11 JUL 2006 DESCRI PTI ON LOCKI NG FASTENER 5 Technical Field The invepgjiQrtoos
relates to a | ocking fastener which conprises a bolt, a washer, and a nut
and certainly prevents |ooseness of the fastener by a sinple structure.
Background Art 10 CGenerally, as a fastener, a fastener conprising a bolt
and a nut or a fastener conprising a bolt, a nut, and a washer is used.
Naturally, it is desirable that the fastener has the washer to protect a
menber to be fastened. The nDSIDEIGRIRBIMON portion which is coupled by the
fastener 15 is a coupling portion of an airplane, a train, or the like or a
coupling portion of a buil di ngPCEINGeERSTENER a bridge of a freeway, or
the like. A locking fastener is used, particularly, for such a portion
which is subject to an influence of | ooseness due to vibration caused by
running -9 of vehicles or vibration caused by the wind or the |ike. Mny

f ast ener s Teahndigad I®iskidg ef fect have been proposed. For exanple, in

JP- A-9-79247, there has been disclosed a fastener constructed in a nmanner
suéh that a seat sUftadaventionashedtes thgr kegkiagaf @owerar povitdton or 25 a
concave portion having an inclined surface, a back surface of a nut or a
back surf &ERFFLSLHhaRP bbr & HRERET a G & T 2R6rFE B HY EFETAPE Sorti on or

a convex portion having an 1 | | JUL 2006 inclined surf ace corresponding to
t he conve%ﬂﬁﬁeﬁqﬁ? Rf tHee fastener by a simple structure.

Background Art
10 ' Generally, as a fastener, a fastener comprising
a bolt and a nut or a fastener comprising a bolt, a nut,
and a washer is used. Naturally, it is desirable that the
fastener has the washer to protect a member to be fastened.
The most important portion which is coupled by the fastener -
15 is a coupling portion of an airplane, a train, or the like
or a coupling portion of a building, a steel tower, a bridge
of & freeway, or the like. A locking fastener is used,
particularly, for such a portion which is subject to an
influence of looseness due to vibration caused by running
) of vehicles or vibration caused by the wind or the like.
Many fasteners having a locking effect have been
proposed. For example, in JP-A-~9-79247, there has been
disclosed a fastener constructed in a manner sﬁch that a
seat surface of a washer is formed as a convex portion or
25 a concave portion having an inclined surface, a back surface
of a nut or a back surface of a head portion of a bolt is

formed as a concave portion or a convex portion having an



concave portion of the washer, and a frictional force caused by conpression
is allowed to act on the inclined surfaces of the washer and the nut mhiuchooe
are fitted to each other, 5 thereby providing the | ocking effect. According
to the above fastener, in the case of formng the convex portion, a serious
di sadvant age such that a part of a screw portion of the nut is lost for
providing the inclined surface is conpensated by a 10 frictional portion

formed in sugltiRastls Bfcdde coehrWpR@d il PRo HoveusIvest bolrk idinf bi-ad that
the frictional force caused only in such a limted span resists a strong

| oosi ng for cgsnd&ve R easen of {108 Maselrheasanc 8y e cROChiaANt orde tddugess for
engagi ng the nut has to be added, so that 15 a strange thick washer is

obt ai ned, a wesiahpReesionces aAepends om dde du itiid dnadl frvdewrdimeadt only in
such a limted span in a manner simlar to the case where the convex
portion is fof nate washét asddiliéimut twhioh sdol tfotted 4d ,eadrartdieng, to the
above 20 proposed fastener, it is difficult to expect that reliability of
t he vlasher etidetreby amdvd ddavgstthectiarkisngheffaat.a pin for stopping
rotation is provided for the washer so as to be projected therefromfor the
purpose of preventingaclengsterto tbm bbrNg Fosiragragiannthetprsemfal 25
engagenent of the bolt and the nut has al so been descri bed. However, to
form the rotBeTOANSt 6PEi FPIaK drBEide. vasheFloug dilsgdvgodeas Ghdhor
fitting the pin needs to be provided 2 I I JUL 2006 for the side of a plate
to be fast enEHaBr at RETHUCH I ROFPRSPOREEAR e o thife Gt dtS drP st difFi ng pi n

formed on the
providing the inclined surface is compensated by a

10 frictional portion formed in such a part of the screw
pertion. However, it is difficult that the frictional
force caused only in such a i1imited span resists a strong
loosing force. In the case of forming the concave portion,
a thickness for engaging the nut has to be added, so that

15 a strange thick washer is obtained, a resistance force
depends on the frictional force caused only in such a
limited span in amanner similar to the case where the convex
portion is formed, and it is difficult.

In addition to it, according to the above

20 proposed fastener, it is difficult to expect that
reliabilify of the washer endures, and a construction such
that a pin for stopping rotation is provided for the washer
so as to be projected therefrom for the purpose of
preventing the washer from being rotated against the spiral

25 engagement of the bolt and the nut has also been described.
However, to form the rotation stopping pin onto the washer,

a fitting portion for fitting the pin needs to be provided



washer. Thus, there is also a problemsuch that a structure becones
conplicated and productivity and generality 5 deteriorate. There is, !1JUL2006
eventual | y, unreasonabl eness such that the resistance force depends on a
shearing force of the pin. Further, since the locking results fromthe
integrated structure of the nut and the bolt, even if the 10 washer and the
nut are conpletely integrated, |ooseness which is exerted to the bolt as a

separate Menper £3anetaePeeblogkedtAnd e PIOPOsed BﬁSEﬁ@ehuQa%na | arge
defect. In JP-A-11-6516, there has been proposed a double nut having a

| ocking ef f egbrp88p6R8BMES B tRefHE B4t I $HopRon¥hbeh BotRPEr&d 114 er
peripheral surface whose diameter decreases toward an upward position in an

axial hole wherstionrhss f etk akounsh @ sesBleR CRfttad & PR | on
whose outer peripheral surface is slightly decentered from the screw hole

is forned; andcaméecobiiplulcatdd aMi arddec20vionpvexrdpaetieaaldftyt he first
nut is fitted, for which a concave portion having an inner peripheral
surfage thatdesertomaéntri Theirehit hevoravahby e ursrqgoviaiebenasd asuich i s
attached later. According to the double nut, a resin or a soft 25 netal is
coated onto theatstde véstkéasceeriorice diepestdorn & dhefingtfoune dathe
convex portion of the first nut is fitted into the concave portion of the
second nut, &hd Waen 3 | | JUL 2006 the first nut is fastened by the second
nut, the decentered convex portion of the first nut is fitted into the
concave portion of th&WSEEEHY ntinehatbesieshéBAt CecWitth fame sdrew

integrated structure of the nut and the bolt, even if the
10 washer and the nut are completely integrated, looseness
which is exerted to the bolt as a separate member cannot
be blocked and the preposed fastener has a large defect.
In JP-A-11-6516, there has been proposed a double
nut having a locking effect and comprising: a first nut in
15 which a tapered outer peripheral surface whose diameter
decreases toward an upward position in an axial hole
direction is formed around a screw hole and a convex portion
whose outer peripheral surface is slightlﬁr decentered from
the screw hole is formed; and a second nut into which the
20 convex portion of the first nut is fitted, for which a
concave portion having an inner peripheral surface that is
concentric with the screw hole is provided, and which is
attached later.
According to the double nut, a resin or a soft
25 metal is coated onto the side of the eccentric direction
of the first nut, the convex portion of the first nut is

fitted into the concave portion of the second nut, and when



hol e, thereby providing wedge-like action and 5 acconplishing the | ocking
effect. That is, when the concave portion of the second nut which isl!JUL2006
attached later is fitted to the convex portion of the first nut which is
attached ahead and a female screw of the second nut and a screw portion of
the bolt are screwed, 10 since the convex portion of the first nut is
decentered, while the first nut presses the bolt fromthe eccentric side,

f ast eni bt f [ t. Al l,i I
Gevi at od 1o T Farr Purghe SR Kl PR oL BPn L e 55 P R second
nut presses é&?vé’ﬁ?'céo}{i)&ﬁ]c?f the %g?%ft AL4e1 e { DL @SGRNY e dioheCljeon, a
fastening force acts. In upper an ower opposite positions of a fitted

| am nate of V\%@Ptﬂ)ﬁséf and second Mt Sont RANBoREEREFRS wiehCaSe akirdy Om the
di rections Ich cross perpendicularly 20 to a bolt axis, and the locking is

performed byngid!iehiensl piengeioly thaidareied sut{aseanal the first and
second nuts. According to the proposed tastener, since the strong pressing

forces of thgcgbﬁ?gggﬁgageq%% shearimp ef pE€€s are applied to the bolt axis
in the upper and [ ower 5 positions fromthe opposite orthogonal

directions, a burden gaatheshokhehstheayyncACeopsitifoh oot hthdasdanaut,
since the two nuts 41 | J UL 2006 are overl appingly used, there is a

damage t o t hneadsiiidges atithchadnbatendus ef epsad it Yiee usenveangaarttimecones
expensive. Further, since a space enough for the convex portion of the
first nut isofiedessiinst thdr whighals@mttached ahead and a female screw
of the second nut and a screw portion of the bolt are screwed,
10 since the convex portion of the first nut is decentered,
while the first nut presses the bolt from the eccentric side,
a fastening force acts, and the position of the first nut
is slightly deviated to the other side in the eccentric
directicn, and while the second nut presses the bolt from
15 the other side in the eccentric direction, a fastening force
acts.

In upper and lower opposite positions of a fitted
laminate of the first and second nuts, strong pressing
forces act from the directions which cross perpendicularly

20 toc a bolt axis, and the locking is performed by a frictional
force of the tapered surfaces of the first and second nuts.

According to the proposed fastener, since the
strong pressing forces of the disadvantageous shearing
forces are‘applied to the bolt axis in the upper and lower

25 positions from the opposite orthogonal directions, a burden

on the bolt is heavy.

According to the double nut, since the two nuts



5 restriction of use such that the double nut cannot be used in a narrow
space where the first nut and the convex portion cannot be allowed. [nfYL2006
JP- A- 10- 306819, as shown in ‘Fig. 22, there has been proposed a | ocking
structure conprising: a ring- shaped 10 |ocking nenber 20 in which an outer
surface is fornmed in a tapered shape whose di aneter decreases upward in a
bolt axial direction, a female screw 23 which is continuous with a female

screw portion 11 of a nut is fornedhon an inper eé%gh ral surface, and a
not ched poPEPORV9SLARPERAIAPSFE - 15T & TR LONPer it &FEaAF 1945 in a bol t
axi al direc%ion' nd a nut_2 't@.a ta eredtﬁaquve ﬁ%rtion 30a_having a

t apered inf ch%PP%h%? PrEUTFREELFAYE WRT et he 't PRGCMETDEFPER26VE fitt ed.
When a bolt 3 and thg$nu£ 2 are.fastened,é% é¥%}dh§ ter, of thg Eing-shaped
| ocki ng member 20 dech ¢R5B&Tand e & SHAGTy HENDE DU bERBnEE 4 Fi [ 1 ng

coupl i ng_megher, , begyegn.tpe.Bol .3 aud dhe w2 and: e0teLs,ilg taper ed

It1 : .
concave pOIPtI on e nu t resses I n axl s or ogonal di rections

}“Q{A;S?d ﬁgt [;:%%;Ug%ﬁ%{g&;? f&gnfseé%hh% %atthw?hla%&lgge%egargpo@% aLeq directed

and the nut 2 act an stening force

I ncreases, i&hsrﬁéyr%%ﬁ%% %éﬂ@tﬁeléiﬁyk rﬁp@@nhoa%@%gﬁﬁf& pbhe 196r ew.

According to the proposed fastener, although a part of the screw of the nut
is sacrificedddy ap@ugnekweigm lar to the foregoing JP-A-9-79247, it differs

therefromwith 5 respect to a point that a filling coupling menber (I ocking
In JP-A-10-306819, as shown in Fig. 22, there has
been proposed a locking structure comprising: a ring-shaped
10 locking member- 20 in which an outer surface is formed in
| a tapered shape whose diameter decreases upward in a bolt
axial direction, a female screw 23 which is continuous with
a female screw portion 11 of a nut is formed on an inner
peripheral surface, and a notched portion 22 in that adpart
15 of a circumference is cut away in a bolt axial direction;
and a nut 2 with a tapered concave portion 30a having a
tapered inner peripheral surface into which the ring member
20 is fitted.
When a bolt 3 and the nut 2 are fastened, a
"0 diameter of the ring-shaped locking member 20 decreases and
the locking member 20 becomes a filling coupling member
between the bolt 3 and the nut 2 and enters the tapered
concave portion 30a of the nut 2.
Stresses in the axis orthogeonal directions which
25 repulse the compression of the locking member 20 and are

directed toward both of the belt 3 and the nut 2 act and

a fastening force increases, thereby preventing the



menber 20) whose di aneter can be freely decreased exists in the sacrificial
portion. The locking effect relies eventually on the frictional forcHJUL2006
caused by the contact of the tapered outer 10 peripheral surface of the

| ocki ng menber 20 with the tapered concave portion 30a of the nut 2, and the
| ocking menmber 20 is integrated with the bolt 3 at the back surface (the
integration effect cannot be expected with respect to the spiral noving

di rection because of the engagenment of the 15 screw). However, since there
is a linitatio®FeReTheTcomacicr¥irface which is provided only in such a

limted , bt that, the t i 3 i

formed i n s wide diandter-boiei b St JB T TER Goor FebGher Ay Ao N ater er of
ti f..th t i th t.20 2.h i al ,

o upper POLAn P ECAUL B LGS LIS UL, 20: 2010 BIRS Bhyshape.

