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The present invention relates to machines for 
producing gears and particularly to machines for 
grinding longitudinally curved tooth gears, such 
as Spiral bevel and hypoid gears. In a still more 
particular aspect, the invention relates to longi 
tudinally curved tooth gear grinding machines in 
which a rotary dished grinding wheel is employed 
and the wheel is swung to and fro along the length 
of a tooth to grind the side surface of the tooth 
from end to end. 
One object of the invention is to provide a spiral 

bevel and hypoid gear grinding machine of the 
dished wheel-type that will be of improved design 
and Simpler in construction than machines of 
this type previously built. 
A further object of the invention is to provide 

a grinding machine in which separate means are 
provided for controlling the preliminary or rough 
grinding and the final or finish grinding opera 
tions and in which the means controlling the 
finish grinding operations is so constructed that 
a finer quality of finish will be obtained. 

Still another object of the invention is to pro 
vide a grinding machine in which feed mecha 
nism is located directly behind the part being fed 
whereby to reduce the mass of the parts being 
moved and to obtain a direct and steadier feed. 

Still another object of the invention is to im 
prove the accuracy of grinding by providing a 
gear grinding machine in which the dressing 
mechanism is mounted on a relatively fixed part 
of the machine and the wheel is moved up to 
the dressing mechanism for dressing, thereby in 
Suring that the wheel is always dressed in the 

5 same position and to the correct pressure angles. 
A further object of the invention is to provide 

an improved and simplified mechanism for dress 
ing simultaneously the two sides and the tip of a 
grinding Wheel. 

Still another object of the invention is to 
provide in a machine of the dished wheel type, 
means whereby the gearing for producing the 
Swing of the wheel can also be actuated at Will to 
swing the wheel beyond its normal working path 

5 to bring it to dressing position. 
A further object of the invention is to provide 

mechanism for quickly clamping the grinding 
wheel head at a plurality of points simultaneously 
or for releasing the Same, and in this, as in 
certain other aspects, the invention has utility in 
connection with gear cutting as Well as gear 
grinding machinery and in connection with ma 
chine tools generally. 
A further object of the invention is to provide 

in a machine tool, a unitary control for the 
chucking mechanism, the mechanism for moving. 
the workhead to and from operative position, 
and the mechanism for clamping the workhead in 
operative position. In this connection, a further 
object of the invention is to provide means which 

(C. 51-52) 
will safeguard the operator of the machine and 
insure that the work is chucked to his satisfac 
tion before the Workhead can be moved to opera 
tive position. Still further, means is provided 
that insures that the Workhead is actually in 
Operative position before it is clamped. 

Still another object of the invention is to 
provide a machine in which the grinding wheel is 
dressed alutomatically at the end of each grind 
ing cycle as, for instance, at the ends of both the 
rough and finishing grinding operations. 

Still another object of the invention is to pro 
vide a machine in which the grinding wheel will 
be advanced automatically relative to the Work 
after each dressing operation to compensate for 
wheel-wear. In this connection, a further ob 
ject of the invention is to provide means for auto 
matically clamping and unclamping the grinding 
Wheel head prior to and after, respectively, ad 
vancement of the wheel. 
A still further object of the invention is to 

provide means operative at the end of rough 
grinding for automatically shifting the means 
that controls the feed during rough-grinding out 
of operative position and bringing the means that 
controls the feed during the finishing grinding 
into operative position. 
A still further object of the invention is to 

provide a machine having means for automati 
cally releasing the workhead and for moving the 
workhead from operative position to chucking 
position when the operations on the Work have 
been completed and for dechucking the completed 
work piece during the latter movement. 

Further, it is an object of this invention to 
combine the various automatic features described 
in a single machine So as to provide a gear grind 
ing machine Which will be fully automatic in 
operation and which will require no attention 
from the operator whatsoever from the time the 
machine is started until the Work on the gear 
has been completed and the gear dechucked. 
The invention also includes various other in 

provements and refinements having to do with 
the production of machinery for producing gears, 
all of which will appear clearly from the following 
description and from the appended claims when 
read in conjunction with the accompanying draw 
lingS. 
Two different embodiments of the invention 

have been illustrated in the drawings, One a ma 
chine which is semi-automatic in operation and 
the other a machine which is fully automatic. 

In the dra Wings: 
Fig. 1 is a side elevation, with parts broken 

away, of a semi-automatic machine for grinding 
Spiral bevel and hypoid gears; 

Fig. 2 is a vertical sectional view on an en 
larged scale taken longitudinally through the 
grinding-wheel head; 
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2 
Fig. 3 is an elevational view of the wheel head, 

looking at the grinding wheel and dressing mech 
anism; 

Fig. 4 is a fragmentary vertical sectional view 
through the tool end of the machine and taken 
at right angles to the view of Fig. 2; 

Fig. 5 is a fragmentary view showing details of 
the grinding wheel oscillating mechanism and 
parts of other drives of the machine, the view 
being a sectional view taken approximately on 
the line 5-5 of Fig. 4; 

Fig. 6 is a plan view of the tool head, the view 
being on a somewhat reduced scale and parts be 
ing broken away; 

Fig. 7 is a transverse vertical sectional view 
through the workhead of the machine on an en 
larged scale; 

Fig. 8 is a view of the workhead clamp taken 
at right angles to the view of this clamp Seen in 
Fig. 7; 

Fig. 9 is a rear end view of the workhead show 
ing details of the index mechanism; 

Fig. 10 is the section on the line O-O of 
Fig. 9; 

Fig. 11 is a diagrammatic view showing the 
connection between the rotary control valve, the 
chucking mechanism, the mechanism for moving 
the Workhead, and the mechanism for clamping 
the workhead, all of which mechanisms are con 
trolled by said valve; 

Fig. 12 is a side elevation of the stop-plate for 
controlling the movement of the control-valve; 

Figs. 13 to 16 inclusive are diagrammatic views 
illustrating the operation of the control-valve; 

Fig. 17 is a development of the rotary part of 
this valve; 

Figs. 18 and 19 are developments of the feed 
cams controlling the rough and finish grinding 
operations, respectively; 

Fig. 20 is an enlarged plan view of the feed 
cam and follower; 

Figs. 21 and 22 are views of the dressing mech 
anism, partly in Section, and taken at right an 
gles to one another; Fig. 22 showing, also, dia 
grammatically the connection between the dress 
er control valve and the dressing mechanism; 

Figs. 23 and 24 are plan Sectional views, show 
ing two different positions of the dressing mech 
anism in the act of dressing a grinding wheel; 

Fig. 25 is a section on the line 25-25 of Fig. 4; 
Fig. 26 is a partial plan view corresponding to 

Fig. 6 but on a somewhat enlarged scale, showing 
the Wheel-head of a modified form of machine 
Constructed to be fully automatic in Operation; 

Fig. 27 is a sectional view of the control-valve 
used in the fully automatic machine for con 
trolling the chucking operation, the movement 
of the Workhead, and the clamping of the Work 
head, and showing the mechanism for Operating 
this valve; 

Fig. 28 is a side elevation of the stop-plate for 
controlling the movement of this valve; 

Fig. 29 is a fragmentary sectional view of the 
line 29-29 of Fig. 26; 

Fig. 30 is a fragmentary sectional view on the 
line 30-30 of Fig. 26; 

Fig. 31 is a fragmentary sectional view on the 
line 3-3 of Fig. 26; 

Fig. 32 is a section on the line 32-32 of Fig.26; 
Fig. 33 is a fragmentary sectional view, showing 

the two needle valves that control the rate of 
dressing of the grinding wheel prior to rough 
grinding and prior to finish grinding, respectively; 

FigS. 34 and 35 are views showing two differ 
ent positions of the cycle-control-bar at two dif 

2,099,674 
ferent stages in the operation of the fully auto 
matic machine; and 

Fig. 36 is a diagrammatic view of the electrical 
and hydraulic circuits of the fully automatic 
machine and illustrating the method of operation 
of this machine. 

5 

The advantages of a rotating and Swinging . 
dished or cupped grinding wheel for grinding 
longitudinally curved tooth gears have already 
been clearly disclosed in the U. S. patent to Tay 
lor, No. 1830,971 of November 10, 1931. In the 
gear-grinding machines illustrated in the accom 
panying drawings, this type of grinding wheel is 
employed. The tooth grinding action is produced, 
as in the Taylor patent, by rotating the wheel 
at high speed on its axis and simultaneously 
Swinging the wheel about an axis passing through 
the center of longitudinal curvature of the side 
tooth surface or surfaces being ground. The 
present invention constitutes in several respects 
an improvement over the Taylor patent as will 
now be described. 

In the machines illustrated, the gear is held 
stationary during grinding and the grinding of 
the tooth surfaces for their full height is effected 
by feeding the rotating and Swinging grinding 
wheel into the gear until full depth position is 
reached. One side of a tooth space may be 
ground at a time, but preferably both sides of the 
tooth space will be ground simultaneously. When 

O 
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25 

30 

a tooth surface or a pair of tooth surfaces have 
been ground, the wheel is withdrawn and then the 
gear is indexed. The alternate feed and with 
drawal continues until the gear is completed. 
To secure the best possible results as regards 

quality of finish of the tooth surfaces ground, 
we have provided separate feed cams for the 
rough and finish grinding operations. The two 
cams are mounted upon the same shaft and this 
shaft is shiftable axially to bring the cams alter 
nately into operative position. The roughing 
cam is so constructed as to provide a continuous 
feed during grinding and stock is removed 
throughout the whole of the feeding movement 
and as soon as the wheel reaches full depth posi 
tion it is withdrawn. The finishing cam is con 
structed, however, to produce a dwell of the 
grinding wheel in full depth position at the end 
of the feed movement. This dwell insures clean 
ing up of the tooth surfaces and a smooth tooth 
surface finish. The finishing cam, moreover, is 
designed to produce a finer feed than the rough 
ing can and in this way, also, conduces to a 
better quality of tooth surface finish. 
A further feature of the invention, which also 

makes for improved quality, is the mounting of 
the cams themselves. The grinding wheel is 
journaled in an oscillating carrier which is Oscil 
lated to produce the longitudinal swinging motion 
of the wheel. This carrier is journaled in spaced 
bearings in the wheel head and the feed-cam 
shaft is mounted in the head to extend between 
these bearings so that the feed-cams operate di 
rectly behind the wheel and substantially in line 
therewith. With this construction, the mass 
being moved during feed is reduced and a 
steadier feed movement is obtained. 
The wheel head is adjustable axially of the 

swinging carrier to compensate for wear of the 
wheel. One of the constructional features of 
the present machine and one having general 
application is the mechanism for clamping the 
wheel head to the frame after adjustment. In 
the machines shown, the clamping mechanism 
includes four T-bolts that engage the frame at 
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2,099,674 
four spaced points. Each of the T-bolts is se 
cured to a piston that is movable in a cylinder 
bored in the wheel head and the four pistons are 
controlled from a single centrally located valve. 
Thus the head can be clamped or released simul 
taneously at four different points by operation of 
this single control valve. This very much ex 
pedites handling of the machine. 
The dressing mechanism itself is also novel. 

Three diamonds are employed, two for dressing 
opposite sides of the wheel and the third for 
dressing the tip of the wheel. One of the side 
dressers is mounted upon the head of a hy 
draulically-actuated piston-rod. The end or tip 
dresser is mounted upon a swinging arm and this 
arm carries a follower that engages a can-pro 
jection on the head of the piston-rod so that as 
the first-mentioned side dresser moves back and 
forth under actuation of its piston, the tip dresser 
is swung back and forth to dress the tip of the 
wheel. The other side dresser is also mounted 
upon a swinging arm and this latter Swinging 
arm carries a follower that engages a Can-pro 
jection upon the first mentioned Swinging arm, 
the arrangement being such that as the tip 
dresser swings back and forth as already de 
scribed, it will impart a swinging motion back 
and forth to the second side dresser to dress the 
side of the wheel. The three dressers are, there 
fore, actuated simultaneously from a single hy 
draulically operated piston. 
The dressers are all mounted upon a drum and 

the arms which carry the two side dressers are 
each angularly adjustable upon this drum. The 
angular adjustments of the side dressers permit 
setting them to dress the opposite sides of the 
grinding wheel to any desired pressure angles. 
The tip dresser is longitudinally adjustable on 
its arm so that the grinding wheel may be dressed 
to any desired point-width. The drum itself is 
laterally adjustable on the wheel-head and this 
adjustment is in a direction radial of the axis 
of swing of the grinding wheel so that the dia 
monds can be adjusted to dress wheels of differ 
ent diameters. 
To dress the grinding wheel, it is swung up Out 

of its normal operating path to bring it into Oper 
ative relation with the dressing diamonds which 
are, as described, relatively fixed. The train of 
gearing for oscillating the wheel carrier includes 
a differential and the housing of this differential 
is held stationary during grinding. To Swing the 
grinding wheel to or from dressing position, a 
hydraulically-operated piston is actuated. This 
piston is connected to a rack that is adapted to 
rotate the housing on actuation of the piston. 
Adjustment of the rack relative to the piston 
allows of positioning the grinding wheel to grind 
gears of different spiral angles. but the wheel is 
always moved to the same position for dressing 
regardless of its spiral angle adjustment. 
The indexing mechanism of the machine illus 

trated is of the notched plate type and is actu 
ated from a can that is driven in tinned relation 
with the feed can shaft. 
In order to place a gear on the machine or re 

move a gear after it, has been ground, the work 
head is moved to loading position. The movement 
of the workhead to and fron loading position, 
the clamping of the workhead in operative posi 
tion, and the chucking and dechucking of gears 
upon the work spindle are controlled from a 
single rotary valve. This valve controls a piston 
that moves the Workhead to and from loading 
position, a piston that actuates or releases the 

3 
workhead clamp, and a piston that controls the 
operation of the chucking mechanism. 
On both the Semi-automatic and the fully au 

tomatic machines, the rotary valve just described 
is manually operable in one direction to first 
chuck a gear on the Work spindle, then move the 
Workhead into operative position, and then clamp 
the workhead in operative position. A stop or 
cam-plate is provided in conjunction with the 
valve just described to insure that the operator 
will take a positive action between chucking and 
movement of the workhead to operative position 
and between movement of the Workhead to op 
erative position and clamping of the workhead. 
This insures that the operator will have the gear 
properly lined up with the grinding wheel before 
he moves the workhead into operative position 
and it also insures that the Workhead Will have 
fully reached operative' position before it is 
Clamped. 
In the return movement of the control valve, 

the workhead is released, then moved to load 
ing position and the completed gear is dechucked. 
The steps take place automatically in the fully 
automatic machine, after the gear is completely 
ground. 

In the machines illustrated, the work spindle 
is journaled in a slide that is vertically adjust 
able upon the workhead or column and the work 
head or column slides on a base that is angularly 
adjustable upon a plate. The plate is in turn 
laterally adjustable upon the frame of the ma 
chine. The vertical and lateral adjustments per 
mit of adjusting the gear relative to the grind 
ing wheel for spiral angle. The angular adjust 
ment is for the purpose of adjusting the gear in 
accordance with its pitch cone angle. 
In the Semi-automatic machine, a shift from 

the roughing to the finishing feed cams and vice 
versa is effected manually by reciprocation of a 
sleeve in which the cam shaft is journaled and 
a wedge is provided for holding this sleeve against; 
movement when the finishing cam is in operative 
position. So as to eliminate all possibility of vibra 
tion during the finish grinding operation. The 
movement of the grinding wheel to and from 
dressing position is also effected manually as are, 
also, the advance of the grinding wheel head 
after dressing to compensate for wear and the 
operation of the valve that controls the T-bolts 
for clamping this head. The rotary valve that 
controls chucking movement of the workhead to 
and from loading nosition and clamping or re 
leasing of the workhead, in the Semi-automatic 
machine is manually operable in both directions. 
In this machine, the dressers are also manually 
controlled, a manually operable valve being pro 
vided for controlling the movement of the piston 
that actuates the dressers. 
In the fully automatic machine the various op 

erations described are automatic. This machine 
stops with the workhead at loading position. the 
Work dechucked and the grinding wheel swung 
up to dressing position. When the machine is 
started, the grinding wheel is automatically 
Swung down into grinding position. This closes 
a contact that starts the main drive motor. The 
operator then manually rotates the control valve 
to chuck a gear, move the workhead into oper 
ative position and clamp the head in this posi 
tion. The machine then goes through the rough 
grinding cycle. the grinding wheel being fed into 
the gear to grind a tooth space of the gear and 
being then withdrawn and the gear being then 
indexed and SO on until all of the tooth surfaces 
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4. 
of the gear have been ground. The automatic 
Stop mechanism of the machine then operates to 
Stop the main drive motor and cause the grind 
ing wheel to be again swung up to dressing posi 
tion. When the grinding wheel reaches dress 
ing position, a contact is made that shifts the 
roughing cam out of operative position and brings 
the finishing feed cam into operative position. 
The wheel head is then automatically unclamped 
and fed forward a distance equal to the amount 
of stock to be removed from the grinding wheel 
in the dressing operation. At the end of this 
advancing movement of the wheel head, a valve 
is shifted that controls the dressing mechanism 
and the dressing mechanism goes through its 
cycle to dress the grinding wheel. At the corn 
pletion of the dressing operation, the grinding 
wheel is automatically returned to grinding posi 
tion and the machine then goes through its finish 
grinding cycle. The wheel is alternately fed into 
the gear to finish grind each tooth space, and 
withdrawn and during the periods of withdrawal, 
the gear indexed. When all of the teeth have 
been finish ground, the automatic stop mecha 
nism again trips to swing the grinding wheel up 
to dressing position and the shaft carrying the 
feed cams is again shifted axially. The grind 
ing wheel head is unclamped and advanced and 
the wheel is dressed, as before. The shift of the 
feed cam shaft at this time, however, will break 
the starting circuit to the machine so that the 
completion of the dressing operation will not 
cause the wheel to be again swung down into 
operative position. This shifting movement of 
the cam shaft will also release the rotary con 
trol valve. This valve will then be rotated auto 
matically under actuation of a spring to auto 
matically release the workhead, move it to load 
ing position and dechuck the gear. Thus the 
whole operation of the machine takes place au 
tomatically, without requiring any attendance of 
an operator, from the time that the machine is 
started and the gear is chucked until the gear 
is completed both rough and finish ground, moved 
to loading position and dechucked. 
The principal features of the invention and 

the method of operation of the machines shown 
in the accompanying drawings have been de 
scribed in general terms. Reference will now be 
had to the drawings for a more detailed descrip 
tion of the invention and of these machines. , 
The semi-automatic machine will be described 
first. 

30 designates the base or frame of this machine 
and 3 (Figs. 1 and 2) designates a housing or 
upright which is rigidly secured to this frame at 
one end thereof and which may be integral there 
with. This housing or upright 3 is hollow and 
is formed with plane top surfaces on which there 
slides a wheel-head 32. 

