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Abstract - The planetary reducer™ gear is a symmetric
system. For its oscillation analysis there is applied the
symmetry group representation theory, which was
generalized for mechanical systems. It was found that due
to reducer symmetry the oscillations decomposition has
arisen. There are independent oscillations classes, such
as. angular oscillations of solar gear and epicycle -
satellites oscillations in phase; transversal oscillations of
solar gear and epicycle - satellites oscillations in anti
phase. Solar gear and epicycle oscillations in a phase do
not depend on angular satellites oscillations.
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|. Introduction

It is well known that at theoperation of planetary
reducer there are oscillations of its elementsh icsolar
gear, epicycle and satellites. This factor esskytia
worsens a quality of reducer’ operation, and in s@ases
can result in their curvature and breakage. A pleft

availability of solids with 6-th degrees of freedonit is
unclear to what symmetry group to relate a solidrder
that system symmetry may be retained. Second &t rea
designs may be technological errors and mistakes at
assembly, so there is a small asymmetry and thierays
becomes quasi symmetric

Further the mechanical systems consist froniouar
subsystems with various symmetry groups.

In this connection it is necessary to have washfor
the analysis as symmetric and quasi symmetric
mechanical systems consisting of various subsystards
solids. Having made some generalizations, this
mathematical apparatus for mechanical systems meay b
used. For this purpose we propose to apply thergbred
projective operators [5]. These operators are wedrof
the appropriate order instead of scalar as in phydihe
use of generalized projective operators allowsnigknto
account all above mentioned features of mechanical
systems. The application of these operators tdainit
stiffness matrix leads to its decomposition on petedent
blocks each of them corresponds to own oscillatiiaiss
in independent subspaces. To account for the solids

papers are devoted to the dynamic analysis of gearsymmetry «the equivalent points» were entered: ethes

reducers [1]. Basically there are computationataeshes.
In the given paper the analytical approaches for
investigation of reducer dynamics is presented.

The planetary reducer has a high degree of stmym
So this property was used and the greapresentation
theory was applied. Application of this theory al®
carrying out deep enough dynamic analysis, using
symmetry properties only. For this purpose it isegssary
to have the dynamicahodel which is taking into account
stiffness characteristics in linkages between reduc
elements.

The mathematical apparatus of the symmgmoups’
representation theory is widely used in the quantum
mechanicscrystallographic, spectroscopy [2, 3, 4]. The
advantages of this approach are difficult for
overestimating. With its help it is possible to idefwith
exhaustive completeness the dynamic propertiesigusi
structure symmetry of system only without solvinfj o
motion equations. However in the classical meclsathics
approach is not widely used. It is result from some
particular features of mechanical systems. Fingtret is an
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points are chosen on solid so that their displacésneere
compatible to connections and corresponded to gaofup
symmetry of all system.

These operators enable also may be appligd tvé
finite elements models (FEM).

I1. Dynamic model of planetary reducer. Stiffness
matrix.

The model of a planetary reducer step is subchibn
fig. 1 [6]. The step consists from solar gear $niss and

radius are equal ton, I, . It engages into mesh with three
satellites St (i=1,2,3) (its masses and radius are identical
and equal tom, ,r,). Satellites in turn are engaged into

mesh with epicycle EpI(y ,I;) and they are fasten on

carrier by elastic support with rigiditys.

The rigidity of gearing solar gear-satellites isialgto
h,, the gearing epicycle-satellites I3, ) is angle of
gearing.
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To reveal symmetr§Z, at moving of solar gear S and

epicycle Ep we shall enter the coordinalesl, |, on
solar geaS in points of satellites fastening (fig. 2.).

1

Y

Fig.2 Equivalent points on solar gearl,2,3,-
satellites

They are “equivalent points”. Their coordinates are

Fig.1 Planetary reducer step. 2 7T(i — 1)
S- solar gear?- epicycle, 1,2,3 —satellites (St). lis a, ,31 ro|l Xs a, =cos———
3

KZS = aZ ﬁZ rl yS ;

Let's consider all over again the plane s of . 2mr(i-1)
planetary reducer step: transversalyj and angula( ) las a, B, 1|l & B = SmT
oscillations (without the casing). A stiffness nratmay .
be represented in a block view 1=12,3.