simlar to the  doyble Mg Lherne 45, @l g9 restal Lo of Usg sychithat he

nut 2 haV|ng(%h speci §H%pe cannot” be Used Th a space &re the wide

di amg{ er porﬁ%s&{}%ﬁg t%aQPB%%H@ ﬁiég‘;}&gggﬁéigg‘?oggﬁ%%gméﬁ%gg ?1BEQ%%QG

integrated 's re o e nut I oned above, a

accor di ng t Gudfig ProprSah {83 £LRE + o 5 USHh e | AHELT B _ﬁgc@elas%d‘] bl 12006

structure is obtalined only by the rebound forces against the conpression of

the action i{nthe bobtraxisignt pegenalk . direction in the tapered concave
portion 30a of the nut 2. However, the integrated effective portion which

can be 5 caused only imhkhecswahy sgaERdts fedo awakvéotperior ant ke | ocki ng
and it is not effective. ‘
frictional force caused by the contact of the tapered outer
10 peripheral surface of the locking member 20 with the tapered
concave portion 30a of the nut 2, and the locking member
20 is integrated with the bolt 3 at the back surface (the
integration effect cannot be expected with respect to the -
spiral moving direction because of the engagemenit of the
15 screw). However, since there isa limitation at the contact
surface which is provided only in such a limited span, it
is necessary that the tapered concave portion 30a is formed
in a wide diameter portion 30 obtained by increasing a
diameter of an upper portion of the nut 2. Since the nut
20 2 has a special shape, a problem of an increase in
manufacturing costs is caused. 1In a manner similar to the
double nut, there is also restriction of use such that the
nut 2 having the special shape cannot be used in a space
where the wide diameter portion 30 cannot be allowed.
25 k The locking results from the integrated

structure of the nut and the bolt as mentioned above, and

according to the proposed fastener, such an integrated



Di scl osure of Invention According to the first invention, 10 there is§ ;uL2006
provided a | ocking fastener conprising: a bolt; a washer in which a base
portion has a bolt through-hole that is slightly larger than a nom nal

di ameter of the bolt, a conical barrel nenber whose dianeter 15 decreases
toward an upward position in a bolt axial direction is fornmed around the
bolt through-hole so as to stand therefrom and a continuous slit for a
notched circle is forned in the base portion and the conical barrel nenber;
and 20 a|mﬁtﬁq?ﬁﬁﬁ%ﬁﬂ%iQkﬁﬁ%%?dh%FéngYtFBﬁ FePBpBAed OTE¢Er 293 @ RE e screw
portion that is screwed with a screM/wyontion of the balt, the conical hole
portion beitRf CHHREISIRIMY G W Sr@ferOn ddh Hiaod P&t 8F tor IR dlnner
periphery of a half portion which does not face the mash%r 25 is _set to be

smal | er thdhtE$REIQF Hh iRt &2BSHSDREAFANE ROTERt 388g8T pbPeilyht 6 t he

i cal barrel menber, of .th , i anet f i hal f
cortion on HeRevE a8 b S sra e e s S s PhefBRER P8nCoe" o be

| t han_t i ph f ] i cal
bariel moniiat PRy abRnbhE’ sRREANOHBUN, U Roh0Re RO te Whaom 0" B8

coni cal barygl, gbgﬁdogttq% $ﬁ§h%§m%g§k@%fapered 5 surface of the sane

inclination angle“as that o arrel nmenber of the washer is
formed. According to the first invention, when a plate to be fastened is
fastened, a fastening force of the nut

Disclosure of Invention

According to the first invention,

10 there is provided a locking fastener comprising:

a bolt;

a washer in which a base portion has a bolt
through-hole that i1s slightly larger than a nominal
diameter of the bolt, aconical barrel membex whose diameter

15 decreases toward an upward position in a bolt axial
direction is formed around the belt through-hole so as to
stand therefrom, and a continuous siit for a notched circle
is formed in the base portion and the conical barrel member:;
and

- 20 a nut in which a conical hole portion is opened
over a female screw portion that is screwed with a screw
portion of the bolt, the conical hole portion being
constructed in a manner such that a diameter of an inner
periphery of a half portion which does not face the washer

25 is set to be smaller than that of an outer periphery of a
front edge portion of the conical barrel member of the

washer, a diameter of an opening of a half portion on the



is applied to the slit for the notched circle, a gap of the 10 slit for the
notched circle decreases, the dianeter of the conical barrel menber !bfULRHYS
washer decreases, the conical barrel nmenber of the washer is interposed
li ke a clogging material between the conical hole portion of the nut and
the bolt, a state where the conical barrel nenber of the 15 washer is bitten
and sandwi ched between the nut and the bolt is obtained, and the nut and
t he washer are integrated b%ﬁﬁa rebound stress with respect to the bolt axis

or t hogonal Sifer€Birdnt pfes nERSRERI +2rS% b thdec §E& 10T PrAN 623b6819

nent i oned above. 20 However, the inven%ion renar%aﬁ%g differs fro it wth
respect toCfHP CHUSTWRGLPEEATYCE Phar O OIS TR oLt Hae &SGRt BﬁFFg]IL nenber

is int ted with_t b tion, . th ' b I nber _j t I
pul | od In TERBBOPE e A ThPoct BRI aif o CEORRI R pTeeE dd ihehBace 25
portion that i

to be fast é’,’{ei&%e{mﬁ%t%ﬁ.?zgﬁ{ ﬁ)tsaitré‘eﬁclg% L e fast %%'[ NG o2, L€ ar})'éil a %Ebgﬁ)gége surface

. however, e conical arre er whose

| nner Surf%}%gr%aﬁ% Bgﬁ}%&%@?néihc'liiag' nZQQSiLUﬁQt%%QLagﬁe c }Ea&hread

ri dges of t WS a Shearin orce”to act 1nt irection of

tearing thgnﬁﬂﬁﬁﬁqn?ﬂég@?éfoﬁh%h%agﬂbk-i§PQﬂ> gxtrenely strong shearing

force is unique frictional force regarding the bolt axial 5 direction

whi ch acts on both ofptherwaghero(the e9RkeaknvRARKYn MRREl )a dndtkhe bolt
regarding the whole circunference in the bolt axial di rection. Thus, the

pressure oftd has edsesiOat he baseenedt i anraerthaned rahewe off Thelbjuected to a
resi stance by a strong spring force, and
is applied to the slit for the notched circle, a gap of the

10 slit for the notched circle decreases, the diameter of the
conical barrel member of the washer decreases, the conical
barrel member of the washer is interposed like a clogging
material between the conical hole portion of the nut and
the bolt, a state where the conical barrel member of the

i5 washer is bitten and sandwiched between the nut and the bolt
is obtained, and the nut and the washer are integrated by
a rebound stress with respect to the bolt axis orthogonal
directicn in a manner similar to the case of JP-A-10-306819
mentioned above.

‘-20 However, the invention remarkably differs from
it with respect to the following points. That is, since
the conical barrel member is integrated with the base
portion, the conical barrel member is strongly pulled in
the bolt axial direction by a force which presses the base

25 portion that is made operative by the fastening of the nut

onto the surface to be fastened. In this instance, however,

the conical barrel member whose inner surface has been come



10 the nut and the bolt are integrated via such a resistance force'11JUL2mm
Eventual |y, the nut which presses the base portion of the washer is
integrated with the bolt even if it is subjected to the shearing force

whi ch acts on the 15 thread ridges in the bolt axial direction via the
conical Dbarrel nmenber of the washer. The fastener of the invention is
strongly integrated via two kinds of integration routes in the bolt axis
orthogonal direction and the holt axial direction, 20 thereby rational ly
real i zi ng &Nfar §8ICGERSRY effidrithrand EbAveal obatPél Bdih& WS He washer
inthe state where it is bitten and sandmnched bet ween the bol t nd the

nut provi dé?%&&@-f?ﬁ‘éea@ BGh, 12 WG SETRAT LRPF &ﬁsarjtr}fétggrw*b%‘sti on of
the bolt to 0 ess 25 cont act L e froqmthe whol e

i r cunt er eRGE%ES Th %ﬂﬁ? ﬁwéwaoﬂ‘fmmﬁhfﬁépﬁm PERIS HC S o
engagenent .in_a front e orti n.the holt aX| 006

direction ﬁgtﬁquﬁ%ﬂ?t %ﬁﬂﬁ %%ﬁc?hﬁeﬁﬁgg&Pgt &ﬁ(ﬁOlﬁ X+EI and the
bol g Is furd |s uséru(]'?%eld(:f]}as {Sbé!n ?ﬁ%ﬁaékn%é Kl]%é %&kr& & %&f%c?ithe

hexagon I’lUt as a ener ere are suc

fasteni ng §gﬁ&%9§{ﬂLm§% aé&dtPthboi€5E3§§§F vt ghgsh by corner portions
e

of the hexagon nu fastening surfac exagon nut i s not
uni form y &%ﬂf@&&@@tﬁ@ttmtBoihea&aatlewl%ﬂaﬁcemﬁlst hegdate to be

fastened, a conpressing force obtai ned by the 10 fastening of the bolt and
the nut '53§¥Hs§ﬁﬂéQﬂﬁhﬁmﬂﬂ@k‘éﬂto the base portion mentioned above
is subjected to a resistance by a strong spring force, and
10 the nut and the bolt are integrated via such a resistance
force.

Eventually, the nut which presses the base
portion of the washer is integrated with the bolt even if
it is subjected to the shearing force which acts on the

15 thread ridges in the bolt axial direction via the conical
barrel member of the washer.

The fastener of the invention is strongly
integrated via two kinds of integration routes in the bolt
ax%s orthogonal direction and the bolt axial direction,

- 20 thereby rationally realizing a large locking effect.

The conical barrel member of the washer in the
state where it is bitten and sandwiched between the bolt
and the nut provides wedge-1ike action, a force which allows
the screw portion of the bolt to be come into pressure

25 contact is applied from the wheole circumference to the

female screw portion of the nut which is in spiral

engagement in a front edge portion in the bolt axial



symmetrically with the bolt axis, and the like. According to the ianyﬁigm(
however, since the washer is interposed between the bolt and the nut, L 2be
effects which are ordinarily provided by the washer such that the fastening
15 surface of the plate to be fastened is protected, the conpressing force
by the fastening of the bolt and the nut is uniformy applied symetrically
with the bolt axis, and the like are also naturally obtained. As a shape of
the slit for the notched circle of 20 the washer, an arbitrary shape can be
set so | on§raECtHOT Fadhaerthfdt idiss@sheShgrd vhienitsegRaELRBd %t o t he
bolt axis _or a strajght shape can he set not her V-character shape or a
waver or m Sise eB AL CREO L 1p AUT e D CHRARR - CPECEO AT G R] dof

vari ous Sh%@fs caq&be fq#ﬁed The 25 shape of the slit for the notched
circle is HOE MO ¥5eThe second invention, as a construction of the

| ocki ng fastener accof iange%(gtghgen&{risé uig@éeggi%r%astac art ]t%etlle % L 2006 of

the conical barrel nenber 6 e washer i's constructe as a i CK portion

whi gh i s S}piéc%ﬁl'r?\ﬁt%%‘if‘dﬁ ecrr%dc LM o t%?{lﬁne&a s‘?fr@a{é " ?)];%Lattf%:g tRObE

t hr dugh- ho e second 1 nvention, ssoci ation w 5 spiral

engagement ofsldie PoLts Aty tHEa M oo hER Jdiee LORL Al rnBaldElgdipabe! OF Lhe

washer whose di amet er een Ccrease Into t coni cal hol e

portion of i rfiitenidle dd¥dcP U toR el dhR L onicals Banr ghirewhgy Which

is slightly decentered presses the bolt fromthe radial 10 direction. A
frictional di€amat igig it batitoftHh g asashamg (dulie canigraltfeapneltenenber)

and the bolt increases ow ng
to be fastened, a compressing force obtained by the
10 fastening of the bolt and the nut is not uniformly applied
symmetrically with the holt axis, and the like. According
to the invention, however, since the washer is interposed
between the bolt and the nut, the effects which are
ordinarily provided by the washer such that the fastening
15 surface of the plate to be fastened is protected, the
compressing force by the fastening of the bolt and the nut
is uniformly applied symmetrically with the bolt axis, and
the like are also naturally obtdined.
As a shape of the slit foxr the notched circle of:
T 20 the washer, an arbitrary shape can be set so long as the .
diameter decreases. A shape which is inclined to the bolt
axis or a straight shape can be set. Ancther V-character
shape or a waveform shape can be set. A slit for a notched
circle having any of various shapes can be formed. The
25 shape of the slit for the notched circle is not limited.

In the second invention, as a construction of the

locking fastener according to the first invention, a part

10



to the wedge-like effect of the washer (the thick portion of the copiggline
barrel nmenber) . The pressure of the nut onto the base portion is subject
to the strong resistance of - the 15 washer. The Integration of the nut and
the bolt is enhanced via such a resistance force. The |large | ocking effect
is obtained. Further, since the bolt which is pressed fromthe radical
direction in the thick portion of the conical barrel 20 nenber of the washer
and enters a state where It is slightly Inclined is Dressed by the nut from
the radi al °§i FeetFeR1c8ppbarreltBenRert Af cknporaFoer HF LhrprEekeds are

applied to the bolt fromthe otggosit_e radi al _directions in upper and |ower
posi tions Bf Ehddth REF IO WetthohS Fhé 9% WolEGH ¥ EEtET e &proved. In

the third invention, as a constructio f the 1ocking fastener according to
the first SPD§§€bﬁfiq“ﬁﬁﬁ?%ﬁ,oéltﬁﬁ g@Et26g§°P@§'m§¥ﬁn of the conica
barrel nenber of the %gfr S et toﬂg.heigﬁ% suchzghat a tqgﬁkg screw of
at least 2.5 |eads or® Md¥eSEERBe FBTARLCBA Hh ASWrs- Pt pier Brface of
t he_coni cal__harr.el nenber qf th ) at e itc 5 that of the
schM/portF nI@F'Fﬁgaﬂ& en P%tﬁ%$ﬁ%¥§%Fﬂgf£gﬁé%%gﬁﬂﬁh“Eﬁ%ﬁ%ﬁﬁﬁéﬁger of the

vasher i's 3eb 1o theuhel obt sygh, LiaL.t e L eaneran oo glebeast 2.5

| eads or norecan on e i nner peripheral surface of the conica

barrel menbgr..Qfadbe 10 mashed AlcbnensalmBnpPLhehngse! BBL19bnt Be $REEW
portion of the bolt, the conical barrel nmenber of the washer is certainly

bitten and andwithed, ket Weah itdie JI0ktheabdntib@ 1 barrel member which

is slightly decentered presses the bolt from the radial
10 direction. A frictional force acting on both of the washer
(the conical barrel member) and the bolt increases owing
to the wedge-like effect ¢f the washer (the thick portion
of the conical barrel member}. The pressure of the nut onto
the base portion is subject to the strong resistance of the
15 washer. The integration of the nut and the bolt is enhanced
via such a resistance force. The large locking effect is
obtained.
Farther, since the bolt which is pressed from the
radial direction in the thick portion of the conical barrel-
20 member of the washer and enters a state where it is slightly
inclined is pressed by the nut from the radial direction
opposite to the thick portion, pressing forces are applied
to the bolt from the opposite radial directions in upper
and lower positions in the bolt axial direction. The
25 locking effect is improved.
In the third invention, as a construction of the

locking fastener according to the first or second invention,
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nut and the foregoing force acts certainly on the washer (the conlcﬂJULZM(
barrel nmenber) in the bitten and sandw ched 15 state. Therefore, the ’
integration of the bolt and the nut which provides the | arge | ocking effect
is assured. In the fourth invention, as a construction of the [|ocking
fastener according to the first, second, or third invention, in a

conbi nati on of the washer and the bolt, one 20 of thenlis made of a soft

mterial whichiis oflar San dhat; Ofatbe: ohbeber! Bet Bl ULt ggention,

for exanpl e, washer  i's nma € so naterla WArCh T's “Sof t er

than that ofe e Doldsg e, sur{ 66n0l ot Be-eanbeah baLLel, 33 grenber. of

the washer enters a st ere it I1s certainly 1n engagenent with the

thread ridggs, & dhgob@l EalVnd %nﬁ@ét&mawlﬁfnet Ee%tphéﬂcgu&&%ceoregm ng
various forces 12 11 JUL2006 act on the washer e coni cal barrel nenber)

in the states Whel 8ohich$ thdr&N0a@eRM oW met“%ﬁéw eadthbdgere ¢fi tidhe bol t,

the nut and the bolt are strongly integrated. If the bolt is made of the

softs materigd wWhiehorSthe §68HERr pbRan dohals afhd heowasher, the screw portion
of the bolt is pressed by the inner surface of the conical barrel nenber

of the washer, the bottf tandhehenwasherhd idwicoll ealrrdlamembeiesdaine are
bonded with a pressure, and the bolt and the nut are strongly integrated
via the washeshetOis$ rsdthetd itfhieh hemvegnt isorgh asheaat constifamdionsofew vef | ocki ng
fastener according to the first, second, third, or fourth invention, the
slit for thetnbeshtd2ebrdkeadsf crthaongastir s formed oo &det dnped nclined in

the direction

peripheral surface of the conical barrel member of the

10 washer at the same pitch as that of the screw portion of
the bolt, the conical barrel member of the washer is
certainly bitten and sandwiched between the bolt and the
nut and the foregoing force acts certainly on the washer
{the conical barrel member) in the bitten and sandwiched

i5 state. Therefore, the integration cof the bolt and the nut
which provides the large locking effect is assured.

