TITLE OF THE INVENTION SCREW TIGHTENING STRUCTURE, SCREW AND SCREW
TIGHTENING TOOL FIELD OF THE INVENTION [9001] This invention relates to screw tightening
structures and, more particularly, to a screw and a screw tightening tool whose come-out is
suppressed to prevent the 10 occurrence of deformation of a recess and damages and wears, etc., of
a mating Eoh¥e® EcEHdn ENWhHSMERMg it possible to easily tighten the screw with increased tightening

torque. GACKGRAUND QR THEINVENTION 109023 Sorou Sahisning SyUsEs have e widel

known which include: (a) an 15indented concave recess provided on a screw, and mating convex
sectionsFépdv%ébFoﬂﬁ !%V\/Et@ﬁé?%g tool; (b)the recess and the mating convex sections including

three or jp@ug ftargise SransienPIiens saxRealivell: e preltude QHhward Atasurapgiiakinieryals
for concentrically mating engagement; and (c¢) wherein rotating the screw tightening tool causes the

torque tREAERSAPBrAGHET! RBHERIAG F\ &R SEC ORI HotHAnURAE SGHEN R tSful o the screw

vig the tgrguertanster padionstof iher recess (seedRatentcRublications d. and 2)f 100081 Koni@xshows
an example of such a screw tightening structure a,%%ie wherein a rec_egs, 102, provided on a head

of a scréwF ISR BiLe IAHG £ORDE SR BN S48 If BPLER M tightsNing H8oa% e RAIB iR orque

transfer @egians 108 and 110, 25 respectively, all of which are located concentrically with center lines

01 and oéo{g r 00, 32_1:1? E.% ning tool 104, respectively. With the recess 102 and

the mati?%‘ §£<8s§\ﬁ%n§€ e?ﬁ Sr{%\%afi Egnga\gement with each other in a concentric relation,

further, famegieye tightepingingd 104 ésieausrd tobeiateschgkviisewhovkibe penteidine 02n This

causes outer circumferential ed e[Joor.tciIorés of the toigue transfer 30portions 110 of the théeﬁ mating
SR TS :

convex $BRHBHE 10818 Be'brod St SO R TS B ST TAES SR TD RIS tERer8r
portionssto8vot ikt catess ddl2 (Wpdperttmsly awith g hiening terquexbeing dransfernedrnty theesarew 100
via force application point representing resulting abutment portions. The force application points Q
are prec S D B T S S R e
recess ld2ervepefpatanwmdriged 1 12abinthe hexgbofihl seréwcl 00h Fheserswitightenisgevol 104

includes, a,8eLeY% JTYEY OF &L FLGoAR@L IS .2 HANSYRISR S0 tr3aalional VIR Laken qo.a Rlane

perpendicular to the center lines 01 and 02 and corresponds to a cross section taken on line XA-XA in
FIGY 10(BRISGE 20{BhisTHIGHGITAsME ChesicievtivifalReelpiAvsIiiagisa pertkmes &e 4pere2 and

40correspends teA PiAsiscaetintakengn line XB-XB in FIG. 10(a).

[0003] FIG. 10 shows an example of such a screw tightening structure in a case
wherein a recess 102, provided on a head of a screw 100, and a mating convex sections
106 of a screw tightening tool 104 include three torque transfer portions 108 and 110,

25 respectively, all of which are located concentrically with center lines O1 and O2 of the
screw 100 and the screw tightening tool 104, respectively. With the recess 102 and the
mating convex sections 106 held 1n mating engagement with each other in a concentric
relation, further, the screw tightening tool 104 is caused to rotate clockwise about the
center line O2. This causes outer circumferential edge portions of the torque transfer

30 portions 110 of the three mating convex sections 106 to be brought into abutting
contact with side wall face of the torque transfer portions 108 of the recess 102,
respectively, with tightening torque being transferred to the screw 100 via force
application points Q representing resulting abutment portions. The force application
points Q are present at opening end portions (on positions of a paper sheet of FIG.

35 10(a)) at which the recess 102 is open at an end face 112 of the head of the screw 100.
The screw tightening tool 104 includes a screw driver or a bit. FIG. 10(a)1s a
transverse cross-sectional view taken on a plane perpendicular to the center lines Ol
and O2 and corresponds to a cross section taken on line XA-XA in FIG 10(b). FIG.
10(b) is a longitudinal cross-sectional view involving the center lines O] and O2 and

40 corresponds to a cross section taken on line XB-XB in FIG. 10(a).



2 5 PUBLICATIONS ON PRIOR ART PATENT PUBLICATIONS [0004] Patent Publication 1:
Japanese Patent No. 3026965 Patent Publicatign 2: Japanese Patent Application Publication No.
2009-8134 SUMMARY OF THE INVENTION 10Problems to be Solved by the Invention [0005] With
the screw tightening structure of such a related art. however, the recess 102 has an end face
corffiguiBtibi-pepEHAN B ANo RRd @BnfelkTine 01 involving the force application point Q. A surface
perpengiggipnieree b acting @mike recess 102 in a direction perpendicular to a sidewall surface
thereof at the force application points Q 15 are inclined with resgect to a tangential direction (oriented

in a dird 4 InBrdard ' B lasraieaw N)bripRs fofdéeappicatti? Pdfht Q with a center on the center line

01 at an angle rpgaidephin ke ashiving.apale Orhhal. hgtrvingApala @ 46 sxuesseshasgi<sa with the
driving angle_? being regarded to be positive when oriented further outside than the tangential
directior? BXSHS%R%%&W& HQBI for Patent Publications 201 and 2 by the drawings thereof,
thedrivipghanates Adadls Svitkedrderef phaugthin Patent Publication 1 and falls in the order of about
+3 in Patent Publication 2.In ad(igifcl)n, the arrow N in IiEIG. éO(a Fengtesm;%)rce transmitted to the
screw 10Y83 1 Y01 UR ST JEAHARR HBICANS i Te R8s el oriR E1 Y Expreds&tBelow
using the(suaceperpendicwan fosaeaki angéhpcdidving angle it 26NerRtas®(1)]0006nd hen the

driving ?ngle 0 is positive in the ori ntatgn toward the outside, a com tonent f%rlce occur &th an
effect of & ?Fsﬁ?dj{ﬁ%afé%égg Yo reidli e(if’/ ggrc%%% {6Wara the batet ciituimterential $ide at thetorce
applicatitincpoiots{@rpeisdikely fan comeesutlicsoctwreinhwhiat thelserfunctighiphivw tooldd4tis Qrawn off
frofo the,recessinoa 92 with & resyltant ciffisult for ingreased laraus 19 fe,aeRlied Inaddiian,
deformation o é%'reaplnlg tenaR o occurinyrooves of the recess 102 or crac iNg or wearing occurs in
the torqae tanosfeN peorites 1 Ocod pipdi casitimgreonvdX sathiensehds afithbasceavetighterfingabeh104.
[0007) Thepresent nveption has Reen complgtetin ihe ahoueviswingnind And ag 9ap opject to
suppressnt%e OcEirrence of come-out-of a-screw tlgehtenlng tooﬁﬁ/ Witich the oceurrence of
deformatidth ohe detass amg bréakeige vteardehating comitx sedionstra e dunted towatble a
SCrew tq b, &gl aH%{éB%PﬁC?dW%Qt%‘%{?W&tggggig%@8HﬁiMfﬁ‘Hgiéoé FOMNGLRe RIBRIEMS F00081

To achieve the object, the first aspect of the nt invention provides a screw _
20 1 and 2 by the drawings thereof, the driving angle 6 falis in the order of about +20° in

Patent Publication 1 and falls in the order of about +3° in Patent Publication 2.In
addition, the arrow N in FIG. 10(a) denotes a force transmitted to the screw 100 as a
torque in a tangential direction and is expressed by a formula (1) expressed below
using the surface perpendicular force F and the driving angle 6:
25 N=F-cos6 (1)
10006] When the driving angle 6 is positive in the orientation toward the outside, a
component force occurs with an effect of causing the recess 102 to relatively escape
toward the outer circumferential side at the force application points Q. It is likely for
come-out to occur in which the screw tightening tool 104 is drawn off from the recess
36 102 with a resultant difficulty for increased torque to be applied. In addition,
deformation or scraping tends to occur in grooves of the recess 102 or cracking or
wearing occurs in the torque transfer portions 110 of the mating convex sections 106 of
the screw tightening tool 104.
[0007] The present invention has been completed with the above view in mind and has
35 an object to suppress the occurrence of come-out of a screw tightening tool by which
the occurrence of deformation of a recess and breakage, etc., of mating convex
sections are prevented to enable a screw to be easily tightened with increased
tightening torgue. Means for Solving the Problems

[0008] To achieve the object, the first aspect of the present invention provides a screw



5tightening structure (a) comprising an indented concave recess formed on a screw, and mating
convex sections provided on a screw tightening tookfor tightening the screw (b) the recess and the
mating convex sections including three or more torque transfer portions, respectively, which protrude
outward and disposed at equiangular intervals for concentrically mating engagements (c) wherein

rotdting!i{BBISBIO® HEHESHRSY 0TI OTORALIBS Hiet TEleRie ¢ AR PoFRERES JOMBSH g toivEx288ctions
to transfgy @HObteRIRg LM IOTIR REEBW YR thetRraa tana e RArions ohibe recarsdeh-under

which outer circumferential edge portions of the torque transfer portions of the mating convex sections

to be brdUgEIREs ARGt RS AP MERONUEYVARGITRS IBFAHE BEHERSE HUFORKE PR SRR ith the

tightening fQsaie Raing: transfekiaddr HreBeav Hidy 3 Rioisel PP sdien Peiiis: A epraaentiagsresulting
abutment portions (e) whereby in a cross-sectional shape.or an end face configuration .of the recess

on a pldé PRASERLIGAHY (B4 HRR R HHRFBIE BIHE rBdlSE FhEI BN TRE" Yo Béb%ﬁeaﬁo%oims Q,
a surfage parpendiciiandaiea Hepepenshswanie ansitawalbak the yaaesssaltheafatee application point

0,5 crenet S e she S0 gl Zeniceeng n gl ko i espct

effine
expressetlial durd Witk dhefelréring landte §deingwotrited: otqwanddnofatipe tdogentialidireetiorgand

assigned to be positive. [0009] The second aspect of the inyention provides screw tighteni
structur& 25 ebit&q N '%ﬁe[ ?gbsff aéBE%?‘of e %\}%ﬁﬁgn?(\)/vnﬁ%%nw in ﬁgf SP?[)BSHE-SS;[ |8nglrgﬁg%éagfo’%ge end
face copfigticationfaftheaacass th the plghe perpeadiagldrang tentdetine @1 hktherracess and

invalving the force application points O, the three o r I fer t] f recess are
C(;{r?nect%)d % aé%%ﬁco %P\ﬁgl&%c Ve ci?é% at}n c %%%@%gs%a%ﬁﬁgg%%rﬁl@ggg%?(gﬁ?ﬁ%%%\;fh}ch form a
part of arrasaiseldiohsidehvalts of 30twdtdagae traigioaponicrstiadieahst tiedar@aapplication points

are preseil on S GRGAYS SHEHALA RONIQYE LE3ReHVEINORIAL FedNEd aspretaline invention

provideg%. screw tightening structure recited in the second aspect of the invention, wherein in the
cross-s@ctiotalsmpersraheernt faie wenfigiratiorref pha dicelss oh thddsiame] perpen fcRl % a

center e, 01, g 3Rresse Aoy ol A elptee ARRUGAHIRD RN Qnhe FaRcgve circular arc

contours have circtfar arc each with'a radius R that falls in a range expressed as 0.15G =R =0.30G
Wién GIRIprSSaBEATORTE eliinbiari Be tinedoredl TraRsRel ot o te ke i vhafdibetheregnter

point P1, g {he, AORCAYE FifPWANALC Lo WS 8achaily the dadiush isacaigg @t sairgumerence of a
circle of a center-point diameter GR ) ) ,
with the driving angle 0 being oriented outward from the tangential direction and

assigned to be positive.

[0009] The second aspect of the invention provides the screw tightening structure

25  recited in the first aspect of the invention, wherein in the cross-sectional shape or the
end face configuration of the recess on the plane perpendicular to a center line O1 of
the recess and involving the force application points Q, the three or more torque
transfer portions of the recess are connected to each other via concave circular arc
contours each in a circle or an ellipse which form a part of or a whole of sidewalls of

30 the torque transfer portions such that the force application points are present on the
concave circular arc contours, respectively.
[0010] The third aspect of the invention provides the screw tightening structure recited
in the second aspect of the invention, wherein in the cross-sectional shape or the end
face configuration of the recess on the plane perpendicular to a center line Ol of the

35 recess and involving the force application points Q. the concave circular arc contours
have circular arc each with a radius R that falls in a range expressed as
0.15G<R<0.30G when G represents an outer diameter of the torque transfer portion of
the recess, wherein the center point P1 of the concave circular arc contours each with
the radius R is located at a circumference of a circie of a center-point diameter GR

40  falling in a range expressed as 0.85G<GR<0.95G with the center line O1 as a center



40falling in a range expressed as 0.85G =GR =0.95G with the center line 01 as a center 4 5point to
allow the concave circular arc contours to reach theg:orce application points Q at edge portions closer
to the force application points Q. 100111 The fourth aspect of the invention provides the screw
tightening structure recited in the third aspect of the invention, wherein in the cross-sectional shape or
thesendpfeice tonfipurationeoiteyectssibn tre slarie werpendisiidhtolarserapplisatomdgroiotidtecess
and invg{v@ag élg?op{ggsamlg%qtit%ntggi%%(g,%ﬁgg{%glpg%\%e@j the torque transfer portions of the
recess and a separate angle 02 of the torque transfer portions satisfy a relationship 0.35<W<0.50
when at0kidd g%fwﬁq‘ibeﬂﬁﬁﬁ§fé?fﬁé¥?iéﬁ&%iféﬂaplfé?%dﬁﬁ:tmﬁ@f%gﬁ}[UUEE& TRBSARFF aspect of the

invention preMidgs ke Beiews Habtaning St risrecited b3 inithentourth aseealahthm bpéestione
wherein the force application points Q are present in the recess at an opening end portion thereof,

whereirf b8 6fef ARAFREIAHEN ME RRITFS 1 51R8 A RIPEIRERSHEGHER QA TR IS U1 %nd 02
ingicate gimensions afitherecessiat thecepenin: endippaianstiereotig0ldl bhevekihtaspeaiwf the

invention provides the screw.tightening structure recitedg in.any.one of the third tp fifth aspects of the
invontRLARERGHTHOHE Clole SEEROMATEhAFE T ElE EPG Tabe BT PAtER St vebaet o e
plane pesipsifidiculcintioa daptér. Jine Wk of thewkerss andddviiving gue fioses fappioation peintsaQ. outer

circumf?é?.%ti%vga&é/%me%&grque transfer portions of the recess have circular arc configurations on
the outer dlameter hd the outer circumferential walls and the 25 concave circular arc contours in

areas clédEr2bhe foftle applitatibthpdimts ©Qiaresmvickbtytboected gheachosharcyiachewltdarcs
egch with &,tadivsRe gnd haying. %E%'ﬁ@%?%wl%}%mﬁ&@é%-aﬂrgﬁf&éhéoﬁhﬁo%ﬁvse@tal%sm@egﬁ the

invention provides the screw tightening structure recited in any one of the first to sixth aspects of the
inventioh, WISEIRSA §h thaBORVERE R RAFHvapd Brank SriteTate YonfittiatbAst e nidtng convex

sections. ) {herplaneRappdchar ior centat g 9Rof fhecmating savexdseations_Adi kolying the
force a[l)@gcation points Q, the three or more torque transfer portions of the mating convex sections are

connectd§ &5 ethad s ORI AR BREGISP HEESRtours each in a circle or an ellipse which form a
part of qpa vshaleof site wallscefdhehorgve iiansier3hpestitrsscrew tightening structure recited

20 in any one of the third to fifth aspects of the invention, wherein in the cross-sectional
shape or the end face configuration of the recess on the plane perpendicular to a center
line O1 of the recess and involving the force application points Q, outer
circumferential walls of the torque transfer portions of the recess have circular arc
configurations on the outer diameter G and the outer circumferential walls and the

25 concave circular arc contours in areas closer to the force application points Q are
smoothly connected to each other via circular arcs each with a radius Rc and having
the relationship Re<(G-GR)Y/2.

