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SHELLTYPE NEEDLE ROLLER BEARING, 
SUPPORT STRUCTURE FOR COMPRESSOR 
SPINDLE, AND SUPPORT STRUCTURE FOR 

PSTON PUMP DRIVING PORTION 

TECHNICAL FIELD 

0001. This invention relates to a shell type needle roller 
bearing, a Support structure for a compressor spindle, and a 
Support structure for a piston pump driving portion. 

BACKGROUND ART 

0002 Among needle roller bearings, in which a plurality 
of needle rollers are arranged along the inner-diameter 
Surface of the outer ring, there are ones using a shell type 
outer ring formed by pressing including a drawing step. 
Applications of shell type needle bearings using Such a shell 
type outer ring range extensively because of their economi 
cal advantages. Recently, applications in which long lives 
are required are increasing. 
0003 Schematic steps of pressing of a conventional shell 
type outer ring are as follows. First, a circular blank is 
formed into a cup shape in a drawing step, and the corner 
portion of the cup bottom is restruck to a predetermined 
corner radius in a restriking step. Thereafter, the central 
portion of the cup bottom is punched in a bottom punching 
step to form one of the flanges of the outer ring, and the top 
end portion of the cup is trimmed to a uniform height in a 
trimming step. After the drawing or restriking step, an 
ironing step may be added. Ordinarily, such pressing is 
carried out using a transfer press or a progressive press. If a 
transfer press is used, a punching step of a circular blank is 
often incorporated together. The other flange of the outer 
ring is formed by bending the top end of the cup inwardly 
in an assembling step after heat treatment. 
0004 For the blank material for such a shell type outer 
ring, a steel plate of a casehardened steel such as SCM415 
is used. In order to ensure predetermined product strength, 
it is Subjected to heat treatment Such as carburizing/harden 
ing or annealing after pressing. Since a steel plate of a 
casehardened steel is high in the carbon content compared 
with a soft steel plate such as SPCC and thus the r value, 
which is a standard for drawing properties, is low, the 
number of drawings in the drawing step is divided into a 
plurality of times to set the drawing ratio per drawing Small. 
0005. As described, since a shell type outer ring is formed 
through many pressing steps, due to accumulation of preci 
sion errors of molds and uneven strains in each working 
steps, it is inferior to an outer ring formed by cutting in the 
roundness of the tubular portion and the dimensional accu 
racy of the amount of uneven thickness, so that the life of the 
bearing is short. As one in which heat treatment of a shell 
type outer ring is carried out after the assembling of the 
bearing, and in which the outer ring is further hardened and 
tempered after carburizing/nitriding in order to improve the 
life of such a shell type needle roller bearing, there is a 
manufacturing method of a shell-type needle roller bearing 
in which the outer-diameter roundness of the outer ring is 
increased and the strength of each bearing part is increased 
(For example, see Patent Document 1.). 
0006. On the other hand, among compressors for e.g. 
air-conditioners, there are ones using a Support structure in 
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which compression action members are actuated by driving 
the spindle, and radial loads on the spindle are Supported by 
a needle roller bearing arranged in the compressor (For 
example, see Patent Document 2.). A needle roller bearing 
has an advantage that in spite of the fact that the projected 
area is Small, a high load capacity and a high rigidity can be 
obtained. Thus, a Support structure for a compressor spindle 
can be designed compact. 
0007. In a needle roller bearing employed for such a 
Support structure for a compressor spindle, since a lubricat 
ing state tends to be thin due to mixing of a coolant, and also, 
the spindle rotates at a high speed, Surface damage Such as 
Smearing or Surface starting type peeling may develop on the 
inner-diameter surface of the outer ring, on which the needle 
rollers roll, thus shortening the bearing life. Also, in a 
compressor for a vehicle air-conditioner, it is required to 
reduce noise during use of the bearing due to the rolling of 
the needle rollers. 

0008 Also, in an automatic brake system such as an 
anti-lock brake system (ABS) or traction control (TRC), a 
piston pump for feeding brake fluid in a reservoir tank into 
a master cylinder is provided. Among piston pumps for 
feeding oil or the like under pressure, there are ones in which 
an eccentric portion is provided on an armature shaft which 
is the output shaft of the electric motor, and the reciprocated 
piston is abutment-Supported by a rolling bearing fitted on 
the eccentric portion (For example, see Patent Document 3.). 
There are also ones in which a needle roller bearing is 
employed for a rolling bearing for abutment-Supporting Such 
a piston (For example, see Patent Document 4.). 
0009. In a needle roller bearing employed in a support 
structure of the piston pump driving portion, since the 
lubricating state becomes thin due e.g. to mixing of low 
viscosity oil (brake fluid), and also, the needle rollers roll at 
a high speed on the inner-diameter Surface of the outer ring, 
which the piston abuts, a runout of oil film tends to occur on 
this rolling Surface. Thus, Surface damage Such as Smearing 
or Surface-starting type peeling may occur on the inner 
diameter Surface of the outer ring, thus shortening the 
bearing life. In a piston pump mounted in a vehicle brake 
system such as ABS or TRC, too, it is required to reduce the 
noise during use of the bearing due to the rolling of the 
needle rollers. 

