he 2%

EP O 000 289 A1

Europaisches Patentamt

o> European Patent Office @ Publication number: 0 000 289
Office européen des brevets A1l
® EUROPEAN PATENT APPLICATION

@) Application number: 78300108.4

@ Date of filing: 29.06.78

@ in.ci2:B24B 3/34

Priority: 05.07.77 US 812197
06.09.77 US 831013

Date of publication of application:
10.01.79 Bulletin 79/1

Designated Contracting States:
CHDEFRGB SE

@ Applicant: THE GLEASON WORKS,

1000 University Avenue,
Rochester New York 14692 (US)

Inventor: Ellwanger, Charles George,
82 Merryhill Drive,
Rochester New York (US)

Inventor: Pedersen, Harry,
24 White Hill Drive,
Rochester New York (US)

Representative: Harrison, David Christopher et al,
MEWBURN ELLIS & CO 70 & 72 Chancery Lane,
London WC2A 1AD (GB)

@ Apparatus and method for precision grinding of gear cutting tools. -

@ An improved apparatus for sharpening and resharpen-
ing cutting biades provides for very accurate positioning of a
plurality of cutting blades (22) relative to the flat grinding
plane of a grinding whee! (16). The apparatus includes
means for positioning the cutting blades in precise relation-
ships to a reference axis (26) so that the reference axis can be
used for establishing critical geometric surfaces on the cut-
ting blades.

FiG 1

Croydon Printing Company Ltd.



10

15

20

25

—
-
c'\

;00289

)

1

Titlie: Apparatus and Method for Precision Grinding
o0f Gear Cutting Tools

This invention relates to apparatus for sharpening
cutting tools and is specifically concerned with the
manufacture of tooling for gear cutting machinery.

As pointed out in U.S. Patent 3,881,889 (commonly
owned herewith), dimensional relationships and closeness
of tolerances are extremely important in the design and
manufacture of certain cutting tools, such as those  used
with gear cutting machinery capable of generating tooth
profiles for spiral, bevel, hypoid, and other types of
gears. The geometry of cutting blades for such machinery
has been relatively complex in order to accommodate
geometric changes which may be desired or required in the
finished gear products. As a result of these special
requirements, for cutting tools of this type, there has
been a'long history of manufacture and usage of cutting
tools which are relatively complex and costly in terms
of design and ease of manufacture.

Recently, there have been efforts to simplify the
geometry and design of cutting blades used in gear
cutting applications, and this present application is
directed to a disclosure of specific apparatus being
designed and built by The Gleason Works, Rochester, New
York for carrying out high production sharpening and
resharpening of various forms of cutting blades and other
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tdbls," Although this invention is dlrected primarily to
the'spec1a1 problems of maintaining critical tolerances
and relationships in cutting tools designed for spiral,
bevel, and hypoid gears, it should be appreciated that
the apparatus disclosed herein may be used to produce
cutting tools for other forms of gears (such as spur
and helical gears) and additionally may be used for
sharpening and resharpening cutting tools used for
milling or other stock removal applications.

vVarious forms of equipment have been designed.

for carrying out specialized grinding operations for
sharpening tooling for machines. For example, it is
known to provide for a swinging motion of a tool relative
to a grinding wheel so as to produce a preferred end
configuration on the tool. Patents disclosing- this
general concept appear to be directed primarily to
methods and apparatus for sharpening drill bits in
which a conical end profile is required for each drill
bit, as exemplified in U. S. Patents 2,471,443; 3,535,831;
3,656,264; and 3,838,540. _

It is also known to provide for batch grinding
of relatively simple cutting blades designed for use
in gear cutting applications, as shown in U. S, Patents
2,367,494 and 3,487,592, These types of grinding,
and the tooling being ground or re-sharpened, are closely
related to the specific subject matter of the present
invention inasmuch as the intent here is to provide
production apparatus for precision grinding a plurality
of gear cutting blades. However, as far as is known by
applicants herein, prior art efforts to resharpen precision
cuttxng*blades have not fully satisfied the production
requlféments of major users of gear cutting machlnery. . For
one’reason or another the types of equipment whlchugave“been
tried require unacceptably long per;ods of time fb;,chgnglng
blade batches and do not appear to offer full dimensional
control over a range of blade profiles to be sharpened in a
precision production process. Accordingly, it is believed

5
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that the apparatus and method des.:ribe¢d and claimed herein

represents an improvement over prior art efforts lg
this fleld.

