
I  SPECIFICATION THREADED FASTENER WRENCHING STRUCTURE,  THREADED FASTENER
AND WRENCHING TOOL 5 Field of the Invention [00011 The present invention
relates to a threaded fastener wrenching  structure, especially, to a
threaded fastener and a wrenching tool to fasten even a small  10 diameter
threaded fastener of which the diameter of the thread portion is not larger
than about 3 mm with large torque. Description of Related Art [00021
Wrenching is basically to fasten two or more parts or members 15 integrally
with converting a wrenching torque applied to a torque transmitting portion
into a wrenching axial force. We must take a fitting state of the shape of
the torque  transmitting portion provided in the thread fastener and a
wrenching tool such as a bit  directly transmitting the wrenching torque
into consideration as a set at all times.  Recently many industrial
products are led to lighter and smaller styles and parts for 20 the
products tend to be downsized. More downsizing and applying relatively high
wrenching torque are required also for threaded fastener parts. [00031 JP
3026965B discloses a threaded fastener wrenching structure  includes a
fitting hole which is provided in one of a threaded fastener and a
wrenching  tool for wrenching the threaded fastener; and a fitting
protrusion which is provided in 25 the other of the threaded fastener and
the wrenching tool and which is to be brought  into fitting engagement with
the fitting hole; wherein each of the fitting hole and  protrusion is
three-pronged shaped and has three torque transmitting portions which  are
angularly spaced apart from each other by 120 degrees about a centerline of
the  each of the fitting hole and protrusion and which project outwardly in
a radial 30 direction of the each of the fitting hole and protrusion, so
that a wrenching torque is  



transmitted through the torque transmitting portions to the threaded
fastener, as a  result of rotation of the wrenching tool when the fitting
hole and protrusion are held in 2 fitting engagement with each other; (a)
wherein each of the torque transmitting  portions of each of the fitting
hole and protrusion has a pair of side portions. parallel  with a direction
in which the each of the torque transmitting portions projects away  from
the centerline; and each adjacent pair of the side portions of the torque 5
transmitting portions are smoothly connected to each other through an
arcuate portion  which has a constant radius R of curvature and which is
convexed toward the  centerline; and (b) wherein each of the fitting hole
and protrusion is shaped to satisfy  both of the expressions (1) and (2)
described below, where "g" represents a diameter  of a circle circumscribed
about radially outer ends of the three torque transmitting 10 portions,
while "b" represents a diameter of a circle inscribed in the three arcuate
portions. The threaded fastener wrenching structure provides a small
difference  between the area of the inner side of the torque transmitting
portion (corresponding to  a member, EB in Fig. 3(b), of the fitting
protrusion) and the area between the torque  transmitting portions about
the centerline (corresponding to a member, ER in Fig. 3(b), 15 of the
fitting hole). This balance of the fitting protrusion and hole in strength
restrains the fitting protrusion from being damaged and the fitting hole
from being  deformed, and even small diameter threaded fastener, for
example, of not larger than  about 3 mm can be wrenched with higher
wrenching torque. 20 0.5g<b<0.6g ... (1)  0.5b<R<0.6b ...(2) [0004] The
side surfaces of the fitting hole are formed as inclined flat  surfaces for
the diameter (the length from one end to the other end in the radial 25
direction) of the fitting hole increases as viewed in a direction toward
the opening.  The side surfaces of the fitting protrusion are formed as
inclined flat surfaces for the  diameter of the fitting protrusion
decreases as viewed in a direction toward the axially  