Mounting for the grinding wheel 
Mounted in the wheel-head 32 is an oscillatable 

and slidable wheel-carrier or quill 34. This 
wheel-carrier or quill 34 is of irregular shape as 
will be clear from Fig. 2 of the drawings. 
The column or upright 3 is formed at its for 

ward end with a cylindrical bearing 35 (Figs. 2 
and 3). There is a cylindrical plate or guide 36 
secured to the quill 34 at the front end thereof 
by screws 3. This plate 36 has its bearing in 
the bearing 35 of the column 3 and forms a guide 
for the quill 34 in its oscillatory and sliding move 
ments. 
There is a sleeve 38 secured in an opening in 
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the rear end of the quill 34 by screws 39. This 
sleeve is mounted for rotating and sliding move 
ments in a bearing formed in an arm 40 that 
is integral with the plate or wheel-head 32 and 
depends therefrom. 
There is a ball-thrust bearing 42 mounted in 

the quill 34 directly behind the cylindrical drive 
plate 36. There is a sleeve 43 mounted in this 
bearing and formed at its rear end with a flange 
44 that seats against the rear face of the bearing. 
A cam-follower or projection 45 (Figs. 2 and 20) is 
secured to this flange by screws 46. 

Pending from the plate or wheel-head 32, ad 
jacent its forward 'end is a hollow bearing or arm 
50 (Figs. 2 and 4). This arm 50 is formed at 
its lower end with a semi-cylindrical seat or 
bearing 49 (Fig. 4). This bearing 49 aligns with 
the bore of the sleeve 43 already referred to. 
Mounted in the bearing 49 and the sleeve 43 is a 
sleeve 5. This sleeve 5 is held in the bearing 49 
by a cap-member. 54 and is secured against axial 
movement relative to the arm 50 by a pin 52 
and a screw 53 that are mounted in a cap-mem 
ber 54 and engaged in the sleeve. The cap-mem 
ber 54 is secured to the depending bearing 50 by 
bolts 55. The sleeve 5 carries a key 56 that en 
gages in an elongated key-way 57 that is formed 
internally in the sleeve 43. Thus the sleeve 43 
is held against rotation relative to the sleeve 5 
while relative sliding movement between the two 
sleeves is permitted. 

60 designates a plate which is secured to the 
quill 34. This plate has a forwardly projectihg 
stem or stud 6 that is journaled on bearings 
62 in the sleeve 5. The forward end of this stud 
6 f is of reduced diameter and is mounted in a 
thrust-bearing 63 that is slidably mounted in the 
sleeve 5. A nipple 64 is threaded in the for 
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ward end of the sleeve 5 and between this nipple 
and the bearing 63 there is interposed a coil 
spring 65. 

Journaled in the quill 34 is a wheel-spindle 70 
which is tapered at its forward end to receive the 
adaptor 7. The cupped grinding-wheeel W used 
on the machine is secured to the adaptor by nuts 
72 and the adaptor is secured to the spindle 70 
by threading up on the nut 73 which threads 
on the end of the wheel-spindle. The wheel 
spindle 70 is journaled on anti-friction bearings 
4 and 75 in a sleeve 6 that is secured to the 

quill 34 by bolts 78. The usual labyrinth-seal 77 
is provided at the forward end of the spindle to 
prevent entry of dirt or grit into the bearings. 

Drive to the grinding wheel 
The grinding-wheel spindle O is driven from a 

motor (not shown) that is mounted in the base 
or frame of the machine. The drive is from the 
motor through a belt 80 to a pulley 8 that is 
keyed to a hollow-shaft 82 which is journaled 
on anti-friction bearings 83 and 84 in an end 
plate 85 which is secured by screws 86 to the 
upright or housing 3. 
8. are protected by a guard 87 which is secured 
to the housing 3 in any suitable manner. 
Journaled on anti-friction bearings 90 and 9 

in the sleeve 38 is a shaft 92 which has a telescop 
ing splined connection with the hollow shaft 82. 
Keyed to the shaft 92 is a bevel gear 93 that 
meshes with a bevel gear 94. The gear 94 is 
keyed to a shaft 95 which is journaled on anti 
friction bearings 96 and 97 in a sleeve 98 that 
is fixedly secured in the quill 34. 

Keyed to the shaft 95 at its forward end is 
a pulley le. This pulley drives a pulley Of 
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through a belt 02. The pulley O is keyed to the 
rear end of the wheel-spindle 0. 
Through the gearing just described, a rotary 

motion is imparted to the grinding-wheel to pro 
duce the grinding action. We shall now describe 
the mechanism for producing the swinging mo 
tion of the grinding wheel required to move the 
wheel longitudinally along the tooth surfaces to 
be ground to grind the tooth surfaces from end 
to end. 

Wheel oscillating mechanism. 
Mounted in the base or frame of the machine 

is a motor iO5, (Fig. 1). This drives a vertical 
shaft 06 through a suitable coupling 07. The 
shaft 06 carries at its upper end a bevel pinion 
08 that meshes with a bevel gear 09 secured to 

a shaft ff0. The shaft O has a spur gear 2 
fastened to it at its outer end. This spur gear 
meshes with a spur gear 3 (Figs. 1 and 5) which 
is splined to a shaft 4. The shaft 4 is jour 
naled on anti-friction bearings 5 in the column 
3 and a bevel pinion f6 is keyed to the shaft 
at its inner end. This pinion meshes with a bevel 
gear which is secured by screws 8 to a 
crank-plate 20. The crank-plate is integral 
with a shaft f2 that is journaled on anti-fric 
tion bearings 22 and 23 in the column 3. The 
crank-plate is of the usual Construction and is 
formed with a crank-plate slot 24 (Figs. 4 and 5) 
which receives the adjustable block 25 that car 
ries the crank-pin 26. The crank-pin 26 is 
connected by a rod 27 to a pin f28 which is se 
cured by a nut 29 in a link 30. The rod 27 
is secured to the crank-pin 26 by a nut 3. 
The link 30 is connected to a Shaft 32 and is 

held thereon by the nut 33. This shaft is jour 
nailed on anti-friction bearings 35 and 36 in the 
sleeve 37 of a differential-housing 38. 
The shaft 32 is integral with one of the side 

gears 40 of the differential. This gear 40 
meshes with the planetary-gears 4 and 42 
which are journaled on anti-friction bearings 43 
and 44, respectively, in the differential housing, 
and are also mounted upon the differential-spider 
45. The planetary-gears f4 and 42 mesh with 
a differential side gear 46. This gear f46 is in 
tegral with a shaft 47 that is journaled on anti 
friction bearings 48 and 49 in a sleeve 50 that 
is integral with the differential housing. The 
sleeves f36 and 50 of the differential housing 
are journaled in bearings 5f and 52, respec 
tively, that are formed integral with the column 
or housing 3. 
There is a spur gear 55 keyed to the shaft 47 

at its rear end and this spur gear meshes with a 
spur gear segment 56 (Figs. 4 and 2) that is in 
tegral with the quill 34. 
Through the gearing just described, then, an 

Oscillating motion is imparted to the quill and 
through the quill to the grinding wheel to Swing 
the grinding wheel back and forth along the 
length of the gear teeth being ground. We shall 
next describe the mechanism for imparting to the 
grinding wheel its alternate movements of feed 
and Withdrawal. 

Wheel feed mechanism 
Mounted on the shaft f4 already referred to 

(Figs. 1 and 5) and splined thereto is a spur gear 
60 that meshes with a spur gear 6 which is 

keyed to a stub-shaft 62. This shaft is jour 
naled on anti-friction bearings 63 and f 64 in a 
quadrant 65 that is secured to the housing or 
upright 3 by a bolt f66. 

S 
The spur gear 6 meshes not only with the 

spur pinion 60 but also with a spur gear 68 
(Fig. 1) which is secured to a shaft 69 that is 
journaled in the column 3 and which has fas 
tened thereto a bevel gear 70. This bevel gear 
meshes with a bevel gear 72 (Figs. 1 and 5) that 
is keyed to a shaft 73. This shaft 73 is jour 
nailed on anti-friction bearings 74 and 75 in 
the column 3f. At its forward end, the shaft 73 
has a sliding splined engagement With a sleeve 

that is journaled on anti-friction bearings 
8 and 79 in the column 3. A bevel gear 80 

is keyed to the sleeve f7 and meshes with a bevel 
gear 8? that is ksyed to a vertical shaft f82 
that is suitably journaled in the column 3 . 
This vertical shaft f82 has secured to its upper 

end a bevel gear f84 (Fig. 6) which meshes with 
a bevel gear 85 that is secured to a horizontal 
shaft 86. The shaft 86 carries at its inner end 
a bevel pinion f 87 which meshes with a bevel gear 
88 (Figs. 6 and 2). The bevel gear 88 is keyed 

to a sleeve 89 that is journaled on anti-friction 
bearings 9 and 92 in a bracket 93. This 
bracket is suitably secured to the upper face of 
the wheel-head 32 and the horizontal shaft 86 
is journaled in this bracket. 
The sleeve 89 has splined engagement with 

a vertical cam-shaft 95 that is journaled on 
anti-friction bearings 96 and 97 (Fig. 2) in a 
sleeve 98 which is vertically reciprocable in the 
cylindrical bore of the depending arm 50 already 
referred to. 
There is a cam-member 200 fixedly secured to 

the lower end of the shaft 95. This cam-mem 
ber is provided with two peripheral cam-tracks 
20 and 292 (see Figs. 18 and 19). One of these 
tracks is a roughing-cam track and the other a 
finishing-cam track. They are adapted to be 
engaged Selectively with the projection or foll 
lower 45 to impart feed movement to the quill 34 
and the grinding wheel. - 
To bring either cam-track into engagement 

With the follower 45, the sleeve 98 is moved ver 
tically. To this end a handle or crank 205 (Fig. 
1) is provided. This is secured to a shaft 206 
that is journaled in the plate or head 32 and that 
carries at its inner end a spur pinion 207 (Fig. 2). 
This pinion meshes with a rack 208 cut into the 
peripheral surface of the sleeve 98 adjacent to 
the upper end thereof. 
The sleeve 98 is provided adjacent to its lower 

end and at a point diametrically opposite the 
rack 208, with a slot 20 that extends from its 
lower end upwardly and tapers outwardly, This 
slot receives a tapered key 2 which is adjusta 
bly secured in the arm 50 by means of bolts 22. 
These bolts pass through an elongated slot 23 
in the arm 50 and thread into the key 2 . The 
-key 2 operates to hold the sleeve 98 against 
rotation and, in the lower position of the sleeve, 
When the finishing cam 20 is engaged with the 
follower 45, acts as a wedge to hold the sleeve 
rigidly against vibration, thereby to insure a 
perfect finish in the finish-grinding operation. 
A lay-out of the track of the roughing cam is 

shown in Fig. 18. In the rotation of this cam, 
the quill 34 is first fed at a rapid rate toward the 
work, but when the grinding wheel reaches the 
position where it contacts with the gear, the rate 
of feed is reduced and the wheel is fed on into 
full depth engagement with the gear at a much 
Slower rate. The slow-feed prevents an excessive 
burden from being placed on the wheel and pro 
duces a rough-finish on the sides of the teeth at 
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lend itself well to the ensuing finish-grinding op 
eration. When the wheel reaches full-depth po 
sition, it is withdrawn and when the wheel is 
clear of the gear, the gear is indexed. To insure 
that the indexing will be completed before the 
wheel is again fed back toward the work, a dwell 
in the cam-track is provided, as indicated. 
The track of the finishing cam differs some 

what from that of the roughing cam as will be 
seen from Fig. 19. When the finishing cam is 
in use, the quill 34 is fed at a rapid rate toward 
the Work until the wheel contacts the gear. Then 
the feed is reduced. The slow-feed produced by 
the finishing cam is, however, somewhat more 
rapid than the slow-feed of the roughing cam 
for with the finishing cam, the grinding wheel 
reaches full depth position sooner than with the 
roughing cam. There is a dwell provided on the 
finishing cam, though, that maintains the grind 
ing wheel in full depth engagement with the gear 
for an appreciable time, instead of causing it 
to be withdrawn immediately after it reaches 
full depth position as is the case with the rough 
ing cam. This dwell in full depth position al 
lows the wheel to clean up the sides of the tooth 
Space, producing a smoother tooth surface fin 
ish and insuring more accurate tooth-spacing. 
At the end of the dwell, the wheel is withdrawn 
and the gear is indexed as before. 
To insure accurate dressing of the grinding 

Wheel, it is desirable to dress it always in the 
Same position. The wheel is always swung up 
to the same position for dressing as will herein 
after be described. It is preferred to dress it 
always in the same relative depthwise position 
also. To this end it is preferably dressed in the 
full withdrawn position. The dwells in the cam 
tracks which serve for indexing therefore pref 
erably determine the positions at which the 
wheel is dressed, as indicated in Figs. 18 and 19. 

Work-head adjustments 
' The gear G to be ground is secured to the 
Work spindle 220 of the machine (Figs. 1 and 
7). The work spindle is suitably journaled in 
a carrier 22, being secured therein by a cap 
member 222 which is secured to the carrier 22 
by bolts 223. The carrier is adjustable verti 
cally on the ways of a column or head 225, the 
adjustment being effected by rotation of the 
Screw-shaft 226. This shaft is rotatably mount 
ed in the column 225 and threads into a nut 
22 that is secured to the carrier 22. There is 
an index-pointer 228 secured to the carrier 22 f. 
This pointer reads against graduations provided 
On the column so as to permit the vertical ad 
justment of the carrier on the column to be made 
accurately. The screw-shaft 226 is provided with 
a micrometer-dial 229 for fine adjustments. 
To secure the carrier 22 rigidly in any posi 

tion of its vertical adjustment, a brace 230 is 
provided. This brace is fixedly secured at its 
lower end to the column 225 by a bolt 23, and 
it is adjustably secured to the carrier 22 by 
the bolt 232 which passes through an elongated 
slot 233 in the brace and which threads into the 
Carrier. 
The head or column 225 is mounted for on 

gitudinal movement and adjustment on a base 
235, the base being formed with ways 236 and 
23 on which the head or column slides. The 
movement of the head 225 is for the purpose of 
bringing the gear to operative position for 
grinding or withdrawing the head to loading po 
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sition where a completed gear can be dechucked 
and a new gear placed upon the machine. 
The described movement of the workhead or 

column 225 is effected by reciprocation of a pis 
ton 240 (Fig. 11). This piston reciprocates in 
a cylinder 24 (Figs. 7 and 11) which is suit 
ably Secured to the base 235 at one side thereof. 
The piston 240 is secured by a nut 242 against 
the shoulder on a piston-rod 243 so that the 
piston is held against longitudinal movement 
relative to the rod. The piston-rod extends 
through the rear end cap and packing box 245 
of the cylinder 24 and is threaded beyond the 
point where it passes through this packing box. 
his threaded portion of the piston rod engages 

a split-nut 247 which is secured in any suitable 
manner to the head or column 225. 
The head 225 can be adjusted relative to the 

base 235 to adjust the gear in accordance with 
its cone distance by loosening the split-nut 24 
and rotating the piston-rod 243. By applica 
tion of fluid-pressure to opposite sides of the pis 
ton 240, the head can be moved from loading 
position to operative position or vice versa, de 
pending upon the direction of application of the 
fluid-pressure. 
The head 225 is secured in operative position 

by a clamping mechanism which will now be 
described. This clamping mechanism comprises 
a two-jaw clamp, the lower jaw of which is des 
ignated at 250 and the upper jaw at 25 (Figs. 
7 and 8). The under jaw 250 engages under 
the ways 236 and 237 of the base 235, being 
formed with two contact-pads 252 at each end 
Which contact with and engage under the ways, 
The lower jaw is also provided with wings 253 
at either side intermediate its ends. These 
Wings have opposed inwardly extending projec 
tions 254. These projections have hardened con 
tact-tips 255 secured in their under faces. 
The upper jaw has a hardened contact tip 256 

secured in its under face at one end of the jaw 
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This contact tip 256 is adapted to engage a hard . 
ened contact tip 25 which is secured in a projec 
tion formed on the head or column 225. The 
upper jaw has side projections or lugs 258 which 

45 

carry hardened contact tips 259 on their upper . 
faces. These contact tips 259 engage the contact 
tips 255 carried by the lower jaw 25. 
There is a piston rod 260 pivotally connected to 

the upper jaw 25: by a pin 26 . The piston rod 
is connected to the jaw 25 at the end of the jaw 
opposite that which carries the contact tip 256. 
The piston rod 260 is secured to a piston 262 that 
reciprocates in a cylinder 264 which is integral 
with the workhead 225. The piston rod extends 
through the lower end cap and packing-box 265 
of this cylinder and is guided in its movement by 
a guide-bracket 266 which is secured to the 

y head 225 by Screws 26. 
The contact tips 255 and 259 have rounded con 

tacting faces and they serve as fulcrums for the 
jaw 25 so that as the piston 262 moves up or 
down in the cylinder 264, the upper jaw 26 is 
rocked about these contact tips to engage or 
release the clamp, depending upon the direction 
of movement of the piston. 
The base 235 is angularly adjustable upon a 

plate 270 (Figs, 7 and 11), the base 235 being 
formed with a hub 272 at its front end that swings 
on a pin. 273 which is secured in the plate 270. 
The base 235 adjusts about this pin 273 as a 
center. The base 235 is secured in any adjusted 
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slots 275 that are formed in the plate 270 con 
centric to the pin 273. 
The plate 270 is laterally adjustable on ways 

277 formed on the base or frame 30 of the ma 
chine. The plate is secured on the frame 30 
in any position of its lateral adjustment by 
T-bolts 278 which engage in T-slots 279 cut 
into the frame. 
The Vertical adjustment of the carrier 22 on 

the column 225 in combination with the lateral 
adjustment of the plate 27C on the frame en 
ables the gear to be adjusted to grind the correct 
spiral angle on its teeth. The longitudinal ad 
justment of the head 225 on the base 235 is for 
the purpose of positioning the gear at the correct 
cone-distance, while, the angular adjustment of 
the base 235 on the plate 2 o is for the purpose 
of positioning the gear to the correct pitch cone 
angle. 

Indec mechanism. 

The index mechanism of the machine is of the 
notched-plate type and is similar in construction 
and in principle of operation to the index mecha 
nism of the Bullock et al. Patent, No. 1786,697 
of Dec. 30, 1930 and will be described here very 
briefly, as reference may be had to that patent for 
a detailed description of the same. 

280 (Fig. 9) designates the index plate. This 
is provided with a number of notches 28 equal 
to the number of teeth in the gear to be ground. 
It is Secured in any suitable manner to the work 
Spindle of the machine. The index plate and with 
it the work spindle are held against rotation dur 
ing grinding of a tooth by a locking-dog 282 
which is Secured to a lever 283 which is pivoted 
about a pin 284. This pin 284 is mounted in the 
index-guard 285 which is fixed relative to the 
work spindle carrier 22. The index lock-dog 282 
is normally held in locking position by a coil 
spring 289 which is mounted upon a pin 286 that 
is slidable in a lug 28 formed on the guard 285 
and that is pivotally connected to the lever 283 
by means of the pin 288. 