0010 Patent Document 1 JP patent publication 
3073937 (pages 1-2, FIGS. 1-3) 
0011 Patent Document 2.JP patent publication 2997047 
(page 2, FIGS. 10-12) 
0012 Patent Document 3 JP patent publication 
8-182254 (page 2, FIG. 7) 
0013 Patent Document 4.JP patent publication 2001 
187915 (page 2, FIG.9) 

DISCLOSURE OF THE INVENTION 

Problems to be Solved by the Invention 
0014 While the manufacturing method of a shell type 
needle roller bearing described in Patent Document 1 can 
increase the outer-diameter roundness by reducing thermal 
strains of the shell type outer ring by carrying out heat 
treatment after assembling the bearing, since the pressing 
step of the shell type outer ring is the same as before, the 
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inner-diameter roundness and the amount of uneven thick 
ness of the tubular portion scarcely improve. For reference, 
the inner-diameter roundness of a conventional shell type 
outer ring is 15-40 um for one having an inner diameter of 
about 25 mm. Even for the one made by the manufacturing 
method described in Patent Document 1, it exceeds 10 um. 
Also, the amount of uneven thickness of the tubular portion 
is 10-20 um for one having an inner diameter of about 25 
mm even for one made by the manufacturing method 
described in Patent Publication 1. 

0.015 Thus, in a shell type needle roller bearing used for 
a Support structure for a spindle of a compressor for e.g. 
air-conditioners or a piston pump driving portion, in which 
use conditions including lubrication are extremely harsh, 
even for one made by the manufacturing method described 
in Patent Publication 1, no sufficiently satisfactory long life 
has been achieved. 

0016. Also, for a shell type outer ring formed by pressing, 
the Surface roughness of the inner-diameter Surface is 
rougher than an outer ring formed by cutting. Ordinarily, the 
Surface roughness of an outer ring formed by cutting is about 
Ra 0.05 um, while the surface roughness of the inner 
diameter surface of a shell type outer ring is about Ra 0.4 
um. Thus, in a conventional shell type needle roller bearing, 
Sounds during use due to the rolling of the needle rollers on 
the inner-diameter Surface are large, so that it cannot be 
applied to a Support structure for a compressor spindle of a 
vehicle air-conditioner or a Support structure for a driving 
portion of a piston pump mounted in a vehicle brake system 
such as ABS or TRC, which severely hates production of 
O1SC. 

0017. Therefore, an object of this invention is to prolong 
the life of a shell type needle roller bearing used for a 
Support structure for a compressor spindle, a Support struc 
ture for a piston pump driving portion, or the like, and to 
reduce the acoustic level during use. 
Means for Solving the Problems 
0018. In order to solve the above object, this invention 
provides a shell type needle roller bearing wherein a plu 
rality of needle rollers are arranged along the inner-diameter 
Surface of a shell type outer ring formed by pressing, 
characterized in that the Surface roughness of the inner 
diameter surface of the outer ring is finer than the surface 
roughness of the outer-diameter Surface. 
0019. That is to say, by making the surface roughness of 
the inner-diameter surface of the shell type outer ring finer 
than the outer-diameter surface, it is possible to reduce the 
acoustic level during use due to rolling of the needle rollers 
on the inner-diameter Surface. 

0020. The circumferential surface roughness of the outer 
ring inner-diameter surface is preferably Ra 0.05-0.3 um. 
The reason why the lower limit of the circumferential 
surface roughness is set at Ra 0.05 um is because if the 
circumferential Surface roughness is finer than this, and the 
inner-diameter Surface is too smooth, lubricating oil retained 
in an elastic contact area of the rolling needle rollers 
decreases, so that surface damage Such as Smearing tends to 
develop. The upper limit of the circumferential surface 
roughness is set at Ra 0.3 um for the following reasons. 
0021. The present inventors conducted acoustic measure 
ment tests using a rotary tester for shell type needle roller 
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bearings that are different in the surface roughness of the 
inner-diameter Surface of the shell type outer ring, discov 
ered that when the circumferential Surface roughness on the 
inner-diameter surface is made fine, the acoustic level of the 
bearing is reduced effectively, and confirmed that the acous 
tic level can be reduced markedly if it is set at Ra 0.3 um or 
less as shown in FIG. 4. 

0022. The reason why the circumferential surface rough 
ness of the inner-diameter surface is especially effective in 
reducing the acoustic level is considered as follows. That is 
to say, if the projections and recesses in the rotational 
direction of the rollers (circumferential surface roughness) 
becomes rough to a certain extent or over relative to the 
roller diameter of the needle rollers, vertical vibrations of the 
needle rollers increase, so that large sounds are produced. 
Since the roller diameter of the needle rollers is relatively 
Small, if the circumferential Surface roughness exceeds Ra 
0.3 um, it is considered that large Sounds are produced. 
0023 The axial surface roughness of the outer ring 
inner-diameter surface is preferably Ra 0.3 um or less. 
Needle rollers are large in the roller length compared to the 
roller diameter. Thus, recesses and projections in the width 
direction of the outer ring inner-diameter Surface (axial 
Surface roughness) also have an influence on vertical vibra 
tions. Thus, if the axial surface roughness exceeds Ra 0.3 
um, it is considered that sounds increase. 
0024. This invention also provides a shell type needle 
roller bearing wherein a plurality of needle rollers are 
arranged along the inner-diameter Surface of a shell type 
outer ring formed by pressing, characterized in that the 
inner-diameter roundness of the outer ring is not more than 
10 um. 
0025 The present inventors conducted bearing life tests 
for shell type needle roller bearings that are different in the 
inner-diameter roundness of the shell type outer ring, and 
confirmed that as shown in FIG. 5, the inner-diameter 
roundness and the bearing life have good correlation and 
that a sufficiently long life is achievable by determining the 
inner-diameter roundness at 10 um or less even in harsh 
conditions required in the future. 
0026 Further, this invention provides a shell type needle 
roller bearing wherein a plurality of needle rollers are 
arranged along the inner-diameter Surface of a shell type 
outer ring formed by pressing, characterized in that the 
amount of uneven thickness of the tubular portion of the 
outer ring is less than 10 Lum. 
0027. The present inventors conducted bearing life tests 
for shell type needle roller bearings that are different in the 
amount of uneven thickness of the tubular portion of the 
shell type outer ring, and confirmed that as shown in FIG. 6, 
the amount of uneven thickness of the tubular portion of the 
outer ring and the bearing life have good correlation and that 
a sufficiently long life is achievable by determining the 
amount of axial uneven thickness at less than 10 Lim even 
under harsh use conditions. 