In accordance with the present invention all criti-
cal surfaces of cutting blades are formed and established
in what amounts to a single grinding plane of a grinding

N R

wheel. This single grinding plane may be considered

a flat plane for many typical grinding operations
contemplated herein, but it is also intended that the
terminology "single grinding plane"” include grinding
wheel surfaces which have been shaped to produce special
profiles on cutting blades. 1In contrast to what will
be described herein as a "single grinding plane", the
grinding equipment illustrated in U. S. 3,881,889
(commonly owned herewith) requires the use of separate
grinding planes 66 and 68 (Figures 7 through'll thereof)
of a grinding wheel in order to carry out all steps

of resharpening of a cutting blade of the type shown.
Grinding wheels which are designed and manufactured
with multiple grinding planes are far more costly to
purchase and more difficult to maintain than grinding
wheels of simpler design which include only a sinéle
grinding plane for carrying out all operations. In order
to take advantage of a single grinding plane, however,
it is necessary to provide apparatus which can orient

a batch of cutting blades into different positions
relative to the single plane of the grinding wheel,

The present invention does this with an arrangement

of tool-holding equipment which permits set-up of the
machine with only a single reference axis for determining
initial and all subsequent positions of a batch of tools
relative to the single grinding plane. Thus, the*basig

-approach of the present invention is a s1gn1f1cant'
{,pqgiihaSmuch as it permits the use of simpler and less

BSJIéOsfixsgrinding wheels and dressers for establishing

Goacritidal relatlonshlps on cutting blades.

It is 1mportant that certain relatlonshlps be
established between individual cutting blades to be
sharpened and the single grinding plane of a grinding
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wheel. :n :3Zition, it is important-in grind;ng opera-—

._tlons of this type, which necessarily 1nvolve a series

;%“of steps of separate grinding contacts w1th a grinding
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surface, to precisely locate each surface being ground
with reference to other surfaces which were previously
ground or which will be subsequently ground. Maintenance
of correct relationships, and even knowing precisely
where a workpiece is located at all times relative to
a grinding surface, become more difficult as more and
more workpieces are introduced into each grinding cycle.
Thus, the problems of correctly relating a single cutting
blade to a grinding surface become greatly increased
when a plurality of cutting blades are being handled
at the same time. The apparatus of this invention solves
these problems, and additionally, offers higher production
rates than have been achieved heretofore for cutting
blades and other tooling of this type.
In its broadest form the apparatus of the present
invention comprises a machine having a base structure,
a grinding wheel assembly mounted at one end of the
base structure, and a cradle assembly mounted at an
opposite end of the base structure. Preferably the base
has an inclined upper surface for supporting essential
components of the machine, and this permits mounting
of the grinding wheel assembly at a lower level of the
surface for movement towards and away from the mounted
position of a plurality of cutting blades carried by
the cradle assembly at an upper level of the base struc~
ture. The cutting blades are secured in a tool-~holding
means which permits orientation of common selected
surfaces of all of the cutting blades toward the grinding
plane of the grinding wheel. 1In its preferred embodlment
the tool~holding means comprises a rlng-shaped member
wgéﬁhted on a drive spindle contained w1th1n the.cfadle
assembly so that a plurality of blades can be ?1
relative to the grinding plane of the grinding wheel
for rapidly resharpening a selected surface of all of
the blades in any given orientation of the blades to
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3
Con51der1ng the invention in a specific form in
which it will be initially manufactured, it is intended
that certain types of cutting blades be handled by
applicants' machine. These blades are of a type which
include at least (a) a first side relief surface, (b)
a topland surface, (c) a curved surface interconnecting
the first side relief surface and the topland surface,
and (d) a second side relief surface, (as disclosed
in U. S. 3,881,889 and in commonly owned U.S. Patent
4,060,881). Certain forms of these blades may addition-
ally include a curved surface interconnectind the topland
surface and the second side relief surfacé. Cutting
blades of this type have protected front (or chip) faces
which do not require resharpening. A prefertfed machine
for sharpening blades of this type includes a tool-holding
ring for carrying a plurality of blades with their end
portions projecting beyond a circumference thereof,
a driving means for spinning the tool-holding ring
relatlve to d grinding wheel, a cradle assembly for
supportlng the tool-holding ring in separate positions
for grinding the cutting blade surfaces (a) - (d) and
in the same grinding plane and area of the grinding
wheel, and control means for moving the cradle §ssembly
to the separate positions. One of the features of the
apparatus is its provision for turning a cradle body
portion of cradle assembly over to a position in which
opposite sides of a plurality of cutting blades can
be ground as the tool-holding ring spins the blades
in contact with the grinding wheel. This is accomplished
with means for turning the cradle body and its contained
tool-holdlng ring over in a cradle axis and tyls further

'}quuires a drive train for maintaining dr1v1ng -contact
”between a drive motor and the tool-holding rlng for
%all positions in which the cradle body may be turned

for grinding opposite surfaces of the cutting blades.
Additionally, a separate cradle base of the cradle
assembly is provided with a pivotal mounting relative
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assembly can be swung about a reference axis Whith is"
used to establish correct positioning of the'éﬁtéing
blades relative to the grinding plane and to provide
for generation of curved surfaces interconnecting the
side relief surfaces and the top land surfaces of the
cutting blades. Adjustment features are included to
provide for a full range of positions of different
shapes of cutting tools relative to the reference axis
and grinding plane for the machine.

