555 545 3 152007 4£9 A o L5 HE FE R Vol. 5 No.3
1672-6553/2007/05(3)/244-5 JOURNAL OF DYNAMICS AND CONTROL Spe. 2007

% [o) 7B 2514 29 2R PR JE 55 3 B B e AR 4l X AR R B RO #5007

Z0 B M4E BE
(FeRHE R 2 &, iDL 430074)

MZE N Rayleigh — Ritz J5 58N 1 Ry ARREZ ARBHLIE 7€ B PR 3l J0 A BB, 328 B 249 502 8 170 i sl 25 A1
T PN IR Sh B SR RS , T2 st 1) (0 8% AT A2 RS . a4 1 S [ 29 S BELJR S G 8, ol ) B =t ol 29 S BEL
O AR R IR SIS (m = 1,0 = 1) BFEH T A2, DFFERM]: Y HLJe 2 B i s i 4 4k (6 =
+7r/2) G ZTARBHIE AE PR BHLJE SO SOR B 2. B SR BEEAE 0 =0, 77 Ab  iZ B R FE N 1K, MCLD
AbFR 4 BELJE BBt d S, PR IR T4 7 24 40% . AT LA s A28 BELJR 2 4K 3 e T J3E T B B RE D T
{ELBE — % (340 , B 240 SRRk BT BELTE 1) R AR P80/

xR fR3h, BUERT, mEK, AR, %
2| = PREHBOE , SR AE e AR IR S, B E T S 2y R
=]

ST B T ) AR SR , R A SRk
BE9E T 4500 30 S PSR A 2 ok 2 B8 4k Bt
Jr . RUE X F: SRSl 7 i COIE W A
AR TATESR S A i P R 5. miTEdR 35
MR R, AT A AR O i (R T SR A
. Ruzzene " 1 S5 1 — i 7 Y 14 % 30 240 0K
BELJE (MCLD) Yl J7 125 , 12 77 ¥ i ok 7 2 240 )2
WV E K R [ RLIE RS LA S 2 R L b
7 T T R G B AR, BT 4 SRS L F) P RE
B , AR R IG. Baz ™ SZIGTFSL T 240 s BHLJE b 3
(AR AR Ebrahim BF9E 1 42 7 25 B 29 HOH ) —
IS IR R AR S EH T TR REZ
R G IR HLBE S R R R AR 1
— L 2 A DR SR A B B A o 4 2
AR B e PR AR S R eSS IR B
SR |2 D e BN g e s (92 M SR 55 by SR A
SRS E D R RS0 2. PR AR SC 3 A R 5 il
1] 78 25 1 240 TR EL T 4% o 88 R 7 A1 Bt X R 918 30 114 5%
M.

1 Siri&sl

P 1 o B B i IR BHLJE 2= Y B IR A
TR . A — 2R PR R AR B RE7E B [ 7 S A

2006-12-05 Y45 1 F5,2007-01-12 W F & i
* [F 58 A SR FF 5L 4 9% B0 H (10472035)

JZ& LK E] B LR AR A, 7 R Sh A g T, T
FEOR TORE SR B BY N AE I T R GUARRE , A B
RIRBN A H . B B — A5 B 2, #4845 1)
IR e AL BE , BHLE 2R B D L J2 1 IR A 7 1 Al
LR IE Ly =, —w,. FHJCJRTEE i A
Sl 5 FE R b=, x (6, - 6,). 6,.6,
% A BELJR 2 IR A 1o B S R R, v v, A
F AR SR AR A ) L AR S A A AR AR
L SR SAT

permanent

magnet permanent magnet constraining layer
constraining

layer . damping layer
damping
layer shell

T 7

! 4
I B2

B PR e R 2 RBE e J2 i B R R A
Fig. 1 Cantilever cylindrical shell with symmetrically

covered magnetic constrained layer damping strips

Xt RaB B A A RELIE 7E , Hiy T H ISR s
A3 B ANE 5, SRR Sigp RS 1 A AR 25 DX, AR SO ]
Rayleigh — Ritz J5 3034 Je 04 o (19 1 2 R FHLJE
B TR Sh AR BEHRZY A2 AR i PR SRS A



