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(57) ABSTRACT

The invention relates to a locking washer which is to be
inserted between a bearing element (38) and a screwable
element (42) and which includes two washer crowns (12, 14),
each of which has an engagement face (22, 24). Said washer
crowns (12, 14) which engage with one another and are main-
tained compressed under axial pressure between said screw-
able element (42) and said bearing element (38) are capable,
when said screwable element is unscrewed, of rotatably
engaging with said screwable element (42), and said bearing
element (38), respectively, so as to rotate said washer crowns
(12, 14) relative to one another, in order to rotatably lock said
screwable element (42). According to the invention, said
locking washer presents a shape of a truncated cone, and said
locking washer (10) is elastically deformable in order to be
able to be flattened, forming a spring, such that said axial
pressure is maintained substantially constant.
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DOUBLE-ACTING LOCKWASHER

[0001] The present invention relates to a locking washer by
which a screw/nut system can be maintained locked against
rotation after it has been tightened.

[0002] The known locking washers are made for instance
from an elastic truncated ring substantially deformed to the
effect that the two free extremities of the ring form beaks. The
ring is thus intended for coming into engagement between for
instance a bearing element and a nut, while a screw shank
extends protrudingly from the bearing element and through
the elastic ring. During tightening of the nut, the elastic ring is
flattened between the bearing element and the nut, while the
beaks of the ring become respectively embedded therein to
thereby form a brake.

[0003] Such locking washers are relatively simple, but their
efficiency is modest.

[0004] Other, more complex locking washers comprise two
washer crowns applied coaxially against each other, and they
are adapted to engage between the bearing element and the
nut. They each have an engagement face and an opposite,
ribbed bearing face. The engagement face as such has asym-
metrical radial teeth, and the asymmetrical radial teeth have,
on the one hand, a crest and a tooth bottom spaced angularly
from the crest at an angle being, substantially, smaller than
about 60°, and, on the other hand, two opposed sides. The one
of the sides is substantially inclined relative to the median
plane defined by the washer crown, and it extends angularly
between the crest and the tooth bottom. It is intended to form
a sliding side. The other side is substantially perpendicular to
the inclined side of the following tooth, and it constitutes a
stop side. Thus, the engagement faces of the washer crowns
are intended for being applied against each other, such that, on
the one hand, the inclined sliding sides come into contact with
each other, respectively, and, on the other hand, the stop sides
come into abutment on each other, respectively.

[0005] Also, when the nut is tightened, the locking washer
is held in a vise-grip between the bearing element and the nut,
and the engagement faces are then brought along axially
against each other under pressure. In turn, when the nut tends
to loosen, it brings along the washer crown against which it
bears in rotation, and consequently the sliding sides of that
washer crown are brought along slidingly against the sliding
sides of the other washer crown, while forming a ramp. In this
manner, the washer crowns are separated axially from each
other, and the axial tension which is exercised in the screw/nut
system increases significantly. Due to that, the friction forces
generated in the screw/nut system increase considerably and
bring about the locking of the nut against rotation. More
specifically, the sliding side is inclined relative to the axis of
the screw/nut system at an angle greater than that of the helix
angle of the system. Also, at the moment when the nut brings
the washer crown into rotation when it loosens, the latter is
brought along axially against it, and locks it by wedge effect.
[0006] This type of washer which is described in particular
in EP 0131556 is, however, associated with certain draw-
backs.

[0007] Actually this type of washer is effective inasmuch as
the washer crown engages with the nut when it loosens and
that applies in all circumstances. Yet, over time and according
to implementation conditions, a screw/nut system including a
bearing element has a propensity to loosen. This phenomenon
is brought about either by the screw sliding against the washer
crown or by a flowing and/or a relaxation of the elements
affected by the tightening forces. In those two cases, the two
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crowns are not brought along in rotation relative to one
another, and the axial tension does not increase —rather the
contrary, it drops. Consequently the locking of the nut
becomes ineffective.

[0008] Also, a problem that arises and which the present
invention is aimed at solving is to provide a locking washer
which can be more effective in all circumstances, no matter
the conditions of implementation and environment.

