A double-acting locking washer 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. 5 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 10 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 thereii tioinsleactimo o okikg. washeh locking washers are relatively simple, but their
efficiency is modest. 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 hHale areRgageventdacesadan@oppasig, rkkeebesingfasea Ther-enaagement
face as such has asymmetrical radia teetH,ﬁE the asi;émmetriqal radial teeth have, on the one hand,

a crest and a tooth bottofit Spac8P g g Ak ratien e hibings Qs didhiRn haller

than about 60, and, on the other hand, two opposed sides. The one of the sides is substantially
inclined relative tP 25 medi%ane efined by the washer crown, and it extends angularl

h l
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substantially perpiegditijataiotifieyinefoet siteoofiibesfedomtingt tomshvwan g ersigHirRa gomside.
Thus, the engagemerkt facer$ of the ﬁ]asher crowns are intended for being applied against each other,

such that, on the' 350 b RERKE: indh edidhd UFe SUERACThHPETR it &hgargment

between for instance a bearing element and a nut, while a screw shank
10 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.
15 Such locking washers are relatively simple, but their efficiency is modest.

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
20  opposite, ribbed bearing face. The engagement face as such has
asymmetrical 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
25  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

30 one hand, the inclined sliding sides come into contact with each other,



2 respectively, and, on the other hand, the stop sides come into abutment on each other, respectively.
Also, when the nut is tightened, the locking washer is held in a vise-grip 5 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, 10 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 systemdgperanesysiandicantihdomir hadthi&istion iresscapne aieddpiha ssraywnut
system increase consid rabl¥ and br_ing about the locking of the nut against rotation. More specifically,
the sliding side iCT5 AN RIRETE G Yhe 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 lgosens, the latter is brought along axially against it, and locks it by wedge effect.
20This type of ngﬁ%’r WHRR @‘ae%ﬁﬂ)%&'%p ﬁ@gmgﬁ%'%(ﬁk'ﬁgﬁ@\?@%, Fole\teiNadsyS58aiRvith

certain dravghacksetveiallshtniséppingf siaslhker issdfapiy @ inasmy ahasshigayashelt oravas eagages
with the nut wherbit lopsens and that ap%Ues in all circumstances. 25 Yet, over time and according to

implementation dORGitRIRY IR S ARRINAKI Q¥ ARG AR RS HYRE MESTHE DB HYEB loosen.

This phenomenothés hueughtigbeutwitet, by Bihgerenvaliding agadnsirtheonashgamenivrichyig
flowing and/or a relaxation ?f the ele%e?nts affecteg bé the‘g]ghtening forces. In those two cases, the
two crowns are nStHRIYIRERNY ANSOrSRSfAH RIMMBESEAD A KRS O LiRtAS RSl [RYEHBes not

increase - brought along slidingly against the sliding sides of the other washer crown,
10 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

15 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.

20  This type of washer which is described in particular in EP 0131556 is,

however, associated with certain drawbacks.

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.
25 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 crowns are not brought along in

30 rotation relative to one another, and the axial tension does not increase —



3 rather the contrary, it drops. Consequently the locking of the nut becomes ineffective. Also, a
problem that arises and which the present invention is aimed at 5solving is to provide a locking washer
which can be more effective in all circumstances, no matter the conditions of implementation and
environment. To this end, the present invention proposes a locking washer intended for being
compressed axially between a bearing element and a sgrewable 10 element, said screwable element
being connected to said bearing element by a shank m&mber suitable for traversing said locking
washer, wherein said locking washer comprises two washer crowns having each an engagement face,

which engagemeatiiecerhascamhaiglite ofrapymustieiuadin! inetho&aah Qfrsiid asynyaeyiscal radial
teeth having, on the one hand, a crest and 15 a tooth bottom spaced angularly apart from said crest,
and, on the other‘r}%ﬁ%ﬁt%@iiding side which is inclined and extends angularly between said crest and
said tooth bottom, wherein the engagement faces of said washer crowns are suitable for being applied
against each other, whereas the inding sides come into contact with each other, respectively, said

washer crowns, hithRRP ISPt PE GHiRESeaRA oMistihenRIFEaRL dRRRER I8 daimRst @kial

pressure begweesdlhigerewabipsirraent|apritie WasHas wiseiahalg sidtabladasieing bigught
along in rotation with the screwable element and the bearing element, respectively, when the

screwable eleméeritGHBEIARCES R TR Fersitinn el inplemesialisn 28Rk enY IO BEENbther, 25

whereas the respective sides are brought along slidingly against each other, respectively, while
forming a ramp,é?qs%)arate axjally the washer crowns from each other to bring about the locking
h

