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| 5 Claims.

This invention relates to grinding machines,
and particularly to methods and apparatus em-
ployed in connection with grinding machines for
producing intricate contours. _

In the forming of intricate contours, as for
example, Torm tools for certain types of turning
work, the most practical procedure is to shape
these members by a grinding process. Exam-
ples of tools of this type will be found in the art
of manufacturing crankshafts and other automo-
tive workpieces.

Tools of this type are usually requlred in great
number and must be maintained in high produc-
tion and, accordingly, tools for such parts must
likewise be produced in quantity. Thus, it is cus-
tomary for the manufacturers to carry a rather

(CL 125—11)
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heavy inventory of forming tools of this type in

order to prevent any curtailment of the produe-
tion of the workpieces being formed thereby.

- It is customary in forming tocls of this type to
produce them by grinding, and generally by
truing a grinding wheel ‘to the shape of 2 small
portion of the form and producing the entire
tool by a series of grinding operations with fre-
quent reshaping of the grinding wheel and rela-
tive movement between the tool and wheel. The
entire contour of the tool is thus reproduced
thereon.

This method of producmg form tools, especial-
ly those which are intricately shaped, is slow and
expensive. Furthermore, due to the fact that
only a small part of the tool is ground at a time,
the accuracy of the finished tool is often not as
great as desirable.

‘Tools -of this nature can be formed to h1ghly
accurate dimensions and with reasonable rapidity
by using a grinding wheel having a width at least
equal to the surface of the tool to be ground, and
shaping the periphery of the wheel to be comple-
mentary to the configuration of the form tool
being operated thereby.

This method of producing the tools is rapid
and relatively inexpensive and produces work-
pieces accurate within close limits.
method of shaping a wheel for an operation of
this type is by crush forming with a roll. How-
ever, the forming of a wheel requires the use of
an ';accurate'ly shaped roll having a cross-section-
al configuration equivalent to that of the work-
piece ‘Which is to be formed. Heretofore it has
been necessary to form the rolls for dressing
the grinding wheel to the proper shape by slow
and expensive processes sSimilar to the process
mentioned above in connection with former proc-
esses for producing the finished form tools.

The particular object of the present invention
is to provide an improved method whereby form
tools of intricate contours can be 1nexnenswely
and rapidly produced by a process utilizing the
technique of crush forming @ grinding wheel.
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It is a further object of this invention to pro-~
vide a method of reproducing form tools and the
like havmg intricate contours whereby the said
tool or article can be made or duplicated from an
existing too]l having the same configuration.

It is a further object to provide an improved
apparatus for grinding workpieces to intricate
contours and utilizing crush forming of the
grinding wheel. |
- It is also an object to prowde an apparatus for
forming grinding wheels to intricate configura-
tions and including means for generating intri-

~cate contours on crushing rolls to be employed in

the shaping of the grinding wheel. |
These and other objects and advantages will

become more apparent upon reference to the

following description taken in connhection with

‘the accompanying drawings in which:

~Figure 1 is a perspective view showing a typical
grinding machine having a dressing and roll
forming apparatus according to thig invention
mounted-on the table thereof, and adapted for
practicing the methods of this invention;
Figure 2 is a somewhat enlarged view of a part
of the machine looking from the operator’s side

thereof:

Pigure 3 is an enlarged transverse section in-

dicated by the line 3—3 on Figure 2 and showmg

details in connection with the driving and sup--

30 porting of the dressing roll;
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PFigure 4 is a fragmentary view showmg an ad-
justment for adjusting the elevation of the dress-
1ng roll relative to the grinding wheel: and

PFigures 5 through 10 are views of successive
steps in a dressing and grinding cycle according
to this invention.

Referring to the drawings, Figure 1 illustrates
a grinding machine having a table {0 which is
adapted for supporting workpieces to be ground
as at 12. The machine also incluudes a column
4 which reciprocably mounts a saddle 16 that
carries the wheel head 18. A grinding wheel at
20 is journaled in the wheel head 18 and is driven
by any suitable motor means. Also mounted on
the table {0 of the machine is the dressing and

roll forming fixture of this invention as at 22.

