| SPECI FI CATI ON THREADED FASTENER WRENCHI NG STRUCTURE, @ THREADED FASTENER
AND WRENCHI NG TOOL 5 Field of the Invention [00011 The present ‘i nvention
relates to a threaded fastener wenching _structure, especially, to a

t hreaded fastener and a w enching tool tolfasten even a small ~ 10 diameter
t hreaded fastener of which the dianeter of the thread portion is not |arger
than about 3 nmmwi th |arge torque. BPECHFIIATIONF Related Art [00021
Wenching is basically to fasten two or nore parts or nenbers 15 integrally

W th converting a we J j ﬁ@ﬂ'tting portion
into a wenchi ng axi a@ﬁ%ﬂ%%wm%ﬁ(g > the shape of
the torque transmitti d‘ﬁé}g‘gp F*ﬁ ANY ¢ N \ ner and a

wr enchi ng3tool such as a bit directly transnitting the w enching torque
into consideration as a set at all tinmes. Recently many industrial
products are pigd oF thel hadHigh, and snmal ler styles and parts for 20 the
products tend to be downsized. More downsizing and applying relatively high
wrenchi ng torque g0601]edqlhd gdscak vehibn tei@ad adhifcasdddefasiendparbiichilg00031 JP
3026965B di scl oses a threaded fastener wenching structure includes a
fitting hol e siwhitwle, iespepratlyj edhraadahfaswherant hrveactdihgf tasl terfesteraerdna small

wr enchi n tool for wenching the threaded fastener; and a fitting

or ot 1 usi 0 whieRetpishisadi geandro! sidlrige dimsier of eHbicnfiperwads neideier and

t he- wr enchi nﬁ%t o%l agd whi.ég is to be brought into fitting engagenent with
the fitting HEFE2Ohe M WQLXES Fdi%he fitting hole and protrusion is

t hr ee- pronged shaped and has three torque transmtting portions which are
angul arly spaced apart from each other by 120 degrees about a centerline of
the each of phdasribtidd bfge1fied Ar@8nd protrusi on and which project outwardly in
a radial 30 direction of the each of the fitting hole and protrusion, so
that a wenching t[0d@P)e Wsenching is basically to fasten two or more parts or members

15  integrally with converting a wrenching torque applied to a torque transmitting portion
into a wrenching axial force. We must take a fitting state of the shape of the torque
transmitting portion provided in the thread fastener and a wrenching tool such as a bit
directly transmitting the wrenching torque into consideration as a set at all times.
Recently many industrial products are led to lighter and smaller styles and parts for

20  the products tend to be downsized. More downsizing and applying relatively high
wrenching torque are required also for threaded fastener parts.

[0003] TP 30269658 discloses a threaded fastener wrenching structure
includes a fitting hole which is provided in one of a threaded fastener and a wrenching
tool for wrenching the threaded fastener; and a fitting protrusion which is provided in

25  the other of the threaded fastener and the wrenching tool and which is to be brought
into fitting engagement with the fitting hole; wherein each of the fitting hole and
protrusion is three-pronged shaped and has three torque transmitting portions which
are angularly spaced apart from each other by 120 degrees about a centerline of the
each of the fitting hole and protrusion and which project outwardly in a radial

30  direction of the each of the fitting hole and protrusion, so that a wrenching torque is
transmitted through the torque transmitting portions to the threaded fastener, as a

result of rotation of the wrenching tool when the fitting hole and protrusion are held in



transmtted through the torque transmtting portions to the threaded
fastener, as a result of rotation of the wenching tool when the fitting
hot e and protrusion are held in 2 fitting_.engagenent with each other; (a)
wherein each of the torque transmtting Bortions of each of the fitting
hol e and protrusion has a pair of side portions. parallel wth a direction
i n whi ch the fatiopendagethent wathoiaeh biharn $a)i wherein epdydfitinerqueataemitiagay from
the centerline; and each adjacent pair of the side portions of the torque 5
transm tting peekensorisagh ef dadiging heleametresion basaphr of tids partemupgvalieh
arcuate porti O{g‘h \ahi ch has _a_constant. radius R of curvature and which is
convexed t ownalidh pRECCtoB R ¥fnghile eaghdT () toyge tEanHMBRRHPHIORNBrfGats #HY hol e

d t i haped t ti st t.h t [ 1 d (2
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portions. Theykib Badechrs@at BRI R\ CREMIAG 2Rl FedhUE SorReQed HRarcneml |
difference between the area of the inner side of the torque transmtting

portion (correesedind] agl (bpwherelbsable f thEBitting Kolganddrbirusioh id dhapdd ot datigfy
protrusion) and the area between the torque transmtting portions about

t he centerl i ot ebthe exprosdonsg 1) anda2prdesosibed W wikirg 'g"3¢rpsentsba dbmete
fitting hole).. This balance of the fitting protrusion and hole in strength
restrains t heTRielesgcyReTioed bt radaly s sndupge drehOTqusdrasniting hol e
from bei def or ned, .,.apd, even snal,l diameter .t hreaded f.astener, for
exanpl e, qgf FSFIsy yhie ali‘?Preégﬁﬁufl d?“?ﬁrt‘?rngﬁ Cge WMsERa B G PFFC TGRS

o et ur acoPtfonsy O Thealledtld Glloner yalihingUOTR oPhles a sl aieRfRAd ThE

the di anmet er HetWienl thoaleh of theMhieh Side B iHeQolqhe tahisiktiRbriith [deesFRUR 185
direction) of the fitting hole increases as viewed in a direction toward

t he openi ng. aiémebs] Beindlug.Fdcesf he fitthey priotriisiog) prdahe meh barnaee tfeavrged as
inclined flat surfaces for the dianmeter of the fitting protrusion
decr eases as UANSREHNE RotAions plequt ithsrcentsilined cetspending foya member, Ey in Fig. 3(b),
15 of'the fitting hole). This balance of the fitting protrusion and hole in strength
restrains the fitting protrusion from being damaged and the fitting hole from being
deformed, and even small diameter threaded fastener, for example, of not larger than

about 3 mm can be wrenched with higher wrenching torque.

20 0.5g<b<0.6g ..(1)
0.5b<R<0.6b ..(2)

[0004] The side surfaces of the fitting hole are formed as inclined flat
surfaces for the diameter (the length from one end to the other end in the radial
25  direction) of the fitting hole increases as viewed in a direction toward the opening.
The side surfaces of the fitting protrusion are formed as inclined flat surfaces for the
diameter of the fitting protrusion decreases as viewed in a direction toward the axially
" distal end of the fitting protrusion. The fitting hole has more gradual inclined
surfaces than the fitting protrusion does. Then the axially distal end of the fitting

30  protrusion is engaged with the fitting hole at an axially intermediate portion of the



distal end of the fitting protrusion. The fitting hole has nore gradual
inclined surfaces than the fitting protrusion does. Then the axially distal
end of the fitting 30 protrusion is engaged with the fitting hole at an
axially internediate portion of the 3 incPined surface of the fitting hole.
Consequently the engagenent nmay cause a partially danmage on the fitting
protrusi on aridclmegaurficalof yhedting hsiti oBondeqtidralyf the engagembrobrenywiatide d ar ge
applied forces to the engaged part having a relatively small radial

di mensi on upaartigrdshiaggon msditting protyaige raed @ rattedly ckilsoetiomef ihe ditietg ng t oo
to 5 conme out, and. an unstable state of the threaded fastener with a |arge
conponent of Mofowik lagranplied &rresie thmepgaesd pagrhaving arplatiysly smaliradgbt i on in
proportion to,.the.applied force to,the engaged,part. The nore adual

el e (suchibgRidfdctrepitife A UF cogairpnaid cobita e parned b8 166 of
the torque tr 1 t1l o] I i )uri t i ipe at the
ori gi nal I?/ encgglge E%Ilzlad:fgl%%l{atgale ﬁ%eéﬁ}l}e\ﬁg@aﬁ?c{;{% e o‘?qﬁl% ?agg?crg&dtoﬁgﬁtlog part
causes the weghgh é}gfﬁﬁpﬂhefe;@?ga@é‘dﬁaq{irhﬁg GRARIIREt o RGP0 S8 W RRLappliP05] It
is therefore an object of the present invention to provide a thfg%ded

