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A study on nonlinear motion of spherical pendulum and numerical analysis
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Abstract

The spherical pendulum is a simple model for many natural and mechanical phenomena. The behavior of spherical pendulum is nonlinear and
complex. In this study, the spherical pendulum system is described and its equations of motion are obtained using the Lagrange equation. The
obtained equations are rewritten for use in XPP software. Then free vibration and forced vibration under horizontal force have been studied. Due to
the parameters of the problem, which include the natural frequency of the system, the external force frequency, and the external force coefficient, the
study is divided into different sections and in each of these sections for different values of parameters, time history diagrams, phase diagrams, and
Poincaré are plotted and using these diagrams, the effects of changing parameters on the amplitude of motion and overall behavior of the system have
been analyzed. Finally, it was observed that in free vibration, the motion of the spherical pendulum is integrable. In forced vibration mode, it is
observed that changes in natural frequency or external force frequency in some cases increase the phases in the phase plane, while in some cases only
affect the amplitude and duration of phase shift. Also, the system always behaves in a more orderly manner for small values of the external force
coefficient.
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in frequencies when me<w

v 9 x il gl sbybges oLl gulss )l cdl> >
WJLiSJol),H.&IZMlMJﬁJ_qbQJL?B)
.ysx._,\e_pJSI),{.)La.o

Y 9 %X iS,> wgiold i lo puil S8 Gl sl L
:dmuygxdllleg)).bJ)yglﬂOJS.)SAJLA#:chU'
ot dl Gl 95 ol 1 xSy st cagiols Lol
.w|1§pw@j17,)ﬂilo5))m§|)4 b axano
HH).ulwmu@L&o@_Lﬁ)ﬁﬂng))ms|ﬂ)y
—slis 0,90 piatio 93,0 gdlsl Llado Gl i8I L oS

v iol v ol u ol u iol @>® = .

R A Rt i - Aol pualS Colis 093 15,50 w3l g b usio
e = e B o o L Lol vl s> gil> s edls ol Lo 51 axino
- - gulsl | o i ity xS s g radol solio wl sl

Jladoe gwljdl b aS s oomline cule o -l ooui
w9l cas 4w sgioly (Lo yusio jl plaS i (sgdsl

V] PP

5 aado gwlS,8 aS il rs, Lol gules,l -3-2
il O lwuss, g\?)l.? S9 i uuulS).S

pJo., wiS > slajlogei Sl ploS @ wedls ol o
IMJL?.) OJIB.Q.Q Le.«.\.nl.) 2D duod ULL\JJ IJW
] Slugil 56 anivo 5 s9sime cilSh
Ol e S,z ) wilaiz

el Gl S,5 aS ills s, Lzl giulsi,l -3-3
il )l S olS,0 1 iS50

5l iS50 el Gl )9 aSBin IS wlls
x ilo el logai 3 bl 25 o puilS 0
a_,a_f)tn_l.;.za Lqu.g_glu'oJ_g.) L W g &gl.‘i&_g.i aw
a0l S i 5 asibio (S 255 wsiw gl i
u.u.al_f)s J|.)_ii.o u.u.rl)_9| L LXig—Nikao 02D (.\J_g_uuo
ol il L o S295 awgiow &l Csli0)95 aub
asbo wsiw gl sl 09> (o2l s Pl
092 .Lg_wlS).é J'I ,oI;_f).m L,'h,__l)'_él L .\_,LM wml_f
J)), o g &JL Litio 9 uOJL? 591 uwlf)s ‘vlw

i cuodl Bl giSi ,xJ'Lé axd o g oi yo
az0 ol w2 soum ol s 9 Lrulo puilS,9
3 02 oxdliine sl slass e iy cai oyl
sk canani ol Swig 0 5 Mo Gualisl 6 anio
9 3,5 ddlen ewgmzo Juai LS axdo JSb 2SS
el ez 590 bl s oo laasd

aS guinro oabline pugisw E9i 90y il awly o
wlriogi ay azei Lg Lo pailS )8 whuss Gy L

T e [ T [ ] el a0 5] il 28 oo &b 1399
b b il
el el Jiwl el ouwals o gl 8l

ol -4

! limit cycle



and Experimental Mechanics, SRTTU, Tehran w9 wilbuwlaw
27 Feb 2020 2ugais s> cans i ol&inils (ol s
wsls,

2nd National Conference on Computational ( SuilSo o il ,0:S (yrogo
1398 oloxiawl 8