distal end of the fitting protrusion. The fitting hole has more gradual
inclined surfaces than the fitting protrusion does. Then the axially distal
end of the fitting  30 protrusion is engaged with the fitting hole at an
axially intermediate portion of the 3 inclined surface of the fitting hole.
Consequently the engagement may cause a  partially damage on the fitting
protrusion and a partially deformation of the fitting  hole with large
applied forces to the engaged part having a relatively small radial
dimension upon wrenching. And the engagement also causes the wrenching tool
to 5 come out and an unstable state of the threaded fastener with a large
component of  force apart from the engaged part in the axial direction in
proportion to the applied  force to the engaged part. The more gradual
incline (such as inclines of the outer  peripheral end surfaces 28, 36 of
the torque transmitting portions 22, 30 in Fig. 3)  than the incline at the
originally engaged part which is derived from deformation of the 10 part
causes the wrenching tool to be apt to come out upon engagement. [0005] It
is therefore an object of the present invention to provide a threaded
fastener wrenching structure, a threaded fastener and a wrenching tool to
restrain a  partial deformation and damage of the engaged part of a fitting
hole and a fitting  protrusion provided in a threaded fastener and a
wrenching tool for wrenching the 15 threaded fastener and to wrench them by
higher wrenching torque. SUMMARY OF THE INVENTION [0006] The object
indicated above may be achieved according to a first  aspect of the
invention, which provides a threaded fastener wrenching structure 20
comprising: a fitting hole which is provided in one of a threaded fastener
and a  wrenching tool for wrenching the threaded fastener; and a fitting
protrusion which is  provided in the other of the threaded fastener and the
wrenching tool and which is to  be brought into fitting engagement with the
fitting hole; wherein each of the fitting hole  and protrusion is
three-pronged shaped and has three torque transmitting portions 25 which
are angularly spaced apart from each other by 120 degrees about a
centerline of  



the each of the fitting hole and protrusion and which project outwardly in
a radial  direction of the each of the fitting hole and protrusion, so that
a wrenching torque is  transmitted through the torque transmitting portions
to the threaded fastener, as a  result of rotation of the wrenching tool
when the fitting hole and protrusion are held in 30 fitting engagement with
each other; and the threaded fastener wrenching structure is 4
characterized in that the fitting protrusion has an inclined engager
portion at which a  diameter of the fitting protrusion is reduced as viewed
in a direction toward an axially  distal end of the fitting protrusion, and
in that the fitting protrusion is brought into  engagement at an axially
intermediate portion of the inclined engager portion with an  5 opening
edge of the fitting hole. [00071 The object indicated above may be achieved
according to a second  aspect of the invention, which provides the threaded
fastener wrenching structure  defined in the first aspect of the invention,
characterized in: (a) that the torque  transmitting portions of each of the
three-pronged shaped fitting hole and protrusion 10 have side portions
which are adjacent to each other and which are smoothly connected  to each
other through an arcuate portion which is convexed toward the centerline;
(b)  that the inclined engager portion is provided in the arcuate portion
of the fitting  protrusion; and that the fitting protrusion is brought into
engagement at the arcuate  portion thereof with the arcuate potion of the
opening edge of the fitting hole. 15 [0008] The object indicated above may
be achieved according to a third  aspect of the invention, which provides
the threaded fastener wrenching structure  defined in any one of the first
and second aspects of the invention characterized in: (a)  that each of the
torque transmitting portions of each of the fitting hole and protrusion
has a pair of side portions parallel with a direction in which the each of
the torque 20 transmitting portions projects away from the centerline; that
each adjacent pair of the  side portions of the torque transmitting
portions are smoothly connected to each other  through an arcuate portion
which has a constant radius R of curvature and which is  



convexed toward the centerline; and (b) that each of the fitting hole and
protrusion is  shaped to satisfy both of the following expressions (1) and
(2): 25 0.5g<b<0.6g ...(1)  0.5b<R<0.6b ...(2) 5 where "g" represents a
diameter of a circle circumscribed about radially outer ends of  the three
torque transmitting portions, while "b" represents a diameter of a circle
inscribed in the three arcuate portions. [0009] The object indicated above
may be achieved according to a fourth  5 aspect of the invention, which
provides the threaded fastener wrenching structure  defined in any one of
the first through third aspects of the invention, characterized in  that:
each of the fitting hole and protrusion is shaped to satisfy all of the
following  expressions (3), (4) and (5): 100<a-< 8...(3) 0<<8...(4) [3<a
...(5) where "a" represents an angle of inclination of the inclined engager
portion with  15 respect to the centerline, while "(3" represents an angle
of inclination of an engaged part of the fitting hole, at which the fitting
hole is brought into engagement with the  inclined engager portion of the
fitting protrusion, with respect to the centerline.  [0010] The object
indicated above may be achieved according to a fifth aspect of the
invention, which provides the threaded fastener wrenching structure 20
defined in any one of the first through fourth aspects of the invention
characterized in  that a diameter of a thread of the threaded fastener is
not larger than 3 mm. [0011] The object indicated above may be achieved
according to a sixth  aspect of the invention, which provides the threaded
fastener wrenching structure  defined in any one of the first through fifth
aspects of the invention characterized in 