In the fourth invention, as a construction of the
locking fastener according to the first, second, or third
invention, in a combination of the washer and the bolt, one

- 20 of them is made of a soft material which is softer than that
of the other.

In the fourth invention, for example, if the
washer is made of the soft material which is softer than
that of the bolt, the inner surface of the conical barrel

25 member of the washer enters a state where it is certainly

in engagement with the thread ridges of the bolt by the

fastening of the nut. Since the foregoing various forces

12



opposite to the spiral direction of the screw portion of 15 the bol dﬂbln
the fifth invention, although a fastening torque is also spirally a%bfle& '
to the conical barrel nenber of the washer by the fastening of the nut, if
the slit for the notched circle of the washer is inclined, the fastening 20
torque which is spirally applied is uniformy applied to the slit for the
notched circle. A diameter of the washer (the conical barrel menber)

decreases. e JASHET Ja3, SIPQLA Yohi LbadpliLe, the, Gonhcal hipl engid 1 on of

t he nut. e pressure 0 nut ase por unlforniy

applied to %&rmoa 25 G gﬂgfaar ﬁ&eecsggga%éo%kea%fa%gm theddy wiih the

bolt axis, eby reali zi ng I ntegration he nut and t

bol t. 13 11yl 200G, e wehid 1o $88ongihedechigheqof the washer 1

inclined in irection opposite to e Spiral direction of the screw

portion of the bolt, ap end Rl A mRfad RE Shiel seft e dotohed iy cle on
the side of the 5 fastenlng direction of the nut becones an edge shape to

the 5 nut by;§hesstepnhdsrert 8 tREGRaShet haHWEcrERepoedden shapsd end
portion of the slit for the notched circle enters a state where it is

hooked to theltassgite@ssdrdpathe ahnnldie sitifadel 68 priessesithe hase: portion
of the washer. 10 If the nut is intended to be rotated in the | oosing

direction ibymbevi bfath®washéhe thkdoltthandotheomabbeketitha ddeietlpe shape
beconmes a stopper, blocks the rotation in the loosing direction of the nut,
and nai nt ai hertrkd mambgrativa windéd wiidl & pnesshee nuand tther bby tpredent i ng
the nut from being

the nut are strongly integrated via the washer.

10 In the £ifth invention, as a construction of the
locking fastener according to the first, second, third, or
fourth invention, the slit for the notched circle of the
washer is formed sco as to be inclined in the directiocn
opposite to the spiral direction of the sdrew portion of

15 the bolt.

In the fifth invention, although a fastehing
torgue is also spirally applied to the conical barrel member
of the washer by the fastening of the nut, if the slit for
the notched circle of the washer is inclined, the fastening

= 20 torgue which is spirally applied is uniformly applied to
the slit for the notched circle. A diameter of the washer
(the conical barrel member) decreases. The washer is
smoothly fitted into the conical hole portion of the nut.
The pressure of the nut onto the base portion can be
25 uniformly applied to the whole circumference of the bolt

axis symmetrically with the bolt axis, thereby realizing

the strong integration of the nut and the bolt.
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15 |l oosed. In the sixth invention, as a construction of the [|ocking
fastener according to the first, second, third, or fourth invention, ItXg 2006
slit for the notched circle of the washer is formed so as to be inclined in
the same direction 20 as the spiral direction of the screw portion of the
bolt. In the sixth invention, in a mariner simlar to the fifth Invention,
the spiral fastening torque In association with the progress of the spiral

T raa s 1t fé?et nothoBRf o At the PRECh AR P BBk Sreh i Rall: o i

i i sli e r o e
whol I f t.he f Th f

the forogoi by TorLEh s@??ﬂ‘i np dﬁ A TR éTr fe whol e
C|rcunferen§§ Qétigﬁ g@nﬂ Fﬁ %iﬁfoangﬁésnggneéﬁlqgi t t he bolt

axis. The s rong Intégra |on the nut can ea |zed vi a

the washer, ghghgﬁ%vEgtLh t'h’év‘?{Hﬂ&ﬂadaél f&”éﬁr Hﬁ%‘ourtd%f oft hg,d ocking

f ast ener accor Ing to the first, second, i nvention, the

slitgfor t hfas%ﬁaﬁg girekeigh ch'@chéNﬁ%QetBebémEQréﬁ?%ddb thepsaps @id ection
as the bolt axi al irection. In the seventh invention, since the conical

barrel nmenbghitohyt heeWashien £ HLS Sed g St k€ WBer €hit piut . Strengly pulled in
the bolt axial dlrectlon by the fastening force of the nut, an end portion
of the strakght-shislpefloend portion of the slit for the notched circle
enters a state where it is hooked to the fastening surface
of the nut which presses the base portion of the washer.
10 If the nut is intended to be rotated in the loosing direction
by a vibration or the like, the portion hooked in the edge
shape becomes a stopper, blocks the rotation in the loosing
direction of the nut, and maintains the integration of the
bolt and the nut, thereby preventing the nut from being
15 loosed.

In the sixth invention, as a construction of the
locking fastener according to the first, second, third, or
fourth invention, the slit for the notched circle of the
washer is formed so as to be inclined in the same direction

20 as the spiral direction of the screw portion of the bolt.

In the sixth invention, in a manner similar to
the fifth invention, the spiral fastening torque in
association with the preogress of the spiral engagement of
the bolt and the nut is uniformly applied to the whole

25 inclined slit for the notched circle of the washer and the

diameter of the whole conical barrel member of the washer

decreases uniformly. Therefore, the foregoing force acts

14



the notched circle fornmed in the sane direction as the bolt 15 aXia'lJULzmm
direction becones a sharp edge shape and enters the 20 state where i{ I's

hooked to the fastening surface of the nut. The portion hooked in the edge
shape functions as a stopper and blocks the rotation in the | oosing
direction of the nut. In the eighth invention, as a construction of the

| ocking fastener according to the first, second, third, fourth, fifth,-

si xth, or seventh invention, a concave portion of a dianeter which is
slightly | angefotthan ¢hathe ofhaltacjecdindpetarepokft tbe pertipdicogniocdal barre
menber 25 is provided for a center portion of the base portion of the
washer. | n thebgilghekisnyvennébniceilageritle tdenbavé asist JkessqyEtion is
provi ded for the center portion of the base portion of the washer, the
pressure ofimﬁ%gﬁ@ti@ﬁt%gﬂﬂéibééé apdrihomEccanobetfra i haed pbattiteh of the
concave portion and the base portion of the washer serving as a fastening 5
surface rerd®Fi®E- around the concave portion is uniformy come into contact
with the surface of the plate to be fastened. Therefore, the pressure of

the hut onto the base!PpbPfi BRVEELE SRVFETHY -0t fe ARG T XT LU ¥r ence of

e 0Re PRLLLOD 0L Ie NSNSl ST L oPLlLY LD e DOl g osr g0, her by

DL oul e e S B0 D5 SRR G PRGN PR Bnabgs Lo the
washer is formed in the same direction as the bolt axial
direction.

10 In the seventh invention, since the conical
barrel member of the washer enters the state where it is
strongly pulled in the bolt axial direction by the fastening
force of the nut, an end portion of the straight slit for
the notched circle formed in the same direction as the bolt

15 axial direction becomes a sharp edge shape and enters the
state where it i1s hooked to the fastening surface of the
nut. The portion hoocked in the edge shape functions as a
stopper and blocks the rotation in the loosing direction
of the nut.

20 In the eighth invention, as a construction of the
locking fastener accerding fto the first, second, third,
fourth, fifth, sixth, or seventh invention, a concave
portion of a diameter which is slightly larger than that
of a large diameter portion of the conical barrel member

25 is provided for a center portion of the base portion of the

washer.

In the eighth invention, since the concave

15



t hi ckness of the base portion which is closely cone into 15 contact %ﬁl%ﬂ
peri phery of the screw portion of the bolt becones thin. The fasteni

torque which increases larger than the plate thickness of the base portion
which is in close contact with the periphery of the screw portion of the
bolt can be reduced. Particularly, in a fastener of 20 a | arge standard

val ue, since the fastening torque is snmall, the fastening work can be
easily performed. In the ninth invention, as a construction of the | ocking
f ast ener a®@EaTidiqy %%'@ﬁ@viﬁﬁétf0§e@6ﬁdCQﬂﬁQﬁiPORE&@@hOffth?hba§ﬁxth or
seventh invention, at |east one 25 notched portion obtained by cutting out
the base pdTtehPn o the asher - FiteBFPEFUre PEGneled I BRLPHE DRSEporti on
of the washer. 16 | | JUL 2006 |In the ninth invention, since the notched
portion i sPOdJr‘bW%Ie%P?S o™ tHee b“a%%eﬁoP?FBﬁOBf Oiﬁh‘éhﬁagﬁé‘f?aé(ﬁdpé’r&é@nee of

freedom of def ormation of the bas ortion of the washer S increased b
t he not checf”b%rttrf% aﬁ%é’ofréts‘toéhlorfgtﬁj@r | rcér?rl}’emr%cﬂﬁ:é’dl gﬁéetnﬁélgf ast G%I ng

wor%lcan be e structi on of

| nventl on
the 3 ook ngw%i?%% ER EERE: @f%ﬂ%@%e COREAVE RO 10w i RRLHOHMY . sixt b
seventi. of. g0t {VERbEQR. Bl cheasl, AR A0 POLENELPETLLAN QLA nod by

cutting out ase |on rectron rs prOV|de§ for the

base portiof, plnLhe é'_x?éf Pé%&% é},lsiﬁleéfl:% %é@;&ﬁ"%n&'&' fhetlador tion

of the eccentrlc conlc In the tenth rnvention, since
the notched,potibANacts uniformly on the whole circumference of the

base portion of the washer symmetrically with the bolt axis,
1o thereby enhancing the integration of the nut and the bolt
via the washer which provides the locking effect.

Since the concave portion is provided for the
base portion of the washer, this is similar to that a plate
thickness of the base portion which is closely come into

15 contact with the periphery of the screw portion of the bolt
becomes thin. The fastening torgue which increases larger
than the plate thickness of the base portion which is in
close contact with the periphery of the screw portion of
the bolt can be reduced. Particularly, in a fastener of

20 a large standard value, since the fastening torque is small,
the fastening work can be easily performed.

In the ninth invention, as a construction of the
lécking fastener according to the first, second, third,
fourth, fifth, sixth, or seventh invention, at least one

25 notched portion obtained by cutting out the base portion
in the radial direction is provided for the base portion

of the washer.
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15 in the radial direction is provided for the base portion comunicated
with the thick portion of the eccentric conical barrel nmenber of thdlJUL2006
washer, particularly, a degree of freedom of deformation of the portion
which requires a force for rotation is -increased, the fastening torque can
20 be reduced, and the fastening work can be easily perforned. 1In the

el eventh invention, as a construction of the |ocking fastener according to
the first, third, fourth, fifth, sixth, seventh, or ninth invention, at

| east one vertical gfootvee panttihoimvenpioui dechanthber@ixdadd giomacitdron 25 of
t he conical barrel nmenber of the washer. In the eleventh invention, since at
| east one Jiemricaldgddove ther baes postponviliadhef washhe godizaledrma el 17 |

| JUL 2000 nenber, a degree of freedom of deformation of the conical barrel
menber i ncrefdesadhon tdfe dedrwiroalt ilvar o€l thetzesre portéasi by Peatwagitedef or ned
in the dianeter-decreasing direction, the fastening torque of the nut is
reduced andis imeréasednbrigtive o tadre beo@asidy. gard dasdeniSifhdeondiee degr ee
of freedom of deformation of the conical barrel nenber increases by the
vertdcal greavebepaeduses @rsyitdwl fagtenbngonpEhl CHar Pel e@sddar of the
washer, the rebound stress of the washer (the conical barrel 10 nmenber) in
the bolt axP8T6PERGGonal direction is not attenuated, but the strong
integration of the bolt and the nut via the washer is maintained, and the

| arge | ocking effect 5ifs tH6t BFRAER. IECRELARpEDHA PRRSTEPEILESM §F ot
portion, any, 13 $h&+ AL LS A%d T 4% N 380 85.a oS00, O
fifth, sixth, seventh, or ninth invention, at least one
10 notched portion obtained by cutting out the base portion
in the radial direction is provided for the base lportion
of the washer formed continuously with the thickest portion
of the eccentric conical member of the washer.
In the tenth invention, since the notched portion
15 in the radial direction is provided for the base portion
communicated with the thick portion of the eccentric
conical barrxel member of the washer, particularly, a degree
of freedom of deformation of the portion which requires a
force for rotation is increased, the fastening torgque can
- 20 be reduced, and the fastening work can be easily performed.
In the eleventh jinvention, as a construction of
the locking fastener according to the first, third, fourth,
fifth, sixth, seventh, or ninth invention, at least one
vertical groove porticn is provided in the axial direction
25 of the conical barrel member of the washer.
In the eleventh invention, since at least one

vertical groove portion is prdvided for the conical barrel
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deformati on of the conical barrel nenber of the washer is increased. The
vertical groove portion can be fornmed in each of various shapes such!¢Hag00¢
it is fornmed in a straight -shape for the axial direction, it is formed so
as to be 20 inclined at the sane angle as that of the slit for the notched
circle, it is fornmed so as to have a side surface in a V-character shape,
it is formed in a waveform shape, and the like. In the twelfth invention,
as a construction of 25 the | ocking fastener according to the second,
third, fourmdmbdrftdh deginad ofsdresdon of Gedtthrmatiem ioh,the dogdstalone
vertical groove portion is provided in the axial direction 18 11 JUL 2006 of
t he coni calbdere bl mewpder intreheenashdr thiei tenaxaludianyrel menbde Kest
portion of the eccentric conical barrel nenber of the washer. In the

twel fth i nvemsibn, behhcenthdefermedalin Fhy cbvampberi-grcireasiod ded for the
coni cal barrel nmenber of the washer while excluding the thickest portion of
the coni calipeetePnpehperf @ftehen gasPMBaUAaYE ngh e Helt hi ek gbreedmndahi ch i s
slightly decentered, a pressing force by the thick portion of the conical
bar%%l nenbeRe cBASbenéRPe P GRM PeafsiS ekl tREFTRETES. Since the degree of
freedom of deformation of the washer increases by the vertical _groove
portion, the fasteni ngiRGRqtRe C&9PTsE PEduERe APt AELT FTFAERHGIWSIk can be

