DESCRIPTION TAPPING SCREW 5 Technical field The present invention relates to a tapping
screw which is threaded into a non-threaded hole, formed in a workpiece, while forming an internal
thread in the hole. Background Art 10Generally, tapping screws are threaded into workpieces made of
soft materials such as resin, aluminum alloys, etc. A representative example of such tapping screws
was proposed in Japanese Patent No. 3290362. In this tapping screw, an external thread is spirally
formed on an outer circumferential surface of a shaft part. By virtue of the external thread, the tapping
screw forms an internal thread in a hole forni2HSCRIWOIKPNCce while the tapping screw is threaded into
15 the hole. Furthermore, portions of a ridge of the external thread are cut out in the same direction as
that of an axis of the tapping screw so as to form clearance grooves. Portions of the workpiece that are
compressed by the external thread when theipfgigal %@ﬁég\}s formed, are embedded into the
clearance grooves, thus exerting an anti-loosening effect. 20[Prior Art Document] [Patent Document]
Patent Document 1: Japanese Patent No. 3290362 Disclosure 25 Technical Problem However, the
conventional tapp(i:g(r;Fsglijew cannot satisfactorily exert an anti-loosening
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The present invention relates to a tapping screiehnik threaded into a non-threaded

hole, formed in a workpiece, while forming an ingdrthread in the hole.

Background Art

10 Generally, tapping screws are threaded into watkgienade of soft materials such as
resin, aluminum alloys, etc. A representative gtarof such tapping screws was proposed in
Japanese Patent No. 3290362. In this tapping sareexternal thread is spirally formed on an
outer circumferential surface of a shaft part. visipie of the external thread, the tapping screw
forms an internal thread in a hole formed in a pi@de while the tapping screw is threaded into

15 the hole. Furthermore, portions of a ridge ofakiernal thread are cut out in the same direction
as that of an axis of the tapping screw so asnm fdearance grooves. Portions of the
workpiece that are compressed by the externaldiwéen the internal thread is formed, are

embedded into the clearance grooves, thus exartiagti-loosening effect.
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However, the conventional tapping screw cannasfaatorily exert an anti-loosening



effect, so that it is difficult to reliably prevent the tapping screw from being undesirably loosened.
Technical Solution In order to overcome the above problem, the present invention provides a tapping
screw, 5 including: a shaft part; and a normal thread formed on an outer circumferential surface of the
shaft part, wherein a clearance groove is formed by cutting out a portion of a ridge of the normal
thread, and an engaging protrusion is provided on a bottom of the clearance groove along a portion or
an entirety of an edge of the bottom that continuously extends from a flank surface of the normal
thread. 10Téfetapgpirihad drsvadifenuletcent| radiyopitg et tajpjuog eciey éifec besg itindesoab iy lpostmedf the
workpiece being embedded into the clearance groove but also an anti-loosening effect resulting from
the engaging protrusion being embedded into the portion of the workpiece that has been embedded
into the Cleafréﬁlﬁﬁcglr%lﬁi'o The normal thread may have an asymmetric shape, and the engaging
protrusion may be 15 prowged on an edge of the bottom of the clearance groove that continuously
extends from a flank@ddatedvarioge twalbevignbkiagiche privdmetitappiogdes eviapginggsthew,
above-mentioned structure, a portion of workpiece, which is compressed b}{gthe external thread when

an interRal tAFBKING: RiFhell RRtheaRdie FPIRRIVBIRBR (X TRe @M SEiRI I T esMiIal siai Yriltive.
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anti-loosening effect can be further enhanced. The shaft part may have a cross-sectional shape
formed in sGEAIANRIRThEREMPARY BF2S Qfrtehatet AR HAVRY tfNdnirelhmbank sHfpap:of

connected E% eﬁgp %tnﬁr. Irathis case, portions of the workpiece that are compressed by the external
thread whilé the intenal thréad is formed in the hole are embedded into the circumferential surface of

the shafg part, thustfistheprighaneinadhererinoosaryias affeldogeeffect resulting from a portion of
the workpiece being embedded into the clearancevgrbut also an anti-loosening effect
resulting from the engaging protrusion being embdddto the portion of the workpiece that
has been embedded into the clearance groove.

