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5 TITLE OF THE INVENTION 
SCREW TIGHTENING STRUCTURE, SCREW AND SCREW TIGHTENING TOOL 
FIELD OF THE INVENTION 

[0001] 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 convex 
sections while making it possible to easily tighten the screw with increased tightening 
torque. 

BACKGROUND OF THE INVENTION 

[0002J Screw tightening structures have been widely known which include: (a) an 
15 indented concave recess provided on a screw, and mating convex sections provided on a 

screw tightening tool; (b)the recess and the mating convex sections including three or 
more torque transfer portions, respectively, which protrude outward at equiangular 
intervals for concentrically mating engagement; and (c) wherein rotating the screw 
tightening tool causes the torque transfer portions of the mating convex sections to 

20 transfer a tightening torque to the screw via the torque transfer portions of the recess 
(see Patent Publications 1 and 2). 
[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 01 and 02 of the 
screw 100 and the screw tightening tooL 104, respectively. With the recess 102 and the 
mating convex sections 106 held in mating engagement with each other in a concentric 
relation, further, the screw tightening tool 104 is caused to rotate clockwise about the 
center line 02. 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) is a 
transverse cross-sectional view taken on a plane perpendicular to the center lines 01 
and 02 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 01 and 02 and 

40 corresponds to a cross section taken on line XB-XB in FIG. 10(a). 
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5 PUBLICATIONS ON PRIOR ART 

PATENT PUBLICATIONS 

[0004] Patent Publication 1: Japanese Patent No. 3026965 

Patent Publication 2: Japanese Patent Application Publication No. 2009-8134 

SUMMARY OF THE INVENTION 

10 Problems 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 configuration perpendicular to the center line 01 involving the 

force application point Q. A surface perpendicular force F, acting on the recess 102 in a 

direction perpendicular to a sidewall surface thereof at the force application points Q 

15 are inclined with respect to a tangential direction (oriented in a direction indicated by 

an arrow N) of the force application point Q with a center on the center line 01 at an 

angle regarded to be a driving angle 0. Then, the driving angle 0 is expressed as O°<0 

with the driving angle 0 being regarded to be positive when oriented further outside 

than the tangential direction. When judging the driving angle 0 for Patent Publications 

20 1 and 2 by the drawings thereof, the driving angle 0 falls 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 0: 

25 N= F-cos0 --(I) 

[0006] When the driving angle 0 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 

30 102 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 aim 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 torque. Means for Solving the Problems 

[0008] The first aspect of the present disclosure provides a screw 



3 

5 tightening structure (a) comprising an indented concave recess formed on a screw, and 

mating convex sections provided on a screw tightening tool for 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 rotating the screw tightening tool 

10 causes the torque transfer portions of the mating convex sections to transfer a 

tightening torque to the screw via the torque transfer portions of the recess (d) under 

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

convex sections to be brought into abutting contact with sidewall of the torque transfer 

portions of the recess with the tightening torque being transferred to the screw via 

15 force application points Q representing resulting abutment portions (e) whereby in a 

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

perpendicular to a center line 01 of the recess and involving the force application 

points Q, a surface perpendicular force F, perpendicular to a sidewall of the recess at 

the force application point Q, is oriented in a direction at a driving angle 0, 

20 representing an angle that is inclined with respect to a tangential direction of the force 

application point Q with a center on the center line 01, which is expressed as 0<O° 

with the driving angle 0 being oriented outward from the tangential direction and 

assigned to be positive; (f) in the cross-sectional shape or the end face configuration of 

the recess on the plane perpendicular to a center line 01 of the recess and involving the 

25 force application points Q, the three or more torque transfer portions of the recess 

being connected to each other via concave circular arc contours having circular arc 

each with a radius R which form a part of or a whole of sidewalls of the torque transfer 

portions; (g) the radius R falling in a range expressed as 0.15G<R<0.30G when G 

represents an outer diameter of the torque transfer portion of the recess, and the center 

30 point PI of the concave circular arc contours each with the radius R being located at a 

circumference of a circle of a center-point diameter GR falling in a range expressed as 

0.85G<GR<0.95G with the center line 01 as a center point such that the force 

application points Q are present on the concave circular arc contours having a diameter 

in a range from 0.87G to 0.93G with the center line 01 as a center point, respectively; 

35 (h) outer circumferential walls of the torque transfer portions of the recess having 

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 application points Q 

being smoothly connected to each other via circular arcs each with a radius Rc and 

having the relationship Rc<(G-GR)/2. 
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5 [0009] The fourth aspect of the disclosure provides the screw tightening structure 

recited in the first aspect of the disclosure, wherein in the cross-sectional shape or the 

end face configuration of the recess on the plane perpendicular to a center line 01 of 

the recess and involving the force application points Q, an angle (|)1 between the torque 

transfer portions of the recess and a separate angle <|>2 of the torque transfer portions 

10 satisfy a relationship 0.35<W<0.50 when assumed the torque transfer portions have a 
ratio W = <|)l/((|)l+<j>2). 

[0010] The fifth aspect of the disclosure provides the screw tightening structure recited 

in the fourth aspect of the disclosure, wherein the force application points Q are 

present in the recess at an opening end portion thereof, wherein the outer diameter G, 

15 the radius R, the center-point diameter GR and the angles (j>l and <|>2 indicate 

dimensions of the recess at the opening end portion thereof. 