553 3]

2 WY 25« T 1) 5 8 240 R BELJE A0 R S AR Bk 30 B 5 245

THT PR SRS VAR , TV B 1) 457 % R THT PN 7
B, 45 2R Hoff {B% ™. BEHGH-P- 6 (0 8 i sl
Frl, P OCRBI N ALAS AR Ty (B AR S A
AR A T -0 L EOR LAY, i IR 2 A HZ
(RIS FJ— AR S R AN

i

o (8“ +v; 8 ) ’0-06 _11)2(896 +1}L8r\7)

x)c:l —’l}? i“yy 1 :
0,=6, (i=s,c) (1)
BELJE J2 (Y 99 10 285 B B ) S A A
1; :Ggiwa';z:Gg;z (2>

XHL G, R Z BT YRR, B e — R Hp
T Ty o JEHNN T, ESEFRPERE v ZIAN
.G oI, EAR s, c, v 205 o8 IR

(shell) Z4HJZ (CL) KK 5HJZ (VEM).

XFFESE 2,0 J5 e B ALRS 5 7 i JE AR
PSRRI JZ R AR u, *Hﬂ iy
au 0’ u,

i i

& —-Z—, & —
X ax axz ’ 00 r, 69 r, r? 802

6u; 1 oul

i -~ ) = =
Ew ox + r, 90 r, 9x96’° (i=s,¢)
Cou, , oup, 1 ou g du
v v z l‘ =— 4+ — - -2 — —
Er Bx + ox » €9 0x + T; 00 r; 0x00
(3)
=]

A w w, B wl (RS B, B, S R
£ 2 T AR

K2 ettt (a) 6751, (b) x Jilil

Fig.2 The deformation of sandwich section

(a) in the @ direction, (b) in the x direction

X iy Love f&jfLFi5 554y CL-VEM & VEM-

SEZ IR 2, 0
h h,
i (x,0) =5 B (x,0) =ul(x,0) +7 B(x,0),

h h
u;(x,0) +5° Bi(x,0) =ui(x,60) +5° B (x,0)

(i=x,60) (4)
HIZM I e
h/2 277
U, = 2 f-//zJ’j (3” +809) +
2F v, X
1 $U)2‘9sxx‘9sea + Gsé‘ﬁ;]dxdedz
- v,

hs/2

o 2 2
b= 2 j h/zf (G”S%Z + Gpgaz)dxd@dz

hs/2

Ue = 2 J’h/zftjeo l—

2E v,
e et + G.e% ] dedodz (5)

l_er

EBLJL???”FI(I-S)EM%FH w, w, Fl ) FRIIHEE

hs/2 9>

U, jmfj By +2C) +

8u9 1, 2 u
+ou

(8“ + 390) +

d
o+
g

_ 2 2

2

2Ewv, 1 0w, du, 1 du,

+ w +
r.ax80 r. ox -~

azuz )
(aez) )+ 3 S
2 2 s s
u, 0 u, 1, ,0u, , ou,

+ + (—
96 ) + 6, r a0 (ax

)+

ﬂ‘t\z \:|N
(SIS

“ N

2 ou, du,
0% 60 rA 00 ox

hs/2

U, = 5 fh/zrtj h—zu: +hl—2ui2 +m(h +

2uu%+hl—2(hc+hs+

hs +2hl) (ax ) h2 x

Ju
2h)ul — -
D T

FERT RS B BTN
2rv) o +(h“ +2r;>u9 2(

( hﬁ hs h( hx
" 2h,r T ohr “arr +4r,r *

c s v ¢ v's

6.( (-

1 ) u(' uS
2 [7had’]
4r;