against rotation IScRAFaNRERERRET NIRRT RIQRRSASEAIBRKING Warhry vinismaadhios shape
of a truncated cansingnddippriastiealixiafprbakiedn orasdarhryabledrhe 2Rfatienedavisdorming

a spring b? een the bearing element and the screwable element to maintain the axial pressure
substantiall¥ corlgment. 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 plurality of asymmetrical radial teeth,
each of said asymmetrical, radial teeth having, on the one hand, a crest and
15  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 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,
20  which are applied against each other and maintained compressed under
axial pressure between the screwable element 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,
25  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
30 flattened while forming a spring between the bearing element and the

screwable element to maintain the axial pressure substantially constant,



4 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. 5Thus, itis 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 glement and the screwable element, eg a nut,
they respectively exert an axial pressure 10 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 thererbp prRe el Revemstandesimatid uebimigeirdolnl ersreptsharsiand will

continue to exercise, respectively, the axjal pressure against the screw and the bearing element.

Consequently, WIRAYE toe5aR R oS dhenDRRe IBgSRAIBMFNIARG s SIpHrabia RisMER bearing

element, the washgyaeeawasisipyfionpaiciatigagagement 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 20

having the greatastislope ieclativrdeatherisesliasaplroecsfthe washabis esepieliianiie helicangle of
the screwable element in order to bringé%bout the locking. In order for the washer crowns to be able to

enter into engag&ARREWHIP WS IB3R 2h@ MALEHEINAIN'S Sl asHC A rRiRraNALlG BRebwdish) that

the friction forcesietelegagb@se elripeatotiercansighsamianned, caneeruratiyibatibeasmgapplies
to the axial presrs#rrggTo certainfxtent, the bearing supportrf)ortions of the washer crowns opposite

their engageme gdy 1R cBntRE G Bl R WRReriDEn PRAIaEreRigBIE M e AlaGH:, the
respectively, acresfevdbmaisieparhof tipinswiiacesewinptetheiarsiaiatian| helogkingwasher

according ‘FB) thegéglsﬁsr‘][tgﬂgegggﬂhéhieslgrﬂgln rr:aer? ”éSJ%@taiﬂé %%Criei\t/sagle 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. Consequently, when

15  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

20  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.

In order for the washer crowns to be able to enter into engagement with the
25  nut and with the bearing portion, 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
30  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
5 to provide specific complementary means in order for the washer crowns to enter into engagement
with the screwable element and the bearing element, respectively. Thus, the locking washer according
to the invention is suitable for being implemented with standard screwable elements. 10Besides, it is
noted that the washer crowns are designed for being deformed until they are flat, whereby it is

possible to signifissnibhesdiscedhetiaotverl thascrynsbankabprraredd0he,e88siyssebils more
complex and thicgg{,l c?kirn \washers, Besides, since the washer crowns are maintained in their
a

deformed, flatterf¢ RNS=ANHESH OSAHG BIEHRAR B R TIRNSCRER® WA sl e th i Richion

forces and hencevihetediegiondaiags habvern, thrbeminbadPRSSPARIpOR A, theyBepdagflement
and the screwabl;j element, respective:é},are, for a given tension in the shank member, maximal which

imparts an impro istEIRETH MY VRGP RIS 8 TP HHGRAShERIRaINCRHR Rt ARY ISR, it is
thus a functipn ofghsrériiions fricies anthatierflistanae M drdee ferenappliath &lative i the axis of

rotation. In case the locking washer having a shape of a truncated cone, was not deformed until

flattened state, S REIIR ESAFIUTUIHERES Feeabis Sietacet 2t ihabsaningyelepent.

augmentation of ibepdietmelpr Phthe weshaikangabhd avwebgifyRediRati ARG MRABEItANENG to
the invention, it i?%tﬁhus.b no 25 means n_ecessar# to increase the diameter of the locking washer in
order for the beald§ BW%HRFJHQ%WHE #E8Er ¢ RRIANRRISBRMBRES in particular, the bearing

element to be further away from the axis of the screwable element in order to thereby increase
precisely th§ friction coupling. Thus, the locking washers according to the invention require less

material 30Cons ﬁﬂﬁ?aﬁdsapgtﬁé{ng?meﬁe‘@eﬁhﬁhﬁéﬁwné BERidesigREf ML Rinsndriateg are

maintained deforumeidl theijl Hpstenedviieinasnithe beasmgeclonpiiinrahing eeewalte toft is also
possible to limit the ma%nitu e of mechanical stress in respect of the pre-tensioned threaded shank

member which it{aie E%eSRaale CATRALRE G ARSSIS STy MRRIErSB i 8Rekthicker
Advantageously ¢keingywusnticalBadiabicetihebtiiecenarpemeriiaea®f maintained in their

deformed, flattened state between the bearing element and the screwable
15  element, the friction forces and hence the adhesion forces between the
bearing support portions 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
20  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 augmentation of the diameter of the washer and/or
by providing expedient locking means. Owing to the invention, it is thus by no
25 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 material