[0014] The seventh aspect of the invention provides the screw tightening structure
recited in any one of the first to sixth aspects of the invention, wherein in the

30  cross-sectional shape or the end face configuration of the mating convex sections on
the plane perpendicular to a center line O2 of the mating convex sections and involving
the force application points Q, the three or more torque transfer portions of the mating
convex sections are connected to each other via concave circular arc contours each in a
circle or an ellipse which form a part of or a whole of sidewalls of the torque transfer

35 portions.

[0015] The eighth aspect of the invention provides the screw tightening structure
recited in any one of the third to sixth aspects of the invention, wherein (a) in the
cross-sectional shape or the end face configuration of the mating convex sections on
the plane perpendicular to a center line Q2 of the mating convex sections and involving

40  the force application points Q. the three or more torque transfer portions of the mating



100151 The eighth aspect of the invention provides the screw tightening structure recited in any one of
the third to sixth aspects of the invention. wherein (&) in the cross-sectional shape or the end face
configuration of the mating convex sections on the plane perpendicular to a center line 02 of the
mating convex sections and involving 40the force application points Q. the three or more torque
trahsfecHBNRhS (I IABSNAARING 8 SrisAVexcas koS Bid T SRREANSITE SHaR HhEPHIR BB CAF circular

arc confiis, LaGRA1AYING aLEAHINS alrdavibes aifelationsiup; GzRJelaliyedia she, raditsh Rewhigh form a
part of or a whole of sidewalls of the torque transfer portions; (b) whereby when "g" represents an

outer digfRbk OF e bolGuRt rater Foridhs 9 iBeERRR CoROER LBV IETRYIN SR tlls in a
range exqrassedasOclier A a3gi8ndenhdichdine ttsenieppeiiR2ooftthemsatiagvenaivenlar arc

t ith the radius."r" is | d.on the ci f f a circle of -point. di ter "ar"
flling I3 41 DROISAST 10BN & GNP SRS b tef A0S A Il RO Gt arc

cantoursdmave eoige Portidmnse placesivelasania the farcetappiicatibn poirtdi @ Which leaukdhsiforce
applicatipn points Q. 15[0016] The ninth aspect of the. invention. pravi the sc fightening structure
recited t|1n 6f‘h%recilglf}llt%szsnpl:eec ffli tﬁérfn\?eonﬁi%r?,p %éé%éi gtﬂe][()sd?elg %E%Fm %‘f%ﬂ%hr{gvtgordgg transfer
portiong ol 4ge gnafirdpeonvdx sectiversdalibencanidenexpréssad Hye(:876240198@E31 0081 7] The tenth

aspect %m%xiﬁlmw@@@vﬁgﬁim?%weﬂgél@s@%%%ﬁ%5%}9%%%%&@@ Qpiigth aspect

of the invention, wherein in the cross-sectional shape or the end face configuration of the mating
convex SE&@ibHIco the pPRAE pEFPeRAIBERRo a center line 02 of the mating convex sections and

inyglvinggiieePias: aRRlcalioR RAIMtE Qi iRedawHprianaier pertiansof fesnating anvex seaiens
have outer circumferential walls formed in circular arc shape each with the oute tci:}igmeter "g",

respectVeSitR G ASP OGS St WRH the SUTEF GrAMABIERFAFRAIR akd te'85rieAMCircular arc
contourgriiifefsegisrgash othgresenvingasthe foseeiapplication painis & iexaloating apntact with
sidewall s ?fg%es <8fé§§torque transfer portions of the recess. [0018] The eleventh aspect of the
inventio?fg ovi crew tightening structure 30recited in any one of the first to tenth aspects of
the invefibh] Miereim(h)aiye cecefsthhas e minimprondiEmeter podiorn] glaceic b stwesnith ecsiueal
loggue uanler.pariens mhishsaibed onaida hereatiom af a1 inelvadonangle sl gl rcer less <o
as to approach the center line OT of the recess; (b) the mating convex section has a minimum diameter
portion, thiaced Keawesm flguphirahtofdle maibiarqorions dsérent, GoiltsicHasdrtirmad oot sodistal

at an inglipgfjn #HRIRB2,9 ROHERHEL 8RO sections and involving the force application
points Q, the torque transfer portions of the mating convex sections have outer
circumferential walls formed in circular arc shape each with the outer diameter “g”,
25 respectively, with corner portions at which the outer circumferential walls and the
concave circular arc contours Intersects each other serving as the force application
points Q in abutting contact with sidewall surfaces of the torque transfer portions of

the recess.

[0018] The eleventh aspect of the invention provides the screw tightening structure

30 recited in any one of the first to tenth aspects of the invention, wherein (a) the recess
has a minimum diameter portion, placed between the plural torque transfer portions,
which is inclined toward a bore bottom at an inclination angle «l of 7° or less so as to
approach the center line O1 of the recess; (b) the mating convex section has a
minimum diameter portion, placed between the plural torque transfer portions thereof,

35  which is inclined toward a distal at an inclination angle o2 of 7° or less so as to
approach the center line O2 of the mating convex section; (¢) and a distal end of the
minimum diameter portion of the mating convex section is caused to engage a midway
of the minimum diameter portion of the recess in the relationships expressed as a2<al
and o1-02<3° under which the tightening torque is transferred.

40 [0019] The twelfth aspect of the invention provides the screw tightening structure



approach the center line 02 of the mating convex section; (c) and a distal end of the minimum diameter
portion of the mating convex section is caused to engage a midway of the minimum diameter portion
of the recess in the relationships expressed as a2al and al-a2Q under which the tightening torque is
transferred. 40100191 The twelfth aspect of the invention provides the screw tightening structure 6

SreditedrRf iR dR VbR w GEpEbt PRt PlERISRY SR BRIRE R URT BiaHBISH PBRISHS of the

torque t f@h@%”ﬁiﬂ{@tgf&l@ {%ﬁ?ﬁ%ﬁ\ﬁﬂ@h&‘@ Jclipeg-towarga berg-botlamat anvasinatigreangle el
of 15 or less so as to ‘apf)tﬁ)_roach the center line 01 of the recess; (b) the maximum diameter(i:é(g;tipns of

the torqRe RSt ABRIIHABOM AL ConvexTelidrate AR ESRART & HEEAILHY

inclinatieneang@lesE2(6f 1l m ok iesmsdiasmaappseachdhe eantasdinge Aok the poatiogsconex portions

(c) with cl=e2. [0020] The thirteenth .asczectépf the inve tio%frov'des the s rew.ticﬂhteningﬁgtr ture
e .
18°0 falls in

recited iFAHPHHE DI TP &R AYECtS B RS INVE RIS WA (af TRE Utidhw) ar
a range bf 224.6&53:0 andh (b pheactmibe c ofitbe liakg 02 teehdfem Spogionsveikeaatiiohth& leseds and
the matiggzcso)nvex sections is any one of 3, 4, 5 and 6. 100211 The fourteenth aspect of the invention
provides'a screw including the recess recited in any one of the first to thirteenth aspects of the
inventioh020D22¢ Thedifrsbrabpaspedtibtthevieniention pridideda serew tightening tsoldteheding

20the m?é'ﬂﬂgeﬁ%vﬁréégﬁy%@%ﬁg%t&q 18 anueneQhinedinst iR iReriD, ASPRCHAf HhHeP e ieR:
ADVANTAGEOUS EFFECTS OF THE INVENTION [0023] With the screw tightening structure of the

first aspeBebt théablesedtipventdm, HSoatEr TPCLHRFE BN tAceyE berfdrid ot eraus rgassiehster
poitions f thenating 4beenNex sectionsdane-hreHal kia abutingicantackwith the,sidewall sHfaces

of the torque transfer portions of the recess. This allows tightening torque to be transferred to the
screw vid-the force application points Q resulting from such abutment portions. When this takes place,
the drivipgeglgk:abihecutiaesmerpentieular farcenfprerant oRdhaplabripaipendietdat o the

sidewall of the recess at such for lication points 300 is arranged to.fall in the relationship
expresséacg§ 6 Hl.tgrﬁreo%%gﬁf&a 2%%%%‘@ ﬁgfi&\)'/%‘v@lﬁ%%%?ié)ntte%fl%%eeng Oltward than the tangential
direction] Y Gilesdiseetiohakphapefahthéerdtiacepconiijusationrofithezidcesseom therplhnEng
20 the mating convex sections recited in any one of the first to thirteenth aspects of the
invention.
ADVANTAGEOUS EFFECTS OF THE INVENTION
[0023] With the screw tightening structure of the first aspect of the present invention,
the outer circumferential edge portions of the torque transfer portions of the mating
25 convex sections are brought into abutting contact with the sidewall surfaces of the
torque transfer portions of the recess. This aliows tightening torque to be transferred to
the screw via the force application points Q resulting from such abutment portions.
When this takes place, the driving angle 6 of the surface perpendicular force F, present
on the plane perpendicular to the sidewall of the recess at such force application points
30 Q is arranged to fall in the relationship expressed as 8 < 0° to be regarded as being
positive when oriented further outward than the tangential direction in the
cross-sectional shape or the end face configuration of the recess on the plane
perpendicular to a center line O1 of the recess and involving the force application
points Q. This results in the occurrence of the surface perpendicular force F applied to
35  the sidewall of the recess in the tangential direction or radially inward than the same
with the center on the center line O1. This results in less likelihood for the screw
tightening tool to encounter come-out of escaping from the recess than a situation
(0°<6) under which the force is applied to the sidewall of the recess in a direction
oriented radially outward in the related art. This results in suppression of deformation

46 of the recess and damages or wears, etc., of the mating convex sections, while making



perpendicular to a center line 01 of the recess and involving the force application points Q. This results
in the occurrence of the surface perpendicular forcesF applied to 35the sidewall of the recess in the
tangential direction or radially inward than the same with the center on the center line 01. This results
in less likelihood for the screw tightening tool to encounter come-out of escaping from the recess than
a situ aﬂéﬁ’%%’é’)‘%ﬁ%i‘%rﬁéﬁeﬁﬁg‘?&?&é %aébﬁi]é’d%sﬂlhé UiRian dof"‘tﬁg LBEESS a“@g]é%‘i‘i]&g oriented
radiallyt@uiard im e relasesi alty, Thisowgdire it Sy essianahdetinnation dogdithettecess and
damages or wears, etc., of the mating convex sections, while making 5it possiple for the screw to be
relativel 2%/ &%%éﬁcﬁﬁﬁ]t%r%gg‘é%ﬁdﬂt‘%fﬁg‘%ﬁﬁ]ﬁ%?IF@%@ (ég%%‘é%laﬁ?/?goc%sn”{?ﬁgﬁ%%t force
occurs i@ elirectinh dausingdhesidevwat of teesedesStothe papipch pristedswithrthwsiomatiig convex
section% h&‘éi_%% {'r}%reaiﬁsedalggglti)hgo%fc?f fiting the recess with further appropriate suppression of
come-oUL N a remarkable € ec% T . ] With the second aspect of the present invention, the three or
molde tortid4} Ffert portions dfatre re cestharprespnetied ndi eackotHuebp means bitgeular- or
oval-shanad RENGAE AL A atE CaNauts. dh Addlen, e FO0GRYACEIRALT eaRipNis [pm a par
of or a whole of the sidewalls of the torque transfer portions such that the force application points Q
are preseint ohanedoneasrechGhaleararedinbinyrastessekitingy thhGensppropriatdly dtermining

circular Qig& ok R CORGAVE CHEW AN CCONIALIS: M Hizf OLINRE NI ROIRLEHIRE: GrFtes ROFICH of the
concave circular-arc contours) or the like enables the drivin% angle 8 of the surface perpendicular force

F at thePsHcE 8 gBREATIIPHEME QT BUBISLRBIBLHREF I FUSRBRHNE MAKBK!IT FsSHIW Fasily
perform; the calcWnliornan, shanpe slesignyod therreaaas 20ssieiathat thef dhivirgeanglev is set to be a
predetermined angle of O or Iess..é?ﬁOZS;iThe third as ecit fthelﬁreseni ip\ﬁqng [ghcontemaplates the
provisioFtWHETETR the ESRBEY AT ETI Y aft TonfguPS Have Cifctifar S EHch With A TAdILE K. With the
torque teansferrpaitions withe rectesiayiagpbheouter diametern@lthe cddius Riffdisein the range of

0.150R0.30G and the e¢enterpoint Pl.of the ¢ e circular-ar C s e ith.t ius R is
pmagn o i ot it SOkl s s e S T e
0.85GGR:9B6ksusc m&tSihéecmcasﬁé}civcufarrar&mﬁbméaﬁémi@m@lﬂﬂ@@aﬁﬂﬁbaﬁéhﬁptﬂﬁ%@. Thus,
whign th&@ﬁ%&%‘%y%%%ﬁegem@@f@@m%w@ Whish £he fRree.ARRYGAtion pojpts Q are located on

thé circumference of a circl€ of about 0.90 with a center on the center line 3001, it enables the driving

angle 0 BHRZ]Shirbipéirmsaicofahp R Fors Baveat e O bipdatay il Qs ioS AR the

driving apgled?may be-preferaklvdetsturingd todal indher@nge: Rwdth @ QQundrr whighithe ratio of
FIN, i.e., F/F cos 0 = 1/cos Q between the surface perpendicular, force F %nd the f%rl(éegj %]éhe force
i

applicatlORPEiIrt e RO AR ST AR 17 S FArA o 18051 E: (RsERy % s

the range of 0.15G<R<0.30G and the center point P1 of the concave circular-arc

25  contours each with the radius R is located on the circumference of a circle with the
center-point diameter GR falling in the range of 0.85G<GR<0.95G such that the
concave circular-arc contours reach the force application points Q. Thus, when the
generally used screw tightening structure which the force application points Q are
located on the circumference of a circle of about 0.9G with a center on the center line

36 01, it enables the driving angle 8 of the surface perpendicular force F to be set to be 0°
or less. Under such a situation, the driving angle 6 may be preferably determined to
fall in the range of —24.6°< 0 < 0° under which the ratio of F/N, i.e., F/F cos 6 = l/cos
8 between the surface perpendicular force F and the force N at the force application
point Q in the tangential direction falls in a range of 1.0 to 1.10, thereby enabling a

35 transfer loss of torque, caused by the driving angle 8. to be suppressed within a range
of 10% or less.