[0011] The seventh aspect of the disclosure provides the screw tightening structure 

recited in any one of the first, fourth and fifth aspects of the disclosure, wherein in the 

cross-sectional shape or the end face configuration of the mating convex sections on 

20 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 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. 

25 [0012] The eighth aspect of the disclosure provides the screw tightening structure 

recited in any one of the first, fourth and fifth aspects of the disclosure, 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 02 of the mating convex sections and 

involving the force application points Q, the three or more torque transfer portions of 

30 the mating 
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5 convex sections are connected to each other via concave circular arc contours, each 

having a radius "r" having a relationship r>R relative to the radius R, which form a 

part of or a whole of sidewalls of the torque transfer portions; (b) whereby when "g" 

represents an outer diameter of the torque transfer portions of the mating convex 

sections, the radius "r" falls in a range expressed as 0.17g<r<0.33g under which the 

10 center point P2 of the concave circular arc contours with the radius "r" is located on 

the circumference of a circle of the center-point diameter "gr" falling in a range of 

0.94g<gr<1.06g with a center on the center line 02; and the concave circular arc 

contours have edge portions, placed closer to the force application points Q, which 

reach the force application points Q. 

15 [0013] The ninth aspect of the disclosure provides the screw tightening structure recited 

in the eighth aspect of the disclosure, 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. 

[0014] The tenth aspect of the disclosure provides the screw tightening structure recited 

20 in the eighth or ninth aspect of the disclosure, 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 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. 

[0015] The eleventh aspect of the disclosure provides the screw tightening structure 
30 recited in any one of the first, fourth, fifth and seventh to tenth aspects of the disclosure, 

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 

al of 7° or less so as to approach the center line 01 of the recess; (b) the mating 

convex section has a minimum diameter portion, placed between the plural torque 

35 transfer portions thereof, which is inclined toward a distal at an inclination angle al of 

7° or less so as to 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 a2<al and al-a2<3° under which the tightening torque is transferred. 

40 [0016] The twelfth aspect of the disclosure provides the screw tightening structure 



6 

5 recited in the eleventh aspect of the disclosure, wherein (a) the maximum diameter 

portions of the torque transfer portions of the recess which are inclined toward a bore 

bottom at an inclination angle si of 15° or less so as to approach the center line 01 of 

the recess; (b) the maximum diameter portions of the torque transfer portions of the 

mating convex sections are inclined toward a distal end at an inclination angle s2 of 

10 15° or less so as to approach the center line 02 of the mating convex portions (c) with 

£l~s2. 
[0017] The thirteenth aspect of the disclosure provides the screw tightening structure 

recited in any one of the first, fourth, fifth and seventh to twelfth aspects of the 

disclosure, wherein (a) the driving angle 0 falls in a range of-24.6°< 0 < 0° and (b) the 

15 number of the torque transfer portions of each of the recess and the mating convex 

sections is any one of 3, 4, 5 and 6. 

[0018] The fourteenth aspect of the disclosure provides a screw including the recess recited in any one of 

the first, fourth, fifth and seventh to thirteenth aspects of the disclosure. 

[0019] The fifteenth aspect of the disclosure provides a screw tightening tool including 

20 the mating convex sections recited in any one of the first, fourth, fifth and seventh to 

thirteenth aspects of the disclosure. 
ADVANTAGEOUS EFFECTS OF THE INVENTION 

[0020] 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 allows 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 0 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 0 < 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 01 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 01. This results in less likelihood for the screw 

tightening tool to encounter come-out of escaping from the recess than a situation 

(O°<0) 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 

40 of the recess and damages or wears, etc., of the mating convex sections, while making 
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it possible for the screw to be relatively easily tightened with increased tightening 

torque. If 0<O°, especially, a component force occurs in a direction causing the 

sidewall of the recess to be pulled inward with the mating convex sections having 

increased likelihood of biting the recess with further appropriate suppression of 

come-out in a remarkable effect. 

[0021] With the second aspect of the present invention, the three or more torque 

transfer portions of the recess are connected to each other by means of circular- or 

oval-shaped concave circular-arc contours. In addition, the concave circular-arc 

contours form the sidewalls of the torque transfer portions such that the force 

application points Q are present on the concave circular-arc contours, respectively. 

Thus, appropriately determining a radius R of those concave circular-arc contours or 

(the center point Pi 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 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. 

Further, this makes it possible to easily perform the calculation on shape design of the 

recess such that the driving angle 0 is set to be a predetermined angle of 0° or less. 

