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ABSTRACT

The global bifurcation characteristics about motion state about
dimensionless frequency () and the mean meshing force P_ are studied
based on the classical nonlinear dynamical model of a gear pair with
clearancein thispaper. Theresultsrevealsthat Periodic motionisthe gear
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pair’s main motion statein the range of 0.5< () < 2.5 and it just appears
chaos motion in a small range 0.62 < Q < 0.92 temporarily; the way to

chaos is periodic-doubling bifurcation with dimensionless
frequency () decreases; Periodic motion isthe system’s main motion state

intherange of 0.1< p,, <1.4 and it just appears non-periodic motion in

asmall P_rangeof 0.01< p_ <0.1;theway to chaosis periodic-doubling

bifurcation with the mean meshing force P decreases.
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INTRODUCTION

Exigtingliteratures about study on nonlinear dynam-
icsof gear pair are numerous. Kubo™ observed ajump
phenomenon in the frequency response of agear pair
with backl ash even though the test set-up was heavily
damped. Comparin and Singh addressed subsection
nonlinear problem inf@ and pointed out that most tech-
niquesavailableintheliteratures cannot bedirectly ap-
plied to solving this problem. Kahraman and Singht®
madeareview of nonlinear gear dynamicsavailablein
current literatures. Kahraman and Singh find the mo-
tion of aspur gear pair with aset of specid parameters
maybe chaog. Their study aso made contributionsto
the nonlinear dynamicsof aspur gear pair with back-
lash subject tothe static transmission error.

For anonlinear dynamical system, global bifurca-
tion study isanimportant target. Thebifurcation prop-
erty of agear system can provideimportant informa-
tion, such as stable parameter region, stable parameter
region, theway to chaos, for adesigner. However, the
study onthisaspect isstill very limited.

Theobjectiveof thispaper isto study gear system’s
global bifurcation characteristics about some param-
eters based on nonlinear dynamical model of agear
pair with clearance.

NONLINEARDYNAMICAL MODEL
Theclassical nonlinear dynamical model of agear

pair with clearance® isadopted in this paper, whichis
showninfigurel.
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Figurel: Nonlinear dynamical model of gear system With
backlash

Where, 1, , 6, 1, and T (i=1,2) denote the base
circleradius, rotational motions, theinertiaof and the
torque of thetwo gear in pair. e(r) andk(r) stand for
theddictransmissoneror in pressurelineandthetime-
varying meshing stiffnessrespectively, - istime; 2bis
the clearanceof thegear pair in pressureline, cisdamp-
ing coefficient.

Thedimensonlessdifferentid equaionsof torsond
vibration of thenonlinear planetary gear syssemwhich
isshown asfigure 1 can be established by using the
Lagrangeprincipleasfollowing
X+ 26X+ [1+¢& cos(Qat)] T (x) = P, + P, cos(Qt) D
Wherex =[1,,6, +1,,6, —e(1)]/ b, C=c/(2maw,),
E=k Ik, P,=Tcosal(rbk,),P=eQ%/b t=or,

x—b/b, x> b/b,
Qcwlo, (®W=1 0 -bIb<xsblb,
x+b/b, x<b/b,

Intheaboveformulas, xisdimensionlessrotationa
motions; b_ischaracter length; Cisdimens onlessdamp-
ing coefficient; misequivalent massof thegear par; o,
isthenatural frequency of thegear pair; ¢ isthetime-
varyingamplitudeof thestiffnessinthemeshing pair; k;
isthefirst harmonicterm of the expanding rectangular
wavesin Fourier series; k isthe mean vauesof the
stiffness; f(x) isanonlinear functioninthereative gear
mesh displacement; P_isthemean meshingforce; a.is
the pressureangle; P, isthe amplitude of the meshing
force; e, istheamplitude of thestatic transmission er-
ror; tisdimensionlesstime; Q isdimensionlessfre-

quency.

BIFURCATION CHARACTERISTICSABOUT
DIMENSIONLESSFREQUENCY

Thebifurcationdiagram of thesysem’smoation sae
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can be madethrough thefollowing stepd®:

(1) Obtainthesystem’sasymptoticaly stablenumerica
solutions by using ODE45 to solving state equa-
tionscorresponding to differentia equation (1).

