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Abstract; In order to accurately predict the effect of damping on the dynamical behavior of composite thin-walled
beams, this paper presents an analytic model of modal damping for thin-walled composite beams with shear deforma-
tion. The displacement and strain of the beams were firstly described by using a modified variational asymptotically
method (VAM) and the partial differential equations of Timoshenko beam’s free motion were derived by using
Hamilton’s principle. Then the partial differential equations were transformed into ordinary differential equations by
using Galerkin method and the modal damping was obtained by solving the complex eigenvalues of the system. The
effectiveness of the model was verified by comparing the damping computation results with those available in current
literature and the numerical results of damping were presented for circular cross-section composite thin-walled beams
by analysis of examples. The study shows that higher damping will be predicted without taking shear deformation
into consideration and that different laminate configurations yield different fiber laminate angles for the largest damp-
ing.
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Fig.1 Schematic of the thin-walled beam and coordinate systems Fig. 2 Partial coordinates systems and cross section

HERE S (L B I Ry
w (x,y.2.0)=U,(x,t) —y(s)0,(x,1) —2(s)0.(x,t) T g(s,x,0) s
uz (s y sz, ) =Uz (xyt) —ze(x,t), (D
us (xsysz,0) =U; (x,0) Fyplast),



Journal of Shandong University of Science and Technology
EEES 99
R T 0 A AR R LR 4 AT AR A

Hrp U, (2,0 ,U, (x,0) U () AT 20 v.2 EI’JW'HZF@%;@),(IJ)vﬁz(r»l? ’55(1’[)?‘715%?&:@% A%
Al Wi . gCsoa, o)y TRE LAl pR AL, SRR ANTF -

g2Ca,D=G() ¢ (x )+ g (DU (wst) + g5, (DO, (x0) + g, (0. (xst) s (2)
855 A v 1) oR VB AR R hi A (B8 = Ay Al 2l pR A
R 28 v WAl

0,(x,t)=U"(x,t)—2y.,
0;(\1,2‘):U/3(1,t)—2yﬂ, (3)
550 # 3 (1) AR N Y A8 3 R
Yo =U ' (xot) — 30, (x.) —=20.(x.1),

2Y s =%+r”¢/+(Ué (1',t)—0y(x,t>)%+(Ué (x,t)—ﬁz(x,z))%, )

R AENETNENIE S(IAENIETRENIIE

1.2 EAMBEERNNETRE
S5 BRI BE SR A TR 0L RE R

¢ = J (v o7 T 200,712 + 2za7a + 2T¢7¢)d5d5 s (3)

E)é:

F

Qn Qn Qi [7n
=1Q: Qn Qul|| 7 |-
Qi Qi Qul 271 6)
ICQ4.1 ICQ45 2Ya
[ J o o )
b [Qy 2 4 Wk 1 Dt ol 91 35 S B o e &= Timoshenko 8§ 4] &% .
B OICAG) IR 15

2¢ = #(An Yh T Anyi T 4AG Y + 2A0 70y T AAG YL T AAN YR Y

+4A,, 721 + 4A;; }’2- + 8A7a7s yds s 7
/\':P:
/2 N/z
Ai/ :J/ZQUdSZZZQfJ(h/\*hA,I) (iij:15296)9
/2 \Tz (8)
A, = - 233Q) U — ko) o = 45
—y
hihy lﬁi}’ﬂuj‘j%k):'mj: ‘F%EJ:hﬁNj‘j'ﬁ)jﬁ
iR Ve R TR B A ) 1E N 7 A5 N 3 AR /IS, AT DL Z AN T B
N,=0, N,=0, (9
i
Yo =—(1/Ap) (Anyn T2A55712)
(10)
YG\:_(AH/ASS))/EI s
KX AORADWEE v My, 15
2@1 :ﬂg (A(S))’%l 4+ 2B(s)y11 712 JFC(S))’%Z +D(5)7§l )ds D

F



Iﬂﬁﬂﬁ*ﬁ $36%5 E5H Vol.36 No.5
.ﬂl';rl- 100 2017 £ 10 A Oct. 2017
FiRJ

A(s) = Ay — ﬁif B(s) = Z[AM Azi\ze]c(s) = 4[AM —Z‘if} D(s) = (A, — 2%),
. (12)
Ay = D) QP (5 — =) (ij = 1.2,651) = 4.5) .
=
524 B RL T RE 2 04 1 AR BE R
A B 0 J}/HL
U= j:goldf = %jiﬂg {yru. 7z 7a}|B C 0 1y12 stdx . (13)
0 0 DJlyy
FI IR AR B8 5 2R (4) , 1951 B I 5% /1 7R L A2 fig A
U=%J;{a} K{s}dx . (14)