Thus, the present invention offers specialized
equipment for carrying out the basic method of resharpen—
ing described in U. S. Patent 3,881,889, These methods
can be carried out at high production rates and with
complete control of dimensional and geometric relation-
ships of the cutting blades being sharpened. As a result,
greater productivity (and therefore lower cost) of
manufacturing can be achieved with the specialized
grinding equipment of this invention.

These and other features and advantages of the
invention will become apparent in the more detailed
discussion that follows, and in that discussion reference
will be made to the accompanying drawings as briefly
described below.

Figure 1 is an elevational view of the apparatus
of the present invention;

Figure 2 is a top plan view of the apparatus of
Figure 1;

Figure 3 is a cross sectional view of a tool-holding
means and its associated drive train, as seen in a plane
bisecting the tool-holding means and a drive motor
associated with its drive train. The illustrated “compo-
nents are shown in a reversed layout from the relbtion-
ships’ ‘illustrated in Figures 1 and 2, and the Ff@ﬁ?g -

3 view. is greatly enlarged from the scale of FlgureS'
1 and- 2;

Figure 4 is a view similar to that of Figure 3,

showing a cradle body portion of the cradle assembly
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An cross section for purposes of illustrating a means
er.tquing the cradle body in its axis; v S

Figure 5 is an elevational view, partly in cross
section, of the pivotal mounting arrangement for mounting
the cradle assembly of the machine onto the base structure;

Figure 6 is a side elevational view, partly in
cross section, of a grinding wheel and an associated
mounting spindle and means for driving the grinding
wheel,

Figure 7 is a side elevational view, partly in
cross section, for illustrating a mechanism for advancing
the position of the grinding wheel toward and away from
the position of the cradle assembly;

Figure 8 is a top plan view, partly in cross section,
of certain portions of Figure 7 as seen on line 8-8
thereof;

Figure 9 is an end elevational view, pértly in
cross section of a mechanism for adjusting the position
of the grinding wheel to advance the grinding wheel
for dressing purposes, as seen generally on line 9-9
of Figure 7; ' '

Figure 10 is a side elevational view, partly in
cross section, of a traversing means for moving the
grinding wheel assembly between a position for grinding
and a position for being dressed;

Figure 11 illustrates a manual adjustment feature
associated with the cradle assembly.

.Figure 12 is a top plan view of basic relationships
between a tool-holding means, a single cutting blade,
and a grinding wheel during formation of topland surfaces
on alplurality of blades carried by the tool-holding
means; ' EEEEE AT

,D;;;gigure 13 illustrates basic relationships ?@?53’
forming first side relief surfaces on a plurality of
bléégé_carried by the tool-holding means as the tool-
holding meahs spins relative to the grinding wheel;

Figure 14 illustrates a disengagement of the grind-
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iﬁé wheei>and tool-holding meaﬁs so that the entire

Figure 15 illustrates a final step of forming second
side relief surfaces on all blades when the tool-holding
means is in its turned over attitude; and

Figure 16 illustrates reference planes and points
on a single cutting blade.

Figures 1 and 2 illustrate the basic layout of
components of the machine of this invention. As shown
in Figure 1, the machine includes a base structure 10
having an inclined upper surface 12 for supporting
essential components of the machine. The supported
components include a grinding wheel assembly 14 mounted
at a lower level end of the inclined upper surface 12
for supporting a grinding wheel 16 having a grinding
face which can be located in a grinding plane 17 and
directed toward an upper end of a base structure 10.
A cradle assembly 18 is mounted at an upper level end
of the inclined upper surface 12 of the base structure
for supporting and positioning a plurality of cutting
blades 22 relative to the grinding face of the grinding
wheel 16. A tool-holding means, comprising a ring=-shaped
holder 20, is mounted within the cradle assembly 18
for securihg the plurality of cutting blades 22 in serial:
positions which permit orientation of common selected
surfaces of the cutting blades toward the grinding face :
of the grinding wheel 16. The inclined upper surface ;
12 of the base structure 10 provides for a more access— .
ible arrangement of the tool-holding means and of controi
components at the upper level end of the machine and ]
also provides for better control of coolant flow into \

and out of the grinding zone of the machine. Addition-

.&k1ly, the illustrated arrangement provides for a.gigid

and positive positioning of the grinding wheel .16 as

it is advanced toward the cradle assembly 18. ‘' -Retraction |
movements of the grinding wheel assembly 14 away from the °
cradle assembly 18 take advantage of gravitational pull !

