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(57) ABSTRACT 

A ball screw is provided in which an outer circumferential 
formation is formed at a portion facing a ball circulating 
passage out of outer circumferential Surface of a nut. The ball 
screw includes: a screw shaft having on its outer circumfer 
ential Surface a screw groove; a nut having on its inner cir 
cumferential Surface a screw groove facing the screw groove; 
a plurality of balls rollably loaded in a spiral ball rolling 
passage formed by both screw grooves; and a ball circulating 
passage to return the balls from a start point to an endpoint of 
the ball rolling passage for recirculation. The ball circulating 
passage is a concaved groove formed by concaving a groove 
onapart of the cylindrical inner circumferential surface of the 
nut by plastic working. Then, a flange is integrally provided at 
a portion facing the ball circulating passage and the screw 
groove. 
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BALL SCREW AND MANUFACTURING 
METHOD OF NUT FOR BALL SCREW 

FIELD OF THE INVENTION 

0001. The present invention relates to a ball screw. The 
present invention relates to a manufacturing method of a nut 
constituting a ball screw. 

RELATED ART 

0002. A ball screw includes: a screw shaft having on its 
outer circumferential Surface a spiral Screw groove; a nut 
having on its inner circumferential Surface a screw groove 
facing the screw groove of a screw shaft; and a plurality of 
balls rollably loaded in a spiral rolling passage formed by the 
both screw grooves. When the nut screwed via the balls into 
the screw shaft and the screw shaft is relatively rotate in an 
axial direction, the screw shaft and the nut relatively move 
through the rolling of the balls. 
0003. In such a ball screw, there is provided a ball circu 
lating passage constituting an endless ball passage formed by 
communicating a start point with an end point of the ball 
rolling passage. That is, when the balls rotate around the 
screw shaft while moving through within the ball rolling 
passage and reaches the endpoint of the ball rolling passage, 
the balls are scooped up from one end of the ball rolling 
passage, the balls travel through the ball circulating passage 
and is finally returned back to the start point of the ball rolling 
passage from the other end of the ball circulating passage. In 
this way, since the balls rolling through within the ball rolling 
passage infinitely circulates along the ball circulating pas 
sage, the screw shaft and the nut can relatively move continu 
ously. 
0004. A circulating system of the balls employing the ball 
circulating passage includes various systems, such as a tube 
system, a deflector System, etc. For example, in case of the 
tube System, a return tube to communicate a start point with 
an endpoint of the ball rolling passage is fixed on an outer 
circumferential surface of the nut. Meanwhile, in case of the 
deflector system, a deflector in which a groove to communi 
cate a start point with an endpoint of the ball rolling passage 
is formed is fitted into a deflector hole piercing through an 
inner circumferential surface and the outer circumferential 
Surface. 

PRIOR ART DOCUMENT 

0005 Patent Document 1: U.S. Pat. No. 7,013,747 
0006 Patent Document 2: JP 2000-297854. A 
0007 Patent Document 3: JP 2008-281063 A 
0008 Patent Document 4:JP 2010-96317 A 
0009 Patent Document 5:JP 2004-251367 A 

SUMMARY OF THE INVENTION 

Problem to be Solved 

0010. However, it is difficult to form outer circumferential 
formations, such as a flange, etc., at a portion where the ball 
rolling passage is provided out of the outer circumferential 
surface of the nut, for the reason that in case of the tube 
system, the return tube is fixed to the outer circumferential 
surface of the nut. In case of the deflector system, the deflector 
hole to fit a deflector is opened to the outer circumferential 
surface of the nut. In other words, it is difficult to design the 
outer circumferential Surface in arbitrary shape. In addition, it 
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is difficult to freely attach another member to a portion where 
the ball circulating passage is provided of the outer circum 
ferential surface of the nut. As stated above, in the conven 
tional ball screw, restrictions are imposed on the geometry of 
an outer diameter portion of the nut. 
0011 To this end, an object of the present invention is to 
provide a ball screw for solving the above-indentified prob 
lems of the prior art, and has a high degree of freedom of the 
geometry at the outer diameter portion of the nut. Another 
object of the present invention is to provide a manufacturing 
method of a ball screw nut to enable manufacturing of a nut 
constituting such a ball screw. 

Solution to the Problem 

0012 To accomplish the above-indicated object, the 
present invention is configured of the following components. 
Namely, according to one aspect of the present invention, 
there is provided a ball screw comprising: a screw shaft hav 
ing on an outer circumferential Surface a spiral screw groove; 
a nut having on its inner circumferential Surface a screw 
groove facing the screw groove of the screw shaft; a plurality 
ofballs rollably loaded in a spiral ball rolling passage formed 
by the both screw grooves; and a ball circulating passage to 
return the balls from an end point to a start point of the ball 
rolling passage for circulating the balls, wherein the ball 
circulating passage is formed of a concaved groove formed by 
concaving a groove on a part of the cylindrical inner circum 
ferential surface of the nut, and an outer circumferential for 
mation is integrally formed on a part facing the concaved 
groove on the outer circumferential Surface of the nut. 
0013 Herein, the outer circumferential formation may be 
at least one of an encoder, a teeth train for a gear, a rotation 
stopper, a key, a key seat, a motor rotor, an inner ring of a 
one-way clutch, a raceway groove for a bearing, a screw, a 
circumferential groove, and another shape of the outer cir 
cumferential Surface. 
0014. Additionally, the nut may be produced by machin 
ing a cylindrical metal blank to produce a roughly formed nut 
having a substantially identical shape with the nut, concaving 
a groove on the part of the cylindrical inner circumferential 
Surface of the roughly formed nut, forming the concaved 
groove constituting the ball circulating passage, and forming 
the outer circumferential formation on the outer circumfer 
ential surface of the roughly formed nut. 
0015. Alternatively, the nut may be produced by machin 
ing a cylindrical metal blank to produce a roughly formed nut 
having a Substantially identical shape with the nut, by con 
caving a groove a part of the cylindrical inner circumferential 
Surface of the roughly formed nut by plastic working, forming 
the concaved groove constituting the ball circulating passage, 
and forming the outer circumferential formation on the outer 
circumferential surface of the roughly formed nut. 
0016. In addition, in the ball screw according to the afore 
said one embodiment of the present invention, preferably, the 
screw groove of the nut is provided only at a part where the 
balls rotate on the inner circumferential surface of the nut, and 
is not provided at a part where the balls do not rotate. 
0017. Furthermore, according to said one aspect of the 
present invention, a protrusion may be provided integrally 
with the nut on an end face in an axial direction of the nut. This 
protrusion may be provided at a part in the circumferential 
direction of the end face in an axial direction of the nut. 
0018 Moreover, according to another aspect of the present 
invention, there is provided a ball screw comprising: a screw 
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shaft having on an outer circumferential Surface aspiral screw 
groove; a nut having on its inner circumferential Surface a 
screw groove facing the screw groove of the screw shaft; a 
plurality of balls rollably loaded in a spiral ball rolling pas 
sage formed by the both screw grooves; and a ball circulating 
passage to return the balls from an end point to a start point of 
the ball rolling passage for circulating the balls, wherein the 
ball circulating passage is formed of a concaved groove 
formed by concaving a groove on a part of the cylindrical 
inner circumferential Surface of the nut, and an outer circum 
ferential formation is integrally formed on a part facing the 
concaved groove on the outer circumferential Surface of the 
nut, wherein the concaved groove is formed on the inner 
circumferential surface of the nut blank by pressing the inner 
circumferential surface of the nut blank with a convex, by a 
press method using a die of the cam mechanism, the cam 
mechanism comprising: a cam driver internally inserted into 
a nut blank and moving in an axial direction; a cam slider 
disposed between the nut blank and the cam driver, and hav 
ing the convex corresponding to the concaved groove, the 
convex moving in a radial direction of the nut with a move 
ment of the cam driver. 
0019 Moreover, according to said one aspect or another 
aspect of the present invention, the ball screw may further 
comprise a nut fitted member to be fitted by press fitting onto 
the outer circumferential surface of the nut. 
0020. In this situation, preferably, an interference of the 
nut fitted member and the nut by press fitting exceeds 0.02 
percent of an external dimension of the outer circumferential 
surface of the nut onto which the nut fitted member is fitted. 
Alternatively, preferably, an interference of the nut fitted 
member and the nut by press fitting exceeds 0.02 percent and 
less than 0.16 percent of an external dimension of the outer 
circumferential surface of the nut onto which the nut fitted 
member is fitted. 
0021 Additionally, preferably, when the nut fitted mem 
ber is press fitted into the nut, shrink fitting is used which 
heats the nut fitted member to fit onto the nut. 
0022. Furthermore, preferably, the nut fitted member is 
any of a sleeve a bearing, a gear, each having a cylindrical 
inner circumferential Surface, and a combination thereof. 
0023. Moreover, according to said one aspect of the 
present invention, the ball screw may further comprise a nut 
fitted member provided by insert molding on the outer cir 
cumferential surface of the nut. 
0024. Additionally, according to another aspect of the 
present invention, there is provided a manufacturing method 
of ball screw nut comprising: a nut having on an inner cir 
cumferential Surface a spiral groove and on an outer circum 
ferential Surface a protrusion; a screw shaft having on an outer 
circumferential Surface a spiral groove; a plurality of balls 
rollably loaded between a raceway formed by the both screw 
grooves; and a ball returning passage formed as a concave on 
an inner circumferential surface of the nut, to return the balls 
from an end point to a start point of the raceway, the plurality 
of balls rolling in the raceway to cause the nut to relatively 
move with respect to the screw shaft, wherein formation of 
the concave on the inner circumferential Surface of the nut, 
and formation of the protrusion on the outer circumferential 
Surface of the nut are simultaneously performed by cold forg 
ing. 
0025. Furthermore, according to said another aspect of the 
present invention, the concaved groove may beformed on the 
inner circumferential surface of the nut blank by pressing the 
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inner circumferential surface of the nut blank with a convex, 
by a press method using a die of the cam mechanism, the cam 
mechanism comprising: a cam driver internally inserted into 
a cylindrical nutblank and moving in an axial direction; a cam 
slider disposed between the nut blank and the cam driver, and 
having the convex corresponding to the concaved groove, the 
convex moving in a radial direction of the nut with a move 
ment of the cam driver; and a restraining member for restrain 
ing both end faces in the axial direction and the outer circum 
ferential Surface of the nut blank, and having a recess on an 
inner circumferential Surface that receives the outer circum 
ferential surface of the nut blank, wherein the outer circum 
ferential formation is formed by projecting a periphery of the 
nut blank into the recess of the restraining member. 
0026. In this situation, a working in a Subsequent process 
may be performed after a process in the press method using 
the die, by using the outer circumferential formation, a recess 
or a tapered surface formed on the inner circumferential Sur 
face of the outer circumferential formation, as a reference 
Surface or a holding part. 
0027. In addition, the outer circumferential formation may 
be a torque transmission part, a positing part, or a mounting 
part. 

0028. Furthermore, according to further another aspect of 
the present invention, there is provided a ball screw compris 
ing: a screw shaft having on an outer circumferential Surface 
a spiral Screw groove; a nut having on an inner circumferen 
tial Surface a screw groove facing the screw groove of the 
screw shaft; a plurality of balls rollably loaded in a spiral ball 
rolling passage formed by the both screw grooves; and a ball 
circulating passage to return the ball from an end point to a 
start point of the ball rolling passage for circulating the balls, 
wherein the ball circulating passage is formed of a concaved 
groove on a part of the cylindrical inner circumferential Sur 
face of the nut, and a protrusion is provided on an end face in 
an axial direction of the nut. 

0029. In this situation, the concaved groove may be 
formed on the inner circumferential surface of the nut blank 
by pressing the inner circumferential surface of the nut blank 
with a convex, by a press method using a die of a cam mecha 
nism, the cam mechanism comprising: a cam driver internally 
inserted into a cylindrical nut blank and moving in an axial 
direction; a cam slider disposed between the nut blank and the 
cam driver, and having the convex corresponding to the con 
caved groove, the convex moving in a radial direction of the 
nut with a movement of the cam driver, and a restraining 
member for restraining both end faces in the axial direction 
and the outer circumferential surface of the nut blank, and 
having a recess on an end face to receive the both end faces in 
the axial direction of the nut blank, wherein the protrusion is 
formed by projecting an excess material, produced with the 
formation of the concaved groove, of the nut blank into a 
recess of the restraining member. 
0030 Additionally, preferably, a nut fitted member is pro 
vided by insert molding on the outer circumferential surface 
of the nut, the nut fitted member being formed to cover the 
outer circumferential formation on the outer circumferential 
surface of the nut produced with the formation of the con 
caved groove. 
0031 Preferably, the nut fitted member formed by insert 
molding may be either of or both of the sleeve or a gear having 
a cylindrical inner circumferential Surface. 
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Advantageous Effect of the Invention 
0032 Since in the ball screw of the present invention, the 
ball circulating passage is configured with the concaved 
groove formed by concaving a groove on a part of the inner 
circumferential Surface of the nut, the present invention pro 
vides a high degree of freedom of the geometry of the outer 
diameter portion of the nut. Further, the production method of 
the ball screw nut of the present invention allows manufac 
turing of the ball screw nut with a high degree of freedom of 
the geometry of the outer diameter portion of the nut. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0033 FIG. 1 is a cross-sectional view of a ball screw 
according to a first embodiment of the present invention; 
0034 FIG. 2 is a front view of a nut: 
0035 FIG. 3 is a cross-sectional view taken along a line 
A-A of the nut shown in FIG. 2; 
0036 FIG. 4 shows a first example of a second embodi 
ment of a ball screw according to the present invention, in 
which FIG. 4A is a front view, and FIG. 4B is a longitudinal 
sectional view: 
0037 FIG.5 shows only a ball screw nut shown in FIG.4, 
in which FIG. 5A is a right side view, and FIG. 5B a longitu 
dinal sectional view: 
0038 FIG. 6 is a process drawing of manufacturing 
method of the nut shown in FIG. 5; 
0039 FIG. 7 shows only a nut of a second example of a 
second embodiment of the ball screw of the present invention, 
in which FIG. 7A is a front view, and FIG. 7B is alongitudinal 
sectional view: 
0040 FIG. 8 shows only a nut of a third example of the 
second embodiment of the ball screw of the present invention, 
in which FIG. 8A is a front view, and FIG. 8B is alongitudinal 
sectional view: 
0041 FIG. 9 shows only a nut of a fourth example of the 
second embodiment of the ball screw of the present invention, 
in which FIG.9A is a front view, and FIG.9B is alongitudinal 
sectional view: 
0042 FIG. 10 shows only a nut of a fifth example of the 
second embodiment of the ball screw of the present invention, 
in which FIG. 10A is a front view, and FIG. 10B is a longi 
tudinal sectional view; 
0043 FIG. 11 shows only a nut of a sixth example of the 
second embodiment of the ball screw of the present invention, 
in which FIG. 11A is a front view, and FIG. 11B is a longi 
tudinal sectional view; 
0044 FIG. 12 shows only a nut of a seventh example of the 
second embodiment of the ball screw of the present invention, 
in which FIG. 12A is a front view, and FIG. 12B is a longi 
tudinal sectional view; 
0045 FIG.13 shows only a nut of an eighth example of the 
second embodiment of the ball screw of the present invention, 
in which FIG. 13A is a transverse longitudinal sectional view, 
and FIG. 13B is an orthogonal longitudinal sectional view: 
0046 FIG. 14 shows a modification of the ball screw 
shown in FIG. 13, in which FIG. 14A a transverse longitudi 
nal sectional view, and FIG. 14B is an orthogonal longitudinal 
sectional view: 
0047 FIG. 15 a process drawing explaining a manufactur 
ing method of a ball screw of a third embodiment; 
0048 FIG. 16 is a view explaining a method of a first 
example of a fourth embodiment; 
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0049 FIG. 17 is a view showing a cam slider used in the 
first example of a fourth embodiment, in which FIG. 17A is a 
plain view, FIG. 17B is a perspective view, and FIG. 17C is a 
perspective view showing the cam slider; 
0050 FIG. 18 is a perspective view showing a nut blank 
removed from a die in a state shown in FIG. 16B; 
0051 FIG. 19 is a view explaining the second example of 
the fourth embodiment; 
0.052 FIG. 20 is a view showing a cam slider used in the 
second example of the fourth embodiment, in which FIG. 
20A is a plane view, FIG.20B is a perspective view, and FIG. 
20C is a perspective view showing the cam driver; 
0053 FIG. 21 is a perspective view showing a nut blank 
removed from a die in a state shown in FIG. 19B; 
0054 FIG. 22 is a view explaining a method of a third 
example of the fourth embodiment; 
0055 FIG. 23 is a view showing a cam slider used in the 
third example of the fourth embodiment, in which FIG. 23A 
is a plane view, FIG. 23B is a perspective view, and FIG. 23C 
is a perspective view showing the cam driver; 
0056 FIG. 24 is a perspective view showing a nut blank 
removed from a die in a state shown in FIG. 22B: 
0057 FIG. 25 is a view explaining a method of the fourth 
example of the fourth embodiment; 
0.058 FIG. 26 is a perspective view showing a nut blank 
removed from a die in a state shown in FIG. 26B; 
0059 FIG. 27 is a view explaining a method of a fifth 
example of the fourth embodiment; 
0060 FIG. 28 is a view explaining a method of patent 
document 3, 
0061 FIG. 29 is a cross-sectional view showing a con 
struction in a first example of a manufacturing method of a 
fifth embodiment; 
0062 FIG. 30 is a view showing a cam driver used in the 

first example of the fifth embodiment, in which FIG.30A is a 
perspective view, FIG. 30B is a plane view showing a cam 
slider, and FIG.30C is a perspective view: 
0063 FIG. 31 is a view showing a split constituting a 
restraining member used in the first example of the fifth 
embodiment, in which FIG.31A is a plane view, FIG.31B is 
a sectional view taken along a line A-A thereof, and FIG.31C 
is a cross-sectional view of a stand; 
0064 FIG. 32 is a view showing a nut blank in which an 
S-shaped groove and a convex are formed in the first example 
of the fifth embodiment, in which FIG. 32A is a front view, 
and FIG.32B is a cross-sectional view taken along a line A-A 
thereof, and FIG. 32C is a perspective view: 
0065 FIG. 33 is a cross-sectional view showing a con 
struction in the second example of manufacturing method of 
the fifth embodiment; 
0.066 FIG. 34 is a cross-sectional view showing a con 
struction in the third embodiment of manufacturing method 
of the fifth embodiment; 
0067 FIG. 35 is a cross-sectional view showing a con 
struction in the fourth embodiment of manufacturing method 
of the fifth embodiment; 
0068 FIG. 36 is a view explaining a method of the fifth 
example of manufacturing method of the fifth embodiment; 
0069 FIG. 37 is a view explaining a method of the fifth 
example of manufacturing method of the fifth embodiment; 
0070 FIG. 38 is a view showing a construction of one 
example of the ball screw of the fifth embodiment, in which 
FIG. 38A is a cross-sectional view, and FIG. 38B is a per 
spective view: 
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0071 FIG. 39 is a perspective view showing a construc 
tion of another example of the ball screw of the fifth embodi 
ment, 
0072 FIG. 40 is a longitudinal sectional view showing a 

first example of the ball screw of a sixth embodiment; 
0073 FIG. 41 is a longitudinal sectional view showing a 
second example of the ball screw of the sixth embodiment; 
0074 FIG. 42 is a longitudinal sectional view showing a 
third example of the ball screw of the sixth embodiment; 
0075 FIG. 43 is a longitudinal sectional view showing a 
fourth example of the ball screw of the sixth embodiment; 
0076 FIG. 44 is a longitudinal sectional view showing a 

fifth example of the ball screw of the sixth embodiment; 
0077 FIG. 45 is a longitudinal sectional view showing a 
sixth example of the ball screw of the sixth embodiment; 
0078 FIG. 46 is a longitudinal sectional view showing a 

first example of the ball screw of a seventh embodiment; 
007.9 FIG. 47 is a longitudinal sectional view showing a 
second example of the ball screw of the seventh embodiment; 
0080 FIG. 48 is an explanation view of a ball screw nut 
used in the ball screw shown in FIG. 47: 
0081 FIG. 49 is a longitudinal sectional view showing a 
third example of the ball screw of the seventh embodiment; 
0082 FIG.50 is a longitudinal sectional view showing a 
fourth example of the ball screw of a seventh embodiment; 
0083 FIG. 51 is a longitudinal sectional view showing a 

fifth example of a ball screw of the seventh embodiment; and 
0084 FIG. 52 is a partial sectional view of a steering gear 
of an electric steering device. 

DESCRIPTION OF EMBODIMENTS 

0085. Hereinafter, a description will be made to embodi 
ments of the present invention with reference to the accom 
panying drawings. 

First Embodiment 

I0086 FIG. 1 is a cross-sectional view (a cross-sectional 
view taken with a plane in an axial direction) of a ball screw 
of a first embodiment according to the present invention. As 
shown in FIG. 1, the ball screw 1 includes: a screw shaft 3 
having on its outer circumferential Surface a spiral screw 
groove 3a; a nut 5 having on its inner circumferential Surface 
a spiral screw groove 5a facing the screw groove 3a of the 
screw shaft 3; a plurality of balls 9 rollably loaded in a spiral 
ball rolling passage 7 formed by the both screw grooves 3a 
and 5a; and a ball circulating passage 11 to return the balls 9 
from an endpoint to a start point of the ball rolling passage 7 
for circulating the balls 9. 
0087 Namely, the balls 9 circulates around the screw shaft 
3 while traveling within the ball rolling passage 7 and reaches 
an endpoint of the ball rolling passage 7, where the balls 9 are 
scooped up from one end of the ball circulating passage 11 
and returns to the start point of the ball rolling passage 7 from 
the other end of the ball circulating passage 11 through within 
the ball circulating passage 11. 
0088. It is noted that materials for the screw shaft3, the nut 
5, and the ball 9 are not specifically limited to particular ones, 
and any general materials may be available. For example, 
metal Such as steel, etc., and ceramic may be given as a 
candidate. Additionally, a cross-sectional shape of the screw 
grooves 3a and 5a may be an arc or a gothic arc. 
0089. Such a ball screw 1 is arranged such that when the 
nut 5 screwed via the ball 9 with the screw shaft 3 and the 
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screw shaft 3 are relatively rotated, the screw shaft 3 and the 
nut 5 relatively move through the rolling of the ball 9 in an 
axial direction. An endless ball passage is formed by the ball 
rolling passage 7 and the ball circulating passage 11. The ball 
9 rolling within the ball rolling passage 7 endlessly circulates 
within the endless ball passage, and therefore the screw shaft 
3 and the nut 5 are allowed to relatively move continuously. 
0090. An explanation will be made here to the ball circu 
lating passage 11 in further details. The ball circulating pas 
sage 11 is integrally formed on an inner circumferential Sur 
face of the nut 5. More specifically, a concaved groove formed 
concaving a groove on a part of the cylindrical inner circum 
ferential surface of the nut 5 by plastic working or by cutting 
is taken as the ball circulating passage 11. Since the ball screw 
1 of the present embodiment adopts a ball circulating system 
utilizing Such a ball circulating passage 11, it eliminates the 
necessity for mounting another member constituting the ball 
circulating passage 11 on the nut 5. In this connection, a 
cross-sectional shape of the ball circulating passage 11 may 
be an arc or a gothic arc. 
0091. In case where the ball circulating system is a tube 
system or a deflector system, a member constituting the ball 
circulating passage and the nut are formed as a separate body. 
In case of the tube system, the return tube is provided on the 
outer circumferential surface, whereas in case of the deflector 
system, a deflector is attached in a deflector hole. Therefore, 
it is impossible to provide an outer circumferential formation 
Such as a flange, etc., at a portion where the return tube and the 
deflector are provided, on the outer circumferential surfaces. 
Thus, a restriction is imposed on the freedom to design the 
outer circumferential surface of the nut. 

0092. In contrast, in the ball screw 1 of the present embodi 
ment, the ball circulating passage 11 is provided on the inner 
circumferential surface of the nut 5, which eliminates the 
need for providing any kind of member for circulation of the 
balls on the outer circumferential surface of the nut 5. This 
gives freedom to design all over the outer circumferential 
surface of the nut 5 in arbitrary shape, without being restricted 
by a position where the ball circulating passage 11 is provided 
and the number of circuits. Thus, the embodiment enables 
integrally forming the outer circumferential formation even at 
a position facing the ball circulating passage 11 and the screw 
groove 5a, on the outer circumferential surfaces of the nut 5. 
The ball screw 1 of the present embodiment is provided with 
a flange 13 as the outer circumferential formation. Further, 
since the ball screw 1 does not include members such as the 
return tube, the deflector, etc., it is free from care about 
perchance being fallen out, thus providing the reliable ball 
screw 1. 