easily perfornmed. _.In the thirteenth invention, a construction 15 of the
ook ng. { asPERGF2ic BBFdFg MET e 1 TREE &S Cohd Eher NERd U@ PO 1 t h

sixth, SeVGBEPti%h%h%gvadQH“f&§”¥ﬁé conical barrel member of the

washer, the rebound stress of the washer (the conical barrel
10 member) in the bolt axis orthogonal direction is not
| attenuated, but the strong integration of the bolt and the
nut via the washer is maintained, and the large locking
effect is obtained.
As a shape of the vertical groove portion, any
15 shape can be set so long as the degree of freedom of
deformation of the conical barrel member of the washer is
increased. The vertical groove porticon can be formed in
each of various shapes such that it is formed in a straight
shape for the axial direction, it is formed so as to be
20 inclined at the same angle as that of the s1lit for the notched
circle, it is formed so as to have a side surface in a
V-character shape, it is formed in a waveform shape, and
the like.
In the twelfth invention, as a construction of
25 the locking fastener according to the second, third, fourth,
fifth, sixth, seventh, or tenth invention, at least one

vertical groove portion is provided in the axial direction
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el eventh, or twelfth invention, the inclination angle of the conical barrel
menber of the washer is set to alnmpbst 20 In the thirteenth invention, 114Ul Hé6
inclination angle of the conical barrel nmenber of the washer is set to

al nrost 100, a height of conical barrel nenber is equal to a height such

that a female screw of at least 2. 5 |eads or nore can be forned on the

i nner peripheral surface of the 25 conical barrel nenber at the same pitch
as that of the screw portion of the bolt. Therefore, it is set to the

hei ght sucbhft bat ¢dei conimatrdameibae et hef wabRewashel eiexdBudingUL2006 5
10 certainly bitten and sandw ched between the bolt and the nut. The

f oregoi ng f aheethscRébowrirdoRcif thetdeavaishets corA dar parketkhargbef f ect can
be realized by the strong integration of the bolt and the nut via the
washer. |n blfe theumtssdrh i nvention, as a construction of the |ocking
fastener according to the fifth or sixth invention, the inclination angle
of the slit for the ndtchgd twetfetholinvhetiwashersinecd Mhvéhortderfaxealis set to
an angle wthin a range fromal nost 200 to 25. In the fourteenth invention,
i f the incligratciven paatglan dfs tireowlded foer tiee nerhedl chactel ohemberwasher
to the bolt axis is set to an angle within the range fromalnost 200 to
25, the endogotbiconasherhwhdliet eked udjaméhehstlickesitepoirsigni P6rhg cone
into contact with the screw portion of 15 the bolt with a predeterm ned

phase diff elceidicalrharrgilgmeteer off the wricabarindethedhEek BPrtheRwasher
can be which is sliightly decentered, a pressing force by the thick

portion of the conical barrel member can be effectively

10 applied to the bolt. Since the degree of freedom of
deformation of the washer increases by the vertical groove
portion, the fastening torque can be reduced and the
fastening work can be easily performed.

In the thirteenth invention, as a construction

15 of the locking fastener according to the first, second,
third, fourth, £ifth, sixth, seventh, eighth, ninth, tenth,
eleventh, or twelfth invention, the inclination angle of
the conical barrel member of the washer is set to almost
10°.

20 In the thirteenth invention, if the inclination
angle of the conical barrel member of the washer is set to
almost 10°, a height of conical barrel member is equal to
a height such that a female screw of at least 2.5 leads or
more can be formed on the inner peripheral surface of the

25 conical barrel member at the same pitch as that of the screw
portion of the bolt. Therefore, it is set to the height

such that the conical barrel member of the washer is
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smoot hly reduced by the fastening torque which is spirally applied. In the
fifteenth invention, as a construction of 20 the |ocking fastener actoldifg
to the first, second, third, fourth, fifth, sixth, seventh, eighth, ninth,
tenth, eleventh, twelfth, thirteenth, or fourteenth invention, a wdth of
slit for the notched circle of the washer is set to a width having a gap in
a state where the bolt and the 25 nut have been fully fastened. In the
fifteenth invention, since the width of slit for the notched circle is set
to the w dtbestuehnlikabiz@ehl adldl s20@6:idIes® Bestwegapthbethern 4he edge
surfaces of the slit for the notched circle in the state where the nut has
been ful |y nhast enied, f @vegoingtierst at € alllervwed e aatt bastheema sty
fastened, a strong spring force of the washer in the state 5 where it is
bitten and Bahadwgehdddidnme et fidet nudnand rhelikeldt biys tied aroweg, thereby
realizing the strong integration of the nut and the bolt. In the sixteenth
i nvention, astagrendonuctii ctheofbolheahdckhrgnidstvémertrecomshiany. to the
first, second, third, 10 fourth, fifth; sixth, seventh, eighth, ninth,
tenth, el eventh, twel fliththehifiqugaraen th cunverhion . ors fé fee@enthucthoRnti on, a
screw adapted to be conme into engagenent with the screw portion of the bolt
is formed offt hee dwekingerigheerersarracdison e EEnifcdi tbae ¥ efixiERber of
the 15 washer. In the sixteenth invention, since the screwis formed on
the inner péPVBREAN -stRpIREIN2hECRANTEF Chatheplit for the notched

circle of the washer to the bolt axis is set to an angle
within a range from almost 20° to 25°.

10 In the fourteenth invention, if the inclination
angle of the slit for the notched circle of the washer to
the bolt axis is set to an angle within the range from almost
20° to 25°, the end portion of the slit for the notched circle
is uniformly come into contact with the screw portion of

15 the beolt with a predetermined phase difference. |, The
diameter of the conical barrel member of the washer can be
smoothly reduced by the fasténing torgque which is spirally
applied.

In the fifteenth invention, as a construction of

20 the locking fastener according to the first,; second, third,
fourth, fifth, sixth, seventh, eighth, ninth, tenth,
eleventh, twelfth, thirteenth, or fourteenth invention, a
width of slit for the notched circle of the washer is set
to a width having a gap in a state where the bolt and the

25 ntt have been fully fastened.

In the fifteenth invention, since the width of

slit for the notched circle is set to the width such that

20



menber of the washer, the conical barrel nmenber is certainly fitted to the
screw portion of the bolt, thereby certainly 20 effecting a frictional! #ér26@&
whi ch acts on both of the washer and the bolt and strongly integrating the
bolt and the nut. In the seventeenth invention, as a construction of the

| ocki ng fastener according to the sixteenth 25 invention, a fenmale screw of
the sanme pitch as that of the screw portion of the bolt is fornmed on the

i nner peripheral surface of the conical barrel nmenber of the washer. 21 | |

JUL 2000 | nthieesavent capt Beitieent bR, elgiceidadeiade tiserew of féhe sane
pitch as that of the screw portion of the bolt is fornmed on the inner

peri pheral suef acechédtdierctonincehe kayaied wierzer hefniheasabben, fuhly :
association with 5 the fastening of the bolt and the nut, the conical barrel
menber of tHeswashsY, isreacrienathenstta ttehaviscrew iporiaorhas béde bolly its
dianeter is snoothly reduced, and the conical barrel nenber is fitted into
t he coni cal flagltersfd t keshubpg $heivdyf growiaf nhd washargenl boki sgaed f ect
owing to the 10 strong integration of the bolt and the nut via the washer.

I n t he ei ghwdemeh iithvenbildhenasnd sendvigbedohetokephshkoskitngnflathener
according to the sixteenth invention, a screw of a pitch smaller than that
of the screWoljorts diabttahredol thesebyr FedldFinge thiat a9 pheral 15

surface of the conical barrel nmenber of the washer. In the eighteenth
i nvention, PRI HER off wHed NeheaPdstBfRi R§1dF- the bolt and the nut, only

edge portions of the screw gortion of the bolt enters a state where they
In the sixteenth invention, as a construction of

the locking fastener according to the first, second, third,
10 fourth, fifth,; sixth, seventh, eighth, ninth, tenth,

eleventh, twelfth, thirteenth, fourteenth, or fifteenth

invention, a screw adapted to be come into engagement with

the screw portion of the bolt is formed on the inner

peripheral surface of the conical barrel member of the
15 washer.

In the sixteenth invention, since the screw is
formed on the inner peripheral surface of the conical barrel
member of the washer, the conical barrel member is certainly
fitted to the screw portion of the bolt, thereby certainly

20 effecting a frictional force which acts on both of the
washer and the beclt and strongly integrating the bolt and
the nut.

In the seventéenth invention, as a construction
of the locking fastener according to the sixteenth

25 invention, a female screw of the same pitch as that of the
screw portion of the bolt is formed on the inner peripheral

surface of the conical barrel member of the washer.
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are spirally conme into engagenent with the screw forned on 20 the inner

peri pheral surf ace of the conical barrel nenber of the washer. The ' JUL 2006
fastener can be easily | oosened by using a tool such as a spanner or the

| i ke. An inspecting work which is executed by renoving the fastener can be
easily perforned. 25 In the nineteenth invention, as a construction of the
| ocking fastener according to the first, second, third, fourth, fifth,

si xth, seventh, eighth, ninth, tenth, 22 Il JUL2000 el eventh, twelfth,

thirteenth, fourteenthn thkt senthteecsivd aentdnt isayenigand hhhort ahgid eent h
invention, the washer or the nut is made of a synthetic resin. In the

ni net eent h sovewtddDNthed sfaast enechnadetlodt &f ahsyBhletd potresion whi the provi des
a large locking effect can be used in accordance with use object or use
situation avolitnish€ocasd wheriche tinsenspdrapharpllaserdiacsewel etleor r osi on
or the like. In the twentieth invention, as a construction of 10 the

| ocki ng fastenéradcberdiedgmembele ofi ridtee edtdhamyam iapgockaplomarvitly of

proj ecting portions which project inwardly are forned on the inner

peri pheral %bef&getehinBeofonheabolbarneél thempet . ofhe eombshbrbanrehe
vertical direction. In the twentieth invention, since a plurality of 15
proj ecti ng perbesnstwihehwppBpectsi ARELURY VHTRhENQeFETEHI POBLLERIP?HN are
fornmed on the inner peripheral surface of the conical barrel nepber of the

washer made t&€ Phetsyhiheip@etedsis, sHpR i R i emet et tPReCRBAFRAI barr el

r of
menber o barrel member is fitted into the conical hole of the nut,

thereby providing the large locking effect owing to the
10 strong integration of the bolt and the nut via the washer.

In the eighteenth invention, as a construction
of the locking fastener according to the sixteenth
invention, a screw of a pitch smaller than that of the screw
portion of the bolt is formed on the inner peripheral

15 surface of the conical barrel member of the washer.

In the eighteenth invention, in association with
the fastening of the belt and the nut, only edge portions
of the screw portion of the bolt enters a state where they
are spirally come into engagement with the screw formed on

20 the inner peripheral surface of the conical barrel member
of the washer. The fastener can be easily loosened by using
a tool such as a spanner or the like. An inspecting work
which is executed by removing the fastener can be easily
performedqd.

25 In the nineteenth invention, as a construction
of the locking fastener according to the first, second,

third, fourth, £fifth, sixth, seventh, eighth, ninth, tenth,
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t he washer is decreased and the conical barrel nenber enters 20 the conical
hol e portion of the nut, the projecting portions of the conical barrldPUL2006
menber of the washer are strongly come into contact with the screw portion
of the bolt and enter a state where they certainly bite and sandw ch the
conical barrel nmenber of the washer between the bolt and the nut. 25
Therefore, the foregoing force acts certainly on the washer nade of the
synthetic resin, thereby realizing the large |locking effect owing to the
strong i nt eglaviemitiof tvwelbhohi 23itrtéeéedth, 2006rdeenthe MitfteRmet,
Description of Drawings Fig. 1 is an expl oded perspective view of a bolt, 5
a washer, amdxgesmtishowtvenbe¢nki ngrf aivbfieenddcdmrdientiamn. titee i nventi on.
Fig. 2 shows the first enbodi nent of the washer of the invention, in which
(a) a plan vashe BT atke deut elevaafenaf @i swnthetis veatiral sectional

view, and (d) 10 a bottomview. Fig. 3 shows the first enbodi ment of the
nut of the invention Bhdhes ndredfentdy dndAnEint i gnadRskedwr mphg§. 08 is a
sem vertical sectional view showing a state where the washer and the nut in

Fi gs5 2 and BSKAGEetis BREANFESEHDPEPViHSs astay 9 & oKt rEdrPcde€lP onal
vi ew show ng}re[a state of the washer and the_nut before fas&ﬁni ng, and Fig.

5(b) is a velt UEAY ddcfCGrAIdanEw™ 5§ 205 O0f VEReSLHEREP AR t he nut
after the fastening,<20.fl% & 18 &8 §318851L0al He0,2out ng 2
or the like.
In the twentieth invention, as a construction of
10 the locking fastener according to the nineteenth invention,
a plurality of projecting porticons which project inwardly
are formed on the inner peripheral surface of the conical
barrel member of the washer in the vertical direction.
In the twentieth invention, since a plurality of
i5 projecting portions which project inwardly in the vertical
direction are formed on the inner peripheral surface of the
conical barrel membexr of the washer made of the synthetic
resin, when the diameter of the conical barrel member of
the washer is decreased and the conical barrel member enters
20 the conical hole portion of the nut, the projecting portions
of the conical barrel member of the washer are strongly come
into contact with the screw portion of the bolt and enter
a state where they certainly bite and sandwich the conical
barrel member of the washer between the bolt and the nut.
25 Therefore, the foregoing force acts certainly on the washer

made of the synthetic resin, thereby realizing the large

locking effect owing to the strong integration of the bolt

23



state where a plate to be fastened has been fastened by the fastener f@@%
in Fig. 1. Fig. 7 is an explanatory diagramfor explaining the actiﬁb 0
direction of forces which are applied to the 25 fastener by fastening. Fig.
8 is a perspective view for explaining a state where end portions of a slit
for a notched circle of 24 11 JUL 200(, the washer are hooked to the nut by
the fastening. Fig. 9 shows the second enbodi nent of a washer according to
the invention, in which (a) a plan view, (b) a side elevational view, (c) a
vertical seghhomak weaw, and 5 (d) a bottomview 10 Fig. 10 is a verti cal
sectional view for explaining the direction in which a force is applied in
a state where the fastener has been fastened by using the washer shown in
Fig. 9. Fig . 11 shows the third enbodi nrent of a washer according to the
i nvention, Bmieffi deq@)im pbamndiknaw{hys a side el evational view, and (c) a
bottomview. Fig. 12 shows the fourth enbodi mrent of a washer according to
the invention, in whidhiga}l asvar ekpdlbded pecspensliveieweand gbyoht bott om
view. Fig. 13 shows the fifth enbodi nrent of a washer according to the
i nvefti on agdvieshgsemnd @& mudalsheadiniomalloakiag flrelienpn ateeedihgre a
fastener has been fastened. Fig. 14 shows the sixth enbodi nent of a washer
20 accordi n§a dPend ¥ REeRtP®n, in which (a) a plan view, (b)
Fig. 2 shows the first embodiment of the washer
of the invention, in which (a) a plan view, (b) a side
elevational view, (c) a vertical sectional view, and (d)

10 a bottom view:

Fig. 3 shows the first embodiment of the nut of
the invention and is a semi vertical sectional view.