[0026] With the fourth aspect of the present invention, the torque transfer portions
{groove portions) of the recess has a ratio W falling in a range expressed as
0.35<W<0.50. This makes it possible to determine so as to allow the radius R and the

40  center-point diameter GR to satisfy the requirement of the numeric ranges in the third



35transfer loss of torque, caused by the driving angle 0, to be suppressed within a range of 10% or
less. [0026] With the fourth aspect of the present ingention, the torque transfer portions (groove
portions) of the recess has a ratio W falling in a range expressed as 0.35<W<0.50. This makes it
possible to determine so as to allow the radius R and the 40center-point diameter OR to satisfy the

reduireARBSCORthEsUMETL e gushithak therdry mgsppel e e aetadsdien isdrpectiving angle 0
is able tiolzqf@.u_i%tr?_%r:@ngﬁnoéegﬁrﬁlprﬁgl@&@&? fidle mee@r\feg,hmﬁpng&_g@tﬁm@ mhmfa%de of
material having higher strength than that of the screw. Therefore, agjusting the ratip W 0 torque
transfelhﬁb’m@g@% ﬂﬁeg%e&gggt%‘fféﬁ §5?I€é€eo.s§6e§ﬂo YETed f@ﬂﬁg%etl-‘é?réﬂé%% th[aﬁgﬁce with
that of the gesematighteningiond witkhkesediant suppressionaf AGdefdimatiohe eteeof thenneeess, while
enabling the screw to.be tightened with. large tightening torque. [Q027] The sixth aspect of.the present
inventiot f3&" é&s%a\%vat?éﬂ?evt“ﬂéﬂc}g etr%lr%:?tﬁér;n errgevr‘{tié ?vb%laeﬁ’§ %gﬁ%l) O‘Fdﬂheﬁ?g%sg(el}tﬁoﬁ%rﬁss of ﬂfe%rrecess

areoforndedoimthe eircelar, art wenfigerationsi Bachakitin thehoterediatn diert @hthawutertbitetgaferential

walls and kﬁe concave circular-arc contours at the force application points Q are smoothly connected

{ €. i ) i . .
to each Gther In & circular arc with a predetermined radius Rc. Thus, when forming the recess in

depresdidpAvit e vusgioisapuncht e resers 1Y GihBe EspopiaL &N $6¢ ik’ WtRThigher precision
than that; achiewad When,ceroeisiemaiy sharpened. rnd dHrablliy of thespunetris dragray esk: 20[0028]

With the seventh aspect of the invention, the three or more torque transfer portions of the mating

convex SEEHHS e CUHHEHMBH 1B otrEh Byentesss Heaeina o ohGvarel fiscrayseansal

cirgularpigisoHauisaanit yawhich apart e ate pé the sidewyalk of hegersiuegransfer portions
is formed. Thuys, setting the size and tlé%center poi&éthe centg{J point P2 of the ongave ircular-arc

contourSPGH L EeREGHFALe LME N TCFrEGIAR AL Soktbur ASRE THE Gt & ttintérential side
edge portiors ehthe terquadransfet portinnk: pféhe onatingh corveseset iomsaichbeheretghisintd abutting

contact with the S|de¥v:i\ll ?urfac ) o[ﬁ et r?ue transfer $%%|?Q§togc ere es%.e'rrkhés enabl%s t'!:ggtenlng

torque (B ARPARRIAHEL OB B At the o 55%%[%]%5 ion points l?ggregentlngogggﬁsarbu ment

portionssHauptbeedit et cmed dossibieiB80toieabily perfoomettie calculations on shape design of the
m%’ng TBH%%T %@ﬁﬂot%%igeventh aspect of the invention, the three or more torque transfer

portions of the mating convex sections are connected to each other by means of
circular- or oval-shaped concave circular-arc contours each by which a part of ora
whole of the sidewalls of the torque transfer portions is formed. Thus, setting the size
and the center point (the center point P2 of the concave circular-arc contours) of the

25 circular arc of the concave circular-arc contour allows the outer circumferential side
edge portions of the torque transfer portions of the mating convex sections to be
brought into abutting contact with the sidewall surfaces of the torque transfer portions
of the recess. This enables tightening torque to be transferred to the screw at the force
application points Q representing such abutment portions. Further, it becomes possible

30  to easily perform the caiculations on shape design of the mating convex sections in
consideration of the shape of the recess.
[0029] The eighth aspect of the present invention contemplates the provision wherein
the concave circular-arc contours have circular arcs each with a radius “r” which is
associated with the radius R in the relationship expressed as r=R. With the torque

35 transfer portions of the mating convex sections having an outer diameter “g”, the
radius “r” falls within a range expressed as 0.17g<r<0.33g, the center point P2 of the
‘concave circular-arc contour with the radius “r” is located on the circumference of the
circle with the center-point diameter “gr” falling in the range of 0.94g<gr<1.06g and
the end portions of the concave circular-arc contours reach the force application points

40 Q. i.e., the outer circumferential side edge portions of the torque transfer portions in



consideration of the shape of the recess. [0029] The eighth aspect of the present invention
contemplates the provision wherein the concave circular-arc contours have circular arcs each with a
radius -r" which is associated with the radius R in the relationship expressed as r>R. With the torque
35transfer portions of the mating convex sections having an outer diameter -g", the radius "r" falls

within aCRIHGEUERpIRRS s W7 EheDe a3 thhisdRAdSSdih PP BHEE costiavRE UG S -¥Rour
with th%@@#&@ﬁ%@tﬁ@@ﬂg%ﬁwﬂmemﬁs@; thesirgle withdha cantprcpeint diameteidgedtalling in
the range of 0.94ggi-1.06g and the end portions og tFe concave circular-arc contoyrs reach the force
applicatOR HIRTS 1S, O8I 4R BRI FLROEHAS L REANSidRAEHe OB SS RISt R RFSRERT portions
in 9 Scenfigurationg sigtlactoiha eadseThil makasdt poStiblecteeasiynpérfaror tiwe shdpaedesign of
the mating convex sections so as to allow the outer circumferential side edge portions of the torque
transferrﬁ%?ﬁ(ghs of the mating convex sections to be brought into abutting contact with the sidewall
surface$0dfI0E Worduentransttr portionsf ahthe recessi GI0080 Wil the atiqte aspedenptieipassent

inventioy WM NS SR IANSIE pATRNF.Of e MAlincRaveXRecliptsdiEingigapged to have the

[
outer diameter g iks &révo%fgcrte ative tor%]e oute%éﬁi]ameter G of the torque transfer portions of the

recess andlibe patep Slrctatftrantialthany sirtdéametes Qref the cortay & et part Qontiuieare
connected 10 each qber,in FLEIARRLCS fachwi i predeiernined dagivs JrR¢diker thgsdh aspect of

the invention, for example. Even under such a situation, the outer circumferential side edge portions of
the torqERNFARETET BOEBRLCH dhie afth§ EEAVEx BRIt AR5 B bt prefsb e A With the

sidgwallpguriaces, ofiherorpie trangier podinnsHoraeskakieconcay e it Watiaie Somews. for
appropriate transfer of torque. In addition, the outer_djameter "g" is 0,870 or more and this allows

20the oQIECEIFATFHRBISFIAI ] LaGES5oRIEHE BE (B R JOS eSS FUrRERE Bh1RE MRStG Shvex
sectionsthbexbteugbhintaautting wintactwvitbdtienguientircumiigrential dideaplostiofzs ¢incditiarea

outside DE13) o s lorgus ansler pians of hetecess, This makes, Lpossble o Hghigp the screw
with Iargtgrt éf"ﬁﬁé for e%,oresu?ﬁng th & réduetion of tié" SUrface perpendicular ?gtpcegﬁr provided
that torquenrierairfstudtiuthd rsaché tivag ritade; thor dhanetty stigpressifgther defommatibhof thevecess
angodamﬁg%ﬁ?e%ncqrvt\:lgﬁrfe%%ti% tﬂﬁe%%'g'l:gpcoor@}/c?ﬁ(ssgf:pﬁ’g%orque transfer portions of the
mating convex sections to be brought into abutting contact with the outer
circumferential side portions (in an area outside 0.87G) of the torque transfer portions
of the recess. This makes it possible to tighten the screw with large tightening torques,
resulting in a reduction of the surface perpendicular force F, provided that torque
25 remains with the same magnitude, for thereby suppressing the deformation of the
recess and damage to and wear, etc., of the mating convex sections.
[0031] The range of such an outer diameter “g” is determined upon supposing that the
position of the force application point Q, relative to the outer diameter G of the recess
in the generally used screw tightening structure, 1s about 0.9G with respect to the outer
30  diameter G of the recess 12 and set to be 0.87G<g<0.93G in consideration of errors in
stage production.
[0032] With the tenth aspect of the present invention, the torque transfer portions of
the mating convex sections have outer circumferential walls each formed in the
circular arc shape with the outer diameter “g” to provide the force application points Q
35  at the corner portions at which the outer circumferential walls and the concave
circular-arc contours intersect each other which are brought into abutting contact with
sidewalls of the torque transfer portions of the recess. This enables the force
application points Q to be located in areas closer to the outer circumferential sides of
the torque transfer portions of the recess to be as close as possible. This enables the

40 screw to be tightened with large tightening torque as those of the ninth aspect of the



100311 The range of such an outer diameter "g- is determined upon supposing that the position of the
force application point Q. relative to the outer diamgigr G of the recess in the generally used screw
tightening structure, is about 0.90 with respect to the outer 30diameter G of the recess 12 and set to
be 0.870g0.930 in consideration of errors in stage production. [0032] With the tenth aspect of the
preéseniTRaeRton Ve g uestiinste o tisivs 6P the Inthtirg dosde srtidrs HaV@ BiRdr circumferential

walls e%?t}\fmez?ﬂmtﬂﬁ&&f&%@ﬁé{&ssaﬁmezw@m% okteh diametel: grde provide thesfarcenapplication

points Q 35at the corner portions at which the outer circumferential walls and the concave circular-arc

contourdSiRERAEP B BhEF SHRTcHNr BRSEGHOIRR B ERInG Contd R ITA IR FARY K tASS{APESe

transfen postneiRf thevesesasjdis enatias thedoiae anphsationfgintsierio de lsated i awas
closer to the outer circumferential sides of the torque transfer portions of the re%aess to be as.close as

possiblERS A HHEHR AR GBI PR RS & fighEemat Wt MG RATENB PISPRRE RIS RE € ninth
aspect afitheal Sprasemt inventiof aestting iti arredudtor: of theBurfadeiperpeddiewtaeforce F.
provided that torgue remains with the same magnitude, far thereby suppressing the deformation of the
rocess B SO S0 M AL AtE ShETRe Rratig Rom e oD Sl et
the presenhinvelaionnisharsasepatesal the distal leadd of the 2dihimiimsdiasudten pohtonscot theanating

convex seelions ALANGeel 10 £NARGE e JOMIdMRYS oL be AL SAMERlel POUOR Al the recess

The minimunt diameter portions have the inclination angles of al and a2 which are set to be 7 or less

to fall irreiteinsidtlodisissi expréseeray ¢ 2heaingr@ ol-dRREbThRsanty inakreWeciirentebst large

static frkgiggtggg\gggglgpg@gggg}pg{pm%@_cause the screw to be easily retained (adhered) to the
screw t\ifﬂhtenin%ool, thereby making it possible for a robot 15to automatically tighten the screw.

[0034] Wik tHe 'Q}fﬁ‘ﬁl%ﬁ’@i’f@f%ﬁ@eﬁﬁe%%mquéﬁﬁ%}ﬁﬁé?ﬁé’ﬁnmﬁw‘a%@ ABREDS the recess
and theypaing CORYRY sectionahpve:tharinclineh asgles alanrthazvwhichrienrel 1 Prd b oniess,

respectively, with 61=62. This allows the recess and the mating convex sections to be press formed in
 Torgin RIS FHTE 0B S 2k ARG TSR e e SATEE Hoa E80.
therebythasiha cnabliog:the fecriationoniih higks facisidri n19@3Ed Mithrdhesthintednath dspestobthe
present invention, the driyin le O, of the .surface perpendicular force F falls.in the ran f -24.600.
T |§ IS Iérs%%i I?&% o éﬂﬁégl}ﬁ%aﬁgemog% frence of ¢o P%S-(ic'l?t.a]‘%js&sruglperreesgegatﬁgyoggﬁﬁéﬁgeﬁé
deformdiiom26 @f thet hebeds pndt darmage or wear, etc., of the mating convex sections, while making it

possibla dp 8 erdne-Rcirn i ias oG e I eiiatlyabicaqay inghiond b arddien, the

ratio of F/N between the surface perpendicular force F and the force N at the force application point Q

in the tatityéntiaintirectdhcialiy ifpscrRdalés inoths TaneetrdreB-Enaling®a trhhirds Isss blkwhgle,
caused Py theAuving NQUEPa {0 DET come-out. This suppresses the occurrence of deformation

25 of the recess and damage or wear, etc., of the mating convex sections, while making it
possible to tighten the screw with large tightening torque in a relatively easy fashion.
In addition, the ratio of F/N between the surface perpendicular force F and the force N
at the force application point Q in the tangential direction falls in a range of 1.0 to 1.10,
thereby enabling a transfer loss of torque, caused by the driving angle 6, to be

30 suppressed within a range of 10% or less.
[0036] A screw recited in the fourteenth aspect of the present invention and a screw
tightening tool recited in the fifteenth aspect of the present invention substantially are
possible to have the same advantageous effects as those of the screw tightening
structure recited in the first to thirteenth aspects of the present invention.