-Referring to Figures 2 and 3 it will be seen that
the fixture 22 comprises a first bed part 24 which
is rigidly secured to the table 10 and which in-
cludes an upstanding part at one end as at 26
which provides a transverse pivot shaft 28. Sup-
ported on the pivot shaft 28 is a second bed mem-
ber as at 30 which extends along and substantially
parallel with the bed 10. The left end of the
upper bed member 30, as viewed in Figure 2, is

- supported on a shaft 32 which is journaled in a

b

pair of upstanding flanges 34 at the left end of
the stationary or a sub-bed 24.

Relative angular adjustments between the beds
is accomplished by the wedge shaped shoe 36
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which is mounted on the underneath side of the
upper bed 30, and guided thereon as by the key
38 and which is positioned between the bottom
of the bed 30 and the shaft 32. Preferably, the
shoe 36 includes the wear plates 40 which engage
the shaft 32. .

Adjustment of the shoe 36 longitudinally of
the bed 30 in order to vary the relative angularity

of the beds and thereby to adjust the elevation of

the dressing roll carried by the upper bed is ac-
complished by means of the screw 42 which en-
cages the shoe 36 and which is mounted in the
end of the bed 30 as shown in Figure 4. |

Tt will be evident that the screw can be rotated
relative to the bed but is held against axial move-
ment therein by means of the collar 44. Means
may be provided for determining the amount of
adjustment given the bed 30 by placing suitable
indicia on the collar 46 attached to the screw 42
if so desired.

In order to insure that the bed 30 will move
exactly vertically relative to the bed 24, one of

the beds may be provided with machined flats or.

pads as at 48 which bear against flat keys as at 50
provided on the other of the said beds. This
arrangement prevents any lateral movement of
the end of the bed 30 remote from the pivot
shaft 28.

Mounted on the upper surface of the bed 30 on
the left end thereof is a shaft 56 which is adapted
for mounting the dressing roll 58 which is locked
against rotation on the shaft as by a key 60 and
which is held against axial movement relative to
the shaft by the sleeve 62 which abuts the en-
larged portion 64 of the shaft on one side of the
said roll and by the sleeve 66 which is abutted
by the nut 68 threaded to the shaft on the other
side of the said roll.

The ends of the shaft 56 are suitably supporied
in the bearing boxes 70 and 72 on antl-friction
bearings T1 and 13 according to individual pref-
erence. f

The shaft 56 is adapted for being selectively
driven or being rotatable idly in its said support-
ing bearings, by means of an arrangement shown
at the left end of the said shaft in Figure 3. This
arrangement comprises a worm wheel T4 mounted
on a member 16 that is journaled on the shaft 56
as by the roller bearings 78. The worm wheel T4
and member 16 are retained in position by 2
washer 80 at one side thereof, and by a collar 82
and snap ring 84 at the other side thereof. The
member 16 includes clutch teeth as indicated at
86 which are engageable with corresponding teeth
on g clutch member 88 slidably carried at the
extreme left end of the shaft 56. The member 88
is keyved to the shaft by the keying means indi-
cated at 90 in Figure 3 and is selectively movable
into or out of engagement with the clutch mem-
ber 16 by means of the drawbar 92 extending com-
pletely through the shaft 568 and terminating in
the knurled knob 94. This arrangement permits
the knurled knob 94 to be placed at the operator’s
side of the dressing fixture while the more bulky
drive and clutch mechanism ig vositioned at the
back of the fixture. |

The worm wheel 74 meshes with a worm gear 96
carried on a shaft 98 that extends toward the
pivot end of the bed 30 to be drivingly engaged
by the output shaft of a geared head motor 100.

