5518 BH 4 1 2020 4 8
1672-6553/2020/18(4)/019-07

oo ¥ s B FR

JOURNAL OF DYNAMICS AND CONTROL

Vol.18 No.4
Aug. 2020

HE A REE SRR

Y - 1
x| 3

BRIIFL IR

K A%

(1. PHHRITTE A W RE 5 28 I RF 2R 24 5% M 36 637002) (2. b5 Tl K2 HLH2=pE, LAt 100124)

BE DU G h al AR LI R R 4R AR i B N WETEN R 0 ] 4 B A A RLE G R A AR Lt
PRBEAT BRSO . S AT AR A2 5 AR S AR SN BT TR B AR St 3l g A A 5 AR et 2 2R 4
LMk )12 T REWF T AR AR A IR SR . 70 T e A B A2 B A RHZE B AR S 5 Wi A8 R rh A AR
LRSS A B SS R 1R R A S A 7 I X 3 B S WA BSR, WI(EDN ik sl B 2 M /)

KW s EER,  mESTUIELE,
DOI: 10.6052/1672-6553-2020-038

51

T

AR RHLIL AT AR — R AT LR AN [ Y
TRATAL 55 i A HLEE ST LLTE A [F] AR AT BB
B RATAS AR R HLIL R AR A R A 3
BT AR5 A A 2 RS B 2K il ) a4
PLE RAT R R AT AR LI AT h B —Fh, Bl
178 R 5% LR S BRALIE AR Al 1) ] {14 L3 £
S SN AT e 45 S PR A 2EL R, e, R AR A R
e 8] 38 BT i o — A A F ML A o 1 s
gy, SR EMRAE 0 H Y Y PLE A, R aL L
R, CATRH g Wk 2 3K, T AR o RLAG IR 1
REFIE Rl VERE , AL A7 JERT , JR 5 LUFRAR, e &
FrRE TN, AT LR i RALRI LS PERE . H AT, 72 R
P F SR A RAT ELIATS 2R R [ 5 3 AT
2 B BHA R R B i, WA 58 AT A8 3 5wy
RATEOR, B AR AT AR R R R R A i AR
A B AT AR AR BE 3 B BE A
THRHEE . An 2Rl f g HLEAE RAT ARk R v A
Pl i o8 4 R IT I OR B AR RS, BRJE 1l 7 32
A 2, S AT AR A IR BE 3 Bk BE K
FLTHRH L.

(AT AR AR 1B SR AT A ML sl ) [
I, AT At B AE A R SR B i, 45K
LB AESN I T 0 5 A A R ksl , B2
B AR D S A A LR R )

2019-09-25 T F45 1 K5 ,2019-11-05 Y B & Mk .

5 2E IR,

ARtz 15

WA ) AT 45 R G T R, IR A
(RN ERT (2 N DS & Sl i e X S e o)
AR ERT R G B 520, mT LA A 40 i B
MR A I Rt — 2D P A e R — 2 2
AYUAE X A TR h B 3R S A . o5
Hb, FEo AT AT AR HLEL 2R GE ) 3l ) SRR T T
J& ) AT AR 2R 8 B R RN S SR A AT, DA S
— B NZA MR 5 R Rk R R I &
TEH.

H 1 X 10142 3 R G WEIE A2 ) T AH G
T2 SR, 32 K T A i 1] 3 Bl B TR A
B e FE PR E AT BRH SCHFFEanT

1974 4F | Tabarrok 2% N\ X% iz ol 2 B 22 1Y 3
J1%5:47 I EAT T WFSE 1981 4F , Taleb 25 ANV A 5E
TAEASTT AR A b S T PR S Al KA
BBl 7 R 1987 4F , Wang 58 NMRFSE TR
PEBLAE TR 75 S M A DSl 72 w4 3 7 2 i
)R 25 SRR WY, AR B A Rn Il it B v, R GE 2%
S5 9 B R SE R B W I . 1995 4 Yuji
Matsuzaki 55 A" DAIHIE 5387 1S 6 1Y) ) ) B
10 A RN ]t AR iR 2 E 4T T SR .2000
AR, Zhu 55N DLER SRR o R RS O TR AR
I ey 2 e B, ST T — il A A b B A Al
MR Bl T2 07 L T NRE B I AR 0B T
T B By g 2 R e LA S LR T rh S e N R E 1Y)
K % .2007 4F , Gosselin ¢ N 58 T 76 A 1] JE 4