35 BRIEF DESCRIPTION OF THE DRAWINGS
[0037] FIG. 1 is a view, showing a screw tightening structure in the case of five torque
transfer portions of one embodiment according to the present invention, FIG. 1{a)
corresponds to a cross section taken on line 1A-IA of FIG. 1(b) and FIG. 1(b),
representing a longitudinal cross-sectional view involving the center lines O1 and 02,

40  corresponds to a cross section taken on line IB-IB of FIG. 1(b).



30suppressed within a range of 10% or less. 100361 A screw recited in the fourteenth aspect of the
present invention and a screw tightening tool recited,in the fifteenth aspect of the present invention
substantially are possible to have the same advantageous effects as those of the screw tightening
structure recited in the first to thirteenth aspects of the present invention. 35 BRIEF DESCRIPTION OF
THE DRAWINGE (b33 FIGe W isha vidg, tBRdwing enskipvbagtiesming strittufentplevessetbf five

torque trgnsier RRINAAR R ARE STIROAIIENERCCHIEIAG 19 Hi fU RBEL IMMRNEGR . FiGimk@) @orresponds
to a cross section taken on line IA-1A of FIG. 1(b) and FIG. 1(b],.represent|ng a longitudinal

cross-sectional Vit hibRitis thesdaiei 1 R0 HHd B2, 49¢6 B8 EOBTEE Qa5 tbén on
line IB- 1Bl GoldbliabdRE GR & @ VievuslTewing.the relationship wetveencthediaiorFHY detween

the surface perpendicular force F and the tangential force N, and the driving angle O. FIG.3isa
View ox;TREF TRB YER G SO CBa0 y 76 T OAER B BRF G el SR ORISR GR of o
circumfedereeofivgtiyde FaGwhiah thespdivs Brf thes miditing ent\EDGSE¢tpns afithetacessiard the
center point El are located, and the 10driving angle 0, FIG. 3(a) is representing in a table, and FIG.
3(b) is ré%?é’se‘nting in a graph. FIG. 4 is a view explaining the result on searching the relationship
between the cerftéGpbirt divivetex GRI ning ¢hreurselences ofier bircdet et whicio tsd nadies Reof the

mating conyex sections, and the.genter point PJ.are lacated. and.the ratie W of torgne 15anster

portions (grooved portions) with respect to the recess having three grooves to six grooves. FIG. 5
representErgrEph@VRN #66 taruibmrestis bPFI®. B are [ycateds andidhe sowiny tHd veaue

Cowert%ﬁ'&@fé@%ﬁiﬁnwitf%lr@ép@&tpt@rm@%ﬁa apdhihe GENI-RAIBLJIRIVRIET AR LQ Hhg vadlis

and the center-point diameter 20"gr" with respect to the mating convex sections in the case the outer
diametef 1Yy E6P & mating convex sections being 0.9G relative to the outer diameter G of the recess.

FIG. 5 represents graphs with the calculation results of FIG. 4.
FIG. 6 is a view showing the value converted the radius R with respect to the
recess and the center-point diameter GR to the radius “r” and the center-point diameter

20 “gr” with respect to the mating convex sections in the case the outer diameter “g” of
the mating convex sections being 0.9G relative to the outer diameter G of the recess.

FIG. 7 is a view explaining the embodiment, wherein the torque transfer
portions are formed in three components, which represents a cross-sectional view
corresponding to FIG. 1{a).

25 FIG. 8 is a view explaining the embodiment, wherein the torque transfer
portions are formed in four components, which represents a cross-sectional view
corresponding to FIG. I(a).

FIG. 9 is a view explaining the embodiment, wherein the torque transfer
portions are formed in six components, which represents a cross-sectional view

30 corresponding to FIG. 1{a).

FIG. 10 is a view explaining an example of the screw tightening structure in the
related art, which represents a cross-sectional view corresponding to FIG. 1.
BEST MODE FOR CARRYING OUT THE INVENTION
[0038] A recess has a shape in a cross section or an end face to be perpendicular to a

35  center line O1 of the recess involving force application points Q. This is determined
depending on the force application points Q such that, if a screw tightening tool has
mating convex sections protruding outward from the recess, for instance, the force
application points Q are usually present at opening edge portions of the recess. This
means that the recess has an end face configuration. If the mating convex sections of

40  the screw tightening tool are buried inside the recess, then, the force application points



FIG. 7 is a view explaining the embodiment, wherein the torque transfer portions are formed in three
components, which represents a cross-sectional viel\g, corresponding to FIG. 1(a). 25FIG. 8 is a view
explaining the embodiment, wherein the torque transfer portions are formed in four components, which
represents a cross-sectional view corresponding to FIG. 1(a). FIG. 9 is a view explaining the
embodifdent; wheidinhes totqateupansiend datorpoatofonob thin Bixttagrpuneats caihvals presents a
CrOSS-S%%HPE?A HFNHEATEIRANAOG O 5'9re1f§§ésem al Gt iAo AxRidining, gt &xample of the

screw tightening structure in the related art, which represents a cross-sectional view corresponding to
FIG. 1. BEST MEsDE: AoRCAR A ViN GLenT theE i VeNe s FORKRIOBET 2 e8$0RAk a shape in a cross

section eraRANddase 1R e PRpANJigar (9 i35 FeNtRf ineliohthedpeess imwlvinmiorce
application points Q. This is determined deﬁendlng on the force application points Q such that, if a

screw tigATIFHGIBHPRALAtRIGRHORTERCISLRBHY PPothififd hhardrof] fhe rBRHEE forikStance, the
forpe applicadion pests khate Uskadypreient et ppanin@edgrpartionswtibeaedess sTtisemeans that
the recegs has ap end face ongﬁgé?éion. If the .mating convex sections of 40the screw tigt&(jning tool
are buriétf SRR R PALUES CHRS! Ufg’f’cgoe?ﬁﬁﬁ@éti%%%%m the g‘dcgréqﬂ) Lty BreseRt atupper end
face porpzns ©f theddatiog  corvix seaipriz stich thatrthre@oace applieatissnpdints @tadeapresent at
intermediate, porlions df e sesssalong adent) disetan This means,ihal s fecass Iakema.
cross-séctional conﬁéuratlon. In"a seventh aspec of the present invention, shape%’o? the mating
convex sectiepstodiseptame petpendissiaridtine:gbrites KndE2 ofdicemaltite CIPseRIDSEEIONS
involvin ication:peints; Q.. t Seeti e fl Tolt
oo o e e AT he o

applicatPPipEiRsIg ame: Hot heesasiadly The st et ione Hair othenpig e iy 18 9% continuously
present gy dinRaaydes lengo o ingianse.ieceRilrectionialne sarass. fltieugh the sublec

matter of the present invention 15may prefera Iﬁe satisfied in a whole of such ranges, any one of the

force apBlICSHSH IR Bondy Gtichaseiish Mrelibing M PR saisthlone i\ Amssaive

side, the greater will be the value of F/N with a resultant increase in transfer loss of
20 torque while tightening torque is required to be £10% or less in precision. Thus, 1t is
preferred for the transfer loss of torque to be suppressed to a level of 10% or less and,
in order to achieve such requirements, a need arises for the driving angle 0 to be
—24.6° or more. Further, since torque control may also be possible to be performed in
consideration of such a transfer loss, it is possible to adopt a screw tightening structure

having the driving angle 6 falling below —24.6°. If the driving angle 8 is set to be, for

3]
[ 43

instance, —17°< 6 < 0°, the transfer loss of torque can be suppressed to be of 5% or less.
If 6 < 0°, a component force occurs in a direction to pull a sidewall of the recess
inward with a resultant suppression of come-out in a further appropriate fashion. Thus,
the driving angle & will be appropriately determined in consideration of such transfer
30 loss and come-out, etc.
[0040] The present invention contemplates to cause surface perpendicular forces I,
present at the force application points Q occurring when the screw is tightened in
abutting contact, to have the driving angle 0 to be 0° or less. In order to have similar
advantageous effects even when untightening the screw, the recess and the mating
35 convex sections and the torque transfer portions may be preferably formed in
symmetric shapes in circumferential directions about the center line 01 and 02. Due to
different required torgues for the tightening side and the untightening side. however,
these may be formed in asymmetric shapes.
[0041] With a second aspect of the present invention, the recess has three or more

40  torque transfer portions which are connected to with each other by means of circular-



[0039] It may suffice for a driving angle B to be 0 or less. However, there are increasing likelihoods
that the greater the driving angle O oriented toward gynegative side, the greater will be the value of F/N
with a resultant increase in transfer loss of 20torque while tightening torque is required to be 10% or
less in precision. Thus, it is preferred for the transfer loss of torque to be suppressed to a level of
1006/0 opteseabridiairedraente wrhievolsuencreqoiaments Brapaa aHsadt ot RBEcCHIGVlRG arfieD to be

-24.6 ormate. SIINAT SIPGE 1AV HARkeL May 2lse:Ng RSPk I be DREPrRacst inraRsidaration of

such a transfer loss, it Is possible to adopt a screw tightening structure 55having the driving angle 0

falling bERkes s B 3rihke driagi bhaf & ishedl ve fenmisdhvd th oy G o bl traHstaribss of torque

can be ?!épﬂfﬁﬁ%‘gi tohe @f 8%ionless tHOresa 6pPIeARNMI fATER QAU il érilifetiionhe Al a

sidewall of the recess inward with a resultant suppression of come-out.in a further appropriate fashion.
Thus, tHERARAAG Ao TSRl BB SBH At AU ARALE oS AIEIAGH BF SLAF I ETeh dboEs and

come-oth etde1904Q1The: presEbhilvepiontsaptemplaidsite causeSutntesperpendicndar forces F,
present at the force application. pojnts Q occurring when the screw is.tightened in abutting contact, to
have thgod.l’ﬁilﬁ% a&h%‘f’é) 8’&8?&%%#%}5%% [Aotaéf ‘?ocﬁgv%usrism i?g}eaﬁl\%n %gceocgﬂfseéf?gg%oé}\?e% When
untightemiciy deet soyew  thesfecgss dnd thehicdatimg 3 Seopwede saotiofis mrd thecmrgaetiransfergsdrtions
may be gieferabl el 0 Fitgmierential direstions, ARAKL e-cenier Jpg 01
and OZ.%%%%@%%&%E? geg}tfire ?;réﬂcggih}g?&g %gri%%%g Eside and the untightening gide, however,
these ny betfopsres irp Ashmpretsa s oyl (O0RY] With tekecohdraspaetsfsergrEgehtisvention, the

regess hag.thes Ar BIore Atorgus:fansier ReLionsiwdich Arexcannesiediigwitirgach pther by means

of circular- 13 50r oval-shaped concave circular arc contours. Appropriately altering circular arcs of

those coHEEGB CIFEQIAPHIEBS MBI ¥ith BrIAGSSstioh LB EIAIER D6 Br i@ RKE HHARRNU PSssible

to easilyadjust Haedrddng-aaG I nit kv Eapahikty pfecasiivpedauming soo e designs efthedecess
upon calculations. In implementing the f"; tar?gect of the present invegtion, the drivé%g an%Ie 0 of the
surface PRMSERURLILP 1OriesEE i O ARfeH e Ha RS Rt ARSI OIS BiHiSS BB TS ess in
various eopfigurafienscexsadpiSpe tha edrchtasarercbnispest Hiamaiing canvex sdotiovshalsorindlade

tosque transfer porlions which may be prefeably formed jp copnection 1 ach gihar by means o
Cl lar- 8}:%1\}38. -réqﬁ‘aslpeedpc?oncave CII’CU(iaI’ arc COFﬁOUI’S |IR€ %OS% rOI} a seventnh aspec of 1%6 present
inventionwitshaydake nthee varous shapedhtrutieincluding: manufacturing various test
pieces with structures different in size of the circular arcs and the positions of the
center points; and making contour designs in try and errors, etc.
[0042] A third aspect of the present invention contemplates the provision wherein the
25 concave circular arc contours have circular arcs each with a radius R. With the recess
having an outer diameter G, a structure is formed such that: the radius R falls in a range
expressed as 0.15G<R<0.30G; and a center-point diameter GR of the circumference of
a circle, at which the center point P1 is located, falls in a range expressed as
0.85G<GR<0.95G to allow the concave circular arc contours to reach the force
30 application points Q. These represent proper ranges in view of the driving angle ©
achieving to fall in a range of -24.6°< 6 < 0° on the assumption of ordinary screw
tightening structure, that is, a case the force application points Q are located on a

circumference of about 0.9G with its center on the center line O1. If the force

application points Q are remarkably deviated from the circumference of the circle of

Lad
L

0.9G with a center on the center line O1, there is a likelihood that the radius R | at
which the driving angle 6 falls in the range of —24.6°< 0 < 0°, or the center-point
diameter GR is dislocated from the numeric values noted above. Even when the force
application points Q are located at positions in the order of about 0.9G, further, the
driving angle 8 can be set to fall in the range of -24.6°< 6 < 0°, depending on size of

40  the radius R, even if the center-point diameter GR exceeds the range mentioned above.