25 that the threaded fastener is provided with the fitting hole, while the
wrenching tool is  provided with the fitting protrusion. [0012] The object
indicated above may be achieved according to a seventh  aspect of the
invention, which provides a thread fastener characterized by being
provided with one of the fitting hole and protrusion defined in any one of
the first  30 through fifth aspects of the invention. 6 [0013] The object
indicated above may be achieved according to a eighth  aspect of the
invention, which provides a wrenching tool characterized by being  provided
with one of the fitting hole and protrusion defined in any one of the first
through fifth aspects of the invention. 5 [0014] According to the first
aspect of the invention, the fitting protrusion  has an inclined engager
portion at which a diameter of the fitting protrusion is reduced  as viewed
in a direction toward an axially distal end of the fitting protrusion, and
in  that the fitting protrusion is brought into engagement at an axially
intermediate portion,  of the inclined engager portion with an opening edge
of the fitting hole. The diameter 10 dimension of the engaged part is
larger than that in the intermediate of the fitting hole  engaged with the
tip portion in the axial direction of the fitting protrusion in the
conventional case, and a smaller force is applied by the constant wrenching
torque to  the engaged part in inverse proportion to the larger diameter
dimension. This  restrains a partial damage or a deformation of the fitting
protrusion and hole at the 15 engaged part or allows the threaded fastener
to efficiently be wrenched by higher  wrenching torque. A smaller applied
force to the engaged part causes stably  wrenched state of the threaded
fastener as a result of a small component of force in the  axial direction
to force apart along the inclination of the inclined engager portion,
namely, restraining the threaded fastener wrenching tool from coming out of
the fitting  20 hole. [0015] According to the third aspect of the
invention, each of the torque  



transmitting portions of each of the fitting hole and protrusion has a pair
of side  portions parallel with a direction in which the each of the torque
transmitting portions  projects away from the centerline; that each
adjacent pair of the side portions of the 25 torque transmitting portions
are smoothly connected to each other through an arcuate  portion which has
a constant radius R of curvature and which is convexed toward the
centerline, and each of the fitting hole and protrusion is shaped to
satisfy both of the  above expressions (1) and (2), where g represents a
diameter of a circle circumscribed  about radially outer ends of the three
torque transmitting portions, b represents a 30 diameter of a circle
inscribed in the three arcuate portions and R represents a curvature 7
radius of the arcuate portion. This restrains both of a damage of the
fitting  protrusion and a deformation of a fitting hole and provides the
threaded fastener and  the wrenching tool for wrenching the threaded
fastener by high wrenching torque. [0016] The three-pronged shape
satisfying the expressions (1) and (2) 5 allows threaded fastener wrenching
structure to provide a small difference between the  area of the inner side
of the torque transmitting portion (corresponding to a member,  EB in Fig.
3(b), of the fitting protrusion) and the area between the torque
transmitting  portions about the centerline (corresponding to a member, ER
in Fig. 3(b), of the fitting.  hole). This balance of the fitting
protrusion and hole in strength restrains the fitting 10 protrusion from
being damaged and the fitting hole from being deformed. [0017] The concrete
numerical values are shown as follows. The adjacent  side portions of the
adjacent torque transmitting portions of the three-pronged shape  fitting
protrusion and hole are smoothly connected to each other through an arcuate
portion having a constant curvature radius R. The curvature radius R is not
smaller 15 than 50% of the diameter b of the inscribed circle, in other
words, not smaller than  25% of the diameter g of the circumscribed circle.
This especially prevents stress  concentration at the base portion of the
torque transmitting portion of the fitting  protrusion. The curvature
radius R is not larger than 60% of the diameter b of the  