Rotatably mounted upon the work spindle is an 
arm 290. Pivotally mounted upon this arm at 29 
is a pawl 292. This pawl has a projection 293 
which is adapted to engage in a notch of the in 
dex-plate 280 to rotate the index plate, when the 
lock-dog 282 is disengaged therefrom. The pawl 
is constantly urged toward engaging position 
by means of a spring-pressed plunger 294 which 
is housed in the arm. 290. It is held out of en 
gagement with the index plate, as long as the 
lock-dog is engaged with the plate, by engagement 
of the cam-Surface 296 of the lever 283 with a 
roller 297 carried by the pawl. 
The arm 290 carries a trip-dog 298. This trip 

dog is pivotally mounted on the arm 290 by a 
pin 299. It is constantly urged in one direction 
about its pivot by means of a spring-pressed 
plunger 300 which is housed in the arm 290. An 
adjustable limit-stop 30 which threads into the 
arm 290, limits the movement of the trip-dog in 
the other direction. The trip-dog 298 is adapted 
to engage a pin 302 that is Secured in the lever 
arm 283. 
As the arm 290 rotates in a counter-clockwise 

direction looking at Fig. 9, the trip dog engages 
the pin 302, lifting the arm 283 and disengaging 
the lock-dog 282 from the index plate. The 
spring-plunger 294 then forces the pawl 292 into 
engagement with the index plate and the con 
tinued rotation of the arm. 290 in the counter 
clockwise direction rotates the index plate, in 

7 
dexing the work-spindle. During this movement, 
the trip-dog 298 rides under the pin 302 and the 
lock-dog 282 drops back onto the periphery of the 
index-plate. When the lock-dog reaches the next 
notch in the index-plate, it again locks up the 
index-plate and the cam 296 acting on the roller 
297 disengages the pawl 292. Movement of the 
arm 290 in the reverse or clockwise direction, re 
sets the index mechanism. 
The index mechanism is operated from a cam 

310 (Figs. 1 and 5). This cam is keyed to a shaft 
3ff that is journaled on anti-friction bearings 
32 and 33 in the column or upright 3 in ax 
ial alignment with the shaft 2. The cam 30 
is driven from the shaft 73 through a spur 
pinion 3 f5 which is keyed to the shaft 73 and 
which meshes with a spur-gear 36 that is in 
tegral with the cam 30. 
The can rocks a lever 38 for actuating the in 

dex mechanism (Fig. 1). This lever is pivoted 
at 39 on the column 3f. At one end it car 
ries a roller 320 that engages in the track 322 
of the cam 30. At its other, end, the lever 38 
has an adjustable pivotal Connection with a bar 
323, the connection being through a bolt 324 
that engages in an arcuate slot 325 formed in 
the lever arm. The bar 323 is pivotally connect 
ed at 327 with a second bar 328. This second 
bar 328 slides in a guide-bracket 329 which is 
Secured in any Suitable manner to a side of the 
frame or bed of the machine. The bar 328 is 
further guided in a second bracket 330 which is 
secured by bolts 33 to the bed or frame of the 
machine (Figs. 1 and 9). 
The bar 328 is formed on its under face with 

rack-teeth 332 which mesh with a spur-pinion 
333. The pinion 333 is integral with a stub-shaft 
334 that is journaled in the bracket 330. The 
shaft 334 is connected by a universal-joint 335 
with a shaft 336 that has a sliding key-connec 
tion with a spur pinion 338 (Figs. 9 and 10). 
The pinion 338 meshes with a rack 340 cut into 
a cylindrical bar 34. This bar reciprocates in a 
bracket 342 carried by a bracket 343 (Fig. 1) 
that is secured by bolts 344 to one side of the 
workhead or column 225. 
The bar 34 is formed with a second rack 346 

on the side opposite the rack 340. This second 
rack meshes with a spur pinion 347 that is keyed 
to a shaft 348. This shaft is journaled in the 
bracket 342 and it has keyed to it a bevel gear 
350 which meshes with a bevel gear 35 that is 
keyed to a vertical shaft 352. 
35 f is adjustable axially on the shaft 352 to 
bring it into proper meshing relation with the 
gear 350. This adjustment is effected by the 
nut 353 which threads on the gear 35 and ad 
justs against the upper end of the braket 342. 
The lock-nut 354 serves to lock the gear 35 
against axial movement relative to the shaft 
after adjustment. 
Secured to the upper end of the shaft 352 

is a spur-pinion 356 which meshes with a rack 
357 cut on the side of a bar 358 that recipro 
cates in a guide-way formed in the index-guard 
285. This bar 358 is formed on its upper side 
With rack-teeth 359 which mesh with a segment 
360 secured to the rotating arm 290. 
The cam 30 (Fig. 5) is driven from the shaft 
73 in time with the feed-cans 20 and 202. 

Thus, through the train of gearing just described, 
the index mechanism is actuated in time with the 
feed mechanism of the machine so that during 
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work spindle is stationary and when the grind 

0. 

15 

20 

25 

30 

35 

ing wheel is withdrawn, the work spindle is in 
dexed. 

Chucking mechanism 
Any suitable type of chucking mechanism may 

be employed for securing the gear to be ground 
to the work spindle. A present preferred type 
of chucking mechanism is illustrated in the 
drawings. This comprises a draw-bar 365 (Figs. 
1 and ll) which has an enlarged head at its 
front end, that engages the gear clamping plate 
369, and which is urged to chucking position 
by a coil-spring 366. This spring surrounds the 
draw-bar and is interposed between a shoulder 
(not shown) in the bore of the work-spindle and 
a washer 367 that is carried by the draw-bar. 
The washer is held in position by a nut 368 that 
is threaded on the draw-bar and the tension 
of the spring 366 can be adjusted by threading 
upon this nut. The draw-bar 365 has contact 
at its rear end with a hardened rod 370 which 
slides in a bearing-member 3 f that is secured 
in the end of the bore of the work-spindle by 
Screws 372. 
The rod 370 is held by the spring 366 in con 

tact with the hardened tip 34 of a lever-arm 
375. This lever-arm is pivotally mounted at 376 
upon a guard-plate 377 that is pivotally mount 
ed at 378 upon the index-guard 285 and that 
serves with the index-guard 285 to enclose the 
index mechanism. 
The lever-arm 375 may be swung about its 

pivot-pin 376 to release the chuck against the 
resistance of the spring 366 by operation of the 
piston 38C. This piston reciprocates in a cylin 
der 38 which is formed in the guard 285. The 
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in Figs. 9 and 11. 

piston-rod 382 which is secured to the piston 
380 by the nut 383 extends through the end 
cap 384 of the cylinder 38 and engages the free 
end of the lever-arm 375. When fluid-pressure 
is applied to the front end of the piston 380, 
the chucking mechanism is released against the 
action of the spring 366, but when the motive 
fluid is exhausted from the front end of the 
piston, the spring 366 operates to return the 
draw-bar to chucking position. The end-cap 
384 is secured to the cylinder 38 by screws 385 
(Fig. 9). 
As a safety measure to prevent breakage of a 

grinding-wheel or damage to a gear caused by 
bringing the gear into engagement with the 
wheel with the gear loose on the work spindle, 
a safety limit-switch is incorporated in the cir 
cuit to the motor which operates the grinding 
wheel. This limit-switch is indicated at 38 

The arm 388 of this switch 
carries a roller 389 which is in position to con 
tact the end of the lever-arm 375. When the 
ever-arm 375 is moved to dechucking position, 
the switch opens to stop the grinding wheel 
drive motor and it is not until the blank is 
chucked that the lever-arm can close the Switch 
to restart the motor. 
Rotary value for controlling chucking, workhead 

movement and clamping of workhead 
As already mentioned, the chucking and re 

lease of the work, the movement of the workhead 
from loading position to operative position and 
vice versa, and the clamping of the workhead in 
operative position and release of same are all 
controlled from a single rotary valve. This valve 
has been designated at 390, see Fig. 11. This 
valve rotates in a sleeve 392 which is secured in 
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the bore of a valve housing 393. This valve 
housing is in the form of a cylinder which is se 
cured by screws 394 to brackets 395 and 396 
which are shaped to form end-caps for the cylin 
der. The brackets 395 and 396 are secured by 
screws 397 and 398, respectively, to the plate 270 
(see Fig. 1). The valve proper is recessed at 
various points around its periphery to provide a 
series of grooves as clearly shown in Fig. 17 
which is a development of the valve. There are 
six of these grooves arranged in three pairs or 
sets of diametrically opposed grooves or recesses. 
The two grooves of each set are designated by 
the same reference numeral, one set of grooves 
being designated at 400, another set at 40 f an 
the third set at 402. 
The sleeve 392 is provided with a plurality of 

peripheral grooves, designated at 403, 404, 405, 
406, 407, 408, 409 and 4f0, respectively, in Figs. 
13, 14, 15, and 16. Radial ducts 43 communi 
cate with the grooves 403 and radial ducts 44, 
45, 46, 47, 48, 49, and 420 communicate 
with the peripheral grooves 404, 405, 406, 407, 
408, 409 and 40, respectively. The several radi 
a ducts extend inwardly from the respective 
grooves to connect the grooves in the sleeve with 
the different grooves in the valve 390 as the valve 
rotates in the sleeve. . 

Oil is preferably used as the motive-fluid and 
is supplied under pressure to the valve from a 
pump (not shown) driven by the motor 425 
(Fig. 1). The Supply-line 426 (Fig. 11) leads to 
the groove 406 in the valve-sleeve 392 and the 
pressure-fluid may be exhausted from the valve 
chamber either through the duct 427 which com 
municates with the groove 403 in the valve-sleeve, 
or through the duct 428 which communicates 
with the groove 40 in the valve-sleeve. The two 
ducts 42 and 428 connect with a duct 429 which 
leads back to a sump provided in the frame or 
bed of the machine, 
The valve 390 is connected with opposite ends 

of the piston 262, which operates the workhead 
clamping mechanism, by ducts 430 and 43. The 
former communicates with the groove 405 in the 
valve-sleeve 392 and the latter with the groove 
40 in this sleeve. The valve 390 is connected 
to the front end of the piston 380, which operates 
the chucking mechanism, by a duct 432 which 
communicates with the groove 408 in the valve 
sleeve 392. 
Opposite ends of the piston 240, which moves the 
Workhead from loading to operating position and 
vice versa, by a pair of ducts 434 and 435. The 
former communicates with the peripheral groove 
404 in the sleeve 392 and the latter communicates 
with the peripheral groove 409 in the sleeve 392. 

Figs. 13 to 16 inclusive illustrate the operation 
of the valve 390, these figures showing in dotted 
lines the grooves of the valve proper superim 
posed upon the ducts of the valve sleeve and 
showing the successive positions taken by the 
grooves in the rotation of the valve. Fig. 13 illus 
trates diagrammatically the position of the valve 
when the workhead is at the loading position. 
Here the grooves 40 of the valve are in registry 
with the ports 46, 47, 4 f6 and 49 in the valve 
sleeve and the grooves 400 are in registry with 
the ports 43, 44 and 415. Thus the lines 43, 
432 and 435 (Fig. 11) are on supply from the line 
426, while the lines 434 and 430 are on exhaust 
through line 427. In this position of the valve 
the piston 240 would be at the right of its cylin 
der instead of at the left as shown in Fig. 11, the 
piston 380 will also be at the right of its cylin 

The valve 390 is connected with 
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2,099,674 
der and the piston 262 Would be at the lower end 
Of its cylinder. 
As the valve 390 is rotated, the grooves 40 

rotate away from the ports 48, shutting off sup 
ply to the chuck-operating piston 380, and the 
grooves 402 are brought into registry, with the 
ports 48 and 420. This allows the motive-fluid 
to be exhausted from the left-hand end of the 
cylinder 38 as viewed in Fig. 11. The gear is, 
therefore, chucked under actuation of the spring 
366. At this point in the rotation of the valve 
390, however, the workhead still remains at load 
ing position and unclamped. This is because the 
line 435 still remains on supply through the ports 
419, the grooves 40 and the ports 46, and the 
line 434 remains on exhaust through the ports 
44, the grooves 400 and the ports 43, while 
the line 43 remains on supply through the ports 
47, the grooves 40 and ports 4 f6, and the line 
430 remains on exhaust through the ports 45, 
groves 400 and ports 43. The position of the 
valve 390 at this point in its rotation is illus 
trated diagrammatically in Fig. 14. 
As the valve 390 is rotated further, the groove 

the ports 44. This places the right-hand end 
of the cylinder 24 (Fig. 11) on supply and the 
left-hand end on exhaust. Thus the piston 240 
is moved to the left in this cylinder to the posi 
tion shown in Fig. 11 moving the workhead from 
loading into operating position. The head is not 
clamped, however, at this point in the rotation 
Of the valve 390 because the line 430 is still on 
exhaust through the ports 45, grooves 400 and 
ports 43 and the line 43 is still on supply 
through the ports 47, grooves 40, and ports 
46. The position of the valve 390 at this point 
in its rotation is diagrammatically illustrated in 
Fig. 15. 
The final step in the rotation of the valve 390 

brings it to the position illustrated diagram 
matically in Fig. 16. The grooves 40 are now 
brought into registry with the ports 4 f5, while 
still remaining in registry with the ports 44. 
The grooves 402 are also brought into registry 
With the ports 47, while remaining in registry 
with the ports 48, 49 and 420. When the 
grooves 40 register with the ports 45, the line 
430 is put on supply and when the grooves 402 
move into registry with the ports 47 the line 
43 is put on exhaust. This moves the piston 
262 upwardly in its cylinder to rock the upper 
clamping-jaw 25 about its fulcrum and clamp 
the Workhead in operating position. 
As the valve 390 is rotated in one direction, 

then, it will be seen that the gear is first chucked, 
then the workhead is moved into operating posi 
tion, and then the workhead is clamped. These 
Operations take place in the reverse order when 
the valve is rotated back in the opposite direction. 
To insure that the Workhead is not moved into 

operating position until the gear has been 
clamped on the work spindle and to insure that 
the workhead is not clamped until it is fully in 
operating position, a special form of operating 
handle and detent has been provided. The han 
dle comprises a body-portion 440 (Fig. 11) which 
is keyed to the projecting stem 44 of the valve 

70 390. This stem is of reduced diameter and pro 
jects through an opening in the end-cap 396. 
The body-portion 440 of the handle is bored to 
receive a sleeve 442 which has a pressed fit there 
in. There is a rod 444 slidably mounted in the 

75 sleeve 442 which carries a pin or detent 445, A 

402 are brought into registry with the ports 49. 
and the grooves 40 are brought into registry with . 

9 
coil-spring 446 is interposed between a shoulder 
or head formed on the rod 444 and the upper end 
of the sleeve 442. The rod 444 extends through 
an opening in the upper end of the sleeve 442 
and is secured in a knurled-knob or grip 448 that 
is hollowed out to receive the sleeve 442. 

There is a plate 450 (Figs. 11 and 12) secured 
to the bracket 396. This plate is formed on One 
side face with a cam groove 45 with which the 
detent 445 cooperates and in which it travels. 
The operator moves the valve-handle in a 

counter-clockwise direction in rotating the valve. 
390 to chuck the gear, move the workhead into 
operating position and clamp it there. In the 
first part of this movement, the detent 445 rides 
on the bottom Wall 452 of the cam-groove 45. 
When the handle has been moved through the 
angle a (Fig. 12), the gear will be chucked. At 
this point, however, the detent 445 will strike 
the edge of the projection 453 which aids in de 
fining the cam-path 45. This will cause a mo 
mentary halt in the rotation of the valve. If 
the gear, when chucked, does not have its tooth 
spaces in alignment with the grinding wheel, 
the operator can swing the handle of the valve 
back to release the chuck. When the operator is 
satisfied with the position of the gear, which may 
be determined by a stock-dividing gauge of any 
Suitable construction, he continues to press the 
handle toward the left and the detent 445 drops 
along the edge 454 of the cam-track under actu 
ation of the spring 446 until it strikes the bottom 
Wall 455 of the cam-track. The operator will now 
be able to rotate the valve further in the counter 
clockwise direction. 
When the detent strikes the side wall 456 of 

the Can-path, it is again stopped. During the 
movement along the bottom-wall 455, however, 
the handle has been swung through the angle b 
and the Workhead will have been moved to Op 
erating position. The operator can not now ro 
tate the valve handle further until he pulls up 
wardly on the knob 448 to lift the detent upwardly 
in the portion 457 of the cam-track. This re 
quires a positive act on the part of the Operator 
and insures that the workhead will not be clamped 
until it has actually been moved Wholly into op 
erating position. The operator then Swings the 
handle on through the angle c to effect clamping 
of the Workhead. In this movement, the detent 
travels over the bottom wall 458 of the cam-path 
45. 
To provide against accidental backward move 

ment of the handle, a recess 459 is formed in the 
cam-path and the detent 445 is adapted to engage 
in this recess when the handle is released at the 
end of its counter-clockwise movement. 
Inasmuch as the upper surface 460 of the pro 

jection 453 is at the same radial distance from 
the axis of the valve 390 as the wall 458 of the 
cam-path, the handle can be swung back in the 
clockwise direction with a single motion and 
without stoppage. Thus, the operation of releas 
ing the workhead, moving it out to loading posi 
tion and dechucking the ground gear can be done 
with a simple sweep of the hand and without any 
stopping or delay, the operator simply disengag 
ing the detent 445 from the notch 459 by lifting 
the knob 448 and then swinging the handle back 
in a clockwise direction. There is no need for 
insuring that each operation has taken place 
before the next operation takes place when the 
handle is being rotated in the clockwise direction, 
but it is necessary to insure that the gear. is 
chucked properly before the workhead is moved 
in and that the WOrkhead is in Operative position 
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before it is clamped and this is the reason why 
the cam-path is so formed as to stop the move 
ments of the valve at predetermined points in 
its counter-clockwise rotation. 

Dressing mechanism. 
The mechanism for dressing the grinding 

wheel is, it is believed, unique with the present 
invention. The dressing mechanism is carried 
by a member 470 (Figs. 1, 2, 3, 6, 21, and 22) 
which has the general form of a hollow drum. 

