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'‘APPARATUS THEREOF BACKGROUND OF THE | NVENTION Field of the invention This
invention relates to a grinding nmethod for curved surface i ng
"a concave surface such as a spherical surface of a given rmmnlmmmmmmmr/
concave and curved surface of a bearing groove and an apparat uggdaer eof .
Convention art As a working apparatus for carrying out a precision

grinding on a spherical surface such as a rod end of a ball joint) there is
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are selected 1n accordance wth a configuration of a work W And the cup
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not shown appaltactls thereotate where a driving shaft 2 is driven to rotate,
the grindi surface Jda_is nade to be displaced toward the direction B. The
wor k- W as%ﬁ%o be worked, has a spherical surface which remains
a finishing pAsceswotkinge agyarasddsf for gairdingy oukua tueac)siome gnondingy/ bas aa

t hrough ho t f r t

(her o naf t S EeEed BT EOURL A e PR IO RAP il t‘iﬁé#@@tﬁ it 3 shown
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the direction of arrow_ A nqu{té 'S madetorotaeln direction
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or surface roughnes
toward a dlrectlon of an arrow A (hereinafter referred to as “the first

driving shaft”) and the grinding surface la is driven to rotate in a
circumferential direction. Further, it is provided with a displacing means
not shown in which, in a state where a driving shaft 2 is driven to rotate,
the grinding surface 1a is made to be displaced toward the direction B.

The work W, as a surface Wa to be worked, has a spherical surface
which remains a finishing process to be applied for grinding. Further, the
work W has a through hole, which is coupled with and fixed to a driving
shaft 3 (hereinafter referred to also as “the second driving shaft”) which
is rotated on an axis perpendicular to the first shaft 2 in the direction of
arrow C.

And, in a state where the cup grindstone 1 is made to rotate in the
direction of arrow A and the work W is made to rotate in the direction of
arrow C, the cup grindstone 1 is made to get close to the work W. Then,
the total surface (circumference) of the grinding surface la abuts to the
surface Wa, which is the grinding surface of the work, and generates a
three-dimensional relative displacement between the grinding surface la
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By the way, in the case where a grinding is carried out by not only a cup
‘grindstone 1 but also another grindstone, it is necessary to carry out a
dressing on the grinding surface of the work after a given tinme period of
"working. This is because fine particles round by the grindstone grains and
the grindstone grains peeled off the grindstone are clogged with the
grinding surface. Such clogging becones nore outstanding in proportion to
the fineness of the grindstone ain which nakes a super precise grinding
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surface of the conductive gri ndstone is made to be abutted to the surface
of the work to be ground, and at the tinme when grinding a curved surface
whi |l e generating a three-di mensional relative displacenent, a voltage is
applied to a grinding portion between the conductive grindstone and a



4 surface to be ground while supplying a conductive coolant thereto and a
‘grinding is carried out while dressing the grindstone by electrolysis.
According to the above aspect of the present invention, in the case where a
~grinding work is carried out in such a @anner as whole of the conductive
grindstone abuts to the surface to be ground of the conductive work too, a
voltage is applied to a grinding portion between the conductive grindstone
and the conductive work and the conductive material on the surface of the
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According to a second aspect of the method for working a curved
surface of the present invention, whole of the grinding surface of the
conductive grindstone is made to be abutted to the surface of the work to
be ground, and at the time when grinding a curved surface while
generating a three-dimensional relative displacement, a voltage is

applied to a grinding portion between the conductive grindstone and a



Fig. -1 ir's a general front view of an enbodi nrent of a spherical surface
‘wor ki ng apparatus of the present invention. Fig. 2 is a side view of the
spherical surface working apparatus shown in Fig. 1. Fig. 3 is a general
“plan“vi ew showi ng a case where the spherd4 cal surface working apparatus of
t he enbodi nent has a swinging function. Fig. 4 is a general plan view
showi ng a wor ki ng apparatus whi ch nmakes a precision polishing such a
spherical surface as a rod end of a conventional ball joint. Fig 5is a
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driving shafd thei sux;ﬁa@mt@ekie wrohnd efthé condpptiveeqorhmenielént Suppdhies a

metal br Us%a%%dﬁﬁhﬁ?ﬂ ttthe %&&?9&109 éo%ﬁ&ﬁ‘?%elt%e%fn EIEE é;%'}?dg{éi Eﬁ??a%eo%

and the surface
wher e t he the gaindstomes and tﬂ:ae ﬁﬁéjfﬁtdﬁet%@ﬁf %éwh Otfdltsaecgm@uﬁ@vgomdéta)n%

nozzl e 10 gfe ael%@f‘ﬂk!Ctsh‘f)%WO@h%%m%l&p' Ym@aWisPBNs upply OGatcGrehd tdietipd ate
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the conductive grindstone is dissolved in the conductive coolant supplied
from the above mentioned supplying means, the above clogging of the
grinding surface of the conductive grindstone is solved.

In addition, according to a fourth aspect of the curved surface
processing apparatus, said conductive grindstone comprises a conical
grinding surface, said driving means comprises the first driving shaft to
rotate the conical grinding surface of the conductive grindstone in the
circumferential direction on an axis perpendicular to the first driving
shaft, and a displacement means which makes the first and second
driving shafts come to close and separated each other.
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grinding surface of the conductive grindstone in an in-process, it becomes
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appplied between the grinding surface la of the cup grindstone 1 and the
surface Wa to be ground of the work W, and by electrolysis the conductive
material on the surface of the grindstone is dissolved in the conductive
coolant, thereby with such function the clogging of the grinding surface
la is solved.

