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The present invention relates to a machine for sharpening cutter blades and particular 
ly to a machine for sharpening the cutter 
blades of a rotary annular face mill cutter 

5 such as is employed in the production of lon 
gitudinally curved tooth gears. 
One object of this invention is to provide a 

machine of the character referred to which 
will be fully automatic in operation and upon 

so which the cutter blades may be both rough 
and finished ground. v, 
Other objects of the invention will be ap 

parent hereinafter from the specification 
when read in conjunction with the accom 

5 panying drawings, the novel features being 
pointed out in the claims appended hereto. 

In the drawings: 
Figure.1 is a side elevation, partly in sec 

tion, of a cutter grinder constructed according 
20 to one embodiment of our invention; 

Figure 2 is an isometric view of the ma 
chine, showing details of the drive; 

Figure 3 is a sectional view of the work 
head and carrier; Figure 4 is a plan view of the work support 
showing parts of the index mechanism in 
section; 

Figure 5 is a section on the line 5-5 of 
Figure 4 looking in the direction of the ar 

30 rows; 
Figure 6 is a section on the line 6-6 of 

Figure 5; 
Figure 7 is a perspective view showing the 

lock-up part of the index mechanism, the 
two halves of the stop plate being separated 
for clearness; 

Figure 8 is a detail of the index trip mech 
anism; 

Figure 9 is a sectional view showing the 
arrangement of the pulley drive to the grind 
ing wheel, the section being taken generally 
on the line 9-9 of Figure 1; 

Figure 10 is a front elevation of the mech 
anism controlling the adjustments of the 
work Support and the feed thereof; 

Figure 11 is a section on the line 11-11 
of Figure 10; 

Figure 12 is a section on the line 12-12 of 
50 Figure 10; 
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Figure 13 is a section on the line 13-13 of 
Figure 10; 

Figure 14 is a detail sectional view show 
ing the mounting of the feed screw and nut; 

Figure 15 is a side elevation of the cam 
controlling the roughing operation of the 
machine; Figure 16 is a corresponding side elevation 
of the finishing cam; and 

Figure 17 is a perspective view of one of 
the cutter blades to be ground. 
The present invention is intended pri 

marily for sharpening the cutter blades of 
rotary annular face mills, the sharpening operation being accomplished by grinding 
back the front cutting faces of the blades. 
in the machine illustrated, a rotary grinding 
wheel is employed having a conical operat 
ing surface. The cutter head, in which the 
blades are mounted upon the gear cutting 
machine, may be used on the machine of the 
present invention to support the cutter blades 
to be ground or a separate head may be em 
ployed for carrying these blades. Suitable 
adjustments are provided for bringing the 
work Support and grinding wheel into cor 
rect operative relation. Thus, the work sup 
port has a straight line adjustment to per 
mit offsetting the plane of engagement of the 
grinding wheel from the axis of the cutter 
in accordance with the shear angle to be 
ground on the blade, and an angular adjust 
ment to insure that the correct cutting edge 
Will be obtained in the offset grinding posi 
tion. The work support has a straight line 
adjustment, also, in a direction at right 
angles to the first mentioned adjustment to 
allow bringing the cutter into operative re 
lation with the wheel. 
Alternate blades of a face mill gear cut 

ter are designed ordinarily to cut on oppo 
site sides of the gear teeth so the front faces 
of alternate blades have oppositely directed 
shear angles. The work support is offset in 
opposite directions, therefore, to grind the 
opposite side cutting blades. 
The cutter head is locked against rotation 

On the work Support during the grinding op 
eration upon each blade and is indexed after 
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each blade is ground to bring a new blade into 
operative position. 
To effect grinding, the work support 

is reciprocated to move the blades being 
round across the rotating grinding wheel. 
he reciprocating movements are effected 

from a cam through an oscillatory shaft 
which has a geared connection with the re 
ciprocable work support. The machine is 
provided with two cams, one for roughing, 
the other for finishing and either cam may 
be selectively brought into operative rela 
tion with the oscillatory shaft to permit 
rough grinding or finish grinding of the 
cutter blades. The cams are mounted 
on a shaft which rotates continuously in 
one direction. The roughing cam pro 
duces a series of oscillating movements of 
the oscillatory shaft through a short arc and 
then an oscillating movement through a long 
arc to pass the cutter blade being ground a 
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number of times across the grinding wheel 
and then move it clear of the wheel to permit 
indexing of the cutter head. The finishing 
cam in the machine illustrated produces os 
clating movements through a long arc only 
so that in the finishing operation each cutter 
blade is passed once back and forth across 
the grinding wheel and then the cutter head 
is indexed. 

During the roughing operation and be-, 
tween each forward and back stroke or 
any desired number of such strokes, the cut 
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ter blade being ground is fed toward the 
grinding wheel so that on each grinding 
stroke more stock may be ground off and the 
front face ground back the desired distance. 
This feed movement is effected by a ratchet 
and pawl mechanism operating a feed screw 
to advance the carrier upon which the work 
Support is mounted toward the grinding 
wheel. The advance and return movements of 
the feed screw are effected from the oscil 
latory shaft. The movement of this shaft os 
cillates a cam which causes the pawl carrier 
to oscillate on movement of the shaft in each 
direction. The pawl carrier carres two op 
positely directed pawls arranged to engage 
respectively with oppositely directed ratchet 
teeth on a ratchet member secured to the feed 
Screw. During the short oscillating move 
ments of the shaft in roughing one pawl en 
gages one set of ratchet teeth and imparts a 
step by step feed movement to the screw. 
But when the shaft is oscillated through the 
large arc, the other pawl is brought into en 
gagement with the other set of ratchet teeth 
and caused to move the ratchet member and 
the screw back through the same distance 
that the screw was advanced by the step by 
step movement of the feed, thus returning the 
carrier to initial position. The cutter head 
is indexed and the grinding and feed move 
ments proceed as before, on the new blade. 
The cam actuating the pawl carrier during 
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the short arc movements of the shaft controls 
the direction of feed movement. This cam 
may be inverted on the shaft to change the 
direction of feed, the feed being in opposite 
directions for opposite directions of rota 
tion of the cutter head. 
The movement of the oscillatory shaft 

through the large arc during either the 
roughing or finishing operation causes the 
mechanism which locks the cutter head 
against rotation to be released and simul 
taneously connects the gearing for indexing 
the cutter head with a continuously driven 
member to rotate the cutter head through the 
distance required to bring the next cutter 
blade to be ground into operative position. 

In a machine constructed according to this 
invention, a conical grinding wheel is prefer 
ably employed, as this type of grinding 
wheel has only a line contact with the front 
face of the cutter blades as distinguished 
from the complete surface contact which a 
plane surfaced grinding wheel would have, 
and with a conical grinding wheel, therefore, 
any possibility of ? the cutter blades 
during the grinding operation is obviated. 

Referring now to the drawings by nu 
merals of reference; 10 indicates the base or 
frame of the machine. The base or frame is 
provided at one end with an upright portion 
or standard 11 upon which the tool support 
head 12 is slidably adjustable. Slidably 
mounted on the frame 10 is a reciprocable 
carrier 14 (Figures 1 and 3) which is guided 
in its sliding movement on the frame by suit 
able ways formed in the base and cooper 
ating with guide-portions formed on the 
carrier as shown in Figure 3. The carrier is 
provided with one V-shaped and one fiat 
guide way serving as guide surfaces, as 
shown particularly in Figure 1, for cooper 
ating portions of the work table 15 which is 
reciprocable on the carrier. The work table 
moves on the carrier in a direction at right 
angles to that of the carrier upon the base 
or frame. 

