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Abstract: Mechanical systems definition as multibody systems is a modern way of modeling aiming to the
real time simulation of complex product's dynamic behavior. The paper presents aspects regarding the
kinematics of the mobile transversal coupling as multibody system. The mobile couplings are used in a lot of
power transmissions at cars, road trucks, railway trucks, ships and other industrial systems. Previously,
based on an adequate graph and specific conditions, like the degree of freedom, number of bodies and the
type of geometrical constraints between the bodies, the synthesis of all possible graphs for these
transversal couplings as multibody systems were developed. First it is presented the structural scheme of
the analyzed mobile coupling. Then are defined: the parts of the multibody system associated to the mobile
coupling (input and output semicouplings, intermediary element and basis); the body reference frames and
also the general reference frame; the geometrical and cinematic constraints. Finally, there are determined
the cinematic equations, useful to found the optimal geometrical configuration of the coupling, depending by
the initial requests of a mobile coupling (cinematic and constructive conditions) and also to obtain some new
constructive variants, presented in the final part of the paper.

1. INTRODUCTION

The mobile couplings are used in a lot of power transmissions at cars, road trucks,
railway trucks, ships and other industrial systems, in movement and torque transmission
between two shafts with parallel axis. The shafts are connected by a kinematical linkage
with the possibility to have translations in the transversal plane. These translations are
named transversal movements. A transversal coupling is homokinetic if the shafts angular
speeds are identical. If the shafts angular speeds are almost identical, the mobile coupling
is quasihomokinetic [1].

If the shafts are connected to the basis, it will result the associated mechanism, which
is a plane mechanism [1]. The transversal coupling multibody model has, as bodies, the
input and output shafts and also, some of the intermediary bodies which have, usually,
more than two connections [3, 5, 6, 7]. The studied coupling is Buchli [1, 8], with the main
particularity to have a gear sector between the intermediary elements.

2. THEORETICAL BASIS

The analysed mobile coupling is composed by two semicouplings and between them
there are the intermediary elements (fig. 1) [1].

The bodies of the multibody system are: input semicoupling, 1, intermediary bodies 2
and 3, output semicoupling 4 and the basis 0. Between the bodies there are the
restrictions detailed in table 1 and figure 1. The mobility of the associated mechanism
multibody system is [3, 6, 7]

M =3(n, -1)-> g, =3(6-1)-11=1, (1)

where np=5 is the number of the associated mechanism bodies (including the basis) and
>gc.=11 is the number of the geometrical constraints between the bodies.


mailto:cgavrila@unitbv.ro

ANNALS of the ORADEA UNIVERSITY.
Fascicle of Management and Technological Engineering, Volume X (XX), 2011, NR2

S

eSS

RN

N
N

I —

b. Structural scheme of the associated

a. Coupling constructive scheme.

mechanism.
Figure 1. The Buchli mobile coupling
Table 1: Restrictions
0-1 R A 2
0-3 R B 2
1-2 R C 2
1-3 R H 2
2-3 Gear sector Gear sector 1
2-4 RR EF 1
2-4 RR GJ 1

For the mobile transversal coupling shown in figure 1, the geometrical and
kinematical multibody model is presented in figure 2. The interest point’s coordinates are
presented in table 2.

To define the geometrical restrictions, is necessary to know the point coordinates
relative to the fixed coordinates system. The general relation of these coordinates is [7]:

Xy X Cos o, —Sing, || I
M — Oi + - (PI (PI ’ (2)
Y Yoi sing, cosg, ||h
where i=1, 2, 3, 4, for mobile bodies.

Geometrical restrictions equations are obtained from the geometrical restrictions
between the bodies and are presented as follow.
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Fig. 2. The geometrical and kinematical multibody model (continued)

Table 2: Points coordinates relative to the local coordinate system.

Body

Points coordinates

Basis O

Co(0, 0); Do(ex, €y).

Input semicoupling 1

Al(rlx, ry). By ). G0, 0),

=1, Sina, ry =r Sina,;

Intermediary body 2

, =l ,Ccosa, r, =I, COSa,
where and < " .