0093. The kind of the outer circumferential formation is 
not specifically limited to a particular one. In addition to the 
flange, a teeth train for a gear, a key seat, a baring raceway 
groove, and another shape of outer circumferential Surface 
may be used. For example, provided that the teeth train for a 
gear is arranged in a circumferential direction and consists of 
a plurality of teeth on the outer circumferential surface of the 
nut 5, it enables the nut 5 to function as a gear. Moreover, 
given that a key seat is formed on the outer circumferential 
surface of the nut 5, the nut 5 can be connected with another 
member by engaging a key provided in another member into 
the key seat. Further, provided that a bearing raceway groove 
is formed on the outer circumferential surface of the nut 5, it 
enables the nut 5 to function as an inner ring of the rolling 
bearing. Furthermore, whereas the outer circumferential Sur 
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face of the nut 5 typically has a circular cross section, not 
limited thereto, another shape of outer circumferential sur 
faces, such as a polygonal cross section and an elliptical cross 
section may also be permitted. Incidentally, one of these outer 
circumferential formations may be provided on the outer 
circumferential surfaces of the nut 5, or two or more may be 
provided. For instance, as in the ball screw 1 of the present 
embodiment, a flange 13 is provided on the outer circumfer 
ential surface of the nut 5, and a teeth train 15 for a gear on the 
outer circumferential surface of the flange 13. 
0094. A forming method of these outer circumferential 
formations is not specifically limited to a particular one, and 
it may be formed by forging Such as cold forging, or by 
cutting. With these forming methods, low-cost manufactur 
ing of the ball screw with the outer circumferential formation 
is made possible as the formation can be easily formed. Also, 
in what order the outer circumferential formation and the ball 
circulating passage 11 should be provided is not specifically 
limited to a particular one, rather it does not matter which of 
them is provided first. Nonetheless, if the ball circulating 
passage 11 is formed after the outer circumferential forma 
tion is provided by e.g. cold forging, it ensures high shaping 
accuracy of the ball circulating passage 11. 
0095. Whereas application of such a ball screw 1 of the 
preset embodiment is not specifically limited to a particular 
one, it is preferably applied, interalia, to an electric actuator 
to be incorporated into a car, a motorcycle, a positioning 
device, etc. 
0096. Herein, one example of manufacturing method of 
the nut 5 of the ball screw 1 of the present embodiment will be 
briefly explained by referring to FIG. 6. Firstly, a cylindrical 
steel material (not shown) is worked by cold forging to form 
a virtually cylindrical blank (having a shape Substantially 
identical with the nut 5). Secondly, a concaved groove is 
formed on an outer circumferential surface of the blank by 
plastic working Such as forging, etc., to provide the ball 
circulating passage 11. Then, a teeth train 15 for a gear that 
consists of a plurality of teeth arranged in a circumferential 
direction is provided on the outer circumferential surface of 
the flange 13 projecting from the outer circumferential sur 
face of the blank. Finally, when the screw groove 5a is formed 
on the inner circumferential surface of the blank, the nut 5 is 
provided. 

Second Embodiment 

0097. In the ball screw, there are a variety of circulating 
systems of the balls using the ball circulating passages, 
including a tube system and a deflector system. For example, 
in case of the tube system, a return tube for communicating a 
start point with an end point of the ball rolling passage is 
secured on the outer circumferential surface of the nut 5. 
Meanwhile, in case of the deflector system, a deflector in 
which a groove for communicating a start point with an end 
point of the ball rolling passage is formed is fitted into a 
deflector hole piercing through the outer circumferential sur 
face and the inner circumferential surface of the nut. In addi 
tion, it is also known a circulating system in which a concaved 
groove is formed by concaving a groove on a part of the inner 
circumferential surface of the nut, so that the concaved 
groove is adopted as the ball circulating passage. 
0098. In manufacturing such a ball screw, the nut is manu 
factured by working a cylindrical steel material by cold for 
going to produce a substantially cylindrical blank (having a 
shape Substantially the same as that of the nut), and by apply 
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ing cutting to the blank. More specifically, the formation of a 
through hole into which the return tube is inserted and the 
deflector hole, the formation of the concaved groove, and the 
formation of the outer circumferential formation, such as the 
teeth train for a gear, on the outer circumferential Surface are 
achieved by cutting. Further, Patent Document 2 proposes a 
technique of manufacturing a nut having a desired geometry 
with sintered alloy. 
0099 However, manufacturing of the nut by cutting inher 
ently entails a problem of undergoing poor material yield and 
high cost. What is more, since sintered alloy has low density 
and contains Void, the sintered alloy inherently involves a 
problem that it is difficult to have the sufficient strength as a 
nut. 

0100. The second embodiment is devised for aiming at the 
above-identified problems, and its object is to provide a 
manufacturing method of a ball screw and a ball screw, with 
which manufacturing of a ball screw is enabled at a low-cost 
and with a high strength, in addition to a high material yield. 
0101 To solve the above problems, a manufacturing 
method of the second embodiment comprises: a screw shaft 
having on its outer circumferential Surface a spiral Screw 
groove; a nut having on its inner circumferential Surface a 
screw groove facing the screw groove of the screw shaft; and 
a plurality of balls rollably loaded in a spiral ball rolling 
passage formed by the both screw grooves; a ball circulating 
passage to return the ball from an endpoint to a start point of 
the ball rolling passage for circulating the balls; and an outer 
circumferential formation integrally formed on the outer cir 
cumferential Surface of the nut, the method comprising a 
roughly forming step of producing a roughly formed nut 
having a shape Substantially identical with the nut from a 
cylindrical metal material; a ball circulating passage forming 
step of forming a concaved groove constituting the ball cir 
culating passage by concaving a groove on a part of a circular 
cylindrical Surface (cylindrical Surface) inner circumferential 
Surface of the roughly formed nut; and an outer circumferen 
tial formation forming step of forming the outer circumfer 
ential formation on the outer circumferential surface of the 
roughly plastic nut, wherein the outer circumferential forma 
tion is at least one of a key, an encoder, a gear, a rotation 
stopper, a screw, a circumferential groove, a motor rotor, and 
an inner ring of a one-way clutch. 
0102 At least one of the roughly forming step, the ball 
circulating passage forming step, and the outer circumferen 
tial formation forming step is worked by plastic working. 
(0103) 
0104. The ball screw of the second embodiment com 
prises: a screw shaft having on its outer circumferential Sur 
face a spiral screw groove; a nut having on its inner circum 
ferential Surface a screw groove facing the screw groove of 
the screw shaft; a plurality of balls rollably loaded in a spiral 
ball rolling passage formed by the both screw grooves, and a 
ball circulating passage to return the balls from an end point 
to a start point of the ball rolling passage for circulating the 
balls, wherein the ball circulating passage is formed of a 
concaved groove formed by concaving a groove on a part of 
the cylindrical inner circumferential Surface of the nut, and a 
outer circumferential formation is integrally formed on the 
outer circumferential surface of the nut, and wherein the outer 
circumferential formation is at least one of a key, an encoder, 
a gear, a rotation stopper, a screw, a circumferential groove, a 
motor rotor, and an inner ring of a one-way clutch. 

Further, the plastic working is cold forging. 
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0105. According to the manufacturing method of the ball 
screw and the nut of the second embodiment, the embodiment 
allows manufacturing the ball screw with a high strength at a 
low cost, in addition to a high material yield. 
010.6 An explanation will next be made to the ball screw 
of the second embodiment by referring to the drawings. FIG. 
4 is a view showing one example of the ball screw of the 
second embodiment, in which FIG. 4A is a front view, and 
FIG. 4B is a longitudinal sectional view (a longitudinal sec 
tional view parallel to an axis line, hereinafter referred also to 
as a transversal longitudinal sectional view). FIG. 5 is a view 
only showing the details of the nut of the ball screw shown in 
FIG. 4, in which FIG. 5A is a right side view, and FIG. 5B is 
a transversal longitudinal sectional view. 
0107 As shown in FIG. 5, the ball screw 1 includes: a 
screw shaft 3 having on its outer circumferential surface a 
spiral screw groove 3a; a nut 5 having on its inner circumfer 
ential Surface a spiral screw groove 5a facing the screw 
groove 3a of the screw shaft 3: a plurality of balls 9 rollably 
loaded in a spiral ball rolling passage 7 formed by both screw 
grooves 3a and Sa; and a ball circulating passage 11 to return 
the balls 9 from an endpoint to a start point of the ball rolling 
passage 7 for circulating the balls. 
0108. In other words, the balls 9 rotate around a screw 
shaft 3 while traveling through the ball rolling passage 7, and 
reach an endpoint of the ball rolling passage 7 where the balls 
9 are scooped up from one end of the ball circulating passage 
11 and are returned to the start point of the ball rolling passage 
7 through the ball circulating passage 11. 
0109. It is noted that what materials should be used for the 
screw shaft 3, the nut 5, and the balls 9 are not specifically 
restrained to particular ones, rather it may be available gen 
eral materials, including e.g. metal such as steel, etc., and 
ceramic. Further, a cross-sectional shape of the screw grooves 
3a and 5a may be an arc, so-called a gothic arc formed by 
connecting two or more arcs. 
0110. Such a ball screw 1 is configured such that when the 
nut 5 screwed with the screw shaft 3 via the balls 9 and the 
screw shaft 3 are relatively rotated, they relatively move in an 
axial direction with the rolling of the balls 9. The endless ball 
passage is formed of the ball rolling passage 7 and the ball 
circulating passage 11. As the balls 9 rolling through the ball 
rolling passage 7 endlessly circulate through the endless ball 
passage, the screw shaft 3 and the nut 5 are permitted to 
relatively move continuously. 
0111. An explanation will be made here in detail to the ball 
circulating passage 11. The circulating passage 11 is inte 
grally formed on the inner circumferential surface of the nut 
5. More particularly, a concaved groove formed by concaving 
a groove on a part of the inner circumferential surface of the 
nut 5 e.g. by plastic working is taken as the ball circulating 
passage 11. It is noted that a cross-sectional shape of the ball 
circulating passage 11 may be an arc or the previously 
described gothic arc. Since the ball screw 1 of the present 
embodimentadopts a ball circulating system using such a ball 
circulating passage 11, the embodiment eliminates the need 
for providing a member, such as the return tube and the 
deflector on the nut 5 constituting the ball circulating passage. 
Also, the embodiment eliminates the necessity for providing 
a through hole and a deflector hole to mount another member, 
such as the return tube and the deflector constituting the ball 
circulating passage. 
0112. Where the ball circulating system is the tube system 
and the deflector system, the member constituting the ball 
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circulating passage and the nut are separate bodies. In case of 
the tube system, the return tube is provided on the outer 
circumferential surface of the nut, whereas in case of the 
deflector system, the deflector is fitted into the deflector hole. 
For that reason, the outer circumferential formation such as 
the flange cannot be arranged on a portion where the return 
tube and the deflector are provided, on the outer circumfer 
ential Surfaces of the nut, resulting in a restriction on freedom 
of design of the outer circumferential surface of the nut. 
0113. In contrast, according to the ball screw 1 of the 
present embodiment, since the ball circulating passage 11 is 
provided on the inner circumferential surface of the nut, the 
embodiment eliminates the need for providing any memberto 
circulate the ball on the outer circumferential surface of the 
nut 5. Additionally, since the embodiment eliminates the 
necessity for forming any hole to attach a member for circu 
lating the ball, the nut 5 is not subject to a restriction of a 
position where the ball circulating passage 11 is provided or 
the number thereof. This may give a high degree of freedom 
to design the outer circumferential surface in arbitrary shape 
on all over the outer circumferential surface of the nut 5. 
Accordingly, the embodiment enables the integral formation 
of the outer circumferential formation on the outer circum 
ferential surface of the nut 5, even at a portion facing the ball 
circulating passage 11 and the screw groove 5a, on the outer 
circumferential surfaces of the nut 5. Further, since members 
such as the return tube, the deflector, etc. are not provided, it 
is free from care of these members being fallen out, which 
offers the ball screw 1 with high reliability. Furthermore, no 
particular restriction is not imposed on the kind of the outer 
circumferential formation of the nut 5, rather in addition to 
the flange, a teeth train for gear (helical gear), an encoder, a 
key, a bevel gear, a rotation stopper, a screw (male screw), a 
circumferential groove, a motor rotor, and an inner ring of a 
one-way clutch may be available. For example, integrally 
providing the flange on the outer circumferential surface of 
the nut 5, and forming the teeth train for a gear (helical gear 
consisting of plural circumferentially arranged teeth on the 
outer circumferential surface of the flange allows the nut 5 to 
function as a gear. 
I0114 Moreover, integrally providing the encoder on the 
outer circumferential surface of the nut 5 enables direct detec 
tion of a rotational state of the nut 5. Additionally, integrally 
providing a key on the outer circumferential surface of the nut 
5 connects the nut 5 with another member, by engaging the 
nut 5 into a key seat formed in the another member. Further, 
integrally providing a bevel gear on the outer circumferential 
surface of the nut 5 enables a power transmission with the 
bevel gear to be meshed. 
0115 With the provision of a detent on the outer circum 
ferential surface of the nut 5, mere locking of the rotation 
stopper attains a translatory movement of the screw shaft 3. 
when the nut 5 and the screw shaft 3 are relatively rotated. 
Further, integrally providing a screw (male screw) on the 
outer circumferential surface of the nut 5 allows a screw 
motion between screws to be screwed together therewith. In 
addition to this, integrally providing a circumferential groove 
on the outer circumferential surface of the nut 5 achieves a 
bearing capability on the outer circumferential surface of the 
nut 5 by, for example, attaching a wear ring into the circum 
ferential groove. 
I0116. Moreover, integrally providing the rotor motor on 
the outer circumferential surface of the nut 5 enables the nut 
5 perse to function as a rotor motor. By installing it within a 
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motor stator, a turning force to be imparted to the nut 5 may 
easily or directly be obtained. Additionally, integrally provid 
ing an inner ring of a one-way clutch on the outer circumfer 
ential surface of the nut 5 restricts the rotation to either the nut 
5 or the outer ring of the one-way clutch. 
0117 Specifically, one of these outer circumferential for 
mations may be formed on the outer circumferential Surface 
of the nut 5, or two or more may be formed thereon. For 
example, in the ball screw 1 of the present embodiment, the 
flange 13 is provided on the outer circumferential surface of 
the nut 5, the teeth train 15 for a gear is provided on the outer 
circumferential surface of the flange 13, and an encoder (ro 
tary encoder) 17 is integrally provided on a left side in an 
illustrated axial direction of the flange 13. Thereby, the nut 5 
of the ball screw 1 of the present embodiment may function as 
a gear, and its rotational state can be detected by the encoder 
17. While an application of the ball screw 1 of the present 
embodiment is not specifically limited to a particular one, it 
may preferably be applied to an electric actuator to be built in 
a car, a motorcycle, a positioning device, etc. 
0118. An explanation of one example will next be made to 
a manufacturing method of the ball screw 1 of the present 
embodiment by referring to FIG. 6. In the present embodi 
ment, a cylindrical steel material 20 having the predetermined 
length (or mass) is machined by plastic working e.g. by cold 
forging, etc., to produce a blank 21 (roughly formed nut) 
having a shape (Substantially cylindrical shape) virtually 
identical with the nut 5 (roughly forming process). At this 
time, the flange 12 is also provided on the outer circumferen 
tial surface of the blank 21 by plastic working. Therefore, the 
roughly forming process also serves as an outer circumferen 
tial forming process. 
0119) A concaved groove is then formed by concaving a 
groove on a part of the cylinder-shaped inner circumferential 
Surface of the blank 21 by e.g. plastic working such as cold 
forging to form a concaved groove 22 constituting the ball 
circulating passage 11 communicating a start point with an 
end point of the ball rolling passage 7 (ball circulating pas 
sage forming process). A specific method of forming the 
concaved groove 22 includes one as below. That is, inserting 
a punch with a convex having a shape corresponding to the 
concaved groove 22; bringing the convex of the punch into 
contact with the inner circumferential surface of the blank 21: 
and strongly pressing the punch against the inner circumfer 
ential surface of the blank to form the concaved groove 22. 
0120. It is noted that in what order the outer circumferen 

tial formation and the ball circulating passage 11 should be 
provided is not specifically limited to a particular one, which 
of them is provided first is not a matter. However, in the 
present embodiment, since the ball circulating passage 11 is 
formed after the flange 13 that is the outer circumferential 
formation is formed by plastic working, a higher shape accu 
racy of the ball circulating passage 11 can be secured. 
0121 The teeth train 15 for a gear, consisting of a plurality 
of circumferentially arranged teeth is provided on the outer 
circumferential surface of the flange 13 projecting from the 
outer circumferential surface of the blank 21, e.g. by plastic 
working Such as cold forging, and the encoder 17 is provided 
directly on the outer circumferential surface of the nut 5, e.g. 
by plastic working such as cold forging. It is noted that the 
plastic working is preferable for these formations, but they 
may be formed by cutting. 
0122) Then, a screw groove 5a is formed on the inner 
circumferential surface of the blank 21 by cutting (screw 
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groove forming process). Finally, the nut 5 is manufactured 
by applying heat treatment. Such as hardening and tempering, 
thereto under a desired condition. An example of hear treat 
ment includes carburizing, carbonitriding, induction heat 
treatment, etc. 
I0123. The ball screw 1 of the present embodiment is 
manufactured by combining the nut 5 thus manufactured in 
this way with the screw shaft 3 and the balls 9 manufactured 
in the traditional method. In the present embodiment, since all 
the aforementioned roughly forming process, the ball circu 
lating passage forming process, and the outer circumferential 
formation forming process are performed by plastic working, 
the manufacturing method of the ball screw 1 achieves manu 
facturing of the high precision of the ball screw 1 at a low cost, 
in addition to a high material yield. Further, since manufac 
turing is done by plastic working, a metal flow (fiber flow) of 
the steel material 20 is hardly cut and subject to work hard 
ening, whereby a high strength nut 5 may be manufactured. 
0.124. The kind of the plastic working is not specifically 
limited to a particular one, but forging is preferable, and cold 
forging is more preferable. Instead, adopting hot forging is 
also possible, but since the cold forging provides highly accu 
rate finishing as compared with the hot forging, it may pro 
vide the nut 5 with satisfactory high precision, without apply 
ing a post process. As a result, the ball screw 1 can be 
manufactured at a low cost. 

0.125. It is preferable to adopt the plastic working as the 
cold forging in all the manufacturing processes, out of the 
roughly forming process, the ball circulating passage forming 
process, and the outer circumferential formation forming pro 
cess, but it may substitute the plastic working for the cold 
forging in either one or in two processes. In this occasion, as 
a working method other than the plastic working Such as the 
cold forging, it is also possible to use cutting, Such as turning 
working and grinding, electrical discharge working or com 
bination of them, or a combination of them and shot blasting. 
0.126 Additionally, in the ball circulating passage forming 
process, a working process may be divided into two or more 
processes as with the rough processing and finishing. In that 
case, for example, a rough shape may previously be formed 
on a lathe as rough processing, and then perform finishing 
working by grinding, polishing, or banish working. 
I0127. An explanation will next be made to a second 
example of the ball screw of the second embodiment by 
referring to FIG. 7. FIG. 7 is a view showing only the nut of 
the ball screw manufactured by the same manufacturing pro 
cess as the first example of the second embodiment shown in 
FIGS. 4 to 6, in which FIG. 7A is a front view, and FIG. 7B is 
a transversal longitudinal cross-sectional view. The screw 
shaft and the ball of the ball screw of the present embodiment 
are the same as those of the first example of the second 
embodiment shown in FIG. 4. Further, the circulating passage 
11 and the screw groove 5a formed in the nut 5 are function 
ally equal thereto, though their shapes are slightly different, 
and so its detailed description is omitted for brevity's sake. 
I0128. In the present embodiment, a key 31 is integrally 
provided on the outer circumferential surface of the nut 5 e.g. 
by plastic working in the outer circumferential formation 
forming process shown in FIG. 6. The key 31 plays a role of 
connecting another member (not shown) to the nut 5 by 
engaging into a key seat of another part. The key 31 may be 
manufactured by cutting or by grinding. Alternatively, a key 
seat may be formed in place of the key 31. 
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0129. An explanation will next be made to a third example 
of the ball screw of the second embodiment by referring to 
FIG.8. FIG. 8 is a view showing only the nut out of the ball 
screw manufactured by the same manufacturing process as 
that of the first example of the second embodiment shown in 
FIGS. 4 to 6, in which FIG. 8A is a front view, and FIG.8B is 
a transversal longitudinal sectional view. The screw shaft and 
the ball of the ball screw of the present embodiment are the 
same as those of the first example of the second embodiment 
shown in FIG. 4. Further, the circulating passage 11 and the 
screw groove 5a formed in the nut 5 are functionally equal 
thereto, though their shapes are slightly different, and so its 
detailed description is omitted for brevity's sake. 
0130. In the present embodiment, a bevel gear 33 is inte 
grally provided on the outer circumferential surface of the nut 
5 e.g. by plastic working in the outer circumferential forming 
process shown in FIG. 6. The bevel gear 33 may play a part in 
power transmission in a direction perpendicular to the axis 
with a bevel gear to be meshed therewith. The bevel gear 33 
may be provided by cutting and grinding. 
0131) An explanation will next be made to a fourth 
example of the ball screw of the second embodiment by 
referring to FIG. 9. FIG. 9 is a view showing only the nut in 
the ball screw manufactured by the same manufacturing pro 
cess as that of the first example of the second embodiment 
shown in FIGS. 4 to 6, in which FIG. 9A is a front view, and 
FIG. 9B is a transversal longitudinal sectional view. The 
screw shaft and the balls of the ball screw according to the 
present embodiment are same with those of the first example 
in the second embodiment illustrated in FIG. 4. Further, the 
circulating passage 11 and the screw groove 5a formed in the 
nut 5 as a function of the ball screw are functionally equal 
thereto, though their shapes are slightly different, and so its 
detailed description is omitted for brevity's sake. 
0.132. In the present embodiment, a cubic rotation stopper 
35 is integrally provided on the outer circumferential surface 
of the nut 5 in the outer circumferential formation forming 
process shown in FIG. 6. The rotation stopper 35 is abut by 
another member (not shown) to thereby restrict rotation of the 
nut 5, thus accomplishing a translatory movement in an axial 
direction of the screw shaft, for example, when the nut 5 and 
the screw shaft are relatively rotated. Suppose that the rota 
tion stopper 35 is arranged on the outside in a radial direction 
of the ball circulating passage 11. When a concaved groove 
for the ball circulating passage 11 is formed with the punch as 
described above, a concave is previously formed at a dice 
side. This automatically provides the rotation stopper 35 
using a material to expand to the outside in a radial direction 
of the nut 5. 