Hh(0)"=(U" ¢ 0. 0, U.—0, Ui—0.).K Nt KB35U)H A bk e 220 5w 89 66 X KK
FEHBE HEFETCER by (aj =1, ,6) 25 & MORL U RE S8 00H 0 M B R &y Gy =1, 4) WSTR[ 10-11],
BE 10 BT YIS I BB AW R by (i=1,+++,637=5,6) b, (i=1,-,4;5="5,6) WICHR[ 127, 7E 5| A B 1) & %k
xE@%E&L,ﬁmﬁrﬂ%w&rsﬁﬁﬁlﬁéﬁﬂlﬁgéﬂmnﬂﬁﬂz

klg - iK,'§ B di}fds,kls - 2 i;B 7d59
k25 == § dyds,k)g; == 4 § C id59

- L Y sk =— L L 4=y,
kSS 2K§FBz dsd«sak% ZKﬁ;sz dsdéy

) ; X | (15)
ks =— ?K i;FBy dfi‘/dé‘vkm = *Kﬂ; By fds,
ks =xj3 [—( (dy) +D(d—) Jas. —xﬂg (1C—D) &g
” r “\ds d e ds ds
L E Tl T,
as ﬂ‘ﬁ%f’(ds) +D( ) Jas.
1.3 S&aMRHEERNERLE
S5 MR RE R A I AR HLRE R s
h/2
Ap = %ﬂgjiwz(an Yn Foue?s T2t Y T 2tana¥a + 2tana7s) déds (16)
E*%%’Uﬁ%ﬁﬂ)ﬁ%ﬁo
R (16) By, 15
ZA‘P - ﬂg(Adu%l + Apn Vi 4Aws Vi + (Aue +Ap)viye +2(A0 +Au) 7072 + a7
Z(AdZG +Ad62>)/12 y,\\ + 4Ad1/1 }/21 + 4Ad55 )’é + 4<Ad'15 +Ad5,1 )}’51 )’5 )dS °
Hrr,
h/2 B Nz
Adfj = J,//zn']QljdE: 2277:ZQ§7 (hﬁ _hk 1 ) (Z’]v[ - 172’6)7
. (18)
/2 B Nz
Al/i, - J , IY]I/Q/,df - ZEWZQZ (hy — hy) (i,j,l = 4,5),
—h/2 =1
Hrp :[ﬁij]:[Rj[‘["]z][R] o LRIZR 7N Ao bR 4% 4 50 [ﬁ/]:diag("ﬂl s Wiz s Mot 2 Nis 5 Nis ) 227 Tl BHLJE A B
Rl i, B = Loy x) b AT #Ae 15
2A901 :i; (Ad(.s‘)}’%l + 2B, () v 712 —’—Cd(s)}’%z +D,/(s))’§1 )ds . (19)

+



Journal of Shandong University of Science and Technology
EEES 101
iR I T 4 I R el TR A AT LR

Ay =Am (AL /ALY Ap — (A /An) (A HAn) s
Ba(s)=Auns +Aust +2(A0L A /AL Auss — (A / Asp) (Aps +Aun) — (A1 /Asy) (Aps +Aus)
Ca () =4[ Auss + (A% /AL Agzs — (Ans /An) (Ais +Aus) ]
Dy () =4[ Au + (AL /AL Auss — (A /Ass) (Aus T A0 1
S5 PORRIERE R B FERLAE

(20)

A, B, O ynl

W, :J:gpl de = %Jlﬂg n 7w 74 |Be Co 0 [y bdsdr . 1)
0 0 Dy 7a J

FIFH AR B 0 2 (4) 4546 B8 R 7% 7 3R /s FECRE M

W, :%Ji‘m}TC{&}dxo (22)
Horbr . C S 524 b ek T RE QR R AR 11 6 <6 BELJE 0 B, LR MR o0 38 26 A AU LT 20 (1) v W B A 1 K, (200
A(s) B(s).C(s) . D(s) B K A, () By (s).Cy(s) D, () BPAT 15 5] HAR F Ik,
1.4 E6MRHEERZNTEE
52 A MR RE 2 B e T 2R (23) i
T= [ §] pvevidedsar . (23)

Horpp RORERV RORPAEDBILZ JGAEESAMEERE, SEESNMERE r=(tu)it(ytu)j+
(ztu)k ZIL R ER V=r;* « "FRIEHE ¢ R 6 S

2 EEMBEBERNBE BRI AERESHER KE

18 Hamilton JR# . &
f‘ (6U — 6T)dt — 0, (24)

0

F BEHE S R TR R Y 1 Hh R 3h O
F =1,
Q.=1,,
Q.=1I;,
M. =1,,
M. +Q,=1I;,
M, +Q.=1,,
He F, 2 7,Q, Q. ek m By fr . M, M, B M, JefM ., HARFRRK W Ck[12].L,G=1,-.6)
1 B BEAE 43159 3, B SR A 20 AT y SCik[12 )b iy 20, 56 3 Q=0 153 51,
W 2 AR R e N kAT IR QD) AT S BN R R Ias s RR AL O T R R I A R i
G .
BB HA T

(25)

N N
U, (ast) = DU (Da; () Uy (at) = D U (Da; ()
i=1 i=1
0,(xst) = D10, (2),0.(xst) = >.0,(D) ¢ (2, (26)
ji=1 i=1