f ast ener wr erfolek n@tiRtehpgd pert. aThhreadaddfabitiekudig iaclivcestiht Botet 00l to
restrain a partial deformation and damage of the engaged part of a fitting
hol e and a f ipetipheral gndotirfacsis @8, B ofthd éatquatransiittisgdedidrasiede in Bgd)a
wrenching tool] for wenching the 15 threaded fastener and to wench_t hem by
hi gher wr encihaithe drckipe at theorrslomezeed parvENTh endengebEpmrstorpijier of the

i ndi cat eq,,above ma achi eved according to a first aspect of the
| venti o0 WG e e BEena R osh LB FRIdD SHEF S WA B bt ur e 20
conprising: a fitty h ' [ r.QVi ' : t st.ener
and a wenching t[gg‘?s]fgﬂrt ?S\ngllr?gﬁfhgo@ﬁ% dtfﬁl?ég%llgg%l?f@%se? {e}?\lgtro;}t}igngggqﬁegﬁ?a}ing
protrusi on Wihgéher SyreriRhingisHastuld) altii@adRiigiteRt abd @ whidticBRE esbl ke adsgiigra and the
wrenching tool and which is to be brought into fitting engagenent with the
fitting hol e;pavthuddeformataihandfdaimhge dfitht enpgedigiaet ofenfittipg bdleusd afittirg

t hree-pronged shaped and has three torque transmtting portions 25 which
are angul ar | yrefpeeupm@yiied it p gneasgd fastanarandy wicpehide o &y vapaahingthe

centerliqg 0

fthreaded fastener and to wrench them by higher wrenching torque.

SUMMARY OF THE INVENTION

[0006] The object indicated above may be achieved according to a first

aspect of the invention, which provides a threaded fastener wrenching structure

20  comprising: a fitting hole which is provided in one of a threaded fastener and a
wrenching tool for wrenching the threaded fastener; and a fitting protrusion which is
provided in the other of the threaded fastener and the wrenching tool and which is to
be brought into fitting engagement with the fitting hole; wherein each of the fitting hole
and protrusion is three-pronged shaped and has three torque transmitting portions

25  which are angularly spaced apart from each other by 120 degrees about a centerline of
the each of the fitting hole and protrusion and which project outwardly in a radial
direction of the each of the fitting hole and protrusion, so that a wrenching torque is
transmitted through the torque transmitting portions to the threaded fastener, as a
result of rotation of the wrenching tool when the fitting hole and protrusion are held in

30 fitting engagement with each other; and the threaded fastener wrenching structure is



the each of the fitting hole and protrusion and which project outwardly in
a radial direction of the each of the fitting hole and protrusion, so that
a wenching torque is transmtted througg the torque transmtting portions
to the threaded fastener, as a result of ‘rotation of the wenching tool
when the fitting hole and protrusion are held in 30 fitting engagenent w.th
each ot her; ahdracteazedhindbatable fitigiggmetrusmwre hashdnngelsied angagergportsondat which a
characterized_ in that the fitting protrusion has an inclined engager
portion at wilidpetar ofdhe fftingprefrusiomeisireducehas yewed ins? directian foveasd ed 23sllyi ewed
nd,of. the fittin rusi on, and

inadirectiop toward an.axially . distal ro

in that the fc{gﬁfil‘i%ﬁgogﬁ&ﬁ%g grottusiog, aadim iRt e SR RARENEAR RSN it al |y

i nternedi ate [ f i nclined. en er-partihon, Wwth an.. 5 opening
edge of the fe.ﬂ%%‘ehléﬂ%aﬁﬂ&?&a%ﬂ?ﬁ@%%#@c of i incliped Heeer Borion WRT A 1oy e
accor di ng;5t 0 feSaEe Of@ﬁé)ﬁﬁﬁlg%t) g he invention, which provides the threaded
fastener wenching structure e}l’ned inthe first aspect of the invention,

characterized in: [00()7f1_t hathetobfect RHRER abs@NEA bd AdhevBOhdcoRINE: Bfa seagia of the
t hr ee- pronged shaped fitting hole and protrusion 10 have side portions

whi ch are adjaapsnbfthe ivection; Wiich ardiddsitidtharaded fvthid wreachinestheturet 0 each
ot her through an arcuate portion which is convexed toward the centerline;
(b) that thelefined indbrifiesh geanget offbe invsntipn charevtpiired inr{a) that diedergte portion
of the fittin rotrusion; and that the fitting protrusjqn i s brought into
engagement at' AitHg Boigns B@?%P@E%}}e EFoRge Ataneg THieg, Cﬁ%“ﬁfﬁk’ﬁogﬁis‘gfl t he
openi ng ge . ptting.haole, .15 [ 000 he object 1 ndi cat,ed above may
o achtevdd dReordr Rybh Pordeaddau it oPRER AR} rsim bl L RoRiE ges

the t hr eaded b aadRsIRe: (HoRBE fh BuRb PURIO hick Bl oRftkell o 1R Rl L) [ 7 St

and second aspects of the invention characterized in: (a) that eath of the

tor que tr ansnhittth ihcigddidngiier pdrtioAchp@iidelén fhetakdua@ Jedlieh andle Bt@ig usi on

has a pair of side portions parallel with a direction in which the each of
the torque 2@retremenriand thag theofitting psotpisajneis beoughbintd engaganeat aight erchidtae; t hat
each adjacent pair of the si portions of the torque transmtting

portions are PSRRI HETEoL ithdhs grgu%‘% patiem obihg openipg edes oh thenfitipg balee porti on
whi ch ha%Sa const %ﬁ&OSr] ad L['ﬂg O%eg{ inditated ta%v% I%debevm:ilu%r\}eé gccording to a third
aspect of the invention, which provides the threaded fastener wrenching structure
defined in any one of the first and second aspects of the invention characterized in: (a)
that each of the torque transmitting portions of each of the fitting hole and protrusion
has a pair of side portions parallel with a direction in which the each of the torque
20  transmitting portions projects away from the centerline; that each adjacent pair of the
side portions of the forque transmitting portions are smoothly connected to each other
through an arcuate portion which has a constant radius R of curvature and which is
convexed toward the centerline; and (b) that each of the fitting hole and protrusion is
shaped to satisfy both of the following expressions (1) and (2):
25
05g<b<06g ...(1)
05b<R=<06b ..(2)



convexed toward the centerline; and (b) that each of the fitting hole and
protrusion is shaped to satisfy both of the follow ng expressions (1) and
(2): 25 0.59<b<0.6g ...(1) 0.5b<R<0.6b ...(2) 5 where "g" represents a
dianeter of a circle circunscribed about Padi ally outer ends of the three
torque transmtting portions, while "b" represents a dianeter of a circle
i nscri bed i n whege { firrepresantuatiameter vf anscle {008} Tddeabobi mdially ndiec endsdbfabove
may be achieved according to a fourth 5 aspect of the invention, which
provi des t he thdHEeRIOIYeIEANSHEH NSPeriERs yhile bl eeripsentscredipmetdr ¢ie &iiele one of
the first thr.ou tg hi rd _aspects of the invention, characterized in that:
each of the flf‘?“?‘i F\‘{Jmh F SRS PPN i s shaped to satisfy all of the
foll owi ng expressj (3. . (4). and . 100<ar< 8., (3) 0<<8 ..{4),[3<a
S Wher o P80 L e chikes RRagboorannes dieved AenBiieia i cgager

portion wisth agdd ro?ai%qsa@eﬁtﬁag,t\hﬁcﬁﬁf&v?&ésiﬂﬁkethréfxaiea %?Eeﬁgﬁ'w{aegaaﬁggﬂ}ﬂ@n angl e

of inclination of an engaged part of the fitting e fitting

hol e i s broughktinédin@ngtaage R Mrstvhdugh fidrd spetts REheERgaEoR, diafdctediRedin t he
fitting protrusion, wth respect to the centerline. [0010] The object

i ndi cat ed abalba: eash ofb heafitting held aad partalision 16 ehapedl itd tdtisés pléof the ffolidwdng

i nvention, which provides the threaded fastener wenching structure 20
defined i n arfypessors(3.HE) 1d @& t hrough fourth aspects of the invention
characterized in that a diameter of a thread of the threaded fastener is
not larger than 3 nm [0011] The object indicated above may be achieved
accor di nggto a Si )bt“tl(x ect (§>)f the i nvention, which provides the threaded
fastener 'Wwenching strocturé&*defined in any one of the first through fifth
aspects of the invertpergechagacterized in

B<o ..(5)

where "o" represents an angle of inclination of the inclined engager portion with

15  respect to the centerline, while "B" represents an angle of inclination of an engaged
part of the fitting hole, at which the fitting hole is brought into engagement with the
inclined engager portion of the fitting protrusion, with respect to the centerline.

