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Abstract. The technological deviations of manufacturing and assembly , lead to the change
of the kinematic parameters and at further efforts in the kinematic pairs of the cardan joint
mechanism from the component of the poly-cardan transmissions.The variation of these
forces is constant in the local systems of reference of the kinematic pairs and harmonic
varies in the general system of reference in which one of the axes coincides with the
rotation axis.The component of the forces that acts perpendiculary on the direction this axis
is a permanent source of excitation, leading to the change of their own frequencies and
vibration modes at bending. In this paper are deducted the connections between
technological deviations ,the excitation forces and own frequencies and vibration modes at
bending and based on the results of numerical application conclusions will be drawn.

1. Introduction

Based on the dynamic model with distributed mass, in the previous papers [1]-[4] were studied the
free vibrations of the two-shafts transmission with elastic frame, with and without technological
deviations, were determined the own frequencies and were represented the vibration modes at
bending.

Starting from the same model and the papers results [5]-[7] , the excitations that appear because of
technical deviations will be stimulated and by using the mathematical model that I will establish in
this paper will be determined the frequencies and inherent modes of vibration at bending of the
three-shafts transmission.
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2. Technological deviations in pliicker coordinates

The cardan joint mechanism is a particular case of the 4r Symmetrical Spherical Quadrilateral
Mechanism wchich being of third family it is multiple statically undetermined. Determination of
the reactions from rotation kinematic pairs A, B, C, D is done by means of the linear elastic
calculus using the method of the relative displacements with the expression of displacements in
pliicker coordinates [8].The kinematic pair from A, in the case of elastically linear calculation, it is
considered fixed and the technological deviation of the AB element, represented in Figure 1, is
given in the local reference system Bxyz, by the small rotation angle @3 and by the small

displacement 5, = BB’ .

Figure 1. The technological deviation of the element AB

In pliicker coordinates [4]-[7], [11] the deviations A'B , in the Bxyz local reference system is written
under the form:
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where (HBX ,HIBy ,HIBZ ,5le ,5|By ,5 ) are the projections on the local axis of the vectors G5 ,0p .

3. The model with distributed masses for three-shafts transmission
The dynamic model is carried out on a three-shafts transmission used in the SUV field, whose
construction model is shown in Figure 2.
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Figure 2. The Constructive model

The constructive solution of the three-shafts transmission is associated with the mechanical model
presented in Figure 3. In the sections A, E and H are situated the elastic bearings with the elastic

constants K, ,Kg,k, and the harmonic excitation forces R,,Ry,R, of amplitude RA,RE,R
activating in the sections A, E, H.

Figure 3. The equivalent mechanical model.
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The dynamic modeling with distributed masses of the three-shafts transmission as well as the
representation of the first two vibration modes at bending is presented in Figure 4.
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Figure 4. The dynamic modeling with distributed masses and first two vibration modes at bending

Next the notations are used [9]-[11]
a) f,,6,,M,,F - as the deflection, rotation, deflection moment and the cutting force from

the current section
b) 4 ;4, ;45 ;4 ;45 ;4 ;4 ;As ;A - state vectors, defined by the relations:
Ai:(fi'ei'Mi!Fi)TAA:(fA’HA'MA'FA)TAB:(fBleB'MB'FB)T

A :(fC’HC'MchC)TAD :(fD’eD’MD'FD)T'AE :(fE’aEvME’FE)T (2)
A :(fF’gF’MF’FF)TAG :(vagG’MG'FG)T'AH :(fH G My Ry )T

¢) X oA El, -respectively, the length, density, area, transverse modulus of elasticity

and geometrical moment of inertia mainly for the section corresponding to the index
i=123,..7

d) The parameters «;;z

defined by the relations:

a; =4 pzpi—A.;zi:ai'Xi- €))
E;lyi
where p is the vibration inherent pulse.
e) chz,shz -sinand cos the hyperbolic functions
Zj —Zj i AL
h(zy) =" ish(z)="—"— @

f) f i (z;) ,j=1,2,3,4 the Kralov functions defined by relations:
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f.(2)= ch(z )+COS(Zi);f2(zi - sh(z; )+sin(z;)

2 2 )
ch(zi)—cos(zi)_f (z )_sh(zi)—sin(zi)
2 sl g il— 2 .