= [E K [ ORBF AR 4 5 0 H (10732020) ARG 2 i BHE R0 H (18YFZJ0033)

+ I IFA/EE E-mail liuyan2004@cwnu.edu.cn



20 g 1 %k

2020 45 18 &

R % it AR v, A5 A BR O 2 M B SR i ) DR
JE AR AE ST T PN HEA T AME RIS 4 i Bl I A AR T
[A) 5 2008 4, Piovan %5 AN "'WF5E T B D) RE A 44
BH ]k Y BRI 8 T v EE 52 ] a2 3 i e [E)
M. 2010 4, Chang 58 A" HfF 55 T #ili 0] 42 2
Rayleigh A8 5% (14 Wi [ FIRS o M ) R

DAL 23 S5l mT AR AR f) il 45 A8 T 3 R
WFFEXRT G 0 Al s B 52 G AT RHZ A B i 22 9k
LANEIR B AT IIC Y . S ] (4 B8 55 )
J2 G A — W TG ZE AN i ) RS A AR TR Y
Rz Ty E YIRS S b T (A R S A Rk
JZ G RAESMB 5 R AR T 3 B T i AR A Bl g o
R A A PR TS, Sl R AR R G B A
il 1 e 2] — 2 SR AR SO S SCERL 18 1Y
HE— B FIRFSE .
1 HEAHMEEEMPEERINEFRE

05z

Kl 1R R — BRI 2 G A RHE G 3 %R
e 5, A R R 1, BRE R
by g (x(2), 0) S 38 v T W o Bl IE 5 R 0 R

wo (x (1), £) F 726 TR i (32 8%, BV 2 ¢l 1 7 i 2

RIS

(1) =1, + jdld(;) (1)
A¢dm)d“”£M%@@W e oy 940

I3
£65] I TR SN [ NS S i- S 5
dwo(x(t),t) 0w, dw, dx(t)
dt T T

, B AE SN R 45

W2 B e ) F = c

4QI7 1 dwo
M, Vm

Ji, BARIE R q, = p V2 pon KA FAR

shpbE I Ap =

HfER . H g, 0 8h

[\)

B MR A

IR RN B PR B E O, A Reddy w5 B 85 )
AIE R BIRY TL T R

w, (%, 2, 1) = uy(x,1) + 20, (2, 1)

Jw, (x, t))

-Zc, (gox + (2a)
0x

BT A s 5 bR R Al

Fig.1 ~The axially moving laminated cantilever beam

w(x, t) = 1w, (x, t) (2b)
Hr,x=x(1),e, = ‘;lz,w(x 1) = w,(x, 1) Ay 2 i
S

X IO P4 1 A A7 A 5 R K

.. =Z°+;(a£°) (3a)

Y. = %+ a;jco (3b)

ENIPEY)

o,=0,¢&, (4a)

0.=047.. (4b)

M4 Hamilton JELFH

[(61 - 80 +5W)di = 0 (5)
Horr

oU = J'V%(O'm&?” + 01,158”)dV
L 1
=] J 2l
2

L
oW = bf Apbw ,dx

O-xxag.m‘ + 0-\»;58;x)dxdz (6)

dx (7)
1 dR dR deR

f piid _bJ'j pdt dz

(8)

Lol [ dx(t) du, de, do,\ _ du,
ol = 1 + 1 +l,—-cl,—|6
L {( O dt Car A )

dx (¢ du de, de,\  de,
+(I0 ()+]70+ — —C Adt)adt

}dzdx (9)

,
zzf pPzdz(i=0,1,2,...,6)

J=1 —cl K, =1, - 2,1, + I, (10)




o5 4 1

XUSHESE Al o) W] P 5 5 b SR SR A AR e MR S TS 21

Xof LR 32 A
ow
x=0: w,= ax0=(.px=0 (11a)
x=L N=M,=0Q =0 (11b)
RO NRIVE: =N OEIDA K iR )
u, dw, 0w, d’x
A1172+ no ., —loT
dx ox  Ox dt
d’u, d*d 9w,
+1, +J Y | (12a)
dr’ bde " axor
0, dw, du, 9w,
n . 5 TA B
dax® 0x ox  dx
2
3 dw, azwo 83(!)1
2A”(8x) P (01F11 - C%H”)W
*w
—ciH,—" + (AP + F)
ox
o, w
+(A55 = 6¢,Dss + 9C%F55)(ax + axzo)
d*w, *w, u, ),
=g T e T e T
(12b)
o,
(Dll = 2¢,Fy, + C?Hn) Py + (C?Hn -
O w Jw
CIFII)K;) - (A55 = 2¢,Ds5 + Cngs)((b + O)
d’¢ Fw,
=K,——-¢,J (12¢)
P ar Y axar