[0009] To this end, the present invention proposes a locking
washer intended for being compressed axially between a
bearing element and a screwable element, said screwable
element being connected to said bearing element by a shank
member suitable for traversing said locking washer, wherein
said locking washer comprises two washer crowns having
each an engagement face, which engagement face has a plu-
rality of asymmetrical radial teeth, each of said asymmetrical,
radial teeth having, on the one hand, a crest and a tooth bottom
spaced angularly apart from said crest, and, on the other hand,
a sliding side which is inclined and extends angularly
between said crest and said tooth bottom, wherein the engage-
ment faces of said washer crowns are suitable for being
applied against each other, whereas the sliding sides come
into contact with each other, respectively, said washer
crowns, which are applied against each other and maintained
compressed under axial pressure between the screwable ele-
ment and the bearing element, being suitable for being
brought along in rotation with the screwable element and the
bearing element, respectively, when the screwable element
loosens, so that the washer crowns are caused to rotate relative
to each other, whereas the respective sides are brought along
slidingly against each other, respectively, while forming a
ramp, to separate axially the washer crowns from each other
to bring about the locking against rotation of the screwable
element. According to the invention, the locking washer has a
shape of a truncated cone; and it is elastically deformable in
order to be able to be flattened while forming a spring
between the bearing element and the screwable element to
maintain the axial pressure substantially constant, whereby
the washer crowns are suitable for being brought along in
rotation relative to each other when the bearing element and
the screwable element separate axially from each other.
[0010] Thus, it is a characteristic feature of the invention to
provide two conical washer crowns made of a material which
is elastically deformable and which are engaged in one
another. In this manner, when the two crowns are deformed to
a flattened state between the bearing element and the screw-
able element, e.g. a nut, they respectively exert an axial pres-
sure against the bearing element and against the screwable
element. When, for any reason whatsoever, the nut separates
axially from the bearing element, the two crowns will then, by
spring effect, have a tendency to revert to their initial conical
shape and will continue to exercise, respectively, the axial
pressure against the screw and the bearing element. Conse-
quently, when the nut tends to loosen in this position in which
it is separated from the bearing element, the washer crowns
stay in rotational engagement with the nut and the bearing
element, respectively. Also, they are brought along in rotation
relative to each other, and the locking effect is generated.
Thus, as will be explained in further detail in the description
that follows, the angle having the greatest slope relative to the
median plane of the washer is greater than the helix angle of
the screwable element in order to bring about the locking.
[0011] In order for the washer crowns to be able to enter
into engagement with the nut and with the bearing portion,
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respectively, it is necessary that the friction forces between
those elements are considerable, and consequently that the
same applies to the axial pressure. To a certain extent, the
bearing support portions of the washer crowns opposite their
engagement face stay in contact with the bearing element and
the screwable element, respectively, across a major part of
their surfaces. Owing to the taper ratio of the locking washer
according to the present invention, this axial pressure remains
and its efficiency is constant over time. Consequently, there is
no need to provide radial striations on the bearing support
portions of the washer crowns which will tend to damage the
nut, but also and most importantly, the bearing element,
respectively, by becoming embedded therein. Nor is there any
need to provide specific complementary means in order for
the washer crowns to enter into engagement with the screw-
able element and the bearing element, respectively. Thus, the
locking washer according to the invention is suitable for being
implemented with standard screwable elements.

[0012] Besides, it is noted that the washer crowns are
designed for being deformed until they are flat, whereby it is
possible to significantly reduce the length of the screw shanks
compared to the ones used with more complex and thicker
locking washers. Besides, since the washer crowns are main-
tained in their deformed, flattened state between the bearing
element and the screwable element, the friction forces and
hence the adhesion forces between the bearing support por-
tions and the bearing element and the screwable element,
respectively, are, for a given tension in the shank member,
maximal which imparts an improved resistance to sliding.
With regard to, more specifically, the friction coupling, it is
thus a function of the friction forces and the distance at which
they are applied relative to the axis of rotation. In case the
locking washer having a shape of a truncated cone, was not
deformed until flattened state, the friction coupling could
hence be compensated for—at least partially—by an aug-
mentation of the diameter of the washer and/or by providing
expedient locking means. Owing to the invention, it is thus by
no means necessary to increase the diameter of the locking
washer in order for the bearing support portions of the washer
crown in contact with, in particular, the bearing element to be
further away from the axis of the screwable element in order
to thereby increase precisely the friction coupling. Thus, the
locking washers according to the invention require less mate-
rial consumption and are hence more economical.