9. Miles, J.W., Resonantly forced surface waves in a circular UJL.S_, il _)|J'T u‘bLajJ| aS i oD UJS JSJQ-!
cylinder. Journal of Fluid Mechanics, 1984. 149: p. 15-31. g;_l | IS _iusio Ld pusio jl olaS ilo i 7wl .cuwl
10. Miles, J., Resonantly forced, nonlinear gravity waves in a - HRio Jb e > e - [Cod
shallow rectangular tank. Wave Motion, 1985. 7(3): p. 291- il o posine 9 pouSlo shy cul Luolio b uginw
297. ccwl s3> il ol B axan sbylogei g
11. Nayfeh, A.H. and D.T. Mook, Nonlinear oscillations. 2008: C—Wl’ 0 aS v ol ,§)Lq| d’ubﬁﬂ edls PR

John Wiley & Sons. o lgon aS i codlive uwginw gl g5 aw x ilo

el iS55 pwilS,s il iSzeS Gwgiw gl
aS i o2 line uwsisw &b €99 90 Y wile Bl sy
MW&{Li'&_g:)#ﬁog)ﬂudLoJ@ulJ)wi.}om
93,0 Jolei oz Ol Linio oS dguinre Jaii jui L3S
el puslS )9
ceaowl Ml}SoJls_mebwasmombm
gl it U ccwl 5iS )50 waub pailS )9 oS Wils o
bids)uquﬁumumU)BM
owilS 9 oS b o Lol uluo yiwl 58l uuSp&LmJ
axio S lewslS 9 Gwlssl Lol iS50 o s
S)lgo o j=m iy jU axbo o 2o ildiz Jus L9
wolwi o L9 axdw ool Sooji b guwilS 9 labs oS
MJUWJSAHQSUIUM WIMIBS)JIP
Desiise uwi 2 Ol slal bol 2iSyes
.x.wo.).ml_‘uoy)b‘sg).u WJAQUIM)JS.DJ)
a_fuﬂbJ)a_?gux_A_.gJo/uAulS)_éqfuﬂL?J)a_?mS
Jlatio o)loon il iS5 e2uls seT oS,
Dsdisse azge L) siwlie slguwly k 4iSzeS
owilS,9 9 Gl pwlS 8 aS 5o ls0 elai o
Slyginl pimwmw HL9, il YluwSy o s sgus

el

oMo cuw g9
oz sl T
Jusiliy 5,1 14
b puilS 9 ®,
w2l> o puils 19 W
ezl S9u a0 k
1. Bryant, P.J. and J.W. Miles, On a periodically forced,

weakly damped pendulum. Part 2: Horizontal forcing. The
ANZIAM Journal, 1990. 32(1): p. 23-41.

2. Cushman, R.H. and L.M. Bates, Global aspects of classical
integrable systems. Vol. 94. 1997: Springer.
3. Bridges, T.J. and K.V. Georgiou, Computing global orbits

of the forced spherical pendulum. Physica D: Nonlinear
Phenomena, 2002. 165(1-2): p. 1-11.

4, Miles, J.W., Stability of forced oscillations of a spherical
pendulum. Quarterly of Applied Mathematics, 1962: p. 21-
32.

5. Miles, J., Resonant motion of a spherical pendulum. Physica
D: Nonlinear Phenomena, 1984. 11(3): p. 309-323.

6. Tritton, D., Ordered and chaotic motion of a forced
spherical pendulum. European Journal of Physics, 1986.
7(3): p. 162.

7. Bryant, P.J., Breakdown to chaotic motion of a forced,
damped, spherical pendulum. Physica D: Nonlinear
Phenomena, 1993. 64(1-3): p. 324-339.

8. Aston, P., Bifurcations of the horizontally forced spherical
pendulum. Computer methods in applied mechanics and
engineering, 1999. 170(3-4): p. 343-353.



	مطالعه‎ی حرکت غیرخطی آونگ فضایی و تحلیل عددی با نرم‎افزار XPP
	A study on nonlinear motion of spherical pendulum and numerical analysis using XPP software
	Mohammad Hosseinzadeh1, Majid Shahgholi2*
	1-2- به‎دست آوردن معادله حالت و آماده سازی معادلات برای استفاده در نرم‎افزار XPP
	3-1- ارتعاش آزاد سیستم
	3-2- ارتعاش اجباری، حالتی که فرکانس طبیعی و فرکانس نیروی خارجی یکسان باشند
	3-3- ارتعاش اجباری، حالتی که فرکانس طبیعی بزرگتر از فرکانس نیروی خارجی باشد
	3-4- ارتعاش اجباری، حالتی که فرکانس نیروی خارجی بزرگتر از فرکانس طبیعی باشد