[0022] The radius R falls in the range of 0.15G<R<0.30G and the center point PI of the 

concave circular-arc 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 

and the force application points Q are present on the concave circular arc contours 

having a diameter in a range from 0.87G to 0.93G with the center line 01 as a center 

point, respectively, it enables the driving angle 0 of the surface perpendicular force F 

to be set to be 0° or less. Under such a situation, the driving angle 0 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 0 = 1/cos 0 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 0, to be suppressed 

within a range of 10% or less. The outer circumferential walls of the torque transfer 

portions of the recess are formed in the circular arc configurations each with the outer 

diameter G, and the outer circumferential walls and the concave circular-arc contours 

at the force application points Q are smoothly connected to each other in a circular arc 

with a predetermined radius Rc. Thus, when forming the recess in depression with the 

use of a punch, the recess 12 can be appropriately formed with higher precision than 

that achieved when corners remain sharpened, and durability of the punch is improved. 
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[0023] 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 

center-point diameter GR to satisfy the requirement of the numeric ranges in the third 
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aspect of the invention such that the driving angle 0 is able to fall in the range of 

-24.6°< 9 < 0°. In general, moreover, the screw tightening tool is made of material 

having higher strength than that of the screw. Therefore, adjusting the ratio W of the 

torque transfer portions of the recess to be less than 0.50 allows the recess to have 

strength in balance with that of the screw tightening tool with resultant suppression of 

deformation, etc., of the recess, while enabling the screw to be tightened with large 

tightening torque. 

[0024] With the seventh 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 or a 

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 

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 

to easily perform the calculations on shape design of the mating convex sections in 

consideration of the shape of the recess. 

[0025] 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 

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 

Q, i.e., the outer circumferential side edge portions of the torque transfer portions in 
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configurations similar to the recess. This makes it possible to easily perform the shape 

design of the mating convex sections so as to allow 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. 

[0026] With the ninth aspect of the present invention, due to the torque transfer 

portions of the mating convex sections being arranged to have the outer diameter "g" 

0.87G<g<0.93G relative to the outer diameter G of the torque transfer portions of the 

recess, the outer circumferential side edge portions of the torque transfer portions of 

the mating convex sections are brought into abutting contact with the sidewall surfaces 

of the torque transfer portions of the recess of which the outer circumferential walls 

and the concave circular-arc contours are connected to each other in circular arcs each 

with a predetermined radius Rc, and, accordingly, the torque can be appropriately 

transmitted. In addition, the outer diameter "g" is 0.87G or more and this 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 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 remains with the 

same magnitude, for thereby suppressing the deformation of the recess and damage to 

and wear, etc., of the mating convex sections. 

[0027] 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, is about 0.9G with respect to the outer 

diameter G of the recess 12 and set to be 0.87G<g<0.93G in consideration of errors in 

stage production. 

[0028] 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 

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 

screw to be tightened with large tightening torque as those of the ninth aspect of the 
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present invention, 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 and damage to and wear, etc., of the mating convex sections. 

[0029] The eleventh aspect of the present invention is a case where the distal ends of 

the minimum diameter portions of the mating convex sections arranged to engage the 

midways of the minimum diameter portion of the recess. The minimum diameter 

portions have the inclination angles of al and al which are set to be 7° or less to fall 

in the relationships expressed as a2<al and al-a2<3°. This results in the occurrence 

of large static friction between both components to cause the screw to be easily 

retained (adhered) to the screw tightening tool, thereby making it possible for a robot 

to automatically tighten the screw. 

[0030] With the twelfth aspect of the present invention, the maximum diameter 

portions of the recess and the mating convex sections have the inclined angles si and 

s2 which are set to be 15° or less, respectively, with sl=s2. This allows the recess and 

the mating convex sections to be press formed in a forging process in the existence of 

draft angles resulting from the inclined angles si and s2, thereby easily enabling the 

formation with high precision. 

[0031] With the thirteenth aspect of the present invention, the driving angle 9 of the 

surface perpendicular force F falls in the range of -24.6°< 0 < 0°. This is less likely to 

encounter the occurrence of come-out. This suppresses the occurrence of deformation 

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 0, to be 

suppressed within a range of 10% or less. 

[0032] 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, fourth, fifth and seventh to tenth aspects of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] 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 IA-IA of FIG. 1(b) and FIG. 1(b), 

representing a longitudinal cross-sectional view involving the center lines 01 and 02, 

corresponds to a cross section taken on line IB-IB of FIG. 1(b). 
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FIG. 2 is a view showing the relationship between the ratio F/N between the 

surface perpendicular force F and the tangential force N, and the driving angle 6. 
FIG. 3 is a view explaining the result on searching the relationship between the 

center-point diameter GR of a circumference of a circle, at which the radius R of the 

mating convex sections of the recess and the center point PI are located, and the 
driving angle Q, FIG. 3(a) LS representing in a table, and FIG. 3(b) is representing in a 
graph. 

FIG. 4 is a view explaining the result on searching the relationship between the 
center-point diameter GR of a circumference of a circle, at which the radius R of the 
mating convex sections and the center point PI are located, and the ratio W of torque 
transfer portions (grooved portions) with respect to the recess having three grooves to 
six grooves. 

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 
"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). 