0133. An explanation will next be made to a fifth example 
of the ball screw of the second embodiment by referring to 
FIG. 10. FIG. 10 is a view showing only the nut out of the ball 
screw manufactured by the same manufacturing process as 
that of the first example of the second embodiment shown in 
FIGS. 4 to 6, in which FIG. 10A is a front view, and FIG. 10B 
is a transversal longitudinal sectional view. The screw shaft 
and the balls of the ball screw according to the present 
embodiment are same with those of the first example in the 
second embodiment illustrated in FIG. 4. Further, the circu 
lating passage 11 and the screw groove 5a formed in the nut 
5 are functionally equal thereto, though their shapes are 
slightly different, and so its detailed description is omitted for 
brevity's sake. 
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I0134. In the present embodiment, a screw (male screw)37 
is integrally provided on the outer circumferential surface of 
the nut 5 in the outer circumferential formation forming pro 
cess shown in FIG. 6. The male screw 37 is screwed into a 
screw (e.g. female screw) of another member (not shown) to 
thereby accomplishing a screw motion. Instead, the screw 37 
may be formed by cutting. 
0.135 An explanation will then be made to a six example 
of the ball screw of the second embodiment by referring to 
FIG. 11. FIG. 11 is a view showing only the nut out of the ball 
screw manufactured by the same manufacturing process as 
that of the first example of the second embodiment shown in 
FIGS. 4 to 6, in which FIG. 11A is a front view, and FIG. 11B 
is a transversal longitudinal sectional view. The screw shaft 
and the balls of the ball screw according to the present 
embodiment are same with those of the first example in the 
second embodiment illustrated in FIG. 4. Further, the circu 
lating passage 11 and the screw groove 5a formed in the nut 
5 are functionally equal thereto, though their shapes are 
slightly different, and so its detailed description is omitted for 
brevity's sake. 
0.136. In the present embodiment, in the outer circumfer 
ential formation forming process shown in FIG. 6, a circum 
ferential groove 39 of the nut 5 is integrally formed on the 
outer circumferential surface of the nut 5 e.g. by plastic work 
ing, and a wear ring 40 is attached to the circumferential 
groove 39. As is well known, because the wear ring 40 is 
provided for acting as a bearing with another member (not 
shown), the wear ring 40 allows supporting between the nut 5 
and another member when the nut 5 is housed inside of 
another member. The circumferential groove 39 may be 
formed by cutting and grinding. 
0.137 An explanation will next be made to a seventh 
example of the ball screw of the second embodiment by 
referring to FIG. 12. FIG. 12 is a view showing only the nut 
out of the ball screw manufactured by the same manufactur 
ing process as that of the first example of the second embodi 
ment shown in FIGS. 4 to 6, in which FIG. 12A is a front view, 
and FIG. 11B is a transversal longitudinal sectional view. The 
screw shaft and the balls of the ball screw according to the 
present embodiment are same with those of the first example 
in the second embodiment illustrated in FIG. 4. Further, the 
circulating passage 11 and the screw groove 5a formed in the 
nut 5 are functionally equal, though their shapes are slightly 
different, and so its detailed description is omitted for brevi 
ty's sake. 
0.138. In the present embodiment, a motor rotor 41 is inte 
grally provided e.g. by plastic working in the outer circum 
ferential formation forming process shown in FIG. 6. As the 
motor is configured by housing the motor rotor 41 within the 
motor stator (not shown), simply and directly a turning force 
to the nut 5 is obtainable. Alternately, the motor rotor 41 may 
be manufactured by cutting and grinding. 
0.139. An explanation will then be made to an eighth 
example of the ball screw of the ball screw of the second 
embodiment by referring to FIG. 13. FIG. 13 is a view show 
ing only the nut out of the ball screw manufactured by the 
same manufacturing process as that of the first example of the 
second embodiment shown in FIGS. 4 to 6, in which FIG. 
13A is a front view, and FIG. 13B is a vertical longitudinal 
sectional view perpendicular to the axial line (hereinafter, 
referred to as a axial line-perpendicular vertical longitudinal 
sectional view). The screw shaft 3 and the balls 9 of the ball 
screw 1 of the present embodiment are the same as those of 
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the second embodiment shown in FIG. 1. Further, the circu 
lating passage 11 and the screw groove 5a formed in the nut 
5 are functionally equal thereto, though their shapes are 
slightly different, and so its detailed description is omitted for 
brevity's sake. 
0140. In the present embodiment, an inner ring 43 of a 
one-way clutch 48 is integrally provided on the outer circum 
ferential surface of the nut 5 in the outer circumferential 
formation forming process shown in FIG. 6. The inner ring 43 
perse of the one-way clutch 48 of the present embodiment is 
formed into a cylindrical body. The one-way clutch 48 
includes an outer ring 44 to be fitted onto the outside in a 
radial direction of the inner ring 43, and a roller 45, as plural 
rolling elements, to be loaded between the inner ring 43 and 
the outer ring 44, as described in Patent Document JP 4,214. 
371 B proposed by the applicant of the present invention. In 
the present embodiment, a rolling bearing 46 is interposed at 
the both sides in an axial direction of the inner ring 43 on the 
outer circumferential surface of the nut 5 to rotatably support 
the inner ring 43 and the outer ring 44. In the present embodi 
ment, a cam face 47 is formed on an inner circumferential 
surface of the outer ring 44. When the inner ring 43 and the 
outer ring 44 relatively rotate in a direction indicated by an 
arrow A shown in FIG. 13A, the roller 45 is bite into the cam 
face 47 and the relative rotation of the both is restricted by a 
wedge effect. 
0141. On the other hand, when the inner ring 43 and the 
outer ring 44 relatively rotate in a reverse direction from the 
arrow A, the wedge effect caused between the roller 45 and 
the cam face 47 is released, and they are permitted to freely 
and relatively rotate. Accordingly, the one-way clutch 48 only 
restricts the relative rotation in one direction of the nut 5 and 
the outer ring 44, or another member (not shown) to be 
installed in the outer ring 44. Instead, the inner ring 43 may be 
provided by cutting and grinding. 
0142 FIG. 14 is a modification of the ball screw 1 shown 
in FIG. 13, in which the inner ring 43 of the one-way clutch 48 
is a separate body different from the nut 5. Even in this 
situation, because the nut 5 of the present embodiment is 
devoid of a projection on the outer circumferential Surface, 
the cylindrical inner ring 43 may be fitted, as it is, onto the 
outer circumferential surface of the nut 5. For example, pro 
vided that the inner ring 43 is, press fitted to the outer circum 
ferential surface of the nut 5, the both may successfully be 
integrated. In addition, a deformation of the inner ring 43 due 
to fitting can be suppressed. 

Third Embodiment 

0143 For the ball screw, a circulation system using the ball 
circulating passage includes a variety of systems, such as a 
tube system and a deflector system. For example, in case of 
the tube system, a return tube to communicate a start point 
with an endpoint of the ball rolling passage is fixed to the 
outer circumferential surface of the nut. Meanwhile, incase of 
the deflector system, a deflector in which a groove is formed 
to communicate a start point with an end point of the ball 
rolling passage is fitted into a deflector hole piercing through 
the inner circumferential surface and the outer circumferen 
tial Surface of the nut. Moreover, a circulating system is 
known Such that a concaved groove is formed by concaving a 
groove on a part of the inner circumferential Surface of the nut 
to adopt the concaved groove as the ball rolling passage. 
0144. When manufacturing such a ball screw, it has been 
worked by cold forging a cylindrical steal material to produce 
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a Substantially cylindrical (having a geometry virtually iden 
tical with the nut) blank; and the nut is manufactured by 
applying cutting to the blank. More preciously, the cutting 
working has been performed for formation of the through 
hole or the deflector hole through which the return tube 
pierces, formation of the concaved groove, and formation of 
the outer circumferential formation, such as the teeth train for 
a gear to the outer circumferential Surface of the nut. 
0145. In Patent Document 2, there is proposed a technol 
ogy of manufacturing a nuthaving a desirable geometry using 
a sintered alloy. 
0146) However, the manufacturing of the nut by cutting 
inherently entails a problem of undergoing a poor material 
yield and a high cost. What is more, since the sintered alloy 
has a low density and contains Voids, the sintered alloy intrin 
sically involves a problem that it is difficult to have the satis 
factory strength as a nut. 
0147 Thereupon, an object of the third embodiment is to 
solve the above-identified problems of the prior art, and pro 
vide a manufacturing method of a ball screw with a high 
strength at a low cost, in addition to a high material yield. 
0.148. To solve the above problems, the third embodiment 
has the following structure. Namely, the manufacturing 
method of the ball screw of the third embodiment comprises: 
a screw shaft having on its outer circumferential Surface a 
spiral groove; a nuthaving on its inner circumferential Surface 
a screw groove facing the screw groove of the screw shaft; a 
plurality of balls rollably loaded in a spiral ball rolling pas 
sage formed by the both ball grooves; a ball circulating pas 
sage to return the balls from an endpoint to a start point of the 
ball rolling passage for circulating the balls; and an outer 
circumferential formation integrally provided on the outer 
circumferential surface of the nut, wherein the method 
involves a roughly forming step of producing a roughly 
formed nut having a shape virtually identical with the nut by 
plastic working from a cylindrical metal material; a ball cir 
culating passage forming step of forming a concaved groove 
constituting the ball circulating passage by concaving a 
groove on a part of a cylindrical inner circumferential Surface 
of the roughly formed nut. 
0149. In the manufacturing method of the ball screw of the 
third embodiment, it is preferable for the plastic working, 
used in at least one of process, out of the roughly forming 
step, the ball circulating passage formation step, and the outer 
circumferential formation forming step to be implemented by 
cold forging. Further, the outer circumferential formation 
may be at least one a flange, a teeth train for a gear, a key seat, 
a bearing raceway groove, and another shape of circumferen 
tial Surface. 

0150. The manufacturing method of the ball screw of the 
third embodiment allows manufacturing of the ball screw 
with a high strength at a low cost, in addition to a high material 
yield. 
0151. An explanation will then be made in detail to the ball 
screw of the third embodiment by referring to the drawings. 
FIG. 1 is a cross-sectional view (a cross-sectional view taken 
with a plane in an axial direction). As shown I FIG. 1, the ball 
screw 1 includes: a screw shaft 3 having on its outer circum 
ferential Surface a spiral screw groove 3a; a nut 5 having on its 
inner circumferential Surface a spiral Screw groove 5a facing 
the screw groove 3a of the screw shaft 3: a plurality of balls 9 
rollably loaded in a spiral ball rolling passage 7 formed by the 
both screw grooves 3a, Sa; and a ball circulating passage 11 
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to return the balls 9 from an endpoint to a start point of the ball 
rolling passage 7 for circulating the balls. 
0152 Namely, the balls 9 rotate around the screw shaft 3 
while travelling through the ball rolling passage 7, reach the 
end point of the ball rolling passage 7 where the balls 9 are 
scooped up from one end of the ball circulating passage 11, 
and returned to the start point of the ball rolling passage 7 
from the other end of the ball circulating passage 11 through 
the ball circulating passage 11. 
0153. It is noted that materials for the screw shaft3, the nut 
5, and the balls 9 are not specifically limited to particular 
ones, and general materials may be available. For example, 
metal Such as steel, etc., and ceramic may be given as a 
candidate. Further, a cross-sectional shape of the screw 
grooves 3a and 5a may be an arc and a gothic arc. 
0154 Such a ball screw 1 is configured such that when the 
nut 5 screwed via the balls 9 with the screw shaft 3 and the 
screw shaft 3 are relatively rotated, they relatively move in an 
axial direction through the rolling of the balls 9. An endless 
ball passage is formed of the ball rolling passage 7 and the ball 
circulating passage 11. As the balls 9 rolling through the ball 
rolling passage 7 endlessly circulate through the endless ball 
passage, the screw shaft 3 and the nut 5 are allowed to rela 
tively move continuously. 
0155 Here, an explanation will be made in detail to the 
ball circulating passage 11. The circulating passage 11 is 
integrally formed on the inner circumferential surface of the 
nut 5. More particularly, a concaved groove formed by con 
caving a groove on a part of the inner circumferential surface 
of the nut 5 by plastic working is taken as the ball circulating 
passage 11. In this connection, a cross-sectional shape of the 
ball circulating passage 11 may be an arc or the previously 
described gothic arc. Since the ball screw 1 of the present 
embodiment adopts the ball circulating system using Such a 
ball circulating passage 11, the embodiment eliminates the 
need for providing another member (the return tube and the 
deflector) on the nut 5 constituting the ball circulating pas 
sage. Also, the embodiment eliminates the necessity for pro 
viding holes (the through hole and the deflector hole) to 
mount another member constituting the ball circulating pas 
Sage. 
0156 Where the ball circulating system is the tube system 
and the deflector system, the member for constituting the ball 
circulating passage and the nut are separate bodies. In case of 
the tube system, the return tube is provided on the outer 
circumferential surface of the nut, whereas in case of the 
deflector system, the deflector is fitted into the deflector hole. 
For that reason, it could not provide the outer circumferential 
formation Such as the flange on a portion where the return 
tube and the deflector are provided, out of the outer circum 
ferential Surfaces of the nut, resulting in a restriction on free 
dom of design of the outer circumferential surface of the nut. 
0157. In contrast, the ball screw 1 of the present embodi 
ment, since the ball circulating passage 11 is provided on the 
inner circumferential surface of the nut 5, the embodiment 
eliminates the need for providing any member on the outer 
circumferential surface. Additionally, as the embodiment 
eliminates the necessity for forming any hole Such as the 
aforesaid through hole, the deflector hole, etc., the nut 5 is not 
subject to a restriction of a position where the ball circulating 
passage 11 is provided and the number of cycle. This may 
give a high degree of freedom to design the outer circumfer 
ential surface all over the outer circumferential surface of the 
nut 5. Accordingly, the embodiment enables integrally form 
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ing the outer circumferential formation on the outer circum 
ferential surface of the nut 5, even at a portion facing the ball 
circulating passage 11 and the screw groove 5a on the outer 
circumferential surfaces of the nut 5. The ball screw 1 of the 
present embodiment is provided with the flange 13 as outer 
circumferential formation. Further, members such as the 
return tube, the deflector, etc., are not provided, thereby mak 
ing it free from care of these members from falling out, which 
offers the high reliable ball screw 1. 
0158. The kind of the outer circumferential formation is 
not specifically limited to a particular one, rather a teeth train 
for a gear, a key seat, a baring raceway groove, and another 
shape of outer circumferential Surface may be used, apart 
from the flange. For example, provided that the teeth train for 
a gear that consists of a plurality of teeth arranged in a cir 
cumferential direction is provided on the outer circumferen 
tial surface of the nut 5, it enables the nut 5 to function as a 
gear. Moreover, given that the key seat is formed on the outer 
circumferential surface of the nut 5, the nut 5 can be con 
nected with another member by engaging a key provided in 
another member into the key seat. Further, provided that a 
bearing raceway groove is formed on the outer circumferen 
tial surface of the nut 5, it enables the nut 5 to function as an 
inner ring of the rolling bearing. Furthermore, whereas the 
outer circumferential surface of the nut 5 typically has a cross 
section in circle, not limited thereto, another outer shape of 
circumferential Surface, such as a polygonal cross section and 
an elliptical cross section may also be permitted. Incidentally, 
one of these outer circumferential formations may be pro 
vided on the outer circumferential surface of the nut 5, or two 
or more may be provided. For example, as with the ball screw 
1 of the present embodiment, the flange 13 may be provided 
on the outer circumferential surface of the nut 5, and the teeth 
train 15 for a gear may be provided on the outer circumfer 
ential surface of the flange 13. 
0159. While an application of the ball screw 1 of the 
present embodiment is not specifically limited to a particular 
one, it may preferably be applied to an electric actuator to be 
built in a car, a motorcycle, a positioning device, etc. 
0160 An explanation of one example will next be made to 
a manufacturing method of the ball screw 1 of the present 
embodiment by referring to FIG. 15. In the present embodi 
ment, a cylindrical steel material 20 having the predetermined 
length (or mass) is worked by plastic working e.g. by cold 
forging, etc., to produce a blank 21 (roughly formed nut) 
having a shape virtually identical with the nut 5 (roughly 
forming process). At this time, the flange 13 is also provided 
on the outer circumferential surface of the blank 21 by plastic 
working. Therefore, the roughly forming process also serves 
as an outer circumferential forming process. 
0.161 Then, the concaved groove 22 constituting the ball 
circulating passage 11 communicating an endpoint with a 
start point of the ball rolling passage 7 is formed by concaving 
a groove on a part of a cylindrical inner circumferential Sur 
face of the blank 21 by plastic working Such as cold forging, 
etc (ball circulating passage forming process). A specific 
example of a method of forming the concaved groove 22 
includes one as follows. That is, a punch with a convex having 
a shape corresponding to the concaved groove 22 is inserted 
into the blank 21, the convex of the punch is brought into 
contact with the inner circumferential surface of the blank 21, 
and the punch is strongly pressed against the inner circum 
ferential surface of the blank 21 to thereby form the concaved 
groove 22. 
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0162. It is noted that in what order the outer circumferen 
tial formation and the ball circulating passage 11 should be 
provided is not specifically limited to a particular one, rather, 
it does not matter which of them is provided first. However, in 
the present embodiment, the ball circulating passage 11 is 
formed after the flange 13 that is the outer circumferential 
formation is provided by plastic working, whereby a higher 
shape accuracy of the ball circulating passage 11 is secured. 
0163 Next, the teeth train 15 for a gear including circum 
ferentially arranged plural teeth are provided on the outer 
circumferential surface of the flange 13 projecting into the 
outer circumferential surface of the blank 21 by plastic work 
ing Such as cold forging. Alternatively, it is preferable to form 
the teeth train 15 for a gearby plastic working, but it may be 
formed by cutting. 
0164. Then, a screw groove 5a is formed on the inner 
circumferential surface of the blank 21 by cutting (screw 
groove forming process). Finally, the nut 5 is manufactured 
by applying heat treatment. Such as hardening and tempering, 
thereto under a desired condition. An example of hear treat 
ment includes carburizing, carbonitriding, induction heat 
treatment, etc. 
0.165. By combining the nut 5 thus manufactured by this 
way with the screw shaft 3 and the ball 9 manufactured by the 
traditional method, the ball screw 1 is manufactured. 
0166 Since all the aforesaid roughly forming process, the 
ball circulating passage forming process, and the outer cir 
cumferential formation forming process are performed by the 
plastic working, the manufacturing method of the ball screw 
1 allows producing a ball screw with high precision at a low 
cost, in addition to a high material yield. Further, owing to the 
manufacturing by plastic working, a metal flow (fiber flow) 
having the steel material 20 is hardly cut and subject to work 
hardening, thereby providing the nut 5 with a high Strength. 
0167. The kind of the plastic working is not specifically 
limited to a particular one, but forging is preferable, and cold 
forging is more preferable. Instead, adopting hot forging is 
also possible, but since the cold forging provides high accu 
rate finishing as compared with the hot forging, it may pro 
vide the nut 5 with satisfactory high precision, without apply 
ing a post process. As a result, the ball screw 1 can be 
manufactured at a low cost. 

0.168. It is preferable to adopt the plastic working as the 
cold forging in all the manufacturing processes, out of the 
roughly forming process, the ball circulating passage forming 
process, and the outer circumferential formation forming pro 
cess, but it may substitute the plastic working for the cold 
forging in either one or in two processes. 

Fourth Embodiment 

0169. The fourth embodiment is directed to a nut consti 
tuting a ball screw and a manufacturing method thereof. 
0170 The ball screw is a device including: a nut having on 

its inner circumferential Surface a spiral groove; a screw shaft 
having on its outer circumferential Surface a spiral groove; 
balls loaded between a raceway formed of the spiral groove of 
the nut and the spiral groove of the screw groove; and a ball 
returning passage to return the balls from an end point to a 
start point of the raceway, wherein the nut relatively moves 
relative to the screw shaft through the rolling of the balls 
within the raceway. 
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0171 Such a ball screw is utilized not only for a position 
ing device of general industrial machinery but also for an 
electric actuator to be built in vehicles such as a car, a motor 
cycle, or a ship. 
0172. The ball returning passage of the ball screw includes 
a circulating tube system and a deflector System. In case of the 
deflector system, the deflector having a concave constituting 
the ball returning passage is fitted into a through hole of the 
nut. On the other hand, in Patent Document 3, there is dis 
closed that a concave (circulating groove) constituting the 
ball returning passage is directly formed on an inner circum 
ferential surface of a nut blank by plastic working. As to how 
to form the ball returning passage will be described by refer 
ring to FIG. 28. 
0173 Firstly, a die equipped with a cylindrical working 
head 130 having S-shaped convexes 137, 138 corresponding 
to a shape of the circulating groove is prepared. Secondly, a 
nut blank 101 is placed on a stand 190, with its axial direction 
being oriented toward a horizontal direction; a distal end 130b 
and a base end 130a are fixed with the convexes 137 and 138 
facing upward with the working head 130 placed inside of the 
nut blank 101. Then, pressing pressure is applied, in this state, 
to an upper member 120 of the die to go down it, and the 
convexes 137 and 138 are pressed against the inner circum 
ferential surface 111 of the nut blank 101 to thereby cause the 
inner circumferential surface 111 of the nut blank 101 to be 
Subject to plastic deformation. 
0.174. In the manufacturing method of such a ball screw 
nut, where a projection (a flange, a rotational or an axial 
stopper, positioning at the time of machining and mounting, 
power transmission, projection for the purposes of torque 
transmission, etc) is provided on the outer circumferential 
Surface of the nut, cutting is adopted. 
0.175. Further, Patent Document 2 proposes to integrally 
form a nut having a concave (a return groove) constituting a 
ball returning passage, a spiral groove (inner Screw groove), 
and a projection (a portion forming an outside Surface) on an 
outer circumferential Surface using sintered metal. 
0176) However, the manufacturing of the nut by cutting is 
problematic in that it inflicts a lower material yield and a high 
cost. There is also a problem that it is difficult for the nut to 
have the satisfactory strength due to containing of pores in the 
sintered alloy, in addition to its low density. 
(0177. The object of the fourth embodiment is to solve the 
above-identified problems of the prior art, and provides a 
method of capable of manufacturing a ball screw nut with a 
high strength at a low cost, in addition to a high material yield. 
0.178 To solve the above problems, the manufacturing 
method of a first ball screw nut of the fourth embodiment 
includes: a nut having a spiral Screw groove on its inner 
circumferential Surface and having a projection on its outer 
circumferential Surface; a screw shaft having on its outer 
circumferential Surface a spiral screw groove; and balls rolla 
bly loaded in a spiral ball rolling passage formed by the spiral 
screw groove of the nut and the spiral screw groove of the 
screw shaft; and a ball returning passage which is formed on 
the inner circumferential Surface as a concave to return the 
balls from an end point to a start point of the ball rolling 
passage, wherein the ball screw nut where the nut relatively 
moves relative to the screw shaft through the rolling of the 
balls, and wherein formation of the concave on the inner 
circumferential surface of the nut and formation of the pro 
jection is simultaneously performed by cold forging. 
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0179 The manufacturing method of a second ball screw 
nut of the fourth embodiment includes: a nut having on its 
inner circumferential Surface a spiral groove and on its outer 
circumferential Surface a projection; a screw shaft having on 
its outer circumferential surface a spiral groove; balls rollably 
loaded between a raceway formed by the spiral screw groove 
of the nut and the spiral screw groove of the screw shaft; and 
a ball returning passage which is formed as a concave on the 
inner circumferential surface of the nut to return the balls 
from an end point to a start point of the raceway, wherein the 
nut relatively moves relative to the screw shaft through the 
rolling of the balls, and wherein a concave is formed on the 
inner circumferential surface of the nut blank by pressing the 
inner circumferential surface of the nut blank with the con 
vex, by press method (cold forging) using a die of the cam 
mechanism comprising a cam driver internally inserted into a 
cylindrical nut blank and moving in its axial direction; a cam 
slider which is disposed between the nut blank and the cam 
driver, and the convex corresponding to the concave is pro 
vided, the convex moving in a radial direction of the nut with 
the movement of the cam driver, and a restraining member for 
restraining both end faces in an axial direction and the outer 
circumferential Surface of the nut blank, and on an inner 
circumferential surface of which a recess is formed to receive 
the outer circumferential Surface, and wherein the projection 
is formed by projecting a periphery of the nut blank into a 
recess of the restraining member. 
0180. This method solves the following problems. In other 
words, in Patent Document 3, there is a problem that when the 
nut has a long axial dimension and a small inner diameter, 
damage may occur due to the insufficient strength of the 
working head of the die, as the working head of the die 
becomes elongate. Further, because a flow of materials with 
the formation of the concave cannot be controlled, the flow 
goes toward in an axial direction of the nut blank, leading to 
a deformation of the axial both end faces of the nut blank into 
a projection. Moreover, there is also a problem that as the 
axial end faces of the nut blank come to a reference plane for 
processing by spiral groove working that is the next process, 
the projection induces degradation in machining accuracy of 
the spiral groove as it stands. 
0181. According to this method, a movement in an axial 
direction of the cam driver changes its direction to an radial 
direction on a slope constituting the cam mechanism to trans 
mit it to the cam slider, and the concave is formed on the inner 
circumferential Surface of the nut blank by pressing and plas 
tically deforming the inner circumferential surface of the nut 
blank with the convex provided in the cam slider. Even when 
manufacturing a nut having a long axial dimension and a 
Small inner diameter, damage is hardly given to the die as 
compared with the method disclosed in Patent Document 3. 
0182 Since the axial both end faces of the nut blank and 
the outer circumferential surface are restrained by the 
restraining member, and the projection is provided by pro 
jecting a periphery of the nut blank into the recess of the 
restraining member, the both ends in an axial direction of the 
nut blank are hardily subject to deformation at the time of the 
formation of the concave. As the end faces in an axial direc 
tion of the nut blank come to the reference plane for process 
ing by the spiral groove working that is the next process, the 
spiral groove working accuracy will be enhanced at the time 
of being used as it is. 
0183. Further, according to the method, since the projec 
tion is provided on the outer circumferential surface of the nut 
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blank, concurrently with the formation of the concave by cold 
forging, the material will not be wasted as in the case where 
the projection is provided by cutting. 
0184. In the manufacturing method of the first or the sec 
ond ball screw nut of the fourth embodiment, the projection, 
the concave or the tapered Surface being formed on the inner 
circumferential Surface of the projection is adopted to a ref 
erence plane or a holding part to proceed the working after the 
next process. 
0185. A ball screw nut manufactured by the first or the 
second method according to the fourth embodiment includes 
a ball screw nut where the projection is an axial force trans 
mission part, a torque transmission part, a positioning part, or 
a mounting part. 
0186. According to the first method of the fourth embodi 
ment, the embodiment can manufacture the ball screw nut 
with a high strength, at a reduced working cost and at a low 
cost, in addition to a high material yield. 
0187. According to the second method of the fourth 
embodiment, even when the nut having a long axial dimen 
sion and a small inner diameter is manufactured, as a method 
of directly forming by plastic working a concave constituting 
the ball returning passage on the inner circumferential Surface 
of the nut blank, the concave can be formed without giving 
damage to the die, as well as Suppressing the deformation of 
the both ends in an axial direction of the nut blank. Also, as the 
projection is provided on the outer circumferential surface of 
the nut blank simultaneously with the formation of the 
groove, the material cost can be reduced as compared with the 
case where the projection is manufactured by cutting. 
0188 An explanation will next be made to the fourth 
embodiment in detail. 