According to this invention means are provided
for shaping rolls mounted on the shaft 56 and

this is preferably accomplished by a fixture 102
adapted for mounting the forming tool {04 and
being movable toward and away from the axis
of the said roller by its mounting on a bed mem-

- on
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ber i06. A screw 108 is preferably provided which
may be rotated for positioning the fixture [02.
Graduations may be provided at {10 on the shaft
68 for determining the exact positioning of the

fixture 102 if desired.

According to the process of reproducing in-
tricate contours as proposed by this invention, a
form tool is placed in the fixture 102 and a dress-
ing roll is shaped thereby by bringing the tool into
position to bear against the periphery of the said
roll and then by driving the shaft 56 through
engagement of the clutch members 16 and 88.
At this time the tool acts as a shaving member
and shaves material from the periphery of the
roll until its shape exactly conforms to that of
the forming tool.

n most instances when it is desired to repro-
duce a contour, there will be a previously made
form tool available. While such a tool may be
worn to the point where it is not suitable for
production processes it will nevertheless be:
adeguate for shaving a roll to shape for the pur-
poses of the present invention. Also, the shape
which the roll will be formed to will be accurate
since the shape of a form tool is generally the
same through its thickness.

The steps mentioned above are shown in Figure
5 of the drawings wherein a roll ({2 is being
shaped by a form tool (14 which may be a tool
taken from a production machine. The tool |14
is clamped in the fixture 102 and urged against
the periphery of the roll 112 while the roll is
driven by the shaft 56.

After the roll (12 has been formed to the

5 proper shape, it is utilized for crushing a grinding

wheel 1{6 to shape as shown in Figure 6. It will
pe apparent that the outline of the grinding
wheel is the same as the outline of the form .tool
(4. |

After the wheel 116 has been formed by the
roll {12 it is utilized for grinding one Or more
tools 118 to shape as shown in Figure 7. These
tools are preferably mounted as the workpieces
are mounted at i2 in Figure 1. The tools {18 are
form tools of the standard type, or are particu-
larly shaped to be employed as shaving members.

After the tools 118 have been ground to shape,
one thereof is then mounted in the fixture 102
as shown in Figure 8 and is employed for shav-
ing another crushing roll 120 to shape. The
crushing roll {20 is mounted on shaft 86 and is
driven thereby as the roll 112 in Figure 5.

After the roll 128 has been properly shaped, it
may be employed to crush a grinding wheel as
shown in Figure 9. The grinding wheel in Figure
9 is indicated at 122 and it will be observed that
its configuration is complementary to that of the
roll 120.

The final step in reproducing a contour is in-
dicated in Figure 10 wherein the wheel (22 is
grinding one or more form tools 124 to the proper
configuration. |

It will be apparent that the tools 124 carry ex-
actly the same shape as the original tool {14 and
may therefore be utilized in the same production
process from which the tool 114 is taken.

The wheel (22 may be maintained by the roll
{20 which does not need to be removed from the
shaft 56 once it is mounted thereon, while the
said roll may be maintained by the shaving tool
{18 which, likewise, does not need to be removed
from the fixture (02. |

The operations shown in Figures 5,' 6 and 7 may
be performed in the fixture 22 if desired, but it
will be understood that a separate machine could
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be' utilized- for these steps if desn'ed while -re-"
taining the carrying out: of the final steps shown
in Figures 8, 9 and 10 on the production machine

on which the final product is preduced

It will be seen that the method and eppemtue'
according: to this invention are particularly well

adapted for use by manufacturers having pro-

ductmn processes whlch Lequne the use ef xozm-

tools. |
Essentmlly the method eutlmed in th1s apph-

catlen is' that of utilizing an old form tool for

© 2,585,990°

inte true redlel dlSpﬁSlthIl w1th a blank unit. and“’.
grinding a surface of the same to produce a re~
verse reproduction of the desired contour: mount-
ing said reversed unit in radial ehgnment with a

* crushing roll: cutting the roll to a. positive re-
Pproduction ef the desired: contour by driving said

crushing roll in contact with said ground surface

 of said reversed unit; angd bringing the roll into.