Fig. 4 is a semi vertical sectional view showing
a state where the washer and the nut in Figs. 2 and 3 have

15 been assembled.

Fig. 5(a) is a vertical sectional view showing
a state of the washer and the nut before fastening, and Fig.
5(b) is a vertical sectional view showing a state of the
washer and the nut after the fastening.

20 Fig. 6 is. a vertical sectional view showing a
state where a plate to be fastened has been fastened by the
fastener shown in Fig. 1.

Fig. 7 is an explanatory diagram for explaining
the actiﬁg direction of forces which are applied to the

25 fastener by fastening.

Fig. 8 is a perspective view for explaining a

state where end portions of a slit for a notched circle of
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a side elevational view, and (c) a bottomview Fig. 15 shows the seventh
enbodi mrent of a washer according to the invention, in which (a) a 11 JUL 2000
perspective view and (b) a vertical sectional view. 25 Fig. 16 shows the

ei ght h enbodi nent of a washer according to the invention, in which (a) a
plan view and (b) a bottomview 25 11 JUL 2006 Fig. 17 shows the ninth
enbodi ment of a washer according to the inventi on, in which (a) a plan

view, (b) a side elevational view, and (c) a bot t om vi ew. Fi g. 18 shows the
tenth enmbodi RMtWFRETnAEReROOECEC E6r Ay Y e FRYehBFGRNLDE -whi ch (a) a
side el evational i ew and gbébﬂgbm tomview._ Fi 19 shows  t he el eventh

embodi ment of a washerfifcc St BRghEePRYENEIER T iMeThhi Th & 325P8H an vi ew
and (b) a bottomyview, 10 Fi 20 shows, th th e di ment of washer
15 accor d nga%ﬁénsnyanw G Pen ) b SRl Ui S R Ty o 85 -
vertical sectiq \ile t Fi 21 sho the ttg L.rteent terrboq ment of

washer accor‘?jisﬂgjaets it VaRYand 1 & ¥SprFaTaN eRF TLRPG: xéﬁe‘gho a prior
art dis a spfgcklt\é’%J w showi ng a bolt, a | ocki ng rrenber and a nut.
Best de fo rryl e | nventi on An enbodl ment of the |nvent| on will

be described 20 herei @‘Eﬁl owovmlgn rqegrﬁ%tge&ggogggmg% £ rst, a

| ocki ng fastener shown i
explaining the dlrectlon in which a force is applied in a

state where the fastener has been fastened by using the
washer shown in Fig. 9.

10 Fig. 11 shows the third embodiment of a washer
according to the invention, in which {a) a plan view, (b)
a side elevational view, and {c) a bottom wview.

Fig. 12 shows the fourth embodiment of a washer
according to the invention, in which (a) a vertical

15 sectional view and {(b) a bottom view.

Fig. 13 shows the fifth embodiment of a washer
according to the invention and is a semi vertical sectional
view showing a state where a fastener has been fastened.

Fig. 14 shows the sixth embodiment of a washer

Y20 according to the invention, in which (a) a plan view, (b)
a2 side elevational view, and (c) a bottom view.

Fig. 15 shows the seventh embodiment of a washer
according to the invention, in which {a) a perspective view
and (b) a vertical sectional view.

25 Fig. 16 shows the eighth embodiment of a washer
according to the invention, in which (a) a plan view and

(k) a bottom view.
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wi ||l be explained as a first enbodinent. As shown in Fig. 1, the |ockin
fastener conprises a washer 1, the nut 2, and the bolt 3. The masheﬂngBmT?
nut 2, and bolt 3 are nutually and spirally assenbled and the bolt 3 and the
nut 2 are strongly integrated via the washer 1, thereby realizing a |large

| ocking effect. 26 Il JUL 2006 As shown in Figs. 1 and 2, at a center of a
base portion 4 in a circular flat plate shape, the washer 1 has a bolt

t hrough-hol e 5 through which a screw portion 13 of the bolt 3 is pierced
and which is slightly Fagget7t fanwa Sheoniinib gnbedimendf ofhe wesB@Lporti on
13. A conical barrel nenber 6 whose dianeter decreases in a front edge
direction cfceBdlrg ke sthe ¥vrepbiarouhd WheCholad) third@ghVE6Me %Pdo as to
stand therefrom In the enbodinent, a slit 7 for a notched circle 10 which
is inclined 3rsifrR dieeatioRadppdsivte amltife) spiP@altomi Fé8Yion of the screw
portion 13 of the bolt_3 is_cut out in the base paortion 4 and the coni cal
barrel menber 6, respBeBivéPyShPiws: kBSefEadnERPOddmee Gtn 4t FE5ERgl e 81
of the 15 conical barrel nepber 6.is set to al t 10, and_an__i.nclination
ongl & 02 of TIRSEHIBIAT GG hEVRBEIRRY Skl (80t R bl 1 SHALeBrPdn of t he
bolt 3 is set.to an.angle wthin_ a range fromalnost 20 to 25. Assum ng
that the inCY}%%t?Bﬂ éﬁ& 8“%? ¢ he*%0 coni cal barrel nmenber 6 is equal to

al rost 10, a hei ght 25F9Lfg.t{'§ SN L PR LEL PR HRSo FirhSn S8 & %aB1RE 9Nt

such t hat

according to the invention, in which (a} a plan view and
(b) a bottom view.
10 Fig. 20 shows the twelfth embodiment of a washer
according to the invention, in which (a) a plan view and
{(b) a semi vertical sectional view.
Fig. 21 shows the thirteenth embcdiment of a
washer according to the invention and is a plan view.
15 Fig. 22 shows a prior art and is a perspective

view showing a bolt, a locking member, and a nut.

Best Mode for Carxrying Out the Invention
An embodiment of the invention will be described
20 hereinbelow with reference to the drawings.
First, a locking fastener shown in Figs. 1 to 6
will be explained as a first embodiment.
As shown in Fig. 1, the locking fastener
comprisés a washer 1, the nut 2, and the bolt 3. The washer
25 1, nut 2, and bolt 3 are mutually and spirally assembled
and the bolt 3 and the nut 2 are strongly integrated via

the washer 1, thereby realizing a large locking effect.
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a female screw of 2. 5 | eads or nore can be fornmed on an inner peripheral
surface of the conical barrel member 6 at the same pitch as that of 'YHEL200¢
screw portion 13 of the bolt. 3. If the inclination angle 02 of the slit 7
for the notched circle to the bolt axial direction is set to the angle
within the range fromalnost 20 to 25, the slit 7 27 1 | JUL 200(, f or the
notched circle is cone into contact wwth each thread ridge of the screw
portion 13 of the bolt 3 with a predeterm ned phase difference. The slit 7
for the notched circl asxamdse fior Feds .51i sand Bt ragi ghteshape oifnat besdol t

axial direction. In the case of inclining it to the bolt axial direction,
the inclinatordicandl énis aiatckliar tiedat @lidte ahgipe wthisi washer dahge from-

al nrost 200 to 250. As shown in Fig. 3, a conical hole portion 10 10 adapted
to fit the cobpddl thaough-iedised Shobughewhdsher s¢rew pormdgénotérofhe
femal e screw portion 11 which is screwed wth the screw portion 13 of the
bolt 3. An it bedtt dnisangeeced andtWbhigbniga$ LhePElpolRreRTIODAE 8et to

al rost 100, which -is the sane as the inclination angle 01 of the is

coni €al bar MEMiFErbeiagetay Phrdie FraryePeRbpel 1aggf CPELCEINLEAPTES f or ned
between the fenmale screw portion 11 and the conical hole portion 10. As for

the coni cal R & YRoRE 1 a0e B s assHs aft ? AFEP pEABEhRLFeEE 18P hal f
por L1 o whi el $085 oL L20P, 20 LG MSSIEL b SR b Re St o1 Lhan {ha
6, and a di aneter of an ggee]@(iaggor%f_ a half portion
In the embodiment, a slit 7 for a notched circle
10 which is inclined in the direction opposite to the spiral
direction of the screw portion 13 of the bolt 3 is cut out
in the base portion 4 and the conical barrel member 6,
respectively.
In the embodiment, an inclination angle 81 of the
15 conical barrel member 6 is set to almost 10° and an
inclination angle 62 of the slit 7 for the notched circle
to the axial direction of the bolt 3 is set o an angle within
a range from almost 20° to 25°.
Assuming that the inclination angle 61 of the
20 conical barrel member 6 is equal to almost 10°, a height

of the conical barrel member 6 is set to a height such that
a female screw of 2.5 leads or more can be formed on an inner
peripheral surface of the conical barrel member 6 at the

same pitch as that of the screw portion 13 of the bolt 3.

25 If the inclination angle 02 of the slit 7 for the

notched circle to the bolt axial direction is set to the

angle within the range from almost 20° to 25°, the slit 7
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on the side which f aces the washer 1 is set to be smaller than that of an
outer periphery of a root portion of the 25 conical barrel nenber 6.'!HJUL2000
Therefore, as shown in Fig. 4, when the conical barrel nenber 6 of the
washer 1 is inserted into the conical 28 I | JUl. 2006 hole portion 10 of the
nut 2, only the front edge portion of the conical barrel nenber 6 enters
the conical hole portion 10 and becones a state where the washer 1 is
projected fromthe nut 2. 5 As shown in Figs. and 6, when a plate 15 to be
fastened is H7% t&§ BABCE&AIHHERER lﬁe‘t:%%rf—rttﬁecwstﬁé%t YitheachéBsee 3, the

screw portion 13 and the fenale screw port| on 11 ar screweg and a
fast eni ng f ort&9%f Ot hERRUECTENs PR WEY 1 PTacthe aPpfral Y58t 8ning force -

according to % gd ang g %of the emal e screw portion 11 of the nut 2 is
uni formy a%’f)? Ut RE P GGG o the notched circle. As shown

in Fig. 5(b he wh I h | |1y h
:M'ndt Ihng ((:IeZ:re;s:s o {Fntﬁz 20 oﬁ:ﬁ?"aﬁnoﬁ_o(z:t t‘%ﬁgr‘%l%nréatt‘ IeaD %Ctraw goFle
| 15 b f h
Fast oni ng of g R %ﬁ%hghg B5 a8 ther Pon Y dntiat SRR Y ed i neo

the conical Q%&& BQrEEBEé%Qngﬂlec wt‘.odtt{%el‘g}aﬁttg'ﬁ gh! hlze%?!io!nhe At ched

circle is set to abou mm-i n ment is sufficiént 20 that

the width L1;0f15R8+3bht ahgh@r ﬂsh%ortot:tettﬁ(teq hd &He asf?glé %_acﬁ/laft ug esuch
that the width L2 of theS|t for the notched circle is has a gap of

about 0.5 t Ordng| FRomh Shaldt v;._fter gt hgenut 2 has been fuI |y fastened.
As shown in Fig. 3, a conical hole portion 10
10 adapted to fit the conical barrel member 6 of the washer
1 is formed over the female screw portion 11 which is screwed
with the screw portion 13 of the bolt 3. An inclination
angle 03 of the conical hole portion 10 is set to almost
10°, which is the same as the inclination angle 81 of the
15 conical barrel member 6. An inner flange-shaped jaggy
portion 12 is formed between the female screw portion 11
and the conical hole portion 10.
As for the conical hole portion 10, a diameter
of an inner periphery of a half portion which does not face
20 the washer 1 is set to be smaller than that of an outer
peripherv of a front edge portion of the conical barrel
member 6, and a diameter of an opening of a half portion
on the side which faces the washer 1 is set to be smaller
than that of an outer periphery of a root portion of the
25 conical barrel member 6.
Therefore, as shown in Fig. 4, when the conical

barrel member 6 of the washer 1 is inserted into the conical
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If the washer 1 is nmade of a soft material which 25 is softer than that of
the bolt 3, in association with the fastening of the nut 2, the froht/@dglo
portions of the screw portion 13 bite the inner peripheral surface of the
conical 29 1 I JUL 2006 barrel nmenber 6. In a state where the inner

peri pheral surface of the conical barrel nmenber 6 has been shaved, al nost
the whole conical barrel nenber 6 is fitted into the conical hole portion
10 of the nut 2. 5 That is, as showmn in Fig. 6, the conical barrel nenber 6
enters a sthvéevibertion 18 of titles rand ZamdWixiére dndiet #ddeoggimgomat eri al
between the nut 2 and the bolt 3. Fig. 7 is a diagramfor explaining

directi ons 8f thRecppiced Wﬁﬁﬂ?kﬂﬂeégﬁﬁmﬁt¢@¢9ﬁ§héhelpopﬁéaﬁuﬁoéﬁ and the
10 bolt 3. Black arrows in the diagramindicate the directions of the forces
whi ch provi BeTERen| d8kitRg dfecssiehya tHea hisHeer e 1 tARd WAKPEE dridws in the
diagramindicate the directions of the forces which are applied to the bolt
3 and the nBFoiected AToEndWe iMHFi%:. 7, first, the nut 2 and the washer 1