inscribed circle, namely, not larger than 3 6% of the diameter g of the
circumscribed 20 circle and then each torque transmitting portion has the
linear side portions which are  parallel to the projecting direction and
the wrenching torque is efficiently transmitted.  Meanwhile, because the
diameter b of the inscribed circle is not smaller 50% of the  diameter g of
the circumscribed circle, high mechanical strength is obtained by
sufficient thickness of the fitting protrusion. At the same time, for it is
not larger 25 than 60%, the sufficient projecting dimension of the torque
transmitting portion  allows the wrenching torque to be efficiently
transmitted and restrains a deformation  of the fitting hole. [0018]
According to the fourth aspect of the invention, the inclination angle  a
of the inclined engager portion of the fitting protrusion is not larger
than 8, and the  30 inclination angle (3 of the fitting hole is not larger
than both of 8 and a. This 8 produces large static friction between them.
And this allows the threaded fastener to  be securely held (attached) in
the threaded fastener wrenching tool and automatic  wrenching of the
threaded fastener by a robot. It is said that the coefficient of static
friction between members of steel is generally not larger than 0. 14, and
considering the 5 fact of tan 8' = 0. 1405, an appropriate static friction
will be realized with the  inclination angle a being not larger than 8' for
a steel threaded fastener and a steel  threaded fastener wrenching tool.
[00191 According to the fifth aspect of the invention, applied for a small
diameter threaded fastener of which the thread portion of it is not larger
than 3 mm,  10 the threaded fastener wrenching structure causes broken
forces applied to the engaged parts of the fitting protrusion and hole.
Consequently this restrains a damage or a  deformation of them and provides
the threaded fastener and the wrenching tool for  efficiently wrenching the
threaded fastener by high wrenching torque. [00201 The threaded fastener
according to the seventh aspect of the 15 invention and the threaded
fastener wrenching tool according to the eighth aspect of  



the invention provide substantially the same action and effect as the
threaded fastener  structure according to the first through fifth aspects
of the invention. [00211 In general the threaded fastener structure is
provided with a threaded  fastener having a fitting hole (recess) and a
threaded fastener wrenching tool having a  20 fitting protrusion (wing
portion). To the contrary the threaded fastener structure may be provided
with a threaded fastener having a fitting protrusion and a threaded
fastener wrenching tool having a fitting hole. The thread of the threaded
fastener  may be an external or internal thread. [00221 The fitting
protrusion has an inclined engager portion at which a 25 diameter of the
fitting protrusion is reduced as viewed in a direction toward an axially
distal end of the fitting protrusion. Portions other than the inclined
engager portion  may, however, not be inclined and the fitting hole may be
provided substantially  parallel to the axial direction. Notwithstanding
gradients for par-Ling to be a larger  diameter as directing to the opening
side may preferably be provided upon the fitting 30 hole forming by forging
and inclinations to be a smaller diameter as directing to the tip 9 side in
the axial direction may preferably be provided upon the fitting protrusion
forming in accordance with the fitting hole. [00231 The 'inclination angle
a of the inclined engager portion of the fitting  protrusion and the
inclination angle P of the engaged part, namely, the opening edge of  5 the
fitting hole which is engaged with the inclined engager portion may
preferably be set as, for example, not larger than 8' according to the
fourth aspect of the invention  with considering the attachability. The
non-engaged portions other than these  engaged portions, for example, the
outer peripheral end surface of the torque  transmitting portion may
preferably be inclined at about 10' - 20' of an inclination 10 angle with
considering such as forging formability upon forming of the inclined
engager  portion at the arcuate portion of the torque transmitting portion.
The inclination  angle cx may preferably be set such as not smaller than 3'
for certainly engaging with  



the opening edge of the fitting hole despite the dimensional tolerance.
Regarding the  inclination angle P, the difference between a and P (a - P)
may preferably be set as 15 not larger than 2', more preferably as not
larger than I' for efficiently attachability.  [0024] According to the
third aspect of the invention, it is not necessary that  every portion of
the fitting protrusion and hole satisfies the expressions (1) and (2).  At
least the engaged parts through which the wrenching torque is transmitted,
namely,  the opening edge of the fitting hole and the engaged part of the
fitting protrusion 20 engaged with the opening edge of the fitting hole may
satisfy the expressions (1) and  (2). [00251 The present invention may
preferably be applied especially to the  threaded fastener wrenching tool
for a small diameter threaded fastener of which the  diameter of the thread
is not larger than about 3 mm. The diameter dimension of that 25 kind of
the threaded fastener is so small that the wrenching torque is difficult to
be  obtained. In addition the present invention may be applied to the
threaded fastener  wrenching tool also for a threaded fastener of which the
diameter of the thread is not  smaller than 3 mm. 30 BRIEF DESCRIPTION OF
THE DRAWINGS 10 [0026]  Fig. 1(a) illustrates a small diameter threaded
fastener according to the invention in a  plan view as seen from the head
portion side and Fig. I (b) illustrates the same in a  partly omitted front
view; 5 Fig. 2(a) illustrates a recess provided in the small diameter
threaded fastener in Fig. 1  in a plan view and Fig. 2(b) illustrates the
same in a sectional view along with the line  B-B of Fig. 2(a); and Fig.
3(a) illustrates the engaged state of the recess and the fitting protrusion
of the bit  in Fig. 2 in a sectional view including the centerline 0 and
Fig. 3(b) illustrates the same  10 in a sectional view cut at the engaged
part with a level surface perpendicular to the  



