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COUPLINGS WITH VARIABLE CHARACTERISTICS OF VEHICLES
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Abstract. Couplings abruptly changing their torsional rigidity and carrying capacity when the transmitted torque
reaches a particular value are considered. This state is achieved either changing the conditions of the deforma-
tion of a flexible member or by excluding it from torque transmission. In the presented paper the conditions of
mode variation are determined and some relationships for determining major parameters of couplings are given.
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1. Introduction

A coupling is one of the structural elements de-
termining the performance of vehicles. It connects the
transmission and the drive wheels. A vehicle operates
under complicated conditions when mechanical forces
acting on its units vary depending on the particular
road and mode of operation. Vibration isolation of
vehicles is largely determined by coupling flexibility.
The requirements which couplings should meet are
determined by traffic conditions and operation modes.
Thus, operating in an emergency mode couplings
should be capable of transmitting the maximum
torque, while the vibration isolation requirement is
not so important. Under ordinary traffic conditions
more flexible couplings are preferred to achieve higher
comfortability. Therefore, couplings which change
their carrying capacity and rigidity depending on load-
ing are more preferable for commonly used transport
facilities.

Now various methods of altering coupling char-
acteristics are known. Thus, load-carrying capacity can
be altered by pouring the magneto-rheological liquid
in the space between the parallel surfaces of the driv-
ing and drive half-couplings [1]. However, in this case
torsional coupling rigidity is but slightly changed, while
its vibration isolation is still insufficient at variable
frequency of disturbance found when traffic speed or
road profile are changed.

Vehicle transmission with controlled parameters
is obtained by introducing a variator [2] into its de-
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sign which helps to change the carrying capacity of
the system, while its rigidity remains unchanged.
The problems of improving service conditions of
vehicles by using controlled hydraulic transmission are
considered. However, in this work the emphasis is also
placed on the optimization of carrying capacity.

2. Couplings with flexible ring elements

In this type of couplings a torque is transmitted
via a ring connected with a hinge to the driving and
driven half-couplings. When torque reaches a particu-
lar magnitude a flexible member is either unloaded
or its deformation conditions are changed.

In the first case (see Fig 1) a coupling is the com-
bination of the ring and tooth-type couplings.
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Fig 1. A schematic diagram of a tooth-type ring coupling: 1—

driving half-coupling, 2 — driven half-coupling, 3 — a flexible

ring, 4 — tooth gearing, 5 — a pin connecting the ring with the

driving half-coupling, 6 — a pin connecting the ring with the
driven half-coupling
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When the torque is small the loading is transmit-
ted via a flexible ring. A distinctive feature of the en-
gagement used in this coupling compared to com-
monly used mesh is the absence of every other tooth
of the rings. Half-couplings are arranged in such a
way that, when not loaded, teeth may engage only
when the torque achieves a particular value because
the gap between them is the largest at that time. When
the torque is being transmitted normal stresses occur
in the ring due to the following factors:

a) abending moment caused by a useful load

Mg=a-Mr, 1)
here a coefficient depends on the number of pins n
uniformly spaced in any half-coupling (e.g., a =
0,00909 whenn = 2,a = 0,0245 whenn = 3), M, is a
torque transmitted by the coupling;

b) longitudinal strength of the pin is

_Mg, )
2nR

here R is a radius of pins arrangement;
¢) a bending moment occurring due to the ac-
tion of centrifugal forces of the ring [3] is:
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X radial reaction in the pins, g is the linear mass of
the ring, m is the rate of coupling revolution, F is cross-
-section area of the rings, I is inertia moment of the
ring cross-section with respect to the central axis
perpendicular to the ring plane, A and B are
coefficients dependent on n (4 = 0,3926, B = 0,0744
whenn = 2; 4 = 0,4933, B = 0,05708 when n = 3);

d) longitudinal strength of the ring due to the
action of centrifugal forces is:

Nic =qR2m2—lctgg. 5)
2 72
The highest stresses in the ring occur at the point
of its connection with the pins of the driving coupling
therefore the condition of the ring strength is as fol-

lows:

M; +Mp  Nic—Np
o= + <o , 6
Wx E adm ( )

where W, is section modulus of the ring, c,,, -

allowable bending stresses of the ring.
Torsional rigidity of the ring is:
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R b
where b n-is dependent coefficient (b = 52,9 when n
= 2,b = 463 when n = 3), E is elasticity modulus of
the ring material.

Itis clear that to use the ring most efficiently pro-
viding minimum rigidity, M, should slightly exceed
the value at which the teeth engage. Following this,
we will get the relationship for determining structural
parameters of the ring:

()

Cr=b
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where k is safety factor assumed to be equal to 1,2 —
1,5, z; = d/m, d, m are pitch diameter and tooth
engagement modulus the parameters of which are
determined by well-known relationships taking into
consideration the condition of maximum torque
transmission.