i ——m
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on the grinding wheel assembly in its position on‘#he
inclined ‘surface 12. T

The cradle assembly 18 is mounted on a cradle base
24 which in turn is mounted on the base structure 10
so as to rotate on a pivot axis 26 which defines a
reference axis about which the cutting blades 22 are
moved relative to the grinding face of the grinding
wheel 16. As will be discussed in greater detail with
reference to Figure 5, means are provided for controlling
pivotal movements of the cradle base 24 about its axis
26 so as to carry the entire cradle assembly 18 and
its contained cutting blades to selected orientations
relative to the grinding wheel 16 (including generation
of the curved profile that typically connects the end’
portion and side portion of a blade profile).

In addition to the pivotal movement provided by
the cradle base 24, the cradle assembly 18 is mounted
relative to the cradle base 24 so that cradle axis 42
is manually adjustable in its off-set position relative
to the pivot axis 26. A relatively simple adjustment
means 28 (also see Figure 11) is provided for this type
of adjustment which has the effect of moving the entire
cradle assembly 18 transversely relative to the cradle
base 24 and to the face of the grinding wheel 16. This
adjustment is made for set-up purposes, and will be
discussed in greater detail with reference to Figures
12-16, and is carried out when clamping means 30 are
released from their normally clamped conditions for
rigidly securing the cradle assembly 18 relative to
the cradle base 24,

In addition, the tool-holding means 20 can be
adjusted transversely in its position relative to'f#e
eradfe.assembly in which it is mounted. This feature
wili®ht discussed in greater detail with reference to
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. Flgures 3-5 illustrate details of construction
for the cradle assembly and its associated mechanisms.
Figures 3 and 4 represent views of the cradle assembly
18 as it would appear looking down upon the assembly
and with portions cut away in a plane which is generally
parallel to the incline of the surface 12 of the machine.
Figure 3 illustrates a drive train for spinning the
tool-holding means 20 within a cradle body 40 of the
cradle assembly 18, and Figure 4 illustrates a means
for turning the cradle body 40 about a cradle axis 42
within the cradle assembly. , ,

Referring to Figure 3, it can be seen that the

tool-holding ring 20 comprises a ring-shaped holder
assembled from two separate disc~shaped members. One
of the disc—-shaped members comprises a base plate having
a very flat mounting surface against which reference
surfaces of the tools are mounted. The other disc-shaped
member has a plurality of slots formed therein for
receiving an equal number of cutting blades in secured
positions. The number of slots and cutting blades to
be carried thereby may vary according to specific needs,
but a production model of the machine provides for
sufficient slots to carry thirty six cutting blades

in the tool-holding means. The angular setting of the
slots establishes top relief angles to be ground on
the plurality of blades. Blades are loaded and unloaded
manually into and out of the tool-~holding means, and

it can be appreciated that additional tool-holding means
can be provided for any given machine so that blades
can be loaded into a demounted holder while a plurality
of blades are being ground in a separate holder moun‘=2d
on the machine. This feature eliminates long set—u;f
times on the machine itself and permits maximum ugd¢s
of the machine with very little down time for changfag‘
holdéfs. As shown, the tool~holding means 20 is selured
to-a drive épindle 46 with a fastening nut 44. The\ '
drive spindle means 46 is, in turn, operatively con'ected
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to a drive motor 48 through a drive train which includes:

. an output.shaft 50 from the drive motor 4R, a'thnectgng

shaft.-52-mounted through a pair of bearings 54 fof
driving spur gears 56, 58, and 60, which transmit their
turning moments to a pair of bevel gears 62 and 64 for
driving a final spur gear 66. The final spur gear 66
engages and drives a ring gear 68 secured to a flange
portion of the drive spindle 46, and thus rotary motion
from the drive motor 48 is carried to the drive spindle
46. All of the drive train structures just described
are mounted in such a way that driving engagement is
maintained between the drive motor 48 and the tool-holding
means 20 for all positions of the cradle body 40 relative
to the cradle assembly 18. 1In addition, the major
part of the drive train is carried by the cradle body
40 so that the drive train follows turning movements
of the cradle body 40 about its cradle axis 42. The
drive motor 48 is mounted with its axis of rotation
coincident with the cradle axis 42 and is fixed to the
cradle assembly 18 so that it does not have to turn
with the turning movements of the cradle body 40. Gear
ratios for the drive train can be selected to provide
whatever speed range may be desired for spinning the
tool-holding means, and a final speed of twenty to fifty
rotations per minute is suggested for sharpening gear
cutting blades of the type contemplated herein. Drive
motor 48 may comprise any known form of motor means,
and a variable speed hydraulic motor can be used for
this purpose.