centerline O. DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS  [0027]
Hereinafter, there will be described a threaded fastener wrenching 15
structure, a threaded fastener and a wrenching tool by reference to the
drawings. Fig. I (a) illustrates a small diameter threaded fastener 10
according to the invention in  a plan view as seen from a head portion 12
side and Fig. 1(b) illustrates the same in a  partly omitted front view.
The thread fastener 10 is provided with an external thread  14 of M0.8 x
0.2 as a thread portion and a recess 16 in the head portion 12 as a fitting
20 hole for wrenching. The head portion 12 has about 1.4 mm diameter and
about 0.2  mm thickness. [0028] Fig. 2(a) illustrates the recess 16 in an
enlarged plan view and Fig.  2(b) illustrates the same in a sectional view
along with the line B-B of Fig. 2(a). Fig.  3(a) illustrates the engaged
state of the recess 16 and the tip portion 20a of the fitting 25 protrusion
20, which is in the recess 16, on the tip side of a bit 18 as a wrenching
tool  in a sectional view as Fig. 2(b) including the centerline O. Fig.
3(b) illustrates the  same in a sectional view cut at the engaged part with
a level surface perpendicular to  the centerline O. The centerline 0 passes
through the center of the recess 16 and the  fitting protrusion 20 and
coincides with the axis of the threaded fastener 10. As 30 shown in these
figures, the recess 16 is formed to have a three-pronged shape I1 including
three torque transmitting portions 22 which are angularly spaced apart from
each other by 120 degrees about a centerline 0 of each of the fitting hole
and.  protrusion and which project outwardly in a radial direction of each
of the fitting hole  and protrusion. The torque transmitting portion 22 has
a pair of linear side portions 5 24 parallel with a direction in which each
of the torque transmitting portions projects  away from the centerline 0.
Each adjacent pair of side portions 24 of the adjacent  torque transmitting
portions 22 are smoothly connected to each other through an  arcuate
portion 26 having a constant curvature radius R. The fitting protrusion 20



has the similar section cut along a surface perpendicular to the centerline
0 to the 10 recess 16 and is also formed to have a three-pronged shape
including three torque  transmitting portions 30 which are angularly spaced
apart from each other by 120  degrees about a centerline 0 of each of the
fitting hole and protrusion and which  project outwardly in a radial
direction of each of the fitting hole and protrusion. The  torque
transmitting portion 30 has a pair of linear side portions 34 parallel with
a 15 direction in which each of the torque transmitting portions projects
away from the  centerline 0. Each adjacent pair of side portions 34 of the
adjacent torque  transmitting portions 30 are smoothly connected to each
other through an arcuate  portion 32 having the same constant curvature
radius R as the arcuate portion 26. [00291 The arcuate portion 26 of the
recess 16 has an inclined surface 20 inclined outwardly at an inclination
angle (3 from the centerline 0 as upward, then a  diameter of a virtual
circle including the arcuate portion 26 increases as directing  toward an
opening side of the recess 16 in the axial direction (upward in Fig. 2(b)
and  Fig. 3(a)). The arcuate portion 32 of the fitting protrusion 20 has an
inclined surface  inclined inwardly at an inclination angle a from the
centerline 0 as downward, then a 25 diameter of a virtual circle including
the arcuate portion 32 decreases as directing  toward a tip side of the
fitting protrusion 20 in the axial direction (downward in Fig.  3(a)). The
inclination angle a is larger than the inclination angle (3 and a is about
630' and Pis about 545' in this embodiment. As shown in Fig. 3(a), the
arcuate  portion 32 of the fitting protrusion 20 engages with the arcuate
portion 26 at the edge 30 of the opening of the recess 16, namely, at an
upward point in the axial direction from 12 the bottom of the recess 16 and
the wrenching torque is transmitted through the  arcuate portions 32, 26
and the side portions 34, 24. The arcuate portions 32 are  functioned as an
inclined engager portion. [0030] The end portion 28 of the torque
transmitting portion 22 has an 5 inclined surface inclined outwardly at an
inclination angle E from the centerline 0 as  