Swivelly mounted on the tool support 12 
is the wheel carrier 18 in which is suitably 
journaled the shaft 19 to which grinding 
wheel 20 is secured. As previously stated, 
the grinding wheel is preferably of the conical 
form having a conical operating surface 21. 

During the operation of the machine the 
grinding wheel is rotated continuously on 
its axis being driven from the motor 22 which 
is mounted in the base of the machine (Figs. 
1 and 2) through the shaft 23 which is con 
nected to the armature shaft of the motor, 
the pulley 24, the belt 25, the pulley 26, the 
shaft 27 to which the pulley 26 is keyed and 
the bevel gears 28 and 29 connecting the shaft 
27 with the grinding wheel shaft 19. The 
shaft 2 is vertical and extends in a direction 
at right angles to the horizontal shaft 23. A 
pair of pulleys 31 and 32 (Figs. 2 and 9) are 
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provided for guiding the belt 25 in its move 
ment. Onc of these pulleys 32 (Fig. 9) is 
journaled on a shaft 33 which is supported 
in a U-bracket 34 which is secured to a rod 
35 mounted in a socket-member 36 secured 
to the shaft 37 which is journaled in the up 
right or standard 11. A weight (not shown) 
of any suitable size is secured to the rod 35 
adjacent its lower end, serving to swing the 
pulley 32 about the axis of the shaft 37 to 
maintain the belt 25 taut. 
The work support 15 is provided with an 

upper concave guide surface on which seats 
the tiltably Adjustable support 40 upon 
which the cutter head carrying the blades to 
be ground is mounted. ?? 
The mechanism illustrated is for sharpen 

ing the blades of rotary annular face mills. 
These tools are provided with a plurality of 
annularly arranged cutting blades construct 
ed as shown in Figure 17. The blades 42 are 
provided with a front cutting face 43 and 
are relieved on both sides and the top, back 
of the front face, to provide the necessary 
clearance for the side and top cutting edges. 
As previously stated, the original cutterhead 

upon which the blades were mounted in the 
gear cutting machine may be used on the ma 
chine of this invention for holding the blades 
to be ground or a special head may be pro 
vided for the purpose. The blades 42 are 
secured to the cutter head by bolts 45 and the 
cutter head is mounted upon and secured in 
any desired manner to the head 47 of the 
shaft 48 which is journaled in the tiltable 
support 40. 

Rotary annular face mills are arranged to 
rotate in one or the other direction and the 
cutter blades are oppositely arranged upon 
the cutter heads depending upon the direc 
tion of rotation thereof. The tool carrier 18 
may be swivelled about the axis of the verti 
cal shaft 27 to position the grinding wheel 20 
in the correct relation for grinding the cutter 
blades depending on the direction of rotation 
of the cutterhead. Since the drive gear 28 
and the shaft 27 are coaxial with the axis 
about which the swiveling adjustment of the 
wheel carrier 18 takes place, this adjustment 
may be effected without affecting the drive 
to the grinding wheel. 
The tool support 12 as previously stated, 

may be adjusted on the standard 11, enab 
ling the grinding wheel to be positioned in 
the correct vertical position for grinding the 
cutter blades. This vertical adjustment can 
be effected by rotating the shaft 50 (Fig. 1) 
by a crank or other suitable means to rotate, 
through the gearing 51, 52, the screw 53 which 
is secured to the tool support 12 and which 
threads into the nut 54 which is mounted 
upon the arm 55 secured to the standard 11 
by the screw 56. 
The tiltable support 40 may be adjusted 

on the work support 15, to incline the face of 

3 

the cutter blade to the correct angle for op 
eration by the grinding wheel, by rotating 
the worm shaft 58 which is journaled in the 
work support 15 and carries a worm 59 mesh 
ing with the worm wheel segment 60 secured 
to the tiltable support 40. An index mark 
and scale, such as indicated generally at 61 in 
Figure 1, may be employed to insure accu 
rate setting of the cutting blades. The work 
support 15 can be adjusted upon the carrier 
14 and the carrier 14 can be adjusted upon the 
frame 10 in directions at right angles to each 
other to further assist in correctly position 
ing the cutter blades in operative relation to 
the grinding wheel. The means for effect 
ing these two adjustments will be described 
hereinafter. 
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After the grinding wheel and a cutter blade 
have been properly positioned, the machine 
may be started up. During the roughing op 
eration a series of short reciprocating move 
ments are imparted to the work table 15 to 
move one of the cutter blades back and forth 
across the grinding wheel to grind back the 
front face of the blade. Then the work table 
is moved through a long stroke to carry the 
cutter head away from the grinding wheel 
and while the cutter head is clear of the 
grinding wheel, the cutter head is given a 
partial rotation to index the head to bring 
the next blade to be ground into operative 
position. In the finishing operation, using 
the camshown, each stroke of the work tableis 
a long stroke. The cutter is passed back and 
forth across the grinding wheel to finish 
grind a blade and then moved clear to per 
mitindexing. The alternate grinding and in 
dexing proceeds until, in either case, all the 
blades have been rough ground or finish 
ground. Separate cams are employed to 
govern the roughing and finishing opera 
tions. These are mounted upon the same 
shaft and preferably formed on opposite 
sides of the same disc as shown in Figures 1 
and 2.64 indicates the roughing cam and 65 
the finishing cam. The construction of these 
cams is shown clearly in Figures 15 and 16. 
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The cam disc 66, in the opposite faces of 
which the cam grooves are cut, is keyed to a 
shaft 67 which is continuously rotated in the 
same direction from the shaft 23 through 
the bevel gears 68 and 69, the worm shaft 70, 
the worm 71, and the worm wheel 72 which is 
lkeyed to the camshaft 67. 

Pivoted upon a stud 74 mounted in the base 
or frame of the machine and extending on op 
posite sides of the cam disc 66 are a pair 
of arms 75 and 76 respectively, provided re 
spectively, with segmental tooth portions 77 
and 78. These arms are provided respective 
ly, intermediate their ends with studs, 79,80, 
upon which are mounted respectively the roll 
ers or followers 81, 82 which engage in the 
cam grooves 64 and 65, respectively. The 
cam grooves 64 and 65 are so formed that as 
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the shaft 67 and the cam disc 66 rotate con 
tinuously in one direction the segmental 
arms 75 and 76 will be oscillated back anda 
forth. The cam groove 64 will produce six 
oscillations through a small arc of the seg 
ment arm 75 and one oscillation through a 
large arc during each complete rotation of 
the cam disc, whereby with the roughing cam 
in operative engagement, the cutter support 
will be reciprocated six times to pass the cut 
ter blades back and forth twelve times across 
the grinding wheel, the last stroke being a 
long stroke to carry the cutter head clear of 
the grinding wheel to permit indexing of the 
cutter head. The groove 65 of the finishing 
cam is so formed as to oscillate the segment 
arm 76 twice through relatively large arcs 
during one complete revolution of the disc 66, 
so that in each complete revolution of the fin 
ishing cam the work support is given two 
long stroke reciprocating movements to ef 
fect two reciprocations of the cutter head rel 
ative to the grinding wheel in each of which 
the work support is carried clear of the grind 
ing wheel for indexing whereby two blades 
are finished ground and the cutter head twice 
indexed in each revolution of the finishing 
cam. With the roughing cam, one cutter. 
blade is operated upon in one complete revo 
lution of the cam disc 66. With the finishing 
cam, two cutter blades are operated upon in 
one complete revolution of the cam disc. 
The segment 77 meshes with a segmental 