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. 1(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 
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 
[0034]! A recess has a shape in a cross section or an end face to be perpendicular to a 
center line 01 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 
the screw tightening tool are buried inside the recess, then, the force application points 
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Q are usually present at upper end face portions of the mating convex sections such 

that the force application points Q are present at intermediate portions of the recess 
along a depth direction. This means that the recess takes a cross-sectional 

configuration. In a seventh aspect of the present invention, shapes of the mating 
convex sections on a plane perpendicular to the center line 02 of the mating convex 
sections involving the force application points Q, take cross-sectional shapes or end 
face configurations depending on positions at which the force application points Q are 
placed. In addition, the force application points Q are not necessarily located at one 
point but may be likely to be continuously present on a linear order along, for instance, 
the depth direction of the recess. Although the subject matter of the present invention 
may preferably be satisfied in a whole of such ranges, any one of the force application 
points Q may suffice to satisfy the subject matter of the present invention. 
•[0035] It may suffice for a driving angle 8 to be 0° or less. However, there are 
increasing likelihoods that the greater the driving angle 0 oriented toward a negative 
side, the greater will be the value of F/N with a resultant increase in transfer loss of 
torque 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 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 6 is set to be, for 
instance, -17°< 0 < 0°, the transfer loss of torque can be suppressed to be of 5% or less. 

If 9 < 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 0 will be appropriately determined in consideration of such transfer 

loss and come-out. etc. 
[0036] The present invention contemplates to cause surface perpendicular forces F, 
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 
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 torques for the tightening side and the untightening side, however, 
these may be formed in asymmetric shapes. 



[0037] The mating convex sections include torque transfer portions which may be preferably 

formed in connection to each other by means of circular- or oval-shaped concave 

circular arc contours like those of a seventh aspect of the present invention but may 

take other various shape than the circular arc contours. In particular, the mating convex 

sections may suffice to be brought into abutting contact with the recess at 

predetermined force 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 seventh aspect of the present 

invention, wherein the torque transfer portions are connected to each other by means of 

the circular- or oval-shaped concave circular arc contours, including: 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. 



14 

•[0038] With a fourth aspect of the present invention, the torque transfer portions 

(groove portions) of the recess have a ratio W falling in a range of 0.35<W <0.50. The 

ratio W may he appropriately determined depending on materials of the screw. In case 

of a screw made of, for instance, stainless steel or non-iron metal in general use, the 

screw is relatively weaker than the screw tightening tool. Therefore, it is preferable for 

the ratio W to be relatively small in an order as low as, for instance, 0.35 to 0.40. In 

case of a screw made of, for instance, alloy steel with high strength, it is preferable 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 tightening tool in strength thereof. Depending on conditions, the ratio W can 

be determined in an order beyond the numeric ranges mentioned above. The mating 

convex sections of the screw tightening tool also have shapes that are appropriately 

determined depending on the shape of the recess. 

[0039] 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 first aspect of the present invention, as a premise based 

on the screw tightening tool in general use: in which the force application points Q are 

located on the circumference of a circle in the order of 0.9G with the center on the 

center line 01. 
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In implementing the seventh aspect of the present invention, moreover, it is possible to 

adopt concave circular arc contours in which, in place of the circular arc with the 

radius "r", the oval shapes are cut out in part. In implementing first, fourth or fifth 

aspect of the present invention, the torque transfer portions can be connected to each 

other in areas adjacent to the mating convex sections in shape except for the circular 

arc contours formed in the circle or oval shape. 

,-[0040] A ninth aspect of the present invention contemplates to allow the outer diameter 

"g" of the mating convex sections to fall in a range expressed as 0.87G<g<0.93G for 

the outer diameter G of the recess on supposition that the generally used screw 

tightening structure has the force application points Q lying on the circumference of a 

circle in the order of 0.9G with the center on the center line 01; in which it is 

preferable to fall the relationship expressed as g = 0.9G but may be possible for the 

outer diameter "g" to be determined beyond the numerical range noted above 

depending on needs. 

,[004ij A tenth aspect of the present invention contemplates the provision 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 

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, etc. 

;[0042] With an eleventh aspect and & twelfth aspect of the present invention, the recess 

and the mating convex sections have minimum diameter portions or maximum 

diameter portions which are inclined at inclination angles of al, a2, si and s2 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 

in the straight form. Moreover, in terms of adhesiveness and forging formability or the 

like, the inclination angles al and al may preferably fall in a range from about 3° to 

7° and the inclination angles si and s2 may preferably fall in a range from about 10° to 

15°. In addition, the inclination angles al, a2, si and s2 may also be determined to go 

beyond the numeric ranges defined in the eleventh aspect and the twelfth aspect of the 

present invention or may also be possible to fall in the relationships expressed as 
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al>a2 and sl=£s2. 

[0043] The present invention may be appropriately applied to a case wherein the 
number of torque transfer portions of the recess and the mating convex sections 
includes 3 to 6 but may also be applied to another case wherein the number of torque 

transfer portions is 7 or more. According to the present invention, further, deformation 
of the recess and damages or wears, etc., of the mating convex sections can be 
suppressed with a capability of tightening the screw with large tightening torque, 

-resulting in an advantageous effect of enabling a component part to be made of 
material at low cost provided that the same tightening torque is provided. 

Embodiments 
[0044] Hereunder, embodiments of the present invention will be described below in 
detail with reference to the accompanying drawings. 