[0013] Besides, since the washer crowns are maintained
deformed until flattened between the bearing element and the
screwable element, it is also possible to limit the magnitude of
mechanical stress in respect of the pre-tensioned threaded
shank member which imparts a resistance to fatigue to it
which is very considerably improved.

[0014] Advantageously, the asymmetrical radial teeth of
the engagement faces of each of the washer crowns have an
identical profile. This configuration enables an improved
cooperation of the sliding sides against one another and con-
sequently mitigates the friction forces between the engage-
ment faces, which is particularly desired as will be explained
in the following.

[0015] Besides, more preferably, each of the asymmetrical
radial teeth has a stop side opposed to the sliding side relative
to said crests, and the stop sides of said asymmetrical radial
teeth of the engagement faces contact each other, respec-
tively, when the engagement faces of said washer crowns are
applied against each other. Thus, when the screwable element
is screwed by force to be caused to hold the two washer
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crowns of the locking washer in a vise-grip, the latter are
maintained rotatably locked due to the stop sides, and the
screwable element is brought along in friction, sliding against
the locking washer if the latter stays engaged with the bearing
element. Obviously, if it enters into engagement with the
screwable element, it s, itself, brought along in friction, slid-
ing against the bearing element.

[0016] Preferably, the stop sides and the sliding sides join
along an intersection line that extends radially. Also, the
engagement faces of the washer crowns cooperate perfectly
to the effect that there is no free space between the two crowns
applied against each other. In this way, a locking washer is
obtained that is self-contained and hence resistant to com-
pression forces.

[0017] According to a particularly preferred embodiment
of the invention, the washer crowns have axial planes inter-
secting the asymmetrical radial teeth along said crest,
wherein the stop sides are substantially inclined relative to
said axial planes; for instance by some degrees. In this man-
ner, with the stop sides of one of the washer crowns coming
into abutment on the stop sides of the other washer crown,
there is no risk whatsoever that the stop sides slide against
each other during the tightening of the screwable element.
During this operation, the washer crowns thus remain joined
in rotation to each other.

[0018] Besides, said washer crowns having axial planes
intersecting the asymmetrical radial teeth along said crest and
the perpendicular planes intersecting said axial planes per-
pendicularly along said crests, the sliding sides are advanta-
geously substantially inclined relative to the perpendicular
planes. For instance by some degrees and at an angle larger
than the helix angle of the screwable element taken within the
same frame of reference.

[0019] Besides, the engagement face of each of said washer
crowns has between eight and thirty asymmetrical radial
teeth. For certain uses, the washer crowns have between ten
and twenty asymmetrical radial teeth. It may e.g. have fifteen
ofthem. Thus, the axial movement of the two crowns relative
to each other is ensured to perfection, and the forces are well
distributed in the contour of the washer crowns, their thick-
ness taken into consideration. Besides, one of said washer
crowns has a convex engagement face, while the other one of
the washer crowns has a concave engagement face. Thus, the
washer crown having the convex engagement face is engaged
with the washer crown having the concave engagement face.
In this manner, the locking washer is constituted of two
washer crowns engaged with each other while forming one
single conical element, prior to being deformed until flat-
tened. Also, the radial teeth of the washer crowns cooperate
with each other, respectively, in such a manner that the sliding
sides of the teeth are in contact with each other, respectively,
before the two crowns are deformed until flattened. By such
characteristic feature it is possible to avoid the movement of
the crowns relative to each other during the tightening of the
screwable element, and consequently the movement of the
teeth of one of the washer crowns relative to the teeth of the
other one of the washer crowns.

[0020] Advantageously the engagement faces are suitable
for coming into continuous contact throughout their entire
surface which enables the washer crowns to be kept in a
mating relationship while enabling the implementation ofe.g.
an adhesive on the engagement faces. Such characteristic
feature also facilitates the implementation of conditioning.
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[0021] Besides, according to a particularly preferred
embodiment, the washer crowns are preferably made of a
spring steel; for instance a silicon steel.

[0022] Also, the engagement faces are treated to reduce the
friction forces between the sliding sides. By the treatment of
the engagement faces is understood, herein, both a physical or
a chemical treatment and the implementation of a coating. In
addition, the bearing support portions opposite the engage-
ment faces of the washer crowns are advantageously treated
or coated to increase the friction forces between them and the
nut and the bearing element, respectively. In this way it is
further enabled to obviate radial striations on the bearing
support points of the washer crowns that will have a propen-
sity to damage the bearing element by becoming embedded
therein.

