557 455 3 152009 4E 9 A
1672-6553/2009,/07(3)/252-6

B EEE R

JOURNAL OF DYNAMICS AND CONTROL

Vol. 7 No.3
Sep. 2009

BEHFRESFAERHINARR"

Fmia EXR EFRA

(BRI BOnE AR 050043)

WE AU IRSh R bR B AR SRR K B R AT, O PR ) T M TR K
i RIRHER T2 RGN Z I3 1A AT 0 REZR GRS AMARE. BE B, YRGS HUL AN Z R 5
FA— X IAF A5 R0 0 82 PP 810 2053038 1) S [ )R ok iz gl , SR B M S i A A PR 5| TR M R 55
BARSEAZ AT, IR IEI G | IR A — S R Ar B 5| 1, M BER SR A 17—~ (3 1) TR vl Fry ik A2 AR
P9 B A R B R GEAFAE R BELJE A5 T 1 RS 3132 8, 3ok 3 WA R L AT Ve VR 38 3 B U IR AT, T
FE B R TR I 2 2B R BAT A 8 ot BB 0 DRI, Rl 56 e b ) 8 4 R 7 T M) R e )

RER A AT 0 T2 B it

SR EPEIRSNGE TS, RA, AT

51 &

T RE VR T2 2 A4 Vg T IRURE | IR RE 1957 BiE
S5, i TSR PR R O T AT AR
WG E P H A e AR e i s A
AEZ —. FLEA 18000 22 B IR 7 28 300 £ 7
058 R R R BRI T O R MU A
{ERR . Herp I IR R 2R 29 1.5 AT
FL, AL AR FH AR 24 3000 J7 ~ 3500 J7 F B, M9
WERELIA T AL T FLZe A TRl 3 [ SO Atk 5 AE U5
TSR, K7 K R P8 BE VR AT & [, % TG
PEREIRIE SRty QR IREE, SO AL S 2 BF iy ] £F
Srk R, B ER.

FRITREFE A HL R G S B T R < AT &5 AR
Fe Y 5 BT HOR R R T IR BB A L PR AN AR RE W)
A, TR AR 5 PR 1 7 U RERE B AT A
25 BHTHOAR , WF A PR B TR RE 0 57 % FL R 4
51 BN BE T 5T I A IR 55 KA B RE R L BR
FAEE AT H 2 J i) S AR BLAT B S8 I 5« R4 ) v
PRGN BER N7 A B R G n] A S AR KL, BN
FP AR PR HL T s RGE SR SCR R R R 2
B R HUBAKE RS 1.5 T/ B8 s B ne e & 5 A
Rk EEAR A B 3 s HfESh Tt 5 B RE A FE A 1Y
K I

2008-07-28 YL |45 1 5 ,2008-12-29 i & k.

RN 1547 A

AT G AR FE R ) B AR AR P R A o B8
PSS —ANNIE T Prs By BRI g b TR
AR D — A AR L IR Bl A B A, L [T — AR
PEAEAT , AR S [ 5 — AT BRI 4 1 5 /M AR
TR I — A A28 (/M S A A i 1) T 4 B AR
AT RERS eSS 360°) IR 2 18 B 422 5 e 3 [ #4g ol
TP EAIRG A E B R S FI ]
PATESFAT T 4R A 360° Y Bl N [ i 42 3. K iz il
1 A g — A T B ) FL A i Sl e P 5 £ 4%
B2 froR , xR R R E B PEE
ZAUEWIZ RS RE A BRSO FLAE LR
TR AT IR ST B SEE B % K
FEIEERGON— AR ARLMEIR T R 4. L
FAMIZX ARG ARLRNAF IR TIRA T, 2 — 4
e SR E LA, RGEER I AR 180 1
REAE' . ZESRBH IR R M0 B T FR G i ffe th BT D A
R 2 BT St B 1 B 5 4 R R
BN I 3l 1247 D, 7R % 2R GE 1Y A P I 5
FUL S | T R R R R TR TR AE A
Lyapunov #5841 A 1A EAE M R GE P k2] — 4Kk
P A 32 2l , 2R G 100z Sl RE S AR 2 T3 4 JAL I
fift , AR 2 A REAR A2 A9 52 U b B TR BE 1) AL BE O e £,
LA AT A S B 5 PR R 7 SE B L, AT B
SR RE RS IE AL AE. R G R B BB 3 4 e re AL