M2 r.2x ) (réx - réy)' P2 (010)

=r,C0Sa,
where and

r,, =I,CoSa,
=1, sina, '

r,, =1, Sino.,

Ma (rax1 Ife.y ) N3 (r?l,xl - ral,y )’ P3 (O’O)

Intermediary body 3 r, =I;COSaL, l3 =I5 COSQL
where . and \ L
ry, =T; Sina ryy =I5 Sina
A4(— Fax, = r4y) : B4(r4xl,—r4y) , D4(0, 0)
Output semicoupling 4 r,, =, COSQ, r,, =, Cosa,
unde . unde .
r,, =T, sino, r,, =I,Sino,
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For the studied mobile transversal coupling multibody model, the generally
geometrical restrictions equations are [2, 3, 6, 7]:

- for rotation P =P, 3)
. . 2 2 2

- for rotation-rotation (xpl. S (yF,j —ye f =P, (4)

- for gearing Vo = Vp;. ©)

The kinematic restriction equation is

Based on the relations (3)...(6), it is obtained an equation system with 12 equations
and 12 unknowns: Xo1, Yo1, @1, Xoz2, Yo2, P2, X03, Y03, 93, Xoa, Yos, Pa. It results

Xo1=0 ; Yo1=0, (7)
Xo4=€x ; Yos= €y, (8)
Xp2— Xa1 = 0; Yr2—Ya1=0 9)
Xp3— Xg1 = 0; yp3—Ye1=0 (10)
O, =, F + 0, = e, F =12 (12)
(cu, =%a, F + (v, =y, F =117 (12)
V2 = Vs (13)

To resolve the equation system, it is necessary to take account by the constructive
conditions, as follow:

- at the couplings of this type, the construction of semicouplings is symetric: 1, =r,,
respectively r, =r, and a, = a,, respectively o, = o,.
- the linkages between the bodies 2 and 4 respectively 3 and 4 have the same length I;=

-the intermediary bodies 2 and 3 have the same dimensions r,=r, and a,=oas,
respectively r, =r, =r, (for gearing sector) and o, = a;

- also, is necessary to be mentioned the particularity MoMs || A1B1 || AsB4 and the length of
this is MoM3 = A4B4= |, for coupling eccentricity e=0.
Will result

3.21
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2x04r1'[cos(a'4 + (p4)— cos(oc'1 + (pl)]+ 2y04r1'[sir(oc'4 + (p4)— sir(oc'1 + (pl)]+ 2Xoaly [cos(oc:1 - (p4)— cos(oz1 Sy )]+ (14)
+2Y ol [Sir(ocl - (pl)— Sir‘((x:1 -Q, )]— 2n,r, [Cos((p2 —Q, — O, + a;)— COS((p1 — Qg — 0y + a;)]—
- 2r;rj1 [Cos(q)3 -, — OL; - ocl4)— Cos((p1 -Q, + a'1 + a; )]— 2r1'r; [COS((p1 -, + oc'l + al)— COS((p1 -, — al - (1'4)] =0.

For gearing sector between the intermediary bodies, relation (13) led to the gearing
ratio [2, 4]

=P _Tws _Zs_q (15)
03 Ty 2

w

for the considered constructive conditions r,, =r,, =r,, (and also z, = z,).

w

Integrating, ¢ = ®, will result ¢, = ¢, +C. For C=0, will obtain

©; =Py (16)
Theoretically, relations (14) and (16) led to the coupling homokinetism condition

Py =@y (17)
But, in the real case, because of the gearing clearance,

¢ = Qg (18)
which led to the coupling quasihomokinetism condition

Gy = Py (19)

3. RESULTS

For intermediary elements 2 and 3, with gear sector, taking account by the relation
(15), and constructive particularities r, =r; and o, =aj, respectively a, =as, result some
theoretical cases, as follow:
e case 1, figure 1, b, Buchli:

ab e(z,nj; oy e(%,an and o} e(ﬁ,nj; oy e(ﬁ,Zn);
2 2 2 2

e case 2, figure 3, new constructive variant:

orelEalatelZnland aselEnl atelEn
2 2; 1 2 21 3 2! 1 3 21 .

3.22
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Figure 3. The mobile coupling new scheme

5. CONCLUSIONS

In the case of the studied mobile coupling as multibody system with four mobile
bodies, the homokinetism is given by ¢, =¢,, in the condition ¢, =¢,, according to the

constructive particularities relative to the geometry of the bodies. Specifying the coupling
constructive condition is important here, because is useful in coupling’s dynamic behavior and
also in manufacturing process [1, 7].

Because of the gearing clearance, the real coupling became quasihomokinetic, and

Ap = @, — @, = const.

From this coupling type, as constructive variants, result the known Buchli coupling and
a new constructive solution.

The method can be applied also for other known mobile couplings, as multibody
systems with four or five mobile bodies and for other new solutions of mobile couplings,
identified previously by the authors in structural analysis.

In the future researches, the authors intend to analyze these new particular cases and
also to find their optimal shape configuration, in the design process.
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