gear 85 and the segment 78 with a segmental 
gear 86. The gears 85 and 86 are rotatably 
mounted upon the shaft 88 which is jour 
naled in the bed of the machine and may be 
operatively engaged selectively with the 
shaft 88 by engaging the clutch member 89, 
which has a splined connection, with the 
shaft 88 with either gear. The clutch mem 
ber 89 may be operated by hand by the lever 
90 which is pivoted upon the stud 91 which 
is secured in the base of the machine. 
Mounted on the shaft 88 and having a 

splined connection therewith is a segmental 
gear 93 which meshes with a rack 94 (Fig 
ures 2 and 3). The rack 94 is slidably adjust 
able in a slot in the work table 15 and is con 
nected therewith by a screw 95. By rotating 
the screw 95 the work table can be adjusted in 
one direction to properly position it relative 
to the grinding wheel. The screw 95 serves 
to hold the rack 94 in any adjusted position 
and through the rack and the gear 93 the 
work table 15 is reciprocated. 
From the foregoing description, it will be 

obvious that as the cam disc 66 rotates, os 
cillating movements are imparted to the seg 
ment arms 75 and 76 and to the gears 85 and 
86 and that by connecting either of these 
gears with the shaft 88 through the clutch 89 
the shaft 88 will be oscillated and the gear 93 
therewith, thus imparting reciprocating 
movements to the rack 94 and work support 
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15 to move the work support back and forth 
relative to the grinding wheel. With the 
roughing cam shown, the work support is 
moved back and forth to pass the cutter 
blades 42 several times across the grinding 
wheel and then to carry the cutter head clear 
of the grinding wheel to permit indexing, in 
one complete revolution of the cam disc 66. 
With the finishing cam, in one complete rev 
olution of the cam disc a cutter blade is 
moved back and forth, the cutter head in 
dexed and a second cutter blade moved back 
and forth and the cutter head again indexed. 

Between each short back and forth move 
ment of the cutter head during the roughing 
operation, as already described the carrier 14 
is fed forward to advance the cutter blade to 
ward the grinding wheel to permit grinding 
off more stock and on the long stroke of the 
work support the feed mechanism is reversed 
and operated to return the carrier to initial 
position so that the next blade to be ground 
will go through the same operations as the 
preceding blade. The feed and return move 
ments of the carrier 14 are effected by rota 
tion in opposite directions of the screw 97. 
(Figs. 1,2,3 and 14) which threads into a nut 
98 secured in the work carrier 14. 

Rotatable on the shaft 99 which carries the 
screw 98 is a sleeve 100 (Figs. 10 and 11) to 
which is keyed a ratchet member 101 provided 
with two sets of oppositely ?????????????? ratchet 
teeth 102 and 103 (Figs. 2 and 10). Oscil 
latably mounted on the sleeve of the ratchet 
member 101 is an oscillatable pawl car 
rier 105 (Figs. 10 and 12. Pivotally 
mounted on the stud 106 of this pawl car 
rier are a pair of oppositely directed 
pawls 107 and 108. Oscillatably mount 
ed upon a stud 110 provided in the base 
of the machine is a lever arm 111 to which is 
pivoted the link 112 which connects the lever 
arm 111 with the stud 106. 
Were the pawl carrier 105 oscillated di 

rectly from the osciliatory shaft 88 a feed 
movement would be produced but once in 
each complete oscillation of the shaft. To ef 
fect a feed on each stroke of the work table, 
both backward and forward, a cam 115 is 
provided. While this cam is provided with a 
complete cam groove, only one half of the 
groove operates at any one time. The lever 
arm 111 carries between its ends a roller 116 
which engages in the cam groove of the cam 
115. Each half of the cam groove 115 is so 
constructed as to cause the lever arm 111 and 
the pawl carrier 105 to make two oscillations 
with each oscillation of the shaft 88, thereby 
to produce a feed movement of the work car 
rier on each stroke of the work table. 
The cam' 115 is keyed to a sleeve 118 rotat 

able on the shaft 88. The sleeve 118 can be 
connected to the shaft 88 by threading up on 
the nut 119 to engage the clutch member 120, 
which is keyed to the shaft 88, with the clutch 
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teeth formed on the end of the sleeve 118. 
When the cam is connected to the shaft 88, 
each oscillation of the shaft produce two 
oscillating movements of the arm 111 and of 
the pawl carrier 105. The ratchet wheel 101, 
as stated, is keyed to a sleeve 100 which is ro 
tatable on the shaft 99. The sleeve 100 may be 
connected to the shaft 99 to operate the feed 
screw with each oscillation of the ratchet 
member by threading up on the nut 122 to 
engage the teeth of the clutch member 123 
with the clutch teeth formed on the end of 
the sleeve 100. 
On oscillation of the shaft 88 through a 

small arc, one of the pawls as, for instance, 
107 (Fig.2) engages one set of ratchet teeth 
as, for instance, the teeth 102 and depending 
on the position of the cam 115 produces a step 
by step feed movement of the work carrier 14 
to feed the cutter blades being ground toward 
the grinding wheel between both the forward 
and return strokes of the work table. When 
the shaft 88 is oscillated through the large 
arc the pawl 108 is brought into engagement 
with a tooth of the ratchet member 103 and 
oscillates the ratchet member through a long 
arc of such extent as to rotate the screw 99 
backward through the same distance that it 
was advanced by the pawl 107, thereby re 
turning the work carrier 14 to initial position 
so that when the next blade is presented to 
the grinding wheel the same operations will 
be performed upon it as were performed upon 
the preceding blades. 
A guard plate 125 is provided to control 

the amount of feed at each oscillation of the 
pawl 107. This guard plate 125 is mounted 
on the sleeve 100. During the finishing oper 
ation, the guard plate will be so positioned 
as to prevent any feed movement taking 
place. 
When it is desired that the feed take place 

in the opposite direction, as where the rotary 
face mill cutter to be ground is to rotate in 
the opposite direction from that shown, the 
pawl 108 will accomplish the step by step 
feed movement and the pawl 107 will act to 
return the carrier to initial position. The re 
versal of direction is effected by rotating the 
cam 115 through 180° to bring the other half 
of the cam into operative position. The cam 
may be rotated by the hand lever 128 which is 
connected to the sleeve il 8 to which the cam 
is keyed. 
The guard plate 125 can be adjusted by 

hand by means of the hand lever 130 which is 
connected there with. 