30  consumption and are hence more economical.



each of the washer crowns have an identical profile. This configuration enables an improved
cooperation of the sliding sides against one another 10and consequently mitigates the friction forces
between the engagement faces, which is particularly desired as will be explained in the following.
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 15 said asymmetrical radial teeth of the engagement
faces contact each other, respectively, 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 cronBegifigse kiakingheasheinsracyisergyiardéhmiatennee raafaiaieed uatataitdaeked due
to the stop sides ag/? the 20 screwable element is brought alon&i iction, sliding against the locking

s nf |
washer if the latt8F g BRI IRIGSLANY etk vl R Rte tiF SHSR BR§EGSNent
with the screwahie glemens, ihisgiisede oo ugbtaiongandtisieninsligipeagamgidhsrbaarapaiament.

25Preferably, the stop sides and the sliding sides. join along an intersection line that extends radially.
Also, the engaggmgr%dﬁgesz‘af‘ @Wﬁ‘sﬁ%&&%& BB rAECSHRREG 6 dRligHRe PSR i’ no free
space betwsen therins aemdralagphiast@gadnst each other. In this way, a locking washer is obtained

that is self-contained and hence resistant to compression forces. 7 According to a particularly
preferred embodiment of the invention, the washer crowns have axial planes intersecting the

asymmetrical ragiahMtesigalong gaidcresynvhetedathe sigiptsstassirensubsigaiaheincliaedy elative to
said axial planes; forhinsgapce b sgme degrees, In this manner, with the stoP ) ] )
éach of the washer crowns have an identical profile. This configuration
enables an improved cooperation of the sliding sides against one another
10  and consequently mitigates the friction forces between the engagement

faces, which is particularly desired as will be explained in the following.

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
15 said asymmetrical radial teeth of the engagement faces contact each other,
respectively, 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 crowns of the locking washer in a vise-grip,
the latter are maintained rotatably locked due to the stop sides, and the
20  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 is, itself, brought along

in friction, sliding against the bearing element.

25  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 compression forces.

30



5 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. 10 Besides, said washer crowns having axial planes intersecting the asymmetrical radial teeth
along said crest and the perpendicular planes intersectiflg said axial planes perpendicularly along said
crests, the sliding sides are advantageously substantially inclined relative to the perpendicular 15
planes. For instance by some degrees and at an angle larger than the helix angle of the screwable
element taken Wmmmr@m@fmnmmbqurmfeﬁeﬂe@idbdeEhgﬁmmém ofrragfaehenid

washer crowns has betw en ei thirt Irlc radial teeth, For certain uses, the washer 20
crowns have betWeeh ten and %ve%t)? ?grﬂ@i ical ¢t eg 'P(?el%SXmﬂé‘?FeCG' ragist |fE‘88§‘0? {RBh. Thus,

the axial movemeaidbtteetiwehen@imshelative tideachrethribstensaligd iolpeidecsionvantbthaitprces
are well distributed. |q e cont ur of the waséler crowns, their thl%(n ss taken into C?h ||:1dera\t|on

Besides, one of X WASEPer& \R/HQ%EE hveXEh eg%%ee%t VARt P OthEPEnBIOR the
washer crowns hﬁd%(zﬁrmaa@feﬂgﬁgeme@t tacenthesmihg ines&ueiowri baving Siercsisxof

engagement face is e ed W|th the washer crown hayin the conca ment face. In this
manner, the locking Rasher 1 A6hSitSd o%%ﬁéﬁ\f( %O(?H&éélga?\kﬂﬁg@?é’aﬁ%#?@

forming one singigyarstalahnotngr pdioring bbmgigllefanmgddjrmﬂ@&ﬂﬁi%ab Aleon &g, r@lb@ilrf@eth of
the washer crowns coo erate Wﬁ% each ther re ve in such.am d:ner that the slldlné;Cu ides of

the teeth are in 8'Cort 8{%&% ﬁ&[ﬁg l’b fB?@fH@ AieRe \}vrh§%f?é'88fc§f)m8 til

flattened. By suabtisbaracteristic feature it is p033|ble to avoid the movement of the crowns relative to
each other, 8urlng the tightening of the screwable element, and consequently the movement of the
teeth of one of

Besides, said washer crowns having axial planes intersecting the

asymmetrical radial teeth along said crest and the perpendicular planes
intersecting said axial planes perpendicularly along said crests, the sliding
sides are advantageously substantially inclined relative to the perpendicular
15 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.