[0023] Other characteristic features and advantages of the
invention will become apparent by reading of the following
description of a particular embodiment of the invention, given
as a non-limiting example with reference to the accompany-
ing drawing, wherein:

[0024] FIG. 1 is a schematic sectional view of the locking
washer according to the invention

[0025] FIG. 2 is a schematic perspective view of an element
of the locking washer shown in FIG. 1;

[0026] FIG. 3 is a schematic perspective view of another
element of the locking washer shown in FIG. 1; and

[0027] FIG. 4 is a schematic elevational side view of an
assembly including the locking washer according to the
invention in a working position.

[0028] FIG. 1 illustrates, in a sectional view, a truncated
cone locking washer 10 having an axis of symmetry A. It has
an external washer crown 12 and, interiorly, an internal
washer crown 14. The two crowns 12, 14 are engaged with
each other as will be explained in further detail in the follow-
ing. The external washer crown 12 has an external bearing
support portion 16 and an internal bearing support portion 18,
masked in FIG. 1, while the locking washer 10 has a circular
central opening 20 allowing engagement with e.g. a threaded
shank element.

[0029] Reference is now alternatively made to FIGS. 2 and
3. In FIG. 2, the internal washer crown 14 is shown in a
perspective view, seen from above, while, in FIG. 2, the
external washer crown 12 will appear in a view seen from
below. The external washer crown 12 defines a first middle
cone, while the internal washer crown 14 defines a second
middle cone. The internal washer crown 14 has a convex
engagement face 22, while the external washer crown 12 has
aconcave engagement face 24. The two engagement faces 22,
24 are complementary and are adapted for engagement with
each other without leaving any free space between the two
crowns 14, 12. Advantageously, the two crowns 12, 14 are
made of spring steel in order to be elastically deformable in an
axial direction, between a conical state and a flattened state.
Preferably the crowns 12, 14 are hot-forged and then deburred
to subsequently undergo a thermal treatment suitable for
homogenizing their mechanical properties. They may also be
coated in certain circumstances.

[0030] Regarding the concave engagement face 24 of the
external washer crown 12 shown in FIG. 3, it has 15 first
asymmetrical radial teeth 26 distributed regularly in the cir-
cumference of the washer crown. Each of these first asym-
metrical radial teeth 26 has a first crest 28 that extends radially
and a first tooth bottom 30 separated angularly, substantially
by 24°, from the first crest 28, and which also extends radially.
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Each of the first asymmetrical radial teeth 26 thus has, on the
one hand, a first sliding side 32 which extends angularly in an
inclined manner between the first crest 28 and the first tooth
bottom 30. The first sliding side 32 of each of the first asym-
metrical radial teeth 26 intersects the first middle cone
defined above, while forming an angle of some degrees rela-
tive to the level of the section line, e.g. 5°. The first asym-
metrical radial teeth 26 have, on the other hand, a first stop
side 34 that extends opposite to the first sliding side 32 rela-
tive to the first crest 28 and which joins the first tooth bottom
30 of the following first asymmetrical radial tooth 26. In turn,
the first stop side 34 intersects the first middle cone while
forming a neighbouring angle of e.g. 90°, 95° plus or minus
10°, relative to the level of the section line. Also, the first stop
side 34 extends angularly between the first crest 28 and the
first tooth bottom 30 of the following first asymmetrical radial
tooth 26, according to the first middle cone defined above, at
some degrees only, e.g. two degrees.

[0031] Now reference is made to FIG. 2, wherein the con-
vex engagement face 22 of the internal washer crown 14 has
a shape which is complementary to the shape of the concave
engagement face 24 of the external washer crown 12. Also, its
analogue elements are indicated by the same reference pro-
vided with the prime symbol »'«. Thus, it has 15 second
asymmetrical radial teeth 26' having the same profile as the
first asymmetrical radial teeth 26, and distributed along the
circumference. Each of the second teeth 26' has a second crest
28' which extends radially and a second tooth bottom 30’
separated angularly by approximately 24° from the second
crest 28'. Also each of the second asymmetrical radial teeth
26' has, on the one hand, a second sliding side 32' which
extends angularly in an inclined manner between the second
crest 28' and the second tooth bottom 30'. This second sliding
side 32' of each of the second asymmetrical radial teeth 26'
intersects the second middle cone defined above while form-
ing an angle of some degrees relative to the level of the section
line, e.g. 5°. The second asymmetrical radial teeth 26' have,
on the other hand, a second stop side 34' which extends
opposite the second sliding side 32' relative to the second
crest 28' and which joins the second tooth bottom 30' of the
following second asymmetrical radial tooth 26'. In turn, the
second stop side 34' intersects the second middle cone while
forming a neighbouring angle of 90° relative to the level of the
section line. Also, the second stop side 34' extends angularly
between the second crest 28' and the second tooth bottom 30'
of the following second asymmetrical radial tooth 26', in
accordance with the second middle cone defined above, at
some degrees only, e.g. 2 degrees.