0028. It is considered that the reason why the inner 
diameter roundness of the shell type outer ring or lowering 
of the amount of uneven thickness of the tubular portion has 
an effect on the prolonged life of the bearing is because the 
rolling of the needle rollers on the inner-diameter surface 
becomes Smooth, so that local wear and stress concentration 
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on the inner-diameter Surface due to slipping, shaking or the 
like of the rollers are suppressed. 
0029. Means for making the surface roughness of the 
inner-diameter surface of the outer ring finer than the surface 
roughness of the outer-diameter Surface, means for making 
the inner-diameter roundness of the outer ring less than 10 
um, or means for making the amount of uneven thickness of 
the tubular portion of the outer ring less than 10 um may be 
one in which an ironing step is provided in the pressing for 
forming the shell type outer ring, and the lubricating con 
ditions on the outer-diameter side ironing Surface which 
becomes the outer-diameter surface of the outer ring in the 
ironing step are a Substantially fluid lubricating state. 
0030 The present inventors conducted a drawing/ironing 
test of an SCM415 steel plate using a press tester to examine 
the Surface roughness of the inner- and outer-diameter 
Surfaces, the inner-diameter roundness, and the amount of 
uneven thickness of the tubular portion. As a result, it was 
found out that if a high-viscosity pressing oil Superior in 
lubricity is applied to the die side (outer-diameter ironed 
Surface of the cup-shaped article), the Surface roughness of 
the inner-diameter surface of the cup-shaped article, which 
becomes the radially inner surface of the shell type outer 
ring, becomes finer than the outer-diameter Surface, and that 
the inner-diameter roundness and the amount of uneven 
thickness of the tubular portion improve. 
0031 First, for the examination results of the surface 
roughness, one example thereof is shown in FIG. 11. While 
the surface roughness of the blank material was about Ra 
0.49 um both on front and back, the surface roughness of the 
inner-diameter Surface of the cup-shaped article was 
extremely fine, i.e. Ra 0.15um. The surface roughness of the 
outer-diameter surface of the cup-shaped article was Ra 0.44 
um, which is not substantially different from the surface 
roughness of the blank material. The Surface roughness of 
either of the inner- and outer-diameter surfaces of the 
cup-shaped article shown in FIG. 11 was measured in the 
axial direction. But the Surface roughnesses measured in the 
circumferential direction were also substantially equal to 
them. These measurement results are opposite to those 
observed in normal drawing/ironing. In normal drawing/ 
ironing, the outer-diameter Surface of the cup-shaped article, 
which is ironed by a die, has a finer Surface roughness, while 
the Surface roughness of the inner-diameter Surface was not 
substantially different from the surface roughness of the 
blank material. 