The operation and the effect of the present invention is as follows.
First, since an electricity is adapted to be supplied between the cup
grindstone 1 and the surface to be ground of the work W, without using an

independent electrode to pair up with the cup grindstone 1, it becomes



4. A curved surface working apparatus according to Caim3, wherein said
conducti ve grindstone conprises a cone-shaped grinding surface, said
driving neans conprises a first driving shaft to drive the grinding surface
of t.he cone-shape grinding surface of 7he conductive grindstone to the
circunferential direction, a second 10 driving shaft to rotate the
conductive work on an axis crossing the first shaft perpendicularly and a
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according to the present embodiment, even a # 300,000 grindstone does
not cause to clog, which enables a quite precise working.

Further, as shown in Fig. 3, ifa swinging means is provided around a
crossing point P of the axis of the first driving shaft 2 and the axis of the
second driving shaft 3 so as to swing either one of the first driving shaft 2
and the second driving shaft 3 or both with each other in the direction of
arrow E, F, even if a smaller cup grindstone 1’ mutually to the work W is
used, to the whole of the surface Wa to be worked of the work W, the super
finishing can be carried out. It is because by generating such a mutual
swinging between the first driving shat 2 and the second driving shaft 3
without changing the contacting state between the grinding surface la’
and the surface Wa’ to be ground the grinding surface 1a’ displaces on the
whole of the spherical surface in such a manner the grinding surface 1a’
licks the surface Wa’' to be ground. Similarly, it is possible to grind a
work of further larger diameter (not shown), and select free the mutual
size between the cup grindstone and the work.

Now, the present invention can be applied to not only the case where a
precise grinding is carried out to a spherical surface, as shown in the
above embodiment, such as the rod end of a ball joint, but also to the case
where the grinding is carried out by a combination of a comparatively
small grindstone and a work as a case where a grinding is carried out to a
work having a curved and concave surface such as a bearing groove. In
such an applied example too, since an independent electrode to pair with
the grindstone becomes unnecessary, when a curved surface grinding is
carried out by generating a three-dimensional relative deflection between
the grinding surface of the grindstone and the surface to be ground of the

work, it becomes unnecessary to prepare an countermeasure to make an
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electrode followed the grindstone displacement, and quite easy to cope
with a complicated surface configuration.

Due to the above constitution, the present invention can expect the
following effects. First, according to the first aspect of the present
invention, to the work having a spherical surface having a given radius
and a curved and concave surface such as a bearing groove, a more high
precision roundness or improved surface roundness.

Further, according to the second aspect of the present invention, by
the manner where whole of the grinding surface of the conductive
grindstone abuts to the surface to be ground of the conductive work, when
carrying out grinding the curved surface of a spherical surface having a
given radius and the work having a curved and concave surface such as a
bearing groove too, it becomes possible to obtain a high precision
roundness or surface roundness.

Further, according to the third aspect of the present invention, when
carrying out grinding the spherical surface having a given radius and he
work having a curved and concave surface such as a bearing groove, since
it becomes possible to carry out the dressing of the grindstone in an in-
process, and use a grindstone having a quite high grain size, depending
on the work a high precision roundness or an improved surface roughness

is obtained.

Further, according to the fourth aspect of the present invention, the
three-dimensional relative deflection is made to generate between the
conical grinding surface and the surface to be worked of the conductive
work and can give to the conductive work a spherical surface having a
high precision roundness or an improved surface roughness.

Further, according to the fifth aspect of the present invention, it is
become possible to select free the mutual size of the conductive

grindstone and the conductive work.
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What is claimed is:

1. A method for working a curved surface, wherein, when carrying out grinding a curved
surface of a conductive work while generating the three-dimensional relative
deflection between a grinding surface of a conductive grindstone and a surface to be
ground of the conductive work, the method comprises the steps of applying a voltage
between the conductive grindstone and the conductive work while supplying an
conductive coolant to a grinding portion between the conductive grindstone and the
conductive work and carrying out grinding while dressing the conductive grindstone
by electrolysis, wherein no electrically insulating material is required between points
of application of the voltage and the conductive work.

2. A method for working a curved surface comprising the steps of abutting whole of the
grinding surface of a conductive grindstone to the surface to be ground of an
conductive work, generating a three-dimensional relative deflection between the
grinding surface and the surface to be ground, at the time of carrying out grinding a
curved surface, applying a voltage to a grinding portion between the conductive
grindstone and the surface to be ground of the conductive work, while supplying a
conductive coolant between the conductive grinding surface and the surface to be
ground of the conductive work, and grinding is carried out while dressing the
conductive grindstone by the electrolysis, wherein no electrically insulating material is
required between points of application of the voltage and the conductive work.

3. A curved surface working apparatus comprising a driving means to generate a three-
dimensional relative deflection between the grinding surface of a conductive
grindstone and the surface to be ground of a conductive work, a supplying means to
supply the conductive coolant between the grinding surface of the grindstone and the
surface to be ground of the conductive work and electric supply means to apply
voltage to the work and electric supply means to apply voltage to the conductive
grindstone and the conductive work, wherein no electrically insulating material is
required between points of application of the voltage and the conductive work.

4, A curved surface working apparatus according to Claim 3, wherein said conductive
grindstone comprises a cone-shaped grinding surface, said driving means comprises
a first driving shaft to drive the grinding surface of the cone-shape grinding surface of
the conductive grindstone to the circumferential direction, a second
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