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Rotating Machines with  centrifugal

governor, eg. turbines, are important and
familiar rotating machines. The National
Science Council project “Regular and Chaotic
dynamics of the Rotational Machine with
Centrifugal Governor” applied by applicant had
studied for the ssimplified model this year. It
neglected the distance of suspension joint and
the action of spring in actual fact. This project
will study detaill for the accurate dynamical
model. The dynamics behaviors of a rotational
machine with centrifugal governor with a
spring (the stiffness of spring is a variable)
which is subjected by external disturbance are
studied in the thesis. The Lyapunov direct
method is applied to obtain conditions of
stability of the equilibrium points of the system.
Besides, phase diagrams, power spectra,
Poincaré maps, and Lyapunov exponents are
presented to observe periodic, quasiperiodic
and chaotic motions.

Finally, is shifted to the
controlling chaos. For this purpose, the delayed
feedback control, the addition of constant
torque, the addition periodic force, adaptive
control agorithm (ACA) control, optimal
periodic impulse control and
bang-bang control are used to control chaos.
Furthermore, for chaos synchronization and
chaos anti-control, different coupling terms are

attention

control,



used to synchronization the chaos systems and
two anti-controlling methods are used to
anti-control chaos efficiently. Besides we must
point out this project gives not only a
theoretical basis for practical design but also
present academic interest by itself.

Keywords: governor, rotating machine,
dynamic analysis, chaos,
controlling chaos

il

SRR 1
By

AL B R ahiT - 1B E K
TR o i, %iﬁ.‘%« AMNTEEFFEAH LA
#¥e3di%F > Guckenheimer[l]

Moon[2] - Wigging[ 3] * Nayfey[4] > Hilborn[5] »
B R r AR BN E T

[6-9]» 7 tpM AT T o s o R3S B R P
P BIRRE R 2 ERPFT Y S AR T BT
X % [10-17] > e F_p 5 ¥k RE 4 seeniE s (5
% Fj‘mv 7 % % > Leipnik and Newton[18]t5

1B 5 G AEF g2 B e i A
IE. ?« » fe. Leipnik and Newton mﬁﬂ Y ;#‘;}F T H
@huw+’&%xLﬁiﬁ¢‘ﬁ
R ST N A A
X LHPT[19-29] 0 #HAT Ao £ B R 31 B
EALEEREN & LGN E %#%w&ﬁﬂ’

I?L_
7£H7°"TP

REFLD 2P HRFATEFLRHE > 1Y
'H:rmikﬁr} ﬁ"/fﬂf(/a\'g ﬁilk’,—,,ﬂ}"‘l;}ji ) —r 1]
WA E B AT 0 B P - T eI
I% B o
F TR

FALC R B R LR 2
e wh oA R AT S fR A et BT Y
YRV ik%’ﬂr’}—} ﬁigzr* » e 'é‘pi@ﬂg«ﬁg@ o %
4_«,3'_#1—:,?,; &’pp}l,},&,;zr W MIE T BH
FE2 RS 4 2 qe s EwET §OARR T
S Tﬂf | * 7 F‘?mﬁi#']" PES SELREE o 3 s
IR G o gL K ¥ LL$§/J<¢‘UL;{;LE@'$§¢
£y kLA RHARES 0

Toos 3 H - TR E
FEHOAEBLREPR S SHERT
ZE AR AR iR T e
?iﬁiﬁﬁ$’%gﬁﬁiﬁ’ﬁwﬁ%
T M E RE #B‘r‘%l Hopimizarirk
;:Q&_@oﬂ;\'—'/i ﬁq: fr’l“‘f’l‘?_?nb
F e Al 7 ;; > T eard o ow H
A AR T L R ER -

IR %_F)J??TFSF%
AN
(1) 87— =

L H*PRPpESENEDF R
B Beorg s i@ b fies S Az v
A= - FE RSB A AR s i
ZER sk ko RS fr e TR i o

2. B Zvedapd B A AR R
B efE T

3. MBEFEZENNR HEFE SH
Bl R G p R 3 L e v %

b"" * %% me_,_ (S

;_H;:f&ﬂp Fhe o % HpiF frv'fr'/f’ﬁ F s e
5 o

4. F¥* LA Finppd] i kG osdpdiE
H o

5. 1% 2 Fedg &3> K Pl anEA
e o

6. H* 3R P enF IS 2 kG ook i
FLE -

Q) 817 &
1. Y e $F2 86 2 BBER L 2EH
MY TIHE Gl L F e Bk ¥
AR B R E B S A

FE 2R M e = 2T ke
S EZEA kS e

2. MBEEFEE AR B A s
B> RdoRp btz Z e 22 Jfﬁgi:’ EA'N
p;‘:%g}s‘ #o &% HpiF frv'fr'/f’ﬁ & e



4= X
7 & o

30 F* LAEH e oegpd| B iE kg ooidliE

4. F1* 72 48 £ 58 > e Al K SR o )
e 4 o

5. &* 3 A7 bk )22 kG ok i
FE A o

I

AP LRS- BATGZ Bp s kR
(autonomous system) z_ E & B F 0 L o F
FoApaygd YA i Ead g a s
e 5:%?.:;%&%&—‘57» oo gt - ps i
B2 EA EERAE- 2R o § b A
fe #5 (chaos synchronization) c%= 7 237 A #
F M I R RATRT o A AKRA S
IRERH VIED AL EE LD F -
3B AT o

SN

ISP % T A KRBT Hs
€ E R L AR R L2 25
i 45 o

4 BYLR

1. Guckenheimer, J, and Holmes, P., Nonlinear
Oscillations, Dynamical system, and
Bifurcation of Vectors Fields, New York,
Springer-Verlag, 1983.