0032. These examination results are considered as fol 
lows. That is, it is considered that the reason why the surface 
roughness of the outer-diameter Surface of the cup-shaped 
article was not substantially different from the surface 
roughness of the material is because the outer-diameter 
ironed Surface of the cup-shaped article was in a Substan 
tially fluid lubricated state in which the material to be 
worked scarcely contacts the die. By making the lubricating 
conditions on the die side in a substantially fluid lubricated 
state, shearing force on the outer-diameter ironed surface 
due to friction with the die scarcely exists, so that stresses at 
the ironed portion between the punch and the die becomes 
a uniform compression stress state in the plate thickness 
direction. Thus, as evidenced in FIG. 12, the material is 
deformed so that its thickness decreases uniformly in the 
plate thickness direction. 
0033 FIG. 12 shows a plate thickness sectional photo of 
the top end portion of the cup-shaped article. As though 
evidencing the above estimation, the top end portion of the 
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cup-shaped article, to the die side of which is applied a 
pressing oil Superior in lubricity, is axially uniformly 
stretched in the plate thickness direction. It is considered that 
when the material was deformed and axially stretched so 
that its thickness uniformly would decrease in the plate 
thickness direction, the inner-diameter Surface of the cup 
shaped article, which was in contact with the punch, axially 
moved along and relative to the Surface of the punch, so that 
the Surface roughness of the inner-diameter Surface became 
fine due to sliding with the surface of the punch due to the 
relative movement. On the other hand, the top end portion of 
the cup-shaped article by normal drawing/ironing is 
extremely stretched in the axial direction on the outer 
diameter side. This is because the outer-diameter side of the 
cup-shaped article is preferentially deformed so that its 
thickness decreases due to friction with the die, while the 
inner-diameter side is not very much deformed so that its 
thickness decreases. As described above, in normal drawing/ 
ironing, in which the inner-diameter side is deformed little 
so that its thickness decreases, since the inner-diameter 
Surface of the cup-shaped article Scarcely moves relative to 
the Surface of the punch, its surface roughness is not 
substantially different from that of the raw material. 
0034. In the working method in which the lubricating 
conditions on the outer-diameter drawn Surface are in a 
substantially fluid lubricated state, as shown in FIG. 12, the 
top end face of the cup-shaped article becomes uniform in 
the plate thickness direction, so that it is also possible to 
improve the yield by reducing the blank diameter. By 
reducing the blank diameter, pressing loads necessary for 
drawing also decrease. 
0035) Next, for the inner-diameter roundness and the 
amount of uneven thickness of the tubular portion, as shown 
in Table 1, it was confirmed that the inner-diameter round 
ness decreased to 10 um or less, and the amount of uneven 
thickness of the tubular portion to less than 10 um. These 
examination results are considered as follows. That is, as 
described above, when the raw material is deformed so that 
its thickness decreases uniformly in the plate thickness 
direction with the lubricating conditions on the die side in a 
substantially fluid lubricating state, it is considered that the 
amount of uneven thickness of the tubular portion of the 
cup-shaped article decreases, and the inner-diameter Surface 
of the cup-shaped article, which contacts the punch, axially 
moves along and relatively to the Surface of the punch so as 
to conform to the shape of the outer-diameter surface of the 
punch, so that even after it has been released from the punch, 
the inner-diameter roundness of the cup-shaped article is 
favorably retained. On the other hand, in normal drawing/ 
ironing, the inner-diameter side of the cup-shaped article is 
not so much deformed so that its thickness decreases, and 
scarcely moves relative to the Surface of the punch, so that 
the inner-diameter roundness of the cup-shaped article and 
the amount of uneven thickness of the tubular portion do not 
improve so much. 
0036 With the arrangement in which the number of 
drawings in a drawing step in the pressing is not more than 
three times, and the drawing step is a drawing/ironing step 
carried out simultaneously with the final, the drawing step, 
it is possible to reduce the number of molds for pressing and 
the number of steps. Also, by reducing the number of 
drawings, lowering of the dimensional accuracy of the outer 
ring resulting from e.g. set errors of individual molds is 
Suppressed. 
0037. In drawing/ironing, it is known that a larger draw 
ing ratio is obtained than in simple drawing. That is, in 
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drawing, the drawing limit is determined by breakage at the 
shoulder portion of the punch due to the deformation resis 
tance of the shrinking flange and the tensile stress resulting 
from wrinkle Suppressing force at the flange portion, 
whereas in drawing/ironing, since the tensile stress from the 
flange side that acts on the shoulder portion of the punch is 
shut off at the ironed portion, the drawing limit increases, so 
that a large drawing ratio is obtainable. 
0038. In the arrangement in which the number of draw 
ings in the drawing step is one, and the ironing step is a 
drawing/ironing step carried out simultaneously with this 
one-time drawing step, it is possible to further promote 
reduction in the manufacturing cost and improvement in the 
dimensional accuracy of the outer ring. 
0039. Further, this invention provides a support structure 
for a spindle of a compressor in which a compression action 
member of the compressor is actuated by rotary-driving the 
spindle, and radial loads on the spindle are Supported by a 
needle roller bearing arranged in the compressor, character 
ized in that the needle roller bearing is the above-described 
shell type needle roller bearing. 
0040. Further, this invention provides a support structure 
for a piston pump driving portion wherein the driving 
portion of the piston pump is abutment-supported by a 
needle roller bearing fitted on an eccentric portion of a motor 
output shaft, characterized in that the needle roller bearing 
is the above-described shell type needle roller bearing. 
Effect of the Invention 
0041. In the shell type needle roller bearing of this 
invention, since the Surface roughness of the inner-diameter 
surface of the shell type outer ring is finer than the outer 
diameter Surface, and its circumferential Surface roughness 
is preferably Ra 0.05-0.3 um, even though it is a low-cost 
shell type, it is possible to reduce the acoustic level during 
use of the bearing without generating Surface damage Such 
as Smearing. Thus, it is possible to Suitably use for appli 
cations which hate generation of noise. 
0.042 Also, in the shell type needle roller bearing of this 
invention, since the inner-diameter roundness of the shell 
type outer ring is 10 um or less, it is possible to Substantially 
increase the bearing life and to achieve Sufficiently satisfac 
tory long life and low cost. 
0043. Further, in the shell type needle roller bearing of 
this invention, since the amount of uneven thickness of the 
tubular portion of the shell type outer ring is less than 10 um, 
it is possible to substantially extend the bearing life and to 
achieve Sufficiently satisfactory long life and low cost. 
0044) In an arrangement in which means for making the 
Surface roughness of the inner-diameter Surface of the outer 
ring finer than the Surface roughness of the outer-diameter 
Surface, means for making the inner-diameter roundness of 
the outer ring less than 10 um, or means for making the 
amount of uneven thickness of the tubular portion of the 
outer ring less than 10 um is one in which an ironing step is 
provided in the pressing for forming the shell type outer 
ring, and the lubricating conditions on the outer-diameter 
side ironing Surface which becomes the outer-diameter 
Surface of the outer ring in the ironing step are a Substan 
tially fluid lubricating state, since the top end face of the 
cup-shaped article becomes Substantially uniform in the 
plate thickness direction, it is possible to improve the yield 
by reducing the blank diameter, and to lower pressing loads 
necessary for the drawing. 
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0045. In an arrangement in which the number of draw 
ings in a drawing step in the pressing is not more than three 
times, and the drawing step is a drawing/ironing step carried 
out simultaneously with the final, the drawing step, it is 
possible to reduce the manufacturing cost by reducing the 
number of molds for pressing and the number of steps. Also, 
by reducing the number of drawings, it is possible to 
Suppress reduction in the dimensional accuracy of the outer 
ring resulting from setting errors of the molds or the like. 
0046. In an arrangement in which the number of draw 
ings in the drawing step is one, and the ironing step is a 
drawing/ironing step carried out simultaneously with this 
one-time drawing step, it is possible to further promote 
lowering of the manufacturing cost and improvement in the 
dimensional accuracy of the outer ring. 
0047 For the support structure of a compressor spindle of 
this invention, as a needle roller bearing for Supporting 
radial loads of the compressor spindle, one of the above 
described shell type needle roller bearings is used, so that it 
is possible to reduce noise during operation of the compres 
Sor, and to prolong the life of the bearing portion. 
0048. Further, for the support structure of a piston pump 
driving portion, as a needle roller bearing for abutment 
Supporting the piston pump driving portion, one of the shell 
type needle roller bearings is used, so that it is possible to 
reduce the acoustic level during operation of the piston 
pump, and to prolong the life of the bearing portion. 