[0010] The object indicated above may be achieved according to a fifth
aspect of the invention, which provides the threaded fastener wrenching structure

20 defined in any one of the first through fourth aspects of the invention characterized in
that a diameter of a thread of the threaded fastener is not larger than 3 mum.

[0011] The object indicated above may be achieved according to a sixth
aspect of the invention, which provides the threaded fastener wrenching structure
defined in any one of the first through fifth aspects of the invention characterized in

25 that the threaded fastener is provided with the fitting hole, while the wrenching tool is
provided with the fitting protrusion.

[0012] The object indicated above may be achieved according to a seventh
aspect of the invention, which provides a thread fastener characterized by being
provided with one of the fitting hole and protrusion defined in any one of the first

30  through fifth aspects of the invention.



25 that the threaded fastener is provided with the fitting hole, while the
wrenching tool is provided with the fitting protrusion. [0012] The object

i ndi cat ed above may be achi eved according.to a seventh aspect of the

i nvention, which provides a thread fastengr characterized by being

provided with one of the fitting hole and protrusion defined in any one of

the first 30 thrdd@klfi flihk okipsbinticastl abdre maw bnadhinved secpoidig3p a®mghtlobj ect

i ndi cat ed above may be achi eved according to a eighth aspect of the

i nvention, WHSBEF! [9%[8\7% iggntign,Wigk RTQYifes dorrerthinlep behasasteriByd B p#BE provi ded

i th f the fitti h d t ' defined j. f.the first
A B N ST A R A
aspect of th%fOﬂglgﬁiJ.}'lgd ecftsh& éirh)é?ﬂ??r{?m”us' on has an inclined engager

portion at whic ter o ting protrusion is reduced as viewed

in a direstion tovaydijana@skdihd ¥ ﬂ{b?fr?flasﬁﬁ?ﬁj_onhetiH@enftibﬁ,tthQﬁttﬂ{gcﬁr()ﬁ'%i&{" and

in that the fitting protrusion is broug I nt o engagenent at 'an axially

i nt er nedi at e hasat implined edfadehgortios lat Matthentagetr §fahé fiRmgWrbtusidh RReNcEY edge
of the fitting hole. The dianeter 10 di nension of the engaged part is

| ar ger than takatewed in hdireditonrtoneatidanexily distal fend of thy fitdkgproangageshdint h t he
tip portion in the axial direction of the fitting protrusion in the
convent i onal tg@isté‘? fillg pRoteyRig isrbreusht inte sneagpmensdt Hyaxialy isisrmediaie powtionchi ng

t t th X t in.i ' to.the. | ' t

o monsi on.  TRCUS PRUER s B 1 76 AREEIBE BHE= L WERRHPGn G ERGRRF 1 ng
t ' t . | t d t

o et 1 o nt 15 Bs o e el SRR P AP e n B8 B RN W) P08

force to the gRga@fEthARY fip GBHRRSINTEAREM diliiRAIeE Sliak ?:ﬁgfuswﬁeintﬂtig eaded

fastener as a result of a Small conponent of force in axial direction
to force aparbnedntingaliche, amicd somdlet fopceil appited tycibe RoMst@ItgagRIhiNPIbEGue o
namel y, restraining the threaded fastener wenching tool fromcomng out of
the fitting txoengsged paftoo iBjersageopatiting ta thetltrgendimelerdipentiont Tiise
I nvention, each of the_tloguﬂue . . .
restrains a partial damage or a deformation of the fitting protrusion and hole at the
15 engaged part or allows the threaded fastener to efficiently be wrenched by higher
wrenching torque. A smaller applied force to the engaged part causes stably
wrenched state of the threaded fastener as a result of a small component of force in the
axial direction to force apart along the inclination of the inclined engager portion,
namely, restraining the threaded fastener wrenching tool from coming out of the fitting
20 hole.
[0015] According to the third aspect of the invention, each of the torque
transmitting portions of each of the fitting hole and protrusion has a pair of side
portions parallel with a direction in which the each of the torque transmitting portions
projects away from the centerline; that each adjacent pair of the side portions of the
25  torque transmitting portions are smoothly connected to each other through an arcuate
portion which has a constant radius R of curvature and which is convexed toward the
centerline, and each of the fitting hole and protrusion is shaped to satisfy both of the
above expressions (1) and (2), where g represents a diameter of a circle circumscribed

about radially outer ends of the three torque transmitting portions, b represents a

30  diameter of a circle inscribed in the three arcuate portions and R represents a curvature



transmtting portions of each of the fitting hole and protrusion has a pair
of side portions parallel with a direction in which the each of the torque
transmtting portions projects away fron»the centerline; that each
adj acent pair of the side portions of the’25 torque transmtting portions
are snoot hly connected to each other through an arcuate portion which has
a constant r addiusoRhefarcuatevpattiore &rtds vdsirains bsthoafrawiaxeage éfahafidirighe
centerline, and each of the fitting hole and protrusion is shaped to
satisfy bot h nptrashen arthodefomngioasrdneng lole ambiprogides thisghreadedriegiemsand s a
diameter of a circle circunscribed _about radiall% outer ends of the three
%4

torque transié Prenghins teql derswrepchingthe shgadedasiencs vy feghevreBshing Orqus e

i i bed i the t t ti . R. t 7
atus of the arcdlET ool Bis Bopdsbaes B o fh SreoR Ab g he
Aoeh can ; iy | .
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fastener by highrhensty ne 6fQﬁé1tb(§%ueE I%}égﬁtgl}ig goﬁmnq%oﬁésﬁaﬁﬁﬂg &h2Rember,

satisfying the expressions (1) an ws t hreaded fastener w enching
structure to Hyia¥ige(s, sitht fttthgffretrednies dttheasa béteecrtheaoQliec trhgsnhiethgr si de
of the torque transmtting portion (corresponding to a nenber, EB in Fig.
3(b), of the portiansrapopt tht cerserding (@mspoindingrte a rixenweds it fieg. 86 gefehe fitting
transmtting ggrti ons about the centerline (corresponding to a nenber, ER

in Fig. 3(b) ok tRaistrlaneerf the Himg)protysien aad hphein sengthacsiiaimsithgyfitting

t i d hol i t th t i .the, fitti { i f
ber ng. danbged T Ehior tet e B b Rg dEb PR TP BEy] “The conr et e
nuneri cal val ue h . i i OF%.L QR: t he
agj aclent t\c/)r qﬂest ﬁgﬁls‘ﬁm ??ji% n@ﬁ%?%%cglmﬁﬁg eﬁs?lgg@g? gén%gvc?ps%%gﬂﬁf%ti ng
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portion having a constant curvature radius The curvature r i s not
smal | er 15 t Hatndp¥arationhad doleret enodihlgfeohhetddns cadtbeterchroukk an brtuatt her
words, not smaller than 25% of the dianeter of the circunscribed circle.
Thi s especi alpojtigs kv ascossiepservaipisdadivs Bt i 6‘%6 survatiee tadie Roismpt smallst t he

radius Ri5s e 1048 gEediergon s e et SrReln GhgviTe 1ot STler it ©
25% of the diameter g of the circumscribed circle. This especially prevents stress
concentration at the base portion of the torque transmitting portion of the fitting
protrusion. The curvature radius R is not larger than 60% of the diameter b of the
inscribed circle, namely, not larger than 36% of the diameter g of the circumscribed
20  circle and then each torque transmitting portion has the linear side portions which are
parallel to the projecting direction and the wrenching torque is efficiently transmitted.
Meanwhile, because the diameter b of the inscribed circle is not smaller 50% of the
diameter g of the circumscribed circle, high mechanical strength is obtained by
sufficient thickness of the fitting protrusion. At the same time, for it is not larger
25  than 60%, the sufficient projecting dimension of the torque transmitting portion
allows the wrenching torque to be efficiently transmitted and restrains a deformation
of the fitting hole.
[0018] According to the fourth aspect of the invention, the inclination angle
o of the inclined engager portion of the fitting protrusion is not larger than 8°, and the