# [/ R ARSI (10872136 ) b As H AR B2 L4 1T H (08MO03 )



%53 1]

(DR AUBOR , R ITRIR A AR B E T 19 R A
12 Bl HAT R B 1 BE R FH RE ) e 80 v
it RE ). iR R PR BE A9 A AR AT AT S0 AT
ORI ) B H . Gl S A WS RE T
] IO FH TR TR BE A S A L AR T, A A8 M) ]
I SR e AL 22y E 2

K1 MR R SR R

Fig. 1 Schematic of the Ocean wave energy use
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Fig.2 inverted pendulum
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Fig.4 Phase diagram of no damping system
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Fig.6 Bifurcation diagram and Lyapunov exponents for w? =4,£=2,
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Fig.8 The diagrams of Trajectory and attractor for w3 =4,£ =2, =1
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(d) Plane phase diagram from period doubling bifurcation to chaos

3.3 ¥ o NHEKSH
ARATHEREE AR ) T R G AL KB JE &1
TSI B B R, B SR
ws=4,C=1,0=2.5. F|Jf] Poincaré BLit24 H % F
x XN TFZ4 o 5025 &, WK 10 (a) k. & 10
(b) Z5 i AH I Y Lyapunov 540Kl |1 537 B W] LR
S 0 =4 B RGP SLAAR I 1 fi,
A il Y ST T FAR G B S T s PO L B
fif, E 10(c) FiR. BEE o W0/ N X P21
) JL S — e 5 RS AR N ST 2 e, JEL IO 4 fe, J D 8



256 B %5

EC I 2009 4557

RSt XA 00 2 0 2t KR D TR 5 7
B IS/ TR 5|1 I B— S K T R
W51, HAHNE Y Poincare (1A 1[4 10 (d) 45 Hi.
MRER, REAES W o WS T RANEE
(3l F12AA7 0 A 51 1 AR 515, LA K i
SR 51 R T 5 | 5 O FE AT IR R 51 T &
IHBLG IF HARE) TAERBE 2 T B R AIR 0 1 39

=5
(T
J)'.

;j/\ /

otend

50 25 x 08 25 59
@

E10 MBH wj =4,6=2.5,C =1 B4 E LIRS T
(a) RF w M4 B3 (19557 5 (b) #HILIY Lyapunov #5444 ;

GBI 1R () WASAFR R | iR aAE A2

Sl EGRIEE ] T, 3L Lyapunon $E5K 0. 369, 434640 1. 260
Fig. 10  Bifurcation diagram and attractor for w} =4,£=2.5,C=1 :
(a) Bifurcation diagram for w;(b) Liapunov exponents forw;

(c¢) coexisted period one solution (d) chaotic attractors with

the largest Lyapunov exponent 0. 369 and Fractal dimensionl. 269

B 11
RGP LA I | A AR R 5 ]

The whole attraction domain of the coexisted period one

Mod=4,£=2.5,C=1,0=4f

Fig. 11
solutions for (u% =4,£=2.5,C=1,w=4

ZRGR A 1 RE S WU, B T IR AR,

B TR 5 2 3l AT DA KRR 208 T 52,

DRI EAT 2l 3 i 00 A . IR 1 E 2 8K
w=4,6=2.5,C=1,0 =4 ZRE LI Rtk
P 1L 25 Az A7 e IR e W 5 1 ek, He A
LR A 530278 P A SEA 7 0 A PO B 5 | 3