BEST MODE FOR EMBODYING THE 
INVENTION 

0049 Below, based on the drawings, an embodiment of 
this invention is described. As shown in FIG. 1, this shell 
type needle roller bearing 1 has a plurality of needle rollers 
3 arranged along the inner-diameter Surface 2a of a shell 
type outer ring 2 formed of SCM415 by pressing. The needle 
rollers 3 are retained by a retainer 4 formed of SPCC also by 
pressing. At both end portions of the outer ring 2, flanges 5a 
and 5b are formed. 

0050 FIG. 2 shows schematic steps for manufacturing 
the shell type outer ring 2. First, by pressing, a circular blank 
of an SCM415 phosphate film-treated steel plate is formed 
into a cup-shaped article by a one-time drawing/ironing step, 
and the corner portion of the cup bottom is restruck to a 
predetermined corner radius in a restriking step. In the 
drawing/ironing step, a pressing oil Superior in lubricity is 
applied to the die side so as to make the lubricating condi 
tions on the outer-diameter ironed Surface into a Substan 
tially fluid lubricating state. Next, the central portion of the 
cup bottom is punched in a bottom punching step to form 
one of the flanges 5a of the outer ring 2 (see FIG. 1), and in 
a trimming step, the top end portion of the cup is trimmed 
to a uniform height. Thereafter, the pressed outer ring 2 is 
Subjected to carburizing hardening and tempering treatment 
in a heat treatment step, and in a final assembling step, the 
other flange 5b (FIG. 1) is formed by inward bending. 

0051. In the above-described embodiment, the drawing 
step in the pressing of the outer ring is only once, and the 
ironing step is a drawing/ironing step that is carried out 
simultaneously with the one-time drawing step. But the 
drawing steps may be a plurality of times not more than 
three times and the ironing step may be a drawing/ironing 



US 2007/01721 68 A1 

step carried out simultaneously with the final drawing step. 
The drawing step may be carried out separately after the 
drawing step or restriking step. Also, like the one described 
in Patent Document 1, heat treatment may be carried out 
after assembling the bearing. 
0.052 For the shell type outer ring 2 manufactured in the 
manufacturing steps of FIG. 2, the circumferential and axial 
Surface roughnesses of the inner-diameter Surface 2a were 
measured. The dimensions of the measured outer ring 2 were 
28 mm outer diameter, 16 mm long, and 0.95 mm in wall 
thickness. For this measurement, using a Surface roughness 
measuring device (SURFCOM) made by Tokyo Seimitsu 
Co., Ltd., the Surface roughness of the inner-diameter Sur 
face 2 was measured by splitting the outer ring 1 into two 
semi-cylindrical portions. For the circumferential surface 
roughness, measurements were made at three points, i.e. 
positions 2 mm from both ends of the outer ring 2 and the 
central position in the length direction. For the axial Surface 
roughness, the measurements were made at four points in 
90° circumferential phases. As shown in FIG. 11, the surface 
roughness of the blank material was about Ra 0.49 um both 
on the front and back, and the Surface roughness of the 
outer-diameter Surface of the cup-shaped article, which 
becomes the outer-diameter Surface of the outer ring 2, was 
about Ra 0.44 um both in the circumferential and axial 
directions. 

0053 FIGS. 3(a) and 3(b) show one example of mea 
surement results of the surface roughness. FIG. 3(a) is a 
circumferential Surface roughness measured at the central 
position of the outer ring 2 in the length direction, which is 
extremely fine, i.e. Ra 0.18 um. While not shown in the 
drawings, the circumferential Surface roughness measured at 
positions 2 mm from both ends was in the range of Ra 
0.05-0.3 um and is finer than the surface roughness of the 
blank material and the outer-diameter surface. FIG. 3(b) is 
an axial Surface roughness measured in one phase, and is Ra 
0.15 m. While not shown, the axial surface roughness 
measured at other phases was also extremely fine, i.e. Ra 0.3 
um or less. 

EXAMPLES A 

0054 As examples, shell type needle roller bearings of 
which the circumferential surface roughness of the outer 
ring inner-diameter surface is Ra 0.05-0.3 um were pre 
pared. For these examples, the axial Surface roughness was 
also Ra 0.3 um or less. As comparative examples, shell type 
needle roller bearings of which the circumferential surface 
roughness of the outer ring inner-diameter Surface exceeds 
Ra 0.3 um were also prepared. The dimensions of the shell 
type needle roller bearings were 28 mm outer diameter and 
16 mm long both for examples and comparative examples. 
0055) Each of the shell type needle roller bearings of 
examples and comparative examples was mounted on a 
rotary tester, and an acoustic measurement test was con 
ducted. The test conditions were as follows. 