The normal thread may have an asymmetric shapéhamshgaging protrusion may be

15 provided on an edge of the bottom of the cleargnoeve that continuously extends from a
flank surface having a smaller flank angle.

In the tapping screw having the above-mentionedtsire, a portion of workpiece,
which is compressed by the external thread whentemmal thread is formed in the hole of the
workpiece, is embedded into each clearance grddeee, a larger amount of workpiece portion

20 is embedded the side that has the smaller flarlk.afperefore, in the case where the engaging
protrusion is provided on an edge of the bottonthef clearance groove that continuously
extends from the flank surface having a smallekflangle, the anti-loosening effect can be
further enhanced.

The shaft part may have a cross-sectional shapedbin such a way that a plurality of

25 arc-shaped parts having different curvature raglicannected to each other.

In this case, portions of the workpiece that arapressed by the external thread while



Advantageous Effects 5A tapping screw according to the present invention exerts an excellent
anti-loosening effect even when a workpiece expands, contracts or oscillates. Description of Drawings
FIG. 1 is a front view showing a first embodiment of the present invention; 10FIG. 2 is an enlarged
front view showing a critical portion of the first embodiment of the present invention; FIG. 3 is a
sectional view taken along line A-A of FIG. 2; FIG. 4 is an enlarged longitudinal sectional view of a
critical portion of the first embodiment of the present invention; 15FIG. 5 is an enlarged front view
showing a ¢hiédateyoali dinredich iscioome ¢ miibdiimeatattbaipddstnthevertionferental Gudiésaofethiarged
longitudinal sectional view of a critical portion of the second embodiment of the present invention;

FIG. 7 is arsBAILPGEdREHIUIBEr SRBARTES B RAIHAgERATRS A third embodiment of the 20 present

invention; FIG. 8 is an enlarged longitudinal sectional view of a critical portion of the third
embodiment of the present invention;
Advantageous Effects

5 A tapping screw according to the present invergioarts an excellent anti-loosening

effect even when a workpiece expands, contracisailates.

Description of Drawings
FIG. 1 is a front view showing a first embodimeithe present invention;
10 FIG. 2 is an enlarged front view showing a critfpaition of the first embodiment of the
present invention;
FIG. 3 is a sectional view taken along line A-A~®. 2;
FIG. 4 is an enlarged longitudinal sectional viefvaocritical portion of the first
embodiment of the present invention;
15 FIG. 5 is an enlarged front view showing a critjgaition of a second embodiment of
the present invention;
FIG. 6 is an enlarged longitudinal sectional vielaaccritical portion of the second
embodiment of the present invention;
FIG. 7 is an enlarged front view showing a critjgaition of a third embodiment of the
20 presentinvention;
FIG. 8 is an enlarged longitudinal sectional viefvaocritical portion of the third
embodiment of the present invention;
FIG. 9 is an enlarged front view showing a critgaition of a fourth embodiment of the
present invention;
25 FIG. 10 is an enlarged longitudinal sectional viefaa critical portion of the fourth