1

shaping a crushing roll; thereafter using the roll.

so shaped to form a 'Wheel’ ‘grinding a. second

form- tool by the wheel so sheped shaving still

~another crushing roll to the proper conﬁgura,tlen.

by the tool last ground; and forming a grinding
wheel by the last mentioned roll. The erinding
wheel dressed by the said last mentioned roll can
then be utilized for repreducmg the eentem of
the original form tool. |

utilizes an. original form tool retired from a pro-
duction operation, or taken therefrom, it will be
understeed that the original tool ceuld be pro-
duced cn an accurate tool grinding machine from
a master layout or part print if desired. In erthe?

case an exact duplicate of the or iginal fet'm tool

can be mede ‘because tools of this nature are not
form - reheved being of the same- COHﬁghI‘&tTOH
completely threugh the1r thlckness Thus in u’f‘f-

worn, it ean be restored to 1ts er1g111e1 configura-

3}

tion by grmdmﬂ* a predetexmmed ameunt eﬁ the |

Workmg edge thereof.

By ‘providing the pivot shaft 28 at a position
remote from the axis of the shaft 58, and at sub-

stantially the same horizontal level, the adjust-
ments made in the angularity of f?oe bheds 24 and
30 will be such that the said rell will move sub-

stantially vertically over a wide range of adjust-

ment of the shoe 36. This is of advantage be-
cause the table can be reciprocated relative to the

wheel by a fixed amount and always bring the

grinding wheel and crushing roll to proper rela-
tive position. Also, substantially all thrusts on
the crushing roll due to the wheel being pressed
thereagainst will be carried by the shaft 22 and
not transmitted to the pivot shaft 28.

It will be understood that the errangement
shown proposes unclutching the roll shaft 56 from

its drive motor during the dressing of the wheel

and that the wheel is driven at low speed during
the dressing cycle.
contemplates driving the shaft 56 and permitting
the wheel to idle during the dressing cycle 1f it
should be so desired.

It wil] be understood that this mventlen 1S Stis-
ceptibie to modification in order to adont it to
different usages and conditions and, accordingly,
it is desired to comprehend such modifications

within this invention as may fall Wlthm 'the scope

of the appended claims.

Iclaim:

1. The method of producmg dressmg rolls for
shaping production grinding wheels to a prede-
termined contour which comprises:
unit having the desired contour in radial alien-
ment with a crushing roll; shaping said crushing
roll to g reverse configuration by contacting said

unit Shereto through relative radial movement of

sald unit and roll; bringing said formed roll into
co-planar surface contact with a grinding wheel

and crushing the same in pressured revolving

engagement to a positive reproduction of the orig-
inal contour; bringing the said grinding whesl

- However, this invention also

mounting a

45

20

| o8
While the preferred methed of this invention

co-planar surface centect with ‘and crushing a
sald. production grinding wheel in pressured re-
volving engagement to a negative reproduction of
the original unit whereby the complementary
shape ground will be identical to the cenﬁgura-f
tion of the original unit.

2, The method of producmg dressmg rolls :Eor“
shaping production grinding wheels to- a prede-
termined contour which comprises: mounting a
unit having the desired contour in radial align-
ment with a crushing roll; shaping said crushing
roll to a reverse configuration by contacting said

unit thereto through relative radial movement of

said unit and rell; bringing said formed roll into
co-planar surfece contact with a grinding wheel.
and crushing the same in pressured revolving:

5 engagement to g positive reproduction of the

original contour: ; bringing the grinding wheel into
true radial dlSpOSltlD“l with a blank unit and
grinding ‘a surface of the same to produce g re-
verse reproduction of the desired contour: mount-
ing said reversed unit in radial alignment; with a
crushing roll; cutting the roll to a positive repro-
duction of the desired contour by driving said
crushing roll in econtact with said ground surface
of said reversed unit: and bri inging the roll into
co-planar surface centact with 'and crushing a
said production glmdmg wheel in pressured re-
volving engagement to a negative reproduction of
the original unit by movement of said roll in an
arcuate path intersecting the periphery of said
grinding wheel at a point tangent to g redlus'

- plane of said grinding wheel.