Lnt ted b b d st ) F i th t he bolt
oo botedraed by 2 opound ot Lesa, ar ol ML Sspost g dhg, ol axis
d dwi d. bet t t t.he bolt 3. 20 b t h
oo Sanou ched REIEED o 1P AN IS BELL 8120 HPREMEN nd o
St i i 4 f t
(arton S) B Geloace;ILE A1 BFRES e, B PRAA 001G JdR UL 2ce (o

force in the difecld O, LeATd B4 dGing force of the nut 2 is allowed

to act, a spiral fastening force according to a lead angle
10 of the female screw portion 11 of the nut 2 is uniformly
applied to the inclined slit 7 for the notched circle.
As shown in Fig. 5(b}, the whole slit 7 for the
notched circle initially having a width L1 decreases
‘uniformly to a width L2 and the diameter of the whole conical
i5 barrel member 6 decreases uniformly. In association with
the fastening of the nut 2, the conical barrel member 6 is
smoothly fitted into the conical hole portion 10.
The width L1 of the slit 7 for the notched circle
is set to about 3 mm in the embodiment. It is sufficient
20 that the width L1 of the slit 7 for the notched circle is
set tc a value such that the width L2 of the slit 7 for the
notched circle is has a gap of about 0.5 to 1 mm in a state
where the nut 2 has been fully fastened.
If the washer 1 is made of a soft material which
25 is softer than that of the bolt 3, in association with the
fastening of the nut 2, the front edge portions of the screw

portion 13 bite the inner peripheral surface of the conical
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25 thread ridges of the bolt 3 acts on the conical barrel nenber 6 whose
i nner surface has been bitten to the thread ridges of the bolt 3. ThildUL2006
extrenely strong shearing force is a 30 Il JUL2000 unique frictional force
regarding the bolt axial direction which acts on both of the washer 1
regarding the whole circunference in the bolt axial direction and the bolt
3. Thus, a pressing force (arrow F2) of the nut 2 onto the base 5 portion 4
receives resistance by a strong spring force of the washer 1, and the nut 2
and the bol baZrare miembegr £ ed Ivia stuehe avhesesthacenherceerimssralhe bolt 3
and the nut 2 are strongly integrated via the washer 1 through two kinds of
i nt egr at i onsurdaceutads tihe tdrenbofl BRIrsedr Meaderalé diaedeon $hrvew. R ) and
the bolt axial direction (arrow F2), thereby rationall realizing the |arge
| ocki ng ef f @fmosthEheoihehe Panierl mareel gesoamhé wadhigrtad iwmtehthpas been
bitten and sandw ched between the _bolt 3 and the 15 nut 2 perforns
wedge- | i ke &OmIGRL AT RCTBEPBWLRAPEF $headni2rg the screw portion 13 of
the bolt to be cone into pressure contact with the fenale screw gortion 11
of tRe nut 2 screwed 1H% HeS f rontSIRIGR PoFti%n 6i-n tPReCBBECadxPEFTedi r ect i on
rather than th wa%er 1 fromth% anﬂle 2Q Ci.I’CBLT% rence i d.to the
i t

femal e screWgbYtS epfeTsn g St e]:feor-L.éel(E‘a eﬁS?”&hgéﬁngbgﬁsl ied to
e e end R oR Sy B DS Sod ptimeed, Tne
;ﬁ‘yhogg' :Oiyt Lﬁf" 'rg: lnigng{“fg'. af 9& LOgKL a7 & 'eSGh AT 5 a1 QI J PEat 1 on
the forces which act among the washer 1, the nut 2, and the
10 bolt 3. Blackarrows in the diagram indicate the directions
of the forces which provide the locking effect by the washer
1 and white arrows in the diagram indicate the directions
of the forces which are applied to the bolt 3 and the nut
2.
15 As shown in Fig. 7, first, the nut 2 and the washer
1 are integrated by a rebound stress (arrow Fl) with respect
to the bolt axis orthogonal direction of the washer 1 in
the state where it has been bitten and sandwiched between
the nut 2 and the bolt 3.
20 Subsequently, the conical barrel member 6 is
strongly pulled in the bolt axial direction (arrow St) by
a force which presses the base portion 4 onto the surface
to be fastened by the fastening of the nut 2. In this
instance., a shearing force in the direction of tearing the
25 thread ridges of the bolt 3 acts on the conical barrel member

6 whose inner surface has been bitten to the thread ridges

cf the bolt 3. This extremely strong shearing force is a
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vibration in the oblique direction, or the like. If the slit 7 for the
notched circle of the washer 31 Il JUL 2006 1 is inclined in the dirdddVbRove
opposite to the spiral direction of the bolt 3 as shown in Fig. S, a spiral
fastening force T of the nut 2 is applied to the base portion 4 of the
washer 1. Thus, an end portion 7a of the slit 7 for 5 the notched circle
| ocating on the front side in the spiral direction becones a sharp edge
shape for a fastening surface 2a of the nut 2. The edge-shaped end portion
7a of the shhtiquk fadctthenudt ebedecreghedbinteshd he ftaskenilngisactaoe 2a of
the nut 2 and enters a state where the fastening surface 10 2a is cut so as
to stand anehtiledr entitpornt i ot act stheokegherSilncedamdinpsiing dhoeeti on of
the spiral engagenent of the bolt 3 and the nut 2 is opposite to the
di rection i riwwuif ¢en¢asie iilrg Hodric @extals ddppidteichn eareh thief balvi Br.ati on or
the like is applied in such a direction 15 as to | oosen the spiral
engagenent Ghushe appress8iagdfehee (Mnrey F2heoporhe aritwderrt ¢ Héreehdsporti on
7a of the slit 7 for the notched circle has been hooked to the fastening
surf &ce 2a @dontomA TBAsEichfes o istlopped Bh@ Favas SHHEg derce Pom
rotating in the | oosi ngl direction. 20 The hei ght of conical barrel nenber 6
t

of the wasHér Fashept! t+ Ak Trend % HafthatSoPOotite 3Sc8htcaR tREFEteFor t i on
10. The inner. fl ange-shaped jﬁgg%ét r%orti on 12 is provided between the

coni cal hol &gbrif'on 20"6F*Fhi 2T%nd the female screw portion 11
fastening force of tRERGe 2her REldgs BIY THEE JORF cbi “bar For°RAber 6 does
integrated via the washer 1 through two kinds of integration
10 routes in the bolt axis orthogonal direction (arrow R1) and
the bolt axial direction {(arrow F2}, thereby rationally
realizing the large locking effect.
The conical barrel member 6 of the washer 1 which
has been bitten and sandwiched between the bolt 3 and the
15 nat 2 performs wedge-like action. A force (arrow F4) for
allowing the screw portion 13 of the bolt to be come into
pressure contact with the female screw portion 11 of the
nut 2 screwed in the front edge portion in the bolt axial
direction rather than the washer 1 from the whole
20 circumference is applied to the female screw porticn 11._
A frictional force (arrow F5) which is applied to the thread
ridges of the bolt 3 screwed with the nut 2 is enhanced.
The integration of the nut 2 and the bolt 3 is made further
strong, thereby rationally realizing the large locking
25 effect against every vibration such as pitch, rolling,

vibration in the oblique direction, or the like.

If the slit 7 for the notched circle of the washer
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not reach the female screw portion 11, and the screw portion 32 | | JUL 2006
13 and the female screw portion 11 are not strongly crushed and dandgdiL 2000
The washer | and the nut 2 which are assenbled to the bolt 3 are not
limted to a conbination of a pair 5 of thembut a |larger |ocking effect
can be al so obtained by using a plurality of conbinations of the washers I
and the nuts 2. Although the exanple in which the washer 1 nmade of the
soft material is used for the bolt 3 has been shown 10 in the enbodi nent,

the inventiond %Mlﬂécﬁ” 10 ho ﬁS!EEc%Ee%X%&SB'o%R'ét e ol dpd-£an be al so

made of the soft material for e was llnaconblnatlon of the washer |

and the Dboliirgbtidh bRitheBser § S Roehnlrmde of spibandesmieninl  presses

the thread ridges of the bolt 3 nade of the soft 15 naterial. The 1 nner
peripheral spdace of dhe (onisals He1eds MEFbEle b Se Popdedohost e thread
ridges with a pressure. The foregoing forces shown in Fig. 7 act on the
washer 1. The edgest ocki Mgl f eol dsdrestt zed D dg t0e shetstroog
integration of the bolt 3 and the nut 2 via the 20 washer 1. For exanple, a
conts nat i orciod natqiebedcakl Dycamahers@lta¥irogtas dde tiansheespexsure and an

alloy material in a non-quenched state, or the like is considered as a hard
mat eri al . |dizdret ivars hercohessafsdramms eligeushange tthe qdfesdceed riRbsatrfayeas a hard
material, the dianmeter- decreased washer I is recovered to the original

state by r&aadl hgetinet 2f.asTbei agoéosbapef ¢k pegttizn Thusi thigeshasher 1 can
be 7 for the notched circle bites the fastening surface 2a of
the nut 2 and enters a state where the fastening surface

10 2a is cut so as to stand and the end portion 7a is hooked.

Since the loosing direction of the spiral
engagement of the bolt 3 and the nut 2 is opposite to the
direction in which the fastening force T is applied, even
if a vibration or the like is applied in such a direction

15 as to loosen the spiral engagement of the bolt 3 and the
nut 2, the portion where the end portion 7a of the slit 7
for the notched circle has been hooked to the fastening
surface 2a of the nut 2 becomes a stopper and prevents the
nut 2 from rotating in the loosing direction.

20 The height of conical barrel member 6 of the
washer 1 is set to be lower than that of the conical hole
portion 10. The inner flange-shaped jaggy portion 12 is
provided between the conical hole portion 10 of the nut 2
and the female screw portion 11. Therefore, even if the

25 conical barrel member € is extended by the fastening force

of the nut 2, the edge of the conical barrel member 6 does

not reach the female screw portion 11, and the screw portion
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33 11 JUL 2006 5 repetitively used plural tinmes w thout decreasing the

| ocking effect. The second enbodi ment of the washer 1 of the inventi'ddUuf|e
now be described. Fig. 9 shows the second enbodi nrent of the washer 1
according to the invention, in which (a) a plan view, (b) a side

el evational view, (c) a vertical sectional view, and (d) a bottomview As
for the washer 1, a thick portion 9 which is 10 slightly decentered for a
center of a circle of the bolt through-hole 5 is provided for a part of the
coni cal barRélan@éﬁﬁ%ﬁeﬂﬁﬂﬁﬁSFBPWt%%IgbﬂPdglaﬁﬁ1€°§o?FF8ﬁgi@'%¥u§ gdnut 2
into which the conical_barrel nenber 6 is fitted, an area of the inner

f1 ange- shap889j £G§\P956Yti on 12 formed between 15 the conical hole portion 10

and the femal e screw portion,. 11 increases. Fi 0.is a diagra or
expl ai ni ng the di rect!O ESR4e ]fc?rrb‘i éﬁ%vﬁ?@g% h Jrﬁgk‘?ﬁ‘é %gF@gP B9 the

[ h 10,2 h i.n .Fi 0,_th lightl L hi ck
por t1on 9 of oL MECHRHar B O araniBur & (14 18 PRSbEEORCERi BaPohbl o
ti 10 E b f t [ [ k Th
Dol £ 53 whi cR™ BEBRE W A= s HnT y§ 20T e Pt 218 BEFR BRecced by

the thick Z}ngrs.inﬁ:gg g Irglrﬁ}ivegf( BBEB&"BE%EOWS ;Jg:ett‘;]hge”%'ta%h%“{se‘y pRgtion 11

of the nut from r'rection opposite I ck portion 9.
Therefore, presyng forces (FI, F2) from

Although the example in which the washer 1 made
of the soft material is used for the bolt 3 has been shown
10 in the embodiment, the invention is not limited to such an
example but the bolit 3 can be also made of the soft material
for the washer 1 in a combination of the washer 1 and the
bolt 3. In this case, the washer 1 made of a hard material
presses the thread ridges of the bolt 3 made of the soft
15 material. The inner peripheral surface of the conical
barrel member 6 is bonded tc the thread ridges with a
pressure. The foregoing forces shown in Fig. 7 act on the
washer 1. The large locking effect is realized owing to
the strong integration of the bolt 3 and the nut 2 via the
20 washer 1.

For example, a combination of a gquenched alloy
material having a martensite texture and an alloy material
in a non-guenched state, or the like is considered as a hard
material. If the washer 1 is formed by using the quenched

25 alloy as a hard material, the diameter-decreased washer 1
is recovered to the original state by releasing the

fastening force of the nut 2. Thus, the washer 1 can be
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34 11 JUL 2006 the opposite radial directions are applied to the bolg

upper and | ower positions in the bolt axial direction, thereby provi

the large | ocking effect.

Own ng to the wedge-1ike effect such that the
thick portion 9 of the conical barrel nenber 6 fitted into the conica
portion 10 of the nut 2 presses the bolt 3 fromthe radial direction,
force (arrow F4) for all ow ng
into pressure

L j()ﬂ()
I'ng

a

5
hol e

the screw portion 13 of the bolt to be cone
contact with the female screw portion 11 is applied from 10

t he whol e cirepenfigrierdey tusddiepienal et $neswhohbuan debrefasitdye tthe 2 whi ch
engagenent wth the bolt at the front edge portion in the bolt
axi al direcflookinat leifedthan the washer 1. The frictional force which is
applied to the thread ridges of both of the nut 2 and the bolt 3 15 are
enhanced, thereby nmakiHg t$econdegmnbrddmebst wdehchevadhdioll &f aleet he nut 2
11 shows the third enbodi nrent of the washer 1, in which (a) a
pl an vi ew, @(BVveatsiae el are¥nke deefribgdd (c) a bottomview. As for the
washer 1, a fermale screw 8 of the sane pitch as that of the screw portion

is in spiral

strong. Fig.

13 of the bolt 3 is fdt¥ed 9 EROMfethAneCRRY igRadh

imenk fofc EhgfwasBeEoni cal

barrel nenber 6 by an amount of 2.5 to 3 leads., The slit 7 for the notched
circle is i rJrcF‘PFrQéthlﬁlgt he SBEel Y $eEitBn Jé’swpﬁéhsbﬁﬁa‘? PARTyVA&®:i bR) of the

bolt 3. If the fe
portion 13 &f StHE

10

15

.20

that of the scr

(d) a bottom view.

As for the washer 1, a thick portion 9 which is
slightly decentered for a center of a circle of the bolt
through-hole 5 is provided for a part of the conical barrel
member 6. As for the conical hole portion 10 of the nut
2 into which the conical barrel member 6 is fitted, an area
of the inner flange-shaped jaggy portion 12 formed between
the conical hole portion 10 and the female screw portion
11 increases.

Fig. 10 is a diagram for explaining the direction
of the force showing the locking effect by the eccentric
washer 1.

As shown in Fig. 10, the slightly eccentric thick

pertion 9 ¢f the conical barrel member 6 fitted into the

conical hole portion 10 presses {arrow F1) the bolt 3 from

25

the radial direction. The bolt 3 which intends to enter
a sllghtly incliped state by being pressed by the thick
portion 9 is pressed (arrow F2) by the female screw portion
11 of the nut 2 from the radial direction opposite to the

thick portion 9. Therefore, pressing forces (F1, F2) from
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35 11 JUL 2006 peripheral surface of the conical barrel nember 6, iny; uL 2006
association with the spiral engagenent of the bolt 3 and the nut 2, the
femal e screw 8 fornmed on the conical barrel mnenber 6 is spirally fltted to
the screw portion 13 of the 5 bolt 3. The fastening force in the spiral
directionis wuniformy applied to the slit 7 for the notched circle
inclined in the sane direction as the spiral direction and the dianeter of
t he whol e conical barrel nmenber 6 decreases uniformy, thereby enabling the
coni cal barte¢ oppberté ehdi@it Aerwazhiemnsl dre keosiiod hty thé tesit rk o t he
conical hole portion 10 of the nut 2. The fastening work can be easily
perfornmed. #As shpen and A gred osast bofiouih htleptiodli rextialf dittectwasher 1, the
femal e screw 8 of the sanme pitch as that 15 of the screw portion 13 of the
bolt 3 can beeabby boowedingn tite Jawmge peckpher alffsarif.ace of the conica
barrel nenber 6 having the slightly eccentric thick portion 9. As a fifth
enbodi ment of the waslering showrhe rwedgg-11Be efifectr encd dfhat piltech whi ch
is finer than that 20 of the screw portion 13 of the bolt 3 can be al so
fornkd on t RRifKnerIpéphpharfalthsucbadeads bepaedomeadierbar fettagnbeic 6 of
the washer 1, If the pitch of the screw 8 is set to be finer than that of

t he screm/pépﬁiﬁﬁnlgaéfhPﬁé BEFEign A1 9Tt ke DYt 2opFeEdge P tPOR: of the

screw portigon 13 is sglral come jnto en 5ggn{ent with the screw 8 of the

washer 1. THer&PBre® TRt Ltener12an Hhé FoBdety byTidthg" 9 ool such

as 36 the screw pertion 13 of the bolt to be come into pressure
contact with the female screw portion 11 is applied from

10 the whole circumference to the female screw portion 11 of
the nut 2 which is in spiral engagement with the bolt at
the front edge porticon in the bolt axial direction rather
than the washer 1. The frictional force which is applied
to the thread ridges of both of the nut 2 and the bolt 3

i5 are enhanced, thereby making the integration between the
bolt 3 and the nut 2 strong.