Besides, the engagement face of each of said washer crowns has between
eight and thirty asymmetrical radial teeth. For certain uses, the washer
20 crowns have between ten and twenty asymmetrical radial teeth. It may e.g.
have fifteen of them. 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 thickness taken into consideration.
Besides, one of said washer crowns has a convex engagement face, while
25  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
30 flattened. 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



5 the washer crowns relative to the teeth of the other one of the washer crowns. Advantageously the
engagement faces are suitable for coming into continuous contact throughout their entire surface
which enables the washer 10 crowns to be kept in a mating relationship while enabling the
implementation of e.g. an adhesive on the engagement faces. Such characteristic feature also
facilitates the implementation of conditioning. Besides, gccording to a particularly preferred
embodiment, the washer 15 crowns are preferably made of a spring steel; for instance a silicon steel.
Also, the engagement faces are treated to reduce the friction forces between the sliding sides. By the

treatment of the eopageman tases isthadasipedtibergimhdiats aHh w6t @whshsrical fspaisaent and
the implementatiﬁgtt%‘@ coati?g. addition, the bearing support portions opposite the engagement 20
r

faces of the was AHREE ddVafiefeshAPGIERlCof & (b ihcRosSibiRe IRicaYRIEDr

between them anadfernetian the brauing riemestisespertivelyr ladhisgRAL itishiarhey erabled to
obviate radial striations OE thf bearing support points of the washer crowns that will have a propensity

to damage the bSSHPRERAME hedBrhiry SRR e rdirverenhaf dhgrireihit ARt and

advantagessof thinénveasieerwilidyase mel apprarantthy reasdingef the iawingdeseriptonatadgarticular
embodiment of the invention, given as a non-limiting example with reference to the accompanying
drawing, whereif™®®fgure 1 is a schematic sectional view of the locking washer according to the
invention

Advantageously the engagement faces are suitable for coming into
continuous contact throughout their entire surface which enables the washer
10 crowns to be kept in a mating relationship while enabling the implementation
of e.g. an adhesive on the engagement faces. Such characteristic feature

also facilitates the implementation of conditioning.

Besides, according to a particularly preferred embodiment, the washer

15  crowns are preferably made of a spring steel; for instance a silicon steel.
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 engagement

20  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 propensity to
damage the bearing element by becoming embedded therein.

25
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
accompanying drawing, wherein:

30



Figure 2 is a schematic perspective view of an element of the locking washer shown in figure 1; 5-
Figure 3 is a schematic perspective view of another element of the locking washer shown in figure 1;
and Figure 4 is a schematic elevational side view of an assembly including the locking washer
according to the invention in a working position. 10Figure 1 illustrates, in a sectional view, a truncated
cone locking washer 10 having an axis of symmetry A. }f 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 following. The external washer crown 12 has an external bearing
support portion 16 and &Rylke intieraaldirariagssepeshaetion b8 ieaskethin Hadrd awbdedhg locking
washer 10 has a circular central opening 20 allowing engagement with e.g. a threaded shank element.
Reference is now altern&ti 9%383% figures 2 and 3. In Figure 2, the 20 internal washer crown 14
is shown in a perspectigiesv2seen §siarabavepavbectiviguenZofhm extaralvwisher ©omyL2 wil
appear in a view seen from below. The external washer crown 12 defines a first middle cone, while the
internal washer crown ﬂaégﬁﬁesgg"%%dgﬁ@%?d&te cone. The internal washer crown 14 has a convex
engagemers face 22, whitgitae2xéeenatR2Wasb e sihudthe hasw eNsave enadaeBendagss24. The

two engagement faces 22, 24 are complementary and are adapted for engagement with each other
without leaving any fred ¥fied W@%@ér‘?ﬂ?@vﬁv@ IIWRs!18n¥2. Advantageously, the two crowns 12,

14 are made of spring Fteglre ardes scheralastieadyArioamale ieancbaal S¥esHpy lil%‘ﬂ/féfﬁ'?f
é{]e crowns 12, 14 are hot-forged and then deburred to

conical state and a 30flattened state. Preferabl
subsequently undergo ﬁ‘[fﬁg? ﬁ‘%%ﬁ‘ﬁt[&ﬁ%iﬁé{

10 Figure 1 illustrates, in a sectional view, a truncated cone locking washer 10

Do the invention in a working position.

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 following. The
external washer crown 12 has an external bearing support portion 16 and an
15 internal bearing support portion 18, masked in figure 1, while the locking
washer 10 has a circular central opening 20 allowing engagement with e.g. a

threaded shank element.