3. The method of reproducing contours by
means of grinding and production grinding wheels
which comprises: mounting on a support a mem-

ber having a shape it is desired to reproduce:

moving the member into engaegment with the
surface of g crushing roll with the cutting edge
of said member having all parts thereof in true
radial disposition relative to said roll: forming
sald crushing roll to the shape of said member by
rotating said roll relative to said member: bring-
ing the said formed roll into co-planar surface |
contact with said grinding wheel and crushing

- the same in pressured revolwng engagement to a

55

positive reproduction of the original contour::
bringing the grinding wheel into true radisl dis-
position with a blank unit and grinding a surface

- of the same tc produce a reverse reproduction of

80

70

the desired contour; mounting said reversed unit
in radial alignhment with a crushing roll for shav-

- 1ng said roll to a shape which is a positive repro-
duction of the desired contour by driving said

crushing roll in contact with said ground surface

of said reversed unit; and bringing the shaped
roll into co-planar surface contact with and
~crushing a said production grinding wheel in

bressured revolving engagement to a negative re-
production of the original unit whereby the com-
blementary shape ground will be identical to the
configuration of the original unit.

4. The method of reproducing contours by

- means of grinding and production grinding

75

wheels which comprises: mounting on a support
a member having a shape it is desired to repro-
duce moving the member into pressured engage-
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ment with the surface of the roll while the same

is rotating relative to said member and with the
cutting edge having all parts thereof in true radial
disposition relative to said roll; bringing the said
formed roll into co-planar surface contact with
a grinding wheel and crushing the same in pres-
sured revolving engagement to a positive repro-
duction of the original contour; bringing the
grinding wheel into true radial disposition with
blank unit and grinding a surface of the same to
produce a reverse reproduction of the desired con-
tour: mounting said reversed unit in radial align-
ment with a crushing roll for shaving said roll to
a shape which is a positive reproduction of the
desired contour by driving said crushing roll in
contact with said ground surface of said reversed
unit: bringing the shaped roll into co-planar sur-

10

face contact with and crushing g said production

grinding wheel in pressured revolving engagement
to a negative reproduction of the original unit

whereby the complementary shape ground will be

identical to the configuration of the original unit;
and intermittently dressing the grinding wheel by
the last mentioned roll.

5. The method of reproducing contours by
means of grinding and production grinding wheels
which comprises: mounting on a support a mem-
ber having g shape it is desired to reproduce,
moving the member into pressured engagement
with the surface of the roll while the same is ro-
tating relative to said member and with the cut-
ting edge having all parts thereof in true radial
disposition relative to said roll; bringing the said
formed roll into co-planar surface contact with &
orinding wheel and crushing the same in pres-
sured revolving engagement to a positive repro-
duction of the original contour; bringing the
orinding wheel into irue radial disposition with a
blank unit and grinding a surface of the same to
- produce a reverse reproduction of the desired con-

tour: mounting said reversed unit in radial align-

20

25
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ment with a crushing roll for shaving said roll to:
a shape which is a positive reproduction of the.
desired contour by driving said crushing roll in
contact with said ground surface of said reversed
unit: bringing the shaped roll into co-planar sur-
face contact with and crushing a said produc-
tion grinding wheel in pressured revolving en-
cgeement to a negative reproduction of the
original unit whereby the complementary shape
sround will be identical] to the configuration of
the original unit; and at least intermittently
causing the truing device and the crushing roll to
be brought into engagement with the comple-
mentary shaped edge of the truing device to main-
tain the shape of said crushing roll accurate with-
in predetermined limits., |
WILLIAM G. BALDENHOI'ER.
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