15circular arc contours. In particular, the mating convex sections may suffice to be brought into
abutting contact with the recess at predetermined fqg:e application points Q with no direct relationship
with the driving angle 0 and it may be relatively easy to perform contour designs or the like. Also,
various design techniques may be performed even for the second aspect and the seventh aspect of
theSprederaddventiothaviereirethngde forpretieasriier porkionsle aagmeteldtié Eabhrotier by means

of the clighlata Oy shBeSROBCAYE P AT CAReHE JOClting. MANUARIUIDRIRUS test

pieces with structures different in size of the circular arcs and the positions of the center points: and
making (@0 IR YBLRPSE PRy anld dFrsrie reea timp 4l3a seepind aspect of the present IRVeRtGR- it

contemplaies derovigion whersincthe: 2560nGava Cieas HIC GORPUIS NAVR CHRHLEGR @A With a
radius R, With the recess having an outer diameter G, a structure is formed such that: the radius R

falls in & P4RGe SEBIEREdAHS TSt SO0 RS d R JMCHE SIS BN B tRB&GRthference of a
cingle, agmbieiniRereenteriReintRldgdesated, falls in a range expressed as 0.85GGR.C.0.95G to allow

the con ircular arc contours to reach the force 30application points Q. These represent proper
ranges TUTEAL SPRES ARG ANBRS b IGVI G TPt oA 51 CSES BN tRE Lelimption of
ordinary sorewetightening stiticturecthathisya gase th®/ foéatE agpplicatianegpaiits. £ e lotaied Drea
circumference of about 0.9G with its.center on t enter:hn f the.fqrc lication points Q are
remarkab )I/Odevig}afj reo%)?ﬁgpcrilr‘%ér?%e%rg%%g (I)?%E‘ee(%i g edc#1 §5%%918%ﬁ%f3350§%?§§ éﬁ%ﬁ%’c%%%? Tine 01,
there is & likelinoodithdt thie fadius Rt wiithlgse shbeingtangle 00falis¢telha iganpsadfusd. 68 00, or

the-center:poing E’Wy%ﬁgisﬂﬁﬁﬁtﬁ&’efﬁe%wwmﬂ?%&lHEW&%‘%&QP%&%&WQ fyg force
application points Q are located at positions in the order of about 0.90, further, the driving angle 0 can
be set téhraN3H Y rkhbe pilasively snpdl daﬁﬁharﬁ@ro@ﬁsh,@éw%éﬂfemé&nagqaDeiféhqf%% cBhter-point

diametef IR AXCeEHASIIRIANGE, MANIRARERDAYRy Iealnaddition, e-Auving:angle-Geeabl Dgset to
fall in the rangﬁ.e of -24.6. 0.00, dependin?ﬂon size of the center-point diameter O eé/fn if the radius R

exceeddHRdTHAGY MeftbiRdBIEEIET BsimgR ARRtHY 1O UL R AREEr B BeOp QB RSTeRiidh, it is
possiblalie adapt theleoniayentiiculatacaniotisol) Whishnpantiabareasdfithe onal siapay enabling

the same calculations as those of the circfle to obtain tangential 10directions or thlehlike, are cut out.
10043] W& FOTHACSS PP S HE HIESRE IHENS e tD1Ate PSRURI SRS (bR

ons’(groove por%ions) of
the recessnivaxesadtatios\wffalingdre s rantecaf M IvelVatOoSha Wit ehatis \th an ayebepappropitiately

determila%geg_l%%g&ii@%jgﬂ J&,?%erg?ﬁlgfsﬁp%%% énrg@gﬁe of a screw made of, for instance, stainless

steel or non-iron metalin general use. Sscrew is re gtively weaker than the screw tightening tool.
Therefol@0# 4 préterabie fortrs ¢and Wad b ealatively omlltiredn rdetras 16w asrfomihstance. 0.35

to 0.40. Ip.case ofasereyPase. Qb Jor instance, allay sieelwith hiahisiengtadhisuaieraplg for the

ratio W to fall in an order as high as 0.40 to 0.50 in consideration of a balance with the screw
tightenirfgT Oy SE ShgRt thata o DEHRNHIA S EShdiTDFE e vatis N esit 2 6be st ined in an

order beyopg! e AUERRSTANGAS TeRiancd PRV ri e Waise £oYaYsEcians Oithenscred us
tghtening tcol also have shapes,thaf are approprately determined depending on thg shape of the
various modes may be possibly implemented including capabilities of: connecting the
outer circumferential walls with each other by means of curved surfaces except for
30 flattened surfaces or circular arcs in place of the circular arc with the radius Rc; and
allowing the outer circumferential walls to be formed in flattened surfaces.
[0045] An eighth aspect of the present invention contemplates to determine ranges of
the radius “r” and the center-point diameter “gr™ in association with the recess
configuration, defined in the third aspect of the present invention, as a premise based
35  on the screw tightening tool in general use: in which the force application points Q are
iocated on the circumference of a circle in the order of 0.9G with the center on the
center line O1. Under a circumstance where the force application points Q are
remarkably deviated from the circumference of the circle of 0.9G with the center on

the center Iine O1, there 1s a likelihood that the radius “r” and the center-point

40  diameter “gr” are deviated from the numeric ranges defined above and appropriately



[0044] With a sixth aspect of the present invention, the torque transfer portions (groove portions) of the
recess, having outer circumferential walls each forn]gd in a 25circular arc shape with an outer
diameter G, are smoothly connected to concave circular arc contours (at sidewalls of the torque
transfer portions) each with the radius R via circular arc of radius Rc having the relationship of
Rc&(G-E8Rxe?. dHowadargvamousimodesnidiobe . Jossityamphsimarited savioding sewsabifitiee of:

connecting the eiieheEsHmisIeual walls it sachohervcmcans o e UUBRERGXGRPL for

30flattened surfaces or circular arcs In place of the circular arc with the radius Rc; and allowing the

outer cifEhifferhnidoeaft thepeifeRITEERHS Matbibe Bifaees. [0045) v BigREs ASpsstsithipresent
inVe”tio%hQQWEWHiﬁf&ﬁéﬁt@ﬁée{H@ri%@@&%?x@ﬁtﬁ‘@pé@%ﬁ"fh@%é&&?@ﬁ&%ﬁﬂ@mtt@ﬂ@mtﬁre-gr" in
|

association with the recess configuration, defined._in the third aspect of the E)rresent invention, as a
f

premise IBRSERS IEBH NS SARRAGMRESTHGIIS FHYLRERET IBATFHHARAAR it SPIIEAs SR DETts Q

argglocagect om ihe Glhepanteresse iraltireledal theagr demeb Q:9Gvite thenaeteioietbe eextter line 01.
Under a circumstance where the force application points Q are remarkably deviated from the

circumféréiite of the circle of 0.90 with the center on the center line 01, there is a likelihood that the
radius "f0add]tRerdanbeispeict 4Ddiametsetigiharmdeviated fropidiee nuriéoie theges cefirmedeatove
and apRipprigialy. dralieredspendiog on, valipys LoNAons, I JMAIEMERINGbe PVt Aspect of
the preséwt Invention, moreover, it'is possible to adopt coficave circular arc contours in which, in place
of the cirtelantcdiith ther reidifsthye it svahshapes drerciuhautia peremalimpiementing the first to

sixth aspegisRhibe MESERL INYERHOTIRE traHErRISIRS RTINS nan e coRDR R dR-aaCh pther in

areas adjacent to the mating convex 10sections in shape except for'the circular arc contours formed in
the circleitilaval Sirapederoo 8198 minth Hipeentirre phesesitiRivERGdR domteiptitésifo allow the

outer digmeternje of heImaling saovexiseckpnsiedallip a ranae LxPressed 38 LS 140-83G for the
outer diameter. G of the recess on supposition that the generally used screw 15tightening structure has

.

the forcQWSHIREHR Hoirsts B9 IHPSRTRBERRMRNENES BrPEH9aliFeRee KRR with the center
on the ceatenlingc:0dn inawbich it is preferable to fall the relationship expressed as g = 0.90 but may be
possmlehgg)”rg%e outer diameter "g" to be determined. beyond the pumelill%al range not%d above

de%)oendi n%éag.t%@iﬁﬁ%ig&%H}ﬁeg%teﬁ‘(])ﬂ Q%Fé)égﬁfrfﬁv%tﬁﬁ()tn cgﬁ?emp?é}té)s thé E)I}gvision of

mating convex sections which include: torque transfer portions having outer circumferential

walls formed in circular arc shapes each with an outer diameter “g”; in which the force
application points Q lay at corner portions at which the outer circumferential walls and
the concaved circular arc contours intersect with each other. However, various

25  appropriate modifications may be possibly implemented including steps of: connecting
the outer circumferential walls and the concaved circular arc contours by means of
predetermined circular arcs and chamfered flat surfaces or the like; and forming the
outer circumferential walls in flattened surfaces, eic.
[0048] With an eleventh aspect and a twelfth aspect of the present invention, the recess

30  and the mating convex sections have minimum diameter portions or maximum
diameter portions which are inclined at inclination angles of a1, a2, el and €2 with
respect to the center lines Q1 and Q2. In an alternative, however, a recess or mating
convex sections may be formed in straight shapes parallel to the center lines Q1 and
Q2. Only either one of the recess and the mating convex sections may also be formed

35  in the straight form. Moreover, in terms of adhesiveness and forging formability or the
like, the inclination angles o1 and o2 may preferably fall in a range from about 3° to
7° and the inclination angies €1 and &2 may preferably fall in a range from about 10° to
15°. In addition, the inclination angles al, «2, €1 and 2 may also be determined to go
beyond the numeric ranges defined in the eleventh aspect and the twelfth aspect of the

40  present invention or may also be possible to fall in the relationships expressed as



convex sections which include: torque transfer portions having outer circumferential walls formed in
circular arc shapes each with an outer diameter "g-; in which the force application points Q lay at
corner portions at which the outer circumferential walls and the concaved circular arc contours
intersect with each other. However, various 25appropriate modifications may be possibly implemented
including bteps afdcehetting the outer circumferential walls and the concaved circular arc contours by

' Iy ikes ing the out
means ¢fpiRHeiened fIreWRh aGs A9 %@%Eggﬁ%{%ﬁ@ﬁﬁﬁ%@&@@ likes andferming the outer

circumferential walls in flattened surfaces, etc. 1 an eleventh aspect and a twelfth aspect of

the presewiiRGERTiGATIHE HEEE 3PP IReYh SR §EC5 Y AR EdDome HASC RIS i aRTeter portions

or maximimdiameieraopitions,vdiehar e pptlnedoadibelivatinrangles:of ahearuiband stwjtierespect
to the center lines Q1 and Qj In an alternative, howeyver, a recess or matinr? c%wex S ctlirggtsiorplay be
perd BROGE (e

formed ML RIR SHEPES D AdPRS thé CERTEI RS BT BRGSEY. BRRPEMBRE S (e 08

ecess and the
mating edintexrseetionadnianalgesberforeaed 3&in dfietstraightipranMoresvenis temmiscof

adhesiveness and.forging formahility or the like, the.inclination angles al an .ma ferably fall in
a range %}Id)rﬂrgg%eud[ g%oh'%é:r?g %ﬁ@lil[r%: éé{g‘}f%%i&%?ﬁ an gzwrrialtg%? %e%q%%éllﬁ%yzﬁg%ée from
about 10d¢sulBnn mdditidvathiegnelinatfecandlesailiag, elcamipdR enapatsshbadeedmined to go

beyond fhe, BHMENICi (39S dainediin the elaventh.aspectand e fwelth,aspeelof the 40present

invention or may also be possible to fall in the relationships expressed as' 16 5al>cc2 and E | #C2.
[0049] Theprsbartiitivention may be appropriately applied to a case wherein the number of torque

trapsfer pRyERSIEthe decass Ayl tha, RalingePrvexsastiangibeidasi? @8 uidnas alse e applied
to another case wherein the number of torque transfer portions is 7 or more. According to the present

inventiod SAaih ity &rdRAsRGSH A 60F HrEPORBALARY AEMABES or wears, etc., of the mating convex
sections can be puppressgd with sheagabilitys ofdighighipgithe sewuvdth lefga tightéoidgresque,

resulting in an advantageous effect of enabling a. t partio b de of material at | t
providech At HB LA LA BTG BHIUB T BSUCEA ERbod ety TSt 0BB0t Seretber ™ 10

ereunder,
embodinments didbetplesentinyehtipn, witldm de agribad: beleacinosstdib withy referd noeat o dthev

ac 8mp%n Ir’ggngrrxa bnoqslél incrulgé } xlfse %0\{] e %r%%wfgxgpaﬁﬁroer\l’g tf%%?@'%?%%?@ty{ﬁ\%ﬁt,%ﬁich:
embodiment &ceor ing to the present invention in which'a recess 12, formed on a head of a screw 10
in an inderiet doncavedhegpecting mating vehvese suttishs arép beoiddad eatasswelgr2bgritalfing tool

14, i”C'“ﬁ%ﬁg@&@&‘ﬂ%‘?aﬁﬁﬁ@@kp&ﬂ@é@ 1880020 1espactye W iwhich: prafaudesoward respestive

outer circumferentidl peripheries at equiangular intervals, respectively: and are provided in concentric
relation WAt Behfermines oY dighomnirgne aticty Theattd ser sl tighidRitg s rheteérew tightening

tool 14 is rotataskelaek\visg abeptdhe center Jing QRwith d8e recass 42 angithe mating ceaviexsections

25 16 engaged in concentric relation with each other. This causes outer circumferential
edge portions of the five torque transfer portions 20 of the mating convex sections 16
to be brought into abutting contact with sidewalls of the torque transfer portions 18 of
the recess 12, respectively, such that tightening torque is transferred to the screw 10
through force application points Q representing relevant abutment portions. The force

30 application points Q are present at opening edge portions (at positions on a surface of a
sheet of FIG. 1(a)) in which the recess 12 is open to an end face 22 of the head of the
screw 10. It is preferable for the force application points QQ to linearly extend toward a
distal end (in a lower area in FIG. 1(b)) of the screw tightening tool 14. The screw
tightening tool 14 takes the form of a screw driver or a bit, etc. FIG. 1(a) 1s a cross

35  section perpendicular to the center lines O1 and O2, and corresponds to a cross section
taken on line TA-IA of FIG. 1(b) and FIG. 1(b), representing a longitudinal
cross-sectional view involving the center lines O1 and O2, corresponds to a cross
section taken on line IB-1B of FIG. 1({a).
[0051] Now, the recess 12 has a shape defined as follows. In an end face configuration

40  of the recess 12 on a plane perpendicular to the center line Ol involving the force



2516 engaged in concentric relation with each other. This causes outer circumferential edge portions
of the five torque transfer portions 20 of the mating gonvex sections 16 to be brought into abutting
contact with sidewalls of the torque transfer portions 18 of the recess 12, respectively, such that
tightening torque is transferred to the screw 10 through force application points Q representing
releVantainhiaaéitipppioh €. Rhetdece BospplidtaidapBints .8 prisbanat BesingBYGdis8ia6ns (at
positiong 0, @ sifacaiof arbeel AHS o1 @) IR WRIGH IR IREESD dmiS PRSI grd dace 2 of the

head of the screw 10. It is preferable for the force application points Q to linearly extend toward a distal
end (in 2bferRRElS ARs!ings Vot sesslvitghiensrnidal LirerHendiciy foftetighool 14 takes