)
B 7 or in matrix form
K S K Sy K S, K SSt; L=AX
K, Kaal Kagz K333 And analogues relations for* equivalent pginbn
K = K51 (1) epicycle, but instead’ in (2) must be writtefi,. And
- 1

K later on these coordinate of solar gear and emoydl be
S used insteadx(y) and(@).
K 3 After that it is possible to count, that@ordinates

of system should vary according to symmetry grélip
Here on the main diagonal there are the stiffness and, hence, it is possible to apply the projeatigerator

3

submatrixes (3x3) for appropriate elements, andidetof of symmetry to all system elements: S, Ep, and talso
the main diagonal there are stiffness submatrixes o three satellites St(i =1, 2, 3).(fig.3)
connection between these element_s. The ortho-normal projective operator g of syatry
Th*ere*are*l.s genezahzed coordinates: for point group C, is known as [ 2 ]. Itis
X=(Xs, Ys:Ps; Xep» Yep ’¢Ep v Xg, 0 Ya, Ps, - Ps,) M1 1 1]
The concrete view of these blocks is submitted in \/§ \/é \/?3
Appendix. -1 2 -1
Thus, the total order of matti is (15x15). An inertia g=|—= — —F= 3
matrix M is diagonal. \/g \/?5 \/6
-1 0 1
[11. Introduction of equivalent points in dynamic = =
model. Operators of symmetry. -\/E \/E-
By virtue of symmetry of satellites fastenirlbis For the whole system the projective operator must b

subsystem has symmetry suchGs (as triangle). represented as block-diagonal matrix
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(4)
Os

Here each sub matrix corresponds to S, Ep, andtalso
three satellites St(i=1, 2, 3). So

Because we have three identical satellites anth efc
them has 3 degrees of freedomXy(, Y5 and angular

¢3i ...¢3i ), therefore it is necessary to enter generalize

operator (3) [3,4] and to considedy as block matrix

where the each element is diagonal matri3j3that is it
is possible to present each element as

E
9:=9

Thus to initial coordinategX, y,@)s g, of solar gear and
epicycle consistently two transformations are apliA
and G . And resulting transformation of an initial matrix

K equals to product of operatofs A. This orthogonal
transformation and it looks like

gA 0O 0 1
GA= oA , where gA=| a, [, O
s 5 a; 0

By applying of this transformation to matl& (1), we
shall receive

K*= (GA)(K)(GA)"

So the corresponding transformations of coordinates
forces are

X*=(GA)X, F*=(GA)"F (5)

As a result the initial matriK (15x15) is divided on 3
independent blocks (5x5) andpking like,

(6)

The inertia matrix M remains diagonal because
matrixG A is orthogonal; therefore the independence of
oscillation classes defines matrlK* only.

IV. Revealing of independent motions classes at for
natural and forced oscillations

A. Natural oscillations

From the view of matrix (6) it is seen, thating to
system symmetry there is a decomposition of initial
matrix K, and, hence, division of oscillation classes agd a
well as space of parameters. The concrete relafimns
submatrixes in (6) show that there are following
independent oscillations classes:

I-st class (subspace I- submaiﬁb{ ): angular oscillation

of solar gear and epicycle + oscillations of ségslin a
phase. Dimension of this subspace is equal to &. It
determining parameters are:
M.y hghghorgh
VA * (2)

2-nd class (subspace II- submatrixks? K ")
transversal oscillations of solar gear and epicytle
oscillations of satellites in an anti phase. Subspd

* * 2
breaks up to two identical submatrixés,.” and K ,,( )

(5x5). It means that in system there are 5 equal
frequencies. Its  determining parameters  are:

g,y hy h,

Thus, taking into account only properties ofngyetry
it is possible to receive deep enough analysisyofthic
properties of system of a planetary reducer. Bssités
possible to simplify also process of system optation.

B. Forced oscillations

At the forced oscillations the use of the ingegent
oscillation classes is suitable only in two cas®sif the
points of application of the external forces hdve same
type of symmetry, as a design has, or b) if theg ar
disposed according to the independent classes of
oscillations. Really, then transformation (5) brimdorces

vectorF’ into a form containing zero elements or in 1-st,
or 2-th subspaces.

The analysis of the real loadings forces on a reguc
shows, that it is valid if elements disbalances #re
same:a) identical satellites disbalances + disbalance of
epicycle;6) identical satellites disbalances + disbalance
of solar gear.