0056 Rotating speed: 4800 rpm 

0057 Radial load: 180 N 
0.058 Lubrication: Viscosity 2cSt oil was applied 

0059) Acoustic measurement position: 100 mm apart 
from the bearing in the 45° direction 
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0060 FIG. 3 shows measurement results of the acoustic 
level in the acoustic measurement test. From these measure 
ment results, for examples, in which the circumferential 
Surface roughness of the inner-diameter Surface was Ra 
0.05-0.3 um, the acoustic level was 60 dB or less for any of 
them, so that the acoustic level has markedly decreased 
compared with those of comparative examples. 

EXAMPLES B 

0061 Table 1 shows the results of measurements in 
which the inner-diameter roundness and the amount of 
uneven thickness of the tubular portion for shell type outer 
rings manufactured in the manufacturing steps of FIG. 2 
(Examples 1-6), and shell type outer rings manufactured in 
conventional manufacturing steps (Comparative Examples 
1-6) were measured. The dimensions of the outer rings were 
28 mm outer diameter, 16 mm long and 0.95 mm in wall 
thickness, and were of the same size as those of Examples 
A. The axial measuring positions for the inner-diameter 
roundness and the amount of uneven thickness of the tubular 
portion were three points which were the same as the 
measuring positions of the circumferential Surface rough 
ness of the inner-diameter Surface, and for the amount of 
uneven thickness of the tubular portion, the measurements 
were made at four points for each axial position in 90° 
circumferential phases, a total of 12 points. For the mea 
Surement of the inner-diameter roundness, a roundness mea 
Suring device (Talyrond) made by Taylor Hobson Ltd. was 
used, while for the measurement of the amount of uneven 
thickness of the tubular portion, a micrometer was used. For 
examples, the inner-diameter roundness was 10 pm or less, 
and the amount of uneven thickness of the tubular portion 
was 10 um or less for any of them. Comparative Example 1 
was manufactured by the manufacturing method described 
in Patent Document 1. 

TABLE 1. 

Amount of uneven 
Inner-diameter thickness of 

Shell type roundness tubular portion 
outer ring (Lm) (Lm) 
Example 1 9 3 
Example 2 8 4 
Example 3 10 3 
Example 4 9 5 
Example 5 8 7 
Example 6 10 9 
Comparative 12 11 
Example 1 
Comparative 18 18 
Example 2 
Comparative 19 14 
Example 3 
Comparative 2O 17 
Example 4 
Comparative 22 15 
Example 5 
Comparative 23 19 
Example 6 

0062 For the shell type needle roller bearings of 
examples and comparative examples shown in Table 1, 
bearing life tests were conducted. The number of samples 
for each of the examples and comparative examples was 
eight, and the bearing life was evaluated in the L10 life (time 
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during which 90% of the samples can be used without 
breakage). The test conditions were as follows. 