First Example 
0189 In the first example, a stopper 191 projecting to the 
outer circumferential surface of the nut blank 101 is provided 
at the outside in an radial direction of an S-shaped concave 
115 by a method shown in FIG. 16, concurrently with the 
formation of the S-shaped concave (concave constituting the 
ball returning passage) 115 on the inner circumferential Sur 
face of the nut blank 101. 
0190. A die to be used in the first example, as shown in 
FIG.16, the die includes ablank holder 102 having a concave 
121 to hold the nut blank 101; a lid member 122 to restrain an 
upper end face of the nut blank 101; a cam slider 103 and a 
cam driver 104 to be disposed inside of the nut blank 101. On 
an inner circumferential surface of the concave 121 of the 
blank holder 102, the recess 121a having a shape correspond 
ing to the stopper 191 is formed. The concave 121 of the blank 
holder 102 and the lid member 122 constitute the restraining 
member for restraining the both end faces in an axial direction 
and an outer circumferential surface of the nut blank 101. 
(0191 The cam slider 103 is, as shown in FIGS. 17A and 
17B, a substantially semi-cylindrical member having a plane 
132 parallel to an outer circumferential surface 131 in an axial 
direction, wherein the diameter of a circle defining the outer 
circumferential surface 131 is smaller than the diameter of a 
circle 111a defining the inner circumferential surface 111 of 
the nut blank 101. On a plane 132 of the cam slider 103, a 
slope 133 extending in an axial direction is provided at a 
middle portion in a radial direction. The slope 133 corre 
sponds to a plane connecting a base line 134a of the concave 
134 at one end in an axial direction (upper end) and a line 
132d forming a lower end of the plane 132. Moreover, an 
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S-shaped concave 135 corresponding to an S-shaped concave 
115 is provided on the outer circumferential surface 131 of 
the cam slider 103. 

(0192. The cam driver 104 is, as shown in FIG. 17C, along 
plate-shaped member, one side face 141 of which has a slope 
having the same slant as the slope 133 of the cam slider 103. 
and the other side 142 of which has a periphery along a circle 
111a defining the inner circumferential surface 111 of the nut 
blank 101. The dimensions in an axial direction of the cam 
driver 104 are longer than that of the cam slider 103. Further, 
the width of the cam driver 104 is thinner than the width 
corresponding to an open width (dimensions between the 
both sides of the slope 133) of the concave 134 of the cam 
slider 103. 

(0193 The slope 131 of the cam slider 103 and the slanted 
side face 141 of the cam driver 104 constitute the cam mecha 
nism of the die. 

0194 Firstly, the nut blank 101 is disposed in the concave 
121 of the blank holder 102 using this die, and the lid member 
122 is placed on an upper end face of the nut blank 101 to 
restrain the both ends in an axial direction of the nut blank 101 
and the outer circumferential surface of the nut blank 101. 
Secondly, the cam slider 103 is inserted into the inside of the 
nut blank 101, with the concave 134 side being set upward 
and the S-shaped convex 135 oriented toward the inner cir 
cumferential surface 111 of the nut blank 101. In this 
instance, the S-shaped convex 135 of the cam slider 103 is 
aligned with the recess 121a of the blank holder 102. 
(0195 Then, the cam driver 104 is inserted between the 
cam slider 103 and the nut blank 101. On this occasion, a 
portion at the side face 141 of the cam driver 104 is fitted into 
the concave 134 of the cam slider 103 to bring the slope 133 
of the cam slider 103 into contact with the slanted side face 
141 of the cam driver 104. FIG. 16A shows this state. 

0196. After that, when pressing the cam driver 104 from 
above by applying pressing pressure, a force is transmitted 
from the slanted side face 141 of the cam driver 104 to the 
slope 133 of the cam slider 103. Accompanying thereto, a 
downward force of the cam driver 104 is converted into a 
force moving the cam slider 103 to the radial outside, and the 
S-shaped convex 135 provided in the cam slider 103 presses 
the inner circumferential surface 111 of the nut blank 101 to 
cause it to be subject to plastic deformation. Accompanying 
thereto, materials existing on the outer circumferential Sur 
face of the nut blank 101 are pushed into the recess 121a of the 
blank holder 102. FIG. 16B shows this state. 

(0197) Thereby, the S-shaped concave 115 is formed in the 
inner circumferential surface 111 of the nut blank 101, a 
periphery of the nut blank 101 projects and the recess 121a is 
formed, which provides the stopper 191 on the outer circum 
ferential surface of the nut blank 101. A state where the nut 
blank 101 is removed from the die is shown in FIG. 18. 

0198 Thus, according to the method of the first example, 
even when the nut having a long axial dimension and a small 
inner diameter is manufactured, the S-shaped concave 115 
can be formed, without giving damage to the cam driver 104. 
Further, as the material of the nut blank 101 pressed to the 
outside in an radial direction by the S-shaped convex 135 goes 
toward the recess 121a, deformation hardly occurs on the 
both end faces in an axial direction of the nut blank 101. The 
end faces in an axial direction of the nut blank 101 may be 
adopted as a reference plane for processing in the spiral 
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groove machining that is the next process. Therefore, even if 
the spiral groove is applied using as it is, good machining 
accuracy is guaranteed. 
0199 Further, as the stopper (projection) 191 is provided 
on the outer circumferential surface of the nut blank 101, 
simultaneously with the formation of the S-shaped concave 
115, a low material cost may be achieved, as compared with 
the case where the stopper 191 is manufactured by cutting. 
Moreover, since the stopper 191 is provided when materials 
making the nut blank 101 flow in an radial direction, a metal 
flow (fiber flow) is hardly cut and subject to work hardening, 
the stopper 191 may have the strength high enough to resistan 
axial force and torque. 

Second Example 

0200. In the second example, a stopper 192 projecting into 
the outer circumferential surface of the nut blank 101 is 
formed at an one end in an axial direction, concurrently with 
the formation of the S-shaped concave (concave constituting 
the ball returning passage) 115 on the inner circumferential 
surface of the nut blank 101 by using a method shown in FIG. 
19. 

0201 Adie to be used in the second example includes: as 
shown in FIG. 19, the blank holder 102 having the concave 
121 to hold the nut blank 101; the lid member 122 to restrict 
an upper end face of the nut blank 101; and the cam slider 
103A and the cam driver 104 to be disposed inside of the nut 
blank 101. On an upper end of the inner circumferential 
surface of the concave 121 of the blank holder 102, the recess 
121b having a shape corresponding to the stopper 192 is 
formed. The concave 121 and the lid member 122 of the blank 
holder 102 constitute the restraining member for restraining 
the both end faces in an axial direction and the outer circum 
ferential surface of the nut blank 101. 

0202 The cam slider 103A is, as shown in FIGS. 20A and 
20B, a substantially semi-cylindrical member having a plane 
132 parallel with the outer circumferential surface 131 in an 
axial direction, where the diameter of a circle defining the 
outer circumferential surface 131 is slightly smaller than that 
of a circle 111a defining the inner circumferential surface 111 
of the nut blank 101. On the plane 132 of the cam slider 103A, 
the axially extending slope 133 is provided at a middle por 
tion in an radial direction. The slope 133 corresponds to a 
plane connecting a base line 134a of the concave ataxial one 
end (upper end) and a line 132d defining a lower end of the 
plane 132. 
0203. On the outer circumferential surface 131 of the cam 
slider 103A, the S-shaped convex 135 corresponding to the 
S-shaped concave 115 is provided. Further, on the outer cir 
cumferential surface 131 of the cam slider 103A, a convex 
136 for forming the stopper 192 is provided at a position 
corresponding to the recess 121b. 
0204 The cam driver 104 is, as shown in FIG.20C, a long 
plate-shaped member, one side face 141 of which has a slope 
having the same slant as the slope 133 of the cam slider 103A, 
and the other side 142 of which has a periphery along a circle 
111a defining the inner circumferential surface 111 of the nut 
blank 101. The dimension in an axial direction of the cam 
driver 104 is longer than that of the cam slider 103A. Further, 
the width of the cam driver 104 is thinner than the width 
corresponding to an open width (dimensions between the 
both sides of the slope 133) of the concave 134 of the cam 
slider 103A. 
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0205 The slope 131 of the cam slider 103A and the slanted 
side face 141 of the cal slider 103A constitute the cam mecha 
nism of the die. 
0206 Firstly, the nut blank 101 is disposed in the concave 
121 of the blank holder 102 using this die, and the lid member 
122 is placed on an upper end face to restrain the both ends in 
an axial direction of the nut blank 101 and the outer circum 
ferential surface of the nut blank 101. Secondly, the cam 
slider 103A is inserted into the inside of the nut blank 101, 
with the concave 134 side being set upward and the S-shaped 
convex 135 and the convex 136 oriented toward the inner 
circumferential surface 111 of the nut blank 101. In this 
instance, the convex 136 of the cam slider 103 is aligned with 
the recess 121a of the blank holder 102. 

0207. Then, the cam driver 104 is inserted into between the 
cam slider 103A and the nut blank 101. On this occasion, a 
portion on the side face 141 side of the cam driver 104 is fitted 
into the concave 134 of the cam slider 103A to bring the slope 
133 of the cam slider 103A into contact with the slanted side 
face 141 of the cam driver 104. FIG. 19A shows this state. 
0208 After that, when pressing the cam driver 104 from 
the top thereof by applying a pressing pressure, a force is 
transmitted from the slant side face 141 of the cam driver 104 
to the slope 133 of the cam slider 103A. At the same time, a 
downward force of the cam driver 104 is converted into a 
force moving the cam slider 103A to the outside in a radial 
direction, and the S-shaped convex 135 and the convex 136 
provided in the cam slider 103A presses the inner circumfer 
ential surface 111 of the nut blank 101 to cause it to be subject 
to plastic deformation. Accompanying thereto, a portion, 
pressed by the S-shaped convex 135, in the material forming 
the nut blank 101 moves upward, a portion (materials existing 
on the outer circumferential surface of the nut blank 1) 
pressed by the convex 136 to the outside in an radial direction 
is pressed into the recess 121b of the blank holder 102. FIG. 
20B shows this state. 
0209. Thereby, the S-shaped concave 115 is formed on the 
inner circumferential surface 111 of the nut blank 101, a 
periphery of the nut blank 101 projects into the recess 121b, 
which provides the stopper 192 on the outer circumferential 
surface of the nut blank 101. Similarly, a concave 116 corre 
sponding to the convex 136 is formed on the inner circumfer 
ential surface of the stopper 192. A state where the nut blank 
101 is removed from the die is shown in FIG. 21. 
0210 Thus, according to the method of the second 
example, even when the nut having a long axial dimension 
and a small inner diameter is manufactured, the S-shaped 
concave 115 can be formed, without giving damage to the 
cam driver 104. Further, as the material making the nut blank 
101 pressed by the S-shaped convex 135 and the convex 136 
goes toward the recess 121b, deformation hardly occurs on 
the both end faces in an axial direction of the nut blank 101. 
The end faces in an axial direction of the nut blank 101 may 
be adopted as a reference plane for processing in a spiral 
groove working that is the next process. Therefore, even if the 
grooving is applied using as it is, good Working accuracy is 
guaranteed. 
0211 Further, as the stopper (projection) 192 is provided 
on the outer circumferential surface of the nut blank 101, 
simultaneously with the formation of the S-shaped concave 
115, low material cost can be achieved, as compared with the 
case where the stopper 192 is manufactured by cutting. More 
over, since the stopper 192 is provided when materials of the 
nut blank 101 flow in a radial direction, a metal flow (fiber 
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flow) is hardly cut and Subject to work hardening, the stopper 
192 may have the strength high enough to resistan axial force 
and torque. 

Third Example 

0212. In the third example, in a method illustrated in FIG. 
22, a pair of the stoppers 193 projected into the outer circum 
ferential surface of the nut blank 101 is provided at an end in 
an axial direction, concurrently with the formation of the 
S-shaped concaves (concave constituting the returning pas 
sage) 115a and 115b in two points on the outer circumferen 
tial surface of the nut blank 101. 

0213. A die to be used in the third example includes: as 
shown in FIG. 22, the blank holder 102 having the concave 
121 to hold the nut blank 101; the lid member 122 to restrain 
an upper end face of the nut blank 101; a pair of the cam slider 
105A and 105B to be disposed in the inside of the nut blank 
101; and the cam driver 106 to disposed between the both cam 
sliders 105A and 105B. On an upper end of the inner circum 
ferential surface of the concave 121 of the blank holder 102, 
there are provided a pair of the recesses 121C each having a 
shape corresponding to the pair of the stoppers 193. The 
concave 121 of the blank holder 102 and the lid member 122 
constitutes the restraining member for restraining the both 
end faces in an axial direction and the outer circumferential 
surface of the nut blank 101. 

0214. Each of the cam sliders 105A and 105B is, as shown 
in FIGS. 23A and 23B, a substantially semi-cylindrical mem 
ber having an outer circumferential surface 151 of which 
diameter is slightly smaller than an inner diameter of the nut 
blank 101, and a line 152 defining an opposite face of the 
outer circumferential surface 151 is smaller than an inner 
diameter of the nut blank 101. Thus, as shown in FIG. 23A, 
when the outer circumferential surfaces 151 of the cam sliders 
105A and 105B are disposed to match a circle 111a defining 
the inner circumferential surface 111 of the nut blank 101, a 
gap 152a is generated between the lines 152 of the both cam 
sliders 105A and 105B. 

0215. On the opposite face 152b (face along a line 152) of 
the both cam sliders 105A and 105B, an axially extending 
slope 153 is formed at a middle portion of the line 152. The 
slope 153 corresponds to a plane connecting a base line 154a 
of the concave 154 at one end (upper end) in an axial direction 
and a line 152 of a lower end. Further, the S-shaped convexes 
155a and 155b corresponding to the S-shaped concaves 115a 
and 115b are respectively provided on the outer circumferen 
tial Surface 151 of the each cam slider 105A and 105B. 
Furthermore, on the outer circumferential surface 151 of each 
of the cam sliders 105A and 105B, a convex 156 for providing 
the stopper 193 is formed at a position corresponding to the 
each recess 121C. 

0216. The cam driver 106 is, as shown in FIG. 23C, a long 
quadrangular prism comprising: a slope 161 having slopes 
161a and 161b on both sides thereof, and a base end 162 of 
which both end faces have a parallel surface to each other. The 
slopes 161a and 161b of the cam driver 106 are identical with 
the slopes 153 of the cam sliders 105A and 105B. The widths 
of the slopes 161a and 161b of the cam drives 106 are slightly 
smaller than those of the slopes 153 of the cam sliders 105A 
and 105B. Accordingly, the slope 161 of the cam driver 106 
may be received in the concaves 154 of the cam sliders 105A 
and 105B. 
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0217. The slopes 153 of the cam slider 105A and 105B and 
the slopes 161a and 161b of the cam driver 106 constitute the 
cam mechanism of the die. 
0218 Firstly, the nut blank 101 is disposed in the concave 
121 of the blank holder 102, and the lid member 122 is placed 
on an upper end face of the nut blank 101 to restrain the both 
end faces in an axial direction and an outer circumferential 
surface of the nut blank 101. Secondly, a pair of the cam 
sliders 105A and 105B are inserted into the inside of the nut 
blank 101 so that the both slopes 153 face each other. On this 
occasion, the convexes 156 of the cam sliders 105A and 105B 
are aligned with the respective recesses 121c of the blank 
holder 102. 
0219. Next, the cam driver 106 is inserted between the 
both cam sliders 105A and 105B to bring the slopes 153 of the 
both cam sliders 105A and 105B into contact with the slopes 
161a and 161b of the cam driver 106. FIG. 22A shows this 
State. 

0220. Then, when the cam driver 106 is pressed from the 
top thereof by applying a pressing pressure, a force is trans 
mitted from the slopes 161a and 16ab of the cam driver 106 to 
the slopes 153 of the both cam sliders 105A and 105B. 
Accompanying thereto, a downward force of the cam driver 
106 is converted into a force moving each of the cam sliders 
105A and 105B to the outside in a radial direction, and the 
S-shaped convexes 155a and 155b provided in the respective 
cam slider 105A and 105B and the convex 156 press the inner 
circumferential surface 111 of the nut blank 101 to cause it to 
be subject to plastic deformation. 
0221. Accompanying thereto, a portion, pressed by the 
S-shaped convexes 155a and 155b, of the material forming 
the nut blank 101 moves upward, and a portion (material 
existing on the external circumference of the nut blank 101) 
pressed by the convex 156 to the outside in a radial direction 
is pushed into the recess 121c of the blank holder 102. FIG. 
22B shows this state. 
0222. Thereby, the S-shaped concave 115a and 115b are 
provided at two points of the inner circumferential surface 
111 of the nut blank 101, and an external circumference of the 
nut blank 101 projects into the recess 121c, and the stopper 
193 is provided on the outer circumferential surface of the nut 
blank 101. Further, on the inside of the stopper 193, a concave 
117 corresponding to the convex 156 is formed. A state where 
the nut blank 101 is removed from the die is shown in FIG. 24. 
0223 Thus, according to the method of the third example, 
even when the nut having a long axial dimension and a small 
inner diameter is manufactured, the S-shaped concave 115 
can be formed, without giving damage to the cam driver 106. 
Further, as the material forming the nut blank 101 pressed by 
the S-shaped convex 155 and the convex 156 goes toward the 
recess 121c, deformation hardly occurs on the both end faces 
in an axial direction of the nut blank 101. The end faces in an 
axial direction of the nut blank 101 may be adopted as a 
reference plane for processing in the spiral groove working 
that is the next process. Therefore, even if the grooving is 
applied as it is, good working accuracy is guaranteed. Addi 
tionally, the end faces in an axial direction of the nut blank 
101 are subject to work hardening, and thus they are suited for 
a reference plane for processing. 
0224 Further, as the stopper (projection) 193 is provided 
on the outer circumferential surface of the nut blank 101, 
simultaneously with the formation of the S-shaped concave 
115, a low material cost can be achieved, as compared with 
the case where the stopper 193 is manufactured by cutting. 
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Moreover, since the stopper 193 is provided when materials 
forming the nut blank 101 flow in a radial direction, a metal 
flow (fiber flow) is hardly cut and subject to work hardening, 
the stopper 191 may have the strength high enough to resistan 
axial force and torque. The formation of a bolt insertion hole 
in the stopper 193 makes it available as a fitting flange for the 
nut. 

Fourth Example 
0225. In the fourth example, in a method illustrated in FIG. 
25, a flange 194 is provided on the outer circumferential 
surface at one end in an axial direction of the nut blank 101, 
and a tapered surface 118 is formed on an internal circumfer 
ence thereof, concurrently with the formation of S-shaped 
concaves (concaves constituting a ball returning passage) 
115a and 115b at two points on the inner circumferential 
surface of the nut blank 101. 
0226. A die includes: as shown in FIG. 25, the blank 
holder 102 having the concave 121 to hold the nut blank 101; 
the lid member 122 to restrain an upper end face of the nut 
blank 101; a pair of cam slider 107A, 107B to be disposed 
inside of the nut blank 101; and the cam driver 108 to be 
disposed between the both cam sliders 107A and 107B. On an 
upper end of the inner circumferential surface of the concave 
121 of the blank holder 102, a circumferential groove (recess) 
121d having a shape corresponding to the flange 194 is 
formed. The concave 121 of the blank holder 102 and the lid 
member 122 constitute the restraining member for restraining 
both end faces in the axial direction and the outer circumfer 
ential surface of the nut blank 101. 
0227. The cam sliders 107A and 107B have a shape where 
an end at which the convex 156 is provided is cut in an axial 
direction, including the convex 156, from the cam sliders 
105A and 105B in the third example, and two S-shaped con 
vexes 175a and 175b where a slope 153 of the cam sliders 
105A and 105B made corresponding to the same slope 173 
and to the S-shaped concaves 115a and 115b at two points. 
0228. The cam driver 108 has a ramp 181 having slopes 
181a and 181b identical with the slope 173 of the cam sliders 
107A and 107B, and a base end at which a tapered surface 
182a corresponding to the tapered surface 118 is formed. The 
slope 173 of the cam sliders 107A and 107B and the slopes 
181a and 181b of the cam driver 108 constitute the cam 
mechanism of the die. 
0229. Firstly, the nut blank 101 is disposed in the concave 
121 of the blank holder 102 using this die, and the lid member 
122 is placed on an upper end face of the nut blank 101 to 
restrain the both ends in an axial direction and the outer 
circumferential surface of the nut blank 101. Secondly, a pair 
of the cam slider 107A, 107B is inserted into the inside of the 
nut blank 101 so that the both slopes face each other. 
0230. Then, the cam driver 108 is inserted into between the 
concaves (identical with the concaves 154 of the cam sliders 
105A and 105B) where thea slope 173 of the both cam sliders 
107A and 107B is formed to bring the slope 173 of the both 
cam sliders 107A and 107B into contact with a slopes 181a 
and 181b of the cam driver 108. FIG. 25A shows this state. 
0231. After that, when pressing the cam driver 108 from 
above by applying pressing pressure, a force is transmitted 
from the slopes 181a and 181b of the cam driver 108 to the 
slope 173 of the both cam sliders 107A and 107B. Accompa 
nying thereto, a downward force of the cam driver 108 is 
converted into a force moving the cam sliders 107A and 107B 
to the outside in a radial direction, and the S-shaped convexes 
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175a and 175b provided in the each cam slider 107A and 
107B press the inner circumferential surface 111 of the nut 
blank 101 to cause it to be subject to plastic deformation. 
Further, the tapered surface 182a of the cam driver 108 
presses and plastically deforms the upper portion of the inner 
circumferential surface 111 of the nut blank 101. 
0232. Accompanying thereto, a portion, pressed by the 
S-shaped convexes 175a and 175b, in a material forming the 
nut blank 101 moves upward, a portion (materials existing on 
the external circumference of the nut blank 101) pressed by 
the tapered surface 182a to the outside in a radial direction is 
pushed into a circumferential recess 121d of the blank holder 
102. FIG. 25B shows this state. 

0233. Thereby, the S-shaped concaves 115a and 115b are 
formed at two points of the inner circumferential surface 111 
of the nut blank 101, the external circumference of the nut 
blank 101 projects into the circumferential recess 121d. 
which provides the flange 194 on the outer circumferential 
surface of the nut blank 101. A tapered surface 113 corre 
sponding to the tapered surface 182a is formed inside of the 
flange 194. A state where the nut blank 101 is removed is 
shown in FIG. 26. 