embodiment of the present invention; and



FIG. 9 is an enlarged front view showing a critical portion of a fourth embodiment of the present
invention; 25FIG. 10 is an enlarged longitudinal sectional view of a critical portion of the fourth
embodiment of the present invention; and FIG. 11 is an enlarged cross-sectional view showing a
critical portion of a fifth embodiment of the present invention. Best Mode 5Hereinafter, a first
embodiment of the present invention will be described in detail with reference to FIGS. 1 through 4.
Referring to FIG. 1, reference numeral 1 denotes a tapping screw including a head part 2 and a shaft
part 3 which is intdgjfall\l bravidadenitigbe kezsssadtidn&ovienarsipbestigaticg ppogtiscrent 4 iffthade of
carbon steel. The head part 2 has in the surface thereof a drive hole (not shown) through which screw
driving forc€TRPHIRANIINE RIESRIFIME 6 crew 1 from a driver bit (not shown). A normal thread 10
is formed on an outer circumferential surface of the shaft part 3 that is integrally provided with the head
part 2. Having a smaller diameter than that of the normal thread 10, a guide thread 11 is provided
on the outeBestduiderential surface of a front end of the shaft part 3 and continuously extended from
the normal thread 10. The guide thread 11 has a diameter that is equal to or is 15 slightly greater than

the dianfeter of a KBRS AT RSMAIERE Adha BreseRtIfRa NAh PR dRsePadid iRl Wi such
t

that after th S 34S i into }i @@ﬁ)i [ ded
into the wor%é%géc;é%&%wﬁ%%? gﬁfﬁe ‘Plré'acﬁ ﬁ‘é ﬁlrigt%% #ﬁrﬁgﬁﬂ%aw orr# %jré ﬁr@%&n%ﬁ?ﬁé@g in the
hole 41 of teerwvoikpliadiag!@ hebe partkpigcea/dhistipaderoisartadianaigoaidsdolithstiverasit Qaaip.
aluminum alloy. 20As shown in FIG. 1, the normal thread 10 has therein a plurality of clearance

grooves 20 vphiehaareifrinR dPpPIBatEARWUL Pormade of Ay cTbrReatbRRdI2Haadntbe Tssface
fr']‘zarance HNEP LIRS ARBRLANN RIS VIR I RS QAL G IS 5HRE B dnetpling axis of
10 screw 1 from a driver bit (not shown). A normaétd 10 is formed on an outer circumferential
surface of the shaft part 3 that is integrally mes with the head part 2.

Having a smaller diameter than that of the noredad 10, a guide thread 11 is
provided on the outer circumferential surface sbat end of the shaft part 3 and continuously
extended from the normal thread 10. The guidethid has a diameter that is equal to or is

15 slightly greater than the diameter of a hole 4intmt in a workpiece 40. As such, the tapping
screw 1 is configured such that after the front@rttie shaft part 3 is inserted into the hole 41,
the tapping screw 1 is threaded into the workp#é€ce/hile the guide thread 11 and the normal
thread 10 form an internal thread in the hole 4hefvorkpiece 40. The workpiece 40 is made
of a soft material such as a resin or an alumirlon a

20 As shown in FIG. 1, the normal thread 10 has thexgilurality of clearance grooves 20
which are formed by cutting out portions of thegecbf the normal thread 10. The clearance
grooves 20 are arranged along a line L1 extenditigeisame direction as that of the axis of the
tapping screw 1. As shown in FIG. 3, the cleargnoeves 20 are arranged at positions spaced
apart from each other at regular intervals witlersice to a circumferential direction of the

25 normal thread 10. The depth of each clearance/g@r2@is set to about 2/3 of the height of the

normal thread 10. Portions of the workpiece 40drecompressed by the external thread when



tapping screw 1. As shown in HG. 3, the clearance grooves 20 are arranged at positions spaced apart
from each other at regular intervals with reference to a circumferential direction of the 25 normal
thread 10. The depth of each clearance groove 20 is set to about 2/3 of the height of the normal thread
10. Portions of the workpiece 40 that are compressed by the external thread when the internal thread
is formed in the workpiece 40 are embedded into the clearance grooves 20, thus exerting an
anti-loosening effect. As shown in FIG. 1, the clearance groove 20 may be arranged along a line
L2 extendinpenrdaaivaictiveapemncied|ar tteararkperteithambétued pital thethlesaranalgroesss 1D,
Thereby, 5 the pull-out resistance of the tapping screw 1 is enhanced so that the tapping screw 1 that