Ly aa(h - L h
(5 w20, ><2,” s

s

v

h, h, 1. ,0u, 1 1 h,
4r,r, +4rvrS * r, )y 90 - 2( h, * 2rv> (Zh“rc *

h h h du

S c N
- + +—)u
2h,r, 4rgr, 4rr ) 0

v's 1

9 —) Jdxd@dz



246 g 1 % 5 % 6l % WM 2007 4E55 5 45
r, (2 o F oul , ., 0u ., M m =0 HY,
?j h/zj fe(,[l —112<(0_x) i (§> )+ w,(x) =1
2( . (%) 24 %%u u), =sinh(A,x) +sin(A,x) —e,[ cosh(A,x) -
- Te cos(A,x)] m=1,2,3--
2_4( 2) 2y + E. Fz( 1 du, ouy b — 1 du, u, + P AR 2 53 2 5E M AR AN ], YRR
" -olir 9x 00w Ex%ﬂeﬁrﬁlﬂﬁzﬁﬂi,ﬁiuiﬁﬁuuﬂﬂfﬁﬂﬁﬁ
29 ‘gz 2 G h ey (B WP BB m AL O TR L FI 0 A 2 e
o o ) T IS S AE R ABES.
47( Yy 2 0% Oy g a4 (6) 6 BB O 0 o A8 1 (3 72 14 510 i B i

0x00 r., 96 ox
N2 RS2SR e s W,

2 G/L 1 i
= ZI, 2Kmag(x190)(Ax) d0 (7)
Jj=1 60

v L
Ax(x| ,0)

v
~h8 |x x1,0=60"

e (2,8) = (
HZBRE

T = %pshsrs [ 7 [ i dxdg

)

x=x0,0=0

T, = %pl,hvrvf:)f/ u’dxde

A f”f'udxdo (8)

— MRS I A A BB PR N -

$=[ W-1-w,) d (9)

M FH Rayleigh-Ritz Jy 3 ## 57 T 5¢ 1 35 LR 2
AR TR, BRI 2R 2 e i A AR
ZEVT RBOY WU ] 5 7 A TET AL 5.

0 (%,0,0) = 3 T A,,0,(x)cos(nf)
W,(x,0.) = T 3 B, u,c08(nf)

u,(x,0,t) = i iC" w, (x)sin(nf)e™

u. (x,0,t) = ZR cos(mar(x —x,)/ L) cos(nf)e™
uy(x,0,t) = "Z,OIEOC;”wm (x)cos wgﬂ
(10)

Hr
w, (x) =cosh(A,x) —cos(A,x) —e, [sin(A,x) —
sin(A,x)] m=1,23--- A, =(m-0.5)7/L;
sinh(A, L) —sin(A, L)
cosh()\ L) +cos(A, L)

Bob, XK R A, By, Co KT BB R
B/, /R T B, Co 77 18, #E— 1 &
By, Cov, IS 2] f A ) 585 A, 7R 1952 Y RRAIE
i

(-[Mlo® +[K]){A,,A,, A, 1" =0 (11)
HYRFAE 5 FEAE I AT A5 205 ok B RRAE(E A, , JF
A SRAGHS rh B ARSI £, BB e [ A 25 40
FE T~ 1,
2 IHig

YEHUA TS0 K : L =500mm , r, = 100mm , h, =
0.5mm, h, =4mm, h, =0.25mm,E, = E, =71GPa,

p, =150Kg / m*, p.=p, =2700Kg / m’; G, = (1 +

0.4i) x 10°MPa. Wi 220 BB 2 K0 L, =0. 3L,
BRI b =r, x 7/ 6. 53 BB BEAENLE 125, =
0.4mm,0' =0 & x; =0. 4mm, 0" =7, (¢ = (6, +
0,) /2, FAREIRE j A JZ ;) AR T Hh oo il
SRR, DA TR AE 52 (AR o, T G il i, 326 FH 7 0 1
NdFeB , | 4 0 BV 38 3 1. 119T, 3%  Jy [#) 11 [] i
0. 40mm , #1475 90K 5 2 U pH e 2 w5 I
FATA] , A2 0] (5 BE Ry Tmm. i [a) ROSF A 7o, |y 2554
MR LT K, = 1. 016 x 10°N/m™ . SCHk[ 7 ]
I8 T 47 5 G 249 R B2 A B X R (B 5 1 Bl o
PRIRSIAR SR, BVAR S A m =1,n =0
RS, b, ARRI PR AR Bl 45 2 77 A A S
JFTE SRR 249 AR BEL e Ak B A b o) R e s ) A
B(m=1,n=1)HHEHT n K.