5 

This member is adjustably mounted on the up 
right or column 3 for lateral adjustment thereon, 
the column being formed with the plane surface 
guideway 472 and the drum 470 being provided 
with an arm, 473 which slides on this guideway 
and which is provided with a down-turned end . 
474 that engages over the edge of the guideway. 
to hold the drum against sidewise displacement. 
The drum is adjusted on the guideway. 472 by ro 
tation of the screw-shaft 475. It is secured in any 
adjusted position by T-bolts 465 which engage in 
the T-slot 466 cut into the upper face of the 
guideway 472 and by the T-bolt .467 which en 
gages in the T-slot 468 cut in the front face of 
the column 3. 
The shaft. 475 is rotatably mounted in bracket 

476 which is secured to the column 3 by screws 
477. The shaft threads into a nut 478. This 
nut is mounted in an arm 479 that is integral 
with the drum 479 and projects from one side 
thereof. The nut has a square end-flange 480 
(Fig. 21) that is received in a correspondingly 
shaped recess in the bore of the projection 479 
so as to hold the nut against rotation and the 
nut is secured against endwise movement by an 
other nut 482 which threads onto the nut 478 
and abuts against the outer end of the projec 
tion 479. 
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The Screw-shaft 475 is mounted on anti-fric 
tion bearings 483 in the bracket 476 and there is 
a graduated dial 484 secured to the shaft 475 by a 
set-screw 485. This dial permits of accurate ad 
justment of the drum laterally on the column 3 
for a purpose which will hereinafter appear. 
Telescoping guards 486 are provided between 
the brackets 476 and the projection 479 to pro 
tect the screw-shaft against dirt and grit. 
There is a depending bracket or arm - 490 

mounted in the lower end of the drum 470 for 
rotatable angular adjustment relative thereto. 
This arm or bracket has a base-portion 49 at 
its upper end which seats against the lower end, 
of the drum 470 and which is formed with a 
collar 492 that fits into the bore of the drum so 
that the bracket 490 can be swiveled angularly 
in the drum. This angular adjustment is for 
the purpose of positioning the side dressing tool, 
which is carried by the arm 490, in correct rela 
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tion to the grinding wheel to dress the correct 
pressure angle on one side of the wheel, as will 
hereinafter appear. For the purpose of effect 
ing this adjustment accurately, the base 49 of 
the bracket is provided with a lug 494 at one 
side which carries a scale 495 that reads against 
a scale 496 secured to a lug 497 formed on one 
side of the drum 470. The bracket 490 is se 
cured in any position of its adjustment on the 
drum 470 by bolts 500 (Figs. 1 and 21) which 
pass through an arcuate slot in the base 49 and 
thread into the drum 470. - 
The bracket 490 carries at its lower end a 

cylinder 505. This cylinder is held in a hole 
in the bracket 490 by bolts 504. There is a pis 
ton 56 reciprocable in the cylinder 50S and there 
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is a piston-rod 507 secured to the piston 506 by 
a nut 508. The casting comprising the cylinder 
509 is so formed as to provide at 509 a guide . 
or bearing for the piston-rod. One end of the 
piston-rod extends beyond the end of this guide 
and carries a cup-shaped head 50 which is se 
cured against a shoulder formed on the piston 
rod by a nut 5. 
an arm or projection 52 at one side which is 
shaped at its outer end to provide split-clamp. 53 
(Fig. 23). A diamond dresser holder .. 54 is 
mounted in this split-clamp. The diamond car 
ried by this holder is used to dress the inside 
Surface of the grinding wheels. . . 
There is a cam-bar 55 secured to the upper 

side of the head 5 fo. This cam-bar is angular 
ly adjustable on the head 50 having a lug or 
tongue 56 that engages in an arcuate slot 528 
(Fig. 24) cut in the head. It is secured to the 
head by a bolt 57 that passes through an arcu 
ate slot 58 formed in the cam-bar and that 
threads into the head. 
A guard 519 which is secured to the cylinder 

505 telescopes in the head 50 (Fig. 2) to guard 
against entry of dirt or dust into the cylinder. 
Fluid under pressure may be supplied to one 
side of the piston 506 through a duct 520 which 
is connected to the end cap 52 which closes 
One end of the cylinder. This end cap is Se 
cured to the cylinder by screws 522. 
pressure is admitted to the opposite side of the 
piston 506 through a duct 524 which is also con 
nected to the end-cap 52 and which communi 
cates. With a duct 525 drilled in the cylinder 
wall. The piston 506 is held against rotation in 
the cylinder by an arm 525 that is keyed to the 
piston-rod 507 and engages in a longitudinal slot 
528 formed in a plate 529 that is secured by 
screws 530 to projections (not shown) on the 
cylinder 505. 53 designates an oil tight cover 
for the cylinder. - 
There is a sleeve-like member 540 (Figs. 21 

and 22) mounted in the drum 470 for rotatable 
adjustment therein. This member is provided 
with a flange 54 which seats on the upper end 
face of the drum. The flange has a projection 
535 at one side that is graduated on its periphery 
as indicated at 536 (Fig. 1) and these gradua 
tions read against graduations 53 carried by a 
projection 538. of the drum 470, whereby the 
sleeve 540 may be adjusted accurately in the 
drum for a purpose which will hereinafter ap 
pear. The sleeve is secured in any position of its 
angular adjustment on the drum by bolts 543 
which pass through arcuate slots in the flange 
54 and thread into the drum. These bolts 543 
also serve to hold the plate 59 in position. This 
plate serves as a cover-plate for the drum. 
There is an arm 52 pivotally mounted in the 

sleeve 540. The stud or shaft 544 serves to sup 
port it in the sleeve. This stud or shaft is jour 
naled on anti-friction bearings 545 and 546 in 
the sleeve 540. The bearings are held in posi 
tion by nuts 547 and 548, respectively, which are 
threaded on the shaft 54 at opposite ends there 

The head 50 is formed with 
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of. The arm is formed with a split-clamp at . 
its upper end by means of which and the bolts 
543 it is clamped to the stud or shaft 544. 
The arm 542 terminates at its lower end in a 

stud 550. Clamped to this stud by a split-clamp 
55 and a bolt 552 is an arm 553 (Figs. 23 and 
24) in which is mounted the diamond holder 
554. This holder carries the diamond which is 
used to dress the outside surface of the grinding 
Wheel W. 
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The arm. 542 is formed with a lug or projection 

558 (Figs. 22 and 23) at one side that is shaped 
to provide a split-clamp. A stud 555 is held in 
this clamp when the bolt 556 is tightened. This 
stud is formed on its lower end to provide a con 
tact-member or follower 557, the purpose of . 
which will hereinafter appear. 
There is a stud 560 secured to the exterior of 

the drum 470 by screws 56. This stud serves 
as a pivot for an arm 562 (Figs. 3, 21, and 22), 
the arm being rotatably mounted on the stud 
by means of anti-friction bearings 563 and 564. 
An end-cap 565 which is secured to the arm 562 
by screws 566 serves to protect the bearings 
against entry of dirt or grit and the bearings 
are held in position by a nut 567 which is threaded 
On the stud 560. 
The arm 562 is bored at its lower end to re 

ceive a rod 570 that is adjustable longitudinally 
in the bore of the arm. The rod 570 is held 
against rotation in the bore 57 by a key 572 and 
it is adjustable longitudinally in the bore 57 by 
rotation of the screw-shaft 574. This shaft has 
threaded engagement at one end with the rod 
570 and is rotatably mounted in a bearing 55 
which is secured in any suitable manner to the 
arm 562. 
The rod 570 is of reduced diameter at its Outer 

end and has a Support 576 secured to it my means 
of a split-clamp. There is a diamond holder 
578 mounted in the member 576, the member 576 
being formed to provide a split-clamp which 
receives this diamond holder and this second 
split-clamp being tightened by a bolt 579 (Fig. 23). 
The diamond mounted in the holder 578 is for 

the purpose of dressing the tip of the grinding 
wheel. The longitudinal adjustment of the rod 
570 enables the end-dresser to be positioned 
relative to the side dressers 54 and 554 So as to 
dress the grinding wheel to the desired point 
width. For the purpose of accurate adjustment 
of the end dresser, a micrometer dial 580 is pro 
vided (Fig. 22). This dial is keyed to the screw 
shaft 574 and is held against longitudinal move 
ment relative thereto by the nut 58 which is 
threaded on the Outer end of this shaft. 
The arm. 562 is formed at one side with a pro 

jecting portion that terminates in a split-clamp 
585 (Figs. 22, 23, and 24). There is a stud 586 
secured in this split-clamp by the bolt 587. This 
stud is formed at its lower end with a spheroidal 
shaped follower 588 that is adapted to engage 
the cam-guide 55 which is secured to the head 
50 carried by the piston-rod 507 as above de 
Scribed. 
There is a cam-guide also secured to the arm 

562. This cam-guide is designated at 590. In 
the embodiment shown, this cam-guide is pro 
vided with a straight guide-surface 59 . 
cam-guide is mounted on the arm 562 for angular 
adjustment thereon. It is formed with a tongue 
592 on its under-face which engages in an arcu 
ate slot 593 in the upper face of the seat on the 
arm 562 on which the cam-bar is mounted. The 
cam-guide is secured in any'adjusted position by 
a bolt 594 which passes through an arcuate slot 
594 in the cam-guide and threads into the 
arm 562. 
The follower 557 carried by the arm 542-en 

gages the cam-surface 59 of the cam-plate 590. 
This follower is held constantly in engagement 
with the cam-surface 59 by action of a 'spring 
pressed plunger 595. This plunger is housed in 
a bore formed in a lug 596 that is integral with 
the sleeve-member 540. The plunger engages at 

The 
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its upper end a hardened stud 597 that is fastened 
in the tail-part 598 of the arm 542. The plung 
er 595 is constantly urged upwardly by the coil 
spring 599. The upward movement of the 
plunger is limited by the nut 60 which is 
threaded on the lower end of the plunger. 
From the preceding description, it will be seen 

that as the piston 506 is reciprocated, the diamond 
carried by the holder 514 will be reciprocated 
along the side I of the grinding wheel W to 
dress the inside Surface of the griding, wheel and 
that Simultaneously the arm. 562 will be swung 
about the axis of the shaft 560 through contact 
of the follower 588 with the cam 55, thereby 
causing the end-dresser 578 to be swung across 
the tip surface T of the grinding wheel to dress 
the same; and that simultaneously the arm 542 
will be swung about the axis of the shaft 544 be 
cause of contact of the follower 557 with the 
cam 590 so that the diamond carried by the hold 
er 554 will be swung across the outside surface 
O of the grinding wheel to dress the outside sur 
face of the wheel. Thus all three diamonds are 
actuated by movement of the single piston 506. 
The distance of the diamond holder 554 from 

the shaft 544 is relatively so great that the 
diamond in the holder swings on an arc that for 
the length of the outside surface O of the grind 
ing wheel approaches very close to a straight line. 
Hence, the outside surface of the grinding wheel 
will be dressed with sufficient accuracy for all 
practical purposes. 
The movement of the piston 506 is controlled 

from a manually operable valve 605. This valve 
is operated by a knob or handle 606 (Figs. 1 and 
22). The valve slides in a sleeve 607 that is se 
cured in a casting 604 which is fastened in any 
Suitable manner to the column 3. Fluid under 
pressure is supplied to the valve 605 through the 
duct 608 and the radial ports 609 formed in the 
sleeve 607. Fluid is exhausted from the valve 
through the radial ports 60 and 6 formed in 
the sleeve 607 adjacent opposite ends thereof. 
These ports communicate with ducts 6 f2 and 
63, respectively, that are connected with a duct 
64 which leads back to the sump. The valve is 
connected to the lines 520 and 524 which lead, 
respectively, to opposite sides of the piston 506, 
by the radial ports 66 and 68, respectively, in 
the sleeve 60. 
The valve 606 is normally held in its upper 

position by the coil-spring 69 which is inter 
posed between the bottom of the valve and the 
valve housing. In this position, the dressers are 
withdrawn. When the operator presses down 
On the knob 606 the dressers are moved to effect 
passage in one direction across the grinding 
wheel. When the operator releases the knob 606, 
the valve returns to its upper position and the 
dressers make a passage in the reverse direction 
across the grinding wheel. 
The grinding wheel is not dressed in its opera 

tive position but is swung up out of operative 
position in order to dress it. In other words, the 
dressing mechanism is fixed relative to the grind 
ing wheel. 
accuracy in the dressing of the wheel and insures 
that the correct pressure angles will be dressed 
on opposite sides of the wheel. 

Mcchanism for swinging grinding wheel to dress 
ing position 

To swing the grinding wheel up into dressing 
position, the operator rotates the lever 625 (Fig. 

This is for the purpose of greater. 
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is keyed to a stud 626 which is journaled in a 
bearing 627 that is secured in any suitable manner 
in the guard 628. This guard is fastened in any 
suitable manner to the column 3. The inner 
end of the shaft 626 is connected by a link 630 
with the head of a reciprocable valve 632. The 
valve 632 is mounted to reciprocate in a sleeve 
634 which is secured in a casting 636. This cast 
ing is fastened in any suitable manner to one side 
of the column 3. 
The valve 632 controls the movements of a 

piston 638 which reciprocates in a cylindrical 
bore 639 formed in the casting 636. A piston-rod 
640 is secured to the piston 638 by a nut 64f. 
This piston-rod extends upwardly through a 
guide-member 642, that is secured in the bore 639, 
and through the cap-member 643 which closes the 
upper end of the bore 639. 
The piston-rod 640 is threaded at its upper end 

beyond the point where it extends through the 
cap-member 643. The threaded portion of the 
rod engages in a split-nut 645, which is, therefore, 
adjustable longitudinally on the rod and which is 
clamped in any adjusted position by tightening 
up the bolt 646 to tighten the nut around the 
rod. The nut 645 is formed as a projection on . 
a plate 647 that is secured by screws 648 to a 
plate 649 that is reciprocable in a guideway 
formed in the casting 636 at one side thereof, 
(Figs. 4 and 25). The adjustment of the plate 
649 with reference to the piston-rod 640 permits 
of angularly adjusting the path of swing of the 
grinding-wheel so as to grind gears of different 
Spiral angles, as will hereinafter appear. 
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The plate 649 is recessed on one side at its 
upper end and in this recess there is mounted 
a rack 650. This rack is secured to the plate 
649 by screws 65 and it meshes with a segmental 
gear 652 (Figs, 4 and 5). 
by screws 653 to the differential housing 38. 

Fluid under pressure is supplied to the valve 
2 through the duct 655 and the radial ports 

656 in the valve-sleeve 634. The motive fluid is 
exhausted from the valve either through the 
radial ports 658 and the duct 659 or through the 
radial ports 660 and the duct 66. 
38 through the radial ports 662 in the valve 

sleeve 634 and the duct 663. It is admitted to 
the lower face of the piston through the radial 
ports 664 and the duct 665. 
The position of the piston 688 during grind 

ing of a gear is shown in Fig. 4. The piston 
is in its lowermost position and is held against 
movement by the pressure of the motive fluid 
upon its upper face. Thus, the differential hous 
ing 8 (Fig. 5) is held against rotation and the 
grinding wheel Swings back and forth in its work 
ing path, the drive being from the crank 20 
through the connecting rod 27, link 30, gears 
40, 4, 42 and 4t, the gear 55 and the seg 
mental gear 56 (Fig. 5). 
When the operator desires to dress the grind 

ing wheel he first stops the swinging motion of 
the grinding wheel by pressing a stop button (ndit 
shown) to stop the drive motor 05. He then 
rotates the lever 625 in a counter-clockwise di 
rection to move the valve 632 downwardly. This 
puts the upper side of the piston 638 on exhaust 
and the under side of this piston on supply. Thus 
the racks is moved upwardly, rotating the seg 
mental gear 652 to rotate the differential hous 
ing 38, gear S5 and segmental gear f S6 to swing 

75 
the grinding wheel up out of its working path 
into dressing position. When the dressing opera 

This gear is secured 

The pressure 
fluid is admitted to the upper face of the piston 
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tion is completed, the grinding wheel is returned 
to operative position by rotating the handle 625 
back in the clockwise position. 
As above indicated, the working path of the 

grinding wheel is adjustable angularly about the 
axis of swing of the wheel in order to grind gears 
having teeth of different spiral angles. The 
wheel is always swung to the same position, 
however, for dressing, regardless of the angular 
position of its working path. ... his result is obs. 
tained because a stop 667 (aig. 4) is provided 
on the quill 34 and the piston 638 moves up 

5 

0. 

wardly under hydraulic pressure, when the valve 
632 is shifted, until this stop contacts the stop 
668 secured in the arm. 50. Thus the stop 668 
serves as a limit stop for the upward Swinging 
movement of the quill and the wheel is always 
swung upwardly to the same position for dress 
ing regardless of the position of its working path. 

Clamping mechanism for the wheel head 
Before dressing the grinding wheel, it is usual 

for the operator to advance the grinding wheel 
toward the work a distance determined by the 
amount of stock to be removed from the grind 
ing wheel in the dressing operation. To ad 
vance the wheel, the operator first releases the 
T-bolts 670 (Fig. 2) which clamp the wheel head 
32 to the column 3 and then he rotates the 
shaft 672 (Figs. 1 and 6) to advance the wheel 
toward the work. 
There are four T-bolts 670 placed at the four 

20 

25 

30. 

corners of the head 2 to bolt the head. On the . 
column 3. The T-bolts at the front and rear 
at one side of the machine engage in a longi 
tudinal T-slot 674 cut into the upper face of 

35 

the column 3 and the T-bolts at the opposite 
side of the machine engage in parallel longi 
tudinal T-slots. 

Each of the T-bolts is secured to a piston 675 
that is moved to clamping position by fluid pres 
sure on its under face and that is moved to re 

40 

leased position by a coll-spring 676. The spring 
676 is interposed between the upper face of the 
piston and a cover plate 677. The cover plates 
677 are secured to the upper face of the head 32 
by screws 678 (see Fig. 6). One of the cover. 
plates is shown removed in this figure. 
The positions of all four of the T-bolts are con 

trolled from a single reciprocable valve 680. 
This valve is normally pressed upwardly to the 
position shown in Fig. 2 under actuation of a coil 
spring 68 which is interposed between the bot 
tom face of the valve and a plate 682 that closes 
the lower end of the bore in which the valve re 
ciprocates. The valve is connected with the 
lower face of each one of the pistons 675 by ducts 
83, only one of these ducts being shown in Fig. 2. 
Pressure fluid is supplied to the valve through a 
duct 64 and exhausted through a dict 685. 
The valve is manipulated by a lever 686 which 

is pivoted by the pin 687 between ears 688 formed 
on the cover-plate 689. This plate is secured to 
the plate or head 32 by screws 690 (Fig. 6). The 
upper end of the valve 68 projects through an 
opening in this cover-plate and contacts the 
under face of the lever 6. In the position 

50 

60 

65 

shown, the lines 83 are on supply and the head 
2 is clamped to the column 3. When the opera 

tor presses down on the lever 686 he depresses 
the valve 80 against the resistance of the spring 
Bl, putting the lines 63 on exhaust. This al 

lows the springs 676 to release the T-bolts and the 
head 32 can then be adjusted on clue column 3. 75 
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Adjustment of Dheel head 

To adjust the head on the column, the operator 
rotates the shaft 672, as stated above. This shaft 
is journaled in a bracket 692 (Fig. 6) and in a 
bearing 693 formed in the head 32. The bracket 
692 is secured to one side of the head 32 by screws 
694. Secured to the inner end of the shaft 672 
is a bevel pinion 694. This meshes with a bevel 
gear 695 that is keyed to a screw-shaft 696. This 
shaft is journaled in a suitable bearing in the 
head 32 and in a cap-member 697 that is secured 
to the head 32 by screws 698. The shaft 696 is 
threaded for a portion of its length, having en 
gagement with a nut 699 which is secured to the 
column 3 by screws 700. To permit accurate 
adjustment of the head 32 on the column, a 

- micrometer-dial 702 is provided. This dial is se 
cured to the shaft 62, by a set-screw 03. 