has been tHRMSHRFTHY %%E‘JQB?&%”W §ftbe reliably prevented from being undesirably removed
therefrom. As ghansip Riac 1{%({'8@5?&4&?&5}8&% %@dodfbﬂéeaa}iﬁél@@&gﬁﬂiﬁ ape in

such a way that a leading flank angle a Is greater than a pressure flank anglé 13 so as to prevent 10
the tappingirciairdcfimnpbriagdicakenng. tangdstiahiohne s ité B thantbdnaintenegddiog piadreision 30
is provided on an edge of a bottom 21 of the clearance groove 20 that extends from a pressure flank

surface 21 S14HRIGHEATIHRAEE 1Y, (PRI REMREBRICASDIBALISS RPN 8EMniNEL BRthe
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workpiece 4Rendiiomare compressed by the external thread when the internal thread is formed in the
workpiece 40 are deeply embedded into the clearance grooves 20 to the bottom 21 by springback.

Here, the engagin_@%mdﬂff@- ﬁéWH@éH‘Fﬁ@ﬁtHQ ISoraBRAdUST averd AgErBeAlC ﬂ’ﬁt@%‘ﬂher_
enhancing (g a0lagsen el ROGY ke ALWNE e pressues Tank surlacad s agd g leacing

flank surface ™12 are dispose moun piece portion IS em e clearance
groove1g0 tgwasppingitedhayifen seldliRidéeningngle a or 13 is larger than that of a side having a

arger As shown in FIGS. 2 and 4, an engaging protrusidis rovided on an edge of a
bottom 21 of the clearance groove 20 that extands & pressure flank surface 11 of the normal
thread 10. The engaging protrusion 30 protrudes the bottom 21 of the clearance groove 20
and has a reverse V-shaped cross-section. Tha béipe engaging protrusion 30 is set to the

15 maximum about 1/5 of the depth of the clearancevgr@0. Portions of the workpiece 40
which are compressed by the external thread wieentérnal thread is formed in the workpiece
40 are deeply embedded into the clearance groovesiize bottom 21 by springback. Here, the
engaging protrusions 30 are embedded into theopsriof the workpiece 40, thus further
enhancing the anti-loosening effect.

20 Of sides at which the pressure flank surface 1ltla@deading flank surface 12 are
disposed, the amount of workpiece portion thatnibexlded into the clearance groove 20
towards a side having a smaller flank angler  is larger than that of a side having a larger
flank angleo or 3. Therefore, a location at which the engagingrpsain 30 is disposed is
determined depending on setting of the leadingds flangleo. and the pressure flank anle In

25 the case of the tapping screw 1 of the first enthedt in which the pressure flank angjie less

than the leading flank angle( < o), the engaging protrusion 30 is provided alongetiige of



flank angle a or 11 Therefore, a location at which the engaging protrusion 30 is disposed is determined
depending on setting of the leading flank angle a and the pressure flank angle 11 In 25 the case of the
tapping screw 1 of the first embodiment in which the pressure flank angle 13 is less than the leading
flank angle a (13 < a), the engaging protrusion 30 is provided along the edge of the bottom 21 that
continuously extends from the pressure flank surface 11. When thread coupling is completed, the
pressure flank surface 11 forcibly pressurizes the internal threaded portion. Thereby, springback is
caused in thieeiriiettoah tAle e Cpotitivoyusly endetits droadgheggpret laiknsudiacr elémiwtdedinadhe
internal threaded portion. As a result, the anti-loosening 5 effect can be markedly enhanced. FIGS. 5

and 6 illustreRERIE i RETERIRiaBF e SRR fiibly prassEpp e diaing sadssth that
the pressurBdiagl, 21la s GiARLIHER Kedpeel hiAaaRalR it o @b 18 %%@%ﬁgg@g@g

protrusion 30a is provided On an edge of the bottom 21 that continuously extends from the
flank surfacerdifusion3d G6 .afeannhiBeddstt ateoathappiag sdiedabridiheAbisdresahottienant:-|dbsstapyping
screw |b is set such that the pressure flank angle [3 is the same as the leading flank angle a (13 = a).