Reference is now alternatively made to figures 2 and 3. In Figure 2, the
20  internal washer crown 14 is shown in a perspective view, seen from above,
while, in figure 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
25  washer crown 12 has a concave 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
30 flattened state. Preferably the crowns 12, 14 are hot-forged and then

deburred to subsequently undergo a thermal treatment suitable for



10 homogenizing their mechanical properties. They may also be coated in certain circumstances.
Regarding the concave engagement face 24 of the external washer crown 12 5 shown in figure 3, it
has 15 first asymmetrical radial teeth 26 distributed regularly in the circumference of the washer
crown. Each of these first asymmetrical radial teeth 26 has a first crest 28 that extends radially and a
first tooth bottom 30 separated angularly, substantially Jy 24', from the first crest 28, and which also
extends radially. Each of the first asymmetrical 10 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. Hdvadigeinsticigothisle 3zecheaatnbftheplisicasyTagtrivalyragied terthctfateiersects the
first middle cone defined above, while forming an angle of some degrees relative to the level of the
section line, e.g.%? 8 (fg%Sé@Qﬁﬁﬁetrical radial teeth 26 have, on the other hand, a first stop side
34 that extends opposite to the first sliding side 32 relative to the first crest 28 and which joins the first

tooth bott 30 qf the fallowjng first trical ial togth 26. In turn, the first st ide 34
ntorsects he frd HAEPGRE SANEEARG B EIGRbAL G AALISFS B ol S8 FORMELE 10,

relative 20 6 thedeyalrofith@qeelia) lindalIsts thesfiratgiamattde A4radiandsatnopirdidiabuess the
first crest 28 and the L'L%rrj;/tooth bottom 30, of the following first asgmmetricaf’l:egg\ial oqth 26, t;_alccording

to the first middIdSHEBerRed o SUSURTSERRE GIerels HRSRES. {iR¥kg NERESErelERice is
made to figure 2 asfreraistiicalocriiekiepgagenen e aishednteaal washeratimlly ldndas a

e e e o Shear A S EnNS SRR Beo B BB, e
prime symbol "' &rddtugsit basl laisehoarasyrisreisicaldrdipl ©eth 3026 \8afisy Hhywamariafile as
the first asypmetrcel ragiahtoss A3 “RATsyibyied along s cireymiergiise, Eagh of g segond
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 asymmetrical
radial teeth 26 intersects the first middle cone defined above, while forming
an angle of some degrees relative to the level of the section line, e.g. 5°. The
15 first asymmetrical radial teeth 26 have, on the other hand, a first stop side 34
that extends opposite to the first sliding side 32 relative 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 middie cone
while forming a neighbouring angle of e.g. 90°, 95° more or less 10°, relative
20  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.

25  Now reference is made to figure 2, wherein the convex 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 provided
with the prime symbol » ’ «. Thus, it has 15 second asymmetrical radial teeth

30 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



11 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 5
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
forming 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' 10 which extends

opposite the secgpdosiiflingeside 82 weliative iedhessesandigrasil s andydickaginssBasscans tooth

bottom 30’ of the following, second asymmetrical radial tooth 26'. In turn, the secondgéo& side 34"
t

intersects the seSGRA"AIRRIARBHEWLRY tBRRINY TABGhESUTEMRNGE seseneIsiesta the M58l of the
section line. Alsadbl sfoprdsdeprridasymdenss aagidptbel® betwaan the sreemd crasi?8and the

second tooth bottom 30' of the following secaond asymmetrical radial tooth 26', in accordance with the

second middle cSREWEHRYERoRI8t S6mW RIS APYlarY rddsafhins!itRdeiARRPRasher

crown 12 and thedneseal iessistsiawrebs 282 200connsstashdhe senysiSRIEEeMeR!t e R against
the concave engé%gmen,t face 24 as shown in figure 1. Also the first and the second sliding side 32,

32' respectively e 35175 2achTRACN AHINES RRAARE Avy Rk dadiz) ety 20/ inlersepisctively

abut on each othie THeedwe entrISSnagemEd HbOSN AN HEMANARNWARGIENRY ad6me
connected, no 25 free space remains between the two crowns 12, 14. In turn, a lubricant is

advantageously AEBIREFoARANCeigalindRY Fhcal 2910 456Nt ARSI & Bovemer®f BRSMNding
sides 32, 32' agaisghraelriethenarniidir 2aptained dn e follingnd 2enargrmess faeR 24 and

following e agemelr;qr}gof the locking washer thus formed between a screwable element and a bearing

element, the rottiTorEKE8ER RRBRSER SSRGS aHElR9he'A%idi4ieteidi4a IR it sh eSO the two

crowns 12, 14, vdndetthey afa wokacablyiteckes] setive teoaadoatheridue ez mmﬁg@@&% 34" of
the teeth being in abutment ogﬁga%ntother, respectively. In this manner, the teeth 26, 26' of the two
|

crowns 12, 14 sBYYENREYAGR RO P ABSHTRIERE FREQRGSHW Sisleddnbitassastethauring
the deformation s flenstairifdhwinckingemashangle Hegghvacaies SAgR I8FI00WRSRRY EPMbich wil
appear from figulre 4 is . . .
evel of the section line. Also, the second stop side 34’ extends angularly
15  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.