Bhle foamégamgé@wawrgf@ Nitiﬂq-cﬁlﬁqiiﬁﬂi@m&?%ﬁ%ﬁ?fa?mmﬁ% 1(bi§ukﬁcli&|t:(hth?1¢b@)ﬂtﬁf lines
an , and corresponds to a cross section taken on line 1A-IA o 3 n :
represeffiid SisHRTtA R @r6§§?§§8§orrﬁ’a eiévg’ih\’/]&%iﬁB%ﬁ% %emgrqfﬁ%’éléfé% @Zf,l%&srré%ﬁonds to a
cross segtigfetakpreoreling TB4Bof 61601 (a)th thf0BGL] Nown ghe Geoers 1 dibsadiahiapeudefinéd as
follows. In an end face c%oqfi ura'%ion 400f thef' recess 12 ona éane e%rﬁendicuga]r tggr}%&enter line 01
involvin(jgﬁg %Fc%anlgf A pi%:rgt?olr? 1pl)bln B2 AEE aceopeerﬂje%dléhfar force F ,I%rlén ed ona plane
perpendiculfirgor thi sidéwad| ek tise icteks R at theGot¢e)applidationqrgint Qais tireutedsich that:
when an angle, incli ith ge gential direction (i.e.. a. firection indi w N
I T T s cony h s e o o

driving aeighe: Brthecrivitrpah g e Gl ithaa1Crdivgelegprds st ag npardyovaholy withhiasidawiad angle
0, Qeientated, tadiallyontweard than thestarasetialdirestignhaing feated: t-pe, pasitivenihiat is4in an

end face configuration of the recess 12 shown in FIG. 1(a), the five torque transfer portions ((g;ooved

portions) S5 URIRE HBEESILE AFaTEdRnBERIPRS daRiothe M By ST dhd 8l Baicavietifdamaf afcEontours

24 each withha-ragdivsaRi sy that & neambweele ofdhe sidewalts<kbal theaargaer tiamisfer pertions 18

are formed of such caoncavye circular arc gontours 24. Assuming the torque transfey. portiqns 18 of the
recess 1%95%%%&@&%%%?8?@%%@1} alra?dﬁ?élﬁ?'fgﬁsgﬁ %#ﬁmg’é%%%eg%‘i@%imm at

0.15GSRB doturideswhioli theigdatef painh Rk qfdhe cinasstercldultal Hrg cordagesd@4 each with the
radjus R@ %%P{%Ci cumference of a circle of a center,poin cirzam ter GR falling a range of
200 55RO T i o AUt SR Ehe B FAL DL I e B 0B R i i 24
extend teaneas s|Ryhtly texdeedimgathel fahséyappticadiorne pbint®d Q@ sapiplitation points Q such that

the force application points (@ are present at the concave circular arc contours 24.

[0052] With the driving angle O set to be 0° or less, it is less likely for the screw

tightening tool 14 to escape from the recess 12 1n come-out than a situation (see FIG.

2
th

10) under which the surface perpendicular force F is oriented radially outward (with
0°<0) like a situation encountered in the related art. However, the greater the deviation
of the driving angle 6 toward a negative side, the greater will be the ratio }/N between
the surface perpendicular force F and the tangential force N acting at the force
application point Q. This results in an increase in transfer loss of torque. There 1s an
3¢ increasing likelihood for tightening torque to be required in precision of £10% or less.
In the present embodiment, therefore, the driving angle 0 is set to be —24.6° or more to
allow the ratio F/N to be 1.10 or less such that the transfer loss of torque is 10% or less.
FIG. 2 is a view showing the relationship between the driving angle € and F/N. As
shown in equation (1), the tangential force N is expressed in terms of F-cos 6, therefore
35  F/N = l/cos 0. In addition, the driving angle 0 is appropriately determined in
consideration of the likelihood of inducing transfer loss and come-out, etc. With the
driving angle 0 set to be, for instance, —17°< 6 < 0°, the transfer loss of torque can be
lowered to be 5% or less.
[0053] Further, the center-point diameter GR, at which the radius R and the center

40 point P1 are located, has a numeric range determined such that the driving angle 0 falls



the force application points Q are present at the concave circular arc contours 24. 100521 With the
driving angle O set to be O or less, it is less likely for;the screw tightening tool 14 to escape from the
recess 12 in come-out than a situation (see FIG. 2510) under which the surface perpendicular force F
is oriented radially outward (with 0<()) like a situation encountered in the related art. However, the
greater ithéhgerdatsrrd-thé.- BrivigahrpBrcNaRP 8l Redhavesider s prateati AR bR faftio F/N

betweep,the:surfack RerpendisHias fse F and.thedangantiabiowns N asingatdheroresarplication

point Q. This results in an increase in transfer loss of torque. There is an 30increasing likelihood for

tighteniHER6f§L @ BiNFlirdd e PratRioroar fioscsTIRES 1R AL pradsniaditosiittent, theterd%, the

driving ginale Pdsoselcta e ndd b Rramoieio alinyg hevatie £/Nitadgatitinirigss slictuthetitbatransfer
loss of torque is 10% or less. EIG. 2 js a view i%(r)win thzreé ti ns ip<b(%tvveenﬁ%1e ctiéiving angle 0 and
17/N. ADehalm R SHARABEIEL £33 B §Bhta RS EBN Stdxprdslen thtemET S EXES B oherefore

35k/N 01/ sas® 40 3dditiond the SitivitR angle G israppropiiate | datésmiteeviadcbrnsideration of the
likelihood of inducing transfer. loss and come-qut, etc. With the driving.angle 0 to be, for instance,
175 B B0 L ISR BT TR Lo b Toenel o B8 A T GRS b %
center-gdiot diametebGRyiatwhichothve rgoidis R ianoptie cé€htercd Opeids Piageangkdtd ohaBsa numeric
range deferni ¥ e[l 1 81NdBe A3098 Of e A RAG YRS SURPASINY
that the%%?rg%gg)g%&%ﬁl@%%}z{ﬁ%,ggm%%glﬂalen%%iqi%ﬁgﬁg?ﬁ of outer crcumferential sideg edge

portionslisfethe toggaphrah&fr. ptikibis PG intHeanagmpconvek dechenadiosdl s il 8 dhfe aIER of

0.99G as.thatof & generatyysed s6rewHiphiening, siyctue. More panticilady.olt istumed oubthat the
driving angle O can be set to the range of -24.6 0 O provided that 100.15GR0.300 and

0.85G.CGR. 5 ke g5t e shiis A8 e i 2 Fase By B SrophiateR) Metrmirift e 7aditR%R and the
SQnFer-Rﬁiﬁlﬁﬂéﬁﬂfi@%ﬁ @%%x@%@ﬂd@_ﬁ%}r&@g@d&@hﬁ?&m‘ ) fgmfe;agg&eathmg@@m@ k;leéﬁt?e
riving angle O of the surface perpendiculgr force N at t osition o ~encircle a
single dBTfHE iﬂ%\n@?ﬁbﬁ%rft}ﬂ?‘i %b}‘??e%ﬂﬁs%ﬁt@pé’ %‘@’i’(ﬁ&%%lﬁ%’&% ?a%%‘t@ grfgi%)mlﬂ#ee (r:gr%ee)zé
15expressed sis Qol biEo 20306, anddhel drivingfatigle thialishdpdi b6 of 4.6 00 Thethe
relationship among s a radius R. the center-point.diameter t Iving angle,Q is
es gblisﬁgg gﬁgrcc%eos%ls?gfs the Hﬁsmlg ¢ ?ﬁ%grzhﬁt%d;&gf%ﬁ%%) m%g%%ggqégs%earngo%gns 18. As
will be appeeenpfiomdhergrapt(ot Et@séi(ﬁb,d?b&ddh@ﬁpﬁ%i@fe&ﬁ ﬁl&ﬁﬁﬁé}&ﬁﬁn%@glg 0 to fall in
e AN BLaT 104l MRUER IBSARGR TR PR NS BAHaRPRSRILREYRRA ARG H'S of

0.15G1
center-point diameter is expressed as GR = 0.90G as shown in FIG. 1. Suppose the

force application point Q, i.e., the diametric dimensions of the outer circumferential

25  side edge portions of the torque transfer portions 20 of the mating convex sections 16
have the same value of 0.90G as that of the generally used screw tightening structure,
the driving angle 6 is expressed as 6 =-10°.
[0055] For the end face configuration of the recess 12 shown in FIG. 1(a). meanwhile,
the angle ¢1 between the torque transfer portions 18 of the recess 12 with the center on

30 the center line O1 and a separate angle ¢2 of the torque transfer portions 18 are
determined so as to satisfy the relationship expressed as 0.35<W<0.50 when assuming
the torque transfer portions 18 have a ratio (hereinafter, referred to as a “groove ratio™)
of W = ¢1/(¢1+¢2). The groove ratio W is determined based on material, i.e., strength,
of the screw 10 in general. However, the torque transfer portions 18 are likely to vary

35  in shape in the presence of such a groove ratio W. This makes it difficult to determine
the shapes of the torque transfer portions 18 in a way to satisfy the conditions in which
the radius R and the center-point diameter GR fall in 0.15G<R<0.30G and
0.85G<GR<0.95G, respectively. The groove ratio W falls in a range such that the
torque transfer portions 18 can have predetermined strengths in consideration of the

4¢  material. i.e., strength, of the screw 10 being weaker than the screw tightening tool 14,



center-point diameter GR present beyond the limits of GR 0.85G.SGRS0.95G. [0054] In the present
embodiment, the radius is expressed as R = 0.16G gnd the center-point diameter is expressed as GR
= 0.90G as shown in FIG. I. Suppose the force application point Q, i.e., the diametric dimensions of

the outer circumferential 25 side edge portions of the torque transfer portions 20 of the mating convex
seétionsiibhslventhe SHmd vrlue BROTOGPRS ieaso} heagehe gt idde siran it kdimfsiEture, the

driving gngle.Qiis sxArassediasd) (1036 Hrotihe end facecanlinuration sttbe reaess &2 shown in
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groove tAgIGARTS defRhifsL6aK dpé’ﬁ%éﬁgﬁbqf%., r%ﬁ%?ﬁlf%?%h%nst W B IR general. However,
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grooves 6 S #kdlacsrodde’d o Qi Jrodvedy et FiRMSE HY it r portions
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single dotdtes GRLG.95,Gl Frepiesenheegionsrinwhich the pdoveRatioy Satidfies Gm35«e0.50 and

th%odnwggpropriate in terms of FIG. 3. Looking at FIGS 4 and 5, however, it is turned out that

in either of the three grooves to six grooves and in any of the values of the center-point

diameter ranging from 0.85G to 0.95G, the groove ratio W becomes much greater than

0.5 to be inappropriate in terms of strength, etc.

[0057]} In end face configuration of the recess 12 shown in FIG. 1(a), the torque

25 transfer portions 18 of the recess 12 have outer circumferential walls 26 formed in
circular arc shapes, respectively, each having an outer diameter G. The outer
circumferential walls 26 are smoothly connected to the concave circular arc contours
24 at the force application points Q in circular arcs each with the radius Rc having the
relationship expressed as Re<(G—GR)/2. The concave circular arc contours 24, each

30 formed in a symmetric shape in an area about the center line O1, are also smoothly
connected to the outer circumferential walls 26 in circular arcs each with the radius Re
at an edge portion in opposition to the force application point Q. That is, the force
application point Q acts as an abutment portion when the screw 10 is tightened and has
an opposite side formed in a similar (symmetric) structure with which the mating

35 convex section 16 engages when loosening the screw 10. This result in the same
advantageous effects as those obtained when tightening the screw 10. For the screw
tightening tool 14, similarly, the mating convex sections 16 have the torque transfer
portions 20, respectively, each of which is formed in a symmetric shape in a
circumferential direction of the center line O2.

40  [0058] For the mating convex sections 16 of the screw tightening tool 14. the torque



angle O satisfies -24.6 0 0. From these, it is understood that the shapes of the torque transfer portions
18 can be determined so as to satisfy the conditionsof the radius R and the center-point diameter OR
in terms of 0.15G.12.0.300 and 0.85GGR0.95G. Further, the occurrence of the radius R being 0.100
seems to be 20 appropriate in terms of FIG. 3. Looking at FIGS 4 and 5. however, it is turned out that
in éithelranghierthrst gro L Ay BisctgrRsowRS ignd i RE sTihe RAINR » OMeRdtanas 1pdike driteter
ranging fran9-8pQie 93R. 1hE.0ree\R Lalia N beroResHpUsk grealelipreton @ bmisapprepriate in

terms of strength, etc. [0057] In end face _con{)i%uration of the recess 12 shown in FIG. 1(a), the torque
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center line 02. 40[00581 For the mating convex sections 16 of the screw tightening tool 14, the torque
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sidewalls of the torque transfer portio )
of the center-point diameter “gr” falling in a range of 0.94g<gr<1.06g with a center on

the center line O2. That is, converting the radius R=0.15G to 0.30G to the radius “r”
with g=0.90G results in r=0.17g to 0.33g as shown in FIG. 6(a). Converting the

2]
Lh

center-point radius GR=0.85G to 0.95G to the center-point diameter “gr” results in
gr=0.94¢g to 1.06g as shown in FIG. 6(b). In the illustrated embodiment as shown in FIG.
1. when the radius is r=0.21g, the center-point diameter is greater than R=0.90G, and
the center-point diameter gr=1.03g is greater than the center-point diameter GR=0.90G.

