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TITLE: FRICTION LEAF SPRING FOR VERIZLES
DESCRIPTION

This invention relates to a ZIriction leai sprin
I g

for vehicles, particularly heavy commercial vehicles.

In leaf spring vehicle suspensions, the ZIrict
between the spring leaves and between the s
themselves and their mountings has both advanta
and disadvantages, especially when applied to he

a
commercial vehicles. There are existing devices
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for increasing and/or decreasing this £
different applications, although such devices <tend
to be a compromise, providing the higher or lower
friction characteristic over the whole range of sus-

pension deflections.

Low friction improves the isolation ride of a
vehicle, especially at small load variations or deflec-
tions. For instance, when travelling on a relatively
smooth road, any static friction tends to 1lock the
suspension up, with small input variations causing
the tyres of the vehicle to deflecrt. As the vehicle
tyres are virtually undamped, the vehicle tends to

oscillate on the tyres, thereby providing an unpleasant

ride.

A disadvantage with low <friction 1leaf spring
arrangements is that sophisticated, highly durable
dampers are required to control adeguately the motions
of the wvehicle. To be fully effective, such dampers
ideally regquire various settings to suit the different
loading conditions to which the suspensions are sub-

jected. Also, with low friction spring arrangements
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the rate of vehicle movement, especially in the rcil
mode, is generally too high under the dynamic loadingcs
which occur when the vehicle is manoeuvring. This
often necessitates the use o0f stabiliser/anti-roll
bars which tend to reduce the guality and comfort
of the wvehicle ride by stiffening the wheel rate when
only one wheel is deflected.

On commercial vehicles, where the distribution
of load between axles varies considerably in dependencs
upon the particular application, a high friction spring
arrangement tends to dampen any actual ZIreguency com-
binations which can cause severe ride and handling
problems. Therefore, high friction spfing arrangements
tend to be more adaptable over the practical ranges

of vehicle applications.

The present trend for 1leaf spring suspensions
is towards parabolic tapering thickness spring leaves
which can be processed to produce more durable assem-
blies but which tend to have low inter-leaf friction.
As indicated above, this tends to give, on the one
hand, advantages in the vehicle ride for small input
variations but, on the other hand, the disadvantages

discussed above for larger deflections.

An attempt has been made to overcome these disad-
vantages by providing between those parts of a spring
which need to contact each other but which also need
to slide with respect to each other, such as, the
spring and its mounting and/or adjacent spring leaves,
an elastomeric member. By a "“shearing" action, the
elastomeric material of such a member is able to accom-
modate the differential sliding motion\ between the

spring and its mounting and/or adjacent spring leaves.



WO 91/11636

wy

10

20

30

PCT/GB91/00110

However, these shear deflection members also
suffer from disadvantages, such as, those discussed

above in relation to the parabolic, tapering thickness

leaf springs.

Accordingly, it 1s an object of the present
invention to provide such a deflectable shear member,
or a vehicle suspension incorporating such a member,
which overcomes, or at least substantially reduces, the
disadvantages associated with the known suspension

arrangements discussed above.

Thus, one aspect of the invention provides a
friction control device for a vehicle suspension with
at least two elements which are slidable with respect
to each other in the fore-and-aft direction thereof,
the device comprising a resiliently deformable member
located or locatable between said relatively slidable
elements of the suspension, wherein deformation of the
member in the fore-and-aft direction of the elements
during use of the device is limited to a predetermined

degree.

Such limiting deformation of the member, which is
preferably of an elastomeric material, may be effected
by means of a positive stop or a progressively

increasing resistance terminating in a positive stop.

Preferably, the predetermined degree to which

deformation of the member is limited, is defined by a

positive stop.

In a preferred embodiment of the 1inventive

friction control device, the resiliently deformable
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member is secured between a pair of generally parallel
plates, with means arranged to engage each other when
the member is deformed to said predetermined degree and
to define a positive stop therefor. Such engagement
means may comprise opposed ends of each plate being
bent  inwardly with respect thereto, such that
corresponding pairs of respective bent plate ends can
engage each other, to provide the positive stop when
deformation of the member in the fore-and-aft direction
of the suspension elements reaches said predetermined
degree.

In another embodiment, means are arranged to
effect ‘a progressively increasing resistance to
deformation of the member, terminating in a positive
stop, in which case, such progressively increasing
resistance means can comprise a resiliently deformable
element arranged to act between the plates, preferably
between respective cooperating pairs of bent plate
ends.

Further, the resiliently deformable member may be
secured directly to ome of the vehicle suspension
elements, such that, in the preferred embodiment
described above, one of the generally parallel plates
is constituted by that element, whereby the resiliently
deformable member is secured directly thereto, with the
other plate and associated vehicle suspension element
being slidable with respect to each other when the

member has reached its limit of deformation.