upward, then a diameter of a virtual circle including the end portion 28
increases as  directing toward an opening side of the recess 16 in the
axial direction. And the end  portion 36 of the torque transmitting portion
30 has an inclined surface inclined  inwardly at an inclination angle 0
from the centerline 0 as downward to a tip portion 10 20a, then a diameter
of a virtual circle including the end portion 3 6 decreases as  directing
toward a tip side of the fitting protrusion 20 in the axial direction. The
angles E and 0 are set as about 15. [0031] The section of the fitting
protrusion 20 at the engaged part 38 of the  recess 16 and the fitting
protrusion 20, namely, the opening edge portion of the recess  15 16 in
Fig. 3(a) is shown as the three-pronged shape contoured by the solid line
in Fig. 3(b). An outside area of the three-pronged shape substantially
represents the section  of the head portion 12 having the recess 16. In
Fig. 3(b), g represents a diameter of a  circle 40 circumscribed about
radially outer ends of the three torque transmitting  portions 22, 30, b
represents a diameter of a circle 42 inscribed in the three arcuate 20
portions 26, 32, and P represents a center of curvature of the arcuate
portion 26, 32  with the curvature radius R. In this embodiment the
diameter g is set as g 1.24  mm, the diameter b = 0.5 g 0.62 mm and the
curvature radius R = 0.5 b = 0.25 g  0.31 mm. The width f of the torque
transmitting portion 22 is calculated according to the expression (6) below
as f = 0.45 mm in the embodiment. The dimension of the  25 outwardly
projected part of the torque transmission portion 22 of the recess 16 is
slightly larger than that of the torque transmission portion 30 of the
fitting protrusion  20 for engaging the arcuate portion 32 with the arcuate
portion 26 as apparent in Fig.  3(a). The circle circumscribed about the
radially outer end of the torque transmission  portion 22 of the recess 16
is larger than the circumscribed circle 40 in Fig. 3(b) in a 30 strict
manner. 13 f = g - sin 60' -2R ... (6) [00321 The fitting protrusion 20 and
the recess 16 of the threaded fastener  



5 wrenching structure, the small diameter thread fastener 10 or the bit 18
are fit with each other and both formed as a three-pronged shape in its
section cut along the radial  direction. The adjacent side portions 24, 34
of the adjacent torque transmitting  portions 22, 30 of the three-pronged
shape fitting protrusion 20 and recess 16 are  smoothly connected to each
other through an arcuate portion 26, 32 respectively. 10 The diameter b =
0.5 g and the curvature radius R = 0.5 b restrain a damage of the  fitting
protrusion 20 and a deformation of the recess 16 and allow the small
diameter  threaded fastener to wrench by high wrenching torque. t00331 That
is, the setting of b = 0.5 g and R = 0.5 b balances the strengths  of the
fitting protrusion 20 and the recess 16 as a result of a small difference
of the 15 inner area of the torque transmitting portion 22, 30, namely, the
area EB of the torque  transmitting portion 30 of the fitting protrusion 20
and the intermediate area ER  (corresponding to parts of the recess 16)
between the torque transmitting portions 22, 30. (0034] The adjacent side
portions 24, 34 of the adjacent torque transmitting  20 portions 22, 30 of
the three-pronged shape fitting protrusion 20 and recess 16 are smoothly
connected to each other through an arcuate portion 26, 32 having a constant
curvature radius R. The curvature radius R is 50% of the diameter b of the
inscribed  circle 42 and 25% of the diameter g of the circumscribed circle
40. Consequently the  wrenching torque is efficiently transmitted as a
result of especially preventing stress 25 concentration at the base portion
of the torque transmitting portion 30 of the fitting  protrusion 20 and
having the linear side portions 24, 34 of each torque transmitting  portion
22, 30 which are parallel to the projecting direction. Meanwhile, the
diameter b of the inscribed circle 42 is 50% of the diameter g of the
circumscribed  circle 40 and, consequently, high mechanical strength is
obtained by sufficient 30 thickness of the fitting protrusion 20. At the
same time the sufficient projecting 14 dimension of the torque transmitting
portion 22, 30 allows the wrenching torque to be  