20 Operation of semi-automatic machine 
The uSe and Operation of the Semi-automatic 

machine Will be obvious from the above descrip 
tion but will be summed up briefly here. 

First of all, the Operator adjusts the machine 
25 to position the grinding wheel, Work and dressing 

15 

mechanism in accordance with the spiral angle, 
COne-distance and pitch cone angle of the gear 
to be ground. 
The work is adjusted for spiral angle by verti 

cal adjustment of the work spindle carrier 22 on 
the column 225 (Fig. 7) and by lateral adjust 
ment of the plate 270 on the frame or bed 30. 
The vertical adjustment is effected by rotation of 
the shaft 226, while the lateral adjustment is 
effected through rotation of the screw-shaft 276 
(FigS. 1 and 7). The latter shaft is rotatably 
mounted in the bracket 329 and threads into a 
nut (not shown) that is secured to the plate 270. 
The grinding wheel is adjusted so that its work 

40 ing path will be symmetrical with reference to 
the tooth being ground, as determined by the 
Spiral angle of the gear, by loosening the Split 
nut 645 (Fig. 4) and rotating the screw-shaft 64. 
This moves the rack 650 vertically to adjust the 
position of the quill 34 (Figs. 2 and 4) angularly 
through operation of the gears 652, 55 and 56. 
After the adjustment is made, the bolt 646 is 
tightened up again. Thus the angular position 
of the path of Swing of the grinding wheel is pre 

50 determined in accordance with the spiral angle 
of the gear to be ground. - s 

It is not necessary to adjust the dressing mech 
anism to Correspond to the spiral angle of the 
gear to be ground, for the grinding wheel always 
comes to the same position for dressing as above 
described. 
The workhead is adjusted for cone distance by 

loosening up the nut. 247 (Fig. 11) and rotating 
the screw-shaft 243 and then tightening the nut 

60 again. The workhead is adjusted to the correct 
root angle by Swinging the base 235 (Figs. 7 and 
11) on the plate 270, the base 235 being secured 
to the plate 270 after adjustment by the bolts 
24. 

65 The dressing mechanism is adjusted for diam 
eter, pressure angle and point-width of the grind 
ing wheel. For diameter, the dressing mecha 
nism is adjusted radially of the grinding wheel by 
rotation of the screw-shaft 475 (Fig. 21). For 

70 the pressure angle desired on the inside Surface of 
the grinding wheel, the arm 490 is adjusted angu 
larly on the drum 470. This adjustment is 
effected by loosening up the bolts 500 and rotat 
ably adjusting the arm 490 on the drum, the ad 

75 justment being made accurately by use of the 

45 
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graduations 495 and 496 (Fig. 1). For the cor 
rect pressure angle on the opposite side of the 
Wheel, the arm. 542 carrying the Outside diamond 
is adjusted angularly on the drum 470 by rotation 
of the sleeve 540 in the drun. This is done by 
loosening up the bolts 543 (Fig. 21) and rotating 
the sleeve 540 in the drum, the drum and sleeve 
being provided with cooperating graduations, as 
indicated at 536 and 537 (Fig. 21). The end 
dresser 578 (Fig. 24) is adjusted relative to the lo 
point of intersection of the paths of the side 
dressers 5 f4 and 554 in order to determine the 
point-width to be dressed on the wheel. This is 
effected by rotation of the Screw-shaft 574 
(Fig. 22). S 
Before starting the machine, the operator also 

adjusts the appropriate feed-cam track 20 or 
202 into engagement with the follower 45 (Fig. 2) 
depending upon whether the gear is to be rough 
or finish ground. It is usual to take one or more 20 
rough grinds on a gear and then finish-grind it. 
The cam 200 carrying the two tracks 20 and 202 
can be adjusted by rotation of the handle 205. 
When all of the adjustments have been made 

the operator mounts the gear G to be ground 25 
on the Work Spindle and places the clamping disc 
369 (Fig. 1) over the head of the draw-bar 365 
in position to engage the gear and clamp the 
same when the draw-bar is drawn back in the 
work spindle. The workhead is at this time, of 30 
course, in loading position with the chucking 
mechanism in released position. - 
The operator now rotates the valve-handle 440 

(Fig.15 in a counter-clockwise direction. The 
handle moves freely through the angle a (Fig. 85 
12) until the detent 445 strikes the ledge. 453 
defining the cam slot 45. During this portion 
of the movement, the left-hand end of the cylin 
der 38 (Fig. 11) will have been placed on exhaust 
and the spring 366 will operate to chuck the work. 40 
If the tooth-Spaces of the gear are correctly 
aligned with the grinding wheel the operator al 
lows the detent 445 to drop down onto the wall 
455 of the cam-slot. This allows continued move 
ment of the handle 440 in the counter-clockwise 45 
direction. If a tooth space of the gear does not 
line up correctly with the grinding-wheel, the 
operator rotates the handle 440 back to starting 
position in order to dechuck the gear again so 
that he can rotate the gear angularly on the 50 
work spindle to correctly linea tooth space up with 
the grinding-wheel. 
When the gear is satisfactorily chucked, the 

operator rotates the handle 440 on in the counter 
clockwise direction to put the line 434 (Fig. 11) 56 
on supply and the line 435 on exhaust to move 
the Work into operating position. This occurs 
during the Swing of the handle 440 through the 
angle b (Fig. 12). The detent 445 then strikes 
the side-wall 456 of the cam slot. To clamp the 60 
Workhead in operative position, the operator must 
then pull up on the knob 448 of the handle 440 to 
lift the detent 445 up in the portion 457 of the 
"cam-slot. This enables the operator to swing 
the handle 440 on in the counter-clockwise direc- 65 
tion to place the line 43 leading to the cylinder 
264 (Fig. 10) on exhaust and the line 430 on 
supply. Thus, the workhead clamp jaws 25-250 
are actuated to clamp the workhead in operative 
position. 70 
The motor which drives the grinding wheel is 

started when the work is chucked, the switch 
387 (Fig. 11) controlling this latter motor. When 
the work is in operating position, the operator 
starts the main drive motor iO5 (Fig. 1). The 76 
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grinding wheel thus rotates on its axis and simul 
taneously swings back and forth in a circular arc 
about the axis of the shaft 92 (Fig.2). As the 
grinding wheel rotates and swings it is fed into 
a tooth space of the gear under actuation of the 
feed cam 200, this cam engaging the follower 45 
and moving the whole quill 34 longitudinally in a 
direction axial of the shaft 92. As the grinding 
wheel feeds into depth it grinds the sides of a 
tooth space of the gear. After the wheel has 
reached full depth position it is withdrawn, the 
spring 65 (Fig.2) holding the follower 45 against 

5 

the cam 200 and causing the withdrawal. When 
the wheel has cleared the work, the gear is in dexed through operation of the cam 30 (Figs. 
and 5) which actuates the index mechanism. 
This cam rotates in timed relation with the feed 
cam as above described. As soon as the indexing 
is complete, the feed cam operates to feed the 
grinding wheel back into the gear to grind a new 
tooth space of the gear. The alternate feed for 
grinding and withdrawal for indexing proceed 
until all of the tooth spaces of the gear have 
been ground. Then the machine stops automati 
cally. 
The stop mechanism may be of any usual or 

suitable construction. A device may be used, for 
instance, such as disclosed in the patent to Ford, 

50 

55 

No. 1908,626 of May 9, 1933, and the use of 
such a stop-mechanism is illustrated in the ac 
companying drawings, the automatic stop mech 
anism being indicated at 70 in Fig. 1. This stop 
mechanism may be operated from a cam fff (Fig. 
5) which is secured to the shaft 3 ff by a set 
screw T 12. This cam will rotate in time with 
the feed cam 200 and the index cam 3G. 
The usual practice is to take at least one rough 

grind around the gear and then finish-grind it. 
When the machine stops automatically, as de 
scribed, after the rough-grinding operation, the 
workhead does not have to be withdrawn to 
loading position, but is kept in operative position 
until the gear has been finish-ground. 

It is the usual practice to dress the grinding 
wheel between the rough-grinding operation and 
the finish-grinding operation. To dress the grind 
ing wheel, the operator first Swings the grinding 
wheel up out of its working path by rotating the 
lever 625 (Figs. 1 and 4) in a counter-clockwise 
direction to cause the piston 638 to move the 
rack 650 upwardly and swing the quill 34 to dress 
ing position. y 

Before dressing, the operator will usually ad 
vance the grinding wheel a distance determined 
by the amount of stock he wishes to remove in 
the dressing operation. To do this, he unclamps 
the head 32 from the column 3 by depressing the 
handle 686 (Figs. 1 and 2) and then advances the 
head 32 by rotating the shaft 672 (Figs. 1 and 6), 
as above described. 
The operator then dresses the grinding wheel 

by depressing the knob 606 (Figs. 1. and 22). 

70 

This causes the piston 506 to be moved to the right 
from the position shown in Fig. 22, passing the 
side dresser 54 across the inside surface of the 
grinding wheel and simultaneously moving the 
end dresser 578 across the tip of the grinding 
wheel and swinging the side dresser 554 across the 
outside surface of the grinding wheel through Op 
eration of the cams 55 and 590, respectively, 
and the cam-followers 586 and 557, respectively. 
Release of the handle 606 allows the valve 605 to 
be shifted upwardly again by action of the Spring 
69 and causes return of the dressers to original 
position, 
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After the wheel has been dressed, it is swung 

back into operative position again by rotating the 
handle 625 (Figs. 1 and 4) back in the clockwise 
direction. Before starting the machine again, 
however, the operator will shift the camshaft 95 
(Fig. 2) to move the roughing feed-cam track 202 
out of operative engagement with the follower 45 
and bring the finishing feed-cam track 20 into 
operative position. This he does by rotating the 
handle 205 (Fig. 1) to rotate the pinion 206 
(Fig.2). . . 
The machine is then started again and the 

tooth spaces are finish-ground in the Same man 
ner as already described. When all of the tooth 
spaces have been finish ground, the machine 
again stops automatically. Then the operator can 
unclamp the workhead, withdraw it and dechuck 
the gear by rotating the handle 440 (Figs. 1 and 
11) back in the clockwise direction. 

Fully automatic machine 
The fully automatic machine may be similar 

in construction to the semi-automatic machine 
described, and for this reason it has not been Con 
sidered necessary to illustrate the fully auto 
matic machine in detail. Only those parts have 
been shown which are of different construction 
or are differently operated in the automatic ma 
chine and the diagram of Fig. 30 it is believed 
will, in connection with the figures showing these 
parts, indicate clearly how the automatic machine 
may be constructed and operate. 
In the automatic machine, the adjustments of 

the work, grinding wheel and dressing mecha 
nism, respectively, are the same as in the semi 
automatic machine. The valve which controls 
the chucking mechanism, movement of the work 
head from loading position to operating position 
and vice versa, and the clamping of the work 
head in operating position may be of the same 
construction as the valve employed on the semi 
automatic machine and is so illustrated. To in 
sure that the gear is correctly aligned with the 
grinding wheel before it is moved into operative. 
position and to insure that the workhead is actu 
ally in operating position before it is clamped, 
this valve is arranged to be manually rotated in 
one direction - (the counter-clockwise direction) 
just as it is in the semi-automatic machine. 
Means is provided, however, for operating this 
valve automatically in the reverse direction so 
that when the gear has been completely ground, 
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the workhead will be released, moved to loading 
position and the gear dechucked automatically. 
Means is also provided for moving the grind 

ing wheel automatically to dressing position after 
the rough grinding operation and for dressing the 
wheel automatically between the rough and finish 
grinding operations. In this connection, also, 
means is provided for automatically unclamping 
the grinding wheel head from the supporting 
column and for advancing the grinding wheel. 
prior to the dressing operation and for clamping 
the head again after its advancement. Means is 
also provided for automatically shifting the feed 
cam shaft between the rough and finish grind 
ing operations so as to move the roughing cam 
out of operative position and bring the finishing 
cam into operative position prior to the finish 
grinding operation. After the wheel has been 
dressed, the wheel will be returned to dressing 
position and the machine restarted automatically. 
Those parts, which may be used in the fully 

automatic machine and be of identical construc 

5 5 
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tion with parts employed in the semi-automatic 
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groove 736 turned in the shaft 722. 

2,099,674 
machine, are designated by the same reference 
numerals as were used to denote them in the 
description of the semi-automatic machine. 
The Valve for controlling chucking, movement 

of the workhead to and from operative positions. 
and clamping of the workhead has in the fully 
automatic machine again been designated at 390 
(Figs. 27 and 36). A cam-plate 720 (Fig. 28) 
similar to the cam-plate 450 (Fig. 12) may be 
used to control the movement of this valve 390 
in the fully automatic machine. The only dif 
ference between the cam-plate 720 and the 
cam-plate 450 is that at the end of the cam 
path in which the detent 445 travels, there is 
a recess 2 in which the detent 445 is resili 
ently held at the end of the counter-clock 
Wise movement of the handle 440. The shaft 22 
(Fig. 27) to which the valve 390 is keyed in the 
fully automatic machine is elongated and passes 
through an opening in the end-plate or bracket 
724. Beyond this opening, the shaft 722 is pro 
vided with a collar 725 and a coil-spring 726 is 
interposed between this collar and the outside 
face of the bracket 724. It is this coil-spring that 
retains the detent 448 in the recess 72 during 
grinding. The brackets 724 and 723 serve for 
mounting the valve on the machine. 
A coil-spring 727 is provided to automatically 

rotate the shaft 722 and valve 390 back in the 
clockwise direction when the detent 445 is re 
leased from the recess 72, thereby to return the 
valve and automatically release the workhead, 
move it to loading position and dechuck the com 
pleted gear. This coil-spring is secured at one 
end to the shaft 722 and at its other end to a 
relatively stationary part of the machine. 
The detent .445 is automatically disengaged 

from the recess 72 when the grinding operations 
On a gear have been completed. This is accom 
plished by automatically energizing a Solenoid 730 
in a manner which will hereinafter be described. 
The Solenoid controls movement of a core-bar 3 
that is pivotally connected at 732 with a lever 
33. This lever is pivotally mounted at 34 on 
the bracket 724. It carries at a point interme 
diate its length a pin 735 which engages in a 

Hence, when 
the solenoid is energized, the shaft 722 is shifted 
to the left, disengaging the pin 448 from the recess 
72 and allowing the coil-spring 727 to return the 
valve 390 in the clockwise direction. 
Some changes are necessary in the feed mech 

anism in order to adapt the Semi-automatic ma 
chine for automatic operation. The feed cam 
shaft may remain the same as in the semi-auto 
matic machine and is designated at 95 as before. 
It is journaled on antifriction bearings 96 and 
197 in a sleeve 740 (Fig. 31). This sleeve, like 
the sleeve f 98 (Fig. 2) is provided on its periphery . 
with rack-teeth 74 so that it may be adjusted 
axially. There is a cam-bar 742 adjustably se 
cured to the sleeve 740 by a bolt .43. This bolt 
passes through a slot 744 in the bearing 50 for the 
sleeve and threads into the sleeve. 
The cam-bar 742 is provided with a plurality of 

cam-projections designated 745, 746, 747, 748 and 
749, respectively, the purposes of which will ap 
pear hereinafter. 
the feed-cam 200, the only difference being that 
the positions of the roughing and finishing cam 
tracks on the cam T50 are reversed with respect to 
their positions on the cam 200, the roughing cam 
track 75 being above the finishing cam-track 
752. This inversion of position is because the 
sleeve 740 is moved vertically upward in shifting 

in the sleeve 79. 
The feed cam 750 is similar to: 
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the roughing cam-track out of engagement with 
the follower 45 and bringing the finishing-cam 
track into engagement with this follower. ; 
The cam-shaft 95 is rotated by the gear 88 

through the same gearing as already described 
for the semi-automatic machine. 
To shift the feed-cams the pinion 207, which 

meshes with the rack 3, is automatically ro 
tated. This is effected by movement of a piston 
755 which reciprocates in a cylinder 756 that is 
secured to a wheel-head 758. The wheel-head 
758 is identical in construction with the wheel 
head 32 except for such changes as are necessary 
in order that it may support the parts herein 
after described. 
There is a piston-rod 759 secured to the piston 

T55. This rod projects downwardly through an 
opening in the head 758. There is a pawl 760 piv 
otally mounted at 76 on the piston-rod 759. This 
pawl is adapted to engage a ratchet-member 762 
which is Secured to the shaft 286 on which the 
pinion 20 is mounted. 
The pawl 760 is normally pressed into position 

to engage the ratchet-member 762 by a spring 
pressed plunger 64 which is housed in a bore in 
the piston-rod 759. A pin 765 is mounted in the 
column 3 in position to engage the tail of the 
pawl and disengage the same from the ratchet 
member when the piston-rod 759 has travelled a 
definite distance downwardly, sufficient to shift 
the cam-shaft 95 the desired amount. 

In the fully automatic machine, the T-bolts 
for clamping the wheel head are hydraulically 
Operated, just as in the semi-automatic machine. 

In the fully automatic machine, each of these 
T-bolts 77) is connected to a piston TT (Fig. 32). 
The connection is through a pin 772 on the piston 
rod 73 which engages in a longitudinal slot 774 
cut in the head of the T-bolt. The four pistons 
77 are controlled from a single valve 775 (Fig. 
36). This valve is connected with opposite ends 
of each piston 77 by ducts 776 and 777 in a man 
ner such as shown diagrammatically in Fig. 36. 
One of the pistons if has its piston-rod 773 ex 

tending upwardly as well as downwardly and the 
upper end of this piston-rod extends through an 
opening in the end-plate 780 of the cylinder 78 
in which the piston reciprocates (Figs. 26, 32, and 
36). This piston-rod 73 is pivotally connected 
at its upper end at 782 with a lever 783. The 
lever 783 is pivotally mounted at 784 between ears 
T85 formed integral with the end-plate 780. The 
free end of the lever 83 extends over the out 
Wardly projecting end of a valve 787. This valve 
controls the movement of a piston, 790 (Figs. 29 
and 36) which operates the screw for advancing 
the wheel-head, when it is released, as will be de 
Scribed more particularly hereinafter. 
The valve 787 reciprocates in a sleeve 79. 