The at least two elements of the vehicle
suspension may be respective leaves of a multi-leaf
spring of which at least one leaf is arranged to slide

in frictional éngagement with any associated plate,

k2]
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when the resilient deformable member is deformed to the
predetermined limited degree and would otherwise deform
further. Such an arrangement may also include means
for clamping the leaves of the leaf spring together,
with another resilient element located between the
clamping means and at least one of the spring leaves,
preferably with the other resilient element being

secured to a clamp plate of such clamping means.

In a further embodiment of the inventive friction
control device, the resiliently deformable member may
be secured between the confronting faces of two
components of a frame mounting bracket of a cam spring
suspension arrangement, in which case, a lower one of
the two frame mounting Dbracket - components may be
arranged upon an associated spring leaf, such that
relative movement between the mounting bracket and the
spring 1leaf which would otherwise cause further
deformation of the deformable member, causes sliding
motion, against friction, between that lower component

and the leaf.

The resiliently deformable member 1is preferably
made of an elastomeric material which may be either
natural or synthetic, or, indeed, any other suitable,

resiliently deformable material.

In order that the invention may be more fully
understood, preferred embodiments in accordance
therewith will now be described by way of example and

with reference to the accompanying drawings in which:

Figure 1 is a side elevation in section of a prior

art friction control device located between two leaves

of a leaf spring;
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empodiment oI
with the invention, again located between TwD Llsaves

of a leaf spring;

Figure 3 1s a side elevation 1in section of &
second embodiment of <Zfriction control device in accor-
dance with the invention, once again located betwesn

two leaves of a leaf spring;

igure 4 1is a side elevation, again n sec:ticrn,
oI a third embodiment oI ZIriction control device in

accordance with the invention, this time located batween

jo!}

leaf and a mounting bracket of a leaf spring arrancs-

Figure 5 1is a side elevation 4in section of a
modified form of the first embodiment of Zriction

control device shown in Figure 2; and

Figures 6a and 6b are respective side and plan

views of yet another embodiment of friction control

device used in a particular, single leaf spring arrange-

ment.

Referring firstly to Figure 1 of the drawings,
a prior art arrangement comprises upper and lower
leaves 101, 102 of a 1leaf spring vehicle suspension,
between which is located a known form of Zriction
control device 110, consisting of ©respective upper
and lower metal plates 111, 112 between which is secured
by any suitable means a resiliently deformable member
103.

This prior art arrangement is such that, under
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upper leai 101 and the upper metallic piate 11 canno:,
or are highly unlikel 1
otnher and, in any case, the lower leal 102 and lower
metal plate 1i2 are secured to each oth
5 any relative motion taking pla
aft direction of the vehicle, as indicated by the
double headed arrow X, between the upper and lower
spring leaves 101, 102 is represented by the resilient
deformation of the member 103 by the corresponding
10 shearing force exerted thereupon in the ZIcre-and-
aft direction X. Such deformaticn c¢f the member 10Z
tends to be uncontrollable and, hence, somewha2: rander

in its effect.

Under extreme working conditions howsver, i

$ -
w

is possible that sliding motion against friction batw
the upper spring leaf 101 and associated metal plate
111 of the friction control device 110 will coms

into effect, when the member 103 has reached the lim:i-s

oo
4
v

.

ore-and-aft directio

H

20 of its deformation in the

A first embodiment of inventive Zfriction control
device, as shown in Figure 2, can be employed to over-

come this and other disadvantages associated with

[ §%)
wn

the prior art arrangement described above with reference
to Figure 1, by limiting the fore-and-aft deiorma
of the resiliently deformable member of <+he novel
device. In Figure 2, a pair of adjacen:i, upper a
lower leaves 21, 22 of a leaf spring vehicle suspensi
30 are sepa
with the invention, &s indica
This device 29, as in the case of the prior art device
110 described above, also comprises a pair oI upper

and lower metal plates 23, 24. However, the opposad

(8%}
u
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ends 25 c¢I +the upper plate 23 are bent downwardliv

and, similarly, the opposed ends 26 ¢ ths lowar plats

24 are Dbpent upwardly, such that <they ovarlar with
the downwardly extending ends 25 of the upper cliate

u
22 being located within the coniines of +the upwardly
extending ends 26 of the lower plate 24, thsrebv cro-

ng respective gaps Dbetween the adjyacen:t pliats
25, 2¢. n this manner, any Zfors-and-aft defor-
a the associated resiliently deformable member
27, as a conseguence certain working conditions of
the vehicle suspension, is limited to a predetermined
degree cr amount by a positive stop provided by engage-
ment of one end 25 of the upper plate 23 with zths
associated end 26 of the lower plate 24 or vice versza.
After such restricted shear deformation c¢f the member
27 in the fore-and-aft direction X any further relataivs
movement between the two leaves 21, 22 is effected
by sliding motion against £friction between the leaZ
21, 22 and associated plate 23, 24 of the friczctio

control device 29.