30 inclination angle [ of the fitting hole is not larger than both of 8° and . This



i nscribed circle, nanely, not larger than 3 6% of the dianeter g of the
circunscri bed 20 circle and then each torque transmtting portion has the

| i near side portions which are parallel to the projecting direction and
the wenching torque is efficiently transimtted. Meanwhile, because the

di ameter b of the inscribed circle is not smaller 50% of the dianmeter g of
t he ci r cunscrirbdwtes largsl tgtichirighomeativaer thain. s tAmertbisralliosss dlixt thiaadet fagtener to
sufficient thickness of the fitting protrusion. At the sanme tinme, for it is

not |arger 25espaielydmid @Rechsdy inites Giraded Giseaey wignehingipol awl BHOMAE t or que
t 1 tti . | | hi t ) b fficient .

tr anam £t ed aRERTUEE ot LRERlad fiavet POR OIGE ¢ Ha® 7d i Greror e bphdtic
Al di t . f t of the | ti t incd i nat i |
pecor 0" el GUCLD ARIEEL L e LoD TGy LIELLSDABhE
than 8, agd thg or3fh snchiings iR statf¥ fiilefi6n fll éf%%i&e'vﬁgi fenot |arger

igte(
than both of 8 and a. This 8 prgglggelsel arge static %rlctlon et ween t hem

And this al | oudinkhién idplecn By hash@Bethat 8° foPa seerFRUYd heleder(Altaaekrpd) in
the threaded fastener wenching tool and automatic wenching of the

t hr eaded f asttemededdgstenar syedichinigttools said t hat the coefficient of static
friction between nenbers of steel is generally not larger than 0. 14, and

considering the 5 [P&EY ofceomtingto the fifthiaspest of thedipprrdioni anpbied ferta smaflr i cti on
will be realized with the. inclinatio ngl e a .bei .not larger than 8 for
a steel threa@é@é'aet?ra%{%ﬁi@rfagﬁferﬂr&f& the fhifadonstion 56ftdnast loiguiim H§ o0l .

[ 00191 Aggordi e fifth aspect of the inpventi-on, applied.faor a small

bt oot or 7y hEhedAed PRrchbt dnBRRE fhucice clifosh BED KRfes BP Bt Rhgeled ey

than 3 mm 19 %%Mtaﬁgggbé%@&h%arho .e'@%ﬂ%eifl;[%te&ﬁf Hizd fé%ﬁaiﬁ@h'%ﬁﬁ%ggroﬁﬁe”

forces applied to the eng parts of the | ig protrusion a ol e.

Consequent | y defursati@sbf tbtisind pean@gah®thréaded &fsneBirdaie drerich@gtadidopr ovi des
the threaded fastener and the wenching tool for efficiently wenching the

t hr eaded f asteéaentlyywiehgtingwhe tiokadeg fagerguby higho2@tchimetordueeaded f ast ener
according to the seventh as&(_&ct of the 15 invention and the threaded
fastener wr enchi nd09%81 Bescdraadediasisnerpscaign it thgsgueith agpect of the

15 invention and the threaded fastener wrenching tool according to the eighth aspect of
the invention provide substantially the same action and effect as the threaded fastener
structure according to the first through fifth aspects of the invention.

[0021] In general the threaded fastener structure is provided with a threaded
fastener having a fitting hole (recess) and a threaded fastener wrenching tool having a

20 fitting protrusion (wing portion). To the contrary the threaded fastener structure
may be provided with a threaded fastener having a fitting protrusion and a threaded
fastener wrenching tool having a fitting hole. The thread of the threaded fastener
may be an external or internal thread.

[0022] The fitting protrusion has an inclined engager portion at which a

25  diameter of the fitting protrusion is reduced as viewed in a direction toward an axially
distal end of the fitting protrusion. Portions other than the inclined engager portion
may, however, not be inclined and the fitting hole may be provided substantially
parallel to the axial direction. Notwithstanding gradients for parting to be a larger
diameter as directing to the opening side may preferably be provided upon the fitting

30 hole forming by forging and inclinations to be a smaller diameter as directing to the tip



the invention provide substantially the same action and effect as the

t hreaded fastener structure according to the first through fifth aspects
of “the invention. [00211 In general the threaded fastener structure is
provided with a threaded fastener having”a fitting hole (recess) and a

t hreaded fastener wenching tool having a 20 fitting protrusion (w ng
portion). To sideein¢ioneua diredtive mdy matteably as peovédedatpon chelfigingmyotbesiqgr ovi ded
with a threaded fastener having a fitting protrusion and a threaded

fast ener wr erf€HNiAgG It eeprdazagi wigh tefliting hejehol e. The thread of the threaded

fastener nmay be ternal or internal thread. [00221 The fitti
protrusion has ana[ﬂﬂﬁji n ]E'F’é’ﬁb‘&j‘@?%?ﬁqﬁh%PaMﬁdéﬁga&e%rH?%ﬁéfhérl &the.

prot. an IPRET netf efigergen Bt e1 it e Retertehe ¢
i stal end ot prenet fed 6 TRtk b elkmesdaitt maeln H¥icefie ey

engager p@rti hpel ANy y be
provi ded gubst'? gﬁ%t P%ﬁo§m%§¥gﬁn§§g}?g@ ﬁ%Q%#Q&#%EF%IRL%%?eﬁﬁlgﬁg?ng
gradi ents forsepa, fdridtempe, ke 1@5&%&%‘) ac@'cbr&iﬁ'ﬂ?ft@ theafoufh bRt Hht dveRgorPPeENi NY
side may preferably be provided upon the fitting 30 hol'e form ng by forging
and i ncl i nat iveis céresidesngths nwthéebility anEhenoramgdpddgetiioig dthertthen thege 9 side in
the axial direction may preferably be provided upon the fitting protrusion
formng i n aceggdnesions.tir exempld, the nigertpsiriphepberizufteof theitirqueat i on angl e
a of the inclined, engager porti ogaé)f the fitti ng protrusi on and the

i nclination AHFFBUENGPORINR mAYgRIGEerYhaPe Inchagdat pDoytHE” o pe g lediatidr 5 the
fitting | e ich.is engaged wth t.he.inclined engager rt.i.qn na

br ef er sbity. ba Qe orfgIREREh brif RS LR In T REARE of Bl deT B
fourth aspectpodhor ioné MEAE pBRionrihe RPN Rkl BErh! aGR8 Mdibkion The
non- engaged portions other than these ngaged portions, for exanple, the
outer peri phanglk cemdy gwféraag Hefset igh O hetUenaller Bas Nt fdriceﬁaiﬁ@rdh%@mgrmﬂh
preferably be inclined at about 10' - 20" of an inclination 10 angle with
consi deri ng s$hebpering algepiide fotimplisil despitependifensivmg taddratidee  Ragdrding the
engager portign at the arcuate portion of the torque transmtting portion.

The i ncl i nat iBfinatenymgled thnditforeasebatnrsn Band Bicsubmauspisbrablyke paEst han 3
for cert 5 ni Yof paggaeg tHad 2W,I r%gre preferably as not larger than 1° for efficiently attachability.

[0024] According to the third aspect of the invention, it is not necessary that
“every portion of the fitting protrusion and hole satisfies the expressions (1) and (2).
At least the engaged parts through which the wrenching torque is transmitted, namely,
the opening edge of the fitting hole and the engaged part of the fitting protrusion
20 engaged with the opening edge of the fitting hole may satisfy the expressions (1) and
(2).

[0025] The present invention may preferably be applied especially to the
threaded fastener wrenching tool for a small diameter threaded fastener of which the
diameter of the thread is not larger than about 3 mm. The diameter dimension of that

25  kind of the threaded fastener is so small that the wrenching torque is difficult to be
obtained. In addition the present invention may be applied to the threaded fastener
wrenching tool also for a threaded fastener of which the diameter of the thread is not

smaller than 3 mm.