g) F(z)-the Kralov matrixes defined by relations:

fi(zi) f.(z) fi(z) f.(z)
f.(z)) f(z) f.(z) f3(z)

f3(z)=

F(z,)= : 6
T ) fl@) f(z) () ©
f.(z) f3(z) (7)) fi(z)
hy «, a* -fordiagonal matrixes:
0 0
0 L 10 0 0
“ 0a O 0
a=|0 0 _ZL 0 ot = 0 0 2 ()
a’El, —a’El, 0
3
0 0 0 B 31 0 0 0 -a’El,
a’El,
i) R,i—123,...7, the field matrixes of sections, [7]:
R=a " F(aX) a. (8)
By assimilating the bearings from sections A, D, H with the joints, results that
M,=Mp =M, =0 (©)
and by also taking into account the elastic brackets results
Fo=KafasFe =F2 +ke fe s Fy =k, Ty (10)
In the absence of exciting force the obtained state vectors are:
f, fo o fe fe f,
i G 5 7 7 ]
{AA}: (: ’{ sD}_ 6) ;{Ado}z (I)D ;{ SE}Z OE ;{AdE}Z OE ;{AH}: 5
Ky fa Fo Fo Fe Fe +ke fe -k, T,
(1D
where the indices s,d refers to the left and right sections.
The equalities results
fo fo || fe fo || fa fe
G 6 || 5| 2 7
=|R; R, |R ALl TR =R P Ho|=|R |Rs R E 12
CleRIRIR] % RITH Y SRR | oo
Fo kofall| F2 Fo | | —ky fy Fe +kg fe

that can be written under the form
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By using the notations:

[El] = [Rs ][Rz ][Rl1:
0
0
0
1

10
|0 o
00

k 1
}; [Es ] = [R7 ][Re ][Rs{

the equations (13), can be written under the form:

], ] |- lebe -t

[E“{fﬂ‘['f* e |-, ) (1)

;[E4]: [R4

(14)
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and with the notations:
() =[t0000 F0.00.05.08  Te e Mg S T 00 |
[El] _[Ez] -E} Qu} [Q44] [Q42] (16)

[E]= [ 42] [E4] {41} _{Ez} _[|4] [Q42]
Q] Q] Qu) {Quf [E] -[E]

(17)
where by [Q,,] was noted the zero matrix with cu m lines and n columns, is obtained the
homogeneous equation:

[E][5]={0} (18)
that accepts the solution different of zero if:
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det[E]= {0} (19)
equation from which are determined the own pulsations.
In the case of harmonic excitations from A, D, H with the amplitudes R,,Rp,Ry in the equations
(11) at the elements k, f, is added IiA at the element F added IiD and at the element —k, f, is

added — ISH , and so the notations:

0 0 0 0
0 0 0 0

{Fl} = 0 - [Rs ][Rz ][Rl 0 {Fz } = _[R4 ol {Fs } = 0 20)
ﬁD Ii-A ﬁD - §H

Fl-ley ey ey
it is obtained the matrix equation:
[E]{Z}Z{F} (21)
from which results the column matrix of amplitudes:

)=} (22)

4. Numerical application
Consider a mobile three-shafts transmission equipping a SUV vehicle whose construction model is
shown in Figure 3, for the following construction features that are known and mechanical:

ky,=k, =85-10°(N/m);k . =2-10°(N/m);
I, =007(m);l, =059(m);l; =0,25(m );l, =0,12(m );l; =005(m);l; =0,36(m );l, =007(m );
A=A =A=A=A =196-107"(m’);A, = A =4-10"(m?)

PL=Py=P3=py=Ps=ps=p; =1800kg/m*).
Based on an algorithm that | will present in future work and a computer program developed in
Excel or obtained first and second pulsation own value p;=155(s™), p,=1072(s™). Corresponding to
this pulse graphs were drawn at the bending vibration inherent modes shown in Figure 5.
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Figure 5. First and second pulsation own

5. Conclusions
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The mathematical model presented, of the algorithm and of the program developed can be
determinated the influence of each type of technological deviation an their own frequencies and
vibration modes at bending of three-shafts transmissions.The matrix approach allows us to directly
determine the own pulsations and ways of vibration of the three-cardan transmissions, the method
could be extended also to poli-cardan transmission.
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