efficiently transmitted and restrains the deformation of the recess 16.
[0035] The arcuate portion 32 of the fitting protrusion 20 inclines at the
inclination angle a = 6 30' and the arcuate portion 26 of the recess 16
inclines at the  5 inclination angle [3 = 5 45'. Engagement of the axial
intermediate portion of the fitting protrusion 20 and the recess 16 at the
opening edge produces large static  friction between them. This allows the
small diameter threaded fastener 10 to be  securely held (attached) by the
bit 18 and automatic wrenching of the small diameter  threaded fastener 10
by a robot. The small diameter threaded fastener 10 and the bit 10 18 are
respectively made of a certain kind of steel. The threaded fastener 10 is
made  of such as carbon steel and the bit 18 is made of such as chromium
molybdenum steel  or High Speed Steel. It is said that the coefficient of
static friction of them is  generally not larger than 0.14, and considering
the fact of tan 8 = 0.1405, an  appropriate static friction is realized in
the present embodiment of the inclination 15 angle a z 6 30' and the
inclination angle B= 5 45'. [0036] While the arcuate portion 26 of the
recess 16 inclines at the  inclination angle B = 5 45, the end surface 28
of the torque transmitting portion 22  inclines at the inclination angle a
15 and the recess 16 is easily and precisely formed  by forging. The
inclinations serve as the gradients for parting and they facilitate the 20
parting of the punch from the recess 16 after forging to precisely forge a
predetermined shape of the recess 16. [0037] Apparent in Fig. 2(a) of the
plan view, with the inclined arcuate  portion 26 at the inclination angle
(3 both of the side portions (side surfaces) 24 of the  torque transmitting
portion 22 inclines toward the outer direction, namely, radially 25 and
extendingly about the centerline 0. Consequently the coming-out component
to  thrust the fitting protrusion 20 out of the recess 16 is produced when
the wrenching  torque is applied by engagement of the side portions 24 with
the side portions 34 of  the fitting protrusion 20. However, the wrenching
torque is efficiently transmitted  because the inclination angle in the
radial direction at the side portion 24 is sufficiently 



30 smaller than the inclination angle [3 5 45' and little effective. The
arcuate portion 15 26 of the recess 16 has the same curvature radius R at
the bottom as that at the  opening of an upward end and it is about 0.31mm.
[0038] Requiring of a special tool such as the bit 18 for unwrenching the
small diameter threaded fastener 10 having the three pronged shape recess
16 prevents  5 the public or persons unconcerned from unwrenching them with
ease. It is effective  against a kind of mischief. [0039] In the present
embodiment the inclination angle a of the arcuate  portion 32 of the
fitting protrusion 20 is larger than the inclination angle 0 of the
arcuate portion 26 of the recess 16 and the wrenching torque is transmitted
through 10 the intermediate portion of the fitting protrusion 20 in the
axial direction engaged with  the opening edge of the recess 16. As a
result, the diameter dimension of the engaged  part 38 is larger than that
in the intermediate of the recess 16 engaged with the tip  portion 20a of
the fitting protrusion 20 in the conventional case of a < 0, and a  smaller
force is applied by the constant wrenching torque to the engaged part 38 in
15 inverse proportion to the larger diameter dimension. This restrains a
partial damage  or a deformation of the fitting protrusion 20 and the
recess 16 at the engaged part 38  or allows the small diameter threaded
fastener 10 to be efficiently wrenched by higher  wrenching torque. A
smaller applied force to the engaged part 38 causes stably  wrenched state
of the small diameter threaded fastener 10 as a result of a small 20
component force in the axial direction to force apart along the inclination
of the arcuate  portion 32, namely, restraining the bit 18 from coming out
of the recess 16. [0040] It is to be understood that the present invention
may be embodied  with other changes, improvements, and modifications that
may occur to a person  skilled in the art without departing from the scope
and spirit of the invention defined  25 in the appended claims. Industrial
Use 