Therefobe, SH88FAY PRoRaLiBAY 80Ba8S1b are respectively provided on opposite edges of the

bottom 21 that ext r ef Sy, gg 1L %.!EQT surface 12. FIGS. 9
and 10 illustrate a%ﬁé’%ﬁi@?ﬁr@ﬁ%g %Egtlﬁae% odim::d}rft(.a%hﬁ C(i(;egaglnIg[]l‘?%hi:)rotrusion 30c is formed
by protruding a pottignabgingestgeve it betiaumtthan e prulankesiy €xie rugdronaiiaekassboe flank
surface 11. In this case, the enga ing&otrusion 30c can also be embedded into the portions of the

&1

workpiece f@kaange Pearem enRNFAGISHIARIBtyITe0e308  ithnETkeBrARgedEeplitosening
effect. Meagiile: 25RAPEIMIAL Gy e AERYAM fe AR iARge roove 20 is a curved
10 FIGS. 7 and 8 illustrate a tapping screw 1b othivd embodiment. The tapping screw
1b is set such that the pressure flank afgtethe same as the leading flank angl@ = «).
Therefore, engaging protrusions 30b and 3lb apeotigely provided on opposite edges of the
bottom 21 that extend from the pressure flank sarfd. and the leading flank surface 12.
FIGS. 9 and 10 illustrate a tapping screw 1c offtlieth embodiment. An engaging
15 protrusion 30c is formed by protruding a portioranfedge of the bottom 21 that continuously
extends from the pressure flank surface 11. $cthée, the engaging protrusion 30c can also be
embedded into the portions of the workpiece 40 gt been embedded into the clearance
groove 20, thus exerting the anti-loosening effect.
Meanwhile, as shown in FIG. 3, the bottom 21 ofdlearance groove 20 is a curved
20 surface. A leading side wall 22 and a trailinggsiaall 23 are respectively provided on opposite
ends of the bottom 21, thus forming the clearanoevg 20, wherein the leading side wall 22 is
disposed at a leading side with respect to thetiirein which the tapping screw 1 is tightened,
and the trailing side wall 23 is disposed at &irigaside. In FIG. 3, a junction point between the
leading side wall 22 and the bottom 21 is desighbyereference character P, and a junction
25 point between the trailing side wall 23 and thedmt21 is designated by reference character Q.

A point at which tangential lines on the bottoma21he junction points P and Q intersect with



20 surface. A leading side wall 22 and a trailing side wall 23 are respectively provided on opposite
ends of the bottom 21, thus forming the clearance groove 20, wherein the leading side wall 22 is
disposed at a leading side with respect to the direction in which the tapping screw 1 is tightened, and
the trailing side wall 23 is disposed at a trailing side. In FIG. 3, a junction point between the leading
side wall 22 and the bottom 21 is designated by reference character P, and a junction 25 point
between the trailing side wall 23 and the bottom 21 is designated by reference character Q. A point at
which tangesatial dithes dentitesaitonerdécipthegunion points P and Q intersect with each other
denotes an intersectionggnt 0. Here, the leading side wall 22 is set such that an angle 01

between it and the 1#1E Ji¢ 63BL PR WAl idaissetaHrhUgRTBENLPeMERR ih 3hd Ha i BiSthe
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obtuse angle. There en the tapping screw 1 is rotated in the direction (designated by the
arrow Y2) invalhig setonstnibd; e degiibgtaidenvibditPiirediop@@ kyam phtise ahtherdforkpiece 40
that has been embedded into the clearangée%ar_oove 20. Thereby, the anti-loosening effect can be