FIG. 1 is a view, showing a screw tightening structure- 8 of one embodiment 

according to the present invention in which .a recess 12, formed on a head of a screw 10 
in an indented concave shape, and mating convex sections 16, provided on a screw 
tightening tool 14, include five torque transfer portions 18 and 20, respectively, which: 
protrude toward respective outer circumferential peripheries at equiangular intervals, 
respectively; and are provided in concentric relation with center lines 01 and 02 of the 
screw 10 and screw tightening tool 14. The screw tightening tool 14 is rotated 
clockwise about the center line 02 with the recess 12 and the mating convex sections 
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 sidewall s 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 
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 Q 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) is a cross 
section perpendicular to the center lines 01 and 02. and corresponds to a cross section 
taken on line IA-IA of FIG, 1(b) and FIG. 1(b). representing a longitudinal 
cross-sectional view involving the center lines Ol and 02, corresponds to a cross 

section taken on line IB-IB of FIG, 1(a). 
[0045] Now, the recess 12 has a shape defined as follows. In an end face configuration 
of the recess 12 on a plane perpendicular to the center line Ol involving the force 



17 

application point Q, a surface perpendicular force F, oriented on a plane perpendicular 

to the sidewall of the recess 12 at the force application point Q, is directed such that: 
when an angle, inclined with respect to a tangential direction (i.e., a direction 

indicated by an arrow N in FIG. 1(a)) of the force application point Q with a center on 
the center line 01, is regarded to be a driving angle 0, the driving angle 9 falls in a 
range expressed as -24.6°< 0 < 0° with the driving angle 0, orientated radially outward 

than the tangential direction, being treated to be positive. That is, in an end face 
configuration of the recess 12 shown in FIG. 1(a), the five torque transfer portions 
(grooved portions) 18 of the recess 12 are connected to each other by means of concave 
circular arc contours 24 each with a radius R such that: a nearly whole of the sidewalls 
of the torque transfer portions 18 are formed of such concave circular arc contours 24. 
Assuming the torque transfer portions 18 of the recess 12 have an outer diameter G, 
further, the radius R falls in a range expressed as 0.15G<R<0.30G under which the 
center point PI of the concave circular arc contours 24 each with the radius R lies at 
the circumference of a circle of a center point diameter GR falling a range of 
Q.85G<GR<Q.95G with a center on the center line 01; and the concave circular arc 

contours 24 extend to areas slightly exceeding the force application points Q such that 
the force application points Q are present at the concave circular arc contours 24. 
[0046] With the driving angle 0 set to be 0° 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. 
10) under which the surface perpendicular force F is oriented radially outward (with 
0°<9) like a situation encountered in the related art. However, the greater the deviation 
of the driving angle 0 toward a negative side, the greater will be the ratio F/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 is an 
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 0 and F/N. As 
shown in equation (1), the tangential force N is expressed in terms of F-cos 0, therefore 
F/N = 1/cos 0. In addition, the driving angle 9 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°< 0 < 0°, the transfer loss of torque can be 

lowered to be 5% or less. 
•[0047] £ur&ers tke center-point diameter GR, at which the radius R and the center 
point PI are located, has a numeric range determined such that the driving angle 0 falls 
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in the range of -24.6°< 0 < 0° upon supposing that the force application points, i.e., 

the diametric dimensions of outer circumferential side edge portions of the torque 
transfer portions 20 of the mating convex sections 16 fall in the same value of 0.90G as 

that of a generally used screw tightening structure. More particularly, it is turned out 
that the driving angle 0 can be set to the range of -24.6°< 9 < 0° provided that 
0.15G<R<G.30G and 0.85GSGR<0.95G are satisfied. This is achieved by: • 

appropriately determining the radius R and the center-point diameter GR as shown in 
FIG. 3; and obtaining the force application point Q, i.e.. the driving angle 0 of the 
surface perpendicular force N at the position of 0.9G. A range, encircled by a single dot 
line in a graph of FIG. 3(b), represents a region in which the radius R falls in the range 
expressed as 0.15G<R<0.30G and the driving angle © falls in the range of -24.6°< 8 < 
0°, The relationship among such a radius R, the center-point diameter GR and the 

driving angle 8 is established regardless of the number (the number of grooves) of the 
torque transfer portions 18. As will be apparent from, the graph of FIG. 3(b), it becomes 
possible to allow the driving angle 0 to fall in the range of -24.6°< 8 < 0° even in the 

occurrence of the radius R present beyond the limits of 0.15G<R<0.30G and the 
center-point diameter GR present beyond the limits of GR 0.85G<GR<0.95G. 

[[0048] In the present embodiment, the radius is expressed as R = 0.16G and the 
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 
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 9 =-10°. 

[0049] For the end face configuration of the recess 12 shown in FIG. 1(a), meanwhile, 
the angle between the torque transfer portions 18 of the recess 12 with the center on 
the center line Ol and a separate angle (j)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 = <j>l/(<j>l+^>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 
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 
material, i.e., strength, of the screw 10 being weaker than the screw tightening tool 14, 
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and a shape of the torque transfer portions 3 8 can be made allowing the radius R and 
the center-point diameter GR to fall in 0.15G<R<0.30G and 0.85G<GR<0.95G, 
respectively. 