4 s

ARSCWFGE T — iRl e b ) B 43 0 ey L
TR TR e i B8 Al A, DR 9P i D 0T
KA ARAE T HZRAE ; I ER TIZRER %
NHAAT R RR ARG AR AL P A B,
BRGESRHLAN xR GHA — XA RG]
I 88 P51 53 390368 18] AN [R) RO HRE s 31, 2 B O 2 ST )
AP RS TR, HRRS RSN, X
RIS TR N — S i ar e g 51 1, 2L
SR T — SR A3 [ R P A iR AR A IS fre
(R A B R GATAE R LR 26 1F T IR A iz 3
X2 AR BLAT W ) RETRI ST, T FE A 1Y
R, [ I3 I 2o R LA e 5 14 30 ) i o g
PRI, 9 sl e 8] B AR AR T AR R W
REVR A P HAT 00 E 5 1 B i

Z % X

1 Stephenson A. On a new of dynamic stability. Mem. Proc.
Manch. Lit. Phil. Soc,1908,52:1 ~ 10

2 Smith H J T, Blackburn J A. Experimental study of an in-
verted pendulum. Am. J. Phys. 1992,60:909 ~911

3 Pippard A B. The inverted ndulum. Eur. J. Phys. 1987,8:
203 ~206

4  Kalmus H P. The inverted ndulum. Am. J. Phys,1970. 38 ;
874 ~878

5 HPRA. SD k¥, SD W51 AL AL Hksh TR A4,
2007,20(5) :454 ~458( Cao Qingjie. SD oscillator, the at-
tractor and theirs applications. Journal of Vibration Engi-
neering ,2007 ,20(5) :454 ~458 (in Chinese) )

6 Cao Qingjie. Piecewise linear approach to an archetypal os-
cillator for smooth and discontinuous dynamics. Philosophi-
cal Transactions of the Royal Society A: Mathematical,
Physical and Engineering Sciences, 2008,366(1865) : 635
~652

7 Cao Qingjie. Global bifurcations of the forced MKdV- Bur-
gers equation. Proceedings of the International Conference

on Nonlinear Mechanics, ICNM, 1998 . 593 ~ 596



%53 1] 2R [ 2145 « (8 B A AR AR T v T B 1 A 7S 257

8 Cao Qingjie . Periodic and chaotic behaviour in a reduced
form of the perturbed generalized Korteweg-de Vries and
Kadomtsev-Petviashvili equations. Physica D: Nonlinear
Phenomena ,1999,125( 34) . 201 ~221

9  Cao Qingjie. Analysis of period-doubling and chaos of a
non-symmetric oscillator with piecewise-linearity. Chaos,

Solitons and Fractals ,2001,12(10) ;1917 ~ 1927

10 AN, 3 527 B3 A 1) B Al SR 2l g BAT T
BESER IR T 08 J2A 0 i, 8l J 215 15 2741, 2008 ,6
(1) :45 ~49(Li Zhicong , Wang qi . Dynamical analysia
of a dry friction oscillator with two-frequency and belt driv-
ing. Journal of Danamics and Control , 2008 ,6(1) .45 ~
49 (in Chinese) )

THE STUDY ON THE APPLICATIONS OF AN INVERTED PENDULUM
ON OCEAN WAVE GENERATING

Li Xianghong Cui Wenliang Cao Qingjie

( Department of Mathematics-Physics Shijiazhuang railway college ,Shijiazhuang 050043, China)

Abstract This study is to modify the collection of sea wave energy by using an inverted pendulum with vibrating

base. As a result, the model itself is rich of nonlinear behaviours worth being investigated theoretically. The

study shows that the co-existence of a pair of periodic doubling series leads to chaos respectively as the parameter

varies. Furthermore, this coexisted chaotic motion can be merged into a large strange attractor. This provides a

new route to chaos! The study also presents the significant founding that the system behaves a large periodic mo-

tion under the condition of large damping. This concludes that this model is of the best capacity of gathering ener-

gy with minor consuming and higher efficiency of kinetic energy output.

Key words inverted pendulum with vibrating base,

ear dynamic behaviour
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