0063 Axial load: 9.81 kN 
0064 Rotating speed: 5000 rpm 

0065) Lubricating oil: spindle oil VG2 

0.066 The results of the above bearing life tests are 
shown in FIGS. 5 and 6. FIG. 5 shows the relation between 
the inner-diameter roundness and the L10 life, and FIG. 6 
shows the relation between the amount of uneven thickness 
of the tubular portion and the L10 life. For the examples, in 
which the inner-diameter roundness of the shell type outer 
ring is 10 Lum or less, the L10 life exceeded 200 hours for any 
of them, so that the bearing life prolonged substantially. 
Thus, one can see that for the shell type needle roller bearing 
having the shell type outer ring manufactured in the manu 
facturing steps of FIG. 2, not only does the acoustic level 
decrease, but the bearing life also improves Substantially. 
0067 FIG. 7 shows a compressor for a vehicle air 
conditioner that employs the Support structure of a com 
pressor spindle of the first embodiment according to the 
present invention. This compressor is a double oblique plate 
type compressor in which pistons 14, which are compression 
movement members, are reciprocated by the rotation of the 
oblique plate 12 fixed to the spindle 11 through shoes 13 that 
slide on the oblique plate 12. The spindle 11, which is driven 
at a high speed, is supported by two shell type needle roller 
bearings 1 according to the present invention in the radial 
direction and by thrust needle bearing 16 in the thrust 
direction in a housing 15 in which a coolant is present. 
0068. In the housing 15, a plurality of cylinder bores 17 
are formed at equal intervals in the circumferential direction, 
with a double-headed-shaped piston 14 reciprocatively 
received in each bore 17. Each piston 14 is formed with a 
recess 14a So as to Straddle the outer peripheral portion of 
the oblique plates 12. The spherical shoes 13 are seated on 
spherical seats 18 formed on the axially opposed surfaces of 
the recesses 14a. The shoes 13 may be semispherical ones, 
too, and serve to smoothly convert the rotary motion of the 
oblique plate 12 to reciprocating motion of the pistons 14. 
0069 FIG. 8 shows a compressor for an air-conditioner 
which employs the Support structure for a compressor 
spindle of the second embodiment. This compressor is a 
single oblique plate type compressor in which the oblique 
plate 25 supported by a ball 23 and a thrust needle roller 
bearing 24 on an inclined Surface 22a of a coupling member 
22 coupled to the spindle 21 is pivoted by the rotation of the 
coupling member 22, and the pivoting motion of the oblique 
plate 25 is converted to reciprocating motion of the single 
headed piston 27 through the piston rod 26. The spindle 21 
is supported by one shell type needle roller bearing 1 
according to the present invention in the radial direction, and 
by a thrust needle roller bearing 29 through the coupling 
member 22 in the thrust direction in a housing 28. 
0070 FIG. 9 shows a compressor for an air-conditioner 
which employs the Support structure for a compressor 
spindle of the third embodiment. This compressor is a single 
oblique plate type, variable-capacity compressor in which 
the inclination angle of a coupling member 32 coupled to the 
spindle 31 is changeable by axially sliding a sleeve 33 fitted 
in the spindle 31. The pivoting motion of an oblique plate 35 
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Supported on the coupling member 32 through a thrust 
needle roller bearing 34 is, as with the second embodiment, 
converted to the reciprocating motion of the single-headed 
pistons 37. This spindle 31 is supported by two shell type 
needle roller bearings 1 according to the present invention in 
the radial direction, and by a thrust needle roller bearing 39 
in the thrust direction in a housing 38. 
0071 FIG. 10 shows a piston pump 41 for an ABS of a 
vehicle using the Support structure of a piston pump driving 
portion according to the present invention, and an electric 
motor 42 for driving it. An armature shaft 44 of an armature 
43, which is the output shaft of the electric motor 42, is 
Supported in a recess 45a formed in a pump housing 45 so 
as to be perpendicular to the piston pump 41, through a pair 
of ball bearings 46. Pistons 47 of the piston pump 41 are 
abutment-supported by a shell type needle bearing 1 fitted 
on its eccentric portion 44a. Thus, by rotary-driving the 
electric motor 42, the pistons 47, which are abutment 
supported by the shell type needle roller bearing 1, are 
reciprocated, so that brake fluid is sucked through a suction 
port 48 formed in the pump housing 45 and discharged 
through an outlet port 49. While not shown, the suction port 
48 is connected to a reservoir tank, while the outlet port 49 
is connected to a master cylinder. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0072 FIG. 1 a vertical sectional view showing an 
embodiment of the shell type needle roller bearing 
0073 FIG. 2 a step diagram showing schematic manu 
facturing steps of the shell type needle roller bearing of FIG. 
1 

0074 FIGS. 3(a) and 3(b) graphs showing the circum 
ferential and axial roughnesses of the inner-diameter Surface 
of a shell type outer ring manufactured in the manufacturing 
steps of FIG. 2 
0075 FIG. 4 a graph showing the relation between the 
circumferential Surface roughness of the inner-diameter of 
the outer ring and the acoustic level in an acoustic measure 
ment test of shell type needle roller bearings 
0076 FIG. 5 a graph showing the relation between the 
inner-diameter roundness of the shell type outer ring and the 
L10 life in a bearing life test of shell type needle roller 
bearings 

0077 FIG. 6 a graph showing the relation between the 
amount of uneven thickness of the tubular portion of the 
shell type outer ring and the L10 life in a bearing life test of 
shell type needle roller bearings 

0078 FIG. 7a vertical sectional view showing a com 
pressor for an air-conditioner which employs the Support 
structure for a compressor spindle of a first embodiment 

0079 FIG. 8 a vertical sectional view showing a com 
pressor for an air-conditioner which employs the Support 
structure for a compressor spindle of a second embodiment 

0080 FIG. 9 a vertical sectional view showing a com 
pressor for an air-conditioner which employs the Support 
structure for a compressor spindle of a third embodiment 
0081 FIG. 10 a vertical sectional view showing a 
piston pump for an ABS of a vehicle which employs the 
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Support structure for a piston pump driving portion accord 
ing to the present invention, and an electric motor 
0082 FIG. 11 graphs showing the surface roughnesses 
of the inner- and outer-diameter Surfaces of cup-shaped 
articles and the Surface roughness of blank materials in a 
drawing/ironing test 
0.083 FIG. 12 plate thickness sectional photos of the 
top end portions of cup-shaped articles in a drawing/ironing 
test 

EXPLANATION OF REFERENCE NUMBERS 

0084. 1 shell type needle roller bearing 

0119) 42 electric motor 
0120 43 armature 
0121 44 armature shaft 
0122) 44a eccentric portion 
0123 45 pump housing 
0.124 45a recess 
0.125 46 ball bearings 
0126 47 piston 
0127 48 suction port 
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0085 2 shell type outer ring 
0.086 2a inner-diameter surface 
0087) 3 needle rollers 
0088) 4 retainer 
0089) 5a, 5b flange 
0090) 11 spindle 
0091 12 oblique plate 
0092] 13 shoes 
0093. 14 piston 
0094) 14a recess 
0.095 15 housing 
0096) 16 thrust needle roller bearing 
0097. 17 cylinder bores 
0098. 18 spherical seats 
0099] 21 spindle 
0100 22 coupling member 
0101. 22a inclined surface 
0102 23 ball 
0103 24 thrust needle roller bearing 
0104 25 oblique plate 
0105 26 piston rod 
0106] 27 piston 
0107 28 housing 
0108) 29 thrust needle roller bearing 
0109) 31 spindle 
0110 32 coupling member 
0111 33 sleeve 
0112 34 thrust needle roller bearing 
0113 35 oblique plate 
0114) 36 piston rod 
0115 37 piston 
0116) 38 housing 
0117 39 thrust needle roller bearing 
0118 41 piston pump 

0128 49 outlet port 

1. A shell type needle roller bearing wherein a plurality of 
needle rollers are arranged along the inner-diameter Surface 
of a shell type outer ring formed by pressing, characterized 
in that the Surface roughness of the inner-diameter Surface of 
said outer ring is finer than the Surface roughness of its 
outer-diameter Surface. 