Journaled in the base intermediate the 
shafts 88 and 99 is a shaft 132 (Figs. 10 and 
13) on which is mounted the hand wheel 133. 
This shaft. 132 is toothed intermediate its 
ends to provide a gear member 134 which 
meshes with a pinion 135 secured to the sleeve 
136 of a hand lever 137 which is rotatably 
mounted in the frame. The hand lever is 

provided with a spring pressed plunger grip 
by which the hand lever may be held in any 
one of three positions selectively, a neutral 
position, a position in which the pinion 135 
meshes with a gear 138 secured to the clutch 
member 120, and a position in which the pin 
ion 135 meshes with a gear 139 secured to the 
clutch member 123. When the pinion 135 is 
engaged with the gear 138 and this gear is 
connected through the clutch member 120 
with the shaft 88, the shaft 88 may be moved 
by hand by the hand wheel 133 to bring the 
work table and cutter blade into operative 
position. When the lever 137 is so positioned 
as to mesh the pinion 135 with the gear 139 
and the clutch member 123 is disengaged 
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from the sleeve 100, the shaft 99 may be 
rotated by the hand wheel 133 to adjust the 
work carrier to bring a cutter blade into the 
correct position for grinding, with the grind 
ing wheel engaging the front face of the blade 
in a position offset from, that is, non-radial 
to the axis of the cutter head. The amount 
of offset will be determined from the side rake 
or shear angle of the blade. The reduction 
provided by the gears 134 and 135 and either 
of the gears 138 or 139 makes the movement of 
the shaft 88 or 99 a facile operation. 
When the cutter head is moved clear of the 

grinding wheel during the long stroke of the 
work table, the cutter head is indexed to bring 
a new blade into position to be ground. The 
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indexing mechanism will now be described. 
The pulley 31, already referred to is keyed to 
a shaft 140 which is journaled in the upright 
11 (Figs. 2 and 9). Secured to this shaft 140 
is a bevel pinion 141 which meshes with and 
drives a bevel gear 142 secured to the verti 
cal shaft 143 which is connected through the 
universal joint 144 with the telescoping shaft 
145. The telescoping shaft 145 is connected 
through a second universal joint 146 with a 
Worm shaft 147 upon which is mounted a 
worm 148 (Fig. 1) which meshes with a 
worm wheel 149 (Figs. 1 and 5) secured to a 
sleeve 150 (Fig. 6) rotatably mounted upon a 
shaft 151. The sleeve 150 has formed in 
tegral with it a ratchet wheel 152. 

Secured to the shaft 151 and surrounding 
the ratchet wheel 152 (Figs. 6 and 7) is a 
stop plate 154 which is provided with a cir 
cumferential groove within which is pivot 
ally mounted upon a pin 155 a pawl 156. The 
pawl is adapted to be urged into engagement 
with the ratchet wheel by a spring pressed 
plunger 158 which is housed within the stop 
plate 154. The pawl is held out of engage 
ment with the stop plate by means of a dog 
159 which engages the tail piece of the pawl. 
The dog 159 is mounted upon a stud 160 that 
is pivoted in the housing 161 formed on the 
tiltable work support 40. The dog 159 serves 
also as a stop or locking member engaging 
the ledge 163 formed on the stop plate to pre 
vent rotation of the stop plate in one direc 
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66, a series of short oscillating movements to 
the shaft 88 and then an oscillating move 
ment through a long arc. The oscillating 
movements of the shaft 88 will reciprocate 
the work table 15 back and forth through 
the gearing 93,94. During, the short oscil 
lating movements of the shaft 88, the ratchet 
member 101 will be moved in one or the other direction, depending upon the portion of the 
can 115 in operative engagement with the 
roller 116 of the lever arm 111, and the step 
by step movement of the ratchet member will 
produce a step by step feed of the cutter blade being operated upon toward the grinding 
wheel. The feed movement will take place twice for each complete reciprocation of the 
work table. During the long arc movement 
of the shaft 88, the cutter head will be moved 
clear of the grinding wheel, the index mecha 
nism will be tripped and the work table in 
dexed to bring the next blade into operative 
position. The indexing mechanism is tripped 
when, on the long swing of the shaft 88, the 
arm 175 comes into contact with one of the 
stops 184 or 185 and pulls the cable 177. The 
pull on the cable 177 rotates the member 179, 
the shaft 180 to which this member is keyed, 
and the arm 182 which is pivoted to the lock 
ing dog 159. The rotation of the arm 182. 
(Figures 5 and 8) withdraws the locking 
dog 159 from engagement with the stop plate 
154 and with the pawl 156. As the locking 
dog 159 is moved out of locking position, the 
locking-dog 164 is disengaged from the stop 
plate 154, also, for the dog 159 engages the lug 
187 (Fig. 7), as it moves outwardly and thus 
trips the dog 164 out of locking position. 
As soon as the locking-dog 159 is disen 

gaged from the pawl 156, the pawl is snapped 
into engagement with the ratchet wheel 152 
by action of the spring-plunger 158. The 
ratchet-wheel is rotating continuously, being 
driven from the pulley-shaft 140 through the 
gears 141 and 142, the shaft 143, the univer 
sal joint 144, the shaft 145, the universal joint 
146, the worm 148 and the worm wheel 149. 
When the pawl 156 engages the ratchet wheel 
152, then, the rotation of the ratchet-wheel is 
transmitted through the gearing 16, 168 and 
169, to the worm shaft 170 and the worm 171 
to rotate the worm wheel 172. This causes 
the cutter head to be indexed and another 
blade of the cutter is brought into position for 
sharpening. 

During the rotation of the stop-plate, the 
shaft 151 is driven, rotating the pinion 190 
and the gear 191. The gear 191, in its rota 
tion, carries the member 179 back to its start 
ing position so that it is in position for the 
next indexing operation. 
When the stop-plate has made one revolu 

tion, it is locked up again the locking-dogs 
159 and 164 being forced back into locking 
position by the spring pressed plungers 165 
(Figures 4 and 5). When the locking dog 

159 returns into engagement with the stop 
plate 154 it simultaneously engages the pawl 
156, withdrawing this pawl from engagement 
with the ratchet wheel. The indexing opera 
tion is completed. 
During the movement of the shaft 88 

through the long arc, the feed screw 97 will, 
also be reversed by engagement of one 
of the pawls 107 or 108 with the correspond 
ing set of ratchet teeth 102 or 103, the 
set depending upon the direction of feed of 
the blades during sharpening, as described 
above. Thus, the carrier 14 will be returned 
to initial position, so that the next blade to 
be sharpened will be in position to partake of 
the same feeding and grinding operations as 
the blade previously ground. 
The direction of rotation of the shaft, 88 is 

now reversed by the cam 64 and the cutter is 
carried back into engagement with the grind 
ing wheel. Then the sharpening operation 
proceeds, as before, and the new blade is 
sharpened. 

If the cutter being sharpened is provided 
with alternate blades which cut on opposite 
sides of the teeth of a gear blank, then, when 
all of the blades which cut on one side have 
been ground, the cutter support will be ad 
justed sidewise so that the front faces of the 
remaining blades may be ground with the 
proper shear angle. 

If the blades are to be finish ground only, 
the clutch 89 is adjusted to connect the gear 86 
to the shaft 88, thus causing the finishing can 
65 to oscillate this shaft. There will then be 
imparted to the work table alternate recipro 
cating movements of sufficient length to carry 
the cutting blades across the grinding wheel 
on the forward stroke to receive a finishing 
grind and to carry the cutter head clear of 
the grinding wheel on the back strokes dur. 
ing which the cutter is indexed. be two complete reciprocating and indexing 
movements of the cutter head for each com 
plete revolution of the finishing can. Dur 
ing the finishing operation, the feed mecha 
nism will preferably be disengaged. The in 
dexing mechanism will be tripped and actu 
ated during finish grinding in the same way 
as during rough grinding and as described 
above. 
The grinding wheelmaybe dressed periodi 

cally by any suitable means. While the re 
ciprocating, feeding and indexing movements 
have been described as being imparted to the 
work, it will be understood that any or all of 
them might instead be imparted to the grind 
ing wheel and the term “relative' as employed 
in the claims is intended to indicate that the 
movement described may be imparted wholly 
to the work support or wholly to the grinding 
wheel or part to the work support and part to 
the grinding wheel. 
While the invention has been described in 

connection with a particular embodiment and 
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in connection with a particular use for such 
embodiment, it will be understood that the in 
ventionis capable of further modification and 
use within its scope and that this application 
is intended to cover any variations, uses, or 
adaptations of the invention, following, in 
general, the principles of the invention and 
including such departures from the present 
disclosure as come within known or customary 
practice in the art and may be applied to the 
essential features hereinbefore set forth and 
as fall within the scope of the invention or 
the limits of the appended claims. 