’

A.B,. D\ By Fo Hy)

o [k 2 3 4 _6
=2 . Q“(l,z,z,z’,z,z)dz
k=17t

(/155,D55,F55 ZIM_A (1,2, 2%)dz

H TR IO B AR L AR S 82 i /N BF 5

don] L2, 206 X (12a) , (12¢) B9ABLHESR, 1RA
(12b) Al 15

d*w, 9 [ d*w,
-l,—+c¢,1l,—
Y e e
o F,, - D, o [ d*w,
_CIJ4 o4 2
(Ass = 6¢,Dss + 9C%F55) da” | dt
Ay [ Ow, ’ azwo 841/”0
+7 — —_
2\ ox dn* ooyt
cF,—-D 9w
+CI(F11 _clHll) 1 1 0

(Ass = 6¢,Ds + 961F ;) 02

d*l ow,
+1,— +
“d? ox (

‘=0 (13)

;
=

Ay B Dy Ey Fi )

gy Ty Ty Ty

—Zf ( ) 1,z,2%, 2%, 2* z)dz
Ap W BN T, F RSB ) F = —c

dw,

dt

2 EE—MRINNIELKEFTE
ST TE R4S S
2];(";;+V1"’;)% Ast(13), 33 AL

S e

Ap =

1 c 1, c.J
L— =1, ,T;L’c‘h preatl I, — ‘h;‘,
hT A11 Dll
c—>c|l—1|,A D "
(Qll) : Q]l : th3
F — Fll H _ Hll A s ASS
LT QU k]
D F
Dss - %sF55 - 5;3
QIS QIS
To NG s 1 R A
d*w, o [d*w, ot [d*w,
-A -2 +B -2 -2 -C —4 2 |~
dt dx \ dt ox \ dt

DdE_°+E a@+(§—1)8250 —Gaé%ﬂ
d¢ 0x

+Fj

R T AE T X 7 /\ﬁ/iﬁéﬁ%%’%@ﬁﬂﬁ Wilies
AT R R A T FR RO A
o= Y b, (x)w. (i) (15)
¢, (x) = [ch(1,7) = cos(1,x)]
(ch)\ + cosA,

- ;[sh( x) - sin(A, x)]

(sh/\ + sinA
Horpoox, AT LU DU RS
1+ chA, cosA, =0 (16)
Xt IG5 20 e A 455 1 O FR A B Galerkin B L,

+H =0 (14)

2 —6

Gwo) _82w0 3w,



22 3 1 2%

2020 45 18 &

EHUR R FE ] U R

d*w, dw, dw,

e ]T? -T5w, - Tf;*? - Tw, -
Tiw = Tiwlw, — Thwiw, — Tiywl =0 (17a)
d*w, _ T% T = T S e

di? *ode = 2 ode e
Tywi-Trwlw, — Typwiw, — Tiwy =0 (17b)

TP RE T T, (0= 1,2, 8)#P2 5[

AR

3 MEBBEEAMBESRNIEL MRS
HiES

B s K B 1, =2m, & b=02m, J& h=
0.001m, ¥ A7 # £ V,, = 865m/s, B JE R # c =
300N.s/m [ & A M RHZ G REIEATIFST , X R TG & 4

G A B
dw, dw,
w, = 0.1, - 0.01,w, = 0.5, P = 0.5.
I AL MR P AR B | B LD SR PR AR A A R 4
ﬂD_F
= Q) = 3.712GPa, 0> = 0.841GPa,
(1‘3 = Q% = 0%) = 0.414GPa,

p" =p? =p® = 1800kg/m’
Hrr,pW p® FlpORERE G R E b T =B MR
AR, QW QW QAR | o R =R AR

