Griboadovy Str,, 4
cal Enginesaring,

by dts sym ey . Thasa dnclu
number of indepandant forms
forcas symnatry, <.
avar, the role of symmatry and its affects are to be stu-

welipntul then to u the theory of symmatry groups. Thi
approach ta charact the symmetry of an obJjact under
udy in of axaat feal language, thus anabling a
alitative analvsis of the systems. Such a theoretical-group
iz aeffio calculations of complex systems
Tlows to overcome the "misfortune” of Targe measuress through
position of vactor space.
When studying a systam by symmetry group maethods the dynamic
modal of a structure under study s represented as a lattice
Howaver, full symmetry of a maechaniasm s definad not only by rela-
tive positions of similar eleamants,but also by symmetric properties
of sach of them, 2.7

Theraefore lat us make the dvnamic model of Fig. 1 more clear
by desaribing each @lament’'s configuration with a finite number
of points. On the one hand, the number of points and their arrange-
mant must fully define alement configuraticn ; on the other, they
must reprasent, partly by intuition, the symmetry of the antire sys—
tam as possiblea. 3

vibrations, effect of

diad, -+t

T

1 — sun gear "S8"

2 — epicyecle "E"

E] satellite "P"
4 — body

5 - pinion carrier
& - bhearing

Now,mark by encirceling, tha assumad sauivalent points, cha-
racterizing the symmetry of separate elements; then groups of
points will characterize symmetry between them.

Thus, three groups of points (7, 3.010,11,12),(13,14,15)
dafine symmetry betwaen elements "Pi" symmetry group £2, while
points (7,2),(10,11),(13,14) gdefine svmmetry of each element "Pi" -~
symmetry group 02. On the othars hand, each group of points (1,2.3)
and (4,5,68), when taken separetely, characterize symmetry of ale—
ments "S" and "E" -~ symmetry group C3; then taken on the whola, thay
give symmatry group 02, Undsr the circumstances shown the symmatry
of the mechanism under consideration can bes reprssented as a sum of
product of groups C28030C3QC2, whare @ - product of characters of
group drreducible repressntations.,and ® ~ their direct sum., Finally,

the symmetry of the entire mechanism — C3h+C2h,
After mechanism symmatry has been defined one can pass over to

analyzing its properties in terms of quality. For this: put down
characters of irraduc la representations of point symmeiry group
GC3h into Table 1, oom;ﬁTed far group algebra in the field of complex
numbers, whera’e = e*%/3 . s’ = e43
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x1
b &)
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A4
A5
Zg
‘ 7(R)
‘Z(R)

For hetter convenience some data is below under the Table.
This data refers to the number of immovabla points n(R) (for vari-
ous operations) and to characters of Cartesian reducible represen-
tations 3 . The data allows to define number m ,showing how
many times each of irreducible rapresentarione is contained in a
Cartesian rapresentation: m;= ages Xy (R) Z (R), whaera h - numbear of
slements +in set groups 6G; R —operation on group, Z,, %X, characters
of reducible and j-th irrsducible represantations raspactively. For
symmetiry group C3h m 98 expressed as

mo= 2 sk ey w3 x 0 x X )]

Substituting (R) values from Table 1 +into (1) one will ob-
tain mt = 2; m2 = 2; m3 = 2; mé =3; mdS =3; mb6 =2, Hence the original
vector space L (with duly accounted symmetry of the mechanism’'s
alamants) splits into a sum of orthogonal subspaceas of similar
vactors L= 15 = 2X142% 142X 143K {43 14+3%],

Wheraas in a2 molecule type model, analyzed in tha work , the
equivalence of similar points is self-evident, the equivalence of
points in the mechanical model has yet to ha substantiated. When the
aquivalence conditions are not satisfied, attempts should be than
made to construct symmetry. Ensure that equivalance of points dosas
axict, using operator A,which interrselates the original, Cartesian

system of coordinates "q" and the point system "u". A q = u (23>
Thus for slements "S" and "E" expressoin (2) is:
<, B, r x ul o= cos(2r(i~1)/2)
oLy By Ty =|u2 B:= sin(27(i-3)/3)
<35 PB5 © @ uz i =1,2
r ~ radius of gsar piteh circle. Put down the expressinn of matrix

of stiffness (T) and mass (M) in new coordﬂnafe system u‘ in terms
of their original axpressions 4T =(AT)Y' CAT; M = (A 3T M AT,
where M and C —~ matrices of masses and stvffnes$ in the original
coordinate system "q", u, — vector of displacement of the i-th
point of the k-th element. ~ -