Having thus described our invention, what 
we claim is: 

1. In an automatic grinding machine, a, rO 
tatable work support, means for producing 
alternately a series of reciprocating move 
ments of relatively short length between the 
grinding wheel and the work and then a re 
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ciprocating movement in the same direction 
as the short strokes but of relatively greater 
length during which the work and wheel are 
moved clear of one another, means for pro 
ducing a relative feeding movement between 
the grinding wheel and the work between the 
successive short movements to enable more 
stock to be ground off the work on successive 
short strokes, means operative on the periodic 
long strokes to index the work when it is 
clear of the wheel, and means operative on the 
long strokes, also, to reverse, the feed mecha 
nism to cause the work and wheel to be with 
drawn from one another the distance of the 
feed movement in the preceding series of 
short strokes. 

2. In an automatic grinding machine, a 
rotary grinding wheel, a rotatable work sup 
port, a carrier upon which one of said mem 
bers is mounted, a cam adapted to be rotated 
to produce a series of reciprocating move 
ments of relatively short length defining a 
limited working path alternately with a re 
ciprocating movement of relatively greater 
length but in the same direction as the short 
strokes, during which the work and wheel 
are moved clear of one another, means for ro 
tating the cam and means operative to index 
the work support during these periods when 
it is clear of the wheel. 

3. In an automatic grinding machine, a ro 
tary grinding wheel, a rotatable work sup 
port, a carrier upon which one of said mem 
bers is mounted, a cam adapted to be rotated 
to impart to said carrier in one revolution of 
the cam a series of reciprocating movements 
of relatively short length defining a limited 
working path alternately with a reciprocating 
movement of relatively greater length dur 
ing which the work and wheel are moved 
clear of one another, means for rotating the 
cam, means for producing a relative feeding 
movement between the grinding member and 
work between the successive short movements 
of the carrier to enable more stock to be 
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ground of the work on successive short 
strokes, means for locking the work support 
against rotation during grinding, means ac 
tuated on the periodic long strokes to re 
lease said locking means, means for indexing 
the work support during the periods of re 
lease, and means operative on the long strokes, 
also, to reverse the feed mechanism through 
the distance it has been advanced on the pre 
ceding series of short strokes. 

4. In an automatic machine for sharpening 
face mill cutter blades, a tool support, a ro 
tary grinding wheel journaled in said tool 
support, said grinding wheel having a conical 
operating surface, a rotatable work support 
adapted to carry the blades to be ground with 
the blades extending in a direction generally 
parallel to the axis of the work support, 
means for positioning the grinding wheel in 
operative relation with one of the blades, 
means for reciprocating one of said supports 
through a limited working path and oper 
able periodically to reciprocate said support 
through a path which is an extension of the 
working path, said movement taking place in 
a direction inclined to the axis of the work 
support, means for locking the work support 
against rotation during grinding, means ac 
tuated during the periodic movements of in 
creased length for releasing said locking 
means, and means for rotating the work Sup 
port, when released, to index the same. 
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5. In an automatic grinding machine, a 
grinding wheel, a work support, means for 
reciprocating the grinding wheel and work 
support relatively to each other to effect 
grinding operations and for periodically 
separating the grinding wheel from the work 
Support to permit indexing of the work, and 
means for feeding the work relative to the 
wheel during each period of grinding opera 
tions for the removal of the desired amount 
of stock from the work and for automatically 
withdrawing it, during each periodic separa 
tion, the same distance it was fed during the 
previous period of grinding operations. 

6. In an automatic grinding machine, a 
grinding wheel, a work support, means for 
producing alternately a series of reciprocat 
ing movements of relatively short length be 
tween the grinding wheel and the work and 
then a reciprocating movement in the same 
direction as the short strokes but of rela 
tively greater length during which the work 
and wheel are moved clear of one another, 
means for producing a step by step feed move 
ment between the wheel and work during the 
short stroke movements to enable the work 
to be ground to the desired depth, said means 
being operative on the periodic long stroke 
to reverse the feed mechanism to withdraw 
the work and wheel from each other the dis 
tance of the feed movement in the preceding 
series of short strokes, a common means for 
actuating said last named means and the re 
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ciprocating mechanism, and means for in 
dexing the work support on the periodic lon 
strokes when the work is clear of the wheel. 

7. In a machine for ????? face mill 
cutterblades, a rotatable work support adapt ed to carry a cutter to be ground with the 
blades of the cutter extending in a direction 
generally parallel to the axis of the support, 
a grinding wheel having a conical operating 

it surface, means for positioning the wheel in 
operative relation with a blade to be ground, 
means for reciprocating the work supportrel 
ative to the wheel in a direction inclined to 
the axis of said support to move the wheel 

is across the faces of the blades transversely 
thereof, said means comprising a rotary cam, 
a swinging arm carrying a roller adapted to 
engage the track of said cam, a shaft, means 
connecting the arm to the shaft to oscillate 

20 the shaft on oscillation of said arm, and 
means connecting the shaft to the work sup 
port to reciprocate the work support on os 
cillation of said shaft, said cambeing con 
structed to produce, in one revolution thereof, 

25 a number of oscillations of the arm through a 
small arc and then an oscillation through a 
large arc whereby to cyclically reciprocate 
the support through a number of short strokes 
and E. through a long stroke, and means 

30 for intermittently indexing the work sup 
port on the long strokes. 

8. In a machine for sharpening face mill 
cutter blades, a rotatable work support, a 
grinding wheel having a conical operating 

35 surface, one of said parts being reciprocable 
relative to the other, said work support be 
ing adapted to carry a cutter to be ground 
with the blades of the cutter extending in a 
direction generally parallel to the axis. of 40 the support, said reciprocable support being 
reciprocable in a direction inclined to the 
axis of the work support and means for re ciprocating the reciprocable support compris 
ing a rotary cam, a swinging arm carrying a 
roller adapted to engage the track of said 
cam, a shaft, means connecting said arm to 
said shaft to oscillate said shaft on oscilla 
tion of said arm, and means connecting said 
shaft to said reciprocable part to reciprocate 
said part on oscillation of said shaft, said 
cam being constructed to produce in one rev 
olution thereof a number of oscillations of 
said arm through a small arc and then an os 
cillation through a large arc, and means car 

3ried by said shaft for tripping said index 
mechanism on the movement of said arm 
through the large arc. - 
9 ? ??? ?utomatic grinding machine, a 

work support, a grinding wheel, means for 
C0 imparting reciprocating movements of a cys 

lical nature to one of said parts in which 
the cycle may comprise selectively either a 
number of reciprocating movements of short 
stroke in a limited working path alternating 

5 with one of long stroke during which the 
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work is carried clear of the wheel or spge 
long stroke movements only on each of which 
the work is carried clear of the wheel, and 
indexing mechanism for the work support 
adapted to be actuated on each long stroke 70 
movement regardless of the cycle employed. 

