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Abstract
Based on the concentrated parameters theory, -fre ed” vibration
dynamic model of the spiral bevel gear transmissi Ns i ablished, which

includes transmission error, time-varying me -

clearance. In the model, the axial vibration, t e tolision o of the gear pair
aroused by tooth meshing force and the lateral "Gscillations, résulting from flexional
deformation of the gear shaft are taken intg“actount. mesh stiffness fluctuation is
developed as 5-order Fourier series ah ooth ba&%n clearance is fitted by 7-
order polynomial function. Through ear | he dynamic response of the
system is obtained, and the V|brat| cter} analyzed.

Keywords: vibration dyn%;nodel,,sp | bevel gear transmission system, torsion

oscillation \Q

1. Introductlon\

At present the r n the nonlinear dynamics of gear transmission is
concentrated@ study dynamics of spur gears. Therefore, the nonlinear
dynamic mo

f bev% transmission system is established, which is based on the
nonlinear factors suc cklash, time-varying mesh stiffness and so on. This research
will not only provi ful theoretical basis and effective method for the design of the
gear system Wl@nt weight and high efficiency. And it has important practical
further explore the dynamic characteristics of gear system and reduce the
oise of gear system.Because of the high speed level, the dynamic
s of the spiral bevel gears are very important in the micro - and small -
ction device.

significan
vibration

Spg:
2. Establishment of Nonlinear Dynamic Differential Equations of the
Spiral Bevel Gear System

In this paper, the dynamic model of gear transmission system (gear, shaft and bearing)

is set up by using lumped parameter method. The quality of shaft and bearing is
simplified to the center of gear.
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Yy.

Figure 1 shows the dynamic model of the bevel gear
model, the axis of the two bevel gear is the orj

nﬁ&h elasfi ort. In this
imy - and al coordinate
system X :{O X, Yy, z} is established.The shaft

e

f the su ing two gear is

treated as the middle point O, of the tooth width e ge .Moves along the three
direction of the coordinates and the dri the, el “around its axis.that is
{Xo1Yp12,,0,,%5,Yy.24,6,} .TW\@Iative placement of the normal

direction of the normal direction of eshi of the gear tooth surface of the
bevel gear X, ,In order to an%% orce 0 rge gear, the coordinate system is
rotated around the y axis.As sfiewn in figure, 2. Bevel gears in meshing the method to
dynamic meshing force an@ong eac ate direction component respectively.

F, n T CoX

\X F, (sind, c0sS, +cosa, sin B, sin 5,)
. Bipe,Sin o, —cosa, sin B, €0so )

=F
9 , = F..c09%¢ sin S,
Whered,, 0, are mai ive bevel gear cone angle. ¢, is normal pressure angle.

M)

Figure 2. Force Analysis of the Spiral Bevel Gear

Less effect on the system due to torsion vibration, for the convenience of analysis, we
ignore the torsion vibration, the spiral bevel gear transmission system with equivalent to
eight degrees of freedom, but considering the gear time-varying mesh stiffness and the
gear backlash coexistence of nonlinear dynamics model, Figl shows the spiral bevel
gear transmission system vibration equation .
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where m,, m  are concentrated mass of the main passive bevel gear, J J are

moment of inertia of the main passive bevel gear, C;, ,C, are shift damping coe
of the main passive bevel gear along the X, Yy, Z axis directlons T, is dyi %e on

the gear. T, is impedance moment on the main passiv % rFy, Il ear tooth
width midpoint of the base circle, circle radius. &
In the (2), the relative displacement X, is introw M of freedom, the
two torsional vibration displacement &, 6 is eli ted t&( ee of freedom of the
p

system is reduced from 8 to 7.1t is performe e dlme rocessing.
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p
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The non-analytic function 5(X, ) is introduced to describe the actual deformation of
the gear teeth with consideration of the backlash.
X, (t)-b x,(t)>b
5(x,)=1 0 |x, [<b (4)
X, () +b Xx,(t)<-b
Where, symbol b is the half of the normal mean backlash. The image of the
function o(x,) is shown in Figure3

f(x)

Figure 3. The Nonlinear Back ;unctlo«}?ear Pair

f(x,)=9( @(t) I<1 )
é)% (t) \X t<-1

Where f (X,) is compreh nsive deforms& of gear tooth when considering the tooth
side gap Q
3. Stiffness of @ar Sys)g@

In the pro f’gear engagefrient, the dynamic excitation is called the stiffness of the

gear mesh, forstiort, fo% because of the time varying of the rigidity of the mesh.

In the course of t agement of the gears, the single and double teeth engage
alternately. In the si ooth to the meshing area, the meshing of the gear is small, and
the mesh is elasti large. As a result, the two pairs of teeth bear the load. Therefore,
the meshi f th€ gear is relatively large, and the mesh is small. In the process of
continuou; tion of the gear pair, the single and double teeth are alternately, which

leads t eriodic variation of the tooth engagement.Because of the gear transmission
pr, e meshing stiffness is time varying, and the stiffness of the gear is periodic, so
t hing stiffness can be expanded into fourier series.