There is also a second valve 792 reciprocable in 
this sleeve. The valve 792 is a selector valve 
determining the rate of movement of the dressers 
in the dressing operation as will hereinafter 
appear. - 

Fluid under pressure is Supplied to the valve 
787 through the duct 193 and the radial ports 794 

The motive fluid is exhausted 
from the valve 87 through the port 795 and duct 
T96 or through the port 797 and duct 798. The 
valve 787 is connected with one end of the piston 
790 through the radial ports 800 in the sleeve T9 
and the duct 80. It is connected with the oppo 
site side of the piston 799 through the radial port 
802 in the sleeve 8 and the duct 803. 
The valve 78T is normally pressed upwardly by -- 

10 

20 

25 

30 

35 

40 

45 

50 

55 

60 

70 



O 

5 

reciprocable. 
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a coil-spring 805 which is interposed between the 
two valves 8 and 792. 
As above indicated, the piston 

mechanism for advancing the grinding-Wheel to 
compensate for wear. The piston T90 is secured 
against a shoulder on the piston-rod 80 by a nut 
8 (Fig. 29). The piston-rod 80 extends down 
wardly through an opening in the lower end-wall 
of the cylinder 82 in which the piston T90 is 

The piston-rod carries a pawl 83 
which is adapted to engage a ratchet-wheel 84 
that is secured to a screw-shaft 85 (Fig. 26). 
The screw-shaft threads into the nut 699 (Figs. 
5 and 24) which is secured by the screws 700 to . 
the column 3. The screw-shaft is journaled in a bearing 86 formed integral with the plate or 
head 768 and in a bearing 87 which is secured 

20 

to this head by screws 88. The pawl 83 slides 
in a pocket 820 which is secured in one side of 
the piston-rod 80. It is resiliently held in en 

... gagement with the ratchet-wheel by a coil spring 

30 

85 

82 which is interposed between the pawl and the 
bottom of the cup or pocket 820. The pawl 83 is 
Secured to a stem 822 which has a head 823 that 
has a rounded bottom. 
The stem 822 of the pawl 83 extends through 

a slot 824 in a rod 825. This rod 825 is longi 
tudinally slidable in a bore in the pistori-rod 80, 
The rod 825 carries at its lower end a cam-mem 
ber 826 which has an inclined outer surface 82 
adapted to straddle the stem 822 of the pawl 83 
to disengage the pawl from the ratchet-wheel 
84 when the rod 825 is moved upwardly. The 
cam-member 826 is secured to the rod 825 by a 
screw 828. 
To disengage the pawl 83 from the ratchet 

wheel 84, the operator rotates the collar-mem 
, ber 830. The rod 825 passes through a bore in 

against the upper face of this member. 
this member and the head of the rod engages 

The 
under face of this member is cam-shaped as in 
dicated at 832 and engages the correspondingly 
can-shaped upper end face of the piston-rod 8 to 
so that when the collar 830 is rotated in one 
direction, the rod 825 will be pulled upwardly to 
disengage the pawl 8f3 from the ratchet-wheel. 
When the pawl is disengaged the head or plate 
58 may be adjusted manually on the column 3 

through manual rotation of the screw-shaft 8 5. 
The amount of movement of the screw-shaft 

85 during the automatic operation of the ma 
chine, that is, the amount of advance of the 
wheel-head automatically, may be adjusted by 

55 

upward movement of the piston. 

70 
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rotation of the nut 835 (Fig. 29) which threads 
into the head 58. This nut determines the 
amount of stroke of the piston 790 since it serves 
in any adjusted position as a limit-stop to the 

In its movements, the piston-rod 80 shifts 
a valve 836 (Figs. 29 and 36) which controls the 
movement of the piston 506 that operates the 
dressing mechanism. A lever-arm 837 is pivot 
ally mounted at 838 in the column 3. It is this 
lever-arm which transmits the movement of the 
piston-rod 80 to the valve 836. One end of this 
lever engages the stem 839 of the valve 836 and 
the other end of the lever is positioned to enter 
a recess 840 in one side of the piston rod 80. 
Thus, as the piston-rod 80 travels in one direc 
tion or the other, one of the side-walls of the re 
cess 840 will strike the short end of the lever 

Iging this lever about its pivot 838. and 
either shifting the valve 839 upwardly or allow 

T90 operates the 
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depending upon the direction of movement of 
the piston-rod 80. 

Fluid under pressure is supplied to the valve 
836 through the duct 842 and the radial ports 
843 in the sleeve 844 in which the valve slides. 
The motive fluid is exhausted from the valve 
either through the radial ports 845 in the sleeve 
844 and the duct 846 or through the radial ports 
847 in the sleeve 844 and the duct 848. The 
valve 836 is connected with one side of the piston 
506 through the ports 849 in the sleeve 844 and 
the duct 520. It is connected with the opposite 
side of the piston 506 through the ports 85 in 
the sleeve 844 and the duct 524. Thus the valve 
836 controls the direction of movement of the 
piston, 506. 
The two exhaust ducts 848 and 846 from the 

valve 836 are connected externally of the valve 
chamber to form a single exhaust duct 855. The 
rate of movement of the dressers in dressing the 
grinding wheel is determined by throttling the 

end, a pair of separately adjustable throttle 
waves 85 and 858 (Fig. 33) are provided. These 
valves thread into the housing 860 (Fig. 32) of 
the yalive 92 and are adjustable by rotation. 
One valve 858 is intended to be operative when 
the wheel is being dressed prior to a rough 
grinding operation and the other valve 857 is 
intended to be operative when the wheel is being 
dressed prior to a finish-grinding operation. The 
selector valve 792, previously mentioned, deter 
mines which one of the valves 85 and 858 is 
operative at a given time. The exhaust line 855 
is connected to the valve 92 through the radial 
ducts 862 in the sleeve 79. Radial ports 864 in 
the sleeve 79f communicate with the port 865 
controlled by the throttle valve 857 and radial 
ports 866 in the sleeve 79f communicate with the 
port 867 controlled by the throttle valve 858. The 
ports. 865 and 867 are connected with a single 
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exhaust duct. 868 that leads back to the Sump of c 
the machine. 
The selector valve 92 is normally. held in the 

position, shown in Figs. 32 and 36 by the coil 
spring 805. In this position the flow of the ex 
haust fluid from the valve 836 (Figs, 29 and 
36) is through the line 855, the ports 862, the 

a ports 866 and the throttle-valve 858 to the ex 
haust line 868. In this position, therefore, the 
rate of movement of the dressing diamonds 

- across the grinding wheel is determined by the 
Setting of the throttle valve 858. This position 
of the selector valve 792 is the position during 
dressing of a grinding wheel prior to a rough 
grinding operation, and the throttle-valve 858 
controls the rate of movement of the diamonds 
across the grinding wheel during dressing. The 
throttle valve 858 is ordinarily adjusted to allow 
of a more rapid movement of the dressers than 
the throttle valve 857, since it is not necessary 
to have as Smooth a surface on the grinding 
wheel for rough-grinding as for finish-grinding. 
The selector-valve 792 is shifted automat 

ically prior ten dressing of the grinding wheel 
for a finish grinding operation so as to open 
the ports 864 and close the ports 866. The 
shifting of this valve is effected by energiz 
ing the solenoid 80. 
Solenoid pulls the core-bar 87? upwardly against 
the resistance of the spring 805, the core-bar 
being attached to the stem of the valve 792. 
With ports 866 closed and the ports 864 open, 
the flow of the exhaust-fluid from the valve 836 

76 fing it to move downwardly by action of gravity, (Fig. 29) is through the line 855, ports 862,orts 75 

When energized, this 
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864 and throttle valve 85 to the exhaust-line 868. 

. Thus, at this stage, the throttle valve 85 deter 
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mines the rate of Inovement of the dresser dia 
monds across the grinding-wheel. By properly 
adjusting the valve 857, a fine feed of the dia 
nonds may be secured so as to produce a finer 
Surface on the grinding-wheel prior to finish 
grinding so as to insure the quality of finish on 
the gear-teeth which is desired. 
The movement of the piston 755 (Figs. 31 and 

36), which shifts the feed-cam, is controlled by 
the valve 875 (Figs. 30 and 36). This valve re 
Ciprocates in a sleeve 86. It is moved in one 
direction by the solenoid 88, when energized, and 
in the opposite direction by the coil-spring 879. 
The coil-spring surrounds the core-bar 880 of 
the Solenoid and it is interposed between a collar 
88 formed on the core-bar and a cover-plate 
882 which closes the lower end of the bore in 
which the valve 85 slides. The valve 875 is 
held between the collar 88 and a second collar 
883 also formed on the core-bar so that it moves 
with the core-bar. 

Fluid under pressure is supplied to the valve 875 
from a duct 884, which is connected to the pres 
Sure Side of the pump. This duct is drilled into 
the housing 885 in which the sleeve 876 and valve 
88 are mounted. This housing is formed in 
tegral with the wheel-head or slide 758. The duct 
884 leads into a cross-duct 886 in the casting 885 
and this cross-duct communicates with radial 
ports 88 in the sleeve 86. 
The motive fluid is exhausted from the valve 

85 either through the radial ports 889 in the 
sleeve 876 or through the radial ports 89 in this 
Sleeve. The ports 889 communicate with a duct 
890 in the casting 885 and the ports 89 com 
municate with a duct 892 in this casting. The 
duct 890 is connected to the duct 892 by a duct 
893 and this duct 893 is connected to a duct 894 
that leads back to the sump of the machine. 
The valve 875 is connected with one side of 

the piston 755 through the radial ports 895 in the 
sleeve 876 and the duct 896 (Figs. 30, 31, and 
36). The valve 875 is connected with the opposite 
Side of the piston 55 through the radia ports 
89 in the sleeve 876 and the duct 898. 
The movements of the piston TT (Figs. 32 and 

36) which control the clamping and unclamping 
of the wheel-head 758, are controlled, as above 
described, by the valve 75 (Figs. 30 and 36). 
This valve is reciprocable in a sleeve 900 which 
is secured in a bore in the valve-housing 885 
that is parallel to the bore in which the sleeve 
876 is secured. The cover-plate 882 serves to close 
the lower end of this bore, as well as the lower. 
end of the bore in which the sleeve 876 is mount 
ed. The upper ends of the two bores are closed 
by a cover-plate 962 (Figs. 26 and 30) which is 
secured in position by screws 903. 
The valve 775 is moved in one direction by the 

Solenoid 904 and in the opposite direction by 
the coil-spring 905. The coil-spring 905 sur 
rounds the core-bar 906 of the Solenoid and is 
interposed between a collar 907 formed on the 
core-bar and the cover-plate 882. The valve 775 
is held between the collar 9 and a second collar 
908 So as to move with the core-bar. 
As above indicated, the valve 775 is connected 

with one side of the piston TT (Figs. 32 and 36) 
by radial ports 909 in the sleeve 900 and by the 
duct 77. The valve is connected with the oppo 
site side of the piston by radial ports 90 in the 
sleeve 900 and by the duct 776. Fluid under pres 
Stre is Supplied to the wave 775 from the cross 
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duct 886 through the radia ports 92 in the sleeve 
900. The motive-fluidis exhausted from the valve 
775 either through the radial ports 913 and the 
Cross-duct 890 or through the radial ports 94 
in the sleeve 900 and the cross-duct 89. 
In the fully automatic. machine, the movement 

of the grinding wheel to and from dressing posi 
tion is effected by movement of the piston 638 
(Figs. 4- and 36). In the fully automatic machine, 
however, the movements of this piston are auto 
matically controlled by automatic shifting of the 
Valve 920 (Fig. 36) which governs the direction 
of application of fluid-pressure to this piston. 
The valve 920 is identical in construction with the 
valve 632 (Fig. 4) except that the valve 920 is 
connected to the core-bar 92 of a solenoid 922, 
while the valve 632 is connected to the manual 
operating lever 625. 
The valve 920 reciprocates in a sleeve which 

is identical in construction with the sleeve 634 
of Fig. 4 and is designated in Fig. 36 by the same 
reference numeral. The supply and exhaust lines 
to the valve 920 are similar to those to the valve 
632 and the valve 920 is connected with opposite 
ends of the piston 638 in the Same way as the 
Valve 632 is connected with this piston in the 
semi-automatic machine. Therefore, in Fig. 36 
the same reference numerals will be used to des 
ignate the supply and exhaust lines and the 
connections between the valve 920 and piston. 638 
as were used in Fig. 4 to designate these lines and 
these connectionS. 
In the fully automatic machine, there is a con 

tact-bar 925 carried by the piston-rod 640, the 
purpose of which will hereinafter appear. The 
core-bar 92 of the Solenoid 922 also carries a 
contact-bar which is designated at 926 and the 
purpose of which will also hereinafter appear. 
In Fig. 36, 930 designates the sump of the ma 

chine, 93 the pump for Supplying the motive 
fluid to the various fluid-actuated parts of the 
machine, 932 a relief-valve for controlling the 
pressure in the system and 05 the main-drive 
motor of the machine. This motor may be the 
same as the motor 05 shown in Fig. 1 and in the 
fully automatic machine drives the same or a 
similar train of gearing. 

Operation of a fully automatic machine 
To use the fully automatic machine, the oper 

ator will, of course, first adjust the work, grind 
ing wheel and dressing mechanism, the same as 
in the semi-automatic machine. Then he will 
chuck the work, move the workhead into operat 
ing position and clamp the Workhead by manual 
rotation of the valve 390 (FigS. 1 and 27) in the 
counter-clockwise direction, exactly the same as 
in the semi-automatic machine. The detent 445 
in its movement in the cam-groove of the plate 
720 (Fig. 28) will operate to stop the rotation of 
the valve after chucking and again, after the 
movement of the workhead has been begun, to 
insure, respectively, that the work is chucked 
properly before the workhead is moved into op 
erating position and that the workhead is in Op 
erating position before the Workhead is clamped. 
At the end of its rotation in the counter-clock 
wise direction, the detent 448 will enter the recess 
2 in the cam-plate 720 under actuation of the 

spring 726, thereby locking the valve 39 against 
clockwise movement until the detent is released. 
In the fully automatic machine, the grinding 

wheel is normally in dressing position when the 
machine is stopped and the various operating 
parts of the fluid-operated system are at this 
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740 (Figs. 31 and 36). 

5 

18 
time in the positions shown diagrammatically in 
Fig. 36. 
To start the fully automatic machine, the op 

erator presses the button 940 (Fig. 36). This 
closes a circuit from the main line II through the 
automatic stop mechanism 70, the line 94, the 
line 942, the line 943, a terminal 94, switch. 945, 
terminal 946, line 94, line 949, start button 94, 
line 948, line 950, line 95 f, solenoid 922 and line 
952 to the main line La, the switch. 945 being held 
closed at this time by the cam-projection 47 on 
the cam-bar 742 which is secured to the sleeve 

This energizes the sole 
noid 922, causing the valve 920 to be moved ver 
itically upwardly. The start-button 940 is a nor 
nally open button and Will spring Open as Soon aS 
it is released. However, the circuit to the sole 
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noid 922 will be maintained by the contact-bar 
926 which bridges the terminals SSS and 54 to 
connect the line 955 with the line when the 
core-bar 92 is raised. w 
When the valve 920 is lifted the upper end of 

the piston 638 is put on supply from the pump 
line 935 through the ducts 655 and S3 and the 
underside of this piston is put on exhaust through 
the ducts 665, 66, 956, 95, and 956. Thus the 
piston 638 will be moved downwardly in the cyl 
inder 639, causing the contact-bar 25 to break 
contact at the terminals 959 and 960 and alter 
nately to make contact with the terminals 96, 
and 962. The downward movement of the piston 
638 causes the grinding-wheel to be swung down 
from dressing into working position through op 
eration of the rack 650, segment 52, gear 55 
and segment 56 (Fig. 4). 

It is to be noted that when the start-button 
940 is pushed in, a circuit is made momentarily 
to the Solenoid 878 from the main-line through 
the automatic stop mechanism T, the line 4, 
the terminal 959, contact-bar 925, terminal St, 
line 964, and solenoid 878 to the line Bls which is 
connected in any suitable manner (not shown) 
to the main line a. When this circuit is made 
the valve 875 is, of course, shifted to the right 
from the position shown in. Fig. 36. This would 
Ordinarily cause the piston 755 to be moved to 
the right also, but as the described circuit to the 
solenoid 878 is broken immediately after it is 
made, because of movement of the contact-bar 
925 away from the terminals 959 and SIO, noth 
ing happens. The piston 755 does not move far 
enough to the right to cause any movement of 
the ratchet-member 762. The solenoid 88 itself 
is de-energized allowing the valve 875 to be re 
turned to the left under actuation of the spring 
89 and the piston 755 returns to the left. 
When the contact-bar 925 makes contact with 

the terminals 96 and 962 at the lower end of the 
travel of the piston 688, the grinding wheel will 
have been swung down into operating position. 
This contact closes a circuit from the main line 
L1 through the automatic stop TD, the line S4, 
the line 966, the terminal 96, the contact-bar 
925, the terminal 962, the line 967, the solenoid 
968 and the line 969 to the main line Le. This 
energizes the solenoid 98, causing it to pull up 
the multiple-blade switch 97 and close the cir 
cuit to the main-drive motor D5, starting this 
motor and putting the machine into operation. 
The rotating and swinging grinding-wheel win 

be fed into the gear to rough-grind the sides of 
a tooth-Space, then the wheel will be withdrawn 
and the gear indexed, all as in the semi-automatic 

s 
machine. The alternate feed and withdrawal 
novements of the wheel will continue until all 
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of the tooth-spaces of the gear have been ground. 
Then the automatic stop 10 will operate just 
as in the semi-automatic machine, to break the 
electrical circuit in which it is incorporated. 
This will cause the solenoids 968 and 922 to be 

de-energized. De-energizing of the solenoid 968 
will release the switch 970 and cause stoppage of 
the main-drive motor. O5. De-energizing of the 
solenoid 922 will release the valve 920 and allow 
this valve to drop to its down position by gravity. 
The return of the valve 920 to its down posi 

tion will place the underside of the piston 638 
on supply from the line 655 through the duct 
665 and it will place the upper side of the piston 
638 on exhaust from the line 663 through the 
line 659. This will cause the piston 638 to move 