[0032] Thus, the external washer crown 12 and the internal
washer crown 14 are connected, the convex engagement face
22 against the concave engagement face 24 as shown in FIG.
1. Also the first and the second sliding side 32, 32' respec-
tively rest against each other, while the first and the second
stop sides 34, 34' respectively abut on each other. The two
engagement faces 22, 24 being complementary when they are
connected, no free space remains between the two crowns 12,
14. In turn, a lubricant is advantageously applied onto the
engagement face 22, 24 to facilitate the movement of the
sliding sides 32, 32' against each other as will be explained in
the following.

[0033] Following connection of the external washer crown
12 and the internal washer crown 14, the convex engagement
face 22 against the concave engagement face 24, and follow-
ing engagement of the locking washer thus formed between a
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screwable element and a bearing element, the rotation of the
screwable element brings about the axial deformation in
phase of the two crowns 12, 14, while they are rotatably
locked relative to each other due to the stop sides 34,34' of the
teeth being in abutment on each other, respectively. In this
manner, the teeth 26, 26' of the two crowns 12, 14 stay
engaged during the deformation. Also, the teeth 26, 26' are not
damaged during the deformation to flat state of the locking
washer.

[0034] The truncated cone locking washer 10 which will
appear from FIG. 4 is flattened and it stays close-fitting
against the bearing face 36 of a bearing element 38 and is
traversed by a threaded shank member 40 to be held in a
vise-grip between a nut 42 screwed onto the shank member
40. Thus, the external washer crown 12 as well as the internal
washer crown 14 are flattened between the screwed and tight-
ened nut 42 and the bearing face 36.

[0035] Consequently the truncated cone locking washer 10
is compressed elastically between the nut 42 and the bearing
face 36. It will appear that, seen from below along the arrow
D, the nut 42 has been brought along in rotation in the clock-
wise direction in order to be able to rest on the external
bearing support portion 16 of the external crown 12 and to
deform elastically assembled the crowns 12, 14 forming the
truncated cone locking washer 10 before flattening it.

[0036] After the tightening, the washer crowns 12, 14
applied against each other are maintained compressed under
axial pressure between the nut 42 and the bearing face 36. The
nut 42 thus exercises, on the external bearing support portion
16 of the external washer crown 12, a given external pressure
Pe equivalent to the internal pressure Pi exercised by the
bearing face 36 on the internal bearing support portion 18 of
the internal crown 14. It is noted that this pressure is the result
of both the tightening of the screw 42 and also, in particular,
the elastic rebound of the truncated cone locking washer 10.
[0037] Thus, in this situation, when the screwed assembly
illustrated in FIG. 4 is exposed to e.g. vibrations, the nut 42
will tend to loosen in the anticlockwise direction. In view of
the pressures that are exerted between the bearing support
portions 16,18 and the nut 42 and the bearing face 36, respec-
tively, when the nut 42 tends to loosen in the anticlockwise
direction, the friction forces are so sizeable that the external
washer crown 12 engages with the nut 42, while the internal
washer crown 14 engages with the bearing face 36 with the
result that the external washer 12 crown is brought along in
rotation with the nut 42, while the internal washer crown 14
stays in fixed position. Also, the two crowns 12, 14 are sepa-
rated axially from each other since the sliding faces 32 of the
internal engagement face 24 are brought along slidingly
against the sliding sides 32' of the external engagement face
22, while forming a ramp. This friction is facilitated by the
lubricant. The angle G of the sliding flanges 32, 32', which
corresponds to the angle of the largest slope relative to the
median plane of the locking washer 10, being larger than the
helix angle of the threaded shank member 40 relative to its
straight section, the external washer crown 12 thus wedges
during the rotation movement of the nut 42 and thereby
blocks it immediately. Consequently the loosening of the nut
42 is rapidly interrupted.