To reduce axial coupling rigidity the ring is made
of separate sheets. In the case when the mode is shifted
by changing the conditions of ring deformation some
additional supports preventing the extended parts of
a flexible member to approach its revolution axis too
closely are introduced in the coupling (Fig 2). The
shape of the supports is made similar to that of the
extended parts in order to enlarge the contact area
with the ring. As a result a bending moment due to
the action of the circular force is considerably reduced
while the carrying capacity of a coupling is increased
by an order or so because most of the flexible ring
stresses are bending stresses caused by the above.
When the contact is established the increasing circu-
lar force causes only tensile stresses.
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Fig 2. A schematic diagram of a coupling with

additional supports: 1 — driving half-coupling, 2 — driven
half-coupling, 3 — flexible ring, 4 — additional support, 5 —a
pin connecting the ring with the driving half-coupling, 6 — a
pin connecting the ring with the driven half-coupling
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To determine the support profile the displace-
ment of the driving half-coupling pins and radial dis-
placement of the middle points of the stretched ring
arcs should be found. The latter are calculated by a
fictitious force method based on the curved rods
theory implying that the deformation of only one sixth
of the ring circumference under the action of the cir-
cular force T and radial force P applied to the middle
of the arc is considered. The displacement in the di-
rection of force P is expressed by:

E3
8 =
PTE

(0,00699T —0,0453P) . (9)
X

When P = 0 we will get the displacement of the
middle ring section when it comes in contact with the
support (when changing to the second mode at the
specified load). The same relationship can be used
determining the approximate interacting force of the
ring and the support because friction forces affecting
the performance of a coupling in the second mode
are created by it.

The analysis of operational conditions of a cou-
pling has shown that if the arc bears against the sup-
port along its full length, the compensatory mecha-
nisms are less effective while the ring load is increased.
Therefore, the contact area making 0,3 — 0,5 of ex-
tended are a length can be considered the most ap-
propriate. In coupling design radial arc section dis-
placement can be assumed to be proportional to the
section distance from the axis of the connecting pin,
while restricting the profile of the middle support sec-
tion to the circumference with the radius easily de-
termined by simple geometric calculations.

When the coupling considered is used in high-
speed drives the ring itself can increase disbalance
because of the variation of its cross-section dimen-
sions within the tolerances. The effect of ring defor-
mation on centrifugal forces should be estimated.
When the extended and compressed segments of one
third of the ring length are individually considered,
the following corrected values are obtained for cen-
trifugal forces (Fig 3):

Fig 3. Centrifugal forces acting in the deformed
portion of the ring
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Calculations of the rotation rate and the ring
length made with different applied loads have shown
that various deviation angles of the loads resultant
centrifugal forces from the middle of the respective
arcs have a little effect, therefore the resultant of the
centrifugal forces of one third of the ring can be ob-
tained following the rule of vector summation of forces
P, and P, and assuming the angle between them to
be 120 °. This means that
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3. A coupling with arched members

In this coupling (Fig 4) the driving and the driven
half-couplings 1,2 are linked by flexible arc members
3 attached to half-couplings by pins 4,5. The pins of
the connection are located in the depressions of half-
couplings, therefore, when the angle of torsion exceeds
a particular value, some of the arcs rest against the
depression edge decreasing in length. As a result the
rigidity of the coupling is increased. To reduce the load
on a flexible member when torque is transmitted the
radius of pins arrangement on the driving half-cou-
pling should be larger than that of the driven half-
coupling.

In Fig 5 a computational scheme of one flexible
member is presented. Circular force T is acting tan-
gentially to the circumference with radius R. The same
reaction though in an opposite direction is observed
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Fig 4. A diagram of a coupling with arched flexible members:

1 — driving half-coupling, 2 — driven half-coupling,
3 — arched flexible member, 4, 5 — a pins connecting arched
flexible member with the driving half-coupling
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in hinge A (i.e. at the connection point of the arc and
the driven half-coupling). The following radial forces
occur on hinges:

J(@Rosing/2? —(r sin )’

rsine

Q=T =T-g (12)
where r is radius of pins arrangement on the driven
half-coupling, R, radius of curvature of flexible
members. In Fig 6 the graphs illustrating the above
relationship when r = 0.6R,, are given. When the
improper parameters are chosen some undesirable
force Q can considerably exceed the circular force.
The parametric values providing for the minimum Q
value are the most appropriate.

The carrying capacity of a coupling is largely de-
termined by the bending strength of a flexible mem-
ber. The bending moment of the section, the position
of which depends on angle o is expressed in the fol-
lowing way:

Fig 5. A design scheme of a flexible arched member
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Fig. 6. The dependence of force relationship Q/T on the
relationship between radii R /R, when r = 0,6R
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Fig 7. The dependence of torsional rigidity on the relation-
ship between radii R /R, when r = 0,6R. C;, is expressed in
terms of (R/R)*/K

M =TRy{cosy(l-cosa)-siny-sino —
13
—g[siny(1- cosa)+ cosy-sin o]} (13)
The analysis of the expression (13) has shown that

given any coupling parameters M, assumes the larg-
est value when o =y/2.

To determine torsional coupling rigidity the dis-
placement in the direction of force 7" should be found:

_oll
aT
where is the potential bending energy.

By using (14) the following expression can be
obtained for torsional coupling rigidity:

ot (14)

_ sEI,R?
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where s is a number of flexible members in a coupling,

(15)

S

K= a-coszy—Zb-sinycosy+c-sinzy—
2g[(a—c)siny-cosy+ b(coszy—sinzy) +

gz[a-coszy+ 2b-sim(-cosy+c-cos2 y]

a=§‘P—Zsin‘P+}sin2‘P,
2 2

b=1—cos‘l’—%sin‘l’,
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c=lw_ly
2 4 7
g corresponds to formula (12).
In Fig 7 the graphs of the relationship (15) when
r = 0,6R are shown.
The graphs given in Figs 6, 7 can be used choos-
ing the approximate coupling parameters.

4. Conclusions

1. The performance of vehicles can be conside-
rably improved by replacing a commonly used flex-
ible coupling by a coupling with the rigidity abruptly
changing when transmitted torque is increased.

2. Rigidity and carrying capacity of couplings can
be altered changing the conditions of ring deforma-
tion. This can be achieved by using some additional
supports or engagement with a reduced number of
teeth.

3. Compensational ability of couplings is im-
proved when several arc members are used instead
of the flexible ring member.
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