DA 43T 280, JG s i, 5 A ).
1) T RH e 25788 A B A SR B 1 ) 52

JelrfsEE R B R IR AN, B )
ﬁ%ﬁéﬁﬁ R — 2B 0 0 B fb 2

— 2R S X AR 1 G R 13 BIBIAE N T



553 3]

2 WY 25« T 1) 5 8 240 R BELJE A0 R S AR Bk 30 B 5 247

50 BIRFR A 3. A AT AL, Y BH R )2 I B A
BT (0 = £ w/2), PCLD By 451HE H 734 i,
MCLD 4b 3 () BHJE e 35Ot ek ] (. BHJR 2 i &
TE 6 =0,7 4, PCLD I MCLD 7E1% 85 25 i) $t #E X
K MCLD Ab 34 17 BHL e ek 20t e 2 35,
FER T2 1R 2 40% . FLJR RIAE T 6 ) 2 e )
55 5 29 BH e 45 K4 7 A AH BLAE . 0 T T S Ad Y
T RS Y ez T 0] BY N AR /N Bl A ) % 2Rz
xz A5 ) W27 52 A /0N, S T 4 S IR OR 5 i BHL
JRZIm B AR TR IE A . R S5 R 3R
B, IARBHJE R X PR E 6 7E 0 =0 J2 0 =7 b, A5 F]
Tl m=1,n =1 BIEHIRE.

x107*
—-e-- PCLD
—e— MCLD

004
o 1

0 1m/6 2n/6 3n/6 4n/6 5m/6 671/6
0 /rad

K3 050 MR
Fig.3  Variation of n with 0

2) WERE e JZ= B R S

REFRLEZ I E R I (b =1, x 7/6) A7
PIACFLE JZ X PR A 0 =0 ]2 0 = o Ab, SR 5 s
BLBJZMIEE B 26 LR JZ R K B i L, = 0. 3L 3
Ly = L 3 2IBFEH 15 L, AR 4.

x107*

-e-PCLD| S
—e— MCLD % Sl
/
/
y
/
y,

/

/

. o

0.2 0.3 0.4 05 06 07 08 0.9 1
LyL

B4 KBEL 5nHKRA
Fig.4  Variation of n with L,

MNP 4 AT i o il 2 AL B S Y B FE
WA T —E e (B2, e R R,

TURE IR T AR i d . X 2 TR e = 1Y
EHJERALE « K 6 PIASTr ) B AR B E (. B
A BLE R BZ RIS, 0 J7 1 B AL 5 S (Y BELJE 7 A6
FELE 4 FL RSN, DRI, % 11 5 1B Y ez 7 18] BHLJE
TE S BELTE Hh i) EEE I i, SRR IR 1 AR X ek
AR AR IR/, 3 5 MCLD S %2 (18— B 25 BHLJE i
PR LR EURGERB R, SR 2 K
JERTFH—RUEIG , BN TR e JZ K3
PN UNS Sy ESELo N
3) W RE e J2= A s A XS URE IR A S
PREFRLJEZ I BE (Lo =0. 3L) AL A58 M
FBHJCEXFRBEETE 0 =0 J2 0 = Ak, ERB )2
B A1 A0, i EIRFE 115 A0 ISR ANIEL S, i
S AT, 2 WA R AL B AR T AR R T
—RE MR B, BEE A0 3TN, 1R N 119 A
X ARAGIIN, X B Oy, AG B, BHLJE J2 S
2 ( = ar/2)  BASHE TR 2R Z B RS e 8

%107
--&-- PCLD
—&— MCLD

1

0.9

0.8
0.7
0.6
:0. 5
0.4
0.3
0.2
0.1

0

0 1mn/6 21/6 3n/6 4n/6 51/6 6m1/6
AQ/rad

K5 B A0S n LR
Fig.5 Variation of 5 with Ag

3 #ie

A SO AE XS AR (m = 1,0 =1)
R FHE 2R BH e A 31 A BEL e SO RCR EA T T FSE.
RN 258
D)X FRHE AR RS (m =1,n =1) | H;2Y
WS 2 BB AL B B Lk + /2 o, BiLJE 2ok
BORALT-
2) A i i A BELE 2= 1A R B i JRE SR 3 T4 R
PR LB 5 A S I, B 249 R4 B 45 AR TR 1 AR
SRIETIN, AELRH RS 384 oo il 2 Dk )

5 24 R A B Xt X R 1 e i AR
APAL TETE 207 B E s MCLD R A R g 7 i
FHJE , B MR 3h.