AR Q1 QR A QAR L o R =2
BB 55 U] i 4
3.1 FhmEsMat iR

Kl 2- & 4 3R on 1Y 02 45 7€ A R B0 3 o,

O.OOIm/s,K[ﬂﬁﬂlﬁgﬁ,%%ﬁa%%@j.%-/H\EP
SLERFRINV,, = 519m/s, B FIRV,, = 1038m/s. X}
AN BEERA) %Uﬁa = 0.001m/s’, a, = 0.002m/s’,
a; = 0.004m/s>. =4 | Tt o R 30 B Bk R 35 A
BER BB, I L B O, AR 2 () B e o
A R iR B0 B S e K, A RO, X
SRR 00 52 M R A 5 Bl FsF [) A 15 4 iy o 1 R S
AR
32 REUE BT E

K 5- & 7 s o0& 245 M A 0 B R 0, =
—0.001m/s, A [F) fin s B I, SR A g IR sl 81 4 . H:
RSk ROR V, = 519m/s?, BER KR V,, = 1038m/s.
XFOR R #OEE 43 5 A a, = -0.001m/s%, a, =
~0.002m/s?, a; = —0.0025m/s>. 76 92 [mg i #2  , 4
AR R0 B, AN (R 98 nk BE, S g s AR IR Bl 7 O
TEREAR b, Ty 5 A HR M S22 A R A, DR 1 B

Tip displacement w
Tip displacement w

5 1 15 2
Dimensionless time t

2L a=0.002m/s> S M
R GEA
Fig.3 Tip displacement of a

Dimensionies time
E2 BLLa=0.001m/s5MiRS &3
EEREEA
Fig.2 Tip displacement of a
deploying system with deploying system with

acceleration ¢=0.001m/s> acceleration ¢=0.002m/s>

Tip displacement w

05 1
Dimensionless time t
K4 3L a=0.004m/s>SMITE 41 3 15 4
Fig. 4 Tip displacement of a deploying system with

acceleration a=0.004m/s’

DR T T 8 i/ ek R, % i A 4 IR R AR Dl A
R . S [ g Sy e X 4R 2 ) R I A5 [ Ak B
R, o SRR S P 52 M K 5 B [ A ) A8 4
3 A, (4 I R RS AC A )

Tip displacement w

TP
Tip displacement w

002 004 006 008 01 012
Dimensionless time t

Fl5 3L a=-0.00 1m/s* Rl
IERBIGES
Fig.5 Tip displacement of a

%2 mensoniesstmet T %
6 HLLa=-0.002m/s [
KRS
Fig.6 Tip displacement of a
retraction system with retraction system with

acceleration ¢=-0.001m/s? acceleration a=-0.002m/s?

Tip displacement w
LN N N — S S S W

HIH
i

&

002 004 006 008 01 012
Dimensionless time t

K7 B a=-0.0025m/s> I AR 3 42
Fig. 7 Tip displacement of a retraction system with acceleration

a=-0.0025m/s*



5 4 39

3HESE < Al i) T (g 5 5 B R SR A AR MR B TS

3.3 HITERAEME ESEH N 0, REREIER

K8 o AT v AE ot b Bh 1 0wk, R
V., = OmF, ZEAMi RN 18 52 N n] LUE
T 15 NE AR SEHE R SR )N 5 Bt M E E R3S
AL M R P 2 A TARSRES .

K9 o AT a et b sh 1 0wk, R
V., = O, B2 iR 18] I ol DL A
[Ty, s i, ) IR R S RIS K, IR B ok, B
o S S i 5 254 [ AT T R R R T Y B K W R
SHIMEIR SIS S .

@ ) ©

Z z

g2 22

% o ; JM)]H\ Al)u -

i 2 1|1|W T

:

F F

o 1 2 3 4 0 1 2 3 4
) © @

z 3

£ 2 2
0 0

a2 27

F F

“ 05 1 15 2 “ 05 1 15
) @ U

H H
2 2
OJUMWWW OJ\WJ\MWWWW
2 2

g g

“ 02 04 06 08 1 12 ‘0T 0z 03 04 05 o6 07

Dimensionless time t Dimensionless time t
(a) V(0) = 0.01m/s; (b) V(0) = 0.025m/s; (c) V(0) = 0.04m/s;

(d) V(0) = 0.06m/s; (e) V(0) = 0.08m/s; (f) V(0) = 0.125m/s
E8  ZarHllh(a), (b), (¢), (d), (e), (O)AYIMPHEE

SMI RS RIIR SN 5
Fig. 8 The nonlinear vibration of the system during extension at the

extension rate (a), (b), (¢), (d), (e), (f)

(@ . (b)