Thus, the external washer crown 12 and the internal washer crown 14 are
20  connected, the convex engagement face 22 against the concave
engagement face 24 as shown in figure 1. Also the first and the second
sliding side 32, 32’ respectively 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
25 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.

30 Following connection of the external washer crown 12 and the internal

washer crown 14, the convex engagement face 22 against the concave



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 15
flattened between the screwed and tightened nut 42 and the bearing face 36. 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 clockwise direction in order to be able to rest on the external 20 bearing support portion

16 of the externateyayerh2rantde deforndkasivatly assgageled e enpans ddnd AVasmiote
truncated cone Igcking washer 10 before flattening it. After the tightening, the washer crowns 12, 13
applied against 385@%%?%8% ?n%‘l;ﬁ?éﬁ'ﬁi) c F?l%\%’%%@ﬂ ﬁotég%fm ﬁ%@g’ﬁﬂ& Hawetatior Al 42
and the bearing taees3fewhblowda 8niHENGECiSESUOM S eXteiETal PRAIINGIS {PRRIE RATIHE the of the

external washer crown 12, a given external pressure Pe equivalent to the internal pressure Pi
exercised by the D&y Cég %W ﬁ]&HﬁYe?ﬁﬁl Wéﬁﬁ?}s%&ﬂ FRIRIOYELS SARR PR Rolin 14. 1t

is noted tha$ 30thirprgspurside she4esad obbothethtightering oihthgmaraent 20anaalse. trmarticular,
the elastic rebound of the t&n&‘atf d cone locki waské r10. 13 Thus, in this situation, when the
in'f )

screwed assemdiySRESHYE: P EpIRESR . 6OvinPaf e R G AVl end45id8sen in
the anticlockwisesdiagtan duivigwref w@f@fmms»lm,ameewaﬁdz&t\aee@ﬁéermad'@@ég@d?port
portions 16, 18 and the nut 42 and the beaying face 36, respectively, when the nut 42 tends to loosen
in the anticlockwit¥ HEfAtRmA ﬁBrﬁf}r}%gQF@ gf)ﬂé'f:z’i(g DEWENRCExternal washer crown 12

engages with the nut 42, while the internal washer crown 14 engages with the bearing face 36 with the
result that1tBe exﬁrgatln\jvr?ga galgocnrgvygci%r?éo\tlj\%g aélro q%ir\}vmct:%ti%ll appear from figure 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
15 flattened between the screwed and tightened nut 42 and the bearing face 36.
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 clockwise direction in order to be able to rest on the external
20  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.

After the tightening, the washer crowns 12, 13 applied against each other are
25 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
30  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.



10 with the nut 42, while the internal washer crown 14 stays in fixed position. Also, the two crowns 12,
14 are separated 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 15 of the sliding flanges 32, 32',
which corresponds to the angle of the largest slope relqgve to the median plane of the locking wa_sher
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 20loosening of the nut 42 is rapidly interrupted. In turn, when
e.g. the threadecﬁ,?{}ank member 40 dilates under the influence of the temperature, or for any other

u

reason, and the fit82 iR Bealing WheRdM BFipNe anss DR dhisiptes drafiausgidisfrom
each other. The grptigeentececonaneskiing MasheuL 2R tendsto st t ithdnitial dlypraigd cone

shape. In this mapner, the ?xte[nal pressure Pe and the internal pressure Pi exercised on the one

hand between th&"SahPRal DeXIftY Sorilem PESSPHERXRAhARaskerterbRRtvEaRtRR Reekpg

respectivelys andsbepueepdhihearndo atmfam%&mdmgﬂatme%%@ga%@@@rtregawi&&%@%n the
other hand, are pr servEd toa %%\:train xtent and remain substantially constant. In this way, the
i éﬁ?%

untimely loosenif'6FtiBSQUA A ilERARR (RE58Re M B SBHAGHEIS® Fitaslars ihe &itdien

washer crown 1Zgejativarto dbesiatabr) WashwleCedid anbRenseawenty thadagkisamiihedut 42
against rotation gﬁg B%he sanqwge forces as the ones mentioned above. 50bviously, such truncated
r a

cone locking wa }%%IF 8 B*geo{aﬁjs\t@fher crown 14 engages with the bearing face 36
with the result that the external washer 12 crown is brought along in rotation

10 with the nut 42, while the internal washer crown 14 stays in fixed position.
Also, the two crowns 12, 14 are separated 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

15 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

20  loosening of the nut 42 is rapidly interrupted.