0234 Thus, according to the method of the fourth 
example, even when the nut having a long axial dimension 
and Small inner diameter is manufactured, the S-shaped con 
caves 115a and 115b can be formed, without giving damage 
to the cam driver 108. Further, because the material forming 
the nut blank 101 pressed by the S-shaped convexes 175a and 
175b and the tapered surface 118 flows toward the circum 
ferential recess 121d, deformation hardly occurs on the end 
faces in an axial direction of the nut blank 101. The end faces 
in an axial direction of the nut blank 101 may be adopted as a 
reference plane for processing in spiral groove working that is 
the next process. Besides, the end faces in an axial direction of 
the nut blank 101 are work hardened, and thus they are suited 
for a reference plane for processing. 
0235 Further, as the flange (projection) 194 is provided on 
the outer circumferential surface of the nut blank 101, simul 
taneously with the formation of the S-shaped concaves 115a 
and 115b, low material cost may be achieved, as compared 
with the case where the flange 194 is manufactured by cut 
ting. Moreover, since the flange 194 is provided when mate 
rials making the nut blank 101 flow in an radial direction, a 
metal flow (fiber flow) is hardly cut and subject to work 
hardening, the flange 194 may have the strength high enough 
to resist an axial force and torque. 
0236. The flange 194 may be used as a flange for mounting 
parts such as a bearing on the outer circumferential Surface of 
the nut. Likewise, the tapered surface 118 may be used as the 
center (Surface for center alignment in grinding of cylinder). 
Further, by forming a bolt insertion hole in the flange 194, it 
may be used as a mounting flange for the nut. Moreover, gear 
cutting may be done on an external circumference of the 
flange 194 to manufacture a gear. 

Fifth Example 

0237 As shown in FIG. 27, previously forming the con 
cave 196 on the underside of the upper member 120 of the die 
simultaneously enables by cold forging formation of the con 
cave 197 on the inner circumferential surface 111 of the nut 
blank 101, and formation of a projection 198 on the outer 
circumferential surface of the nut blank 101 in exactly the 
same way as the case shown in FIG. 28. 
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Fifth Embodiment 

0238. The fifth embodiment is directed to a manufacturing 
method of the nut constituting the ball screw and a ball screw 
nut manufactured thereby. 
0239. The ball screw includes: the nut having on its inner 
circumferential Surface a spiral groove; the screw shaft hav 
ing on its outer circumferential Surface a spiral groove; balls 
loaded between a raceway formed by the spiral groove of the 
nut and the spiral groove of the screw shaft; and the ball 
returning passage to return the balls from an end point to a 
start point of the raceway. The ball screw is a device in which 
the balls roll within the raceway to thereby relatively move the 
nut with respect to the screw shaft. 
0240 Such a ball screw is provided not only for a posi 
tioning device, etc. for general industrial machinery, but also 
for an electric actuator to be installed in vehicles such as a car, 
a motorcycle, a ship, etc. 
0241 The ball returning passage of the ball screw includes 
a circulating tube system and a deflector System. In case of the 
deflector system, a deflector having a concave constituting the 
ball returning passage is fitted into a through hole of the nut. 
On the other hand, in Patent Document 3, there is disclosed 
directly defining by plastic working a concave (circulating 
groove) constituting the ball returning passage on the inner 
circumferential surface of the nut blank. As for the manufac 
turing method thereof, it is as stated in the fourth embodi 
ment. 

0242. The method disclosed in Patent Document 3, how 
ever, intrinsically entails a problem that when the nut has a 
long axial dimension and a small inner diameter, damage may 
occur due to the strength poverty of the working head of the 
die, as the working head of the die becomes elongate. 
0243 The present invention is contrived focusing on the 
above-identified problems, and its object is to provide a 
manufacturing method of a ball screw nut which is able to 
form a concave, without giving damage to the die, and to 
attenuate an impact on outside accuracy of the nut, even when 
a nut having a long axial dimension and a small inner dimen 
sion is manufactured, as a method of directly forming by 
plastic working the concave constituting the ball returning 
passage on the inner circumferential Surface of the nut blank. 
0244. Further, yet another object of the present invention 

is to provide a ball screw and a manufacturing method thereof 
which is able to prevent adhesion on butting of the nut against 
the housing, and to suppress collision energy generated 
thereat. 
0245. To solve the above-identified problems, the manu 
facturing method of the ball screw nut of the fifth embodiment 
includes: the nut having on its inner circumferential Surface a 
spiral groove; the screw shaft having on its outer circumfer 
ential Surface a spiral groove; balls loaded between a raceway 
formed by the spiral groove of the nut and the spiral groove of 
the screw shaft; and the ball returning passage provided as a 
concave on the inner circumferential surface of the nut for 
returning the balls from an end point to a start point of the 
raceway, wherein the nut relatively moves with respect to the 
screw shaft by rolling the balls with the raceway, and wherein 
the concave is formed on the inner circumferential surface of 
the nut blank by pressing the inner circumferential surface of 
the nut blank with a convex, by a press method using a die of 
the cam mechanism, the cam mechanism comprising: a cam 
driver internally inserted into a cylindrical nut blank and 
moving in an axial direction; a cam slider disposed between 
the nut blank and the cam driver, and having the convex 
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corresponding to the concave, the convex moving in a radial 
direction of the nut with a movement of the cam driver; and a 
restraining member for restraining both end faces in the axial 
direction and the outer circumferential surface of the nut 
blank, and having a recess on an end face to receive the end 
face in the axial direction of the nut blank, wherein the outer 
circumferential formation is formed by projecting a periphery 
of the nut blank into the recess of the restraining member. 
0246 According to the fifth embodiment, a movement in 
the axial direction of the cam driver on a slope defining the 
cam mechanism changes its direction to the radial direction to 
transmit it to the cam slider; and the convex provided in the 
cam slider presses the inner circumferential Surface of the nut 
blank to cause it to be subject to plastic deformation, which 
forms the concave on the inner circumferential surface of the 
nut blank. Then, even when the nuthaving along axial dimen 
sion and a small inner diameter is manufactured, the die is 
hardly Subject to damage, as compared with the method dis 
closed in Patent Document 3. 
0247 Since the both end faces in an axial direction and the 
outer circumferential surface of the nut blank are restrained 
by the restraining member, and the end face of the nut blank 
is projected into the recess of the restraint member, it may 
reduce an impact on the outer dimension accuracy of the nut. 
0248. Further, the ball screw of the fifth embodiment is a 
ball screw including: the nut having on its inner circumferen 
tial Surface a spiral groove; a screw shaft having on its outer 
circumferential surface a spiral groove; balls loaded between 
a raceway formed by the spiral groove of the nut and the spiral 
groove of the screw shaft; and the ball returning passage 
provided as a concave on the inner circumferential Surface of 
the nut, for returning the balls from an end point to a start 
point of the of the raceway, wherein a convex is provided at an 
end face in an axial direction of the nut. 
0249. With the ball screw according to the fifth embodi 
ment, since the end face of the nut is projected, the embodi 
ment prevents adhesion occurred on butting of the nut against 
the housing, thereby suppressing collision energy. 
0250. According the fifth embodiment, as a method of 
directly manufacturing the concave constituting the ball 
returning passage on the inner circumferential Surface of the 
nut by plastic working, even when the nut having a long axial 
dimension and a small inner diameter is manufactured, the 
embodiment enables formation of the concave, without giv 
ing damage to the die, as well as reduction of an impact on the 
outer dimension accuracy. Additionally, to project the end 
face of the nut, thereby providing the ball screw of which 
collision energy is decreased to prevent the adhesion on col 
liding of the nut. 

First Example 
0251 An explanation will then be made to a first example 
of a manufacturing method of the ball screw according to the 
fifth embodiment by referring to drawings. FIG. 29 is a cross 
sectional view showing a construction in the first example of 
the manufacturing method of the fifth embodiment. FIG.30 is 
a view showing a cam driver, in which FIG.30A is a perspec 
tive view, FIG. 30B is a plane view, and FIG. 30C is a per 
spective view. FIG.31 is a view showing a split constituting a 
restraining member used in the first example, in which FIG. 
31A is a plane view, FIG. 31B is a cross section taken along 
a line A-A, and FIG. 31C is a cross-sectional view of a stand. 
FIG. 32 is a plain view showing a nut blank in which an 
S-shaped concave and a convex are formed, in which FIG. 
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32A is a front view, FIG.32B is a cross-sectional view taken 
along a line A-A, and FIG. 32C is a perspective view. 

Die 

0252. As shown in FIGS. 29 to 31, a die used in the first 
example includes a cam driver 202 to be inserted inside of a 
nut blank 201; cam sliders 203A to 203D to be disposed 
between the nut blank 201 and the cam driver 202; a stand 204 
in which a concave 241 having the same inner diameter as the 
nut blank 201 is formed at the center of a top surface; a 
restraining member 205 for restraining an upper end Surface 
and an outer circumferential surface of the nut blank 201; and 
an outer member 206 for restraining a movement to the out 
side of the restraining member 205. 

Cam Driver 

0253. The cam driver 202 is, as shown in FIG.30A, a bar 
member having a square cross section, wherein the cam driver 
includes a base end 221 in which the size of a square insection 
is unchanged in an axial direction, and a body 222 in which 
the size of a square in section gets Smaller as it goes toward an 
end. In other words, four sides 221a to 221d of the base end 
221 are respectively parallel with one another, back and forth 
and right and left, and the four sides 222a to 222b of the body 
have a slope with the same inclination. 

Cam Slider 

0254 Cam sliders 203 A to 203D are, as shown in FIGS. 
30B and 30C, a member in which a cylinder having the 
diameter slightly smaller than the inner diameter of the nut 
member 201 is divided into four in a circumferential direc 
tion. At the opposite side of the outer circumferential surface 
231, a slope 233 with the same inclination as the four slopes 
222a to 222b of the cam driver 202 is provided. Arranging the 
cam sliders 203A to 203D matching with the outer circum 
ferential surface 231 to a circle 211a defining the inner cir 
cumferential surface 211 of the nut blank 201 creates a space 
at the center of the circle 211a into which the cam driver 202 
is inserted, with the four slopes 233, at the center of the circle 
211a. Moreover, on the outer circumferential surface 231 of 
the each cam slider 203A to 203D, S-shaped convexes 235A 
to 235D corresponding to the S-shaped convex constituting 
the four ball returning passages is provided. 
(0255. The slopes 222a to 222d of the cam driver 202 and 
the slope 238 of the cam slider 203 constitute the cam mecha 
nism of the die. 

Restraining Member 
0256 The restraining member 205 is, as shown in FIG. 
31A, comprised of splits 251 to 254, in which an outer cir 
cumferential diameter of cylinder changed in a tapered shape 
in an axial direction are divided into four parts in a circum 
ferential direction. As shown in FIG. 31B, an inner circum 
ferential surface of each split 251 to 254 is provided in small 
diameter portions 251b to 254b in which a large-diameter side 
of the outer circumferential surface is formed in the large 
diameter portions 251a to 254a corresponding to the outside 
of the nut blank 201, and a small-diameter side of an outer 
circumferential surface is formed in the small-diameter por 
tions 251b to 254b slightly larger than the inner diameter 
(smaller than the outside) of the nut blank 201. 
0257 Thereby, at a boundary surface of the large-diameter 
portions 251a to 254a and the small-diameter portions 251b 



US 2012/0325036A1 

to 254b, restraining surfaces 251c to 254c are formed, which 
bring into contact with an upper end Surface 214 of the nut 
blank 201. On these restraining surfaces 251c to 254c (a 
recess 253d is not shown in FIG.31B), recesses 251d to 254d 
are formed. The large-diameter portions 251a to 254a of the 
inner circumferential surface of each split 251 to 254 corre 
spond to the inner circumferential surface to which the outer 
circumferential surface 213 of the nut blank 201 is received. 
0258. The stand 204 has, as shown in FIG.31C, a concave 
241 having the same inner diameter as the nut blank 201 is 
formed on the center of the upper surface 204, and apart of the 
upper Surface 204a acts as a restraining Surface that comes 
into contact with a lower end face 215 of the nutblank 201. On 
the restraining Surface, recesses 242a to 242d are formed. In 
FIG. 31C, because there is shown an aspect in which the 
recesses 242a to 242d are formed so as to be positioned at the 
inner circumferential surface side of the each split 251 to 254, 
only the recess 242b and the recess 242d are shown, but the 
recess 242a and the recess 242c are not shown. 
0259. The recesses 242a to 242d are formed at least on one 
axial end face of the nut blank 201, i.e. at either of the upper 
end face 214 or the lower end face 215. In the first example, 
the recesses 242a to 242d have a substantially semispherical 
shape, and are formed integrally and continuously in a cir 
cumferential direction of at least either the upper end face 214 
or the lower end face 215. The shape and the number of the 
recesses 242a to 242d are not necessarily limited to Such 
aspect. They may independently be provided in correspon 
dence with the length of an arc in a circumferential direction 
of the S-shaped concaves 212A to 212D to be formed on the 
inner circumferential surface of the nut blank 201. Further, 
the recesses 242a to 242d may be formed identical with one 
another in area, depth, geometry, etc., or they may individu 
ally be different. For example, the recesses 242a to 242d 
formed at a position distant from the S-shaped concaves 212A 
to 212D may be small in their area and depth. Conversely, the 
recesses 242a to 242d to be formed at a position proximate to 
the S-shaped concaves 212A to 212D may be large in their 
area and depth. Moreover, irrespective of the number of the 
S-shaped concave, provision of only one recess may of course 
be possible. 
0260 An outer member 206 is a cylinder having an outside 
surface identical with the inner circumferential surface 261 
corresponding to the tapered outer circumferential Surface of 
the restraining member 205, and with a profile of the stand 
204. 
0261 The S-shaped concaves 212A to 212D are formed 
which define the four ball returning passages on the inner 
circumferential surface 211 of the nut blank 201 by the fol 
lowing method, using this die. 

Manufacturing Method of Ball Screw Nut 
0262 Firstly, the nut blank 201 is disposed at the center on 
the stand 204 to match the inner circumferential surface 211 
of the nut blank 201 with the inner circumferential surface of 
the concave 241. Secondly, each splits 251 to 254 of the 
restraining member 205 are disposed on the stand 204, the 
large-diameter portions 251a to 254a of the inner circumfer 
ential Surface are brought into contact with the outer circum 
ferential surface 213 of the nut blank 201, and the restraining 
surfaces 251c to 254c are brought into contact with the upper 
end face 214 of the nut blank 201. Then, the outer member 
206 is disposed on the stand 204, and the inner circumferen 
tial surface 261 is brought into contact with the tapered outer 
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circumferential surface of the restraining member 205. At this 
instance, the outer member 206 is fixed to the stand 204. 
0263. Thereby, a movement toward the outside in a radial 
direction of splits 251 to 254 constituting the restraining 
member 205 is restrained. The restraining member 205 and 
the stand 204 put into a state where the both end faces 214 and 
215 in an axial direction of the nut blank 201 are restrained. 
0264. Subsequently, the cam sliders 203A to 203D are 
inserted into the nut blank 201 toward the inner circumferen 
tial surface 211 of the nut blank 201. Thereby, the four slopes 
233 of the cam sliders 203A to 203D creates a space into 
which the cam driver 202 is inserted. Then, an end of the body 
of the cam driver 202 is inserted into the space. FIG. 29A 
shows this state. 
0265. When pressing the cam driver 202 from above by 
applying pressing pressure a force is transmitted from the 
slanted slopes 222a to 222d of the cam driver 202 to the slope 
233 of the cam sliders 203A to 203D. Accompanying thereto, 
a downward force of the cam driver 202 is converted into a 
force radially moving outward each cam slider 203A to 203D, 
and the S-shaped convexes 235A to 235D provided in the 
each cam slider 203A to 203D press the inner circumferential 
surface 211 of the nut blank 201 to cause it t be subject to 
plastic deformation. Accompanying thereto, materials exist 
ing on the outer circumferential surface 213 of the nut blank 
201 are pushed into the recesses 251a to 251d of the splits 251 
to 254 constituting the restraining member 205 and into the 
recesses 242a to 242d of the stand 204. FIG. 29B shows this 
State. 

0266 This forms S-shaped concaves 212A to 212D con 
stituting the four ball returning passages on the inner circum 
ferential surface 211 of the nut blank 201. An excess material 
produced with the formation of the S-shaped concaves 212A 
to 212D move into the recesses 251d to 254d of the splits 251 
to 254 constituting the restraining member 205 from an upper 
end of the nut blank 201, and convexes 214A to 214D are 
provided thereby. Furthermore, excess material produced 
with the formation of the S-shaped concaves 212A to 212D 
moves into the recesses 242a to 242d of the stand 204 from a 
lower end 215 of the nut blank 201, and the convexes 215A to 
215D are provided thereby. Hereinafter, in some case, these 
convexes 214A to 214D and convexes 215A to 215D may 
possibly be called as an end face convex. 
0267. Here, it is preferable for a die at the outside side of 
the nut blank 201 to be one which relatively firmly fastens the 
outside of the nut blank 201. For example, it is preferable that 
fitting of the outside of the die and the nut blank 201 range 
from loose fit of several micrometers to interference fit oftens 
of micrometers. Since with plastic working using Such 
method, expansion of the excess material to the outside of the 
nut blank 201 can be suppressed, it enables plastic working of 
the S-shaped concaves 212A to 212D, without impacting on 
accuracy of the outside dimensions, etc. 
0268. It is noted that where the formation of a projection at 
the outside side of the nut blank 201 is allowed for, it is also 
possible to use at the same time the recess formed at the outer 
diameter side and the recess formed at the end face side. 
0269. The nut blank 209 in which the S-shaped concaves 
212A to 212D, the convexes 214A to 214D, and the convexes 
215A to 215D are formed by this method is shown in FIG. 32. 
FIG. 32A is a front view; FIG. 32B is a cross-sectional view 
taken along a line A-A thereof; and FIG.32C is a perspective 
view. By forming a spiral groove and a seal attaching groove 
in the nut blank 201, the ball screw nut is manufactured. 
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0270. Herein, as shown in FIGS.32B and 32C, on one end 
face 215 of the nut blank 201, a notch 216 is formed for 
positioning during forging of the nut blank 210 and Subse 
quent cutting. In the first example, a convex (not shown) to be 
fitted to or to be engaged into may be provided in the stand 
204 and the restraining member 205 for preventing that the 
excess material does not move into the notch 216 during 
plastic working to the nut blank 201. 
0271 Further, the sum of volume of the convex parts of the 
convexes 214A to 214D and the convexes 215A to 215D is 
substantially identical with that of the concave of the 
S-shaped recesses 212A to 212D. 
0272. With the method according to the first example, the 
end face convex can be manufactured simultaneously with the 
S-shaped concave. Also, the method minimizes an effect of 
the material flowing to the periphery of the nut, caused by 
forging. Even when a nut having long dimensions in an axial 
direction and a small inner diameter is manufactured, simul 
taneous formation of the four S-shaped concaves 212A to 
212D in the nut blank 201 may be possible, without giving 
damage to the cam driver 202. Adhesion between the nut and 
housing, which may becaused when the nut moves in an axial 
direction and an end face of the nut collides against the 
housing, etc., can be prevented by providing an end face 
concave and making a collision area Small between the nut 
and the housing, etc. Further, according to the first example, 
it does not impair plane accuracy of portions other than the 
convex of the nut end face. 

Second Example 

0273 FIG.33 is a cross-sectional view showing a second 
example of the manufacturing method of the ball screw of a 
fifth embodiment. In this connection, the second example is 
the same as the above-mentioned first example, with the 
exception that a location where the recess of the splits and the 
recess of the stand are formed is changed. Thus, the descrip 
tions of the same configurations having the same reference 
numerals with those of the first example will be omitted for 
brevity's sake. As shown in FIG. 33, the second example 
illustrates one example of arrangement of the recess where 
plastic working (e.g. cold forging) is applied to the nut blank 
201 in which the flange 207 is provided. 
0274. In the nut blank 201, where a thick wall part of the 
flange 207 and a phase of the S-shaped concaves 212A to 
212D in an axial direction are overlapped, there is some 
possibility of exerting a bad influence even on geometry, etc., 
of the S-shaped concaves 212A to 212D to be worked, due to 
hindrance by the thick wall part and insufficient plastic defor 
mation resulting therefrom, even by forming the recess on the 
outer diameter side. In addition, where the flow of the mate 
rial is unsuccessfully ended and a thin wall part (in FIG.33, a 
portion at which the flange in an axial direction does not have 
overlapping phase each other) exists, it is thinkable that 
dimensional accuracy of an internal diameter of the thin wall 
part could drop. 
0275 To address this potential adverse effect, in the sec 
ond example, a recess 242a corresponding to the S-shaped 
concaves 212A to 212D of which phase overlaps with the 
flange 207 in an axial direction is provided in the stand 204 
facing the end face 207a of the flange 207. On the contrary, a 
concave of which phase does not overlap in an axial direction 
with the flange 207 may be provided at end faces (restraining 
surfaces) 251c to 254c at the opposite side to the flange 207, 
or provided, as shown in FIG.33, at a position corresponding 
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to the S-shaped concaves 212A to 212D of the large-diameter 
portions 251a to 254a facing the external diameter of the nut 
blank 201. 
0276. Here, in the second example, when A is “a distance 
in an axial direction between the S-shaped concave nearest to 
an end face at the side where the end face convex is provided 
and an axial end face at the side where the end face convex is 
provided, and B is “a distance in a radial direction between 
the S-shaped concave and the outermost circumferential Sur 
face of the nut blank”, it is preferable to set to be A-B. By 
defining like this, notably, the nut blank with the flange 207, 
the projection is liable to project, which mitigates an impact 
on the external diameter side of the nut blank 201. 
0277 According to the second example, even where the 
thick wall part such as the flange 207 etc., is provided in the 
nut blank 201, the nut on an end face of which the projection 
is formed may be provided, while Suppressing an adverse 
effect on another portion of the nut blank 201. In this connec 
tion, area, depth, position in a circumferential direction of the 
projection, etc. may be properly set at discretion as with the 
first example. 

Third Example 
0278 FIG. 34 is a cross-sectional view showing a third 
example of the manufacturing method of the ball screw of the 
fifth embodiment. As the third example is the same as the 
above-mentioned first example, with the exception that a 
construction of the stand. Therefore, the descriptions of the 
same construction denoted by the same reference numerals 
are omitted for simplification. 
0279. As shown in FIG. 34, in the third example, the stand 
204 that is a part of the die is made of pressure resistant rubber 
and is devoid of the concave 241 having the same inner 
diameter as that of the nut blank 201. That is so say, the stand 
204 is made softer than an upper pressing member (metal), 
and is permitted to undergo somewhat of elastic deformation. 
Put differently, a pressing force to an end face is reduced than 
that to the outer circumferential surface of the nut blank 201. 
Thus, the excess material to flow by working of the S-shaped 
concave tends to more protrude over a lower end face 215 of 
the nut blank 201 that is likely to be elastically deformed. As 
a consequence, a different-sized convex may be provided 
which is a result of protruding of the excess material over the 
both end faces 214 and 215 in an axial direction of the nut 
blank 201. This prevents adhesion when an end face of the nut 
at the side where the end face is not planar and the housing, 
etc., collide against each other, as at least either of the upper 
end face 214 or the lower end face 215 of the nut blank 201 is 
not flat after forging. 
0280 Here, whether what shape of the end face convex 
should be taken is not limited to the convex as exemplified in 
the first and the second examples, rather an end face of the nut 
having an undulated shape may be included. 
0281 Moreover, as a candidate of the pressure resistant 
rubber, materials that may resist compression under high 
pressure are desirable. A variety of synthetic rubber, such as 
urethane rubber, nitrile rubber, acrylic rubber, fluorine rubber, 
and acrylonitrile-butadiene rubber may preferably be used for 
this purpose. 
0282. In the event of fear of frictional wear to the pressure 
resistant rubber, arising from direct abutment of the stand 204 
made of the pressure resistant rubber and the nut blank 201, 
the lower end face 215 of the nut blank 201 may be received 
through elastic members such as rubber, spring, etc. 
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Fourth Example 
0283 FIG. 35 is a cross-sectional view showing a fourth 
example of the manufacturing method of the ball screw of the 
fifth embodiment. As the fourth example is the same as the 
above-mentioned second example, with the exception that a 
recess is formed in the nut blank, and So its description of the 
same construction denoted by the same reference numeral is 
omitted for brevity's sake. 
0284 As shown in FIG. 35, in the fourth example, a con 
cave 207b is formed at an end face 207a of the flange 207, 
which is used when plastic working is applied to the nut blank 
201 in which the flange 207 is provided. Thereby, since the 
excess material flows to the recess 207b, without forming the 
recesses 242a to 242d in the stand 204, it preferably enables 
working of the S-shaped concaves 212A to 212D. 
0285. Herein, in the fourth example, the lower end face 
215 of the nut blank 201 may not be plane after forging. That 
is, where volume of the recess 207b is different from that of 
the S-shaped concaves 211A to 212D, the formation of a 
recess or a convex at a position of the recess 207b contributes 
to reduce a colliding area of the nut and the housing. This 
prevents the occurrence of adhesion between the nut and the 
housing. 