In addition to the drive train structures discussed
above, Figure 3 also illustrates an adjustment means
for transversely shifting the tool-holding means 20
to provide for different set-up positions of the tool
22 ©velative to the turning axis 42 for the cradle bbdy.
The adjustment means includes a manually operated Sg;ew
70 for advancing or retracting the drive spindle houéing
73 relative to a bore 72 in which it is mounted. A
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"separate, exterior locking means is prov1ded ' It can
‘be seen that the ring gear 68 is of a suff1c1ent Wldth

to permit limited adjustment of the drive spindle relative
to the spur gear 66 with which it meshes., The purpose

in providing for this adjustment feature is one of
establishing the required position of the profile of

each cutting blade relative to the cradle axis 42, as
viewed in the Figure 3 orientation. This feature will

be discussed with reference to Figures 12-16.

Figure 4 illustrates a separate drive mechanism
for turning the cradle body 40 over within the ¢cradle
assembly 18. As previously discussed, the cradle body
40 is fitted within the cradle assembly 18 for being
turned over in its axis 42, and this motion provides
for a complete turning over of the tool-holding means
20 carried by the cradle body 40. A separate motor
means 80 is fixed to a non-rotating portion of the cradle
assembly 18 so that its output shaft 82 can transmit
a driving moment to a spur gear 84 carried thereby.

The spur gear 84 meshes with and drives a larger spur
gear 86, and the larger spur gear 86 is secured to the
cradle body 40. Thus, the larger spur gear 86 can rotate
the cradle body 40 to a selected attitude determined

by conventional control devices which are not illustrated
and which do not form a separate part of the present
invention. Use of this feature will be described with
reference to Figures 12-16. Additionally, sufficient
control devices can be provided for not only establishing
working positions for the cradle but also for establishing
a convenient cradle position for loading and unloading
the tool-holding means.

Figure 5 is an elevational view of a pivotal mount-
ing assembly for the cradle assembly 18 and E;S_éssociated
cradle base 24. Portions of the drawings have been cut
away in a vertical plane which lies on the inét.axis
26. As previously discussed, the entire cradle assembly
18 can be swung about the pivot axis 26 so that the
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ﬁzcuttlng blades contained within the tool- holdlng means

to the grinding plane 17. The different p051t10ns which
result from this pivotal movement of the cradle assembly
18 can be seen in the Figures 12 and 13 views. In order
to provide for swinging movements of the entire cradle
assembly 18, the cradle base 24 (to which the cradle
assembly 18 is normally clamped) is provided with a
downwardly extending spindle assembly having a drive
plate 90 secured to a lower end thereof. Thé cradle
base 24 and its associated spindle assembly structures
are mounted and supported within the framework of the
base structure 10 in such a way that the entire.load

of the cradle assembly 18 can be carried and rotated
about the axis 26 when the drive plate'90 is moved by

a hydraulic ram 92 (see Figure 2) interconnected between
a stationary portion of the base structure 10 and a
drive pin 94 associated with the drive plate 90. Movements
of the hydraulic ram 92 are controlled with known,
conventional devices. Limit positions for the pivotal
movement of the cradle assembly (about the axis 26)

are set by fixed stops 96 and adjustable stops 98.

The fixed stops 96 are mounted in a fixed structure

97 secured to a portion of the base structure 10 and
include projecting elements that can be moved (by
hydraulic means) into and out of the path of travel

of the adjustable stops 98. In this way, more than

two limit positions can be provided for pivoting the
cradle inasmuch as a stop 96 can be withdrawn momentarily
while a stop 98 bypasses it, followed by a movement

of the stop 96 back into a position for intercepting

a different stop 98 carried by one of the face coupling
members 99. The face coupling members 99 can_be separated
and rotated relative to each other to provide for very
precxse (within one minute) rep031tlon1ng of the stops

98 about the stack of coupling members 99.
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3 Turnlng now to the grinding end of the machine,

A?igures 6 through 10 illustrate details of the varlous

assemblies associated with the grinding wheel assembly
14. As shown in Figure 6, the grinding wheel 16 comprises
a cup-shaped grinding wheel of known composition and
manufacture, and this grinding wheel is rigidly mounted
for rotation through a portion of the housing associated
with the grinding wheel assembly 14. The grinding wheel
16 is driven by a pulley 100 interconnected to the
grinding wheel itself, and the pulley 100 receives its
driving moment from a reversible drive motor 102 (see
Figure 2) and a drive belt 104. L

The grinding wheel assembly 14 is mounted on ways
106 (see Figures 1 and 2) for being advanced and retracted
toward and away from the cradle assembly 18.. This
provides for engagement and disengagement of the grinding

‘wheel 16 with the tooling to be sharpened. Figures

7-9 illustrate details of a mechanism for controlling
the advancing and retracting movements of the grinding ‘
wheel towards and away from the cradle assembly.