[0050] FIG. 4 represents Tables indicating the groove ratio W calculated upon varying 
the radius R and the center-point diameter GR depending on the number of grooves 
(from three grooves to six grooves) representing the number of the torque transfer 
portions 18. FIG. 5 represents graphs with the calculation results of FIG. 4 being 
plotted on two-dimensional coordinates between the groove ratio W and the driving 
angle 0. Symbol "NG" in Tables of FIG. 4 represents that a shape is not established 
when the groove ratio W is negative. Ranges, encircled by single dot lines in FIG. 5, 
represent regions in which the groove ratio W satisfies 0.3 5<W<0.50 and the driving 
angle 9 satisfies -24.6°< 9 < 0°. From these, it is understood that the shapes of the 

torque transfer portions 18 can be determined so as to satisfy the conditions of the 
radius R and the center-point diameter GR in terms of 0.15G<R<0.30G and 
0.85G<GR<0.95G. Further, the occurrence of the radius R being 0.10G seems to be 
appropriate 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. 
[0051] In end face configuration of the recess 12 shown in FIG. 1(a), the torque 
transfer portions 1 8 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 Rc<(G-GR)/2. The concave circular arc contours 24, each 

formed in a symmetric shape in an area about the center line 01, are also smoothly 
connected to the outer circumferential walls 26 in circular arcs each with the radius Rc 
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 
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 02. 

[0052] For the mating convex sections 16 of the screw tightening tool 14, the torque 
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transfer portions 20 have cross-sectional shape on a plane perpendicular to the center 

line 02 of the mating convex sections 16 involving the force application points Q, i.e., 

the cross-sectional shape shown in FIG. 1(a) with the outer diameter "g" falling in the 

range of 0.87G<g<0.93G relative to the outer diameter G of the recess. 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, is about 0.9G with respect to the outer diameter G of the 

recess 12 and set to be 0.87G<g<0.93G in consideration of errors in stage production 

with g=0.90G in the present embodiment. Moreover, the five torque transfer portions 

(bladed portions) 20 are connected to each other by means of concave circular-arc 

contours 28 which form entire parts of sidewalls of the torque transfer portions 20, 

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 minimum 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. 

The radius "r" has the relationship with respect to the radius R to fall in a range 

expressed as 0.17g<r<0.33g. This allows the concave circular-arc contour 28 of the 

radius "r" to have the center point P2, which is located on the circumference of a circle 

of the center-point diameter "gr" falling in a range of 0.94g<gr<1.06g with a center on 

the center line 02. 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 

center-point radius GR=0.85G to 0.95G to the center-point diameter "gr" results in 

gr=0.94g 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=0.16G, and 

the center-point diameter gr=1.03g is greater than the center-point diameter GR=0.90G. 

{0053] 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, i.e., the force 

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 02 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 

the outer circumferential walls 30 at acute angles. 
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[0054] The minimum diameter portion, i.e., a central portion of each concave 

circular-arc contour 24, which is present between the plural torque transfer portions 18 
of the recess 12, is inclined so as to approach the center line 01 at an inclination angle 
al ranging from 3° to 7° in a direction toward a bottom (downward in FIG. 1(b)) of a 

hole of the recess 12. The minimum diameter portion, i.e., the central portion of the 
concave circular-arc contour 28, which is present between the plural torque transfer 
portions 20 of the mating convex sectionsl6, is also inclined so as to approach the 
center line 02 at an inclination angle a2 ranging from 3° to 7° in a direction toward a 

distal end (downward in FIG. 1(b)) of a hole of the recess 12. The inclination angle al 
and a2 fall in the relationship expressed as a2<al and al-a2<3° which is set to be 

al—a2~2° in the present embodiment. This causes the distal end of the minimum 
diameter portion of the mating convex section 16 to engage a midway of the minimum 

diameter portion of the recess 12 under which rotating the screw tightening tool 14 
clockwise in an area about the center line 02 causes the outer circumferential edges of 
the torque transfer portions 20 to be brought into abutting contact with the sidewalls of 

the torque transfer portions 1 8 of the recess 12 for delivery of tightening torque as 
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 a relatively 
large static friction due to the presence of al-a2<3°. 

[0055] Further, the maximum diameter portion of the torque transfer portion 18 of the 
recess 12, i.e., more particularly, the central portion of the outer circumferential wall 
26 in an area about the center line Ol, is inclined so as to approach the center line Ol 
at an inclination angle si 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 

of the torque transfer portion 20 of the mating convex section 16, i.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 02 at an inclination 
angle s2 ranging from 10° to 15° in a direction toward the distal end (downward in FIG. 
1(b)). These inclination angles si and z2 are set to be sl=s2 in the present 

embodiment. 
[0056] 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 
application points Q to allow tightening torque to be transferred to the screw 10. Under 
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such a situation, the driving angle 9 of the surface perpendicular force F is set to be 0° 

or less in the end face configuration on a plane perpendicular to the center line 01 of 

the recess 12 involving the force application points Q. This allows the surface 
perpendicular force F to be applied to the sidewall of the recess 12 in a tangential 

direction or inward direction with the center on the center point 01. This causes the 
screw tightening tool 14 to be less likely to encounter the occurrence of come-out 

because of escaping from the recess 12 than that encountered when the surface 
perpendicular force F is directed outward (with O°<0) like in the related art. This 
suppresses the occurrence of deformation of the recess 1.2 and damage or wear, etc., of 

the mating convex sections 16, while making it possible to tighten the screw 10 with 
large tightening torque in a relatively easy fashion. Especially when established to be 
O°<0; a component force is generated in a direction to pull the sidewall of the recess 12 

inward. This causes the mating convex sections 16 to bite into the recess 12, resulting 
in further suppression of come-out with the advantageous effects being remarkably 

achieved. 
[0057] 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 whole of the 
sidewalls of the torque transfer portions IB such that the force application points Q are 
present on the concave circular-arc contours 24; respectively. Thus, appropriately 
determining the radius R and the center point PI of the concave circular-arc contours 
24 enables the driving angle 9 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 
makes it possible to easily perform the calculation on shape design of the recess 12 
such that the driving angle 9 is set to be a predetermined angle of 0° or less. 

