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Dynamic Characteristics of Cylindrical Composite Panels
With Surface Damping Treatments Using Full Layerwise Theory
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Abstract

Based on the full layerwise displacement shell theory, vibration and damping characteristics of cylindrical
sandwich panels are investigated. The transverse shear deformation and the normal strain are fully taken into
account for structural damping modelling. Modal damping factors and frequency response functions are
analyzed for various structural parameters of cylindrical sandwich beams. Present results shows that full
layerwise theory can accurately predict vibration and damping characteristics of cylindrical composite panels
with surface damping treatments and constrained layer damping. The viscoelastic materials depending on
elevated temperature environment and exciting frequencies can be fully considered.
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Fig.1 Geometry of cylindrical laminated panel
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FA22LFLAYE Fxdte AAAA AA

Heaggd $4 FALYE AXL AASn o
202 WALS £ FAYFAREL
@614 detds AFFER 29 WHE EF
nelstel ARsgon tesh gol Roldn.
Y = L, (Dlp¢'lg,dz (13-3)
DPOIJ = L” ‘D’Q_M@"g‘dz (l3-b)
u OV = 5
D: "= = —_— [} d
Py J-." g4 Qn 8442 (13-¢)
{ J
D”” = " (D_Q_ d)_ dz
" J Thaaat The (13-d)
17 do’
B [ A2 g0 g
e U o' ~ o’
e e e L e LB T

Lo
gy 849 (13-g)

2
2 dFdAe Av4EFTE 2= FRA4E 2
¢ B Aite]l 2x(r)9 71 2
BAREH2AE E¢sigid.
E,=E,(1+in,) for =123 (14)
G, =Gy (1+iM,),Gy =Gy (1+i1s), Gy =G (1+ny,) (15)
2142159 5+ EEAE 1A o
I Ze F2ANFLE I LFYAANL 7
T A
MU+ (K" (0,T)+iK} (0,T))U =F (@) (16)
IFRAETFY EAAFE oty Bax 143

A& F3A e A

(K" (0,7)+iK, (@,7)-4,M")U" =0 a7
Fo%d PEEL gH} ol Fgdr

M =¥'M¥ (18-a)

K'=¥'K¥, K, =YK ,¥ (18-b)

A AanelH T BaAngA2E 18 1%
59 £4A5E B8 2ol T 4 Uk
R T ()
Reall4,] (19)
3. 21 R =9

3.1, Ae4dFo] Uiite M= Re 74

2 HoAe &Fuw ¥ #aFo] yia"
M=gA] 2o FF 2 AN A 2FE
FPsldh A HFL Sonis[2]3 Cho[3]el <
3 Al8E EZ2EA B AT Jgd 453
Hade] FF ¢ g4d FHEHo|BA 72 2
B3 vuEgg. AHEE EAAE U3 2
o}

945
E =69GPa, v=03,1=0.0,
p=2800kg/m*, c,, =1.524mm

A%
G =2.1MPa, v=0.499,1=0.1,0.3,1.0

p=970kg/m?, c,,, =0.127mm

AHFY &AAF B4E A3 s/ =9 A
7 #4FE Falen Table 19] o] F A
g3t 29 Soni F[2]9 A &= FF_A
¢} Cho 5[3]19] & FTHWHHO|EY 7]x%
HNEAHETG dA9 F & L dAd FEAL o]
£ o3 2= AFse AHF dFd gs
o] HlLHYT. £ ATY Ao 9453 4
o] 7]|x3t7] wFol HAFF M=HA F=
;A s Wk R=3556m, AlolZtE ¢
=0.005rad 2 ARt A% ARz R
B gd Aol 8 7|28 AFSFE i
=31 ZHASFE A d38n e ¢ & 2

Soni[2], Chol3], Present Results

3-D Solid PLWPT PLWST FLWST
Nere=0] Fi(Hz "o, | fi(H?) "o, |fi(H?) ", f(H2) Tn;
1"mode| 642 02817 | 6428 02799 | 64210 02790 64457 0274

2™mode| 297 02425 | X048 02426 | 07120 02422 VU2 027
3™mode| 7472 01534 | 7B 01546 | 746212 01543 THL7 Q1B
4 %mode| 14083 00878 | 141308 00888 | 14277 00888 141421 Q0RA
5%mode| 2304 00550 | ZHD 00663 | 2B 00568 BI0M QCEH
Norn=0| F((Hz "n; |fi(H2) "n; |f(H "n, f(H) Tn,
1"mode| 647 02725 | 64617 02709 | B4568 02701 E448 0274
2™mode| 208 02401 | 278 02409 | 297441 02406 2010 027N

3 ™mode| 7482 0.1531 | 4706 0.1545 | 746286 01543 TRED 01481
4 ®mode| 14095 00878 | 14131 00887 | 1422 00888 14142 (0RA

5%mode| 2305 00560 | ZH6 00663 | 2872 00569 2106 0666

Table 1. Modal properties of sandwich beam.
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(a) Frequency variation
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Fig. 2. Variation of modal properties according to

curvature.

Fig. 32 9 Zoolde g ¥y F3
2HEsE 2T A wHl H: A}
Zo] 2 A=A 4 2do] ANz 3¢
Q4 2A Yede Fass Add 2sds
gealmo] vl % wxstA vehdet.

ol 4t »o

4. 8 E
ATP ol T £ ¥
9ol e HEdo 2 ¢ F
+ e fResslde
. 712AA 4%y 4 729 JF H
Aol g #5E FH8o
Ao oA FEwgolgel Yz FHHAFHS}
Bgge 2o £ d7dAe 953 4=4
A Hel FEo ©E 2¢ % FoF FEFEALE

o

AnEgit. FF 2= o Fed Az
54¢ e PHol #E A7 APsHuz
gt

(a) Magnitude of FRF
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Fig. 3. Frequency response function at tip point.
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