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 separates axially from each other. The
25  truncated cone locking washer 10 then tends to revert to its initial truncated
cone shape. In this manner, the external pressure 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,
30  on the other hand, are preserved to a certain extent and remain substantially

constant. In this way, the untimely loosening of the nut 42 will always provoke



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, 10 Besides, it should be noted that the number of asymmetrical radial teeth is not limiting herein.
Obviously, washer crowns comprising eg six teeth or e gn twenty teeth may also be completely
suitable. 15 Claims 1. Locking washer (10) intended for being compressed axially between a bearing
element (38) and a screwable element (42), said screwable element 5 being connected to said bearing

element (38) by ehsharikghesn i (46)=tivitalde fhe tewersiag wakhleckirgwnasherdiHd avhereie said
locking washer c.omprisgs two washer crowns (12, 14) having each an engagement face (22, 24), said

engagement fac HVIAL WaSRPLIRIPSRdhane RRarRMIaNbatRg Jackiey, ebiediwafteragainst
asymmetrical teettdtavingu@tdiecosarhanskce srestid §38sRarmshadambeottom (30, 30') spaced

angularly from said crest, and, on the other hand, a sliding side (32, 32') inclined extending angularly

between said crest (28, 28") and said tooth bottom (30, 30'), and wherein said engagement faces (24,
22) of said washetsiowsly,ag shitablectrebedhanelifthaodashencinomay wherans hesiding sides
(32, 32") come into 15 contact with Each other, respectively, said washer crowns (12, 14), which are

applied against S5H Bk A3t FrLiREARAND APYRERHNMH SHPRAZ PRstel tonbingeARAE St wable

element (42) anggmdrkipaieaent BSialrenesively heisgriahisototising drerght intggotation
with the screwable elem8%4@ﬂand H\l&bearing element (38), respectively, when the screwable 20
t

element loosens>Hfth & ARSI HENFARIRS BBIRhE 'ﬁf?”ﬂf) iR SRR AN other,

whereas the respgutirieostidingisidrer I8e IhpascopsRiBit Ao natslidnebALRING tRaGIather while
forming a ramp to separate the washer crowns axially from each other to bring about the locking

against rotation of the screwable element (42); 25characterised in that the locking washer (10)
presents a shap8etides, it should be noted that the number of asymmetrical radial teeth is

not limiting herein. Obviously, washer crowns comprising eg six teeth or even

twenty teeth may also be completely suitable.



truncated cone; and in that said locking washer (10) is elastically deformable in order to be able to be
flattened, forming a spring between said bearing element (38) and said screwable element (42) to
maintain said axial pressure substantially constant, whereby said washer crowns (12, 14) are suitable
for 30being brought along in rotation relative to one another when said bearing 16 element (38) and
said screwable element (42) are separated axially fro gach other. 2. A locking washer according to
claim 1, characterised in that the 5asymmetrical radial teeth (26, 26") of the engagement faces (24, 22)
of each of the washer crowns (12, 14) have an identical profile. 3. A locking washer according to claim
1 or 2, characterggdinhat each of the asymmetrical radial teeth (26, 26") also has a stop side (34,
34") opposite 10 said sliding face (32, 32") relative to said crests (28, 28'); and in that said stop sides
(34, 34") of said asymmetrical radial teeth of said engagement faces (24, 22) come into contact with

each other, respectw@&iwwsa@m@?]gmmmefgem (Bélin%Z)%)@ﬁﬁhﬁ@lsW@@hﬁﬁél@Nr\?ﬂét%@eﬁp@i?g
against each other. 15 4. A locking washer according to claim 3, characterised in that the stop sides
(34, 34') and the%‘ﬁam@gs‘i’(%g%‘ﬁ (%% ?615 aléﬁgea%@%fe%@em A& hnSRIgxRSrRIN TRl RIEDE5t A

locking washer assipigling tostagt a@rsqa,ifh@f@?mgjss%géga%wjdb%aahghgmgﬁ%ﬁa(%ﬁggvi?]g
axial planes intersecti e asymmetrical radigl teet , 26") according to said crest (28, 28'), the
stop sides (34, 3§"§'§§@%&h %I&%\/(%ﬁﬁmﬂcﬁﬂ@?é ﬂge"’fasthsra&igipﬁh%@'” said locking washer

comprises two washer crowns (12, 14) having each an engagement face (22,
24), said engagement face having a plurality of asymmetrical radial teeth (26,
26’), each of said radial asymmetrical teeth having, on the one hand, a crest