Fig. 11 shows the third embodiment of the washer
1, in which {(a) a plan view, (b) a side elevational view,
and (c) a bottom view.

20 As for the washer 1, a female screw 8 of the same
pitch as that of the screw porticn 13 of the bolt 3 is formed
on the inner peripheral surface of the conical barrel member
6 by an amount of 2.5 to 3 leads. The slit 7 for the notched
circle is inclined in the same direction as the spiral

25 direction of the bolt 3.

If the ferﬁale screw B of the same pitch as that

of the screw portion 13 of the bolt 3 is formed on the inner

35



| I JUL 2006 5 10 a spanner or the like. It is convenient in the case where
it is necessary to rempve the fastener every predeternmined period of! {ytr@bo
The work such as a periodic.inspection or the like can be easily perforned.
The screw 8 of a pitch which is finer than that of the screw portion 13 of
the bolt 3 can be also fornmed on the inner peripheral surf ace of the
conical barrel nenber 6 of the washer 1 having the slightly eccentric thick
portion 9. As shown in Fig. 14, as a sixth enbodi nent of the washer 1, the

slit 7 for theipplahad fiFfde 0bft BReVBShGICall WAt dle wdided Of Medni n a
straight shape in the sane direction as the axial direction of the bolt 3.
Since the ceysedlidtaidelwimibgie Gspfrdheemgabenedd dfenher boatsBatgdwhere: it
is forcedly pulled in the bolt axial direction by the fastening force of
the nut 2 (nefeehutt @,Filge FfenalsoyeSty § fideneahdmabi ebnatatthbasteai ght
slit 7 for the notched circle becones an edge shape for the fastening
surface of trenbett 62isThpieddey fhaped tondtperdcoew b wfidmhd Sloft tHef or t he
notched circle is hooked to the 25 fastening surf ace of the nut 2. The
portiSon to whilgh 1 he Thel iffastdmorng hEonoechad téier sipd xidds dgeat thiowk elds becones
a stopper, thereby preventing the nut 2 frombeing rotated in the |oosing
direction. Fgfomnkherihedségebls ediddidmr ofhe Heotghs@eriXcla concave

portion 4a of a diameter which is ) )
inclined in the same direction as the spiral direction and

the diameter of the whole conical barrel member 6 decreases
uniformly, thereby enabling the conical barrel member 6 of
10 the washer 1 to be smoothly fitted into the conical hole
portion 10 of the nut 2. The fastening work can be easily
performed.
As shown in Fig. 12, as a fourth embodiment of
the washer 1, the female screw 8 of the same pitch as that
15 of the screw portion 13 of the belt 3 can be also formed
on the inner peripheral surface of the conical barrel member
6 having the slightly eccentric thick portion 9.
As a fifth embodiment of the washer 1 shown in
Fig. 13, the screw 8 of a pitch which is finer than that
20 of the screw portion 13 of the bolt 3 can be also forméd
on the inner peripheral surface of the conical barrel member
6 of the washer 1.
If the pitch of the screw 8 is set to be finer
than that of the screw portion 13 of the bolt 3, only the
25 front edge portion of the screw portion 13 is spirally come
into engagement with the screw 8 of the washer 1. Therefore,

the fastener can be easily loosed by using a tool such as
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slightly larger than that of the |large diameter portion of 37 Il JUL2006 the
conical barrel nenber 6 is forned at the center of the base portion!#Jf 2006
the washer 1. Ordinarily, a.dianmeter of female screw 11 of the nut 2 is set
to be slightly larger than that of the screw 5 portion 13 of the bolt 3 in
order to solve machining errors. The nut 2 and the bolt 3 are fastened in a
state where the bolt 3 is slightly inclined to the nut 2. There is a

tendency such that the inclination of the bolt 3 to the nut 2 is larger as

standard vahugpaheirhernthe2 08 . t her BE ob@eh ittt liar adlfe cHBenyhbBeebolt 3
enters a state"where it is slightly inclined, the pressure of the nut 2

onto the bage ipBohéte8sdristddentitd ehe ¥aapphieedetoriyheruhet ermined
ci rcunference of the base portion 4 of the washer 1 symetrically with the

bolt axis. Putsiod ke kamki.ngTeéfestk siclkamet pbe iokdiial nedpedities bhe
concave portion 4a is provided in the center portion of the base portion 4
of the washethel,lide cqessucasnliyt berffotrm2dont o t he base portion 4 acts on
the inner surface of the concave portion 4a. The base portion 20 4
remaini ng i n the portiDme ascxend & hef copdaed phvitdlod s4dinegr swefmatbauni formy
cone into contact with the plate to be fastened. Even . in the case of a
f ast ener of dfardee scrawlarerVidnes3 ohetheebslife3ofanhbenagiis2 dereethe base
portion 4 acts uniformy on the whole circunference of the 25 base portion 4
of the wash&® theyhmpe¥ PedlliphagiahsuRéaps ef the sonimaldpsr ek megbeRe
integration of the nut 2 and the bolt 3 via the washer 1 strong.
6 of the washer 1 having the slightly eccentric thick
portion 9.
10 As shown in Fig. 14, as a sixth embodiment of the
washer 1, the slit 7 for the notched circle of the washer
1 can be also formed in a straight shape in the same direction
as the axial direction of the bolt 3.
Since the conical barrel member 6 of the washer
15 1 enters a state where it is forcedly pulled in the bolt
axial direction by the fastening force of the nut 2 (refer
to Fig. 7: arrow St), the end portion of the straight slit
7 for the notched circle becomes an edge shape for the
fastening surface of thenut 2. The edge-shapedend portion
20 of the slit 7. for the notched circle is hooked to the
fastening surface of the nut 2. The portion to which the
slit 7 for the notched circle has been hooked becomes a
stopper, thereby preventing the nut 2 from being rotated
in the loosing direction.
25 Fig. 15 shows the seventh embodiment of the

washer 1. A concave portion 4a of a diameter which is

slightly larger than that of the large diameter portion of
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38 | | JUL 2006 Wien the bolt 3 and the nut 2 enlarge in size, althqugh %,
pl ate thi ckness of the base portion 4 of the washer 1 which has been
predeterm ned in accordance with the standard al so increases naturally.
However, a problem5 such that if the plate thickness of the base portion 4
i ncreases, the fastening torque increases and the fastening work becones
difficult is caused. If the concave portion 4a is provided f or the base
portion 4 of the washer 1, a gap is forned between the screw 10 portion 13
of the bolt BhrafPricabdas ok MegPer ¢ ishEoRASHert 1thS FHe @B rifaF8eporti on
4a. This results in a simlar state where the base portion 4 of the washer

| becomes t hP&S¢nPOFR&CPort PoNn tREoHIRFRSe Screw portion 13 of the bolt 3, so

that the fastening torgu _can _he reduced. Inev'tabuﬁéaeven 1% in_the case of
a large fastener in whPEHIPREIEAse? POPPEBRT U JPMAe /LR 11 9% %i ck, the

st oni g vork, oan b S95H1 o DSCIGITRD) £ 5kr 19,8001 B Sy agbod ren
(0] e wasne , C | | | u e

20 b ti 4 i h di.al, di ti f din th b ti 4
20 bage port bon bt e Eadial (ur st ion. ot LOLIEAD, Ly besegaort Lon
f def ti i ; t f th t
of defor et g oful he ABENSL, boyicreasescLt bl shast A0g Lorse @l Lhe o

?ie?gfit Srel-de%sg%i agisdggggﬂﬂr} h $:08a "L en&apubeseasylyrfasteged by a
y weak force.

tendency such that the inclination of the bolt 3 to the nut
2 is larger as standard values of the nut 2 and the bolt

10 3 are larger.  When the bolt 3 enters a state where it is
slightly inclined, the pressure of the nut 2 onto the base
portion 4 is not uniformly applied to the whole
circumference of the base portion 4 of the washer 1
symmetrically with the bolt axis. Thus, the locking effect

15 cannot be obtained.

Since the concave portion 4a is provided in the
center portion of the base portion 4 of the washer 1, the
pressure of the nut 2 onto the base portion 4 acts on the
inner surface of the concave portion 4a. The base portion

20 4 remaining in the portion around the concave portion 4a
is surface-uniformly come into contact with the plate to
be fastened. Even in the case of a fastener of large
standard values, the pressure of the nut 2 onto the base
portion 4 acts uniformly on the whole circumference of the

25 base portion 4 of the washer 1 symmetrically with the bolt
axis, thereby making the integration of the nut 2 and the

belt 3 via the washer 1 strong.
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11 JUL2006 If the thick portion 9 is provided for the conical barreh ﬁﬁppﬁg
6, by providing the notched portions 4b in the radial direction for Hhée
base portion 4 forned continuously with the thickest portion of the thick
portion 5 9, a degree of freedom of deformation of, particularly, the
portion which needs a force for rotation increases owng to the existence
of the thick portion 9. Therefore, the fastening torque decreases and the
fastening work can be easily performed. 10 Fig. 17 shows the ninth

enbodi nent of the washéren 1the\ bt adiaydotheenttcal eglovge porsilgas 7a are
provided for the washer 1 in the axial direction of the conical barrel
menber 6. Aadddrawhfa fpkaontbiclieessnati ¢heobaste nonitan 4baifr éhemenber 6
increases for the fastening force of the 15 nut 2 by the vertical groove
portions 7a¥asien he Wrﬁré%as e PTRGDES IBLNgdedBi RPCBERARN&R Wdéhor med i n
the dianeter-reducing direction. Thus, the fastening torque can _be
reduced. Sirde® §tad¢eds 8isor EemaRses dF it 1Bn doHpeeT 2@ REshdem

i ncreases by the vertical groove portions 7a, the  rebound stress of the
coni @al bar r¥iChenet BE i BRenBLlBSPt thdgkRess IRfgori WRFRcPPERIPE fot
attenuated but the strgg' integration of the bolt and tﬁg%gut iS.

mai nt ai ned. FHESRATEF ¢ %gfﬁﬁ BUABP I TR A RCE RS P RS T TASHEEd S0 as to

be inclined.in.the sane diirection,as the spijral direction of the screw
portion 13(ﬁ°§¥é§%%?Te§ Fﬁ%%écggﬁnéf Sim %ﬁ'to the slit 7 for the notched

circle. 40 I I JUL 200/&f the concave portion 4a is provided for the base
portion 4 of the washer 1, a gap is formed between the screw
i0 portion 13 of the bolt 3 and the base portion 4 of the washer
1 by the concave porticon 4a. This results inasimilar state
where the base portion 4 of the washer 1 becomes thin in
the portion around the screw portion 13 of the bolt 3, so
that the fastening torgque can be reduced. Inevitably, even
15 in the case of a large fastener in which the base,portion
4 of the washer 1 is thick, the fastening work can be easily
performed.

Fig. 16 shows the eighth embodiment of the washer
1, in which notched portions 4b obtained by cutting out the

20 base portion 4 in the radial direction are formed in the
base portion 4 of the washer 1.

By pr&viding the notched portions 4b, a degree
of freedom of deformation of the washer 1 increases for the
fastening force of the nut 2, the conical barrel member 6

25 is easily bent and deformed in the diameter-decreasing
direction, and the nut 2 can be easily fastened by a

relatively weak force.
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If the vertical groove portions 7a are inclined in the sane direction as the
spiral direction of the screw portion 13, since the fastening force aftJtbeoos
nut 2 which is spirally applied is uniformy applied to the vertical 5
groove portions 7a, the dianeter of the conical barrel nenber 6 decreases
snoothly. The fastening work of the fastener can be further easily
performed. Fig. 18 shows the tenth enbodi nent of the washer 1. In the

coni cal barrel nmenber 6 having the slightly 10 eccentric thick portion 9,

by forming the verticaksgfiQo¥e BRI pdORSodd 95 gty ddd £611 Ofe Idam iniiched
circle while avoiding the thickest port-ion of the thick portion 9, the

pressure frogxtheiradnbrdel eyl ?Bobid&ﬁ@ thkeC b op@hd Pt iGAs bey made to
act on the bolt 3. The pressing forces from 15 the opposite radi al

directions argeapphtiad warkhe kel trct dHe uppes pogtiewen pesiddons of the
screw portion 13 of the bolt 3, thereby enabling the |arge | ocking effect

to be obtaigefltitheusertwiah tgroornecReslti postYanwr the shitk pdttior20 the
notched circle are not limted to the case where they are inclined in -the
sane girecti9on adegheespfritecicectt dafonhathensof evpgoti¢cwha#t By, bthe t hey
can be forned in various shapes such that they are fornmed in a straight
shape, they partibpor wedchnnae¥dsclrafactcer folrapetathon dredemgms onirg 25
wavef orm shape, and the like. Fig. 19 shows the el eventh enbodi nent of the
washer 1. BeSidébet rgisltence fodr thie Uhgtdhapdiyen & - bdierEL drle JUIPH06 of

t he pluralit¥ of notched portions 4b forned in the base
astening torque decreases and the fastening work can be

easily performed.

10 Fig. 17 shows the ninth embodiment of the washer
1. A plurality of vertical groove portions 7a are provided
for the washer 1 in the axial direction of the conical barrel
member 6. A degree of freedom of deformation of the conical
barrel member 6 increases for the fastening force of the

15 nut 2 by the vertical groove portions 7a, and the conical
barrel member 6 is easily bent and deformed in the
diameter-reducing direction. Thus, the fastening torgue
can be reduced.

Since a degree of freedom of deformation of the

20 washer 1 increases by the vertical groove portions 7a, the.
rebound stress of the conical barrel member 6 in the bolt
axis orthogonal direction is not attenuated but the strong
integration of the bolt and the nut is maintained.