[0058] Moreover, the radius R falls in the range of 0.15G^R<0.30G and the center 

point PI 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 
0.S5G<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 0 of the 
surface perpendicular force F to be set to be 0° or less. Under such a situation, the 
driving angle 0 may be preferably determined to fall in the range of ~24.6°< 9 < 0° 
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5 under which 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 8, to be 
suppressed within a range of 10% or less. 

[0059] Further, the recess has the groove ratio W [=<t>l/(<|>l+<|>2) falling in a range 

10 expressed as 0.35<W<0.50. This makes it possible to perform shape design so as to 
allow the radius R and the center-point diameter GR to satisfy the relationships 

expressed as 0.15G<R<0.30G and 0.85G<GR<0.95G such that the driving angle 8 is 
able to fall in the range of-24.6°< 0 < 0°. In general, moreover, the screw tightening 

tool 14 is made of material having higher strength than that of the screw 10. Therefore. 

15 adjusting 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 tightening tool 14 with resultant 
suppression of deformation, etc., of the recess 12, while enabling the screw to be 
tightened with large tightening torque. 

[0060] Furthermore, the outer circumferential walls 26 of the torque transfer portions 

20 18 of the recess 12 are formed in the 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. 
[0061] 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 circuiar-arc contours 28 being formed in circular arcs each with the radius ;ir", it 
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. 

[0062] 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 
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circumference of the circle with the center-point diameter "gr" falling in the range of 
0.94g<gr<l .06g and the end portions of the concave circuiar-arc contours 28 reach the 

force application points Q> i.e., the outer circumferential side edge portions of the 

torque transfer portions 20 in configurations similar to the recess 12. This makes it 

possible to easily perform the shape design of the mating convex sections 16 so as to 
allow 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. 
[0063] With the torque transfer portions 20 of the mating convex sections 16 being 

arranged to have the outer diameter "g" 0.87G<g<0.93G and the outer circumferential 

walls 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 Rc. 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 formed of the concave circular-arc contours 

24 for appropriate transfer of torque. In addition, the outer diameter "g" is 0.87G or 
more and this 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 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 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. 
[0064] Moreover, the torque transfer portions 20 of the mating convex sections 16 have 

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 

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. 
[0065] Further, the distal ends of the minimum diameter portions of the mating convex 
sections 16 arranged to engage the midways of the minimum diameter portion of the 
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recess 12 to determine mating positions (inserting positions) in an axial direction. The 

minimum diameter portions have the inclination angles of al and a2 which are set to 
be 7° or less to fall in the relationships expressed as a2<al and al-a2<3°. This 

results in the occurrence of large static friction between both components to cause the 

screw 10 to be easily retained (adhered) to the screw tightening tool 14. thereby 
making it possible for a robot to automatically tighten the screw 10. 

[0066] Moreover, the maximum diameter portions of the recess 12 and the mating 
convex sections 16 have the inclined angles si and s2 which are set to be 15° or less, 

respectively, with sl=e2. This allows the recess 12 and the mating convex sections 16 

to be press formed in a forging process in the existence of draft angles resulting from 
the inclined angles si. and s2, thereby easily enabling the formation with high 

precision. 
[00671 Although the present embodiment is concerned with the recess 12 and the 

mating convex sections 16, having the torque transfer portions 18 and the torque 
transfer portions 20, respectively, in the number of five components, the present 

invention may be also applied to cases where the torque transfer portions 18 and the 
torque transfer portions 20 are formed in three, four and six components. FIGS. 7 to 9 
show embodiments, including the screw tightening structures 40. 42 and 44 wherein 
the torque transfer portions 18 and the torque 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 
diameter GR, the radius Rc of the corner portions , the groove ratio W and the inclined 

angles al and si, related to the recess 3 2, and the outer diameter "g'\ the radius "r'\ 
the center-point diameter 14gr" and the inclined angles a2 and s2, related to the mating 

convex sections 16, are determined, to have the same parameters as those of the 
previous embodiment in a structure wherein the driving angle 0 of the surface 
perpendicular force F at the force application point Q falls in the range of -24.6°< 0 < 
0°. Accordingly, it is possible to have the same advantageous effects as those of the 

previous embodiment, and 
[0068] While the present invention has been described above with reference to the 

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 

[0069] 8, 40. 42. 44: screw tightening structures, 10: a screw, 12: a recess, 14: a screw 
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5 tightening 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 
circuiar-arc contours of the mating convex sections, 30: outer circumferential wails of 
the mating convex sections, 01: a center line of the recess. 02: a center line of the 

10 mating 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) 
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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: 

10 the 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 mating engagements; 