[00411 As described above, the present invention provides a threaded
fastener wrenching structure, a threaded fastener and a wrenching tool to
restrain a  30 partial deformation and damage of the engaged part of a
fitting hole and a fitting 16 protrusion provided in a threaded fastener
and a wrenching tool for wrenching the  threaded fastener and to wrench
them by higher wrenching torque. 17 WHAT IS CLAIMED IS: 1. A threaded
fastener wrenching structure comprising: a fitting hole which is provided
in one of a threaded fastener and a wrenching  5 tool for wrenching the
threaded fastener; and a fitting protrusion which is provided in the other
of the threaded fastener and  the wrenching tool and which is to be brought
into fitting engagement with the fitting  hole; wherein each of the fitting
hole and protrusion is three-pronged shaped and has  10 three torque
transmitting portions which are angularly spaced apart from each other by
120 degrees about a centerline of the each of the fitting hole and
protrusion and  which project outwardly in a radial direction of the each
of the fitting hole and  protrusion, so that a wrenching torque is
transmitted through the torque transmitting  portions to the threaded
fastener, as a result of rotation of the wrenching tool when 15 the fitting
hole and protrusion are held in fitting engagement with each other, the
threaded fastener wrenching structure being characterized in that the
fitting  protrusion has an inclined engager portion at which a diameter of
the fitting protrusion  is reduced as viewed in a direction toward an
axially distal end of the fitting  protrusion, and in that the fitting
protrusion is brought into engagement at an axially 20 intermediate portion
of the inclined engager portion with an opening edge of the fitting  hole.
2. The threaded fastener wrenching structure according to claim 1,  



characterized in: 25 that the torque transmitting portions of each of the
three-pronged shaped  fitting hole and protrusion have side portions which
are adjacent to each other and  which are smoothly connected to each other
through an arcuate portion which is  convexed toward the centerline; that
the inclined engager portion is provided in the arcuate portion of the  30
fitting protrusion; 18 and that the fitting protrusion is brought into
engagement at the arcuate  portion thereof with the arcuate potion of the
opening edge of the fitting hole. 3. The threaded fastener wrenching
structure according to claim 1 or 2,  5 characterized in: that each of the
torque transmitting portions of each of the fitting hole and  protrusion
has a pair of side portions parallel with a direction in which the each of
the  torque transmitting portions projects away from the centerline; that
each adjacent pair of the side portions of the torque transmitting portions
10 are smoothly connected to each other through an arcuate portion which
has a constant  radius R of curvature and which is convexed toward the
centerline; and that each of the fitting hole and protrusion is shaped to
satisfy both of the  following expressions (1) and (2): 15 0.5g<_b<0.6g
...(1)  0.5b5 R<0.6b ...(2) where "g" represents a diameter of a circle
circumscribed about radially outer ends of  the three torque transmitting
portions, while "b" represents a diameter of a circle 20 inscribed in the
three arcuate portions. 4. The threaded fastener wrenching structure
according to any one of  claims 1.3, characterized in that: each of the
fitting hole and protrusion is shaped to satisfy all of the following  



25 expressions (3), (4) and (5): 0 < c 8 ... (3)  00<<8 ...(4)  P < a ...
(5) 30 19 where "a" represents an angle of inclination of the inclined
engager portion with  respect to the centerline, while represents an angle
of inclination of an engaged  part of the fitting hole, at which the
fitting hole is brought into engagement with the  inclined engager portion
of the fitting protrusion, with respect to the centerline. 5 5. The
threaded fastener wrenching structure according to any one of  claims 1-4,
characterized in that a diameter of a thread of the threaded fastener is
not  larger than 3 mm. 10 6. The threaded fastener wrenching structure
according to any one of  claims 1-5, characterized in that the threaded
fastener is provided with the fitting hole,  while the wrenching tool is
provided with the fitting protrusion. 7. A thread fastener characterized by
being provided with one of the  15 fitting hole and protrusion defined in
any one of claims 1-5. 8. A wrenching tool characterized by being provided
with one of the  fitting hole and protrusion defined in any one of claims
1-5. 20 