10 (28, 28’) and a tooth bottom (30, 30’) spaced angularly from said crest, and,
on the other hand, a sliding side (32, 32') inclined extending angularly
between said crest (28, 28’) and said tooth bottom (30, 30’), and wherein said
engagement faces (24, 22) of said washer crowns are suitable for being
applied against each other, whereas the sliding sides (32, 32') come into

15 contact with each other, respectively, said washer crowns (12, 14), which are
applied against each other and maintained compressed under axial pressure
between the screwable element (42) and the bearing element (38),
respectively, being suitable for being brought into rotation with the screwable
element (42) and the bearing element (38), respectively, when the screwable

20 element loosens, with a view to bringing the washer crowns (12, 14) into
rotation relative to each other, whereas the respective sliding sides (32, 32')
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 (42);

25 characterised in that the locking washer (10) presents a shape of a
truncated cone; and in that said locking washer (10) is elastically deformable
in order to be able to be flattened, forming a spring between said bearing
element (38) and said screwable element (42) to maintain said axial pressure
substantially constant, whereby said washer crowns (12, 14) are suitable for

30  being brought along in rotation relative to one another when said bearing



256. A locking washer according to any one of claims 1 through 5, characterised in that said washer

crowns (12, 14) having axial plans intersecting the asymmetrical, radial teeth (26, 26") along said crest
(28, 28" and perpendicular planes intersecting the axial planes perpendicularly according to said crest,
said sliding sides (32, 32') are substantially inclined 30relative to said perpendicular planes. 17 7. A

locking washer according to any one of claims 1 throu %6, characterised in that the engagement face
(22. 24) of each of said washer crowns (14. 12) has between ten and twenty asymmetrical radial teeth
(26, 26"). 8. A locking washer according to any one of claims 1 through 7, characterised in that the

washer crowns (&&riéhhage oL ey EReAeRalsat éaé&é%ﬂ)(mmeé@@%@faqﬁ%@a oag Afyheyuasher
crowns has a concaﬁe engagement face (22). 9. A locking washer according to any one of claims 1

through 8, chara&&t é’gqgrthat said washer crowns (12, 14) are made from a spring steel. 1510. A
locking washer according to any one of claims 1 through 9, characterised in that said engagement

faces are treated_to reduce the friction forces between said sliding faces &32; 32).
ocking washer according to claim 1, “characterised in that the

S  asymmetrical radial teeth (26, 26’) of the engagement faces (24, 22) of each

of the washer crowns (12, 14) have an identical profile.

3. A locking washer according to claim 1 or 2, characterised in that each of
the asymmetrical radial teeth (26, 26’) also has a stop side (34, 34’) opposite
10 said sliding face (32, 32’) relative to said crests (28, 28’); and in that said stop
sides (34, 34’) of said asymmetrical radial teeth of said engagement faces
(24, 22) come into contact with each other, respectively, when said
engagement faces (24, 22) of said washer crowns are applied against each
other.
15
4. A locking washer according to claim 3, characterised in that the stop
sides (34, 34’) and the sliding sides (32, 32’) join along an intersection line

that extends radially.

20 5. A locking washer according to claim 3 or 4, characterised in that, said
washer crowns (12, 14) having axial planes intersecting the asymmetrical
radial teeth (26, 26°) according to said crest (28, 28’), the stop sides (34, 34))

are substantially inclined relative to the axial planes.

25 6. A locking washer according to any one of claims 1 through 5,
characterised in that said washer crowns (12, 14) having axial plans
intersecting the asymmetrical, radial teeth (26, 26’) along said crest (28, 28)
and perpendicular planes intersecting the axial planes perpendicularly
according to said crest, said sliding sides (32, 32') are substantially inclined

30 relative to said perpendicular planes.
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7. A locking washer according to any one of claims 1 through 6,
characterised in that the engagement face (22, 24) of each of said washer
crowns (14, 12) has between ten and twenty asymmetrical radial teeth (26,
26).

8. A locking washer according to any one of claims 1 through 7,
characterised in that the washer crowns (12, 14) have a convex
engagement face (24), whereas the other one of the washer crowns has a

concave engagement face (22).

9. A locking washer according to any one of claims 1 through 8,
characterised in that said washer crowns (12, 14) are made from a spring

steel.

10. A locking washer according to any one of claims 1 through 9,
characterised in that said engagement faces are treated to reduce the

friction forces between said sliding faces (32, 32').