O 

5 

upwardly in its cylinder, and the grinding wheel 
will be swung Out of its working path into dressing 
position. 
When the piston 638 has reached its upper 

most position, the bar 925 will make contact with 
the terminals 959 and 966. The automatic stop 
mechanism 0 is of a type that resets itself all 
tomatically, as described in the Ford patent 
above mentioned. Hence, when the bar 925 
makes contact. With the terminals 959 and 966, a 
circuit will be closed from the linell through 
the automatic stop mechanism, the line 94, the 
terminal 959, bar 925, terminal 960, line 96, 
and solenoid 878 to the main line 965. This will 
energize the solenoid 878 to cause it to shift the 
valve 875 to the right against the resistance of 
the spring 879. 
The movement of the valve 875 to the right 

will cause the left side of the piston 755 to be 
placed on supply from the duct 955 through the 
duct 972, duct 973, duct 884, and duct 898. The 
right-hand side of the piston 755 will be placed 
on exhaust at the same time through the duct 
896, duct 894, and duct 958 (Fig. 36). Thus, the 
piston 755 will be moved to the right, bringing 
the pawl 760 into engagement with the ratchet 
member 762 and rotating this member. This will 
cause the pinion 207 to be rotated to raise the 
sleeve 40 and cause the roughing-cam 5 to 
be shifted out of engagement with the follower 
45 and the finishing-cam 752 to be brought into 
engagement with this follower. It will also cause 
the cam-bar 742, which is secured to the sleeve 
40, to be moved upwardly. In this movement, 

the roller 975 of the switch 945 will roll along the 
Outer surface of the projection 747 of the cam 
bar 42 and the rollers 976 and 977 of the 
switches 978 and 979, respectively, will roll up 
on the projections 746 and 749, respectively, of 
the cam-bar 742. The switch. 945 will stay 
closed, therefore, and the Switches 98 and 979 
will be closed, see Fig. 34. Fig. 34 illustrates the 
positions of the several switches at an interme 
diate point in this movement of the cam-bar 
42 and the cam-bar actually moves on in this 
movement, far enough beyond the point shown 
in Fig. 34 to cause the roller 975 of the switch 978 
to drop off of the projection 746 again. Thus 
the switch 978 only makes momentary contact 
with the terminals 98.7 and 988. 
When the switch 979 is closed, a circuit will 

be made from the line L1 through the automatic 
stop 70, line 94, the line 942, the line 980, the 
terminal 98, the switch 979, the terminal 982, 
the line 983, and the solenoid 870 (Figs. 32 and 
36) to the line 984 which is connected in any 
Suitable manner (not shown) to the main line La. 
This will energize the solenoid 87 to cause the 
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selector-valve 792 (Figs. 29 and 30) to be shifted 
-upwardly from the position shown in Fig. 32. 
This will make the throttle-valve 857 (Fig. 33) 
effective to control the rate of movement of the 
dressers across the grinding-wheel on the en 
suing wheel-dressing operation so that the 
grinding-wheel may be dressed to a fine finish 
prior to finish-grinding, as determined by the 
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adjustment of the valve 85. 
The closing of the Switch 978 will complete an 

electrical circuit from the main line L1 through 
the automatic stop 70, the line 94, the line 942, 
the line 986, the terminal 987, the switch 978, 
the terminal 988, the line 989 and the solenoid 
904 to the line 990 which is connected in any suit 
able manner (not shown) to the main-line L2. 
This will energize the Solenoid 904 and the valve 
775 will be shifted to the right from the position . 
shown in Fig. 36. The contact of the Switch 978 
with the terminals 987 and 988 is only momen 
tary because the roller 976 rides up and over the 
prismatic projection 746 of the cam-bar 742 as 
the cam-bar is shifted by movement of the 
ratchet-member 762 as above described. The 
circuit to the solenoid 904 is maintained, however, 
after it is completed, by the contact-bar f02, 
which is carried by the core-bar 906 (Figs. 30 
and 36). 
The circuit will then be from the main-line 

Ll through the automatic stop 70, line 94, line 
942, terminal f off, a normally closed switch 999, 
the function of which will hereinafter appear, 
terminal follo, line OO9, terminal O3, contact 
bar f02, terminal 04 and line O23, through 
Solenoid 904 to main-line 990. 
When the valve 775 is shifted to the right from 

the position shown in Fig. 36, the upper side 
(Fig. 32) of the piston 77 f will be placed on sup 
ply (left-hand side in Fig. 36) and the lower 
side (right-hand side in Fig. 36) of this piston 
on exhaust. Supply will be from the duct 955 
through the duct 972, the duct 973, the duct 884 
and the duct 776, while exhaust will be from 
the duct 777 through the duct 894 and the duct 
958 back to the Sump. 
The downward movement of the pistons 77 

(rightWard movement in Fig. 36) will release the 
T-bolts 770, thus unclamping the wheel-head 758 
(Fig. 26) from the column 3. 
As described above, one of the pistons is 

connected to the lever 783 (Figs. 26, 32, and 36). 
In the downward movement of this particular 
piston, this lever will be moved to cause it to 
shift the valve 787 downwardly (to the right in 
Fig. 36) against the resistance of the spring 805. 
This places the upper side of the piston T90 
(Fig. 29) (left-hand side in Fig. 36) on pressure 
and the lower Side (right-hand side in Fig. 36) 
on exhaust. Supply is from the duct 955 through 
the duct 972, duct 973, duct 992, duct 793 (Figs. 
32 and 36) and duct 803, while exhaust is 
through the duct 80 f, duct 796, duct 868, and 
duct 958 back to the Sump. 
The downward movement of the piston T90 

(rightward movement in Fig. 36) causes the 
pawl 83 to rotate the ratchet-wheel 8 f4 (Figs. 
26, 29, and 36) to advance the grinding-wheel 
toward the work. The stroke of the piston T90 
is so adjusted by adjustment of the nut 835 (Fig. 
29) that the grinding-wheel will be advanced a 
distance determined by the amount of Stock to 
be removed in the dressing operation. 
Toward the end of the downward movement 

of the piston 790, the upper side of the recess 
840 in the piston-rod 80 will strike the tail of 
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the lever 837, rocking this ever about its pivot 
838 and causing the valve 836 to be shifted up 
wardly (to the left in Fig. 36). This will put 
the left-hand side of the piston 506 (Figs. 22 and 
36) on pressure and the right-hand side on ex 
haust. The pressure fluid will be supplied from 
the duct 955 through the duct 972, the duct 973, 
the duct 842, and the duct 520. Exhaust will be 
through the duct 524, the duct 846, (Figs. 29, 32, 
and 36) the duct 855, the selector valve 792, the 
throttle-valve 857 (Fig. 33), the duct 868 (Fig. 36) 
and duct 958 back to the sump. 
With the left-hand end of the piston 506 on 

preSSure, and the right-hand end on exhaust, 
the piston 506 will be moved to the right from 
the position shown in Figs. 22 and 36 and thus 
the side and end dressers will be actuated to move 
in Cne direction across the grinding wheel and 
dreSS the same. 
There is a rod 995 (Fig. 36) secured to the pis 

ton 506 in the fully automatic machine. This 
rod is formed with a lower cam-surface 996 and 
with an upper cam-surface 997. The lower cam 
surface 996 cooperates with a roller 998 that is 
carried by the pivoted Switch-arm 999. 

000 designates a switch-member which is 
pivotally mounted at 00 on the machine in 
proximity to the cam-bar 995. There is switch 
arm 002 pivotally mounted at 003 on the 
Switch 000. This switch-arm f OO2 is adapted 
to close a circuit through the terminals 004 and 
005 and it is constantly urged upwardly to 
Ward contact with these terminals by a coil 
spring 006. 
There is a spring-pressed plunger O07 nount 

ed in the body of the Switch foot). This plunger 
is provided with a beveled end-surface 008 that 
is adapted to ride on the inclined surface 997 of 
the cam-bar 995. 
As the piston 506 travels to the right, actuat 

ing the dressing mechanism, as above described, 
the roller 998 of the Switch 999 rides off of the 
horizontal portion of the cam-surface 996 of the 
cam-bar 995 and up on the inclined portion of 
this cann-Surface. This allows the switch 999 to 
spring open, breaking the circuit to the sole 
noid 904. Thus the solenoid is de-energized and 
the valve 775 is allowed to return to the left to 
the position Shown in Fig. 36 under actuation of 
the spring 905. This places the duct 777 lead 
ing to the right hand side of the piston TT f on 
supply from the ducts 884 and 973 while the 
duct TT6 leading to the left-hand side of the pis 
ton 77 is placed on exhaust through the ducts 
894 and 958. Thus, the T-bolts 770 are moved 
back again into clamping position to clamp the 
wheel-head 758 to the column 3. 
As one of the pistons 77 f moves to the left 

(upwardly in Fig. 32), the lever-arm 783 secured 
to this piston moves away from the stem of the 
valve 87 and this valve is returned to the left 
to the position shown in Fig. 36 (to its upper 
position in Fig. 32) by action of the Spring 805. 
This places the duct 80 leading to the right 
hand side of the piston T90 (lower side in Fig. 29) 
on supply from the duct 992, and the duct 803 
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leading to the left-hand side of this piston (upper . 
side in Fig. 29) on exhaust through the line 992. 
Thus the piston 790 is moved to the left in 

Fig. 36 (upwardly in Fig. 29). In this move 
ment, the pawl 83 carried by the piston-rod 80. 
ratchets idly over the teeth of the ratchet-wheel 
84, but the lower side-wall of the recess 840. 
in the piston-rod 80 (Fig. 29) strikes the tail 
of the lever 837. This causes the lever to be 
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rocked about its pivot to the position shown in 
Fig. 29, allowing the valve 836 to drop by gravity 
back to the position shown in Fig. 29. 

This places the duct 524 leading to the right 
side of the piston 506 on supply from the duct 
842, while the duct 520 leading to the left side 
of the piston 506 is placed on exhaust through 
the ducts 848 and 855, the selector-valve 792, 
throttle-valve 857 and the duct 868. Thus, the 
piston 506 is moved back to the left to the posi 
tion shown in Figs. 22 and 36 and the dressing 
diamonds are passed back acroSS the grinding 
wheel, completing the finish-dressing operation 
at the rate determined by the setting of the 
throttle valve 857. 
Now when the piston 506 was moved to the 

right as above described, the cam-surface 997 of 
the cam-bar 995 caused the plunger f007 of the 
switch fooo to move upwardly but the switch it 
self was not moved about its pivot 00. The 
cam-bar simply passed under the plunger 007 

30 

to reach the position indicated in dotted lines. at 
995 in Fig. 36. When the piston 506 moves 
back to the left, as just described, however, the 
end of the cam-bar 995 will engage the plunger 
007 and rock the switch 000 about its pivot 
feel to cause the switch-arm 602 to make con 
tact with the terminals 006 and 005. This 
contact is only momentary and only continues 
until the end of the cam-bar 995 has ridden 
clear of the plunger 00. Then the switch 000 
rocks back, breaking the circuit across the ter 
minals 004 and 005 and the plunger 007 drops 
back on to the cam surface 997 of the cam-bar. 
The momentary contact made by the switch-arm 
O02 lasts long enough, however, to energize the 

solenoid 922, the circuit to this solenoid being 
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made from the main line L1 through the auto 
matic stop 70, the lines 94, 942, 943, terminal 
944, switch. 945, terminal 946, line 94T, terminai 
004, switch-arm IO2, terminal 1005, lines 950 
and 95, solenoid 922 and line 952 to the main 
line La. 
When the piston 506 moves back to, the left, 

the roller 998 of the switch 999 rides back on to 
the horizontal portion of the cam-surface 996 of 
the cam-bar 995. Thus the switch 999 is closed 
again to make contact with the terminals 
and O. Nothing happens, however, with the 
closing of this switch because the circuit to this 
switch remains open since the contact-bar 2 
carried by the core-bar 906 of the solenoid 90 
is at this time out of contact with its te 
O3 and 4. 
The energizing of the solenoid 922 has, however, 

the effect of shifting the valve 920 upwardly. 
This causes the piston 638 to be moved down 
wardly, swinging the dressed grinding-wheel 
down again into operative position. 
As the piston G.38 moves downwardly, it moves 

the contact-bar 925 away from the terminals 959 
and 960 breaking the circuit to the solenoid 88. 
This allows the valve 875 to return to the left to 
the position shown in Fig. 36 under actuation of 
the spring 879 (to its upper position as shown in 
Fig. 30). This puts the right-hand end of the 
piston T55 on pressure (under side in Fig. 31) and 
the left-hand end of this piston (upper side in 

70 
Fig. 31) on exhaust and so the piston. TS5 is 
moved back to the left as shown in Fig. 36. This 
simply causes the pawl 760 to ratchet back idly 
over the ratchet-member 762 and return to 
initial position. 
When the piston 638 reaches its lowermost po 

sition, the bar 925 carried by this piston will make 
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contact with the terminals 96f and 962, closing 
the circuit to the main drive motor f05 again. 
The machine will then go through its cycle of op 
eration again. The swinging and rotating grind 
ing-wheel will be fed into a tooth space to finish 
grind the tooth space. Then the wheel will be 
withdrawn and the gear indexed and the alter 
nate feeding and withdrawing for indexing will 
proceed until all of the tooth spaces of the gear 
have been finish-ground. During this phase of 
the operation, the feed and withdrawal motions 
of the grinding-wheel will be controlled, of course, 
by the finishing-cam track 752 of the cam 750 so 
that the grinding-wheel will be fed into each gear 
tooth-Space at a slower rate than during rough 
grinding and the wheel will be allowed to dweli 
momentarily in each tooth, space, after it has 
reached full depth position, in order to insure the 
highest degree of accuracy in the finished gear. 
After all of the tooth spaces of the gear have 

been finish-ground, the automatic stop mecha 
nism f will again function automatically to 
break the circuit to the main drive motor 05 and 
to the solenoid 922. This will stop the main drive 
motor and will allow the valve 920 to drop down 
to its lower position by gravity. While the elec 
trical circuit through the automatic stop mecha 
nism is broken automatically in the functioning 
of this mechanism, it is understood that the cir 
cuit through the stop itself is re-made instantly 
after its breakage, this being the method of oper 
ation of the type of stop mechanisms such as 
would be employed on this machine. 
The movement of the valve 920 to its lower po 

sition puts the lower side of the piston 638 on 
Supply and the upper side on exhaust. This pis 
ton is again moved upwardly. This causes the 
grinding wheel to be again swung upwardly, out 
of its working path into dressing position. 
At the end of its upward movement, the piston 

638 causes the contact bar 925 to make contact 
with the terminals 959 and 960. This closes the 
circuit to the solenoid 878. This energizes the 
solenoid 88 and causes the valve 875 to be shifted 
to the right from the position shown in Fig. 36. 
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This puts the left-hand side of the piston 755 on 
Supply and the right-hand side on exhaust and 
this piston is therefore moved again to the right 
from the position shown in Fig. 36. The pawl 760 
carried by the piston-rod 759 therefore again en 
gages the ratchet member 762, rotating this mem 
ber. This rotates the pinion 207 again shifting 
the sleeve 740 and cam-bar 742 upwardly. The 
face of the finishing-cam track 752 of the cam 
750 is wide enough to remain in engagement with 
the follower 45 throughout this last-named move 
ment. 
In this second upward movement of the cam 

bar 742, the roller 97 of the switch 979 rides off 
of the projection 749 of the cam-bar; the roller 
975 of the switch 945 rolls off of the projection 
147 of the cam-bar; the roller 976 of the switch 
9 rolls up on to the projection 747 of the cam 
bar; and the roller of 6 of the Switch Of T rolls 
up on to the projection 745 of the cam-bar, see 
Fig. 35. 
When the roller 977 of the switch 979 rolls off 

of the projection 49 of the cam-bar, the switch 
979 Springs Open to break the circuit to the sole 
noid 870. This de-energizes this solenoid and al 
lows the selector valve T92 to be shifted back to 
the position shown in Fig. 36 under actuation of 
the spring 805. This places the throttle-valve 858 
(Figs. 33 and 36) again in control of the rate of 
exhaust from the dresser-control valve 836. The 
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throttle valve 858 is adjusted to produce a finish 
on the grinding Wheel Suitable for a rough-grind 
ing operation, and hence, such a finish will be . 
produced on the wheel in the ensuing dressing 
operation. 
When the roller 95 of the switch. 945 drops 

off of the projection 47 of the cam-bar 742, the 
SWitch 95 Springs open, opening the starting cir 
cuit to the machine. 
When the Switch 0 is closed a circuit is com 

pleted from the line L1 through the automatic stop 
7:0, the lines 942 and 018, the terminal Of 9, 
the switch 07, the terminal 1020, the line 02, 
the line 22 and the Solenoid 30 to the line D24 
Which is connected in any suitable manner (not 
shown) to the main line L2. This energizes the 
Solenoid 30 (Figs. 27 and 36), causing the core 
bar 3d to Swing the lever-arm 33 about its pivot 
23. This forces the shaft 722 to the left from 

the position shown in Figs. 27 and 36 against the 
iresistance of the Spring 26 and the detent 445 is 
disengaged from the recess 72. The coil-spring 
2 comes into action immediately, then, and ro 

tates the valve 390 in a clockwise direction. This 
25 

30 

5 

4) 

45 

calises the right-hand side of the piston 262 to 
be placed on supply and the left-hand side on ex 
haust to cause the workhead to be unclamped 
from the base 235. It also causes the left-hand 
end of the piston 240 to be placed on supply and 
the right-hand end on exhaust, whereby the work 
head is Withdrawn to loading position. Finally it 
causes the right hand end of the piston 380 to be 
placed on supply to force the draw-bar 365 for 
Ward in the Work Spindle against the resistance of 
the coil-spring 366, thus dechucking the Work, 
Thus the workhead is unclamped, withdrawn to 
loading position and the completed gear auto 
natically dechucked. 
When the roller 976 of the switch 978 rides up 

On the projection 47 of the cam-bar 742, the 
SWitch 98 is closed to complete a circuit to the 
Solenoid 904 from the main line L1 through the 
automatic stop 70, the lines 94, 942, and 986, the 
terrainal 987, the switch 978, the terminal 958, the 
line 989, the Solenoid 904 and line 990. This ener 
gizes the Solenoid 994 to shift the valve 775 to the 
right from the position shown in Fig. 36. This 
causes the pistons 77 to be also moved to the 
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right, releasing the T-bolts 770 and unclamping 
the Wheel-head 58 from the column 3 of the 
machine. One of the pistons f (Figs. 32 and 
36) in its movement rocks the lever 783 about 
its pivot 84, causing the valve 78 to be shifted 
to the right from the position shown in Fig. 36. 
This causes the piston 99 to be again moved 

to the right from the position shown in Fig. 36, 
causing the pawl 8f3 to again impart rotational 
movement to the ratchet wheel 84 (Figs. 26, 29, 
and 36), thus advancing the wheel-head 758 and 
With it the grinding wheel toward the work. 