10. In a machine for sharpening face mill 
cutter blades, a rotatable work support, a 
grinding wheel having a conical operating 
surface, one of said parts being reciprocable s - 
relative to the other in a direction inclined to 
the axis of the work support, said work sup 
port being adapted to carry a cutter to be 
ground with the blades extending in a direc 
tion generally parallel to the axis of said sup- 80 
? means for adjusting the work support ofly in a direction transverse to the axis of 
said support, means for adjusting the work 
support angularly to bring the front face of 
a blade into the correct operating plane, 85 
means for adjusting the work support in a 
direction at right angles to the first adjust 
ment, and means for imparting a reciprocat 
ing movement of a cyclical nature to said re 
ciprocable part in which the cycle may com- 90 
prise selectively either a number of recipro 
cating movements of short stroke in a limited 
working path followed by one of long stroke 
during which the work is carried clear of 
the wheel or single long stroke movements 
only on each of which the workis carried clear 
of the wheels, and means adapted to intermit 
tently index the work support on each long 
stroke movement regardless of the cycle em 
ployed. 

11. In a machine for sharpening face mill 
cutter blades, a rotatable work support, a 
grinding wheel, one of said parts being re 
ciprocable in a direction inclined to the axis 
of said work support, said work support be 
ing adapted to carry a cutter to be ground 
with the blades of the cutter extending in a 
direction generally parallel to the axis of said 
support, means for reciprocating the recipro 
cable part comprising a pair of cams either of 
which may be operatively connected to said 
reciprocable part to reciprocate the same, one 
of said cams being constructed to produce in 
one revolution a number of reciprocating 
movements of short stroke in a limited work 
ing path followed by one of long stroke dur 
ing which the work is carried clear of the 
wheel, and the other of said cams being con 
structed to produce in each revolution recipro 
cating movements of long stroke only during 
each of which the work is carried clear of the 
wheel, and means for rotating said cam, and 
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means for indexing the work support on the 
long strokes regardless of the cam in use. 

12. In a machine for sharpening face mill 
cutter blades, a rotatable work support, a 
grinding wheel, one of said parts being recip 
rocable relative to the other in a direction in 
clined to the axis of the work support, said 
work support being adapted to carry a cut- so 
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ter to be ground with the blades of the cutter 
extending in a direction generally parallel 
to the axis of the work support, means for re 
ciprocating the reciprocable part comprising 
an oscillatory shaft, means connecting said 
shaft to said reciprocable part to reciprocate 
said part on oscillation of said shaft, and a 
pair of cams either of which may be opera 
tively connected to said shaft to oscillate the 
same, one of said cams being connected to pro 
duce in one revolution a number of oscilla 
tions of said shaft through a small arc fol 
lowed by an oscillation through a long arc, 
the other of said cams being constructed to 
produce oscillating movements through the 
long arc only, said oscillations through the 
small arc acting to reciprocate the reciproca 
ble part through a limited working path and 
said oscillations through a long arc acting to 
carry the reciprocable part through the work 
ing path and beyond the same, means for in 
dexing the work support, and means carried 
by said shaft adapted to trip said index mech 
anism on oscillation of said shaft through a 
long arc. 

13. In a machine for sharpening face mill 
cutter blades, a work support, a grinding 
wheel, one of said parts being reciprocable 
relative to the other in a direction inclined to 
the axis of the work support, said work sup 
port being adapted to carry a cuttter to be 
ground with the blades of the cutter extend 
'ing in a direction generally parallel to the 
axis of said support, and means for recipro 
cating said reciprocable part comprising a 
pair of cams, a pair of swinging arms each of 
which carries a roller adapted to engage the 
track of one cam, an oscillatory shaft, means 
adapted to connect selectively either of said 
arms with said shaft to oscillate the same, 
and means connecting said shaft to said recip 
rocable part to reciprocate the same on oscil 
lation of said shaft, one of said cams being 
constructed to impart to the corresponding 
arm oscillations through a short arc followed 
by one oscillation through a long arc in one 
revolution of the cam and the other of said 
cams being constructed to impart to the cor. 
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responding arm oscillations through a long 
arc only, said oscillations through the small 
arc acting to reciprocate the reciprocable 
part through a limited working path and said 
oscillations through a long arc acting to carry 
the reciprocable part through the working 
path and beyond the same and means adapted 
to index the work support when the work is 
moved clear of the grinding wheel during each 
movement of the shaft in a long arc. 

14. In a grinding machine, a grinding mem 
ber, a work support, means for moving the 
grinding member and work support back and 
forth relatively to each other, and means ac 
tuated on both the forward and return strokes 
for feeding the grinding member and work 
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support relatively to each other for removal 
of stock. 

15. In a machine of the character de 
scribed, a work support, a tool support, a car 
rier on which one of said supports is mount 
ed, means for moving said carrier including 
a screw, a ratchet member carried by said 
screw and provided with two sets of oppo 
sitely directed ratchet teeth, an oscillatable 
pawl carrier, a pair of oppositely directed 
pawls mounted on said pawl carrier, an os 
cillatory shaft for oscillating said pawl car 
rier, means for imparting an oscillating 
movement to said shaft through a relatively 
short arc to cause one of said pawls to en 
gage one set of ratchet teeth to produce a 
step by step movement of the carrier in one 
direction and for periodically producing an 
oscillation of the shaft through a relatively 
large arc to cause the other pawl to engage 
the other set of ratchet teeth and move the 
carrier in the opposite direction to return the 
carrier to initial position, and a cam adjust 
ably mounted on said shaft and provided 
with two oppositely directed cam ways for 
controlling the direction of operative move 
ment of the pawl carrier. 

16. In an automatic grinding machine, a 
rotatable work support, a tool support, a 
grinding wheel rotatably mounted on the tool 
support, an oscillatory shaft, means opera 
tively connecting said shaft to one of said 
supports to reciprocate said support. On OS 
cillation of said shaft, means for locking 
the work support against rotation during 
grinding, means for indexing the work sup 
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port, means operatively connecting the shaft . 
to the locking means adapted to release the 
locking means and permit connection of the 
indexing mechanism to the work support 105 
when the shaft moves through an arc great 
enough to cause the reciprocating mechanism 
to separate said supports from one another 
far enough for the wheel to clear the work, 
and means for imparting to said shaft cyc 
lical movements of which each cycle com 
prises oscillation of the shaft a plurality of 
times through a short arc and then a single 
time through a long arc, said movements 
through the long arc being for the purpose of 
carrying the wheel clear of the work. 

17. In an automatic grinding machine, a 
rotatable work support, a tool support, a 
grinding wheel rotatably mounted on the tool 
support, means for reciprocating one of said 
supports through a limited working path and 
operable periodically to impart to said sup 
port an extended movement to carry it be 
yond its working path, means operative dur 
ing reciprocations in the limited working 
path to impart to one of said parts a step-by 
step feed movements for removal of stock to 
the desired depth from the work, means op 
erative when the reciprocable support is car 
ried beyond its working path to reverse the 
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the work to the desired depth, and means 
for oscillating the pawl carrier in the oppo 
site direction periodically through a relative 
ly long arc to engage the other pawl with the 
other set of ratchet teeth to reverse the di 
rection of movement of the movable support 
and return said support through the dis 
tance previously fed. 

24. In an automatic grinding machine, a 
tool support, a grinding wheel rotatably 
mounted thereon, a rotatable work sup 
port, an oscillatory shaft, means oper 
atively connecting said shaft to one of said 
supports to reciprocate the same on oscilla 
tion of said shaft, a ratchet member provided 
with two sets of oppositely disposed ratchet 
teeth, an oscillatable pawl carrier and a pair 
of oppositely directed pawls mounted on said 
pawl carrier for cooperation, respectively, 
with the two sets of ratchet teeth, means for, 
oscillating the shaft through a relatively 
short arc to move the reciprocable support 
through a limited working path and oper 
able periodically to oscillate said shaft 
through a relatively long arc in which the 
support is carried beyond said working path, 
means mounted on said shaft adapted to cause 
One of said pawls to engage one set of ratchet 
teeth to produce a step-by-step feed move 
ment between the grinding wheel and work 
on the movement of the shaft through the 
short arc, said means operating to cause the 
other pawl to engage the other set of ratchet 
teeth on the movement of the shaft periodi 
cally through its long arc, to cause the grind 
ing wheel and the work to be separated 
through the distance they have been pre 
viously fed, and means for indexing the work 
Support during the periodic extended move 
ments of the reciprocable support, when the 
grinding wheel is clear of the work. 