N N
Ui(x.t) = DU DB () vplast) = D, (00, (x)
ji=1 ji=1



Iﬂﬁﬂﬁ*ﬁ $36%5 E5H Vol.36 No.5
.ﬂl';rl- 102 2017 £ 10 A Oct. 2017
FiRJ

Horpreo; (1) (g (o) 0, (o) 7 il 14 B 76 pR 0, 6 2 &5 2 W 6 A% 1 A 25 .
B Galerkin 3%, 7] 15

M{X}+K{X}=0, (27)
r—ku N, 0 0 0 0 — k1D,
0 —kss I, 0 kss T, — ks K, 0
_ 0 0 — ks 1, — kK, ko), 0
K= s (28)
0 ksO;  —kisP, —k.Q, +ksF, 0 0
0 —kys Py —ksO, 0 — k3 Q; Fhes Fy 0
L~k H, 0 0 0 0 — kL, |
B, 0 0 0 0 0 7
0 BnE, 0 0 0 0
_ 0 0 bE, 0 0 0
M= . (29)
0 0 0 bF, 0 0
0 0 0 0  bF, 0
L o 0 0 0 0 (bi+b)G, ]
E, = J:a,ade,F,-j = J}/J,([;jd‘r,f,-] = J:a,-a/j/-dx,],j = j:a,¢/z;d1,
K, :J aip dx, Oy = J.:g[;,aidx,P,», = J.:L/),a/:dx,Q,, = J.:¢,‘<//;dx,
. § i L (30)
B, ::JOﬂﬁjdf,PVUfzrjoﬁﬂde,dv ::JoﬁﬁZdJs(h ::Jgeﬁjdx,
H,; :J 0.8 dx.L,; = Jlﬁﬁ/;dx
{x)=[U, Uy, Uy, 6, 0, ¢ 1", (31)
()=[U, U, Uy 0, 0, ¢ 1" (32)
5 (27) T 1 52 5 b Rk BE SR I R ATy
(K—w’ M){X,}=0, (33)
Hop X, R G R RE BE 0 PR A )
F I8 A OB REZE Y BHE WA
(K+jC—w*M){X, ) =0. (34)
ot j= /=T, CRRE AR RIS FE JE T
r—ci Ny 0 0 0 0 —c12 Dy
0 —c55 15 0 css —ci K 0
— 0 0 —cos 1 —ci5 Ky CosJ 0
T 0 =0, —ewP, —cnQ teuF, 0 0 3
0 —cs Py, —c Oy 0 —c33Q; tcos 0
L—c1: Hj; 0 0 0 0 —cp Ly |

Ao SR A 5 R (34D 45 B S HRAEAE . IS 31 52 45 b1 kL BE B2 RS BHLE
3 BELSRSITIE

BRI AR SR AT ST VI AR TR (9 52 G B R E B G BHLUE B R SR A IE B M . R 1 MR 2 2SI EOR
V52 122 R0 I A i 8 A b R L BT B )= 20 00 A [0,/90, /45, /45, T FIL45/-45 15 f45 ¥9 BHJE U 45
55 SCHRL6 T AT BROT LA B2 25 1 5 L1748 2 1) 45 SR BEA T He A 189 VRS JE A8 IHT 52 45 A Rh B 232 1% JLAR) ROST 11



Journal of Shandong University of Science and Technology
EEES 103
iR I T 4 I R el TR A AT LR

FHEHERE WL SCHRL6 1. 3 1 Bas S & b1 B A 1R 8 ) 4 J2 07 s B8 R e (038 T 5 IR BT U1 E |
AN B BTN AR T LA K SCHR L6 ] rb SR gk 14 181 A3 050 3 1 A0 4568 2R B(i . 7 T Bl J= 5 =X [0./90, /45, /-45, I
ST B U 25 R SR L6 JTH 25 R B 22 (5 B/ TN 25 I Y U0 A8 B i AR 45 58 5 Sk 6
TR ERI . LA— B4R BRSO ], 25 i 0 U1 A2 JE 5 R0 ) [ A5 AR5 O 2. 488 8 Hz. AN 25 J& 5 1] A8 1 6L
TR [ AT W3RN 2,539 1 Hz, 5 3CHRL6 1 09 [ A 3R {8 2. 4 Hz ML, %5 08 59 U148 2 B 4 0 5 92 fi
0.088 8 Hz /NT A % [ o 1 48 J M 00 55 H 92 0. 139 1 Haz. [A] KE M. 25 58 59 U1 28 JE 9 455 A0 5 46 2R %
1. 457 6 20 5% BBy YIS U B AU SR FE R AR 1. 527 700 M bR L B S B SOk 6 P A R A 1. 4406, 1

®1 EAMHETERFIRBEEAXNRENE (L/d=26)
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Tab. 2 Modal frequencies of a box-section beam for various skin laminate configurations (L/a=14. 36, a/b=5)
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Tab.3 Mechanical properties of composite material
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