The expressions obtained for € and M allow one to ses whether
the points are eduivalent. Verification proves that points (7,8),
(10,11) and (12,14) are not equivalent; hsnce, the system symmetry
is definad by a dirsct sum of groups C3h and C3. This sxplains
Tack of parity in the measures of subspaces, as in the case of mo~
Tecule NaCl cited in work3 . Such transformations can be used
to construct symmetry. Thus, for a group of points 1,2.,2 and 4.5,6
it is naceassary to satisfy the conditions:

g% Ms Bs = Bé Me e, Bé Cs Qs = BRe Ce Be (32)
-1
whare 8 = A . In (3), for example, parity can be assu-ed by pro-

#oan

par choice of inertia moment of slement "E",given that gears '3

129



and "E" have similar masses (Ms = Me) and coefficients of elas+ic
Vinks. If masses and stiffnesses of elements "8" and "E" are diffe-
rent, the point squivalence condition can directly be inferred from
equality of partial frequencies of sybsystem "S" and "E", 1.e. con~
ditioned that Hs = He, H=M"' ¢ .

Organization of high symmetry grade in a system suggests that
disturbance symmetry grade is as high. Only in this case will sach
subsystem be "engaged” with "its" disturbing force . These prob-
lems can be studied employing a theoretical—group approach and, tak-
ing into consideration the symmatry of both the disturbance and the
system per se . Let us exemplify tha analysis technique by the modal
under consideration. Regin with determining the projJeative operator
T ,which Tlinks basis vectors of original system,also with vectors
€6 of symmetric coordinate system u =T u (4),where T ﬁ&é%s Ky (R),
Z(R) ~ character of the Jj-~th irreducibla representation J (R),

ﬁ - measure of the J:thlreprasentation. Substituting (3) into (4),
one will obtain g = T A U or g = Q7 u (5). The latter can be
formulated in the form of Table 2, interrelating Cartesian coordi-
nate system with symmetric one, after sorting subspaces Di. Using
opsrator Q. for transforming the original vector of disturbing for-
ces F(t), one will obtain its written form over subspaces Di:

F(t) = Q F(t). Hence, each Di subspace will be expressed as

DIXT = Fi(t) (6)

Given as an example are disturbing forcss from unbalance of
bodies "S", "E" and “P". In this the unbalancing force on each sa-
tellite can act either in phase with others, «, = oz =<5 ; out of
phase at an angle &= 27 (i-1)/3 ; (i=1,3) or arbitrarily.

Having completing transformations, aided with opesrator Q, their
structure can be accounted of in subspaces D, table 2. Forming
equations (6) on tha results of table 2 and 3, one can argue that
F(t) from elements "3" and "E" do not disturb vibrations in subspace
D1. However, these forces, alike Fic(t), "engage" with the rest of
subspaces, destroying the system symmetry.

Table 2 Table 2
! ! N t ] ! ! | S {
! Di | coord.! Ui =F(g ) ! ! oDy !"s"r‘t"jrfc*afjh*—_{q"s“z
! too1 tut =% Y ! fot ot 01! © 10!
{ D1t 7 1 u7 = Xp ! 'bhr ol 1t o001 1 Lo
! ! 2 I u2 = Rs + Re | ! t11t gt ot ¢ 1!
1 p2 10 1 10 = Xp ] V-2 T R A S R TS T R s I
] H 32 42 = Re +Re 1 1 10y g1y o g o1
! p3 ! 13 t ul2 = Xp ] Fp2 ottt o110ty
! ! 4 tus = Y-, ! ! te !t g4 0ot 6 10t
1 pg g b ug = Gp* ! TR VA I I R I R I O B
! 1 9 tug = Yp? ! ] t 0 1t 0t 1 Lo
! ! 5 I u5 = Rs ~ Re ! t TR S B T T T O
1 N B | P utl = T ! tps ot 1t t0 ot
e 112 1 ul2 = Yp 1 ! T+ T O T S U S+ T N+ IO
] ! 6 ! U6 = Rs ~ Re ! ! 11t gt T I T |
' D6 ! 14 I outd = g° ! !D6E ot 1t 11 Qg !0
! 115 L ulE = Yp ! t N A
R= X + BY ; "S* —sun gear; "E" — epicycle;

{(+) ~ symmetric form; "pr* o~ satellite;

(~) -~ oblique~symmetric form:
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The theoretical—group approach can be applied to formulate the
invarted problam as well,whan a new structura F(t), disturbing only
definite subspace is given and when it is necessary to derive the
structura of original vector of disturbance that isﬂgﬁsﬁrabd@ to
obtain on the basis of inverted transformation Qd Fio(t) = Fi(r).
Consequantly, ona can nhot only analyze mechanism qualitatively, but
also sythesize symmetry with due acocount made to disturbing force
and their phasal relations. The descoribed amnalysis techniqua allo
to dispense with dynamics equations of a studied mechanism as it
ig hased only on the propartias of its symmetry.
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