25. In a machine for sharpening face mill 
cutter blades, a rotary grinding wheel hav 
ing a conical operating surface, a rotatable 
Work support adapted to carry the blades to 
be ground with the blades extending in a di 
rection generally parallel to the axis of the 
Work Support, means for imparting relative 
reciprocating movements between the grind 
ing wheel and work support in a direction 
inclined to the axis of the work support to 
move the grinding wheel across a blade trans 
versely thereof to grind the same back, and 
means for periodically indexing the work 
Support to bring successive blades into op 
erative position. - 

26. In an automatic machine for sharpen 
ing face mill cutter blades, a tool support, a 
rotary grinding wheel mounted on said tool 
support and having a conical operating sur 
face, a rotatable work support adapted to 
carry the blades to be ground with the blades 
extending in a direction generally parallel 
to the axis of the work support, means for 
adjusting the work and tool supports angu 
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larly relative to one another to adjust the in 
clination of the front face of a blade relative to the grinding wheel, means for adjusting 
said supports relative to one another to off. 
set the operating face of the grinding wheel 
relative to the axis of the work support, 
means for rotating the grinding wheel on 
its axis, means for reciprocating one of said 
supports in a direction inclined to the axis of 
the work support to move the grinding wheel 
across a blade transversely thereof to grind 
its front face, and means for periodically in 
dexing the work support to bring successive 
blades into operative position. . O 

27. In a machine for sharpening face mill 
cutter blades, a tool support, a grinding 
wheel rotatably mounted on said tool sup 
port, a rotatable work support adapted to 
carry the blades to be ground with the blades 
extending in a direction generally parallel to 
the axis of the work support, a rotary cam, 
means operatively connecting said, cam to 
one of said supports to reciprocate the same, 
said cam being constructed to impart to said 
support during one revolution a series of re 
ciprocating movements in a limited working 
path and then a reciprocating movement in 
the same direction but through an extended 
path during which the work is moved clear 
of the wheel, said reciprocating moyements 
being in a direction inclined to the axis of the 
work support, means for rotating the cam, 
and means for indexing the work support 
during each long stroke. 

28. In a machine for sharpening face mill 
cutterblades, a tool support, a grinding wheel 
rotatably mounted on said tool support, a 
rotatable work support adapted to carry the 
blades to be ground with the blades extend 
ing in a direction generally parallel to the 
axis of the work support, means for impart 
ing to one of said supports reciprocating 
movements in which said support is moved 
cyclically a plurality of times in a limited 
Working path and then an extended distance 
beyond said working path, said movements 
being in a direction inclined to the axis of 
the work support, means for producing a 
step-by-step relative feed movement between 
the grinding wheel and the work, during the 
relative reciprocating movements in the lim 
ited working path, to permit grinding of the 
blades to the desired depth, means operative 
on the periodic long strokes to withdraw the 
work and the grinding wheel from each other 
through the distance they have been fed rela 
tively on the preceding series of short strokes, 
and means for indexing the work support on 
the periodic long strokes. 
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29. In a machine for sharpening face mill 2 
cutter blades, a tool support, a grinding 
wheel rotatably mounted on said tool sup. 
port, a rotatable work support adapted to 
carry the blades to be ground with the blades 
extending in a direction generally parallel to 0 
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the axis of the work support, means for re 
ciprocating one of said supports in a direc 
tion inclined to the axis of the work support 
cyclically through a series of short strokes in a limited working path alternating with a 
long stroke which carries said support be 
yond said working path, means for impart 
ing a relative feed movement between the grinding wheel and the work support with 
each short stroke of the reciprocable support 
both forward and backward to permit sharp 
ening of the blades the desired amount, 
means operative on the periodic long strokes 
of the reciprocable support to separate the 
grinding wheel and the work support from 
one another through the distance they were 
fed toward one another on the preceding se 
ries of short strokes, and means for index 
ing the work-support during each long stroke. , 

80. In a machine for sharpening face mill 
cutter blades, a tool support, a grinding 
wheel rotatably mounted thereon, a rotatable 
work support adapted to carry the blades to 
be ground with the blades extending in a di 
rection generally parallel to the axis of the 
work support, a rotary cam, means operative 
ly connecting said cam to one of said sup 
ports to reciprocate said support in a direc 
tion inclined to the axis of the work support 
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on rotation of said cam, said cam being con 
structed to impart to the reciprocable sup 
port in one rotation a series of reciprocating 
movements in a limited working path then 
a reciprocating movement of increased length 
during which the work is carried clear of 
the wheel, means for producing a relative 
feed movement between the grinding wheel 
and the work during the short strokes to per 
mit sharpening of the blades to the desired 
extent and for withdrawing the grinding 
wheel from the work on the periodic long 
strokes through the distance of feed on the 
preceding series of short strokes, and means 
for indexing the work support on each long 
stroke. 

31. In a machine for sharpening face mill 
cutter blades, a tool support, a rotary grind 
ing wheel mounted thereon, a rotatable work 
support adapted to carry the blades to be 
ground with the blades extending in a direc 
tion generally parallel to the axis of the 
work support, and means for imparting to 
one of said supports reciprocating move 
ments in a limited working path alternating 
with reciprocating movements in which said 
support is carried beyond said working path 
to carry the wheel clear of the work, said 
reciprocating movements taking place in a 
direction inclined to the axis of the work 
support, a ratchet member having opposite 
ly directed sets of ratchet teeth, a pair of 
pawls adapted to ??? respectively, with 
said sets of ratchet teeth, means for causing 
one of said pawls to engage one set of ratchet 
teeth, during the short strokes, to feed a blade 

13 
relative to the wheel to remove stock and 
for causing the other pawl to engage the other 
set of ratchet teeth, during the long strokes, 
to withdraw the blade relatively through the 
distance fed on the short strokes, and means 
for indexing the work support on each long 
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stroke when the work has cleared the wheel. 
32. In a machine for sharpening face mill 

cutter blades, a tool support, a grinding 
wheel rotatably mounted thereon, a rotatable 
work support adapted to carry the blades to 
be ground with the blades extending in a 
direction generally parallel to the axis of the 
Work support, means for imparting to one 
of said supports reciprocating movements 
through a limited working path which alter 
nate with reciprocating movements through 
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an extended path in which said support is . 
carried beyond said working path, said recip 
rocating movements taking place in a direc 
tion inclined to the axis of the work support, 
a ratchet member having two sets of oppo. 
sitely directed ratchet teeth, a pair of pawls 
adapted to cooperate, respectively, with said 
sets of ratchet teeth, means for oscillating one 

85 

90 
of said pawls between both the forward and 
backward short strokes of the reciprocable 
part to impart a step-by-step feed movement 
between the work support and the grinding 
wheel to effect removal of stock from the cut 
ting blades, means for oscillating the other 
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pawl during the periodic long strokes of the 
ment, and separate the work support and the 
wheel through the distance fed on the preced 
ing short strokes, and means for indexing 
the work support on each long stroke. 