30 BRIEF DESCRIPTION OF THE DRAWINGS




t he opening edge of the fitting hole despite the dinensional tolerance.
Regarding the inclination angle P, the difference between a and P (a - P)
may preferably be set as 15 not |arger thﬁ? 2', nore preferably as not
| arger than |I' for efficiently attachabilfty. [0024] According to the
third aspect of the invention, it is not necessary that every portion of
the fitting protrud26l and hol e satisfies the expressions (1) and (2). At
| east the engaged parts through which the wenching torque is transmtted,
namel y, theg%éelr(ﬁ)ﬂél‘l@tﬁ’é@ apimallameter thrrgderbfastensrcrcetrding ey hgdtvession i t he

a1 P! ot 2D SRS bl R A SE bt b el oy ™
preferably be | i ci.ally to the threaded fastener wenching tool
for a small o‘fagﬂngtdélﬁg?qﬁﬁ@gtdvéﬁ”’fastener of which the dianeter of the thread

i's not |argerg;k! iAhetes3; AR : 'E}Hiﬁ? i ' [ of
the threaded f%?f@nle.r !sesso sﬁ%ﬁpﬁ/ﬁ(ﬂégyt egsrm\/\#lenc ?‘hﬁ‘ﬂf%&?ﬁ%@{eﬁ 3??*%”gult to
be obtai ned.inkpladdeiaan Fide(H)ieseates VRl 98 sembnReidp Rlohe dithahd Hige

t hreaded fastener wenching tool also for a threaded fastener of which the

di amet er of tBd ¢fifigalfa) snchot snmaller than 3 nm 30 BRI EF DESCRI PTI ON OF
THE DRAW NGS 10 3kOO_ZG] Fitﬁ. 1(a) illustrates a small dianeter threaded
fast ener accdhigiXgy Hlustrats theoueagedaiate of the rptesnand boviingspreirusion of thedihead

portion side .and Fi.g. | (b) illustrates the sang in_a artly omtted front
view, 5 Fig. lﬁ?é% 2i13 Pa%%“ﬁ?aglé%eww@é‘@sstﬁep?%rh%oiaﬁdﬂ%3 Hystigtes the e

same i n- 4 aach Panalorol b st Prefltbetd Fib e Bpodpabent e B AR

3(a) illustralggride engaged state of the recess and the fitting protrusion
of the bit in Fig. 2 in a sectional view including the centerline 0 and
Fig. 3(b) illustrates the sanme 10 in a sectional view cut at the engaged

part with a |evel surface perpendicular to the
DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0027] Hereinafter, there will be described a threaded fastener wrenching
15 structure, a threaded fastener and a wrenching tool by reference to the drawings.
Fig. 1(a) illustrates a small diameter threaded fastener 10 according to the invention in
a plan view as seen from a head portion 12 side and Fig. 1(b) illustrates the same in a
partly omitted front view. The thread fastener 10 is provided with an external thread
14 of M0.8 x 0.2 as a thread portion and a recess 16 in the head portion 12 as a fitting
20 hole for wrenching. The head portion 12 has about 1.4 mm diameter and about 0.2
mm thickness.
[0028] Fig. 2(a) illustrates the recess 16 in an enlarged plan view and Fig,
2(b) illustrates the same in a sectional view along with the line B-B of Fig. 2(a). Fig.
3(a) illustrates the engaged state of the recess 16 and the tip portion 20a of the fitting
25  protrusion 20, which is in the recess 16, on the tip side of a bit 18 as a wrenching tool
in a sectional view as Fig. 2(b) including the centerline O. Fig. 3(b) illustrates the
same in a sectional view cut at the engaged part with a level surface perpendicular to
the centerline O. The centerline O passes through the center of the recess 16 and the
fitting protrusion 20 and coincides with the axis of the threaded fastener 10. As

30 shown in these figures, the recess 16 is formed to have a three-pronged shape



centerline O DETAI LED DESCRI PTI ON OF EXEMPLARY EMBODI MENTS [ 0027]

Hereinafter, there will be described a threaded fastener wenching 15
structure, a threaded fastener and a vvrengri ng tool by reference to the
drawings. Fig. |I (a) illustrates a snall aneter threaded fastener 10

according to the invention in a plan view as seen froma head portion 12
side and Fi g.indigdiyg ilrbestquettemshiting pomions 22 whielr drk yngudrtyt specddrapatt frdngw.
The thread fastener 10 is provided with an external thread 14 of M.8 x
0.2 as a t hr ewgh pider bbrk%d@gr@ﬁsmb@@twem@rlm@héem@dtwﬁttln@holian@s a fitting
20 hol e for wenchi ngg Q{c@head portion 12 has about 4 mm_ di apeter and
about 0.2 nRTPHPERMEREW @@Fctmugwargtyaw "Waﬁlék@lfeé{l@%of%h peteditinghely an
enl arged pl a [ and Fi b) trat sare. | .a segtional view
o ong it b+ PR, Pheoffut byabgmitEg Bort3 2Bk A G pRliBt Ek bORGAS oo
state of the g éfl&l Woh A e EI‘F'& fn'vpm é&ch%@tl?e arq%;e tltaggn{tfui%ﬁ&go&ss%%re% usi on

20, which is | he recess on t as a I ng

tool in a SQ@My@ﬂﬁhﬂi’d E@tedi$neFh 9- Eé’cﬁlthh]alcaﬁlgdﬁld?gldtefﬁ%mﬁﬁl@tﬁrdfltﬁ@adé&ceﬁﬂ 9.
3(b) illustrates the sanme in a sectional view cut at the engaged part with

a |l evel surf dosupérapanitiimgip@tiohn?? tremvetile commrete@to Tih otipntigoléng 0 passes
through the center of the recess 16 and the fitting protrusion 20 and

coi nci des wi ticualfepQisipis 26 hatinga ednstoat evdrvhiaist mdis RLO. ThasfitGg proamsion 20t hese
figures, the recess 316 is.formed to have a three-pronged shape |1 including
three torque 12 HfsTmiles ssefigmont P@H&aQ‘ZIfWﬁ|P§Fpeﬂ¢léuﬁh5h‘lhﬁrcﬁ}tefélp§@efd’f part from

h oth b 20 t t fitt hol
and.  pr ot quF%eﬁs B R TP B SR Rer S obe hPEP g BB It of cach
of the fitti Q&n@ﬂitﬁn BodioRs 8b dhoage aﬂ%ﬁ%rfy%g aﬁ%ﬁ’}‘?dﬁ@rléé %%e?%kt Hgn 22 has

a pair of |inear e portions ec I on i I ch each

of the torqueietgxreesmt b t&iferRA¢ DI FIREHY LS Eiftihg WMo ateRter | | ne 0.
Each adj acent pair of side portions 24 of the adj acent torque transmtting

portions 22 arejcsmpowhid)y oramadiat dickction efiedeh of therfittihg belgndiprotrasionat Ehe
POTLION 26 N3y ad wansiniting portion 30 has & pair of near side portions 34 parallg witha - 1~
15 direction in which each of the torque transmitting portions projects away from the
centerline O.  Each adjacent pair of side portions 34 of the adjacent torque
transmitting portions 30 are smoothly connected to each other through an arcuate
portion 32 having the same constant curvature radius R as the arcuate portion 26.
[0029] The arcuate portion 26 of the recess 16 has an inclined surface
20  inclined outwardly at an inclination angle B from the centerline O as upward, then a
diameter of a virtual circle including the arcuate portion 26 increases as directing
toward an opening side of the recess 16 in the axial direction (upward in Fig. 2(b) and
Fig.3(a)). The arcuate portion 32 of the fitting protrusion 20 has an inclined surface
inclined inwardly at an inclination angle o from the centerline O as downward, then a
25  diameter of a virtual circle including the arcuate portion 32 decreases as directing
toward a tip side of the fitting protrusion 20 in the axial direction (downward in Fig.
3(a)). The inclination angle 0. is larger than the inclination angle B and o is about
6°30" and B is about 5°45" in this embodiment. ~As shown in Fig. 3(a), the arcuate

portion 32 of the fitting protrusion 20 engages with the arcuate portion 26 at the edge

30 of the opening of the recess 16, namely, at an upward point in the axial direction from



has the simlar section cut along a surface perpendicular to the centerline
O to the 10 recess 16 and is also forned to have a three-pronged shape
including three torque transmitting portions 30 which are angularly spaced
apart from each other by 120 degrees abolt a centerline 0 of each of the
fitting hole and protrusion and which project outwardly in a radial

direction of teabbttah of e reédst 1 O gndileavrechiny Oidudds @msmihed thraughitke
transmtting portion 30 has a pair of linear side portions 34 parallel with
a 15 directi cncuare punticis ¥a2h aod tierside mrtjoes 34, 2ds nilhe argatpeetticon S2proj ect s
away fromthe centerline 0. Each adjacent pair of side portions 34 of the
adj acent t or duectionpdasan ipelingd cpeagel RHEOBO are snoothly connected to each.