23
34 XMTHRESZHUAREFE CITH, CITE

FEXt RHR BN

1 3% 3l B G, 3R A o Y,
= 1730m/s. B €A7a% K
T A R[] 47 B A B =2 48 5 A/ M e

= 865m/s,V

(m (ur

3, S

E;m"-j
B 10-12 F/n “ATREASTR] 3 3 RATHT, 2 4MMi

= 519m/s,
17

iR E] 0.04m/s B, gy, 0 A T B it ok 2 B K, KT
0.04m/s 5, i 151 415 T it 25 39K 88 A 86 KT 0/ )

@

(b)

Tip displacement w

=

o

Tip displacement w
o

%

05 1 15 2 25 3 35
(d)

H 3
e
5 &
g 81
F F
K &) 05 1 15
U]
3 3
£2 g
§ g1
g1 g
2 0
29 2
F F .
W02 04 06 o8 1 12 0 0l 0z 03 04 05 06 07
Dimensionless time t Dimensionless time t
(a) V(0) = 0.01m/s; (b) V(0) = 0.025m/s; (¢) V(0) = 0.04m/s;
(d) V(0) = 0.06m/s; (e) V(0) = 0.08m/s; (f) V(0) = 0.125m/s

K10 kfrasbi

V., = 519m/s KITHT,

2200 (a), (b)),

(c), (d), (e), ()RYFMPEIESMIR R GERIIR)15 5

Fig. 10 The nonlinear vibration of the system during extension at the

retraction rate (a), (b), (¢), (d), (e), (f)

(@)

()

Tip displacement w
o v

Tip displacement w
o

3 H
2 £ 2
1
8
0 g0
)
272 27
F =
0 05 1 15 2 0 02 04 06 08
© . ©
3 H
2 €2
g
0] 8 0
2
2 27
F F
o 01 02 03 04 05 06 h 01 02 03 04

%2“HHHHHIlIIIlllnmuuum,““ %2m“““““““““““
‘g2’”””’””””””m”””””"”" gzr”'”””””””"”

0.05 .1 0.15 02 025 03

0. 0.05 01 0.15
Dimensionless time t Dimensionless time t

(a) V(0) =-0.01m/s; (b) V(0) = -0.025m/s; (¢) V(0) = —0.04m/s;
(d) V(0) = -0.06m/s;(e) V(0) = =0.08m/s; (f) V(0) = -0.125m/s.
9 B35 (a), (b), (¢), (d), (e), (A PN
[ i 2R e R PR 3 52
Fig. 9  The nonlinear vibration of the system during extension at the

retraction rate (a), (b), (¢), (d), (e), (f)

0 1 2 3 4 05 1 15 2 25 3 35
(© @
15

3 3 l
P !
§ £ osf
g1 g !
B R
20 205
F F

o5 1 15 2 % 05 1 15

[C] U]

2 1
H H
51 S 0
£ £
g g
g0 LRl
5 5
27 27
F F

0 02 04 06 08 1 12
Dimensionless time t

0 01 02 03 04 05 06 07
Dimensionless time t

(a) V(0) = 0.01m/s;(b) V(0) = 0.025m/s;(c) V(0) = 0.04m/s;
(d) V(0) = 0.06m/s;(e) V(0) = 0.08m/s; (f) V(0) = 0.125m/s
B RATERARE Y, = 865m/s KATHT, 50510 (a), (b),

(¢), (d), (e), (f)EI’WM‘%;E&M‘?N%%H"J%ZJJ@%
Fig. 11

The nonlinear vibration of the system during extension at the

retraction rate (a), (b), (¢), (d), (e), (f)



24 B ohow 5 OB OH o 2020 455 18 4
(@) (b) (a) (b)
z 2 z H
£ ] 57 5 05
m 3.
g g, 3 < T
£ g , <2 < 05
= E 4 0.1 02 03 0.4 05 k) 0.1 0.2 03 04 05
“ 1 2 3 4 005 1 15 2 25 3 35
© @
© . <)
2z z
z ) z ) E g moo l
% ! H grmoo 1
s 0 20 £ g
S F - p
“ 05 1 15 2 R 05 1 15 %% Dimensioness timet : 0 05 imensioniesstime t - 2
© ®
s : (a) V(t)=-0.001-0.001cos(10t); (b) V(t)=-0.001-0.001cos(15t);
2 H
§ § ! (c) V(t)==-0.001-0.001cos(20¢);(d) V() =-0.001 - 0.001cos(30t)
30 ] P14 BELE NG AR v 3 )0 Sl 0 S (1 SR G AL 3 i 50 1) 5
= =
%9z 0 oe s 1 1z o o1 0z 03 03 05 06 of Fig.14 Transient response of tip of the system during retraction with