30 [0059] In the cross-sectional shape shown in FIG. 1(a), further, the mating convex
sections 16 include the torque transfer portions 20 whose outer circumferential walls
30 are formed in circular arc shapes, respectively, each with the outer diameter “g”.
The outer circumferential wall 30 and the concave circular-arc contour 28 intersect
each other at a corner portion which acts as an abutment portion, 1.e., the force

35 application point Q, which is brought into abutting contact with the sidewall of the
torque transfer portion 18 of the recess 12. That is, the concave circular-arc contours
28 are formed in symmetrical shapes each in a circumferential direction about the
center line O2 with both end portions reaching at the outer circumferential edges (with
the outer diameter g=0.90G) of the torque transfer portions 20, respectively, to cross

40 the outer circumferential walls 30 at acute angles.



respectively. Radius "r" has the relationship with respect to the radius R in a way to be expressed as
r>R. The concave circular-arc contours 28 have migimum small diameters "b" having the relationship
with respect to the minimum small diameter B of the concave circular-arc contours 24 of the recess 12
in such a way to be expressed as b<B. 20The radius -r* has the relationship with respect to the radius
R t& fall iAo Mdrhecanprossed 4510142 PoTOBBd. This edivival thersoncaieade glaicdecontour 28 of

the radiyg, t;itq have thesaniar AL ybichislacaied anthr.ciictspierenss oka FEHRAE the
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porzt(?ons g?'iﬂléen%&ﬂhsgfeé Q/Iétioéleschor?sgo #ée IS & é(s)ci]r?cﬁnég %%Vaesr Efo(%%f:fr?]lg)%ghg%ﬁe%re%‘%raﬁne 02 at
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diameter; portiop, ot the reeaSH L% HRFeLHWIRIGH. Liatng the serew tightening tool 14 clockwise in an

area about the center line 02 causes the outer circumferential edges of the torque transfer portions 20

to B& brddlihi athsttirtgcamatrnith difensits pams or 20thbePGaR T ARRIEF BRI 188 ot thBrecess
12 for deliers aftightening topa¥8 @Sarly, the central portion of the outer circumferential wall

26 in an area about the center line O1, is inclined so as to approach the center line O1
at an inclination angle €1 ranging from 10° to 15° in a direction toward the bottom
(downward in FIG. 1(b)) of the hole of the recess 12. The maximum diameter portion

30 of the torque transfer portion 20 of the mating convex section 16, 1.e.. more
particularly, the central portion of the outer circumferential wall 30 in an area about
the center line 02, is inclined so as to approach the center line O2 at an inclination
angle £2 ranging from 10° to 15° in a direction toward the distal end (downward in FI1G.
1(b)). These inclination angles €1 and €2 are set to be el=¢2 in the present

35 embodiment.
[0062] With such a screw tightening structure 8 of the present embodiment, the outer
circumferential side edge portions of the torque transfer portions 20 of the mating
convex sections 16 are caused to abut against the sidewall surfaces of the torque
transfer portions 18 of the recess 12 with such abutment portions serving as the force

40  application points Q to aliow tightening torque to be transferred to the screw 10. Under



shown in FIG. 1(a). A point A in FIG. 1(b) represents a contact point at which the distal end of the
minimum diameter portion of the mating convex section 16 engages with the midway of the minimum
diameter portion of the recess 12 in adhesion with afelatively large static friction due to the presence
of al-a.23. 25100611 Further, the maximum diameter portion of the torque transfer portion 18 of the
recéss 1idhes siarsipartibeldriy ithe oegledd pdrtionsoft fhe optepcindicniarefviak waik 26tincahcabéa
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R. In addition, the concave circular-arc contours 24 form a nearly whole of the
sidewalls of the torque transfer portions 18 such that the force application points Q are
present on the concave circular-arc contours 24, respectively. Thus, appropriately

25 determining the radius R and the center point P1 of the concave circular-arc contours
24 enables the driving angle 0 of the surface perpendicular force F at the force
application point Q to be set to be 0° or less. Since the concave circular-arc contours
24 are formed in circular arcs each with the radius R. it is possible to easily obtain the
tangential direction, etc., of the force application point Q upon calculations. This

30 makes it possible to easily perform the calculation on shape design of the recess 12
such that the driving angle 8 is set to be a predetermined angle of 0° or less.
[0064] Moreover, the radius R falls in the range of 0.15G<R<0.30G and the center
point P1 of the concave circular-arc contours 24 each with the radius R is located on
the circumference of a circle with the center-point diameter GR falling in the range of

35 0.85G=<GR<0.95G such that the concave circular-arc contours 24 reach the force
application points Q. Meanwhile, the force application points Q are located on the
circumference of a circle of about 0.9G with a center on the center line Ol like the
generally used screw tightening structure. This enables the driving angle 6 of the
surface perpendicular force F to be set to be 0° or less. Under such a situation, the

40  driving angle 6 may be preferably determined to fall in the range of -24.6°< 6 < 0°



20[0063] Furthermore, the five torque transfer portions 18 of the recess 12 are connected to each
other by means of the concave circular-arc contours.24 each having the radius R. In addition, the
concave circular-arc contours 24 form a nearly Who?e of the sidewalls of the torque transfer portions 18
such that the force application points Q are present on the concave circular-arc contours 24,
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direction falls in‘a range of 1.0 to 1.10, thereby enabling a transfer loss of torque, caused by the driving
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shape design so as to allow the radius R and the center-point diameter GR to satisfy the relationships
expresst@Hs 4ot RIS BISH 1836 BR- 0.95G such that the driving angle 0 is able to fall in the

range of084& & Ordnegppesak Ipareavesitbenstepmi tightening 16al fldhis thagde: afameferipbiawvimg higher
Strz%ngthltg%l} %ﬂ?tr%f:gé? ?Srgr\% g'rz-xl;gsr?r];otri?é circular arc configurations each with the outer

diameter G. The outer circumferential walls 26 and the concave circular-arc contours
24 are smoothly connected to each other in a circular arc with a predetermined radius
Rc. Thus, when forming the recess 12 in depression with the use of a punch, the recess
12 can be appropriately formed with higher precision than that achieved when corners

25  remain sharpened, and durability of the punch is improved.
[0067] Further, the five torque transfer portions 20 of the mating convex sections 16
are connected to each other by means of the concave circular-arc contours 28 each with
the radius “r” by which a whole of the sidewalls of the torque transfer portions 20 is
formed. Thus, setting the radius “r” and the center point P2 of the circular arc of the

30  concave circular-arc contour 28 allows the outer circumferential side edge portions of
the torque transfer portions 20 of the mating convex sections 16 to be brought into
abutting contact with the sidewall surfaces of the torque transfer portions 18 of the
recess 12. This enables tightening torque to be transferred to the screw 10 at the force
application points Q representing such abutment portions. With the concave

35  circular-arc contours 28 being formed in circular arcs each with the radius ¥r”, 1t
becomes possible to easily perform the calculations on shape design of the mating
convex sections 16 in consideration of the shape of the recess 12.
[0068] Furthermore, the radius “r” is associated with the radius R in the relationship
expressed as r>R under which within a range expressed as 0.17g<r<0.33g. the center

40  point P2 of the concave circular-arc contour 28 with the radius “r” is located on the



15adjusting the groove ratio W of the recess 12 to be less than 0.50 allows the recess 12 to have
strength in balance with that of the screw tighteningzgpol 14 with resultant suppression of deformation,
etc., of the recess 12, while enabling the screw to be tightened with large tightening torque. 100661
Furthermore, the outer circumferential walls 26 of the torque transfer portions 2018 of the recess 12
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the sidemaltssurfdcassafitbevtorheie ttansfer parfiora 18l of theadge $8 11201006 9.\ttt thet tarcgtier
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0.870g ’30 And the’ oliter Circumierential
the outer circumferential side portions {(in an area outside 0.87G) of the torque transfer
portions 18 of the recess 12. This makes it possible to tighten the screw 10 with large

tightening torques, resulting in a reduction of the surface perpendicular force T,

[ O8]
th

provided that torgue remains with the same magnitude, for thereby suppressing the
deformation of the recess 12 and damage to and wear, etc., of the mating convex
sections 16.
[0070] Moreover, the torque transfer portions 20 of the mating convex sections 16 have
30  outer circumferential walls 30 each formed in the circular arc shape with the outer
diameter “g” to provide the force application points Q at the corner portions at which
the outer circumferential walls 30 and the concave circular-arc contours 28 intersect
each other. This enables the force application points Q to be located in areas closer to
the outer circumferential sides of the torque transfer portions 18 of the recess 12 to be
35  as close as possible. This enables the screw 10 to be tightened with large tightening
torque, resulting in a reduction of the surface perpendicular force F, provided that
torque remains with the same magnitude, for thereby suppressing the deformation of
the recess 12 and damage to and wear, etc., of the mating convex sections 16.
[0071] Further, the distal ends of the minimum diameter portions of the mating convex

40  sections 16 arranged to engage the midways of the minimum diameter portion of the



15walls 26 of the recess 12 and the concave circular-arc contours 24 are connected to each other in
circular arcs each with a predetermined radius Re. Even under such a situation, the outer
circumferential side edge portions of the torque transfer portions 20 of the mating convex sections 16
can be brought into abutting contact with the sidewall surfaces of the torque transfer portions 18
forfnedettse dancadeteinulay-mw cunimrg 2034 fosappomeaitionsistenof asigldinectaditiohe the
outer dimeRLrY JRAGED BHIMAIER L INARYRISAUISLRICUPIET SBliRLdeRERGROLORS Of the

torque transfer portions 20 of the mating convex sections 16to be brought into abutting contact with

the outdeciitemiessrinaladid sbritHsiinnsh e s ourssrdoss 10y or hend e tranrsted Bottions 18 of
the recegs i Thigiakas iRessipie.te dighten thecsrygwduith hargecdatighientag daraursiesulting

in a reduction of the surface perpendicular force F. provided that torque remains with the same
magnitdeEe tor th&rdy Ripbrassmpand athsFatith BF e FRE LS 1M MY 98I A IS 50 wear, etc of

thegmatingiganvieXse6finesrd 6 10060 tMareaveari dhntaigheciansfet partibhs 20 of the mating convex
sections 16 haye 30outer circumferential walls 30 each formed in the circrrgar aéctﬁh%ﬁletwi;h the outer
diametd? 4 MR8¥ the 16 B SPBHRIEABSIHS RS MME LhiREFBEFidnE At WHILh ThE Gster
circumfetential waltso3l andhthe: abacandiaisdularsbes contodirs228lintéraectseach behey’ Thiscenables
the force application paints Q to be located in areas closer 4o the outer circu tigl sides qfthe
torque {rar s?gFlgg?ﬁbné th‘c’(gfl the ﬁe}éless%ﬁ%‘?(% %Eéeggggscslo{séeagf 6%%5%)?&%%%?%%%5% eefl %scrgw 10 to
be tightemée withs fafgentighienintp taiqaey resesting ithe ¢adtiction of tha Surfrle prapdiidisiaorce F,
proyide Jgmainswittythe same magnityde.tartheraby SHBRIESHINGiHhe.daformation of the
reg:éss E‘}@a%%%rlgén%gegt?o and wear, €tc., of the matl’ngl}:onve% sections 16. 1001711 urther, the distal
ends of REeChififum diameter portions of the mating convex 40sections 16 arranged to engage the
midwaygpitHe ANRENN dapaterRartion of then2h Aras 2 $a detrenine JvatingnRogions
(inserting positions) in an axial direction. The minimum diameter portions have the inclination angles of
a 1 and PARAIEREFESEETH BRS7! Br RS I A ARV T EHBHERPS Righe dsb ATt BS R HME al-a2:3. This
results ipdhefeeqranes oblarag statiedictionthetiaabahalll tempeongiadaicatseihasssrew 10 to be
easily retained (adhered) to the screw, tightening tool 14, thereby 10making it possihle for.a robot to
autbmaties i HgRERhRS RIS ARE 50 f‘ﬁ%?e%%g’f? s r%(gﬂiﬁv?u%aaf ﬁ{gfgrr? f)grsl(l))lngs% Cﬁé?ecess 12
and the majingteanyviex pections 26 haved dhmintlinetrangles:claaddss2 evimgivacm setiiite I5ofless,
respectively, with ¢ 1=c2. This allows the recess 12 and the matin X sectiong 16 10 be press
formed ?ngg(yo?é%go %?%lcf"élstg’iﬁnt%ig e})I(llgth([a%n{?:eS of 1 &fﬁ%ﬁ% &s ?ﬁ} ﬁr%gﬁggnﬁléﬁ%g%%inedﬁ anglrgs cl and
c2, therehy easilye enaiiifeg the formatidrandtbhisighrque transfer portions 20 are formed in three,

four and six components, each of which represents a cross-sectional view

corresponding to FIG. 1(a). Even in these embodiments, the radius R, the center-point

3]
©h

diameter GR, the radius Rc of the corner portions , the groove ratioc W and the inclined
angles al and €1, related to the recess 12, and the outer diameter “g”, the radius “r”,
the center-point diameter “gr” and the inclined angles o2 and €2, related to the mating
convex sections 16, are determined to have the same parameters as those of the

30 previous embodiment in a structure wherein the driving angle 6 of the surface
perpendicular force F at the force application point Q falls in the range of —24.6°< 8 <
0°. Accordingly, it is possible to have the same advantageous effects as those of the
previous embodiment. and
[0074] While the present invention has been described above with reference to the

35 embodiments shown in the drawings, it is intended that the invention described be
considered only as illustrative of one embodiment and that the present invention can be
implemented in various modifications and improvements based on knowledge of those
skilled in the art.
Description of Reference Numerals

40 [0075] 8. 40, 42, 44: screw tightening structures. 10: a screw, 12: a recess, 14: a screw



precision. 100731 Although the present embodiment is concerned with the recess 12 and the mating
convex sections 16, having the torque transfer portipns 18 and the torque transfer portions 20,
respectively, in the number of five components, the present 20invention may be also applied to cases
where the torque transfer portions 18 and the torque transfer portions 20 are formed in three, four and
sixTompghésnsn €168, 7 to Batiow embodimerisnindBidingahe sensietgieehig sthictteesxdl42 and
44 whergin, e Qe taneieh Porians & and e arque fansfenpeions €9 are - iapmaekin three, four

and six components, each of which represents a cross-sectional view 15 corresponding to FIG. 1(a).