th th h t ti 32 hayi th e. I t
oLher LI QUOh a0 AL ey PR 2022 L 10, LG, S Constant, puryalur e
ecess 16;has, Ahel GRS 35680 | BEhLARoR U Bt 8 el ot
circle incl U‘iig]@&tr%*}ﬁerﬁé GHRAEL: BPA {/!ﬂ%ﬁl aRd iP&%@?%ﬁr%_eﬁé p?hfo%cig' Breadeou@rd an

openi ng si de e recess 16 I1n the axia ction (upward 1n Fig. 2(b)

and Fig. 3(alietinEewariCatdBnidg stde@T tidlre0dss 1B 6n fhetaian@irdetioh.r UsSh@theZddhas an
inclined surface inclined inwardly at an inclination angle a fromthe

centerline 0 pmsticdodwbihd tortjhe tramsndBingi ponedred 0 bés an ivelimed alrface iwdlieed ncl udi ng
the arcuate portion 32 decreases as directing toward a ticEi side of the
fitting prot Aty #owiinclingoragigte € Gomebe cemerlio Arinalosnvardiogs tip BPEIOR. The

e 1o, e e T BRI SR S |0

arcuate portj.on.: f the fitti Ot rusi on engage i th rcuate
portion 26 at(:f_ll‘ﬂt%ﬁ%n?égtag’g%ﬁ%fs id ﬁgggp@ﬁﬁéa%g’%“g%"ﬁgﬁ rlgg%s%gaig%&n{aaﬁél ?f}ugat an
upwar d poi nt ghBlet A@n@¥iafd sctlhd 5k 0. from 12 the bottom of the recess 16 and
the wenching Torque is transmtted through the arcuate portions 32, 26

and the side portif00&l]34The24bctidhef e Citaigepoatiibnns aBtheahgaged pncBBofd® as an
i nclined engager portion. [0030] The end portion 28 of the torque
transmtting rpess i @andde Hidiengprosusing 20 nesndy,thecgeningoddgapertion gesat  an
i nclinat ilgn al%glln%igl.EB]Ear) (i)sn;h%gv% a%@cﬂé '?hrrcl,ei-gr%ngedasshape contoured by the solid line in Fig.
3(b). An outside area of the three-pronged shape substantially represents the section
of the head portion 12 having the recess 16. In Fig. 3(b), g represents a diameter of a
circle 40 circumscribed about radially outer ends of the three torque transmitting
portions 22, 30, b represents a diameter of a circle 42 inscribed in the three arcuate
20  portions 26, 32, and P represents a center of curvature of the arcuate portion 26, 32
with the curvature radius R.  In this embodiment the diameter gis set as g= 1.24
mm, the diameter b = 0.5 g= 0.62 mm and the curvature radins R=0.5b=0.25g=
031 mm. The width fof the torque transmitting portion 22 is calculated according
to the expression (6) below as f = 0.45 mm in the embodiment. The dimension of the
25  outwardly projected part of the torque transmission portion 22 of the recess 16 is
slightly larger than that of the torque transmission portion 30 of the fitting protrusion
20 for engaging the arcuate portion 32 with the arcuate portion 26 as apparent in Fig,
3(a). The circle circumscribed about the radially outer end of the torque transmission

portion 22 of the recess 16 is larger than the circumscribed circle 40 in Fig. 3(b)ina

30  strict manner,



upward, then a dianeter of a virtual circle including the end portion 28
increases as directing toward an opening side of the recess 16 in the
axial direction. And the end portlon 3 f the torque transmtting portion
30 has an inclined surface inclined dly at an inclination angle O
fromthe centerline 0 as dowward to a t|p portion 10 20a, then a dianeter
of a virtual circle including the end portion 3 6 decreases as directing
toward a tip side of the flttlng protrusion 20 in the axial direction. The
angl es E and 0 ar €@t siPUBbcAR 25(6)[ 0031] The section of the fitting
protrusion 20 at the engaged part 38 of the recess 16 and the fitting
protrusion 20, nanely, the opening edge portion of the recess 15 16 in .

"9, 300, L5 IO el G ARAG IR SR Sl RLE e
represent g t%eﬁ&ﬁsgéi’fhcnﬂé B@E‘mﬁ?@i f%”ﬂr%fli% ﬁlﬁgb%gtﬁehcﬁtiﬂr%g@u}'lgxout

Fig. 3(b), g represents a |arre er circ circunscrib

radi al |y out ekciehtHler &1 Hotefdrie@8s 4 %Wﬁohé&ﬂﬁﬁbé t OsecRON Sty Ao radfll D
represents a dianeter of a circle 42 inscfibed in the three arcuate 20

portions 26, di2ctiand TReradpcas eite poerioner2ied4 of the wdjaadnt t@qod trilsmimhguat e
portion 26, 32 wth the curvature radius R In this enbodi nent the

di amet er g i Posensay, éo mffb@ thncmqprqrtggd d]lléapmfttemg profrugios 2§ add éesmiard t he
curvature radius R = mm The width f of the torq

t ransni t ti ng spethly ﬁo@?"?eg ) Sfl“tléﬁﬂﬂéﬁfé@%%lb@? gryage P%“@H@ﬁe%%l?eéﬁ%qt’d’ﬁ Y( 6) bel ow

S?o}c e(::t ed par (%?antl% lf"}ﬁ?fdu%gr{ﬁr hﬁggﬁgg@?l g’gﬁ)ngﬁflﬁ%gﬁ?mtaﬁl@m 16 i's
slightly |arggfnd ﬁ}%ﬂu&t}?tzo%d%*&l@foh%ﬁﬁ? oftth@ PR LS 213 aﬂg%gtféé)g}ng!ﬁd@x&e{epe

fitting protrusion or engagl n e arcuate pOI’tIOI’l e arcuate

portion 26 ashrepfdrfediéndrfo arg}chb?(]-gghwfghguﬁgfo@dl@ ci rcunscri bed about the
radially outer end of the torque transm ssion portion 22 of the recess 16

is larger than t hé()@:‘.i?ﬂ cu’Firaans ltimdsettmg(ﬁféa =40.5i grnBiR)= 03 bpalamcenthdGtehgthet
manner. 13 f = g - o' (6) [00321 The fitting protrusion 20 and
t he recess 1@f Hic f{ltﬁgg pﬁ}t@é@@(p(} andithg ecess 16 as a result of a small difference of the

15 inner area of the torque transmitting portion 22, 30, namely, the area Ej of the torque
transmitting portion 30 of the fitting protrusion 20 and the intermediate area Eg
(corresponding to parts of the recess 16) between the torque transmitting portions 22,
30.

[0034] The adjacent side portions 24, 34 of the adjacent torque transmitting

20  portions 22, 30 of the three-pronged shape fitting protrusion 20 and recess 16 are
smoothly connected to each other through an arcuate portion 26, 32 having a constant
curvature radius R.  The curvature radius R is 50% of the diameter b of the inscribed
circle 42 and 25% of the diameter g of the circumscribed circle 40. Consequently the
wrenching torque is efficiently transmitted as a result of especially preventing stress

25 concentration at the base portion of the torque transmitting portion 30 of the fitting
protrusion 20 and having the linear side portions 24, 34 of each torque transmitting
portion 22, 30 which are parallel to the projecting direction. Meanwhile, the
diameter b of the inscribed circle 42 is 50% of the diameter g of the circumscribed
circle 40 and, consequently, high mechanical strength is obtained by sufficient

30 thickness of the fitting protrusion 20. At the same time the sufficient projecting



