Composite material parameters

S Parameter U Numerical value
% ¥ Density p/(kg/m®) 1 600
5Pk LRt Elasticity modulus E, . E, .E /GPa 57.1,60.3,8.8
By DIk Shear modulus G, .G .G, /GPa 5.32,4.47,4.47

TAFA LE Poisson ratio v, v v 0.052,0.038,0.334

FAJZJEE Single layer thickness/mm 0.25

x3 MHREEZEHILASE

Tab.3 Structural geometric parameters of stiffened cylindrical shells

L ZBL kgl

S Parameter Physical value
FEKE E Shell height/mm 320
FeH 2 2442 Neutral layer radius of the shell/mm 338.1
SeiR SR Total thickness of the shell/mm 2.1
NANSE 2 JE B Thickness of inner and outer skin/mm 1
BHJE 2R Damping layer thickness/mm 0.1
i B4 Z¢ %4 H Number of pre-preg windings 8
IR kL 4545 K4 Winding structure of pre-preg [0y/d]s
SNG4 BE Length of stiffener/mm 320
S5 755 =5 BE Height of stiffener/mm 24
JINBE# 56 B Width of stiffener/mm 20
TIN5 3 /5 B Thickness of stiffener/mm 2
THR KH 254 H Number of layers of pre-preg 8

O MR AEAT Bl 2 M, d HFHJE)Z . Note: 0 is the laying angle
of carbon fiber cloth, d is the damping layer.
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Fig.2 Modal test platform for CFFEC stiffened cylindrical shell
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Fig. 4 Finite element model and boundary conditions of the CDFEC
stiffened cylindrical shell

4 RESHELERSN

P 5~ 181 7 Sy i 56 5 7 AR AT 3 B RS 2 IR B X L
Ko nTRUABE, P IR BAT R — 2ok, ik — 2
Bk 1 RUE AT S A R

(b) fhE

(b) Simulation

El5 1MESIRE
Fig.5 1st order modal shape

(a) 56
(a) Test

(a) 5%
(a) Test

(b) fiE
(b) Simulation
6 2HREIRE
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Tab.4 Comparison of test and simulation results

JCBEJE I3 IR AL 5E 47 B4 I IR 5 A7y B4 2R g A S g 2
Simulation results of undamped Simulation results of stiffened Test results of stiffened cylindrical 1522 Error/%
W% Order stiffened cylindrical shell cylindrical shell shell
GIES B 1 GBS HUFEIA T GBS HUFEIA T e HUFEIA T
Frequency/Hz | Loss factor n/% | Frequency/Hz | Loss factor /% | Frequency/Hz | Loss factor /% | Frequency | Loss factor
1 By 1st order 292.45 281.67 286.95 -1.84
2 B 2nd order 363.26 1.01 347.17 2.50 338.91 2.39 2.44 -4.60
3B 3rd order 468.34 407.34 442.80 -8.00
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Fig. 8 Physical significance of geometric parameters of CDFEC
stiffened cylindrical shell
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Fig. 9 Effect of the axial rib height on the 1st-order natural
frequency
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Fig. 10 Effect of the axial rib height on the 1st-order modal loss

factor
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Fig. 11 Effect of the axial rib width on the 1st-order natural

frequency
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natural frequency
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Vibration characteristics of composite reinforced cylindrical shells
sandwiched with co-cured damping films

ZHOU Yuesong' SUN Xingshuai® LIANG Sen’ KONG Jiali' ZHENG Minghui' ZHENG Changsheng’
(1. School of Mechanical Engineering, Shandong Huayu University of Technology, Dezhou 253000, China)
(2. School of Mechanical and Automotive Engineering, Qingdao University of Technology, Qingdao 266520, China)

(3. School of Intelligent Manufacturing, Weifang University of Science and Technology, Weifang 262700, China)

Abstract: In order to study the dynamic behavior of stiffened cylindrical shells with composite material sandwiched by
co-cured damping films under the clamped boundary condition, the specimens of stiffened cylindrical shell with composite
material sandwiched by co-cured damping films were prepared, and the dynamic modal test platform was set up. The
fundamental frequency, damping ratio and modal shapes of stiffened cylindrical shell specimens were solved, and the accuracy
of finite element model was verified. The influence of geometric parameters on structural vibration characteristics was further
discussed by the numerical simulation method. The results show that, the fundamental frequency, damping ratio and modal
shape of the structure will change abruptly when the height of stiffeners changes, and there is a suitable height value before the
abrupt change to make the whole structure consider both damping and stiffness requirements; when the thickness of composite
materials is constant, the fundamental frequency of the whole structure decreases gradually and the damping ratio increases
gradually with the increase of the damping thickness or damping layer number of single layer; for the stiffened cylindrical shell
of single layer damping composite materials, the closer the damping layer is to the inner skin, the higher the stiffness is, and
vice versa, the damping capacity is better.

Key words: Co-cured damping film embedded composite; Reinforced cylindrical shell; Dynamic behavior; Modal test;
Numerical simulation
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