[0038] In turn, when e.g. the threaded shank member 40
dilates under the influence of the temperature, or for any other
reason, and the nut 42 and the bearing surface 36 of the
bearing element 38 separate axially from each other, the
truncated cone locking washer 10 then tends to revert to its
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initial truncated cone shape. In this manner, the external pres-
sure Pe and the internal pressure Pi exercised on the one hand
between the external bearing portion 16 of the external
washer crown 12 and the nut 42, respectively, and between the
bearing surface 36 and the internal bearing support portion
18, on the other hand, are preserved to a certain extent and
remain substantially constant. In this way, the untimely loos-
ening of the nut 42 will always provoke the bringing into
rotation of the external washer crown 12 relative to the inter-
nal washer crown 14 and consequently the locking of the nut
42 against rotation due to the same forces as the ones men-
tioned above.

[0039] Obviously, such truncated cone locking washer 10
may also be adjusted between a screw head and any bearing
support portion to bring about the same locking effects.
Because, actually, it is the tension that is exerted in the screw
shank which thus generates major friction in the screw/nut
system and which brakes it when the one is brought into
rotation relative to the other,

[0040] Besides, it should be noted that the number of asym-
metrical radial teeth is not limiting herein. Obviously, washer
crowns comprising e.g. six teeth or even twenty teeth may
also be completely suitable.

1. Locking washer intended for being compressed axially
between a bearing element and a screwable element, said
screwable element being connected to said bearing element
by a shank member suitable for traversing said locking
washer, wherein said locking washer comprises two washer
crowns having each an engagement face, said engagement
face having a plurality of asymmetrical radial teeth, each of
said radial asymmetrical teeth having, on the one hand, a crest
and a tooth bottom spaced angularly from said crest, and, on
the other hand, a sliding side inclined extending angularly
between said crest and said tooth bottom, and wherein said
engagement faces of said washer crowns are suitable for
being applied against each other, whereas the sliding sides
come into contact with each other, respectively, said washer
crowns, which are applied against each other and maintained
compressed under axial pressure between the screwable ele-
ment and the bearing element, respectively, being suitable for
being brought into rotation with the screwable element and
the bearing element, respectively, when the screwable ele-
ment loosens, with a view to bringing the washer crowns into
rotation relative to each other, whereas the respective sliding
sides are brought along slidingly against each other while
forming a ramp to separate the washer crowns axially from
each other to bring about the locking against rotation of the
screwable element;

wherein the locking washer presents a shape of a truncated

cone; and in that said locking washer is elastically
deformable in order to be able to be flattened, forming a
spring between said bearing element and said screwable
element to maintain said axial pressure substantially
constant, whereby said washer crowns are suitable for
being brought along in rotation relative to one another
when said bearing element and said screwable element
are separated axially from each other.

2. A locking washer according to claim 1, wherein the
asymmetrical radial teeth of the engagement faces of each of
the washer crowns have an identical profile.

3. A locking washer according to claim 1, wherein each of
the asymmetrical radial teeth also has a stop side opposite said
sliding face relative to said crests; and in that said stop sides
of said asymmetrical radial teeth of said engagement faces
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come into contact with each other, respectively, when said
engagement faces of said washer crowns are applied against
each other.

4. A locking washer according to claim 3, wherein the stop
sides and the sliding sides join along an intersection line that
extends radially.

5. A locking washer according to claim 3, wherein said
washer crowns having axial planes intersecting the asym-
metrical radial teeth according to said crest, the stop sides are
substantially inclined relative to the axial planes.

6. A locking washer according to claim 1, wherein said
washer crowns having axial plans intersecting the asymmetri-
cal, radial teeth along said crest and perpendicular planes
intersecting the axial planes perpendicularly according to
said crest, said sliding sides are substantially inclined relative
to said perpendicular planes.

7. A locking washer according to claim 1, wherein the
engagement face of each of said washer crowns has between
ten and twenty asymmetrical radial teeth.

8. A locking washer according to claim 1, wherein the
washer crowns have a convex engagement face, whereas the
other one of the washer crowns has a concave engagement
face.

9. A locking washer according to claim 1, wherein said
washer crowns are made from a spring steel.

10. A locking washer according to claim 1, wherein said
engagement faces are treated to reduce the friction forces
between said sliding faces.

#* #* #* #* #*
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