exerted SMEMMRIHIE RRBRERCTBNPHE KQUARH INidhe AiRRUEBSIHBARS SR AEYh I RdbY i drfow Y1)
D hich it i £ . : . I Ml . t 10
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workpiece 4fnbedddeb irkd théstietaarctagpiogestw Trtrtsamingoteaiittiefaobedimentaxeits.
present invention. The cross-sectional shape of the shaft part 3e is formed in such a way that

arc-shaped MS@W’E@@L MQWHapm@goﬁﬁ&w KUiRiateAedisrcHea é@@?ﬁaﬁégdéahﬂi@&é@\fb\éadﬁ other.
Thus, 15 pov%‘i)c%sitqfstp@\gégwék ebgﬁ?%"fSrn‘ﬁYH'CQtnafr‘ﬁe‘%ﬂgP&’é S egtPa}{ntn?ge ‘?d‘é%@%'é‘ﬁg%j%d%}%a&”%%‘agdwer”a'

thread is formed, are nto connection portions’of the arc=shape

wherebi thenariblaesening aidpetieas e idebgmhangasrew 1 cAAeRCERIGIME thedrieisaoge
Numerals in the Drawings> 201, Ia, Ib, Ic, 1 d tapping screw
workpiece 40.

FIG. 11 illustrates a tapping screw 1d according fidth embodiment of the present
invention. The cross-sectional shape of the glaaift3e is formed in such a way that arc-shaped
parts 25d and 26d having different curvature eadiialternately connected to each other. Thus,

15 portions of the workpiece 40, which are compressethe external thread when the internal
thread is formed, are embedded into connectioopsrbf the arc-shaped parts 25d and 26d,

whereby the anti-loosening effect can be furthbaaoed.

<Description of the Reference Numerals in the Dngar
20 1, 1a, Ib, 1c, 1d tapping screw

2 head part

3, 3e shaft part

9 guide thread

10 normal thread
25 11 pressure flank surface

12 leading flank surface



2 head part 3, 3e shaft part 9 guide thread 10 normal thread 2511 pressure flank surface 12 leading
flank surface 20 clearance groove 21 bottom 22 leading side wall 23 trailing side wall 525d, 26d
arc-shaped part 30, 30a, 30b, 31b, 30c engaging protrusion 40 workpiece

20 clearance groove
21 bottom
22 |leading side wall
23 trailing side wall
5 25d, 26d arc-shaped part
30, 30a, 30D, 3Ib, 30c engaging protrusion
40 workpiece

41 hole

10



41 hole 10 CLAIMS 1.A tapping screw, comprising: a shaft part; and a normal thread formed on an
outer circumferential surface of the shaft part, Swherein a clearance groove is formed by cutting out a
portion of a ridge of the normal thread, and an engaging protrusion is provided on a bottom of the
clearance groove along a portion or an entirety of an edge of the bottom that continuously extends
from a flank surface of the normal thread. 10 2.The tapping screw of claim 1 wherein the normal thread
has an asymmetric shape, and the engaging protrusion is provided on an edge of the bottom of the
clearance groove that continuously extends fror@laAldnk surface having a smaller flank angle. 3.The
tapping screw of claim 1 or 2, wherein the shaft part has a cross-sectional shape 15 formed in such a
way that a plurality of arc-shaped parts having different curvature radii are connected to each other.

1. A tapping screw, comprising: a shaft part; andormal thread formed on an outer
circumferential surface of the shaft part,

5 wherein a clearance groove is formed by cuttingagortion of a ridge of the normal
thread, and an engaging protrusion is provided botm of the clearance groove along a
portion or an entirety of an edge of the botton ¢oatinuously extends from a flank surface of

the normal thread.

10 2. The tapping screw of claim 1, wherein the nbthraad has an asymmetric shape, and
the engaging protrusion is provided on an edgéefbbttom of the clearance groove that

continuously extends from a flank surface haviegaller flank angle.

3. The tapping screw of claim 1 or 2, whereinghaft part has a cross-sectional shape
15 formed in such a way that a plurality of arc-shapads having different curvature radii are

connected to each other.