5 5
k() =k, +>_a; cos jo,f + Y b, sin ja,t (6)
j=1 j=1

@, = 2mny, 27,0, 7y 7z, )
60 60 30 30
WhereK . is average mesh stiffness, @, is meshing frequency of gear pair,z,. z,are

the number of teeth of the main gear and the number of passive gear teeth, n,,n,are

drive gear and passive gear speed.When the nonlinear describing function is fitted by the
7 degree polynomial, the dynamic equation of the gear system is obtained according to
the formula (3).
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1,+20,2,-20,,CeX, +kzpzp K, (al¥n+a3(i) +a5(i) +a, (X, ))=0
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Ly +202, +20,,CX, +kzgzg+k (alin+a3(Xn)3+a5(Xn)5+a7(¥n)7)_0
cx o TC Y, +CZ, +C K, —C, Y, —CoZ, + X, +24,CeX,

5

+(1+ZB]' Cos(jaef+¢j))cﬁ(alxn +a3(¥n)3 -i-as()i(n)5 +a7 (Xn)7) = fpm + fpv + fe
j=1

Since the differential equation (9) of the gear set up in front is a ngnh nsional
mathematical expression, the formula (9) does not p n en th% physical

4. Numerical Calculation of Mechanical Equation of Gear (sé;’é\)

dimension, but only has the characteristics of the mat s | form e analysis of
the characteristics of gear dynamics (9) is more exteqsie nd repfesentative.
In order to verify the validity of the numerical fpethpd, the

af\f? bevel gears in the
RV reduction device of the micro adjustable dariable tkﬁ? S gear with the micro
adjustable gap is verified,Using the above ical sjm%m algorithm and the FFT
algorithm, the Poincare algorithm and trum of pectrum are simulated and
calculated. When calculating the dnvm uea d I rque are stable,

fy =0 f, =015 ¢ =0( &G 001% 0.015, ¢, =0.02, £, =0.01,

£,y =0015, ¢, =0.02 ghp_OOI@ghg_omg ¢, =004, k,, =11,
k_12k_13 Ky =13, k,, =04, k,, =05,

k, =1+0. ZCos(a) 5%4 =0, f, =0.1- &} cos(coht)

With the meshl equency, the arc tooth bevel gear system shows rich
vibration ch rlstl flgure 4, the excitation frequency is @, =1.5 ,The
response of the syste mgle cycle harmonic response, with the same characteristics
of the linear syst rHpbiely single frequency single frequency response.The time course
of the response @&}vibraﬁon displacement is a simple harmonic, and the response of
the phase plane isYeval, The Poincare map is a single discrete point.Figure 5 (a), (b), (c),
Ctively are X, Y,+ Z,+ Xg+ Yq+ Zthe relationship chart of the

nsional displacement and time.
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Q ponse

By Figure 6 %ﬂ has 8 periodic harmonic response, the response is

periodic mo? e corre ng phase diagram is a non circle curve, The Poincare
map is 8 disCrete p0| ctral lines of the FFT spectrum are scattered on the

pointm- @, /8.

@O

s

B

|

"
=

&

=1

Dimensionless velocity §,
—=

H L L L
7 fvan res0 ol s0m

Dimensianless displacement
.

I

Dimensionless time 1 Dimensionless time 1

(@) (b)

Copyright © 2016 SERSC 283



International Journal of Multimedia and Ubiquitous Engineering
Vol.11, No.2 (2016)

nmunnmum,nmwmm
.

.....

|2:: i |tf: dl;]“t::l’l‘l:lﬂ;‘- * B E&\ I:ijncnsiTluL:sl'Mg:}‘/
e) \Q M N
Figure 7. x, /t, X, /t, X, /t, gﬂ Poincare & Frequency
4 spoze

By Figure 7, @, = 2.2,The system eﬁ&o be periodic response, in response to the
periodic motion, the |s a atlon of two or more cycles, there is no
minimum perlod spon ph se plane diagram is filled with a certain area of
curve.The FFT P, e ma oken ring, and the spectral line of the spectrum of
the spectrurr@ attered |nt of the combination frequency.
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Response

B @, =23 E .
y Figure 8, ,The system appears to be in th ch,aotlc stat@, by the quasi
periodic response, and the response of the periodic and t@er part is an
obvious chaotic state. The motion is a combination o cycles and there is
no minimum period, and the spectral line of ctru i scattered in the
combination frequency.
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By Figure 9, Vh = 2.5 , The chaotic response of the system, the response is non periodic

motion, the phase plane graph is composed by the mutual winding and the cross but not
repeat not closed curve, Poincare and the map of the map is located in a certain region of
the point set.

In the process of changing the excitation frequency, there are 2 , 4 , 8 periodic
responses and the quasi periodic and chaotic response. The quasi periodic response is
usually achieved by the quasi periodic motion. These characteristics have a great
influence on the contact stability and reliability of the arc tooth bevel gear. In the design
of transmission system, the value of the corresponding parameters should be avoided in
the transmission system is in a chaotic response state.

5. Conclusion ‘\)'

The comprehensive analysis of the system dynamic response, inclu Wamic
response time history, phase diagram, Poincare map and FFT chart, hat the
exciting frequency is changed, the system appears a n%ebf stead response
results, namely single cycle harmonic response, respo nic periodic,
quasi periodic and chaotic response, the periodic=resporise of th sition is by the
quasi periodic bifurcation to achieve. These chargctefistics ha at influence on the
contact stability and reliability of the tooth surface of the spir el gear. In the design
of transmission system, the value of the co& dingep a%‘:eters should be avoided in
the transmission system is in a chaotic réa& state.
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