2. A shell type needle roller bearing as claimed in claim 
1 wherein the circumferential surface roughness of the 
inner-diameter surface of said outer ring is Ra 0.05-0.3 um. 

3. A shell type needle roller bearing as claimed in claim 
2 wherein the axial Surface roughness of the inner-diameter 
Surface of said outer ring is Ra 0.3 um or less. 

4. A shell type needle roller bearing wherein a plurality of 
needle rollers are arranged along the inner-diameter surface 
of a shell type outer ring formed by pressing, characterized 
in that the inner-diameter roundness of said outer ring is not 
more than 10 Jum. 

5. A shell type needle roller bearing wherein a plurality of 
needle rollers are arranged along the inner-diameter Surface 
of a shell type outer ring formed by pressing, characterized 
in that the amount of uneven thickness of the tubular portion 
of said outer ring is less than 10 um. 

6. A shell type needle roller bearing as claimed in claim 
1 wherein means for making the Surface roughness of the 
inner-diameter Surface of said outer ring finer than the 
Surface roughness of its outer-diameter Surface, means for 
making the inner-diameter roundness of said outer ring less 
than 10 Jum, or means for making the amount of uneven 
thickness of the tubular portion of said outer ring less than 
10 um is one in which an ironing step is provided in the 
pressing for forming said shell type outer ring, and the 
lubricating conditions on the outer-diameter side ironing 
Surface which is the outer-diameter Surface of said outer ring 
in the ironing step are a Substantially fluid lubricating state. 

7. A shell type needle roller bearing as claimed in claim 
6 wherein the number of drawings in a drawing step in said 
pressing is not more than three times, and said drawing step 
is a drawing/ironing step carried out simultaneously with 
said drawing step, which is final. 

8. A shell type needle roller bearing as claimed in claim 
7 wherein the number of drawings in said drawing step is 
one, and said ironing step is a drawing/ironing step carried 
out simultaneously with this one-time drawing step. 

9. A shell type needle roller bearing as claimed in claim 
6 wherein the material of said shell type outer ring is a 
phosphate film-treated steel plate. 

10. A Support structure for a spindle of a compressor in 
which a compression action member of the compressor is 
actuated by rotary-driving the spindle, and radial loads on 
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the spindle are Supported by a needle roller bearing arranged 
in the compressor, characterized in that said needle roller 
bearing is a shell type needle roller bearing as claimed in 
claim 2. 

11. A Support structure for a piston pump driving portion 
wherein the driving portion of the piston pump is abutment 
Supported by a needle roller bearing fitted on an eccentric 
portion of a motor output shaft, characterized in that said 
needle roller bearing is a shell type needle roller bearing as 
claimed in claim 2. 

12. A shell type needle roller bearing as claimed in claim 
4 wherein means for making the Surface roughness of the 
inner-diameter Surface of said outer ring finer than the 
Surface roughness of its outer-diameter Surface, means for 
making the inner-diameter roundness of said outer ring less 
than 10 Jum, or means for making the amount of uneven 
thickness of the tubular portion of said outer ring less than 
10 um is one in which an ironing step is provided in the 
pressing for forming said shell type outer ring, and the 
lubricating conditions on the outer-diameter side ironing 
Surface which is the outer-diameter Surface of said outer ring 
in the ironing step are a Substantially fluid lubricating state. 

13. A shell type needle roller bearing as claimed in claim 
5 wherein means for making the Surface roughness of the 
inner-diameter Surface of said outer ring finer than the 
Surface roughness of its outer-diameter Surface, means for 
making the inner-diameter roundness of said outer ring less 
than 10 Jum, or means for making the amount of uneven 
thickness of the tubular portion of said outer ring less than 
10 um is one in which an ironing step is provided in the 
pressing for forming said shell type outer ring, and the 
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lubricating conditions on the outer-diameter side ironing 
Surface which is the outer-diameter Surface of said outer ring 
in the ironing step are a Substantially fluid lubricating state. 

14. A Support structure for a spindle of a compressor in 
which a compression action member of the compressor is 
actuated by rotary-driving the spindle, and radial loads on 
the spindle are Supported by a needle roller bearing arranged 
in the compressor, characterized in that said needle roller 
bearing is a shell type needle roller bearing as claimed in 
claim 4. 

15. A Support structure for a spindle of a compressor in 
which a compression action member of the compressor is 
actuated by rotary-driving the spindle, and radial loads on 
the spindle are Supported by a needle roller bearing arranged 
in the compressor, characterized in that said needle roller 
bearing is a shell type needle roller bearing as claimed in 
claim 5. 

16. A Support structure for a piston pump driving portion 
wherein the driving portion of the piston pump is abutment 
Supported by a needle roller bearing fitted on an eccentric 
portion of a motor output shaft, characterized in that said 
needle roller bearing is a shell type needle roller bearing as 
claimed in claim 4. 

17. A Support structure for a piston pump driving portion 
wherein the driving portion of the piston pump is abutment 
Supported by a needle roller bearing fitted on an eccentric 
portion of a motor output shaft, characterized in that said 
needle roller bearing is a shell type needle roller bearing as 
claimed in claim 5. 