The vertical groove portions 7a can be alsg

25 formed so as to be inclined in the same direction as the
spiral direction of the screw portion 13 of the bolt 3 in

a manner similar to the slit 7 for the notched circle.
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portion 4 and the plurality of vertical groove portions 7a forned on the
coni cal barrel nenber 6 are provided for the washer 1. 5 In the wasH&rUk2006
shown in Fig. 19, owing to the double effect of the notched portions 4b and
the vertical groove portions 7a, the degree of freedom of deformation of

t he washer 1 increases, the conical barrel nenber 6 is easily bent and
deforned, and its dianeter decreases. 10 Therefore, the fastening work can
be easily perforned and working efficiency is inproved. The fastener can be

al so made of a synthetif tRSkRrtikRl HJWILpoIt it NG brebynysingaFRP, the
fastener of the invention can be used in a portion where strength,

corrosion 13y epestamneediasdtibg s kenharspineuidietctiien fasterescnbivch

provi des the optinmum | ocking effect of a proper material can be used in
accordance Wddtitdre use ohjectthalstasoerihgnforoe blfethekautFR2gwh20hshows
the twelfth enbodi nent of the 20 washer 1. Three projecting portions 6a are
formed on the sphiatel by epphiddiel vantitalntyreppinadotot hbei nretipedi pher al
surface of the conical barrel nenber 6 of the washer 1 made of a synthetic
resid. | n throwashegrodthene 9&,t hbesynametties reeSithe stmgicalbbarregs
difficult to work precisely in terns of costs, the projecting portions 6a
are forned denmisr | hnéecpenpfphesabotidif.-achef filsd eagnicafoBarefel theenber 6
Since the thread 42 | | J UL 2006 ridges of the bolt 3 are bitten with the

proj ecting fraiemer 6ar Besfuréhffe@ N st ™®Arrel nmenmber 6 is

certainl
y Fig. 18 shows the tenth embodiment of the washer

1. In the conical barrel member 6 having the slightly
10 veccentric thick portion 9, by forming the vertical groove
portions 7a or the slit 7 for the notched circle while
avoiding the thickest portion of the thick portion 9, the
pressure from the radial direction by the thick portion 9
can be made to act on the beolt 3. The pressing forces from
15 the opposite radial directions are applied to the bolt 3
in upper and lower positions of the screw portion 13 of the
bolt 3, thereby enabling the large locking effect to be
obtained.
The vertical groove portions 7a or the slit 7 for
20 the notched circle are not limited to the case where they
are inclined in the same direction as the spiral direction
of the screw portion 13, but they can be formed in various
shapes such that they are formed in a straight shape, they
are formed in a V-character shape, they are formed in a
25 waveform shape, and the like.
¥Fig. 19 shows the eleventh embodiment of the

washer 1. Besides the slit 7 for the notched circle, both
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bitten and sandw ched between the nut 2 and the bolt 3 is obtained. UL.2006
Therefore, the foregoing forces adapted to 5 strongly integrate the nuf b
and the bolt 3 are allowed to act on the washer 1 nmade of the synthetic
resin and the large |ocking effect can be obtained. As shown in Fig. 20(b)

, in the case of the washer which is used in the fastener of the |arge
standard values, 10 the concave portion 4a can be al so provided for the
base portion 4 of the washer 1 in a manner simlar to the seventh

enbodi nent sifowhei plEirglit§. oFi ot 2ledhpwst 1 bes t4b ftoasmdd jenttbedi best of t he
washer 1. The projecting portions 6a which are formed on 15 the inner

peri pheral suwrftadcen df ablieticen tatrabaty edf mentigicsd giroohve wasitdronls dae not
limted to the three projecting portions as in the twelfth enbodi nent shown
in Fig. 20, fmrmedaopl thel conicklpbareefi mgmperté arse @arcoanidie faltsahpr ovi ded
at the same angle. 20 In Figs. 20 and 21, the exanples in which the

proj ecting postiesnsl 6a are provided for the conical barrel nenber 6 having
the thick portion 9 have been shown. However, the projecting portions 6a
can e al so provided bh the vageeIpérfhREPalnsHigacdef OWAEIC AR &8 barr el
menber 25 6 without the thick portion 9. As described above, according to

the i nventi diPubls ffd edle Hadd §H A e ROT AR Svddn 8P d1 TREJVERE 166/ cal 43

I 1 JUL 2006 barrel nmenper 6_are jnterposed hetween the _bqlt 3 and the nut
. 116 bal ¢ S MENHERS Zhe PP oTGPYSPaP et EEAOM 8T ARECTHE He of

Integration ng:to%thees wlransl‘Eehre lbcilntcraexal.sses, the conical barrel member 6 is

easily bent and deformed, and its diameter decreases.
10 Therefore, the fastening work can be easlly performed and
working efficiency is improved.
The fastener can be alsomade of asyntheticresin.
For example, by making it by using FRP, the fastener of the
invention can be used in a portion where strength, corrosion
15 resistance, and the like are required. The fastener which
provides the optimum locking effect of a proper material
can be used in accordance with the use object, use location,
or ‘the like. .
Fig. 20 shows the twelfth embodiment of the
20 washer 1. Three projecting portions 6a are formed on the
whole area in the vertical directiocn of the inner peripheral
surface of the conical barrel member 6 of the washer 1 made
of a synthetic resin.
In the washer 1 made of the synthetic resin, since
25 it is difficult to work precisely in terms of costs, the
projecting portions 6a are formed on the inner peripheral

surface of the conical barrel member 6. 8ince the thread
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orthogonal direction and the bolt axial direction, thereby 5 rational] i 2000
realizing the large locking effect. 44 1 | JUL 2006 What is clained is: 1. A
| ocki ng fastener, conprising: a bolt; a washer in which a base portion has a
bolt through- hole that is slightly larger than a nom nal dianeter of the
bolt, a conical barrel nenber whose dianeter decreases toward an upward
position in a bolt axial direction is formed around said bolt through-hole
so as to stand therefrom and a continuous slit for a notched circle is
formed in sariidgesepoheiwnl aiddsaibd tdem ¢akh e palo jaeiberg pamti@osut in

whi ch a conical hole portion is forned over a female screw portion that is
screwed w t hba. stsdRtepvherentbe cardchpdlbarsal dnempetal Holceyaitnilan bei ng
constructed in a manner such that a dianeter of an inner periphery of a
hal f portionPihhfeh @oésSapiviekedshetveanshee Petsetand Bee bRttt ithan that
of an outer periphery of a front edge portiagn of said conical barrel

menber, a di @reRénRedr ahhepehPrRY- of P ARFESFIMS HP et nedaRF8E Wi ch faces

S SRtk bPeRa Lt o, § I of AW BT per Pty o, 8 100
Same i nci | neBr b AGe SN TR NORC nioCORY CAF Chbr et MEMSr 51 Ca washer
is forned, aﬂQcan%a%%f%Ets%é% (gﬂégﬁafggégl nenber of said washer is
As shown in Fig. 20(b}, in the case of the washer
which is used in the fastener of the large standard values,

10 the concave portion 4a can be also provided for the base
portion 4 of the washer 1 in a manner similar to the seventh
embodiment shown in Fig. 16.

Fig. 21 shows the thirteenth embodiment of the
washer 1. The projecting portions 6a which are formed on

15 the inner peripheral surface of the conical barrel member
6 of the washer 1 are not limited to the three projecting
portions as in the twelfth embodiment shown in Fig. 20, but
a plurality of projecting portions 6a can be also provided
at the same angle.

20 In Figs. 20 and 21, the examples 1in which the
projecting portions 6z are provided for the conical barrel
member 6 having the thick portion 9 have been shown.
However, the projecting portions 6a can be also provided
on the inner peripheral surface of the conical barrel member

25 6 without the thick portion 9.

As described above, according to the invention,

since the base portion 4 of the washer 1 and the conical
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constructed as a thick portion which is slightly decentered froma ¢ dﬁhﬁﬂnﬁ
of a circle of said bolt through-hole. 2. The | ocking fastener accor
claim1l1, wherein the height of said conical barrel nenber of said masher

is set to a height such that a fenale screw of a sane pitch as that of said
screw portion of said bolt can be fornmed by an anbunt of 2.5 | eads or nore.
3. The | ocking fastener according to claiml1l, wherein in a conbination of
sai d washer and said bolt, one of themis nmade of a soft material which is
softer thanb@FeEel BEMPRAE btdes . lQFeq?ﬁﬁ@%c??ﬁﬁe?%s¥%%é9°%5d%ﬁHF%deb cl ai m
1, wherein said slit fqr the potched circle of said washer is forned so as

to be incliRBH 4 n PPl PP DI £o25e sHi T ILRirER T oF ‘?sﬂf‘d screw
T L L QS T S YT
sorow porti BhEEPoBER SoPeeeaon s idPagt &xil %E‘ﬁ%%% Fe g s m 1,
shmedi v eot FontReand pet e Che Lt s 2L o0 g BERE RS astener |

according to claim1, wherein a concave portion whose dianeter is slightly
| arger than that of a large dianmeter portion of said conical barrel nenber
and whose height is smaller than a thickness of said base portion is

provi ded for said base portion of
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sai d washer. 8. The |ocking fastener according to claim?7, wherein bh@ 006
inclination angle of said slit for the notched circle of said washe & e
bolt axial direction is set to an angle within a range fromal nost 200 to
al rost 250. 9. The | ocking fastener according to claim1l, wherein at |east
one notched portion obtained by cutting out said base portion in a radial

di recti onwWhsitpriovidediieat s@aid base portion of said washer. 10. The | ocking
fastener according to claim9, wherein a notched portion obtai ned by
cutting out said base portion in a radial direction is provided for said
base portijon of 13aiid Washes- oL ped-GRPEIBYRYSI Y With a thickest portion of
the eccentric conical barrel nenber of” said "washer. 11. The | ocking

f ast ener accor%? 10, claim9, wherein the inclination angle of said slit
for the notched citcl’'e of said washer to the bolt axial direction is set to
an angle within a range fromal nost 20 to alnost 25. 12._The | ocking

fast ener accor di MFIRPEL| HR nYR1Chher BpAca PORSESRedasord i bl bbEarABd by
cutting odcl€aithdasésparitisitly nlargadi &hag rechpoanps phianefer fof said
base portittwe obodaid washernioahedbegmelnuowsilyen t Whastehi cRestetporti on of
t he eccendeiccreamascaltdbarnde| arenmpgwaetd sabditdashein 13. BHbeétl ogkiad

fast ener a@geecdiing t OsClfairmel ahened Nsadl edsd oneocuvehthedlke gooxe portion
is provided forasdi dhegefiredl, Ratd eh wemBenuwRlussad i wagher ahhbecrxgl uding a
thickest parddien of saicheRFCERt IdG LOPLcal At MERRe:a:¢f &8hdcymsher.

barrel member; and

a nut in which a conical hole portion is formed over
a female screw portion that is screwed with a screw
portion of gaid bolt, said conical hole portion being
constructed in a manner such that a diameter of an inner
periphery of a half portion which does not face said
washer 1is set to be smaller than that of an outer
periphery of a front edge portion of said conical barrel
member, a diameter of an opening of a half portion on the
side which faces said washer is set to be smaller than
that of an outer periphery of a root portion of said
conical barrel member, a height is slightly higher than
that o©f said conical barrel member of said washer, a
tapered surface of a same inclination angle as that of
said conical barrel member of said washer is formed, and
a part of said conical barrel member of said washer is
constructed as a thick portion which 1s slightly
decentered from a center of a circle of said bolt
through-hole.

2. The locking fastener according to c¢laim 1, wherein
the height of said conical barrel member of said washer
is set to a height such that a female screw of a same
pitch as that of said screw portion of said bolt can be
formed by an amount of 2.5 leads or more.

3. The locking fastener according to c¢laim 1, wherein
in a combination of said washer and said bolt, one of
them is made of a soft material which is softer than that
of the other.

4. The locking fastener according to claim 1, wherein
said slit for the notched circle cf said washer is formed
80 as to be inclined in a direction opposite to a spiral
direction of said screw portion of said bolt.
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46 | | JUL 2000 14. The | ocking fastener according to claim1, wherein tQﬁ
I nclination angle of said conical barrel nenber of said washer is sétYly?00
al nrost 100. 15. The | ocking fastener according to claiml1l, wherein a wdth
of said slit for the notched circle of said washer is set to a wi dth having
a gap in a state where said bolt and said nut have been fully fastened. 16.
The | ocking fastener according to claim1l, wherein said washer or said nut
is made ofs a symdeibexkag Eadklendiheakeekngqf asl eneripccor diyAgrkoncl ai m
16, whereigy;a plyratiiycpl RLebae 'Qgr&?ret N% %@5%6% epyRedly are
formed on dhe.bnnel Reri Allef aheguriace i cauical Dar el epper of

0 18" The Fbc I ng

! md
sai d washey; in.a area In a verfical direction
f ast ener ééggf&ﬁﬁft%fiﬁ%ﬂé;ﬁfr%%é?%?%l%p %gr%afgd§8}§d to be cone into
engagenment with said screw portion of said bolt is formed on the inner
peri pher al® - surfscel 8Fk388d ]T bAFFRFIBHDEC ofF 1 8aMd washBETE1D. The
| ocki ng f &tichetl declovdi Blaet BoEFhRfh €8rodserdi waid fwamlier stpeficshed sane
pitch as tilata cfamsaidi morteien postilon odlsaprdidbl dirsctormed on the inner
peri pheral surface of said conical barrel nenber of said washer. 20. The
| ocki ng fast enaheaccariing fosebAaem 38covbiengi Ro alscimevl ofwihepeighasnal | er
than that fncgaidd p6HEWonPOlidHd fissritd ol i fiied arriRe- | BAgHK
peripheralihgurdacg afa,3al dyconieal arilonmeibesa0h itk vashghrrdy
member and whose height 1is smaller than a thickness of
said base portion 1is provided for said base portion of
said washer.

8. The locking fastener according to claim 7, wherein
the inclination angle of said slit for the notched circle
of said washer to the bolt axial direction is set to an
angle within a range from almost 20° to almost 25°.

9. The locking fastener according to claim 1, wherein
at least one notched portion obtained by cutting out said
base portion in a radial direction is provided for said
base portion of gaid washer.

10. The locking fastener according to claim 9, wherein a
notched portion obtained by cutting out said base portion
in a radial direction is provided for said base portion
of said washer formed continuously with a thickest
portion of the eccentric conical barrel member of sgaid
washer.

11. The locking fastener according to claim 9, wherein
the inclination angle of said slit for the notched circle
of said washer to the bolt axial direction is set to an
angle within a range from almost 20° to almost 25°.

12. The locking fastener according to claim 1, wherein a
notched portion obtained by cutting out said base portion
in a radial direction is provided for said base portion
cf said washer formed continucusly with a thickest
portion of the eccentric conical barrel member of said
washer.

13. The locking fastener according to claim 1, wherein
at least one vertical groove portion is provided for said
conical barrel member of said washer while excluding a
thickest portion of said eccentric conical barrel member
of said washer.
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i4. The locking fastener according to claim 1, wherein
the inclination angle of said conical barrel member of
said washer is set to almost 10°.

15. The locking fastener according to claim 1, wherein a
width of said slit for the notched circle of said washer
is set to a width having a gap in a state where said beolt
and said nut have been fully fastened.

16. The locking fastener according to claim 1, wherein
said washer or said nut is made of a synthetic resin.

17. The locking fastener according to claim 16, wherein
a plurality of projecting portions which preject inwardly
are formed on the inner peripheral surface of said
conical barrel member of said washer in a whole area in a
vertical direction.

18. The locking fastener according to claim 1, wherein a
gcrew adapted to be come into engagement with said screw
porticon of said bolt is formed on the inner peripheral
surface of said conical barrel member of said washer.

19. The locking fastener according to c¢laim 18, wherein
a female screw of a same pitch as that of said screw
portion of said bolt is formed on the inner peripheral
surface of said conical barrel member of said washer.

20. The locking fastener according to claim 18, wherein
a screw of a pitch smaller than that of said screw
portion of said bolt is formed on the inner peripheral
surface of said ccnical barrel member of said washer.
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