As shown in Figure 7 a moveable portion 108 o6f
the grinding wheel assembly is mounted on ways 106 for
being advanced and retracted toward and away from the
cradle assembly 18. ‘A variable speed drive motor 110
is mounted on the moveable portion 108 and serves to
drive a large pulley 112 through a drive belt 114. As
shown in Figure 8, the large pulley 112 is secured to
a drive shaft 116 having a worm gear 118 secured thereto.
The worm 118} in turn, drives a gear wheel 120 for
rotating a spindle 122 (Figure 7) and a cam 124 carried
at a lower end thereof. The cam 124 is shaped to define
a cycle of advancing and retracting movements for the
entire assembly 108. The circumferential profile of
the cam 124 bears against a follower 126 which is opera-
tively connected to a fixed housing 128 secured .
+o0 a cross-slide member 101, and the fixed housing 128
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doét " nbt move toward and away from the pcsitionfof the
cthdle ‘assembly during normal cycling of the machine.
It can be seen that the position of the follower 126
can be adjusted manually with a screw adjustment 130
so that the position of a new grinding wheel 16 can
be set relative to a dresser. In addition, provision
is made for automatically feeding the position of the
follower 126 in a way which advances the grinding wheel
16 during a grinding cycle for dressing purposes. This
automatic feed is achieved with a known device, illustrated
in Figures 7 and 9, for imparting incremental turns
to the screw means 130 which adjusts the position of
the follower 126.

The automatic adjusting device of Figure 9 includes
a ratchet wheel 132 secured to the adjustment screw
130. A pawl 134 periodically engages successive teeth
on the ratchet wheel in accordance with reciprocations
of a piston 136 carried within a cylindrical chamber
138. Reciprocations of the piston 136 can be achieved
through the admission and ventiﬁg of o0il into and out
of the chamber 138 in accordance with known techniques
and with provision for adjusting the number of reciproca-
tions in order to dress a desired amount of material
from the grinding wheel 16. A separate clamping piston
133 is provided for locking the adjusting device between
incremental steps of turning.

Figure 10 illustrates a traversing means for moving
a cross slide 101 along ways 140 so that the grinding
wheel assembly 14 can be moved from a position for
grinding workpieces (as shown in Figure 2) to a position
where the grinding wheel can be dressed by a dressing
mechanism 142 (towards the top of Figure 2). This
position is also used for unloading the workholder.
Typically, the grinding wheel is dressed several times
during each operation of the grinding cycle, and it
ié;possible'to provide for a rapid movement of the
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grlndlng wheel 16 to a position for being dressed by
the dressing device 142 whenever the tool-holding means
20 is being repositioned to present different surfaces
for being sharpened.

Basically, the traversing means of Figure 10
comprises a hydraulic ram which includes a primary piston
150 fitted within a cylinder 152 and a secondary piston
154 fitted within a cylinder 156. The primary piston
150 is actuated with hydraulic fluid to provide a major
traverse of the grinding wheel assembly between its
grinding and dressing positions. Movement of the piston
150 is transmitted through a piston rod 158 to tﬁe
moveable cross—slide 101 on which the grinding wheel
assembly is carried. The secondary piston 154 functions
to provide for a small change in the lateral positioning
of the grinding wheel assembly between the rough grindiné
and finish grinding sequences. In addition, a screw
member 162 can be manually adjusted for precisely setting
the lateral position of the grinding wheel assembly
14 relative to the pivot axis 26.

Having discussed constructional details of this
invention, it is now possible to appreciate the type
of precision grinding operation that can be carried
out with such a machine, Figures 12 through 15 illustrate
a series of sequential steps that can be carried out
in a fully automated cycle of the machine when used
for sharpening a particular form of cutting blade that
does not require a sharpening of its front (chip) face.
Surfaces which are to be sharpened include (see Figure
16) a topland surface 180 (at the end of each cutting
blade), a first side relief surface 182, and a second
side relief surface 184. These three surfaces represent
critical surfaces which must be sharpened within carefully
controlled tolerances. In addition, it is desirable
to provide for a blending of each end of the topland
surface 180 with the side relief surfaces 182 and 184
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so as to produce rounded corners at the end of each-
cutting blade. o

Figure 12 illustrates a starting position for a
grinding cycle. At the beginning of the cycle the
tool-holding means 20 is spinning about its axis 200
with a batch of cutting blades 22 mounted therein for
sharpening. The cradle axis 42 is positioned at a
perpendicular to a theoretical grinding plane 17,
and the grinding wheel 16 is advanced toward the
cutting blades until its grinding surface is in the
grinding plane 17. This advancement of the grinding
wheel results in a formation of a topland surface
180 on all cutting blades'contained within the tool-
holding means.