5 wrenching structure, the small dianeter thread fastener 10 or the bit 18
are fit with each other and both fornmed as a three-pronged shape in its
section cut along the radial direction. The adjacent side portions 24, 34
of the adjacent torque transmtting portVbns 22, 30 of the three-pronged
shape fitting protrusion 20 and recess 16 are snoothly connected to each
ot her throughdimendscofahe tpqid fradmiting Prtic@si G0 iallewy thebbreddtinioaiRttebe b =
0.5 g and the curvature radius R = 0.5 b restrain a danage of the fitting
protrusi on 2Ciheidnty dafsontet inslregtfainhibe defoematiditofdhelreakdso. t he smal |

di anmeter threaded fastener to wench by high wenching torque. t00331 That
is, the setting of(0833 oTke geggepmtienF2pighghltiag pearusia 24 Bstheof t he

fitti t r.usi 20 dt 16 ) I f [l diff

of the1b ¢ niBiigRangt § R S0l SgRe FERER PP RION I ARIES tredd TRlincSift vt he
EB t . t kbt rti 30 .0f e fitt] trusion 20

o e B2 08, LR hAIA G NSS! Ltk 8RRl il dd bRe, BERL VS

bet ween t he tfﬁfiﬁlg’?rottrru@i@ﬁ@otahh@& REES 18RS 1R %pe '?g_eén%%g%uc-@%r%@tﬁﬁem si de

portions 24, 34 of the adjacent torque transmitti portions 22, 30 of

the three- pr drigesh Bdtapen thedil | MUisRiNs Y GhalPOaBBEr theREss fatb@nad ¥ Brgeot hl y
connected to each other through an arcuate portion 26, 32 having a constant

curvat ur e radeagelR helthettated/tyuthe il amsl dfRtansatis0¥endhinghe thié smat éembtenf . t he
‘inscribed circle 42 and 25% of the dianmeter g of the circunscribed circle

40. Consequenrbiepdadiastengr d Rdiatgbelor qithe small diametsrdhrepded: fagieranil f epd thedin

|t of i all ] t] t .25 concentration t he .hase portion
of the tdPque et PRl SR KB AIRIESE | erreater o ofl DB
havi ng the |i i i ; f rapnsmititin ortion
D210 e A5 RO A2 33 oa PRt Ml LRSI B

di ameter b ofortthgn S]IBb%ﬁrSitJéﬁd 161 @ldhdtht S ox8%eff oftshRic Giadd Grthém N the

circunscribed circle 40 and, consequently, high mechanical strength is
obt ai ned by <ehéralty sottlargé thdvi Ckaemd cohsiddnigg e fabnef tpd 81 £ 05408, a80. At t he
same tinme the sufficient projecting 14 dinension of the torque transmtting
portion 22, 30prHPriesstatirelrigtien tshealyed or da@resentrmbodiment of the inclination
15  angle o = 6° 30' and the inclination angle B = 5° 45",
[0036] While the arcuate portion 26 of the recess 16 inclines at the
inclination angle B = 5° 45', the end surface 28 of the torque transmitting portion 22
inclines at the inclination angle € = 15° and the recess 16 is easily and precisely formed
by forging. The inclinations serve as the gradients for parting and they facilitate the
20 parting of the punch from the recess 16 after forging to precisely forge a
predetermined shape of the recess 16.
[0037] Apparent in Fig. 2(a) of the plan view, with the inclined arcuate
portion 26 at the inclination angle B both of the side portions (side surfaces) 24 of the
forque transmitting portion 22 inclines toward the outer direction, namely, radially
25  and extendingly about the centerline O. Consaquently the coming-out component to
thrust the fitting protrusion 20 out of the recess 16 is produced when the wrenching
torque is applied by engagement of the side portions 24 with the side portions 34 of
the fitting protrusion 20. However, the wrenching torque is efficiently transmitted

because the inclination angle in the radial direction at the side portion 24 is sufficiently

30 smaller than the inclination angle 3 = 5° 45 and little effective. The arcuate portion



efficiently transmtted and restrains the deformation of the recess 16.
[ 0035] The arcuate portion 32 of the fitting protrusion 20 inclines at the
inclination angle a = 6 30" and the arcu%gg portion 26 of the recess 16
inclines at the 5 inclination angle [3 =5 45'. Engagenent of the axi al
internediate portion of the fitting protrusion 20 and the recess 16 at the
openi ng edge Araddbe msedsdibdas dteatine cufvaiwt raimstebivhe hottbraras thatiasthel | ows t he
smal | dianeter threaded fastener 10 to be securely held (attached) by the
bit 18 and alfPSHAEEapkrRWeNihg apd ittihabafi3lmdm.anet er threaded fastener 10

b bot. Th di ded f 0 the bit 10 18

oy 2oroPot;  The STy QIELEL P cRdet Iastenet A0 A0 e DIt 0 10 e
d f C | dt bit .18, d f h h i

el g SRR R0 e Al PSR B

static frict RO @it R8s uBReAtd YoMk alARE ddR0ifl bl 2D fRANCIEr! Ng

the fact of tan 8 = 0 , an appropriate static friction is rea ed in

the present eghastiatend ofrhistiier.i nclination 15 angle a z 6 30' and the
inclination angle B= 5 45'. [0036] Wile the arcuate portion 26 of the

recess 16 inclined0839]t hia the pekématibodinemg tie iBclmabortingld dief thedirqiatef ace 28
of the torque transmtting portion 22 inclines at the inclination angle a

15 and t he r @¢eien 3508 he ddiing grolnsion 28 ¢ leegeythhw thesigelinafion angld hgf thehe

i nclinati t dients f ] d they faciljtate the 20

bt ng. of ¢ BB RORCHT QL e et L6 HhB IR GG 1 GRS ERpERof e a
det er g f the,. 6. [0037 t.in Fig. 2 f th

o et o 1bne o R Bl AT SRS e ORI BRPLE L Ol el e

(3 both of the shlenaRQEL bOMS rdbdfs, S ARSI, tﬁédﬁfne%eFaimén fglﬂgﬁﬁyef%g@%“' ng
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portion 22 inclines toward the outer direction, nanely, ra and

extendi ngly abawss it egs eitinathht ifehdintcoRBSieRWEHid cdsh €6 efiieaDwRN theCi@pponent
to thrust the fitting protrusion 20 out of the recess 16 is produced when

t he wr enchi ngorticor izeofithe fipinkipectrisjore2yymgberevenfionaheass ble pPraridens 24 with
the side porti ors 34 of the fitting protrusion 20. However, the w enching
torque is ef SIEEHPICE 13 3ophisdby itheiconstaah weachmg 19Taee fothe cpgreethpAre 38 i t he

radial d'lg eCtirilv%?seaptroygohrﬁog itc(>j (tal-lqurrggri cﬁanmgtér &ismeﬁsl;{gxi.i cfl%? Eels}/rains a partial damage
or a deformation of the fitting protrusion 20 and the recess 16 at the engaged part 38
or allows the small diameter threaded fastener 10 to be efficiently wrenched by higher
wrenching torque. A smaller applied force to the engaged part 38 causes stably
wrenched state of the small diameter threaded fastener 10 as a result of a small

20  component force in the axial direction to force apart along the inclination of the arcuate
| portion 32, namely, restraining the bit 18 from coming out of the recess 16.
[0040] It is to be understood that the present invention may be embodied

with other changes, improvements, and modifications that may occur to a person
skilled in the art without departing from the scope and spirit of the invention defined

25  inthe appended claims.

Industrial Use
[0041] As described above, the present invention provides a threaded
fastener wrenching structure, a threaded fastener and a wrenching tool to restrain a

30 partial deformation and damage of the engaged part of a fitting hole and a fitting



30 smaller than the inclination angle [3 5 45 and little effective. The
arcuate portion 15 26 of the recess 16 has the sane curvature radius R at
the bottomas that at the opening of an ward end and it is about 0.31nm
[ 0038] Requiring of a special tool such the bit 18 for unwenching the
smal | dianmeter threaded fastener 10 having the three pronged shape recess
16 prevents potrieoppluvidedon apleeated Sastaneo aeks wedhching ool fiowverendtimgthehem wi t h
ease. It is effective against a kind of mschief. [0039] In the present
enbodi ment t Hbrepdrd fagfamdrgnd smyranch theim bhbigheicwsnehing@rqyeon 32 of the
fitting protrusion 20 is larger than the inclination angle 0 of the

arcuate portion 26 of the recess 16 and the wenching torque is transmtted
through 10 the internediate portion of the fitting protrusion 20 in the
axial direction engaged with the opening edge of the recess 16. As a
result, the diameter dinension of the engaged part 38 is |larger than that
in the internediate of the recess 16 engaged with the tip portion 20a of
the fitting protrusion 20 in the conventional case of a < 0, and a snaller
force is applied by the constant wenching torque to the engaged part 38 in
15 inverse proportion to the larger dianmeter dinension. This restrains a
partial danage or a deformation of the fitting protrusion 20 and the
recess 16 at the engaged part 38 or allows the small dianeter threaded
fastener 10 to be efficiently wenched by higher wenching torque. A

smal ler applied force to the engaged part 38 causes stably wenched state
of the small dianmeter threaded fastener 10 as a result of a small 20
conponent force in the axial direction to force apart along the inclination
of the arcuate portion 32, nanely, restraining the bit 18 from com ng out
of the recess 16. [0040] It is to be understood that the present invention
may be enbodied wth other changes, inprovenents, and nodifications that
may occur to a person skilled in the art w thout departing fromthe scope
and spirit of the invention defined 25 in the appended clains. Industrial
Use