Dimensionless time t Dimensionless time t

(a) V(0) = 0.01m/s; (b) V(0) = 0.025m/s; (¢) V(0) = 0.04m/s;
(d) ¥(0) = 0.06m/s; () V(0) = 0.08m/s; (£) V(0) = 0.125m/s.
B2 RAFELAFH YV, = 1730m/s KIFHF, 51 (a), (b)),
(c), (d), (e), (O)AYHMTEESMIIT R e PR B 4

Fig. 12 The nonlinear vibration of the system during extension at the

retraction rate (a), (b), (c¢), (d), (e), (f)

iR FE B 5 2R O BUE 3T R 3 B B M

Bl 13 Reom BAE Mt B rp R V(1) =
0.001 + 0.001cos (wt ), X I P& B 4 %8 o B ERARL Xof 22
P Sh (R 52 L ] 14 e A Tfiead A v 3ok R B
V(1) = =0.001 — 0.001cos(wt), ¥ i H& 3 #l % w 1Y
BB XTSRRI r 2 . A 13 FIE 14 Ha] RIS
TR P S A U ) AR [R) , 20 324 8h = A g il
A SEI 5 GRAMII Bl AE PSR S K I Y
I W B 22 14 A [T B it s e 0k 5 D 19 38 S A
PR, S U800 5 G TR AT i a5 i 22 17 DA s Ul 381 &
(R A AR SR BB RS 4R 3 B 0% R 4 Sh AR
XoF P i) e T e A B — s VR

@ ) ®)

3.5

2 H
£2 2
£
g
g0 0
3
27 2
= F
“o 2 4 6 8 i o 05 1 15
© . (d)
= N =
g2 20|
£
g
£ 0 0
3
52 S
F =
- 02 0.4 06 08 10 2 4 % 8 1c
Dimensionless time t Dimensionl less time t

(a) V(t) = 0.001 + 0.001cos(20z); (b) V(£) = 0.001 + 0.001cos(60¢);
(¢) V(1) = 0.001 + 0.001cos(120¢); (d) V(¢)=0.001+0.001cos(160¢)
P13 BEAESMd A oy, TR Sl AR Y IR o B iR Bl R 5 )
Fig.13  Transient response of tip of the system during extension with

rate: (a), (b), (¢), (d)
4 NG
A LA AR AL G AR 2o i Sh s O R, s
H Galerkin 77 143 B0 452 1 75 #2458 — B Galerkin #%

rate: (a), (b), (c), (d)

W, 75305 OB AR 3 12 R AR ) Tl
A BUERBAATRI L N 2538

(L) BESMeE, AH R0, A [R] s JEE i, 5%
i LIRS IR IR AT R A a3 I HOs B2 R
PR AR MK . GEH M (3 BEXHIR B Y 2 M AR
BMPEE JEE RBOAC , o SREAR B0 ) S MDA 5 Bt A [
K i A M A A . WS AR v, 2 7 A I
YSERE AN TR L, AR A L, S i A R R
RS D R R (e A el NP,
i, B4 I MR- T D A R . 222 A ) 8 ) FIR B )
SRR, (VSO E A, Xof SEAIR B A 52 e K 5 i
A (AT TR PO i A i SR )

(2) ®ATARAEHL I <30 108 0, 248 S
ik A i LR SR S/ 5 Bl M E B Y
BTN, A B A S B P AR TR BIIR A s A
[t A v, DTS B, 28 s e )R M A 34K
Frak B BJR 32 H sl 5 215 [ W S5 3 R, 34
L BRI AR Sl AL/ N IR Sh S B i B 4

(3) RATERTEm 25 CATI, /AT RO, L3
Uit s IR B E A OK

(4) 38 P B A UL 9 AN [R] , 22360 B3R 3l 7
A PO W] S L GRS EE HIE Sl A B e
IR S A, 4R M 22 M8 A T A i e 4 M s Dk 1
RSP, S it 5 eI AC I S IR R 22 103 DA 2
Wl ) A R e A
=

=z

% x
1  Lentink D, Miiller U K, Stamhuis E J, et al. How swifts
control their glide performance with morphing wings. Na-

ture, 2007, 446:1082~1085
2 Heryawan Y, Park H C, Goo N S, et al. Design and dem-