Fifth Example 

0286 FIGS. 36 and 37 are a cross-sectional view showing 
a fifth example of the manufacturing method of the ball screw 
of the fifth embodiment. As shown in FIG. 36, previously 
providing a concave 196 on a member which faces an axial 
end face of the nut blank 101 and restrains the axial end face 
simultaneously attains by cold forging the formation of the 
concave 197 on the inner circumferential surface 111 of the 
nut blank 101 and the formation of the projection 198 on the 
end face in an axial direction of the nut blank 101, in the 
exactly same way as the example shown in FIG. 28. 
0287 Further, as shown in FIG. 37, where the member 
facing the end face in an axial direction of the nut blank 101 
does not restrain the end face in an axial direction, because the 
member and the end face in an axial direction of the nut blank 
101 are apart from each other, it allows by cold forging the 
simultaneous formation of the concave 197 on the inner cir 
cumferential surface 111 of the nut blank 101 and the forma 
tion of the projection 198 on the end face in an axial direction 
of the nut blank 101, in the exactly same way as the example 
shown in FIG. 28, even without the formation of the groove 
196 in the member. 

Ball Screw 

0288 An explanation will then made below to the ball 
screw utilizing the nut manufactured in the first and the fourth 
examples by referring to drawings. FIG.38 is a view showing 
one exemplary construction of the ball screw of the fifth 
embodiment; in which FIG. 28A is a cross-sectional view, 
and FIG.38B is a perspective view. As shown in FIG.38A, the 
ball screw 302 includes: a nut 305 rotatably supported via a 
bearing 304 in a large-diameter hole 303b communicating 
with a central opening of the housing 303 in which a central 
opening 303a is formed as a fixed portion; a screw shaft 306 
to be screwed with the nut 305; and a large number of balls 
307 loaded between the nut 305 and the Screw shaft 306. 
0289. The nut 305 is manufactured by any of the methods 
disclosed in the foregoing first to fourth examples. To put it 
concretely, the nut 305 is made of a cylindrical member 305b 
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on inner circumferential Surface of which a screw groove 
305a is formed. One end of an outer circumferential surface 
of the cylindrical member 305b is rotatably supported via the 
bearing 304 by the housing 303, and a spur gear 305c is fitted 
onto the other end. A spur gear 305c is meshed with the spur 
gear 305d, which is coupled to a rotation axis of the electric 
motor as a rotary driving source (not shown), and the nut 305 
is rotationally driven by a turning force of the electric motor. 
0290 Moreover, in the nut 305, a cylindrical abutting 
piece 310 is axially provided in a projecting manner, as a 
abutting member, which is abutted to an end face in a circum 
ferential direction of a guide projection 306e of the screw 
shaft 306 to be mentioned later, at a more outside position in 
a radial direction than the screw groove 305a on a side end 
face 305e in an axial direction at the spur gear 305c side. 
0291. The abutting piece 310 is a convex provided on the 
end face 214 (215) of the nut blank 201 in the forgoing first to 
fourth examples. A circulating groove (not shown) is the 
S-shaped concaves 212A to 212D formed in the first to fourth 
examples. Further, the screw groove 305a is one which is 
formed by cutting, etc. Incidentally, as the abutting piece 310 
is the convex provided on the end face 214 (215) of the nut 
blank 201 in the foregoing first to fourth examples, the total 
volume of these projections is virtually identical with that of 
a concave of the S-shaped recesses 212A to 212D (not 
shown). 
0292. The screw shaft 306 is being inserted into a central 
opening 303a formed in the protrusion housing, and includes: 
a large-diameter portion 306b on the outer circumferential 
surface of which a screw groove 306a is formed; a square tube 
306d fitted to a prism 306c provided at one end of the large 
diameter portion 306b; a guide projection 306e outwardly 
projecting from its one plane than the large-diameter portion 
306b in a radial direction; and a small-diameter shaft 306f 
connected to the prism 306c. 
0293. Here, at the end where the nut 305 of the housing 
303 is received, a fixing cover 309 is integrally fixed by a 
fixing member Such as bolting, as a fixed portion, made by 
die-casting e.g. of aluminum, aluminum alloy, etc. that is used 
for forming a receiving portion 309a to receive therein the nut 
305. In the fixing cover 309, an inserting hole309bis formed, 
which has a diameter Smaller than that of the central opening 
303a of the housing 303 into which the small-diameter shaft 
306f and the large-diameter portion 306b of the screw shaft 
306 are inserted, and has a diameter larger than the large 
diameter portion 306b of the screw shaft 306. A guide groove 
309c to guide a guide projection 306e of the screw shaft 306 
is formed at the inner circumferential surface side of an inser 
tion hole 309b. The guide groove 309c is opened to the 
receiving portion 309a side, and at the opposite side to the 
receiving portion 309a side, a stopper 309d is provided to 
which the guide projection 306e abuts without opening. 
0294 As shown in FIG. 38B, suppose that the abutting 
piece 310 of the nut 305 is abutted to an end face in a circum 
ferential direction of the guide projection 306e of the screw 
shaft 306, and is at the stroke ends in a radial direction, as 
shown in FIG.38A, and that about a half the guide projection 
306e in an axial direction is engaged, in this state, into the 
guide groove 309c of the fixing cover 309. 
0295. By rotating from this state the nut 305 in a direction 
indicated by an arrow A, the abutting piece 310 separates in a 
circumferential direction from the guide protrusion 310c with 
the rotation of the nut 305. At the same time, as the guide 
projection 306e is engaged into the guide groove 309c of the 
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fixing cover 309 to stop the rotation of the screw shaft 306, the 
screw shaft 306 advances in an axial direction and the guide 
projection 306e advances concurrently therewith. 
0296. After that, the nut 305 continues to rotate, and when 
an end face at the small-diameter shaft 306f side of the guide 
projection 306e of the screw shaft 306 abuts to the stopper 
309d of the fixing cover 309, the advance of the screw shaft 
306 stops and reaches the forward stroke end. 
0297. When the nut 305 is reversely rotated in an opposite 
direction counter to an arrow A shown in FIG. 38B, from a 
state where the screw shaft 306 reached the forward stroke 
end, the screw shaft 306 is subject not to rotate and retreats in 
an axial direction, as the guide projection 306e of the screw 
shaft 306 is engaged into the guide groove 309c of the fixing 
cover 309, with the reverse rotation of the nut 305. 
0298. When the guide projection 306e of the screw shaft 
306 reaches a position (one turn short of the stroke end) facing 
the abutting piece 310 of the nut 305, a reverse rotation of the 
nut 305 is allowed. 
0299. On that account, the screw shaft 306 further retreats 
and a back end of the guide projection 306e enters a raceway 
at an end of the abutting piece 310 provided in the nut 305. 
Finally, as shown in FIG.38B, the abutting piece 310 abuts an 
end face in a circumferential direction of guide projection 
306e. In this situation, as shown in FIG. 38A, as about a half 
the axial length of the guide projection 306e is engaged into 
the guide groove 309c i.e. in a non-rotating state, and the 
abutting piece 310 abuts the guide projection 306e with the 
predetermined abutting length, the abutting piece 310 is abut 
ted to the guide projection 306e to restrain a further reverse 
rotation of the nut 305, and the screw shaft 306 reaches the 
backward stroke end. 
0300. In this way, at the stroke end toward the nut 305 side 
of the screw shaft 306, the abutting piece 310 provided in the 
nut 305 is abutted to the guide projection 306e having a 
rotation stopper capability of the screw shaft 306, to thereby 
exhibit the rotation stopper capability. Additionally, by form 
ing the guide projection 306e using the aforementioned 
method, a metal flow (fiber flow) is hardly cut and subject to 
work hardening, which offers the guide projection 306e with 
high strength. 
0301 Accordingly, the guide projection 306e may have 
the both rotation stopper and stopper capabilities, which 
eliminate the need for providing the stopper capability with 
another member. This simplifies a construction as well as 
reduces parts count, thereby reducing the product cost. 
0302. When the screw shaft 306 reaches the stroke end, the 
guide projection 306e of the screw shaft 306 is engaged into 
the guide groove 309c, and the abutting piece 310 is abutted 
to the projection projecting from the guide groove 309c. 
Because of this, when input torque to be transmitted to the nut 
305 is transmitted via the abutting piece 310 to the guide 
projection 306e, the transmitted torque is received via the 
guide projection 306e in the guide groove 309c, as the guide 
projection 306e itself is engaged into the guide groove 309c. 
This securely prevents the radial load actions upon the screw 
shaft 306 and the nut 305. 
0303. An explanation will next be made to another 
example of the ball screw of the fifth embodiment by referring 
to drawings. FIG. 39 is a perspective view showing another 
construction of the ball screw of the fifth embodiment. As the 
ball screw disclosed in the example is the same as the above 
mentioned ball screw, with the exception that a convex (abut 
ting portion) is provided on an end face in an axial direction of 
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the nut is worked, its description of the same construction 
denoted by the same reference numeral is omitted for brevi 
ty's sake. 
0304. As shown in FIG. 39, in this example, the abutting 
member is configured of a spiral slope and a abutting Surface, 
in place of the abutting piece. Namely, the abutting memberto 
be provided on an end face at the spur gear 305c side of the nut 
305 includes a spiral slope 312 and a abutting surface 313 
manufactured by applying any of cutting, grinding, or plastic 
working to a convex provided on an end face in an axial 
direction of the nut. 
0305 The spiral slope 312 is formed so that a projecting 
length in an axial direction gradually gets longer as it goes 
toward a circumferential direction in a counterclockwise 
direction from a start edge 312a, which takes up a predeter 
mined width at the inner circumferential side in a radial 
direction from one point of an outer circumferential line on 
the side end face 305e at the spur gear 305c side of the nut 305. 
Further, the abutting surface 313 is abutted on an end face in 
a circumferential direction of the guide projection 306e of the 
screw shaft 306 provided by axially extending from a longest 
projection 312b facing the start edge 312a of the spiral slope 
312 toward the start edge 312a. 
(0306 With this construction, as shown in FIG. 39, by 
rotating the nut 305 in a direction indicated by an arrow A in 
which the abutting surface 313 is abutted to an end face in a 
circumferential direction of the guide projection 306e, from a 
state where the screw shaft 306 is at the backward stroke end, 
the abutting surface 313 of the spiral slope 312 separates in a 
circumferential direction from the guide projection 306e with 
the rotation of the nut 305. At the same time, the screw shaft 
306 advances in an axial direction and the guide projection 
306e also advances, as the guide projection 306e is engaged 
with the guide groove 309c of the fixing cover 309, and the 
screw shaft 306 is subject not to rotate. 
(0307. After one rotation of the nut 305, the locking surface 
313 of the nut 305 is separated from a back end of the guide 
projection 306e, which avoids the abutting surface 313 from 
abutting to the end face in a circumferential direction of the 
guide projection 306e. 
0308 Subsequently, the nut 305 continues to rotate, and 
when an end face at the small-diameter shaft 306fside of the 
guide projection 306e of the screw shaft 306 abuts to the 
stopper 309e of the fixing cover 309, the advance of the screw 
shaft 306 is stopped and reaches the forward stroke end. 
(0309 When the nut 305 is reversely rotated in an opposite 
direction to a direction indicated by an arrow A from a state 
where the screw shaft306 reached the forward stroke end, the 
screw shaft 306 is subject not to rotate and retreats in an axial 
direction, as the guide projection 306e of the screw shaft 306 
is engaged into the guide groove 309c of the fixing cover 309 
with the reverse rotation of the nut 305. 
0310. Then, when the guide projection 306e of the screw 
shaft 306 reaches a position (one turn short of the stroke end) 
facing the abutting surface 313 of the nut 305, as mentioned 
previously, the reverse rotation of the nut 305 is allowed. 
0311. For this reason, the screw shaft 306 further retreats 
and a back end of the guide projection 306e enters in a 
raceway of the longest projection 312b provided in the nut 
305. Finally, as shown in FIG. 39, the abutting surface 313 
abuts an end face in a circumferential direction of the guide 
projection 306e. In this state, as with the aforesaid example, 
because about half of the axial length of the guide projection 
306e is engaged into the guide groove 309c, the guide pro 
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jection 306e is in a non-rotating State. As the abutting Surface 
313 abuts to the guide projection 306e, the abutting surface 
313 is abutted to the guide projection 306e to restrain a further 
reverse rotation of the nut 305, and the screw shaft 306 
reaches the backward stroke end. 
0312. In this manner, also in this example, at the stroke end 

to the nut 305 side of the screw shaft306, the abutting surface 
313 of the spiral slope 312 provided in the nut 305 is abutted 
to the guide projection 306e having a rotation stopper capa 
bility, to thereby exhibit a stopper capability. 
0313 Hence, the guide projection 306e may have both the 
rotation stopper and stopper capabilities, which eliminates 
the need for providing the stopper capability by use of another 
member. This simplifies the construction as well as reduces 
product counts, thereby reducing the product cost. 
0314. Here, the concave 242a of the stand 204 may have 
the Substantially same shape as the spiral slope (abutting 
portion) by using the method shown in FIGS. 29 and 33, and 
may be manufactured simultaneously with the circulating 
groove by forging. 
0315. Further, whereas the geometry of the ball screw in 
the example of the ball screw shown in FIGS.38 and 39 is one 
which shows a case where the nut rotates (case where the nut 
does not move in an axial direction of the screw shaft), it may 
be valid for an aspect that a screw shaft of the ball screw where 
a convex is provided on an end face of the nut rotates, and the 
nut moves in an axial direction. 
0316. As described above, although the explanation has 
been made to the examples of the ball screw nut which is 
manufactured by the manufacturing method of the ball screw 
nut and the ball screw nut manufactured thereby according to 
the fifth embodiment, the fifth embodiment is not necessarily 
limited to the above examples, as long as the fifth embodi 
ment is at least a ball screw nut in which a convex is provided 
at least on an end face in an axial direction of the nut and a 
manufacturing method thereof. It should be understood that 
various modifications of the fifth embodiment may be pos 
sible, as far as they do not deviate from the spirit of the fifth 
embodiment. 
0317 For example, the manufacturing method of the ball 
screw nut according to the fifth embodiment, and the nut of 
the ball screw manufactured thereby may equally be applied 
to a ball screw nut that adopts a circulating screw shaft. 
Further, in the above example, while the example is given 
where the plurality of S-shaped concaves are simultaneously 
provided by plastic working on the inner circumferential 
surface of the nut blank, the plurality of S-shaped concaves 
may consecutively be provided. 
0318. Also, as plastic working of the S-shaped concaves 
212A to 212D in the fifth example, a variety of plastic work 
ing Such as hot forging, cold forging, hydro forming, etc., may 
be applied. 

Sixth Embodiment 

0319. The sixth embodiment is directed to a ball screw in 
which balls are loaded between the ball screw shaft and the 
ball screw nut, in particular, to be suited for a ball screw in 
which a concave, serving as the circulating groove, is formed 
on an inner circumferential surface of the ball screw nut. 
0320. The ball screw allows a smoother rotational-linear 
motion by rolling the balls, by forms a male ball screw groove 
in the ball screw shaft, by forming a female ball screw groove 
in the ball screw nut, and by loading balls between these male 
and female ball Screw grooves. In utilizing Such a ball screw, 
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Patent Document 4 discloses e.g. press fitting a rolling bear 
ing on an outer circumferential Surface of the ball screw nut. 
0321) However, in general ball screw, it needs so-called, a 
ball returning passage to return balls of the ball screw nut 
from a rolling endpoint to a rolling start point of the ball screw 
nut along a female ball screw groove. The ball returning 
passage is formed of separate ball returning members inserted 
from the outer circumferential surface of the ball screw nut to 
the inner circumferential surface of the ball screw nut in 
which the female ball screw groove is formed. That is, a 
through hole to circulate the balls is formed in the nut, and 
when rolling bearing is press fitted to the ball screw nut in 
which the through hole is formed in an open manner, com 
pressive stress to the ball screw nut becomes uneven in a 
circumferential direction with the press fitting. For example, 
there is some probability of affecting to the inner circumfer 
ential surface of the ball screw nut, i.e. circularity of the 
female ball screw groove. 
0322 The sixth embodiment focuses on the above-identi 
fied problems, and its object is to provide a ball screw in 
which a compressive stress of the ball screw nut with press 
fitting is liable to be equal in a circumferential direction, even 
when a nut fitted member is press fitted onto the ball screw 
nut. 

0323. In order to solve the above-identified problems, the 
ball screw of the sixth embodiment includes: balls that are 
rolling elements; a ball screw shaft having on its outer cir 
cumferential Surface a male ball screw groove, as a rolling 
groove into which the balls are loaded; a ball screw nut which 
has on its outer circumferential surface a female ball screw 
groove, as a rolling groove, into which the balls are loaded, is 
fitted onto the ball screw shaft, and of which outer circum 
ferential Surface are in a non-through state; a nut fitted mem 
ber fitted by press fitting onto the outer circumferential Sur 
face of the ball screw nut. 
0324 Further, interference by press fitting of the nut fitted 
member and the ball screw nut exceeds 0.02% of the external 
dimensions of the outer circumferential surface of the nut 
onto which the nut fitted member is fitted. 
0325 Furthermore, interference by press fitting of the nut 
fitted member and the ball screw nut exceeds 0.02% and less 
than 0.16% of the external dimensions of the outer circum 
ferential surface of the ball screw nut onto which the fitted 
member is fitted. 
0326. When the nut fitted member is press fitted in the nut, 
shrink fitting is used which heats the nut fitted member to fit 
onto the nut. 
0327 Further, a circulating groove constituting the ball 
returning passage is formed on the inner circumferential Sur 
face of the ball screw nut. 

0328. Furthermore, the nut fitted member is any one of a 
sleeve, a rolling bearing, and a gear wheel, each having a 
cylindrical inner circumferential Surface, or a combination of 
them. 
0329. According to the ball screw nut according to the 
sixth embodiment, the nut fitted member is fitted by press 
fitting onto the outer circumferential surface of the ball screw 
nut that is fitted onto the ball screw shaft. The inner circum 
ferential surface and the outer circumferential surface of the 
ball screw nut are in a non-through state. Thus, it is easy to 
secure the nut fitted member, as well as compressive stress of 
the ball screw nut with press fitting of the nutfitted member is 
liable to be equal in a circumferential direction. Moreover, an 
appropriate compressive force may be applied to the inner 
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circumferential surface of the ball screw nuti.e. to the female 
ball screw groove, which improves the durability of rolling 
fatigue of the female ball screw groove of the ball screw nut. 
0330 Since the interference by press fitting of the nut 

fitted member and the ball screw nut exceeds 0.02% of the 
external dimensions of the outer circumferential surface of 
the ball screw nut to be fitted onto the nut fitted member, it 
enables fixing of the nut fitted member by press fitting on the 
outer circumferential surface of the ball screw nut. Further, as 
the interference between the nut fitted member and the ball 
screw nut by press fitting exceeds 0.02% and less than 0.16%, 
it enables fixing of the nut fitted member by press fitting onto 
the outer circumferential surface of the ball screw nut, as well 
as rendering a compressive stress produced in the ball screw 
nut and the nut fitted member to be a proper one. 
0331 Where the nutfitted member is press fitted in the ball 
screw nut, the increased interference of the nut fitted member 
and the ball Screw nut can be made larger, as shrink fitting is 
adopted to heat the nut fitted member and to fit it onto the ball 
Screw nut. 

0332 Moreover, since the circulating groove constituting 
the ball returning passage is formed on the inner circumfer 
ential surface of the ball screw nut, the inner circumferential 
surface and the outer circumferential surface of the ball screw 
nut is liable to be in a non-piercing through state, which easily 
improves the circularity of the outer circumferential surface 
of the ball screw nut onto which the nut fitted member is press 
fitted. 
0333. Further, the nut fitted member made of any of a 
sleeve, a bearing, a gear, each having a cylindrical inner 
circumferential surface, or combination thereof facilitates the 
practice of the invention. 
0334. An explanation will next be made to an example of 
the ball screw of a sixth embodiment by referring to drawings. 
0335 FIG. 40 is a longitudinal sectional view showing a 

first example of the ball screw of the sixth embodiment. 
0336 Reference Numeral 401 in FIG. 40 denotes a ball 
screw shaft. A ball screw nut 402 is fitted onto the ball screw 
shaft 401. On an outer circumferential surface 403 of the ball 
screw shaft 401, a male ball screw groove 404 is formed. Also, 
on an inner circumferential surface 405 of the ball screw nut 
402, a female ball screw groove 406 is formed. Multiple balls 
are loaded between the male ball screw groove 404 and the 
female ball screw groove 406. 
0337 Thus, for example, when the ball screw shaft 401 or 
the ball screw nut 402 rotates, the balls 407 roll in the male 
ball screw groove 404 and the female ball screw groove 406. 
Accompanying thereto, the ball screw nut 402 or the ball 
screw shaft 401 linearly moves. This achieves a smooth rota 
tional-linear motion. 
0338 Moreover, in the first example, as is disclosed in 
Patent Document 3 proposed earlier by the applicant of this 
invention, a circulating groove 408 constituting the ball 
returning passage is directly formed by plastic forming on the 
inner circumferential surface 405 of the ball screw nut 402. 
The circulating groove 408 is configured of the S-shaped 
concave formed on the inner circumferential surface 405 of 
the ball screw nut 402. Accordingly, in the first example, the 
inner circumferential surface and the outer circumferential 
surface of the ball screw nut 402 can be put in a non-through 
State. 

0339. Then, in the first example, on a part of the outer 
circumferential surface of the ball screw nut 402, an outer 
circumferential surface 409 having high circularity is formed, 
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e.g. by grinding, and in addition, an abutting end face 410 is 
formed to be adjacent to the outer circumferential surface 
409. A rolling bearing 411 is fitted onto the outer circumfer 
ential surface 409 as a nut fitted member by press fitting, and 
positioning is done by abutting an end face of the rolling 
bearing 411 to the abutting end face 410. An inner circumfer 
ential surface of the inner ring of the rolling bearing 411 is 
typically finished to have high circularity. Therefore, if the 
circularity of the outer circumferential surface 409 of the ball 
screw nut 402 is high, the rolling bearing 411 can be press 
fitted closely in the ball screw nut 402. 
0340. In this instance, because the inner circumferential 
surface 405 and the outer circumferential surface 409 of the 
ball screw nut 402 are in a non-through state, a compressive 
stress of the ball screw nut 402 is liable to be equal in a 
circumferential direction with the press fitting of the rolling 
bearing 411. In particular, if the circularity of the outer cir 
cumferential surface 409 of the ball screw nut 402 is high, the 
compressive stress of the ball screw nut 402 is roughly equal 
in a circumferential direction with the press fitting of the 
rolling bearing 411, as the circularity of the inner circumfer 
ential surface of the inner ring of the rolling bearing 411 is 
high as stated above. 
0341 The circularity of the inner circumferential surface 
of the inner ring of the rolling bearing 411 that is the nut fitted 
member and that of the outer circumferential surface 409 of 
the ball screw nut 402 shall be both less than or equal to 10 
um, preferably, be less than or equal to 5 um, and more 
preferably be less than or equal to 1 Lum. Further, preferably, 
Surface roughness of the inner circumferential Surface of an 
inner ring of the rolling bearing 411 that is the nut fitted 
member and Surface roughness of the outer circumferential 
surface of the ball screw nut 402 are less than or equal to 3 
umRa, and more preferably be less than or equal to 1 umRa. 
0342. In this way, in the ball screw of the first example, by 
fitting the rolling bearing 411 that is the nut fitted member 
onto the outer circumferential surface 409 of the ball screw 
nut 402 by press fitting, which is fitted by press fitting onto the 
ball screw shaft 401 and of which inner circumferential Sur 
face 405 and outer circumferential surface are in a non 
through state, it is easy to fix the rolling bearing, as well as 
compressive stress of the ball screw nut 402 is liable to be 
equal with the press fitting of the rolling bearing 411. More 
over, an appropriate compressive stress may be applied to the 
inner circumferential surface 405 of the ball screw nut 402, 
i.e. to the female ball screw groove 406. This improves dura 
bility of rolling fatigue of the female ball screw groove 406 of 
the ball screw nut 402. 