(2) Let the system’s Poincare section is
> ={(z.X) RxR" | =mod@z/0),x =mex(x, %)}, Where
x =max(x, —%7) denotesthemaximum of thei-th state
variablesinacycleof theexternal excitationforce,
and the system’s Poincare map at adetermined bi-
furcation parameter can be obtai ned.

(3) Changethe bifurcation parameter constantly and
repeat the step 2 in order to obtain the system’s
Poincare map at different bifurcation parameter.

(4) Assembledl of thePoincaremapscaculatedin step
3fromsmall bifurcation parameter tolargeone.
Themain parametersof thegear systeminthispa

per are: the number teeth of thetwo gear isz,=z,=25,

module M=3mm, face width B=25mm, the pressure

angle 4 = 20°, hdlix angle g = 0°, displacement factor is
0,P =0.1,P=0.2, £ =005, £ =04, therange of bi-
furcation parameterisp s < () < 2.5.
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Figure2: Bifurcation diagramsof thesystem’smotion state
about dimensionlessfrequency

We can seefrom figure 2 that periodic motionis
the system’s main motion state in the range of
0.5 < 0 < 2.5 anditjust gppearsnon-periodicmotionin
asmall rangeof 0.62 < 0 < 0.92 temporaily.

Inorder to make sure the specific shapeof the non-
periodic attractor, the Poincare map, the displacement
curve andthe phasediagram arecal cul ated at different
bifurcation parameter.

The non-periodic attractor ischaosmotionin the
range of 0.62 = < 0.02 according to the topology
shapeof theabovesix figures.

Itiseasy to concludethat theway to chaosis peri-
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odic-doubling bifurcationwith dimens onlessfrequency
Q) decreases.
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Figure3: Poincaremap when Q = 0.63
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Figure4: displacement curvewhen Q = 0.63

Figure5: Phasediagram when Q = 0.63
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Figure6: Poincaremap when Q = 0.63
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Figure8: phasediagramwhen Q = 0.63

BIFURCATION CHARACTERISTICSABOUT
MEANMESHING FORCEP,,

Accordingtothestepto calculatebifurcation dia
gram of Q, onecan calculate thebifurcation diagrams
about mean meshing force P_ shown asfigure9.

0 0.2 0.4 0.6 0.8 1 12 14
P,

Figure 9: Bifurcation diagrams of the system’s motion
stateabout mean meshingforceP

We can seefrom figure 9 that the bifurcation char-
acteristicsabout Q issimpler than the oneabout P_.
Periodic motionisthesystem’smain motion stateinthe
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rangeof 0.1< p_ < 1.4 anditjust appearsnon-periodic
motioninasmall P_rangeof 0.01< p_ <o.1. Inorder
to make sure the specific shape of the non-periodic
attractor, the Poincare map, the di splacement curveand
the phasediagram are cal culated when ¢ — 0.63.
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Figure10: Poincaremap when Q = 0.63
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Figure11: displacement curvewhen Q = 0.63
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Figure12: phasediagramwhen Q = 0.63

The non-periodic attractor ischaos motioninthe
rangeof 0.01 = p_ < 0.1accordingtothetopology shape
of theabovethreefigures.

Itiseasy to concludethat theway to chaosisperiodic-
doubling bifurcation with themean meshingforceP
decreases.

CONCLUSIONS

Thegloba bifurcation characterigticsof motion sate
about dimens onlessfrequencyand the mean meshing
force P decreases are studied in this paper. There-
sultsreved two bifurcation laws.

(1) Periodic motionisthegear system’smain motion
stateintherange of .5 < < 2.5 and it just ap-
pearschaosmotioninasmal rangeo .62 < Q < 0.92
temporarily; theway to chaosis periodic-doubling
bifurcation with dimensionlessfrequency Q de-
Creases.

(2) Periodic motionisthe system’smain motion state
intherangeof 0.1< p_ <1.4 and it just appears
non-periodic motion in a small P_ range of
0.01< p_ < 0.1, theway to chaosis periodic-dou-
bling bifurcation withthemean meshingforceP
decreases.
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