A second step of the cycle involves a swinging
movement of the cradle assembly 18 about the pivot axis
26. This is carried out through a controlled actuation
of the ram 92 (Figure 2) as previously described, and.-
the effect of this motion is to provide a rounded corner
between the topland surface 180 and the side relief
surface 182. Eventually the relationship of the‘cutting
blades and the grinding wheel are as shown in Figure
13, and this provides for a sharpening of the first
side relief surface 182 on all of the cutting blades
contained within the tool-~holding means.

In order to carry out a correct blending of the
topland surface 180 with the side relief surface 132,
as just described, it is necessary that the pivot axis
26 pass through a point 202 (see Figure 16) of each
cutting blade 22 as the cutting blade is brought into
full engagement with the grinding wheel 16. Correct
positioning of the cradle assembly for this purpose
is achieved by a manual adjustment screw 204 (see
Figures 2 and 11) which is used for intially setting
the transverse position of the cradle assembly 18.

—



10

15

20

25

30

S 0000289

In-order to carry out this adjustment it is necessary to
unclamp the cradle assembly 18 from its cradle base 24
so that the cradle assembly can be traversed on ways
provided for this purpose.

Figure 14 illustrates a step in a cycle in which
the grinding wheel 16 is withdrawn from contact with the
cutting blades being sharpened so that the tool-holding
means can be completely turned over in its axis 42 to
present an opposite side of all cutting blades to.the
same area of the grinding face of the grinding wheel 16 as
was used for grinding the other surfaces of the blades.

As shown in Figure 16, the cradle axis 42 is set to bisect
the width of the topland 180 (through an adjustment of
position of the tool-holding means 20 with the adjustment
screw 70 shown in Pigure 3). This setting results in
reference point 206 being positioned bxactly on reference
axis 26 when the tool-holding means is turned over 180°
by motor 80 through gearing 84, 86,to the position shown
in Figures 14 and 15; upon turning over of the tool holding
means 20 the directibn of grinding action is reversed so
that during each grinding action material is being moved
away from the front surface of each'cutting blade 22. As
before, a curved profile can be formed between the topland
surface 180 and the second side relief surface 184 when
the cradle assembly 18 is swung about the reference axis
26 to the position shown in Figure 15. Each of the
curved profiles formed at the end of each blade con-
stitutes a segment of a circle having a radius equal to
the distance from the circumference of the curved profile

to.its assoéiated reference point 202 or 206.
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An important feature of the invention is its
provision for setting the precise position of the
grinding plane 17 through a precise control of position
of the dressing mechanism 142. This obviates a need
for attempted control of the grinding plane through
precision adjustments and movements of heavier com-~
ponents of the machine. Thus, in setting up the machine,
the cradle and tool—holder positions are set as closely
as possible to desired positions, and then, a finél
precision setting of the dressing mechanism is made to
achieve desired tolerances on the order of 0.0002 inch.

Of course, the apparatus can be used differently
than described above, and it is contemplated that many
precision sharpening procedures will involve additional
steps to those discussed above. For example, it may -
be preferred to provide additional steps of disengagement
of the grinding wheel from the cutting blades so that
the grinding wheel can be dressed more frequently or
so that a more precise re~engagement can be achieved with a
minimum of interference between shoulder portions of the
grinding wheel and portions of the cutting blades being
sharpened. Variations in technigque and operation will
be apparent to those skilled in this art. Other forms
and shapes of grinding wheels may be utilized, relative
advancement and withdrawal of the cutting blades and the
grinding wheel can be achieved by moving the cutting
blades as well as by moving the grinding wheel, and profile
shapes which are curved rather .than flat can be produced
on relief surfaces of cutting blades, if desired. Other

variations and modifications will be apparent to persons
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skilled in this art and those wvariations and
modifications which are fully equivalent to what has
been described herein are intended to be included in

the scope of the_claims of this invention.