88. In a machine for sharpening face mill 
cutter blades, a tool support, a grinding 
wheel rotatably mounted thereon, a rotatable 
Work support adapted to carry the blades to 
be ground with the blades extending in a 
direction generally parallel to the axis of 
the work support, a camshaft, a pair of cams 
mounted thereon, means for selectively con 
necting either of said cams to one of said sup 
ports to reciprocate the same on rotation of 
said cam shaft, one of said cams being con 
structed to impart in one revolution a series 
of reciprocating movements in a limited 

. Working path and then a reciprocating move 
ment in an extended path during which the 
work is moved clear of the wheel, and the 
other cam being constructed to produce in 
one revolution reciprocating movements in 
the extended path only, means for producing 
a relative feed movement between the grind ing wheel and the work support during the 
short stroke movements caused by the first 
cam to permit sharpening of the blade to the 
desired extent, means for withdrawing the 
work support from the grinding wheel, the 
amount it has been fed on the short strokes, 

reciprocable part to reverse the feed move 
00 
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during the periodic long strokes caused by 
the first cam, and means for indexing the 130 
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work support during the long strokes of 
either cam. 

34. In an automatic machine for sharpen 
ing face mill cutter blades, a tool support, a 

is grinding wheel rotatably mounted thereon, a 
rotatable work support adapted to carry the 
blades to be ground with the blades extend 
ing in a direction generally parallel to the 
axis of the work support, an oscillatory shaft, 
means operative on oscillation of said shaft 
to reciprocate one of said supports in a direc 
tion inclined to the axis of the work support, 
means for oscillating said shaft in cycles, 
each comprising a plurality of oscillations 
through a short arc and then an oscillation 
through a long arc, means for feeding the 
work relative to the grinding wheel for re 
moval of the desired amount of stock from 
the separate cutting blades, means operative 
ly, connecting the shaft to the feed mecha 
nism to impart a feeding motion to the same 
on oscillation of the shaft through the short 
arc and to reverse said feed mechanism. On 
oscillation of said shaft through the long arc 
and cause the feed mechanism to be returned 
through the distance it has been fed on the 
preceding series of oscillations of the shaft 
through the short arc, indexing mechanism 
for the work support, and means actuated 

30 on each movement of the shaft through the 
long arc to trip said index mechanism. 

35. In a machine of the class described, a tool, a work support, means for reciprocating 
one of said parts relative to the other, means 
including a ratchet member and a pawlen 
gageable therewith for imparting a relative 
feed movement between the work support 
and the tool, and means for actuating said 
pawl into engagement with the ratchet mem 
ber on both the forward and return strokes 
of the reciprocable part to effect a feed move 
ment on both strokes. 

36. In a machine of the class described, an 
indexable work support, a tool support, a 
grinding wheel rotatably mounted on the 
tool support, means for reciprocating one of 
said supports relative to the other and opera 
ble to produce a series of short strokes in a 
limited working path alternately with a long 
stroke during which the wheel is carried clear 
of the work, and means for indexing the work 
support during the periodic long strokes 
when the wheel has cleared the work. 

37. In a machine of the class described, an 
indexable work support, a tool support, a 
grinding wheel rotatably mounted on the tool 
support, means for reciprocating one of said 
supports relative to the other and operable to 
produce a series of short strokes in a limited 

60 working path alternately with a long stroke 
during which the wheel is carried clear of the 
work, means operative during each series of 
short strokes to feed the work toward the 
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wheel for the purpose of enabling the wheel 
to remove more stock from the work piece 

preceding period of grinding. 
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during different short strokes and operative 
on the periodic long strokes to return the 
part previously fed through the distance 
which it has been fed on the preceding series 
of short strokes and means for indexing the 
work support during the periodic long 
strokes. 

38. In a machine of the class described, an 
indexable work support, a tool support, a 
grinding wheel rotatably mounted on the 
tool support, means for reciprocating one 
of said supports relative to the other to effect 
the grinding operation, means or feeding 
the work relative to the wheel for the pur 
pose of enabling the wheel to remove more 
stock from that portion of the work being 
operated on on different strokes of the recip 
rocable support, means operative periodically 
to index the work support, and means opera 
tive for each indexing operation to reverse 
the feeding mechanism and return the part 
that has been fed through the distance which 
it was fed on the preceding series of strokes. 

39. In a machine of the class described, an 
indexable work support, a tool support, a 
grinding wheel rotatably mounted on the tool 
support, means for reciprocating one of said 
supports relative to the other to effect the 
grinding operation, means for feeding the 
work relative to the wheel between successive 
strokes in opposite directions of the recipro 
cable support, means operative periodically 
to carry the work clear of the wheel, means 
for indexing the work during the periods of 
relative separation between the work and the 
wheel, and means also operative during each 
period of relative separation to return the 
part that has been fed through the distance 
through which it was fed during the preced 
ing grinding strokes. 

40. In a machine of the class described, an 
indexable work support, a tool support, a 
grinding wheel rotatably mounted on the tool 
support, means for reciprocating one of said 
supports relative to the other through a lim 
ited working path, means operable between 
successive strokes in opposite directions to 
impart a step-by-step feed movement to one 
of said supports to enable the grinding wheel 
to remoye more stock from the portion of the 
Work piece being operated on on successive 
strokes in both directions, means for periodi 
cally reciprocating the movable support 
through an extended path in the same direc 
tion as it is moved during its working strokes 
to carry said support beyond said working 
path, means for indexing the work support 
during said periodic extended reciprocations 
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and means operable on the periodic extended 
reciprocations to reverse the feed mechanism 
and return the part that has been fed back 
through the distance it was fed during the 

41. In a machine of the class described, 8. 
indexable work Support, a tool support, a 
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grinding wheel rotatably mounted on the tool 
support, an oscillatory shaft, means opera 
tively connecting the shaft to one of said 
supports to reciprocate said support on oscil 
lation of said shaft, indexing mechanism for 
the work support, means operatively connect 
ing the shaft with the index mechanism. 
adapted to trip said index mechanism when 
the shaft has moved through an angle great 
enough to have caused the reciprocating 
mechanism to separate said supports from 
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one another far enough for the wheel to clear 
the work, and means for oscillating said 
shaft. 

indexable work support, a tool support, a 
grinding wheel rotatably mounted on the tool 
support, an oscillatory shaft, means oper 
atively connecting the shaft to one of said 
supports to reciprocate said supportion oscil 
lation of said shaft, means for locking the 
work support against rotation during grind 
ing, means for indexing the work, support, 
means carried by said shaft operative to re 
lease the locking means and permit connec 
tion of the index mechanism to the work sup 
port on movement of the shaft through an 
arc great enough to cause the wheel to be sep 
arated from the work, and means for oscil 
lating said shaft. 

43. In an automatic grinding machine, a 
rotatable work support, a tool support, a 
grinding wheel rotatably mounted on the tool 
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Support, an oscillatory shaft, means opera 
tively connecting said shaft to one of said 
supports to reciprocate said support on oscil 
lation of said shaft, means for locking the 
work support against rotation during grind 
ing, means for indexing the work support, 
means operatively connecting the shaft to the 
locking means adapted to release the lock 
ing means and permit connection of the index 
mechanism to the work support when the 
shaft moves through an arc great enough to 
cause separation of the work from the wheel, 
and means for imparting to said shaft 
cyclical movements of which each cycle com 
prises movement of the shaft a plurality of 
times through a short arc and then a single 
movement through a long arc on the latter 
of which the work is moved clear of the 
wheel. 

EDWARD W. BULLOCK. 
RAY MOND WEBSTER. 

42. In a machine of the class described, an 
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