[ 00411 As described above, the present invention provides a threaded
fastener wenching structure, a threaded fastener and a wenching tool to
restrain a 30 partial deformation and d ge of the engaged part of a
fitting hole and a fitting 16 protrusionagfovided in a threaded fastener
and a wenching tool for wenching the threaded fastener and to wench

t hem by - hi gheWB&'eiEOLAGMED ifie. 17 WHAT IS CLAIMED IS: 1. A threaded
fastener wenching structure conprising: a fitting hole which is provided
in one of a threaded fastener and a wenching 5 tool for wenching the

t hreaded fastener; and fitfing protrusjon which is provided in the other
of the threaded fa]steneftfgﬁ%ffed{}?ﬁég%@’ﬁ% § SUBYPEHEMSI8h is to be brought

ol & and protr uer oty ab S SRt oag OLR Rt Eebofhida osheld |
transnittgngta&q%}Qg§mmggﬁgﬁﬁgg%%p%ﬁ%ﬂ&% $Spaced apart from each other by

120 degrees about a cent each of the fitting hole and

protrusion and whifingpRiteSionOMIWRIsHryvided & thagitdl ofiiht @kiRa Mtedehgn®ach
of the fitting hole and protrusion, 'so that a wenching torque is

transmtted tthe ougbhingeod endudidhriatshd brouglg intp dittingderRagemenheith hiicehiag
fastener, as a result of rotation of the wenching tool when 15 the fitting
hol e and prothelgsi on are held in fitting engagenent with each other, the

t hreaded f ast ener enching structure being characterized in that the
fitting protrusi dAHE eaacﬁ 9f g fithiag helsgad erotpision 1§ fugs-pioveedshared apbhasr of

the fittipg QL rusi o is. reduced as .viewed i,n.a direction toward, an
i al 1y dDo APk Bonsat B ARG s Pt BRSO P s Pom B defing
protrusion i $,bfaubleed Mot EEQﬁ&ﬁﬁ?ﬁf thBlead b ﬁhi{'% hof dn@%%t?@s%r?ﬁrﬁ portion
of the inclinéd engager portion wth an opening edge of the fitting hole.
2. The t hr eadgdct prdfeeneutwaeEN Gk Rli Qirbionrof tRCsoh df e frenLhdé fdl,
protrusion, so that a wrenching torque is transmitted through the torque transmitting
portions to the threaded fastener, as a result of rotation of the wrenching tool when
15  the fitting hole and protrusion are held in fitting engagement with each other,
the threaded fastener wrenching structure being characterized in that the fitting
protrusion has an inclined engager portion at which a diameter of the fitting protrusion
1s reduced as viewed in a direction toward an axially distal end of the fitting
protrusion, and in that the fitting protrusion is brought into engagement at an axially
20 intermediate portion of the inclined engager portion with an opening edge of the fitting

hole.

2. The threaded fastener wrenching structure according to claim 1,
characterized in:

25 that the torque transmitting portions of each of the three-pronged shaped
fitting hole and protrusion have side portions which are adjacent to each other and
which are smoothly connected to each other through an arcuate portion which is
convexed toward the centerline;

that the inclined engager portion is provided in the arcuate portion of the

30  fitting protrusion;



characterized in: 25 that the torque transmtting portions of each of the
t hree-pronged shaped fitting hole and protrusi on have side portions which
are adjacent to each other and which are snoothly connected to each ot her
t hrough an arcuate portion which is conveéxed toward the centerline; that
the inclined engager portion is provided in the arcuate portion of the 30
fitting protrusi orgndilsatamdfittingtpréthesidn isthirowghpindd engaigemert st the atoghte i nt o
engagenent at the arcuate Eortion thereof with the arcuate potion of the
openi ng edge Rortigmirerdof wiithghe atcuate potiqh of theoperiag edssof dleefitting &alehi ng
structure according to claiml1l or 2, 5 characterized in: that each of the
torque transmtting portions of each of the fitting hole and protrusion

has a pair of side, portQ rallel with a direction ir i ch the . each of
the torque tr ans%‘t ti n%heggrregﬁleﬁgﬂﬁ?%jV?S?‘%“%’SVCW%?r‘icf)‘fﬁjgng\é%rf'?aélpl1i‘H@: t hat
each adj agent.ppabferiodq hhe side portions of the torque transmitting portions
10 are snoothly connected to each other through an arcuate portion which

has a constant r aHitusclobhe et iSirkiisehiARg PORIdR dfSaUTMRX AHink QWRI At he
centerline; and that each of the fitting hole and protrusion’is shaped to

sati sfy bot h podtrishen hdscd paimfisideepopti @ssspapalie] (ith sadittc(d) in LD tHe@sclbsOh69
...(1) 0.5b5 R<0.6b ...(2) where "g" represents a dianeter of a circle
ci rcumscri bedorgy® fransmaidting poytienst enojestsdavayf from iee ¢ehtedinet or que transmitting
portions, while "h' represents a dtj aneter of a circle 20 inscribed in the
three arcuate por teFas %ﬁac?ﬂtepat‘“rﬁ dhgside parioan of thirteiaup tpsmitngd Qrians

accordi ngato of clajms 1.3, characterized in.that., each of the
ftting Hor o A Hn gy Noandi ey Sog" B EH R Bief G pr st Phist FAT 1 eyt
radius R of curvature and which is convexed toward the centerline;
and that each of the fitting hole and protrusion is shaped to satisfy both of the

following expressions (1) and (2):

15 - 05g<b<g06g ..(1)
05p<R=<06Db ..(2)
where "g" represents a diameter of a circle circumscribed about radially outer ends of
the three torque transmitting portions, while "b" represents a diameter of a circle

20  inscribed in the three arcuate portions.

4. The threaded fastener wrenching structure according to any one of
claims 1-3, characterized in that:
each of the fitting hole and protrusion is shaped to satisfy all of the following
25  expressions (3), (4) and (5):

0°<0 <8 ..(3)
°<B<8 .4
B<a ..(5

30



25 expressions (3), (4) and (5): 0<c 8 ... (3) 00<<8 ...(4) P<a...
(5) 30 19 where "a" represents an angle of inclination of the inclined
engager portion with respect to the centleggl ine, while represents an angle
of inclination of an engaged part of thefitting hole, at which the
fitting hole is brought into engagenent with the inclined engager portion
of the fittirwhgse ot teprosantswnahgle eSmelitativo of e iodinké ehgaper poiidn wikhe -~ -

t hreaded fastener w enching structure according to any one of clainms 1-4,
char act er i zedeshsct todthe seniehipe tdnleo” senreseascrnamgleof inclinatipaed an gagagerer i s

not |arger than .1 . The. threaded fastener wenching structure
according to @%&O%nggmg%?%?wﬁfbgﬁe @F{‘&g Qegé? Togght Ito; gRgieceat ‘f"fléli‘ Bded
fastener is [ i.th the fitting hole. while th enchj tool is

bt ovi ded vt gHie® Bkl prtgtEot e Pl £10t-Seion, ‘Dl sk b F ER6M ey or1 2ed by
being progided wwth one of the 15 fitting hole and protrusion defined in
any one of clainms 1-5. 8. A wenching tool characterized by being provided

\1vi f; h gge of the f5.tti nthehfteadafstBhdiviresd @iy dekivne dodoRlii ¥y BPenebrcl ai s
- claims 1-4, characterized in that a diameter of a thread of the threaded fastener is not

larger than 3 mm.

10 6. The threaded fastener wrenching structure according to any one of
claims 1-5, characterized in that the threaded fastener is provided with the fitting hole,

while the wrenching tool is provided with the fitting protrusion.

7. A thread fastener characterized by being provided with one of the

15  fitting hole and protrusion defined in any one of claims 1-5.

8. A wrenching tool characterized by being provided with one of the

fitting hole and protrusion defined in any one of claims 1-5.

20