V. The further motions decomposition.

The further decomposition of subspaces | and [|6)
is possible only if there are additional conditigassing a
type of system symmetry.
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These conditions, in particular, can be reakifrom
similarity symmetry of solar gear and epicycle. ¥ f@ok
like:

1. Equality of gearing stiffness with S and Ep, i.e
h=h,,

2. Equality of partial frequencies for angular
motions S and Ep

Vigrs =Vig),, + Whence:h, =hy,

or 3. Equality of partial frequenciastranversal
motions of S and Ep

Vicwss =Yy, - Whence h7=2hg,

So by fulfilment of conditions 1,2 (or 1,3) eh

additional symmetry typ€,, is appeared (reflection
symmetry). To this symmetry group the operaﬁ'g (or

G} ) is corresponded

1 1 1
] \/érlhl .
G,= . ,

Jah |1 -1

— 1 —_ r T

3 1 1
. "
Gl=

-1

S

The application of these operators to mal&ik permit
to achieve the further decomposition of correspondi
matrixes and appropriate motions. Really they mayeh
symmetric and anti symmetric oscillation classeassfiar
gear and epicycle. Thus the coordinate transfoonasi:

' 1 1 =+ 1 x*
X == | =X +=X
S E
\/§i‘i n s p
o1 (1 1
X == | =X -=X
S E
\/§i‘i n Iy p
And

X =t (x+x
= +
3 ( S Ep)
oM
_n 1 * *
T (XS_XEDJ
oM
By this coordinate transformation the following
independent motion types are arisen
K, = (K')
(KT)

The concrete relations for these submatrixes shuav t
there are following independent oscillations classe

| subspace (matriK | ):

-angular oscillations of solar gear S and epicygpein
phase + satellites Riscillation along axisx* in phase),

Il subspace(matriK | ):

-angular oscillations of solar gear S and epicygtein
anti phase + satellites Sbscillation along axisy* and

around axigp in phase.
Similarly occurs decomposition of subspacesand

. *| * (2) . B .
matrixesK ,fl) , K|, "but instead of angular oscillations
S and Ep there are their transversal oscillatiomglan

axisX * (ory *), and oscillation of satellites in an anti
phase.

As shows the analysis of matriK ] the oscillations

of S andEp in a phase do not depend on angular
oscillation of satellite¢p s; ).

From analysis ofK! and K'" we notice, that at

h;=hg=hg =0 a zero root may be arisen. This oscillation
type means the free oscillations of satellites \{Igation")

at angular (or translation) oscillations solar geard
epicycle.

A. Forced oscillations. The choice of exited forces
according one of these oscillation types do noticedthe
other oscillation types because they are orthogeaah
other.The exciting forces acting in subspace Il provide a
independence of symmetric and anti symmetric
oscillations S and Ep if they are applied simultarsty to
Sand Ep and are equal on value. Then transformation

external force§ * looks like, submitted in table.
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Table. The distribution of external forces

F=0gF" =
subspace K ;I K ;'I
Xs a,fih 0
y’S a3 flhil 0
Xg -2f,h cosy 0

And this distribution of external forces do not ucé the

anti symmetric oscillations classes.

VI. Conclusions

There was established that in planetary reducer gea
due to its symmetry the decomposition of oscillagio

arised. There are independent oscillations, such as

-4 hl
_r]/Bihl
_rlr;]l

—-a.hcosy ah siny
Kg = =Bhcosy Bh siny
rhcosy -rh, siny

—-a;h,cosy -ah, siny rah,
Ko = -Bh,cosy -gBh, siny -r,Bh,

-angular oscillations of solar gear and epicyckatellites rzhz cosy r2h2 siny —r3r2h2
oscillations in phase;

-transversal oscillations of solar gear and ep&ych

satellites oscillation in anti phase. 27 —1) (- 1)

At equality of partial frequencies of solar geadan
epicycle their oscillations in a phase do not depen
angular oscillation of satellites. By a specificgraeters
choice the free oscillations of satellites ("natiga') are

a, =cos——— B = si———— (= 1.n
n n

2 1
a, = f‘ﬁ+h7§,0'2= hlr12 +h12§

independent from angular oscillations of solar gead

epicycle.

The choice of exited forces according to oneahefse
oscillation types induces the oscillation of thype only

because oscillation types are orthogonal to eduér ot

These results are correct for planetary redgear at

any parameter change within given symmetry type.
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