The second embodiment of inventive friction control
device is illustrated in Figure 3, this being similar
to the first embodiment described above in relation
to Figure 2, except that that limited shear deformation
of the resiliently deformable member 37 of the device
39 1is subjected to a progressive restriction prior
to being subjected to a positive stop, for any relative
fore-and-aft movement between the uppser and lowe:r
leaves 31, 32. Such progressive restriction is provided
by & resiliently deformable element 28 positioned
between each oI the pair of downwardly and upwardly
extending ends 35, 36 of respective uppsr and lowar

the £riction control dsvice

th

metal plates 33, 34 o
39.
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which provides the 1initial crrogressive res
will eventually result in such movement being Drought

to a pesitive stop.

Any further relative movement between the upper

and lower leaves 31, 32 of the suspension which, in
the prior art arrangement, would otherwise rasuls

ormation &I the member ZI7,
causes the conironting Ia

31, 32 and upper/lower pl
with respect to each other,

necessary friction therebetween.

-

A third embodiment of inventive £friction control
device is shown in Figure 4, as indicated generally
at 49, applied to the adjacent faces oI a Irame mounting

pracket of a cam spring suspension arrangement.

In this third embodiment of inventive £riction
control device 49, the resiliently deformable membDer
47 is secured between the confronting faces o©I the
two components 33;, 34 of the brackst which effeczively
replace the upper and lower plates 23, 24 and 23,
34 of the respective devices 29, 39 of the Zirst two
inventive embodiments described above in relation

to Figures 2 and 3.

I+ is to be noted that in this third embodiment,
the resiliently deformable material oI the member
47 extends around the inside face of the lowar brackst
component 34, such that it is located between that

component and the upper component 33, thereby pro-
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components 33, 34 fore-and-zft o¢f the vehi~le w
which this particular suspension arrangement is assc-
ciated. Relative movement between the mounting bracket:

and associated spring leaf 42 which, in the oprior

o

rt arrangement, would otherwise cause further defor-

2

ation of the member 47 of the friction control dsvice
49, causes sliding motion, against Zriction, bDerween

the lower component 34 and the leai 42.

The fourth embodiment of inventive Zriction control
device is illustrated in Figure 5 of the drawingé,
it being similar in construction to the first embodiment
of Figure 2, except that an additional, external clamp

60 is employed.

The clamp 60 comprises upper and lower clamping
plates 61, 62 and is clamped onto upper and lower
leaves 51, 52 of a 1leaf spring vehicle suspension.
Between the upper and lower leaves 51, 52 is located
a friction control device 59, such as that described
above with reference to Figure 2. Between the upper
clamping plate 61 of the clamp 60 and the upper spring
leaf 51 is provided a resilient element 62 secured
to the plate 61.

Tnis clamping arrangement provided by the clamp
©:1 serves to force the slidably movable components
51, 59, 52 of the basic leaf spring assembly together,
as in the case of conventional £friction increasing
clamping devices. With the inventive device 59 emploved
in this arrangement, the £riction will still be low

for small suspension deflections but, as the shear

.
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Thus, it can be sesn that the Iour embodiments
described above with refierence to respective Tagures
2 to 5 of the drawings, preoduce low cr negligibie
ion for small movements ©
spring or other associated sSpIring &arrangement b
produces highe:: frictional Zorces Icr large dsilscztions
of the suspension. As indicated abovs, this in
arrangement has particular application with a parapbcli:z:z
tapered leaf spring, thereby allowing for the explic:a-
tation of the spring's higher durability, whilst giving
low friction characteristics for better gquality an
smoother surface ride but permitting use thersof where
its low friction &t high dsiflections would otherwise

give rise to problems.

Also, the progressively restrictive shear defor-

ation control of the deformable member of the invenzive

3

friction control device can be designed such *ha:
the restriction can be wvaried 3in dependsnce upon tnhs
compression of the shear deformablse material of =th=a
member, namely, the load applied thereto. Thus,

1
Tion controcl can bz varied cor zTimed to match the load

l-l
mn

on the suspension spr

A further application of the 1inventivs devics,

Fh
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or indeed the conventional, unlimited de

device, such as that dsscribed above with reference

to Figure 1, might be with radius arms or stabiliser
n

gs, such as those des-
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Application No. PCT/GB90/00435 (Publication ©No. W
90/11201) entitled "Vehicle Suspension System".

©

In this arrangement, the radius arm, such as that
illustrated at 78 in Figures 6A and 6B, could be
attached to the spring leaf 71 or to the axle 72 by a
clip 73 or bracket 74 or other suitable connecting
means which incorporates a friction device of the prior
art or, in modified form, in accordance with the

invention, as defined above.