5 4 39

XUSHESE Al o) W] P 5 5 b SR SR A AR e MR S TS 25

10

onstration of a small expandable morphing wing. Smart

1974,297:201~220)

Structures and Integrated Systems, 2005, 5764 :224~231 11 Taleb I A, Misra A K. Dynamics of an axially moving
Seigler T M, Neal D A. Modeling and flight control of beam submerged in a fluid. Journal of Hydronautics,
large-scale morphing aircraft. Journal of Aircraft, 2007, 1981,15:62~66

44.1077~1087 12 Wang P K C, Wei J. Vibration in a moving flexible robot
Parker S. Development of morphing wing simulation tool arm. Journal of Sound and Vibration ,1987,116:149~160
using finite element modeling. Nanotechnology and Mate- 13 Matsuzaki Y, Taki Y, Toyama M. Vibration of a cantile-
rial Systems REU,2007,1~5 vered beam during deployment and retrieval : analysis and
Friswell M 1. Morphing concepts for UAVs. In: 21* Bristol experiment. Smart Material and Structures. 1995, 4 (4) :
UAV Systems Conference,2006: 13 334~338

Smoker J, Baz A. Remote control of a morphing model air- 14 Zhu W D, Ni J. Energetic and stability of translating me-
craft with distributed sensors. Sensors and Smart Struc- dia with an arbitrarily varying length. Journal of Vibration
tures Technologies for Ciwvil, Mechanical, and Aerospace and Acoustics, 2000, 122:295~304
Systems,2007,6529:1~12 15 Gosselin F, Paidoussis M P, Misra A K. Stability of a de-
Michael Skillen D, William Crossley A. Modeling and op- ploying/extruding beam in dense fluid. Journal of Sound
timization for morphing wing concept generation I part I. and Vibration ,2007,299:123~142

Morphing Wing Modeling and Structural Sizing Tech- 16 Poivan M T, Sampaio R.Vibrations of axially moving flexi-
niques, NASA/CR-2008-214902 : 1~45 ble beams made of functionally graded materials. Thin—
Snyder M. P, Sanders B. Vibration and flutter characteris- walled Structures. 2008,46(2) : 112~121

tics of a folding wing. In: AIAA/ASME/ASCE/AHS/ASC 17 Chang J R, Lin W J, Huang C J, et al. Vibration and sta-
Structures. Structural Dynamics & Materials Conference, bility of an axially moving Rayleigh beam. Applied Mathe-
2005,1994:1~11 matical Modeling , 2010,34(6) :1482~1497

Schweiger J. Review of the european research project “Ac- 18 X, sk, T . 45 2 A0 RHEE AR Ze 1k

tive Aeroelastic Aircraft Structures” with respect to future
trends for morphing aircraft design. Naio Unclassified,
2009,168:1~16

Tabarrok B, Leech C M, Kim Y I. On the dynamics of an

axially moving beam. Journal of the Franklin Institute,

1 E BB R T S 1 SR AR, 2014, 12(1)
24~29(Liu Y, Zhang W, Wang D M. Nonlinear dynamics
Modeling of axially moving composite laminated cantile-
ver beam. Journal of Dynamics and Control ,2014,12(1 ).
24~29(in Chinese) )

MODELING AND NUMERICAL ANALYSIS OF AN AXIALLY
MOVING COMPOSITE LAMINATED CANTILEVER BEAM *

Liu Yan" Zhang Wei’
(1.Physics and Space Science College , China West Normal University , 637002, China )
(2.College of Mechanical Engineering , Beijing University of Technology, 100022, China )

Gong Taotao'

Abstract Time-varying nonlinear dynamic responses of a deploying-and-retracting composite laminated cantilever rectangu-
lar beam under external excitations were studied. Firstly, the nonlinear dynamic modeling of the deployable-and-retractable
laminated composite cantilever beam was established. And then, the time-varying nonlinear dynamic phenomena during the
deploying and retreating process of the composite laminated cantilever beam were revealed by solving the time-varying parame-
ter differential equations. Finally, numerical simulations were carried out to analyze the complicated nonlinear dynamics of

the axially moving cantilever beam. The results indicated that the moving velocity of the beam and the flight speed of aircraft

have significant impact on the dynamic behavior of the beam, while the initial conditions have little influence.
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