2. Moon, F. C., Chaotic and Fracta Dynamics,
New Y ork, John Wiley & Sons, 1992.

3. Wiggins, S, Introduction to Applied
Nonlinear Dynamica Systems and Chaos,
New Y ork, Springer-Verlag, 1990.

4. Nayfeh, A. H. and Balactandran B., Applied
Nonlinear Dynamics, New York, John
Wiley & Sons, 1995.

5. Hilbron, R. C., 1994, Chaos and Nonlinear

Dynamics, Oxford University Press, Inc,
New York.

6. Tung, P. C., and Shaw, S. W., "A Method
for Improvement of Impact Printer
Performance,” Trans. ASME, Vol. 110, pp.
528-532, 1998.

7. Tung, P. C., "Dynamics of Nonharmonically
Forced Impact Oscillator, JSME Int. J.,
Serieslll.

8. Tseng, C. Y, and Tung, P. T., "Dynamics of
Nonlinear ~ Structure with  Magnetic
Actuator, " Japanese Journal of Applied
Physical, Vol. 34, pp. 374-382, 1995.

9.Tseng, C. Y., and Tung, P. T., "Stahility,
Bifurcation, and Chaos of a Structure with
a Nonlinear Actuator” Japanese Journal of
Applied Physical, Accepted, March 1995.

10. Chang, C. O., and Chou, C. S. "Dynamic
Anaysis and Optimal Design of the
Viscous Ring Nutation Damper for a
Freely = Processing  Gyroscopic,
Proceedings of the 29"
AIAA/ASME/ASCE/AHS Structures,
Structural  Dynamics, and Materias
Conference, AIAA, Washington, DC, 1988,
pp. 411-4109.

11. Chang, C. O., and Chou, C. S., "Partialy
Filled Nutation Damper for Fredy
Processing Gyroscope,” AIAA Journa of
Guidance, Control, and Dynamics, Vol. 14,
No. 5, 1989, pp. 1046-1055.

12. Singh, S. N., "Stability of Gyro with
Harmonic Nonlinearity in Spring Vehicle,"
IEEE Transactions on Aerospace and
Electronic Systems, Mar. 1983, Aes-19, pp.
182-189.

13. Ge, Z. M., and Wu, M. H., "The Stability
of a Sleeping Top with Damping Torque,”
International  Journal of Engineering



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Sciences, Vol. 27, No.3, 1989.

Ge, Z. M., and Chen, C. J., "The Stability
of Rate Gyro,"” AIAA Journal of Guidance,
Control, and Dynamics. Vol. 15, No. 4,
1992.

Leimains, E., "The Genera Problem of the
Motion of Couple Right Bodies about a
Fixed Point, "New Y ork, 1965.
Rumyancev, V. V, "On the Stability of
Motion of a Gyroscope on Gimbals," P. M.
M., Vol. 22, pp. 374-378.1958.

Magnus, K., "On the Stability of a Heavy
Symmetrical Gyroscope on Gimbals," P.
M. M., Vol. 22, pp. 173-178.1958.

Leipink, T. B., and Newton, T. A. "Double
Stractors in Rigid Body Motion with
Linear Feedback Control,” Physics Letter,
November, 1981, pp. 63-67.

Ge, Z. M., and Chen, H. H., "Bifurcations
and Chaos in a Rate Gyro with Harmonic
Excitation,” Journa of Sound & Vibration,
Vol. 194, No. |, pp. 107-117. 1996.

Ge, Z. M., and Chen, H. K., and Chen, H.
H., "The Regular and Chaotic Motions of a
Symmetric Heavy Gyroscope  with
Harmonic Excitation,” Journa of Sound &
Vibration, Vol. 198, No. 2. Pp.
131-147,1996.

Ge, Z. M., and Chen, H. K., "Stability and
Chaotic Motions of a Symmetric Heavy
Gyroscope,"Japanese Journal of Applied
Physics, Vol. 35 No. 3, pp.
1954-1965,1996.

Ge, Z. M., and Chen, H. H., "Bifurcation
and Chaotic Motion in a Tate Gyro with
Sinusoidal Velocity about Spin Axis”
Journal of Sound & Vibration, Vol. 200,
No. 2, 1997.

Ge, Z. M., and Lee, S. C., "A Modified

24,

25.

26.

27.

28.

29.

Interpolated and Cell Mapping,” Journa of
Sound and Vibration, Vol. 199, No.2,
1997.

Ge, Z. M., and Chen, H. H., "Stability and
Chaotic Dynamics of a Rate Gyro with
Feedback Control,” Japanese Journal of
Applied Physics, Vol. 36, Part I, No. 8,
1997.

Ge, Z. M., and Ku, F. N., "Stahility,
Bifurcation and Chaos of a Pendulum of
Rotating Arm, "Japanese Journa of
Applied Physics, Val. 40, No. 11, 1997.

Ge, Z. M. and Ku, F. N., "A Melnikov
Method for Strongly Odd Nonlinear
Oscillators',  Japanese Journal of Applied
Physics, Vol. 37, Part 1, 1998.

Ge, Z. M., and Chen, H. H., "Double
Degeneracy and Chaos in a Rate Gyro with
Feedback Control, " Journa of Sound and
Vibration, Vol. 207, No. 5, 1997.

Ge Z.-M., C.-I. Lee, H.-H. Chen and S.-C.
Lee, "Nonlinear Dynamics and Chaos
Control of a Damped Satellite with
Partial-filled Liquid®, Journal of Sound
and Vibration, Vol. 217, No. 5, 1998.

Ge Z.-M., Lin T.-N., "Regular and Chaotic
Dynamic Analysis and Control of Chaos of
an Elliptical Pendulum on a Vibrating
Basement”, accepted and proofed by
Journal of Sound and Vibration.



	page1
	page2
	page3
	page4
	page5