0343 Further, if the interference of the rolling bearing 411 
that is the nut fitted member and the ball screw nut 402 by 
press fitting exceeds 0.02% of the external dimensions of the 
outer circumferential surface 409 of the ball screw nut 402 to 
be fitted onto the rolling beating 411, the rolling bearing 411 
can more firmly be fixed by press fitting to the outer circum 
ferential surface 409 of the ball screw nut 402. Furthermore, 
if the interference between the rolling bearing 411 that is the 
nut fitted member and the ball screw nut 402 by press fitting 
is less than 0.16% of the external dimensions of the outer 
circumferential surface 409 of the ball screw nut 402 to be 
fitted onto the rolling bearing 411, compressive stress pro 
duced in the ball screw nut 402 and the rolling bearing 411 can 
be made more appropriate. However, when the interference 
exceeds 0.16%, an excessive tensile stress is liable to be 
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developed in the innerring of the rolling bearing 411, and thus 
it is not desirable, as it is very likely to produce a crack in the 
inner ring. 
0344 Preferably, the interference of the rolling bearing 
411 that is the nut fitted member and the ball screw nut 402 by 
press fitting is within a range from 0.05% to 0.15% of the 
external dimensions of the outer circumferential surface 409 
of the ball screw nut 402 to be fitted onto the rolling beating 
411. Additionally, it is preferable that when load to be applied 
to the rolling beating 411 that is the nut fitted member or the 
ball screw nut 402 is heavy, the interference is within a range 
from 0.08% to 0.15% of the external dimensions of the outer 
circumferential surface 409 of the ball screw nut 402 to be 
fitted onto the rolling bearing 411. 
0345 Assuming that the circulating groove 408 constitut 
ing the ball returning passage is formed on the inner circum 
ferential surface 405 of the ball screw nut 402, the inner 
circumferential surface 405 and the outer circumferential 
surface of the ball screw nut 402 is liable to be in a non 
through state. This easily improves circularity of the outer 
circumferential surface 409 of the ball screw nut 402 onto 
which the rolling bearing 411 that is the nut fitted member is 
press fitted. What is more, the rolling bearing 411 may be 
press fitted to a position corresponding to the circulating 
groove 408. 
0346 FIG. 41 is a longitudinal sectional view showing a 
second example of the ball screw of a sixth embodiment. As 
a lower half of longitudinal section is symmetric with an 
upper half thereof, and so its illustration is omitted for brevi 
ty's sake. Further, as the construction of the ball screw perse 
is the same as that in the first example shown in FIG. 40, the 
same construction is denoted by the same reference numeral, 
and thus its detailed description is omitted for simplification. 
0347 In the second example, as with the first example, the 
rolling bearing 411 is used for the nutfitted member, the outer 
circumferential surface 409 for press fitting the rolling bear 
ing 411 is manufactured at the both ends in an axial direction 
of the ball screw nut 402 with high circularity by cutting 
process or the like, and a abutting end face 411 is adjacently 
formed at the inside in an axial direction of these outer cir 
cumferential surfaces 409. Then, the rolling bearing 411 is 
press fitted onto the respective outer circumferential surfaces 
409 from the outside in an axial direction. 
0348. The details of the circularity, surface roughness, and 
interference of the both when the rolling bearing 411 that is 
the nut fitted member is press fitted onto the outer circumfer 
ential surface of the ball screw nut 402 are the same as those 
in the first example. It is noted that when the rolling bearing 
411 is press fitted onto the outer circumferential surface 409 
of the ball screw nut 402, different parameters of these rolling 
bearings 411 may be taken. Also, the rolling bearing 411 may 
employ various bearings, such as a roller bearing, apart from 
the illustrated ball bearing. 
0349 FIG. 42 is a longitudinal sectional view showing a 
third example of the ball bearing of the sixth embodiment. As 
a lower half of the longitudinal section is symmetric with an 
upper half thereof, and so its illustration is omitted for brevi 
ty's sake. Further, as the construction of the ball screw perse 
is the same as that in the first example shown in FIG. 40, the 
same construction is denoted by the same reference numeral, 
and thus its detailed description is omitted for simplification. 
0350. In the third example, a sleeve 412 is used for the nut 

fitted member. Here, assume that an inner circumferential 
surface 413 of the sleeve 412 has the same diameter through 
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out the length in an axial direction, and that an outer circum 
ferential surface 409 of the ball screw nut 402 onto which the 
inner circumferential surface 413 of the sleeve 412 is fitted 
also has the same diameter throughout the length in an axial 
direction. The outer circumferential surface 409 for press 
fitting the sleeve 412 is formed by grinding, etc., with high 
circularity throughout the length in an axial direction of the 
ball screw nut 402, the inner circumferential surface 413 of 
the sleeve 412 is also formed by grinding with high circular 
ity, and the sleeve 412 is press fitted onto the outer circum 
ferential surface 409 of the ball screw nut 402 from one side 
in an axial direction. 

0351 When the sleeve 412 that is the nut fitted member is 
press fitted into the outer circumferential surface 409 of the 
ball screw nut 402, the details of the circularity, surface 
roughness, and interference of the sleeve 412 and the outer 
circumferential surface 409 are the same as those of the 
rolling bearing 411 in the first example. Where the sleeve 412 
is press fitted onto the outer circumferential surface 409 of the 
ball screw nut 402, as the nut fitted member, the thickness of 
the ball screw nut 402 may be thinned as an outer circumfer 
ence of the ball screw nut 402 may be reinforced with the 
sleeve 412. In addition to this, if it succeeds in thinning the 
thickness of the ball screw nut 402, it has the merit of facili 
tating plastic working of the circulating groove 408 formed, 
e.g. of the S-shaped concave. 
0352. When the sleeve 412 that is the nut fitted member is 
press fitted in the ball screw nut 402, adopting shrinkage 
fitting in which the sleeve 412 is fitted onto the ball screw nut 
402 after heating the sleeve 412 to expand an inner diameter 
thereof brings about increased interference by press fitting of 
the both. 
0353 FIG. 43 is a longitudinal sectional view showing a 
fourth example of the ball screw of the sixth embodiment. As 
a lower half of longitudinal section is symmetric with an 
upper half thereof, and so its illustration is omitted for brevi 
ty's sake. Further, as the construction of the ball screw perse 
is the same as that in the first example shown in FIG. 40, the 
same construction is denoted by the same reference numeral, 
and thus its detailed description is omitted for simplification. 
0354. In the fourth example, the sleeve 412 and the rolling 
bearing 411 are utilized for the nut fitted member. The inner 
circumferential surface 413 of the sleeve 412 has the same 
diameter throughout the length in an axial length matching 
with the inner circumferential surface of an inner ring of the 
rolling bearing 411, and that of the outer circumferential 
surface 409 of the ball screw nut 402 onto which an inner ring 
of the rolling bearing 411 and the inner circumferential sur 
face 413 of the sleeve 412 are fitted has the same diameter 
throughout the length in an axial direction. The outer circum 
ferential surface 409 for press fitting the sleeve 412 is formed 
by grinding, etc., with high circularity throughout the length 
in an axial direction, and the inner circumferential Surface 
413 of the sleeve 412 is also formed by grinding, etc., with 
high circularity. Subsequently, the sleeve 412 is press fitted 
onto the outer circumferential surface 409 of the ball screw 
nut 402 from one side in an axial direction, and the rolling 
bearing 411 is press fitted onto the outer circumferential 
surface 409 of the ball screw nut 402 from the other side in an 
axial direction, and an end face of the rolling bearing 411 is 
abutted to an end face in an axial direction of the sleeve 412. 

0355. When the sleeve 412 that is the nut fitted member is 
press fitted into the outer circumferential surface 409 of the 
ball screw nut 402, the details of the circularity, surface 
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roughness, and interference of the sleeve 412 and the outer 
circumferential surface 409 are the same as those of the 
rolling bearing 411 in the first example. Also, a merit and a 
press fitting method in a case where the sleeve 412, as a nut 
fitted member, is press fitted onto the outer circumferential 
surface 409 of the ball screw nut 402 are the same as those in 
the third example. 
0356. Where the circularity, the surface roughness, and the 
interference associated with the press fitting of the rolling 
bearing 411 and the ball screw nut 402 are identical with those 
of the sleeve 412 and the ball screw nut 402, compressive 
stress of the ball screw nut 402 where the both are press fitted 
may be equalized by equalizing the thickness of the sleeve 
412 and that of the rolling bearing 411. 
0357 FIG. 44 is a longitudinal sectional view showing a 

fifth example of the ball screw of the sixth embodiment. As a 
lower half of longitudinal section is symmetric with an upper 
half thereof, and so its illustration is omitted for brevity's 
sake. Further, as the construction of the ball screw perse is the 
same as that in the first example shown in FIG. 40, the same 
construction is denoted by the same reference numeral, and 
thus its detailed description is omitted for simplification. 
0358. In the fifth embodiment, a gear 414 is used for the 
nut fitted member. The gear 414 in the fifth example is one in 
which teeth are formed throughout the length in an axial 
direction on the outer circumferential surface of a sleeve 
shaped cylinder. It is configured such that the inner circum 
ferential surface 415 of the cylinder of the gear 414 has the 
same diameter throughout the length in an axial direction, and 
the outer circumferential surface 409 of the ball screw nut 402 
onto which the inner circumferential surface 415 of the gear 
414 is fitted has the same diameter throughout the length in an 
axial direction. The outer circumferential surface 409 to press 
fit the gear 414 is formed by grinding, etc., with high circu 
larity throughout the length in an axial direction of the ball 
screw nut 402, the inner circumferential surface 415 of the 
gear 414 is also formed by grinding with high circularity, and 
the gear 414 is press fitted on the outer circumferential surface 
409 of the ball screw nut 402 from one side in an axial 
direction. 

0359. When the gear 414 that is the nut fitted member is 
press fitted into the outer circumferential surface 409 of the 
ball screw nut 402, the details of the circularity, surface 
roughness, and interference of the gear 414 and the outer 
circumferential surface 409 are the same as those of the 
rolling bearing 411 in the first example, when the gear 414 is 
press fitted onto the outer circumferential surface 409 of the 
ball screw nut 402. In this connection, a spline and a serration 
may be applied to the gear 414, in addition to the spur gearand 
a helical gear. 
0360 FIG. 45 is a longitudinal sectional view showing a 
sixth example of the ball screw of the sixth embodiment. As a 
lower half of the longitudinal section is symmetric with an 
upper half thereof, and so its illustration is omitted for brevi 
ty's sake. Further, as the construction of the ball screw perse 
is the same as that in the first example shown in FIG. 40, the 
same construction is denoted by the same reference numeral, 
and thus its detailed description is omitted for simplification. 
0361. In the sixth example, as with the foregoing third 
example, whereas the sleeve 412 is used for the nut fitted 
member, in the sleeve 412 of the sixth example, the gear 414 
is formed at an end of in an axial direction of the outer 
circumferential surface of the cylinder. The inner circumfer 
ential surface 413 of the sleeve 412 with the gear 414 has the 
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same diameter throughout the length in an axial direction, and 
the outer circumferential surface 409 of the ball screw nut 402 
onto which the inner circumferential surface 413 of the sleeve 
412 is fitted also has the same diameter throughout the length 
in an axial direction. Subsequently, the outer circumferential 
surface 409 for press fitting the sleeve 412 is formed by 
grinding, etc., with high circularity throughout the length in 
an axial direction of the ball screw nut 402, the inner circum 
ferential surface 413 of the sleeve 412 is also formed by 
grinding, etc., with high circularity, and the sleeve 412 is press 
fitted onto the outer circumferential surface 409 of the ball 
screw nut 402 from one side in an axial direction. 
0362. The details of the circularity, surface roughness, and 
interference of the sleeve 412 that is the nutfitted member and 
the ball screw nut 402 are the same as those of the rolling 
bearing 411 in the first example, when the sleeve 412 is press 
fitted onto the outer circumferential surface 409 of the ball 
screw nut 402. In this connection, a spline and a serration may 
be applied to the gear 414, in addition to a spur gear and a 
helical gear. 
0363 Materials of the ball screw nut 402 in the aforemen 
tioned respective examples, carbon steel, bearing steel, stain 
less steel, etc., may be applied. Further, similar materials may 
be applied to the rolling bearing 411, the sleeve 412, and the 
gear 414 which are press fitted onto the ball screw nut 402. 
Moreover, it is preferable that these members should be hard 
ened by a proper heat treatment at least to a pressed fitted 
portion. 
0364. Further, in the ball screws in the aforementioned 
respective example, as there can be a case where an inner 
diameter of the inner circumferential surface 405 of the ball 
screw nut 402 may become smaller due to the press fitting of 
the nut fitted member, it is preferable that an inner gap of the 
ball screw should be set in expectation of this situation. 

Seventh Embodiment 

0365. The seventh embodiment is directed to a ball screw 
in which balls are loaded between a ball screw shaft and a ball 
screw nut, and is especially Suited for a ball screw in which a 
concave defining the circulating groove formed on the inner 
circumferential surface of the ball screw nut. 
0366. In the ball screw, a male screw groove is formed in 
the ball screw shaft, a female ball screw groove is formed in 
the ball screw nut, and balls are loaded between these male 
and female ball screw grooves, thereby allowing a Smooth 
rotational-linear motion by rolling the balls. On the occasion 
of using such a ball screw, e.g. there is disclosed, in Patent 
Document 5, fitting and installing a plastic gear that is a 
separate component on the outer circumferential Surface of 
the ball screw nut. 
0367. However, when the nut fitted member such as the 
gear is fitted and installed on the outer circumferential Surface 
of the ball screw nut, it is crucial for control fitting accuracy 
of the both, but there is a drawback in that it requires much 
care for working and assembly. 
0368. The seventh embodiment is devised focusing on the 
above-identified problems, and its object is to provide a ball 
screw able to easily fit the nut fitted member onto the outer 
circumferential surface of the ball screw nut, and to fix the 
member. 
0369 To solve the above-identified problems, the inven 
tors of this invention have developed the seventh embodi 
ment, as a result of the extensive studies, after having been 
obtained knowledge thereof. If it is possible to form the nut 
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fitted member to be fitted by insert molding, such as a gear on 
the outer circumferential surface of the ball screw nut by 
insert molding, the embodiment can save labor for working 
and assembly. The insert molding is provided for casting it in 
a die. In this case, the nut fitted member is integrally formed 
with the ball screw nut by previously enclosing the ball screw 
nut therein, and by injecting resin into the die. 
0370. However, in the typical ball screw, it is necessary to 
provide, so-called, the ball returning passage which returns 
balls rolling e.g. along the female ball screw groove, from a 
rolling endpoint to a rolling start point of the ball screw nut. 
The ball returning passage is made of a separate ball circu 
lating member inserted from the outer circumferential surface 
of the ball screw nut to the inner circumferential surface of the 
ball screw nut where the female ball screw groove is provided. 
Namely, a through hole to circulate the balls is formed in the 
ball screw nut. When a resin is injected on the outer circum 
ferential surface of the ball screw nut in which the through 
hole is formed, an injection molding pressure comes out 
through the through hole, which precludes insert molding. 
0371. On the contrary, in the ball screw disclosed in Patent 
Document 3 proposed by the applicant of this invention, the 
circulating groove constituting the ball returning passage is 
directly formed by plastic working on the inner circumferen 
tial surface of the ball screw nut. Since the circulating groove 
is formed of an S-shaped concave formed on the inner cir 
cumferential surface of the ball screw nut, the inner circum 
ferential surface and the outer circumferential surface of the 
ball screw nut are in a non-through state. Thus, as long as the 
ball screw nut in which such an inner circumferential surface 
and the outer circumferential surface of this kind are in a 
non-through state, the nutfitted member can be manufactured 
by insert molding. 
0372. The ball screw according to the seventh embodi 
ment includes: balls that are rolling elements; the ball screw 
shaft having on its outer circumferential Surface a male ball 
screw groove into which the balls are received, as the rolling 
groove; the ball screw nut having on its inner circumferential 
Surface a female ball screw groove, as a rolling groove, into 
which the balls are received, being fitted onto the ball screw 
shaft, the inner circumferential Surface and the outer circum 
ferential Surface being in a non-through state; and a nut fitted 
member provided by insert molding on the outer circumfer 
ential surface of the ball screw nut. 
0373. Further, a circulating groove constituting the ball 
returning passage is formed on the inner circumferential Sur 
face of the ball screw nut. 
0374 Moreover, the nut fitted member is provided by 
insert molding on an outer circumferential surface of the ball 
screw nut So as to covera concave on the outer circumferential 
surface of the ball screw nut produced with the formation of 
the circulating groove. 
0375. The nut fitted member is either of or both of the 
sleeves or the gear with a cylindrical inner circumferential 
Surface. 
0376. According to the ball screw of the seventh embodi 
ment, since the nut fitted member is fitted by insert molding 
onto the outer circumferential surface of the ball screw shaft 
of which inner circumferential surface and outer circumfer 
ential Surface are in a non-through state, the nut fitted member 
is integrally formed to be fitted onto the outer circumferential 
surface of the ball screw nut, without injection pressure 
escaping, thereby realizing easy fixation of the nut fitted 
member. 
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0377. Further, forming the circulating groove constituting 
the ball returning passage on the inner circumferential Surface 
of the ball screw nut facilitates putting the inner circumfer 
ential surface and the outer circumferential surface of the ball 
screw nut into a non-through state. 
0378. Furthermore, by providing the nut fitted member by 
insert molding on the outer circumferential surface of the ball 
screw nut so as to covera concave on the outer circumferential 
surface of the ball screw nut produced with the formation of 
the circulating groove, the nut fitted member and the concave 
are locked to each other, and it facilitates fixation of the nut 
fitted member to the ball screw nut. 
0379 Moreover, constituting the nut fitted member by 
either of or both of the sleeve and the gear having a cylindrical 
inner circumferential Surface facilitates to practice. 
0380. An explanation will next be made to an embodiment 
of the ball screw of a seventh embodiment by referring to 
drawings. FIG. 46 is a longitudinal sectional view showing a 
first example of the ball screw of the seventh embodiment. 
0381 Reference numeral 501 in FIG. 46 is a ball screw 
shaft. A ball screw nut 502 is fitted onto the ball screw shaft 
501. A male ball screw groove 504 is formed on the outer 
circumferential surface of the ball screw shaft 51. Moreover, 
a female ball screw groove 506 is formed on the inner cir 
cumferential surface 505 of the ball screw nut 502. Multiple 
balls are loaded between the male ball screw groove 504 and 
the female ball screw groove 506. Accordingly, e.g. when the 
ball screw shaft 501 or the ball screw nut 502 rotates, the balls 
507 roll through within the male ball screw groove 504 and 
the female ball screw groove 506, and the ball screw nut 502 
or the ball screw shaft 501 linearly moves together therewith. 
This achieves a smooth rotational-linear motion. 
0382. Additionally, in the first example, as is disclosed in 
Patent Document 3 proposed by the applicant of this inven 
tion, the circulating groove 508 constituting the ball returning 
passage is directly formed by plastic working on the inner 
circumferential Surface 505 of the ball Screw nut 502. The 
circulating groove 508 is formed of an S-shaped concave 
formed on the inner circumferential surface 505 of the ball 
screw nut 502. Thus, in the first example, it enables putting 
the inner circumferential surface 505 and the outer circum 
ferential surface 609 of the ball screw nut 502 into a non 
through state. 
0383. In the first example, a gear 511 integrated with a 
sleeve-like gear base 512 is formed to be fitted, as a nut fitted 
member, by insert molding, on the outer circumferential Sur 
face 509 of the ball screw nut 502. The insert molding is, as 
described above, a subject to be casted into a die, in this case, 
the ball screw nut 502 is enclosed in the die, and the resin is 
injected into the die. Then, the gear 511 and the gear base 512 
that are the nutfitted member are integrally formed to be fitted 
onto the ball Screw nut 502. 
0384 Since the ball screw nut 502 of the ball screw in the 