248 B oo 5o H ¥ W

2007 4F55 5 &

2 % X M

Ruzzene M, Oh J, Baz A. Finite element modelling of mag-
netic constrained layer damping. Journal of Sound and Vi-
bration ,2000,236(4) :657 ~ 682

Baz A, Poh S. Performance characteristics of the magnetic
constrained layer damping. Shock and Vibration, 2000, 7
(2):81~90

Ebrahim, A. K. Baz, A. Vibration control of plates using
magnetic constrained layer damping. Proceedings of SPIE -
The International Society for Optical Engineering, 1998,
3327:138 ~ 158

Ebrahim, A. K. Vibration control of plates using magnetic
constrained layer damping. Ph. D. The Catholic University
of America, 1998

Zheng Huiming, He Zeng. Influence of permanent magnets
on vibration characteristics of a partially covered sandwich

cantilever beam. Journal of Sound and Vibration,2004, 74

U] R TR AT JR R R 2 R R e B AR A 4% 3l 2
BT, PR R0 (L ARREAR) ,2005,33 (10) 125
~28(Li Ming, Zheng Huiming, He Zeng et al. Vibration
analysis of a cantilever plate with partially magnetic con-
strained damping treatment. Journal of Huazhong University
of Science and Technology ( Nature Science Edition) ,2005,
33(10) :25 ~28 (in Chinese))
W], 200, ey 2, 2% 1 2 SRR 5 1A B xR A
3. S 12 5 R %K. 2005,3(2) 192 ~ 95 ( Zheng
Huiming, Li Ming, He Zeng ,Li Yu. Axisymmetrical vibra-
tion analysis of a cantilever shell with magnetic constrained
damping layer treatment. Journal of Dynamics and Control ,
2005 ,3(2) :92 ~95(in Chinese) )

T E R EBEL 5 2B R ) AR e 4. ok
JEAR eI il AR E AR . bt BhaE A, 1977
(Plate/shell Group of Solid Mechanics Research Depart-
ment of Beijing Mechanics Institute ( Chinese Academy of
Science) . Sandwich plate/shell bending, stability and vi-
bration, Beijing : Science Publisher,1977 (in Chinese) )

(3-5): 801 ~819

EFFECT OF AXIAL-COVERED MAGNETIC CONSTRAINED
DAMPING STRIPS ON UNAXIAL-SYMMETRICAL VIBRATION
OF A CANTILEVER CYLINDRICAL SHELL"

Li Ming Zheng Huiming He Zeng Cheng Miao
( Department of Mechanics, Huazhong University of Science and Technology, Wu han 430074, China)

Abstract The Rayleigh-Ritz method was applied for the damping analysis of flexural vibration of the cantilever
cylindrical shell with partial magnetic constrained layer damping treatment ( MCLD). The analysis was carried
out in terms of resonant frequencies and the associated modal system loss factors. Single-term solutions for respec-
tive modes were assumed for the x-axial and circumference directions in-plane displacements of the constraining
layer and the radial displacement of the shell . We obtained the improvement of damping characteristics for the
unaxial-symmetrical vibration mode (m =1,n =1) using MCLD patches with different configurations. The ob-
tained results indicated that the MCLD with patch far from the line § = + 77/2 could enhance significantly the loss
factors n. Provided that the damping layer is located at 6§ =0,77,both PCLD and MCLD can gain maximal modal
loss factor, and MCLD can increase the loss factor about 40 per cents verus PCLD. Increasing damping layer

length or circumference angle can cause 7 rise, but decrease the damping improvement effect of MCLD.

Key words vibration, loss factor, magnets, constraining layer, shell
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