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 

15 transfer portions of the recess; 

under which outer circumferential edge portions of the torque transfer portions 

of the mating convex sections to be brought into abutting contact with sidewall of the 

torque transfer portions of the recess with the tightening torque being transferred to the 

screw via force application points Q representing resulting abutment portions; 

20 whereby in a cross-sectional shape or an end face configuration of the recess 

on a plane perpendicular to a center line 01 of the recess and involving the force 

application points Q, a surface perpendicular force F, perpendicular 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 01, which is expressed as 0<O° 

with the driving angle 9 being oriented outward from the tangential direction and 

assigned to be positive; 

in the cross-sectional shape or the end face configuration of the recess on the 

plane perpendicular to a center line 01 of the recess and involving the force 

30 application points Q, the three or more torque transfer portions of the recess being 

connected to each other via concave circular arc contours having circular arc each with 

a radius R which form a part of or a whole of sidewalls of the torque transfer portions; 

the radius R falling in a range expressed as 0.15G<R<0.30G when G represents 

an outer diameter of the torque transfer portion of the recess, and the center point PI of 

35 the concave circular arc contours each with the radius R being located at a 

circumference of a circle of a center-point diameter GR falling in a range expressed as 

0.85G<GR<0.95G with the center line 01 as a center point such that the force 

application points Q are present on the concave circular arc contours having a diameter 

in a range from 0.87G to 0.93G with the center line Ol as a center point, respectively; 
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outer circumferential walls of the torque transfer portions of the recess having 

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 application points Q 

being smoothly connected to each other via circular arcs each with a radius Rc and 

having the relationship Rc<(G-GR)/2. 
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5 2. The screw tightening structure according to claim 1, wherein in the 

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

perpendicular to a center line 01 of the recess and involving the force application 

points Q, an angle <j)l between the torque transfer portions of the recess and a separate 

angle <|>2 of the torque transfer portions satisfy a relationship 0.35<W<0.50 when 

10 assumed the torque transfer portions have a ratio W = <|>1/(<|)1+(|)2). 

3. The screw tightening structure according to claim 2, wherein the force 

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 

15 angles <j>l and $2 indicate dimensions of the recess at the opening end portion thereof. 

4. The screw tightening structure according to any one of claims 1, 2 and 

3, 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 

20 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 portions. 
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5 5. The screw tightening structure according to any one of claims 1, 2 and 

3, 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 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 
10 arc contours, each having a radius "r" having a relationship r>R relative to the radius R, 

which form a part of or a whole of sidewalls of the torque transfer portions; 
whereby when "g" represents an outer diameter of the torque transfer portions 

of the mating convex sections, the radius "r" falls in a range expressed as 
0.17g<r<0.33g under which the center point P2 of the concave circular arc contours 

15 with the radius "r" is located on the circumference of a circle of the center-point 
diameter "gr" falling in a range of 0.94g<gr<l .06g with a center on the center line 02; 
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 6. The screw tightening structure according to claim 5, 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. 

7. The screw tightening structure according to claims 5 or 6, 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 02 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. 

8. The screw tightening structure according to any one of claims 1 to 7, 

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 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 inclination angle a2 of 7° or less so as 
40 to approach the center line 02 of the mating convex section; and a distal end of the 
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5 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 al-a2<3° under which the tightening torque is transferred. 

9. The screw tightening structure according to claim 8, wherein the 

10 maximum diameter portions of the torque transfer portions of the recess which are 

inclined toward a bore bottom at an inclination angle el of 15° or less so as to 

approach the center line 01 of the recess; the maximum diameter portions of the torque 

transfer portions of the mating convex sections are inclined toward a distal end at an 

inclination angle s2 of 15° or less so as to approach the center line 02 of the mating 

15 convex portions with sl=s2. 

10 The screw tightening structure according to any one of claims 1 to 9, 

wherein the driving angle 0 falls in a range of — 24.6°< 0 < 0° and the number of the 

torque transfer portions of each of the recess and the mating convex sections is any one 

of 3, 4, 5 and 6. 

20 

11. A screw including the recess recited in any one of claims 1 to 10. 

12. A screw tightening tool including the mating convex sections recited in 

any one of claims 1 to 11. 
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5 SCREW TIGHTENING STRUCTURE, SCREW AND SCREW TIGHTENING TOOL 

ABSTRACT 

Outer peripheral ends of torque transmitting section (20) of fitting projections 
10 (16) are made to contact with the side wall surfaces of torque transmitting sections 

(IS) of recesses (12), and tightening torque is transmitted to a screw (10) through force 
application points (Q) which are the portions of the contact. In this process, in an end 
surface shape perpendicular to the center line (01) of a recess (12) including a force 
application point (Q), the driving angle (0) of a force (F) perpendicular to the surface 

35 is 0° or less. Therefore, the force (F) perpendicular to the surface is applied to the 
side wall of the recess (12) in a tangential direction about the center axis (Ol) or in an 
inward direction. In comparison with a conventional case in which the force (F) 
perpendicular to the surface acts outwardly (0°<9), a cam-out effect causing a screw 
tightening tool (14) to be dislodged from the recess (12) is less likely to occur. As a 

20 result, deformation of the recesses (12) and damage to or wear of the fitting 
projections (16) are suppressed, and the screw (10) can be considerably easily 
tightened with large tightening torque. 

Fig. 1 
25 