Even inapBLishoImEIRes tha G adiS et Ite ERREFEBIRE UMb RIr BRI RS Paditis F0EBHYRE corner

portions; i the1 rogve. i ard ibednglinecbangles &liandsEsb: mrlatedii hefiesassaildafRthihe
outer diameter "g-, the radius "r", the center-point diameter -gr" and the inclined anﬁg and c2,

es

related 5 EHE RN SESHATNS 16 2aF ENBT T S HEGE Sthe Sarfes HRISIERE S % ose of the
30previgws BiRhedimant doteosisucitefsherapplivadivingangle O afdaetsudane pergendicular force F
at the force application point Q falls in the.range of -24.6 0. Accordingly, it is,possible ta have the same
advantaﬁ%rb‘ii’s‘%ﬂ‘cec&% léiglil”?(}"gecé}mﬁélrﬁrg%it Lj:sgr g?negcs)d%rg’en .Cgﬁgﬁ i@ﬁﬁ%il?e‘tﬁgcﬁlr‘éggm invention
has been xdedariked abovawithfréfenenesstofthe 8&datsokmemdishbwifanctheddrawings)dtds gheended
_that th_e wy%nélfonoggsﬁ%gigepaq% t(izgr})séq%e[% r‘%ﬁfg ﬁ%ﬂétfé]?rgg‘{% &f;%/”e embodiment and that the present
invention can®e implemented in various modifications and improvements based on knowledge of
those skilled in the art. Description of Reference Numerals 40100751 8, 40, 42, 44: screw tightening
structures, 0: a screw. 12: a recess. 14: a screw 26 5tightening tool, 16: mating convex sections, 18:
torque transfer portions of a recess 20: torque transfer portions of the mating convex sections, 24:
concaved circular-arc contours of the recess, 26: an outer circumferential wall of the recess, 28:
concaved circular-arc contours of the mating convex sections, 30: outer circumferential walls of the
mating convex sections, 01: a center line of the recess. 02: a center line of the 10mating convex
sections. Q: a force application point. PI: a center point of the concaved circular-arc contours of the
recess. P2: a center point of the concaved circular-arc contours of the recess. F: a surface
perpendicular force, 0: a driving angle. W: a groove ratio (a ratio of the torque transfer portions)



27 5 CLAIMS 1. A screw tightening structure comprising an indented concave recess formed on
a screw, and mating convex sections provided on a,screw tightening tool for tightening the screw:
JOthe recess and the mating convex sections including three or more torque transfer portions,
respectively, which protrude outward and are disposed at equiangular intervals for concentrically
matfing éHgAfehents; wherein rotating the screw tightening tool causes the torque transfer
portions of the mating convex sections to transfer a tightening torque to the screw via the torque
15transfer portions of the recess; under which outer circumferential edge portions of the torque
transfer portions of the M@FHEESHEREBEIBREGH He LIBURIAE iREALINRDL O FRRE Wit S[fdNall of the

torque tigpsfed Rartions&f the degass Withihextightaning seruadeingdransiertathiedhe: se@wyia force
application points Q representing resulting abutment portions; 20whereby in a cross-sectional shape or

an end fASBIEBHIYURSLSAOY the recess on a plane perpendicular to a center line 01 of the recess and
inv@lving the forge: applisation pRiNSaQna soiiféee perpendicubasdoneethrqeespendieuardaca sidewall of
the recess at the force application‘p?int .is oriented in a direﬁtion at a drivin %n%le 8 1retl-:-l;?re\genting

an ang|HAY TS RRIMSHSWIF PSSHE o ARHT Y BHA et bh B B TS BERPpcAtiS T Wi

i pol with a
center oimtew abnfer ko O twibidhyisnexpre ssen asnBSO with the driving angle B being oriented

outward from the tangential direction a ' ) ositi auhe ﬁgwt'lgﬂltggﬂwsg
structure accord%%e{g %llglﬁa%,n\%élg?e?ﬁ%%\?ﬁgéggece%é%ggeﬁi_c‘?é%\é%s%:El%ee %% ?Ee ernd face configuration of
the recess i thetplaneopermpesiditiolas to trvetitar dinkebieoi nsc pegves @HiAVOIVNG aHEoREE UE

appgicatilggrg%qtg(gti%tgfe[ﬁé);é@&rg torque transfer portions of the recess are connected to each
othér via concave circular arc contours each in a circle or an ellipse which form a part of or a whole of

sidewalls of the eV iRBreRBoTAHRE BIEre tHift tRE 46 rPe Uit & dh S EHaME RS FE RN the

concave,Gifgelai A{g £RBIoHS. JESPRELYEIYe broudhl e sciBwttiahtening stiurtkeRscordiToke claim
2, wherein in the cross-sectional shape or the en fi%ce canfiguration of the recess og the Iar%[%%

P
perpendiifdiet ANSEFRAMOBY f thie EESSER TG IR HE A Bp RIRABE RS TS 8,
concavesgHesat Ao feNipisdaaiem GirddBr@ue pastemith@radilisng taitment portions;

20 whereby in a cross-sectional shape or an end face configuration of the recess
on a plane perpendicular to a center line O1 of the recess and involving the force
application points Q, a surface perpendicular force F, perpendicuiar to a sidewall of the
recess at the force application point Q, is oriented in a direction at a driving angle 0,
representing an angle that is inclined with respect to a tangential direction of the force

25  application point Q with a center on the center line O1, which is expressed as 620°
with the driving angle © being oriented outward from the tangential direction and

assigned to be positive.

2. The screw tightening structure according to claim I, wherein in the
30 cross-sectional shape or the end face configuration of the recess on the plane
perpendicular to a center line O1 of the recess and involving the force application
points Q. the three or more torque transfer portions of the recess are connected to each
other via concave circular arc contours each in a circle or an ellipse which form a part
of or a whole of sidewalls of the torque transfer portions such that the force application
35  points are present on the concave circular arc contours, respectively.
3. The screw tightening structure according to claim 2, wherein in the
cross-sectional shape or the end face configuration of the recess on the plane
perpendicular to a center line O1 of the recess and involving the force application

40  points Q, the concave circular arc contours have circular arc each with a radius R that



28 5falls in a range expressed as 0.15GR0O.30G when G represents an outer diameter of the torque
transfer portion of the recess, wherein the center poj t P1 of the concave circular arc contours each
with the radius R is located at a circumference of a circle of a center-point diameter GR falling in a
range expressed as 0.850GR0.95G with the center line 01 as a center point to allow the concave
circular tul¢scontotasgo esachsteed 2670rté @pplicatiditpeints: @ atedee portiomsuttosbrmodiwe force

2Pplicaigp RIS Quns ers W8 SYPIHIGENNASMELI GACCOIING AT G OSIBIR Kb the

cross-sectional shape or the end face configuration of the recess on the plane perpendicular to a

center lipiscylasfatfecresy aadchvsiving tneafine Bppllessord 18 poits on i arg© iy Betleeh the

torque transiesPosiRngighibe ragessand Aisepaaic.anghe Q2 hetesedangies poripps patisfy a
relationship 0.35<W<0.50 when assumed the torque transfer portions have a ratio W = 4417(4)1+4)2).

5. The SR\ TtgRfRihG S AT RUSIIAFHPHAIRE £RREIEIT BT 26aPIIEEBhEAMS ’S are
pregent fgrtheainnesst a2 paReNN G eed Ropian therends wherei the-edtgipliameigrdoithe adius R.
the center-point diameter GR and the angles 01 and 4b2 indicate dimensions of the recess at the
opening end portion thereof 6. The screw tightening structure according to any one of claims 3 to
5, 25wherein in4he crosBsgestienal Sliapeaiasthe eraface configyratietaditie vacassmoimthieeplane

perpendicular to ace telilline 01 of the recess an .involvjng the force agglicaﬂgn aints Q. outer
. CI‘OSF-%BC 1ona ape or ithe en ace con L%%lli {100 01 the rece Oh [~ dne. .
circumferential walls of the'torque transter portions e recess have circular arc configurations on

the oute;vaiimnéten@ralmdgthem@tehpﬁrdﬂinférémiabvmliisaawwim@bdmaﬂe @I@CGI%@}.&IBIWMUUI’S in areas
Sv'ﬁﬁear :}é?ﬁtgoff.eaﬁoﬂpéléc {9 poINts Q) ALS Qg_;%%)@/gms%%&oﬂ%ﬁ@ pLRgL.vig, girpular,ares each

us RC and having the relationship RC<(G- 7. The screw tightening structure
accordirfg gcapry OhELSfEEdN TansbePRFeih stdsdiodsrebdtiondlshape eMKe - addfaes

configurgliomRithe.mating: GeRyN e 3 peealeRsAR dhe higpevperpandiquignio a center line 02 of the

mating convex sections and involving the force application points Q, the three or more torque transfer
portions of the mating convex sections are connected to each other via concave circular arc contours

each in a circle gr an ellipge whish frmen partehetarvheleosl sidewallsial thedhegymttansierdeortions.
20  application points Q are present in the recess at an opening end portion thereof,
wherein the outer diameter G, the radius R, the center-point diameter GR and the

angles ¢1 and ¢2 indicate dimensions of the recess at the opening end portion thereof.

6. The screw tightening structure according to any one of claims 3 to 3,
25 wherein in the cross-sectional shape or the end face configuration of the recess on the
plane perpendicular to a center line O1 of the recess and involving the force
application points Q, outer circumferential walls of the torque transfer portions of the
recess have circular arc configurations on the outer diameter G and the outer
circumferential walls and the concave circular arc contours in areas closer to the force
30  application points  are smoothly connected to each other via circular arcs each with a

radius Rc and having the relationship Re<(G~GR)/2.

7. The screw tightening structure according to any one of claims 1 to 6,
wherein in the cross-sectional shape or the end face configuration of the mating convex
35 sections on the plane perpendicular to a center line O2 of the mating convex sections
and involving the force application points Q, the three or more torque transfer portions
of the mating convex sections are connected to each other via concave circular arc
contours each in a circle or an cliipse which form a part of or a whole of sidewalls of
the torque transfer portions.

40



29 58.The screw tightening structure according to any one of claims 3 to 6. wherein in the
cross-sectional shape or the end face configurationzgf the mating convex sections on the plane
perpendicular to a center line 02 of the mating convex sections and involving the force application
points Q, the three or more torque transfer portions of the mating convex sections are connected to
each other via doncave Bicataeardihtomtog sreschhavieerdiradiosaty vavng aleérationthip r>R

re'aﬂve&%%?sihaﬂm&yg@é@@é@ﬁmlp@ﬁagé Q- anwnale ef sldeyyaisRhIeIBIue tansier Rartions;

whereby whenrepresents an outer diameter of the torque transfer portions of the mating convex
sectionsetiopsdiisthe RS MR TRREd eWlive ke 8- 8810T1759- R 3§ hisderiiAfcRAPESEePREF BBt P2 of

the congaye CUGHIRT AR CoRTNS Wit 1he fashiusis locatediprthe circinisignea o ergoeidhe
center-point diameter "gr" falling in a range of O.94g..%r1.06%with a center on the center line 02: and

the conBAVBEIRAIMREA L BHCIHE e8RSO HRFRET IPERER RIGSEE thEfSTEE HBPHERIBIF points Q.
which reaehdhe fera anplicationnninis Q. ROAdhe serendighiening stelefive @ctarding de Blaim 8,

wherein the outer diameterof the torque transfer pqrtio f the mating convex sections falls in a range
express@&lgg é‘f’é?bagﬁ?%@; fﬁ.aTWg@&é)\?/ Sﬂ&ﬁfﬁ?ﬁ%f?ﬁ&&% %%%5?%}}18 T RIAIMEE or 9, wherein in
25the cross-seciiapstishafie:arthe snddace sanfiguratio i dher mating coguexsestiony anithe plane

perpendicuiey 1o cenier e 0z eline matna sanvex;aerions, and nalyingdhe force application
points (5 the torquegtrans}[er portions ¢f the mating convex sections hav outer circumferential walls
formed fh Cligsta&is shagde eadthokithehecotae pdiamBiop gth seprtve i aiaicoin o portidhs at

which thﬁiaﬁkegr?%gakf&yﬂlﬁeﬁeﬁﬂ%ﬂ@"mwmeemvgn%cm UCOUPUS mée%tgiﬁach other

serving as the force application points Q in abutting contact with sidewall surfaces of the torque

transferdiomiers Gefhe rbldagsin 4 rengesefdhHgterflg M ttive A 6EHIEIMEEENSEEHE dFdains 1 to

10. and the concave circular arc contours have edge portions, placed closer to the force

application points Q, which reach the force application points Q.

20 9. The screw tightening structure accordirng to claim 8, wherein the outer
diameter “g” of the torque transfer portions of the mating convex sections falls in a

range expressed as 0.87G=<g=<0.93G.

10. The screw tightening structure according to claims 8 or 9, wherein in
25  the cross-sectional shape or the end face configuration of the mating convex sections
on the plane perpendicular to a center line O2 of the mating convex sections and
involving the force application points Q, the torque transfer portions of the mating
convex sections have outer circumferential walls formed in circular arc shape each
with the outer diameter “g”, respectively, with corner portions at which the outer
30 circumferential walls and the concave circular arc contours intersects each other
serving as the force application points Q in abutting contact with sidewall surfaces of

the torque transfer portions of the recess.

1. The screw tightening structure according to any one of claims 1 to 10,
35  wherein the recess has a minimum diameter portion, placed between the plural torque
transfer portions, which is inclined toward a bore bottom at an inclination angle al of
7° or less so as to approach the center line O1 of the recess; the mating convex section
fias a minimum diameter portion, placed between the plural torgue transfer portions
thereof, which is inclined toward a distal at an inclination angle o2 of 7° or less so as

40 to approach the center line O2 of the mating convex section; and a distal end of the



35wherein the recess has a minimum diameter portion, placed between the plural torque transfer
portions, which is inclined toward a bore bottom at an inclination angle al of 7 or less so as to

. ) - 30 : e ) ,
approach the center line 01 of the recess; the mating convex section has a minimum diameter portion,
placed between the plural torque transfer portions thereof, which is inclined toward a distal at an
incinationrangleall ;oh Ztor feasiso as 4btonapineachnihexcentaniing 02wk thematiageco mvekssaction:
and a distg) end of tne. 30 omupimum diameter pertion, of e mating. sapvex seqlion i gaysed,ip
engage a midway of the minimum‘diameter portion of the recess in the relationships expressed as
a25ccl and alla263:Ghderdwhish bl tightegingnorg terigigarsstermederr@dThe screw tightening structure
according to claim 11, wherein the 10maximum diameter portions of the torque transfer portions of the
recess which are inclined toward a bore bottom at an inclination angle cl of 15 or less so as to
approach the cérter lind 01 e Feelsite sHaLMimParaibes Porlais of teheicjacth@ansfer

Paiions Ofhe JRAHNGKABY &% SEEHAST AR if&”{"ﬂf‘edt@\ﬁ’@a” %Q}ﬂ@h@'@ﬂ alarncingiamangle c2 of 15
e

or less so as to approach the center line 02 of the mating 15conyex portions with c1=c2. 13The screw
tighteniFRF SRGEIPEAEL SraMIE (BURYBIH BF dRMBA I B el draih (the Uriity SEntid D falls in a

range ofipgfedoi0thO0eanek thanamher efkthedtargue dransienpeitiinseteachrobiRefetess angethe
mating convex sections is Pﬁ}/eone 200f 3. 4. 5 and 6. 14. A.sc&ew incl(lildiré% th égﬁegtsarnecited in

any oné GreEEhRCTHE 0 TEINE RN ERMOH BT ARG e HEG A ERV SR S &tiBhs
recited imaiyaoimmainglédnm? dfd 33.0r less so as to approach the center line O2 of the mating

15 convex portions with g¢l=¢g2.

13 The screw tightening structure according to any one of claims 1 to 12,
wherein the driving angle 0 falls in a range of —24.6°< 8 < 0° and the number of the
torque transfer portions of each of the recess and the mating convex sections is any one

20 of 3,4, 5and 6.
14, A screw including the recess recited in any one of claims 1 to 13.

15, A screw tightening tool including the mating convex sections recited in

25 any one of claims 1 to 13.