This particular application might be particularly
advantageous when employed with single leaf springs,
thereby providing a degree of friction which would
otherwise be impossible to achieve with a one leaf?
arrangement. If the geometry and friction are tuned
correctly, this particular application could assist in
damping out axle torsional vibrations or spring wind-
up oscillations under traction and braking of the
Vehicle, which normally give rise to problems with

single leaf spring suspensions.

Further, it is to be appreciated that, in the
relevant embodiment described above, particularly in
relation to Figures 2, 3 and 5 of the drawings, the
lower plate 24, 34 may be omitted, such that the lower
leaf 22, 32, 52 effectively constitutes the lower
plate, with the resiliently deformable member 27, 37,
57 being secured directly to that lower leaf.
Alternatively, of course, such an arrangement may be
applied to the other side of the device, whereby the
upper leaf 21, 31, 51 effectively constitutes the upper
plate 23, 33, with the member 27, 37, 57 secured

L 4]

-
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CLAIMS

1. A friction control device for a vehicle suspension
having at least two elements, such as leaves of a leaf
spring, which are slidable with respect to each other
in the fore-and-aft direction thereof, the device
comprising a resiliently deformable member located or
locatable between the elements, wherein deformation of
the member in the fore-and-aft direction of the
elements during use of the device is limited to a
predetermined degreg.

2. A device ccording to claim 1, wherein the
predetermined degree to which deformation of the member

is limited, is defined by a positive step.

3. A device according to claim 1 or 2, wherein the
resiliently deformable member is secured directly to
one of the vehicle suspension elements.

4. A device according to claim 1 or 2 including a
pair of generally parallel plates between which the
resiliently deformable member is secured and which
include means érranged to engage each other when the
member is deformed to said predetermined degree and to

define a positive stop therefor.

5. A device according to claim 4, wherein said
engagement means comprises opposed ends of each plate
being bent inwardly with respect thereto, such that
corresponding pairs of respective bent plate ends can
engage each other, to provide the positive stop when
deformation of the member reaches said predetermined
degree.

o

i
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6. A device according to any preceding claim
including means arranged to effect a prozressively
increasing resistance to deformation of the member,

terminating in a or the positive stop, as the case may

be.

7. A device according to claim 6, when dependent upon
claim 4 or 5, wherein said progressively increasing
resistance means comprises a vresiliently deformable

element arranged to act between the plates.

8. A device according to claim 7, when claim 6 is
dependent wupon claim 5, wherein the resiliently
deformable element is arranged to act between

respective cooperating pairs of bent plate ends.

9. A device according to claim 4, or any of claims 5
to 8 when dependent thereon, wherein one of the
generally parallel plates 1is constituted by the
associated vehicle suspension element, such that the
resiliently deformable member is secured directly to

that element.

10. A device according to any preceding claim, wherein
said at least two elements of a vehicle suspension are
respective leaves of a multi-leaf spring of which at
least one is arranged to slide in frictional engagement
with an or the associated plate, as the case may be,
when the member is deformed to said predetermined

limited degree and would otherwise deform further.

11. A device according to claim 10 including means
clamping the leaves of the leaf spring together, with
another resilient element located between said clamping

means and at least one of the spring leaves.
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12. A device according to claim 11, wherein the other
resilient element is secured to a clamp plate of said

clamping means.

13. A device according to claim 1 or 2, or claim 6
when dependent wupon claim 1 or 2, wherein the
resiliently deformable member is secured between the
confronting faces of two components of a frame mounting
bracket of a cam spring suspension arrangement.

14. A device according to claim 13, wherein a lower
one of the two frame mounting bracket components is
arranged upon an associated spring leaf, such that
relative movement between the mounting bracket and
spring leaf which would otherwise cause further
deformation of the deformable member, causes sliding
motion, against friction, between the lower component
and the leaf.

15. A device according to any preceding claim, wherein
the deformable member is of an elastomeric material.

16. A friction control device according to claim 1,

substantially as hereinbefore described with reference
to any of Figures 2 to 5 of the accompanying drawings.

17.5 vehicle suspension including a radius arm or
stabiliser bar attached to an associated spring leaf or
axle by connecting means incorporating a friction
control device according to any preceding claim.

18. A vehicle suspension according to claim 17,
wherein said connecting means comprises a clip or
bracket.
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1. A vehicle suspension according to claim 17 or 18,
substantially as hereinbefore described with reference

to Figures 6A and 6B of the accompanying drawings.

20. A vehicle suspension incorporating a friction
control device according to any of claims 1 to 16.

21. A vehicle incorporating a suspension according to

any of claims 17 to 20.
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