first example is, as previously discussed, in an non-through 
state between the inner circumferential surface 505 and the 
outer circumferential surface 509, even by injection molding 
the gear 511 and the gear base 512 on the outer circumferen 
tial surface 509 of the ball screw nut 502, it is clear of worry 
about coming out injection pressure even by insert molding. 
This integrally and firmly form and fit them onto the outer 
circumferential Surface 509 of the ball screw nut 502. 
0385. In this manner, in the ball screw of the first example, 
the rolling bearing 511 that is the nut fitted member is formed 
to be fitted by insert molding onto the outer circumferential 
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Surface 509 of the ball Screw nut 502 which is fitted onto the 
ball screw shaft 501 and of which inner circumferential Sur 
face 505 and the outer circumferential surface are in a non 
through state. Thereby, the gear 511 and the gear base 512 that 
are nut fitted member are integrally formed to be fitted onto 
the outer circumferential surface of the ball screw nut 502, 
which easily fixes the gear 511 and the gear base 512. 
0386 Furthermore, by forming the circulating groove 508 
constituting the ball returning passage on the inner circum 
ferential surface 505 of the ball screw nut 502, the inner 
circumferential surface 505 and the outer circumferential 
Surface 509 of the ball screw nut 502 are liable to be in a 
non-through state. 
0387 FIG. 47 is a longitudinal sectional view showing a 
second example of the ball screw of the seventh embodiment. 
A lower half of the longitudinal section is identical with that 
of the upper half thereof, and hence its illustration is omitted 
for simplification. Whereas the ball screw nut 502 shows a 
state where the female ball screw groove is not formed on the 
inner circumferential surface 505, a construction of the ball 
screw nut 502 perse is the same as that shown in FIG. 46 of 
the first example. Thus, the same construction is denoted by 
the same reference numeral, and so its detailed description is 
omitted for brevity's sake. 
0388. The second example, as with the first example, is to 
integrally form and fit by insert molding the sleeve-like gear 
base 512 and the gear 511 onto the outer circumferential 
surface 509 of the ball screw nut 502. Besides, in the second 
example, a convex 510 is previously provided on the outer 
circumferential surface of the ball screw nut 502. The convex 
510 is, as shown in FIG. 48, produced at the time the circu 
lating groove 508 is formed by plastic working on the inner 
circumferential Surface 505 of the ball Screw nut 502. 
0389. The circulating groove 508 in the second example 
inserts e.g. a die for pressing forming of the circulating 
groove 508 in the inner circumferential surface 505 of a 
material (blank) of the ball screw nut 502. After that, when a 
bar having a cum face is e.g. pushed inside of the die, a slide 
protrusion member slidably attached in the die presses the 
inner circumferential surface 505 of the ball screw nut 502, 
and presses the inner circumferential surface 505 of the ball 
screw nut 502 with that pressing force to form by plastic 
deformation the circulating groove 508. With the pressing 
forming of the circulating groove 508, a material of the ball 
screw nut 502 swells out outward, and expands as the convex 
510 on the outer circumferential Surface 509. 
0390 The gear base 512 and the gear 511 that are the nut 
fitted member are provided by insert molding on the outer 
circumferential surface 509 of the ball screw nut 502 pro 
duced with the formation of the circulating groove 508 like 
this, so as to cover the convex510 of the outer circumferential 
surface 509 of the ball screw nut 502. Thereby, the gear base 
512 and the gear 511 and convex 510 are locked to restrain a 
movement of them in an axial direction of them, which pro 
vides an easier way of fixing the gear base 512 and the gear 
511 to the ball Screw nut 502. 
0391) Further, by forming to fit onto by insert molding the 
gear base 512 so as to cover the both end faces in an axial 
direction of the ball screw nut 502, a movement of the gear 
base 512 and the gear 511 in an axial direction are restrained, 
thereby firmly fixing the gear base 512 and the gear 611 to the 
outer circumferential surface of the ball screw nut 502. 
0392 FIG. 49 is a longitudinal sectional view showing a 
third example of the ball screw of the seventh embodiment. A 
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lower half of the longitudinal section is identical with that of 
the upper half thereof, and hence its illustration is omitted for 
simplification. Whereas the ball screw nut 502 shows a state 
where the female ball screw groove is not formed on the inner 
circumferential surface 505, a construction of the ball screw 
nut 502 perse is the same as that shown in FIG. 46 of the first 
example. Thus, the same construction is denoted by the same 
reference numeral, and so its detailed description is omitted 
for brevity's sake. 
0393. In the third example, as with the first example, the 
gear base 512 and the gear 511 are integrally formed to be 
fitted by insert molding onto the outer circumferential surface 
509 of the ball screw nut 502. The convex 510 is previously 
provided, as with the second example, on the outer circum 
ferential surface of the ball screw nut 502 in the third 
example. The reason why the convex 510 is provided is the 
same as that of the second example. 
0394. In the third example, the gear base 512 acting as a 
base of the gear 511 is set to a portion covering the convex 510 
from an illustrated left end face of the ball screw nut 502. 
Covering in this manner by the gear base 512 either of an end 
face of the ball screw nut 502, and either of the convex 510, 
restrains, as with the second example, a movement in an axial 
direction of the gear base 512 and the gear 511, which pro 
vides a more further easy way of fixing the gear base 512 and 
the gear 511 to the ball screw nut 502. 
0395 FIG. 50 is a longitudinal sectional view showing a 
fourth example of the ball screw of the seventh embodiment. 
A lower half of the longitudinal section is identical with that 
of the upper half thereof, and hence its illustration is omitted 
for simplification. Whereas the ball screw nut 502 shows a 
state where the female ball screw groove is not formed on the 
inner circumferential surface 505, a construction of the ball 
screw nut 502 perse is the same as that shown in FIG. 46 of 
the first example. Thus, the same construction is denoted by 
the same reference numeral, and So its detailed description is 
omitted for brevity's sake. Also, on the outer circumferential 
surface of the ball screw nut 502 in the fourth example, the 
convex 510 is previously provided as with the second 
example. The reason why the convex 510 is provided is the 
same as that of the second example. 
0396. In the fourth example, the sleeve 513 is integrally 
formed to be fitted as the nut fitted member by insert molding 
onto the outer circumferential surface 509 of the ball screw 
nut 502. The length in an axial direction of the sleeve 513 is 
reconciled with that of the ball screw nut 502. In this way, by 
integrally forming to fit the sleeve 513 onto the outer circum 
ferential surface 509 of the ball screw nut 502, the outer 
circumferential surface of the ball screw nut 502 (to be exact, 
the outer circumferential surface of the sleeve 513) may be 
formed into a circle having the same diameter, e.g. without 
removing the convex 510 by grinding and cutting. If the outer 
circumferential surface of the ball screw nut 502 (sleeve 513) 
may be formed into a circle having the same diameter, a 
bearing, a gear, or the like are easily to be fitted onto its outer 
circumferential Surface thereof. In this occasion, manufactur 
ing the sleeve 513 with relatively hard resin realizes proper 
fitting of the bearing and the gear. As an alternative, the outer 
circumferential surface of the sleeve 513 is not necessarily 
limited to a circle, instead it may be formed into a polygon. 
Additionally, it is also possible to take a key seat, an encoder, 
a flange, and another shape Such as an ellipse. 
0397 FIG. 51 is a longitudinal sectional view showing a 
fifth example of the ball screw of the seventh embodiment. A 
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lower half of the longitudinal section is identical with that of 
the upper half thereof, and hence its illustration is omitted for 
simplification. Whereas the ball screw nut 502 shows a state 
where the female ball screw groove is not formed on the inner 
circumferential surface 505, a construction of the ball screw 
nut 502 perse is the same as that shown in FIG. 46 of the first 
example. Thus, the same construction is denoted by the same 
reference numeral, and so its detailed description is omitted 
for brevity's sake. Also, on the outer circumferential surface 
of the ball screw nut 502 in the fifth example, the convex 510 
is previously provided as with the second example. The rea 
son why the convex 510 is provided is the same as that of the 
second example. 
0398. In the fifth example, the sleeve 513 and the gear 511 
are integrally formed to be fitted as the nut fitted member by 
insert molding onto the outer circumferential surface 509 of 
the ball screw nut 502. The length in an axial direction of the 
sleeve 513 is setto one which is enough to cover the illustrated 
left end face of the ball screw nut 502 and does not reach an 
illustrated right end face. Further, the thickness in a radial 
direction of the sleeve 513 is set to one enough to cover the 
convex 510. In this manner, by integrally formed to fit the 
sleeve 513 onto the outer circumferential Surface 509 of the 
ball screw nut 502, as with the fourth example, the outer 
circumferential surface (to be exact, the outer circumferential 
surface of the sleeve 513) of the ball screw nut 502 may be 
formed into a circle having the same diameter, e.g. without 
removing the convex 510 by grinding and cutting. 
0399. As materials of the ball screw nut 502 in each 
example of the above-mentioned seventh embodiment, car 
bon steel, bearing Steel, stainless steel, etc., may be applied. 
Further, the nut fitted member such as the gear 511 and the 
sleeve 513 formed to be fitted by insert molding onto the outer 
circumferential surface of the ball screw nut 502 is desirable 
to use thermoplastic resin Suitable for injection molding. 
Instead, materials may be available, in which filler and fiber 
reinforcement are mixed into the thermoplastic resin. As ideal 
resin materials, polyamide, polyphenylene Sulfide, polyim 
ide, polyether ether ketone, fluororesin, etc. may be 
employed. Further, Ideal fiber reinforcements include glass 
fiber and carbon fiber. 
0400 Preferably, materials may be employed in which 
glass fiber and the carbon fiber are mixed into polyamide and 
polyphenylene Sulfide resin So as to have percentage content 
of 5 to 50 percent by weight. In particular, where teeth of the 
gear is formed and it is taken as a fitted Surface, percentage 
content of the glass fiber and the carbon fiber is ranging from 
20 to 50 percent by weight. More preferably, it is ranging 
from 30 to 50 percent by weight. When percentage content of 
the glass fiber and the carbon fiber are less than or equal to 20 
percent by weight, it is likely to be insufficient strength as 
teeth of the gear. Moreover, when percentage content is more 
than or equal to 50 percent by mass, it faces difficulties for 
injection molding. 
04.01. In each example of the seventh embodiment, 
because, as previously discussed, the inner circumferential 
Surface 505 and the outer circumferential Surface 509 of the 
ball screw nut 502 are in a non-through state, it enables 
working at relatively high injection molding pressure. There 
fore, this enhances percentage content of reinforcing filler 
Such as glass fiberand carbon fiber, which manufactures more 
firm resin product Such as the gear. For example, when the 
gear is formed, it is most desirable for the reinforcing filler to 
be 40 to 50 percent by mass. Further, as it is allowed to 
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increase the injection molding pressure, good fluidity of resin 
is ensured, despite of the existence of plural convexes 510, 
thereby filling resin without gaps. 
0402. In the second to fifth examples, while the convex of 
the Outer circumferential Surface 509 of the ball Screw nut 502 
produced during the formation of the circulating groove 508 
is utilized as a locking portion of the nut fitted member, Such 
as the gear 511 and the sleeve 513, e.g. a groove or a key seat 
may previously be formed by knurling on the outer circum 
ferential surface 509 of the ball screw nut 502, and may be 
used it as a rotation stopper for the nut fitted member. 
(0403. Further, the nut fitted member to be fitted by insert 
molding onto the outer circumferential surface of the ball 
screw nut 502 may be anything, as far as it can be manufac 
tured e.g. by insert molding on the outer circumferential 
surface of the ball screw nut 502, in addition to the each 
example. Additionally, it is also possible that the nut fitted 
member manufactured by insert molding is formed in a post 
processing into a desired shape. 
04.04. It is noted that the ball screw shown in each example 
of the second to the seventh embodiments may be applied to 
the ball screw illustrated in the first embodiment. 
04.05 The ball screw illustrated in the first to the seventh 
embodiments may preferably be applied to an electric steer 
ing device (especially, a rack-type electric power steering 
device). FIG. 52 is a partial cross-sectional view of a steering 
gear of the electric power steering device. 
0406. In FIG. 52, within a rack and a pinion housing 621 
constituting a steering gear case, a rack shaft 623 and a pinion 
(not shown) constituting the rack and pinion mechanism are 
installed thereinto, and the pinion is connected to a lower 
shaft 622. The rack shaft 623 has a rack 625 provided at left in 
FIG. 52 to be meshed with the pinion, as well as a spherical 
joint 627 Swingably supporting a tie rod 615 is fixed at the 
both ends. A screw shaft of the ball screw is used for the rack 
shaft 623. 
0407. At the illustrated right end of the rack and pinion 
housing 621, a ball screw housing 633 is mounted. In the ball 
screw housing 633, a front end of the electric motor 635 is 
fixed by bolting to a lower portion thereof, as well as a driving 
gear 637 fixed to a shaft of the electric motor 635 and a driven 
gear 639 to be meshed with the driving gear 637 are housed 
therein. Also, in the ball screw housing 633, a ball nut 645 is 
rotatably held via a double row angular contact ball bearing. 
0408. The ball nut 645 is received in an inner diameter of 
the driven gear 639. Between an inner diameter side of shaft 
center of the driven gear 639 and at an outer diameter side of 
the ball nut 645, there is provided a spline fitting portion 661. 
Thereby, the driven gear 639 and the ball nut 645 may feely be 
slide relatively. 
04.09. At the illustrated right side of the rack shaft 623, a 
male ball screw groove (threaded portion) 651 is formed. On 
the other hand, a female ball groove 653 is formed, and 
between a male ball groove 651 and the female ball groove 
653, a large number of steel balls 655 constituting circulating 
balls are loaded. Also, in the ball nut 645, a circulating groove 
(not shown) to circulate the steel balls 655 are formed. 
0410. In the electric power steering device, when a steer 
ing wheel is steered by a driver, a steering force is transmitted 
from the lower shaft 622 to the pinion, a rack shaft 623 moves 
in an either left or a right direction in FIG. 52 with the rank 
625 to be meshed with it, and a wheel is steered through right 
and left tie rods. At the same time, based on an output from a 
steering torque sensor (not shown), the electric motor 635 
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rotates with prescribed rotating toque in a forward or a reverse 
direction. Rotating torque is transmitted via the driving gear 
637 and the driven gear 639 to the ball nut 645. Then, by 
rotating the ball nut 456, a thrust force is acted to the male ball 
groove 651 of the rack shaft 623 via the steal balls 655 to be 
engaged into the female ball screw groove 653, thereby exert 
ing a steering assist torque. 

REFERENCE SIGNS LIST 

0411 1: ball screw 
0412. 2: screw shaft 
0413 3: screw groove 
0414 5: nut 
0415 5a: screw groove 
0416) 7: ball rolling passage 
0417 9: ball 
0418) 11: ball circulating passage 
0419) 13: flange 
0420) 15: teeth train for a gear 
0421 17: encoder 
0422 20: steel material 
0423) 21: blank 
0424) 22: concaved groove 
0425 31: key 
0426) 33: bevel gear 
0427 35: detent 
0428. 37: screw (external screw) 
0429 39: circumferential groove 
0430 41: rotor motor 
0431 43: inner ring 
0432) 44: outer ring 
0433 45: roller 
0434 46: rolling bearing 
0435 47: cam face 
0436 48: one-way clutch 
0437. 101: nut blank 
0438 111: inner circumferential surface of nut blank 
0439 111a: circle defining an inner circumferential sur 
face of nut blank 

0440 115: S-shaped concave (concave constituting ball 
returning passage) 

0441 115a: S-shaped concave (concave constituting 
ball returning passage) 

0442) 115b: S-shaped concave (concave constituting 
ball returning passage) 

0443) 116: concave 
0444 117: concave 
0445 118: tapered surface 
0446. 102: blank holder 
0447 121: concave (restraining member) 
0448 121a: recess 
0449 121b: recess 
0450 121c: recess 
0451 121d. Circumferential groove (recess) 
0452 122: lid member (restraining member) 
0453 103: cam slider 
0454) 103A: cam slider 
0455 133: slope of cam slider (cam mechanism) 
0456) 135: S-shaped convex 
0457 136: stopper forming convex 
0458 104: cam driver 
0459 141: slanted side face of cam slider (cam mecha 
nism) 

0460 142: circumferential side 

0461) 
0462 
0463 
0464 
0465 
0466 
0467 
0468 
0469 
0470 
0471) 
0472 
0473 
0474) 
0475 
0476 
0477 
0478 
0479 
0480 
0481 
0482 
0483) 
0484 
0485 
0486 
0487 
0488 
0489 
0490 
0491 
0492 
0493 
0494 
0495 
0496 
0497 
0498 
0499 
0500 
0501) 
0502 
0503 
0504 
0505 
0506 

Dec. 27, 2012 

105A: cam slider 
105B: cam slider 
153: slope of cam slider (cam mechanism) 
155a: S-shaped convex 
155b: S-shaped convex 
156: stopper forming convex 
106: cam driver 
161a: slope of cam driver (cam mechanism) 
161b: slope of cam driver (cam mechanism 
162: base 
107A, 107B: cam slider 
173: slope of cam slider (cam mechanism) 
175a: S-shaped convex 
175b: S-shaped convex 
108: cam driver 
181: slope 
181a: slope of cam driver (cam mechanism) 
161b: slope of cam driver (cam mechanism) 
182: base 
182a: tapered surface 
191: stopper (projection) 
192: stopper (projection) 
193: stopper (projection) 
194: flange (projection) 
201: nut blank 
211: inner circumferential surface of nut blank 
212A to 212D: S-shaped concave 
213: outer circumferential surface of nut blank 
214: upper end face of nut blank 
214A to 214D: convex 
215: lower end face of nut blank 
215A to 215D: convex 
202: cam driver 
221: base 
222; body 
222a to 222b: slanted slope (can mechanism) 
203A to 203D: cam slider 
231: outer circumferential surface of cam slider 
233: slope of cam slider (cam mechanism) 
235A to 235D: S-shaped convex 
204: stand 
241: concave 
242a to 242d: recess 
205: restraining member 
251 to 254: split of restraining member 
251a to 254a: large-diameter portion of inner 

circumferential Surface of restraining member 
0507 251b to 254b; Small-diameter portion of inner 
circumferential Surface of restraining member 

0508 251c to 254c: surface restraining upper end face 
of nut blank 

0509 
0510) 
0511 
0512 
0513 
0514 
0515 
0516 
0517 
0518 
0519 
0520 
0521 

251d to 254d: recess 
206: outer member 
261: inner circumferential surface 
401: ball Screw shaft 
402: ball screw nut 
403: outer circumferential surface 
404: male ball screw groove 
405: inner circumferential surface 
406: female ball screw groove 
407: ball 
408: circulating groove 
4.09: outer circumferential surface 
410: abutting end face 



US 2012/0325036A1 

0522 411: rolling bearing (nut fitted member) 
0523 412: sleeve (nut fitted member) 
0524. 413: inner circumferential surface 
0525) 414: gear (nut fitted member) 
0526 415: inner circumferential surface 
0527 501: ball screw shaft 
0528 502: ball screw nut 
0529. 502: outer circumferential surface 
0530) 504: male ball screw groove 
0531 505: inner circumferential surface 
0532 506: female ball screw groove 
0533. 507: ball 
0534 508: circulating groove 
0535 509: outer circumferential surface (nut fitted 
member) 

0536) 510: convex 
0537) 511: gear (nut fitted member) 
0538 512: gear base (nut fitted member) 
0539 513: sleeve (nut fitted member) 
1. A ball screw comprising: a screw shaft having on an 

outer circumferential Surface a spiral Screw groove; a nut 
having on its inner circumferential Surface a screw groove 
facing the screw groove of the screw shaft; a plurality of balls 
rollably loaded in a spiral ball rolling passage formed by the 
both screw grooves; and a ball circulating passage to return 
the balls from an end point to a start point of the ball rolling 
passage for circulating the balls, 

wherein the ball circulating passage is formed of a con 
caved groove formed by concaving a groove on a part of 
the cylindrical inner circumferential surface of the nut, 
and an outer circumferential formation is integrally 
formed on apart facing the concaved groove on the outer 
circumferential surface of the nut, 

wherein the outer circumference formation is at least one 
of an encoder, a teeth train for a gear, a rotation stopper, 
a key, a key seat, a motor rotor, an inner ring of a one-way 
clutch, a raceway groove for a bearing, a screw, a cir 
cumferential groove, and another shape of the outer 
circumferential Surface. 

2. A ball screw comprising: a screw shaft having on an 
outer circumferential Surface a spiral Screw groove; a nut 
having on its inner circumferential Surface a screw groove 
facing the screw groove of the screw shaft; a plurality of balls 
rollably loaded in a spiral ball rolling passage formed by the 
both screw grooves; and a ball circulating passage to return 
the balls from an end point to a start point of the ball rolling 
passage for circulating the balls, 

wherein the ball circulating passage is formed of a con 
caved groove formed by concaving a groove on a part of 
the cylindrical inner circumferential surface of the nut, 
and an outer circumferential formation is integrally 
formed on apart facing the concaved groove on the outer 
circumferential surface of the nut, 

wherein the concaved groove is formed on the inner cir 
cumferential surface of the nut blank by pressing the 
inner circumferential surface of the nut blank with a 
convex, by a press method using a die of the cam mecha 
nism, 

the cam mechanism comprising: 
a cam driverinternally inserted into a nut blank and moving 

in an axial direction; 
a cam slider disposed between the nut blank and the cam 

driver, and having the convex corresponding to the con 
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caved groove, the convex moving in a radial direction of 
the nut with a movement of the cam drive. 

3. The ball screw according to claim 1, wherein the nut is 
produced by machining a cylindrical metal blank to produce 
a roughly formed nut having a Substantially identical shape 
with the nut, concaving a groove on the part of the cylindrical 
inner circumferential Surface of the roughly formed nut, 
forming the concaved groove constituting the ball circulating 
passage, and forming the outer circumferential formation on 
the outer circumferential surface of the roughly formed nut. 

4. The ball screw according to claim 1, wherein the nut is 
produced by machining a cylindrical metal blank to produce 
a roughly formed nut having a Substantially identical shape 
with the nut, by concaving a groove a part of the cylindrical 
inner circumferential surface of the roughly formed nut by 
plastic working, forming the concaved groove constituting 
the ball circulating passage, and forming the outer circumfer 
ential formation on the outer circumferential surface of the 
roughly formed nut. 

5. The ball screw according to claim 1, wherein a protru 
sion is provided integrally with the nut on an end face in an 
axial direction of the nut. 

6. The ball screw according to claim 1, further comprising 
a nut fitted member to be fitted by press fitting onto the outer 
circumferential surface of the nut. 

7. The ball screw according to claim 6, wherein an inter 
ference of the nut fitted member and the nut by press fitting 
exceeds 0.02 percent of an external dimension of the outer 
circumferential surface of the nut onto which the nut fitted 
member is fitted. 

8. The ball screw according to claim 6, wherein an inter 
ference of the nut fitted member and the nut by press fitting 
exceeds 0.02 percent and less than 0.16 percent of an external 
dimension of the outer circumferential surface of the nut onto 
which the nut fitted member is fitted. 

9. The ball screw according to claim 6, wherein when the 
nut fitted member is press fitted into the nut, shrink fitting is 
used which heats the nut fitted member to fit onto the nut. 

10. The ball screw according to claim 6, wherein the nut 
fitted member is any of a sleeve a bearing, a gear, each having 
a cylindrical inner circumferential Surface, and a combination 
thereof. 

11. The ball screw according to claim 1, further comprising 
a nut fitted member provided by insert molding on the outer 
circumferential surface of the nut. 

12. A manufacturing method of ball screw nut comprising: 
a nut having on an inner circumferential Surface a spiral 
groove and on an outer circumferential Surface a protrusion; 
a screw shaft having on an outer circumferential Surface a 
spiral groove; a plurality of balls rollably loaded between a 
raceway formed by the both screw grooves; and a ball return 
ing passage formed as a concave on an inner circumferential 
surface of the nut, to return the balls from an end point to a 
start point of the raceway, the plurality of balls rolling in the 
raceway to cause the nut to relatively move with respect to the 
screw shaft, 

whereinformation of the concave on the inner circumfer 
ential surface of the nut, and formation of the protrusion 
on the outer circumferential surface of the nut are simul 
taneously performed by cold forging. 

13. The ball screw according to claim 1, wherein the con 
caved groove is formed on the inner circumferential Surface 
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of the nut blank by pressing the inner circumferential surface 
of the nut blank with a convex, by a press method using a die 
of the cam mechanism, 

the cam mechanism comprising: 
a cam driver internally inserted into a cylindrical nut blank 

and moving in an axial direction; 
a cam slider disposed between the nut blank and the cam 

driver, and having the convex corresponding to the con 
caved groove, the convex moving in a radial direction of 
the nut with a movement of the cam driver; and 

a restraining member for restraining both end faces in the 
axial direction and the outer circumferential surface of 
the nut blank, and having a recess on an inner circum 
ferential surface that receives the outer circumferential 
surface of the nut blank, 

wherein the outer circumferential formation is formed by 
projecting a periphery of the nut blank into the recess of 
the restraining member. 

14. The ball screw according to claim 13, wherein a work 
ing in a Subsequent process is performed after a process in the 
press method using the die, by using the outer circumferential 
formation, a recess or a tapered Surface formed on the inner 
circumferential surface of the outer circumferential forma 
tion, as a reference surface or a holding part. 

15. The ball screw according to claim 13, wherein the outer 
circumferential formation is a torque transmission part, a 
positing part, or a mounting part. 

16. A ball screw comprising: a screw shaft having on an 
outer circumferential Surface a spiral Screw groove; a nut 
having on an inner circumferential Surface a screw groove 
facing the screw groove of the screw shaft; a plurality of balls 
rollably loaded in a spiral ball rolling passage formed by the 
both screw grooves; and a ball circulating passage to return 
the ball from an end point to a start point of the ball rolling 
passage for circulating the balls, 

wherein the ball circulating passage is formed of a con 
caved groove on a part of the cylindrical inner circum 
ferential Surface of the nut, and a protrusion is provided 
on an end face in an axial direction of the nut. 

17. The ball screw according to claim 16, wherein the 
concaved groove is formed on the inner circumferential Sur 
face of the nut blank by pressing the inner circumferential 
surface of the nut blank with a convex, by a press method 
using a die of a cam mechanism, 

the cam mechanism comprising: 
a cam driver internally inserted into a cylindrical nut blank 

and moving in an axial direction; 
a cam slider disposed between the nut blank and the cam 

driver, and having the convex corresponding to the con 
caved groove, the convex moving in a radial direction of 
the nut with a movement of the cam driver; and 
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a restraining member for restraining both end faces in the 
axial direction and the outer circumferential surface of 
the nut blank, and having a recess on an end face to 
receive the both end faces in the axial direction of the nut 
blank, 

wherein the protrusion is formed by projecting an excess 
material, produced with the formation of the concaved 
groove, of the nut blank into a recess of the restraining 
member. 

18. The ball screw according to claim 13, further compris 
ing a nut fitted member provided by insert molding on the 
outer circumferential surface of the nut, the nutfitted member 
being formed to cover the outer circumferential formation on 
the outer circumferential surface of the nut produced with the 
formation of the concaved groove. 

19. The ball screw according to claim 11, wherein the nut 
fitted member is either of or both of the sleeve or a gear having 
a cylindrical inner circumferential Surface. 

20. The ball screw according to claim 1, wherein the screw 
groove of the nut is provided only at a part where the balls 
rotate on the inner circumferential Surface of the nut, and is 
not provided at a part where the balls do not rotate. 

21. The ball screw according to claim 5, wherein the pro 
trusion is provided at a part in the circumferential direction of 
the end face in an axial direction of the nut. 

22. The ball screw according to claim 2, further comprising 
a nut fitted member provided by insert molding on the outer 
circumferential surface of the nut. 

23. The ball screw according to claim 2, further comprising 
a nut fitted member to be fitted by press fitting onto the outer 
circumferential surface of the nut. 

24. The ball screw according to claim 23, wherein an inter 
ference of the nut fitted member and the nut by press fitting 
exceeds 0.02 percent of an external dimension of the outer 
circumferential surface of the nut onto which the nut fitted 
member is fitted. 

25. The ball screw according to claim 23, wherein an inter 
ference of the nut fitted member and the nut by press fitting 
exceeds 0.02 percent and less than 0.16 percent of an external 
dimension of the outer circumferential surface of the nut onto 
which the nut fitted member is fitted. 

26. The ball screw according to claim 23, wherein when the 
nut fitted member is press fitted into the nut, shrink fitting is 
used which heats the nut fitted member to fit onto the nut. 

27. The ball screw according to claim 23, wherein the nut 
fitted member is any of a sleeve a bearing, a gear, each having 
a cylindrical inner circumferential Surface, and a combination 
thereof. 