~~
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CLATIMS:

1. A machine for high production, precision

grinding of critical surfaces of cutting blades (22)

- of a type which include

(a) a first side relief surface (182),

(b) a topland surface (180),

(c) a second side relief surface (184), said
machine having a grinding wheel (16) with a substantially
flat grinding plane (17) for contacting and grinding
said surfaces (a), (b) and (c) of said cutting _blades,
characterized by:

tool-holding means for securing a plurality of
said blades during a grinding operation which moves said
plurality of blades relative to said flat plane of the
grinding wheel, the tool-holding means including a ring-
shaped member (20) for carrying the pluraiity of blades
(22) with their end portions projectiné beyond a
circumference thereof,

driving means (48, 50, 52('56, 58, 60, 62, 64,
66, 68 46) for spinning said blade—carfier member (20)
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and blades carried by it, relative to said grinding
wheel (186),

a cradle assembly (18) for supporting the
blade-carrier member (20)in separate positions for
grinding said cutting blade surfaces (a) - (&) in the
same grinding plane and area of said grinding wheel (16},
and ) '

control means {90, 92, 96, 98) for mbvipg said
cradle assembly (18) to said separate positions,

whereby said maghine can function to grind
critical surfaces of said plurality of cutting blades
at a high production rate by spinning said 5lade—carrier
member (20) and its contained blades in a first position
of contact with said grinding wheel to produce said.
first side relief surfaces of all of the contained
blades, and thereafter turning said blade-carrier member
(20) over to a second position for spinning ité'contained
blades in contact with the grinding wheel to produce
said second side relief surfaces for all of the contained
blades.

2. A machine according to Claim 1 wherein said
control means includes means for pivoting said cradle
assembly around a reference axis (26) which passes
through a tip portion of each cutting blade (22) when
the cutting blade is in the grinding plane (17) of the
grinding wheel (16).

3. A machine according to Claim 1 or.claim 2 and
including a cradle body (40) within said cradle assembly
(18) and further including turning means (80,82,84,86)

for turning said cradle body over in an axis (42) thereof.
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4, A machine according to Claim 3 wherein said
driving means for spinning the blade-carrier member
includes

a driye motor (48) having an output shaft
(50) mounted to rotate in said cradle axis, and

a drive train (52, 56, 58, 60, 62, 64, 66, 68)
operatively connected between said drive motor (48)
and the blade-carrief member (20), said drive train
being carried by the cradle body (40) so as to follow
turning movements of the cradle body in its axis (42).
5. A machine according to Claim 3 or Claim 4 and
including means (70,73), for adjusting the position of
the blade-carrier member (20) means within said eradle
body (40).
6. A machine according to Claim 5 and including
means (28,204) for adjusting the working position of the
blade-carrier member (20) relative to a pivot axis (26)
of the cradle assembly (18). V
7. A machine according to Claim 1 and including
traversing means (150, 154, 158) for moving said grinding
wheel assembly between positions for grinding and for
being dressed by . a dresser (142).
8. A method for grinding critical surfaces on
cutting blades of the type that require no sharpening
of their front cutting faces but which do require
sharpening of (a) a topland surface ilSO), (b) a first
side relief surface (182), and (c) a secdﬁd gside relief
surface (184), said method characterised bj”the steps of

mounting said cutting blades in a holder (20)

which functions to spin a plurality of such blades into
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a single grinding plane (17) of a grinding wheel (16)
so that corresponding profile surfaces can be ground
on all of the cutting blades (22) as they spin in
contact with the grinding wheel during a single set-up
of the cutting blades in the holder,

spinning said holder and its contained cutting
blades in a plane of rotation containing axis (42) that
intersects a reference axis (26),

forming said topland surface (180) and said
first side relief surface (182) of each cutting blade
while said holder is spinning in separate positions of
orientation relative to the grinding wheel (16),

turning the holder over in a turning axis (42)
which intersects said reference axis (26), and

forming said second side relief surface (182)
while said holder (20) is spinning relative to the
grinding wheel (16).
9. A method according to Claim 8 wherein the step
of forming said topland surface and said first side
relief surface includes separate grinding operations
comprising

relatively advancing said holder and said
grinding wheel in the plane of rotation of the grinding
wheel so that end portions of the cutting blades are
brought into the grinding plane (17) of the grinding
wheel (16) to form said topland surfaces (180) on the
cutting blades (22), ' ,

swinging said holder about said reference axis
(26), and -

forming said first side relief surface.
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lo. The method of Claim 8 or Claim 9 and ,
including a step of reversing the direction of grinding
action between said cutting blades (22) and said
grinding wheel (16) when said holder (20) is turned
over in its turning axis (42) for forming the second
side relief surface, to thereby provide for a

grinding action that tends to move material away

from the front face of each cutting blade as each

surface is sharpened thereon.
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