In its movement, the piston-rod 8 Oswings the 
lever 83 about its pivot. 838, causing the valve 
83 to be shifted to the left from the position 
scWin in Fig. 35. This puts the left-hand end 
of the piston 56 on supply and the right-hand 
end on exhaust. Thus, the dressing mechanism is 
aga, in actuated to dress the grinding wheel. In 
this dressing Cperation, as stated above, the 
throttle valve 858 controls the rate of movement 
cf the dressing diamonds across the grinding 
Wheel and So the Wheel is dressed in a manner 
suitable for a succeeding rough-grinding opera 
tic. s 
When the piston 536 moves to the right, the 

can-bar 995 again rides clear of the plunger f007 
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of the Switch 99. This plunger again drops 
down behind the end of the cam-bar. The roller 
998 also rides up on the inclined surface 996 of 
the cam-bar 995, breaking the circuit to the sole 
noid 904 through the contact-bar 012. 

This de-energizes the solenoid 994, allowing the 
valve 775 to be returned to the left to the posi 
tion shown in Fig. 36 under actuation of the 
spring 905. This again causes the piston T7 to 
be moved to the left to the position shown in Fig. 
36 to again cause the wheel-head 758 to be 
camped to the collinn 3. 

In this movement, the piston which is con 
nected to the lever 33, moves this lever upwardly 
(to the left in Fig. 36) allowing the valve 78 to 
be returned to the position shown in Fig. 36 
under actuation of the Spring 895. This causes, 
the piston 790 to be moved to the left, returning 
the pawl 83 to initial position. In this return 
movement of the piston 90, the lever 83 will be 
rocked back to the position shown in Fig. 36, 
allowing the valve 836 to return to the position 
shown in this figure. This will place the right 
hand side of the piston 506 on supply and the 
left-hand side on exhaust and the piston 506 
will be returned to the position in Fig. 36 caus 
ing the dressing diamonds to make their return 
passage over the grinding-Wheel. 

in this return movement of the piston 506, the 
roller 998 will again ride on to the horizontal 
portion of the can Stiface 996 of the cam-oar 
995 and the switch 339 Will again be closed. 
Nothing will happen, however, because at this 
time the contact bar 2 is away from the ter 
minals of 3 and f4. In the return movement 
of the piston 506, the Switch 000 will again be 
rocked about its pivot of to cause the switch 
arm 002 to make contact with the teminals 004 
and 005. 

Normally, the closing of the switch 000 Would 
restart the machine, by closing the circuit to the 
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Solenoid 922 which would in turn cause the piston 
638 to move downwardly bringing the contact 
bar 925 into engagement with the terminals 96. 
and 962 to close the circuit to the main-drive 
motor of the machine. This time, however, the 
closing of the Switch 0 will not close the circuit 
to the solenoid 922 because the switch 945 which 
is included in this circuit is at this time open, 
the roller 95 of this switch having dropped off 
of the projection 4 of the cam-bar. 2 in the 
last described upward movement of this cam bar. 
Accordingly, the machine will be entirely stopped. 
To re-start the machine, the operator must re 

turn the sleeve 60 to its lowermost position by 
manual rotation of the shaft 206. This move 
ment causes the roller 975 to ride up on the 
projection 748 and close the starting circuit 
of the machine, and it also resets all of the other 
switches of , 978 and 979 as well as the ratchet 
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member 62. To start the machine again, the 
operator presses the stop-button 940. 
In the operation of the machine, then, the 

grinding-wheel is first SWung down from dress 
ing to Working position by energizing the sole 
noid 922 to move the piston S38 downwardly. At 
the end of the downward movement of this pis 
ton 638, the main drive motor is started, starting 
the swinging and feed movements of the grind 
ing wheel and putting the machine into opera 
tion. The machine goes through its cycle of 
operations, the wheel being fed into a tooth 
Space of the gear to grind the same and being 
then withdrawn and the gear being indexed. 
During this first cycle of operation, the track 
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75 of the can SD controls the feeding move 
ments of the grinding wheel so that the gear is 
rough-ground. 
When all of the tooth-spaces of the gear have 

been ground, the automatic stop 70 functions to 
break the circuit to the solenoid 922, causing the 
piston 638 to be moved upwardly to break the 
circuit to the main drive motor and stop the 
Swinging- and feed movements of the grinding 
wheel. The upward movement of the piston 638 
also swings the grinding wheel up into dressing 
position and when the grinding wheel has 
reached dressing position, the bar 925 makes con 
tact with the terminals 959 and 960 to cause the 
sleeve 740 to be moved upwardly. This shifts 
the roughing-cam 7.5 out of engagement with 
the follower 45 and moves the finishing-cam 50 
into engagement with the follower. It also closes 
the switch 98 and the switch 99. The latter 
switch causes the selector-valve T92 to be shifted 
so that in the next dressing operation the wheel 
will be dressed for finish-grinding. The closing 
of the switch causes the wheel-head to be 
unclamped from the column 3 and the wheel 
to be advanced into the dressing diamonds. 
Then the wheel is dressed. At the end of the 

return movement of the dressing diamonds, the 
solenoid 922 is again energized, the wheel is 
swung down again into working position and the 
main-drive motor is again started. 
The machine again goes through a cycle of 

operation, the rotating and swinging grinding 
wheel being again fed successively into each tooth 
space of the gear to finish-grind the same. At 
the end of the finish grinding operation, when 
all of the tooth spaces of the gear have been fin 
ish ground, the automatic stop 70 is again 
tripped to de-energize the solenoid 922 and cause 
the piston 688 to be again moved upwardly, 

to breaking the circuit to the main drive motor 105 
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and stopping the swinging and feed motions of 
the machine. In the upward movement of the 
piston 638, the grinding wheel is again swung up 
to dressing position. When the grinding wheel. 
is in this position, the bar 925 again makes con 
tact with the terminals 959 and 960 to again 
cause the sleeve 740 to be shifted upwardly. 
This time, the switch fell is closed, energizing 
the solenoid 780 to cause the valve 390 to be 
released and allowing this valve to be rotated 
by the spring 727. This causes the work-head 
to be unclamped, withdrawn to loading position 
and the work to be dechucked. 

In this last described upward movement of the 
sleeve 740, also, the switch 98 is again closed but 

- the switch 979 is opened. The opening of the 
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latter de-energizes the solenoid 80 which con 
trols the movement of the selector valve 792 and 
this valve is shifted by the spring 85 so that the 
next dressing operation will dress the wheel in 
a manner suitable for rough-grinding. The clos 
ing of the switch 978 causes the wheel-head to 
be unclamped from the column 3, advanced 
toward the dressing mechanism and the dressing 
mechanism to be actuated. In the return stroke 
of the dressers, the switch 000 is closed, but 
since the starting circuit of the machine is now 
Open, the machine does not re-start. To grind 
another gear, the operator must first return the 
sleeve T40 to initial position and push in the 
start-button 940. 

5 

While the invention has been described in con 
nection with a machine for grinding spiral bevel 
and hypoid gears with a swinging grinding 
wheel, it will be understood that various features 
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of the invention are applicable to the grinding 
of Such gears with other types of grinding-wheels 
and that, moreover, the features of the inven 
tion are applicable to the grinding of various 
other types of gears. Certain features of the 
invention, in fact, are applicable to other types 
of machines than gear grinding machines. In 
general, it may be said that while the invention 
has been described in connection with particular 
embodiments thereof, it will be understood that 
it is capable of further modification and use and 
this application is intended to cover any varia 
tions, uses or adaptations of the invention, foll 
lowing, 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 to which the invention per 
tains and as may be applied to the essential fea 
tures 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 a machine for grinding gears, a tool sup 
port, a grinding-wheel journaled therein, a work 
Support, separate cams for producing relative 
feed movements between the wheel and work sup 
port during rough-grinding and during finish 
grinding, respectively, and means for bringing 
Said cams selectively into operative position. 

2. In a machine for grinding longitudinally 
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curved tooth gears, a head provided with spaced 
bearings, a quill mounted in said bearings for 
longitudinal reciprocating movement therein, a 
grinding wheel journaled in said quill, a work 
support, means for producing alternate relative 
movements of feed and withdrawal between the 
grinding wheel and the work support comprising 
a rotary cam and a follower, one of which is se 
cured to the quill and the other of which is 
mounted on said head, means for rotating said 
cam and means for indexing the work during 
the periods of withdrawal. 

3. In a machine for grinding gears, a head pro 
vided with spaced bearings, a quill mounted in 
said bearings for endwise reciprocating move 
ment, a tool spindle journaled in said quill and 
held against endwise movement relative thereto, 
a grinding-wheel secured to said spindle, a work 
support, a cam-follower secured to said quill at 
a point intermediate said bearings, a rotary shaft 
journaled in said head with its axis extending at 
right angles to the direction of movement of said 
quill, a cam secured to said shaft and engaging 
said follower, and means for rotating said shaft to 
impart reciprocating movements to said quill. 

4. In a machine for grinding longitudinally 
curved tooth gears, a work support, a rotatable 
tool support, a grinding-wheel journaled in the 
tool support, means for rotating the grinding 
wheel on its axis, means for simultaneously oscil 
lating the tool support through a limited working 
path to cause the wheel to grind tooth surfaces of 
the gear for their full length, means for adjust 
ing the tool support to determine the position of 
the working path of the wheel about the axis of 
swing of said tool support, fluid-pressure oper 
ated means for swinging said tool support beyond 
its working path to move the wheel to dressing 
position, and a stop on the frame for limiting said 
last-named movement whereby to stop the grind 
ing-wheel always in the same position for dress 
ing regardless of the extent of its working path 
and the position of that path. 
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mechanism, a work support, a work spindle jour 
naled in said Work Support, fluid-pressure oper 
ated means for moving the work support to and 
from operative position, fluid-pressure operated 
means for clamping the work support in oper 
ative position, fluid-pressure operated means for 
chucking a work-piece on said Work support, and 
a single control-valve for controlling the opera 
tion of said three fluid-pressure operated means. 

6. In a machine for producing gears, tool 
mechanism, a Work Support, a Work Spindle jour 
naled in the work support, means for moving the 
work support to and from operative position, 
means for clamping the work support in oper 
ative position, means for chucking a work-piece 
on the work support, and control means for said 
aforementioned means whereby chucking of the 
work-piece must be effected before the work sup 
port can be moved into operating position and 
whereby the Work support must be in operating 
position before it can be clamped. 

7. In a grinding machine, a grinding-member, 
a dressing tool, means for moving the tool across 
the surface of the grinding-member to dress the 
same, and separate means selectively operable to 
predetermine the rate of movement of the dress 
ing tool across said member. 

8. In a grinding machine, a grinding-member, 
a work support, means for actuating said grind 
ing-member to effect Successively rough and 
finish-grinding operations on the work, a dressing 
tool, means for moving said tool across the sur 
face of the grinding member to dress the same, 
separate means selectively operable to control the 
rate of movement of said dressing tool, said 
means being adjustable so that the rate of move 
ment of the tool is faster in dressing said mem 
ber prior to a rough-grinding operation than in 
dressing it prior to a finish-grinding operation, 
and means operative automatically, between the 
rough and finish-grinding operations and vice 
Versa to preselect the rate control means which 
is to be operative during a dressing operation. 

9. In a machine for grinding gears, a work sup 
port, a grinding-member, a dressing tool, means 
for producing relative movements between the 
grinding-member and the work support to grind 
the Work, separate members for controlling said 
movements to effect rough-grinding and finish 
grinding operations, respectively, and means for 
automatically actuating the dressing tool to dress 
the grinding-member between the rough and 
finish-grinding operations. 

10. In a machine for grinding gears, a work 
Support, a grinding-member, a dressing tool, 
means for producing relative movements between 
the grinding-member and the work support to 
grind the work, separate members for controlling 
Said means to effect rough-grinding and finish 
grinding operations, respectively, and means for 
automatically actuating the dressing tool to dress. 
the grinding-member and for advancing the 
grinding-member toward the work to compensate 
for wear of said member between the rough and 
finish-grinding operations. - 

11. In a machine for grinding gears, a frame, 
a work Support mounted on the frame, dressing 
mechanism mounted on the frame, a movable 
tool support mounted on the frame, a grinding 
member mounted on the tool support, means for 
actuating said member to effect rough and finish 
grinding operations on the work, means for auto 
matically moving the tool support to move the 
grinding-member from operating position to 
dressing position and back again between rough 
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and finish-grinding operations, and means for 
automatically dressing the grinding-member 
While in dressing position. 

12. In a machine for grinding gears, a frame, 
dressing mechanism mounted on the frame, a 
quill journaled in the frame, a grinding-wheel 
journaled in the quill, means for rotating the 
grinding wheel, means for swinging the quill on 
its axis including a set of differential gears, 
means for holding one element of the differential 
stationary and for actuating the other element 
of the differential to swing the quill through a 
limited angle to effect movement of the grind 
ing-wheel in its working path and means for 
actuating the first-named element of the differ 
ential to move the grinding-wheel out of its work 
ing path to dressing position. 

13. In a machine for grinding longitudinally 
curved tooth gears, a frame, dressing . mecha 
nism mounted Cn the frame, a cupped grinding 
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wheel, means for rotating the grinding wheel, 
means for simultaneously swinging the grinding 
wheel in a limited working path to pass the 
grinding wheel longitudinally over the tooth sur 
faces of the gear to be ground, and means for 
Swinging said grinding-wheel about the axis on 
which it swings during grinding but beyond its 
Working path to move the wheel to dressing posi 
tion. 

14. In a machine for grinding gears, a frame, 
dressing mechanism mounted on the frame, a 
cupped grinding-wheel, means for rotating the 
grinding-wheel, means for simultaneously swing 
ing the grinding-wheel in a limited working path, 
and means for periodically swinging said grind 
ing-wheel beyond said working path to move the 
Wheel to dressing position. 

15. In a machine for grinding gears, a frame, 
dressing mechanism mounted on the frame, a 
reciprocable support, a grinding-wheel journaled 
in Said Support, means for rotating the grinding 
Wheel, means for actuating said support to move 
the grinding-wheel from dressing to operating 
position, Separate means for reciprocating said 
Support to cause said wheel, when in operating 
position, to grind tooth surfaces of a gear for 
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their full length, and means whereby movement 
of the grinding-wheel to operating position 
renders the last-named means operative. 

16. In a machine for grinding longitudinally 
curved tooth gears, a frame, a quill reciprocably 
and rotatably mounted on the frame, a grinding 
wheel spindle journaled in the quill with its axis 
inclined to the axis of the quill, a cupped grind 
ing wheel Secured to the Wheel spindle, neans 
for rotating said wheel comprising a shaft that 
is journaled coaxially in the quill, a shaft which 
is journaled in the quill parallel to the wheel 
spindle, a pair of angular bevel gears connecting 
Said shafts, and a belt and pulley drive connect 
ing the second shaft and the wheel spindle, means 
for oscillating the quill to Swing the wheel longi 
tudinally along the tooth surfaces of the gear, 
and means for reciprocating the quill axially. 

17. In a machine for producing gears, a head 
provided with spaced bearings, a quill mounted in 
said bearings for oscillating and endwise recip 
rocating movements, a tool spindle journaled in 
said quill, a tool secured to said Spindle, a work 
support, a follower secured to Said quill at a point 
intermediate said bearings, a rotary shaft, jour 
nailed in said head with its axis extended at right 
angles to the direction of reciprocating move 
ment of said quill, a can secured to Said shaft 
and engaging said follower, means for rotating 
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said spindle, means for oscillating said quill, and 
means for rotating said shaft to impart recipro 
cating movements to said quill. 

18. In a machine for grinding gears, a tool sup 
port, a grinding-wheel journaled therein, a work 
Support, a rotary shaft, separate cams Secured 
to said shaft and adapted, respectively, to pro 
duce alternate movements of feed and withdrawal 
between said supports during rough-grinding 
and finish-grinding, respectively, a follower se 
cured to one of said supports and adapted to be 
engaged selectively with either of said cams, 
means for shifting said shaft axially to bring 
either cam into operative engagement with the 
follower, and means for rotating Said shaft. 

19. In a machine for grinding gears, a Work 
support, a tool support, a grinding-wheel rotat 
ably mounted on the tool support, means for 
effecting the operating cycle of the machine 
comprising relative feed of the grinding wheel 
into the work, relative withdrawal of the grind 
ing wheel, and indexing of the work, means for 
automatically stopping the operating cycle of the 
machine when a gear has been rough-ground and 
for automatically moving the grinding-wheel to 
dressing position, means for automatically dress 
ing the wheel when it reaches dressing position, 
means for automatically returning the wheel to 
operative position after it has been dressed, and 
means for automatically restarting the operating 
cycle of the machine when the wheel is returned 
to Operating position. 

20. In a machine for grinding longitudinally 
curved tooth gears, a frame, a head slidably 
mounted on the frame, a quill reciprocably and 
Oscillatably mounted in the head, a cupped grind 
'ing-wheel journaled in the quill, means for re 
ciprocating and for oscillating said quill, means 
for adjusting the head on the frame in a direc 
tion axial of the quill, means for securing the 
head in any adjusted position after adjustment 
comprising a plurality of T-bolts engageable in 
T-slots in the frame, fluid-pressure operated 
means for controlling the position of each bolt 
and a single valve for controlling all of Said fluid 
pressure operated means. 

21. In a machine for producing gears, a work 
support, a work spindle journaled in the work 
support, fluid-pressure operated means for mov 
ing the work support to and from Operative posi 
tion, fluid-pressure operated means for clamping 
the work-support in operative position, a single 
control valve for said two fluid-pressure operated 
means operable in one direction to cause said two 
fluid-pressure operated means to function suc 
cessively, means for stopping the control valve 
when it has moved far enough to actuate the 
first-named 'fluid pressure operated means, and 
means for releasing said valve to permit its con 
tinued movement so as to enable Operation of 
said second fluid-pressure operated means. 

22. In a machine for grinding gears, a frame, 
a support movably mounted on the frame, a 
dressing mechanism mounted on the frame, a 
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grinding-wheel journaled in said support, means 
for reciprocating the support in a limited working 
path to effect grinding of the tooth surfaces, 
fluid-pressure operated mechanism for moving 
said support on the frame in the direction of its 
working path but beyond the same to move the 
grinding-wheel from operating to dressing posi 
tion, means for adjusting said Support relative 
to said fluid-pressure operated mechanism in 
the direction of movement of said support to de 
termine the position of its working path, and 
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cooperating stops on the frame and support for 
limiting the movement of the support when the 
wheel is moved to dressing position so that the 
wheel is always moved to the same position for 
dressing. 

23. In a machine for grinding gears, a frame, 
dressing mechanism mounted on the frame, a 
quill journaled in the frame, a grinding-wheel 
journaled in said quill, means for rotating the 
grinding-wheel, means for swinging said quill on 
its axis including a set of differential gears, 
means for holding one element of the differential 
stationary, means for actuating another element 
of the differential to Swing the quill through a 
limited angle to effect movement of the grinding 
wheel in its working path, fluid-pressure operated 
means including a cylinder and a piston recipro 
Cable therein for actuating the first-named ele 
ment of the differential, when released, to swing 
the quill through an extended angle tb move the 
grinding wheel out of its working path to dress 
ing position, means for adjusting the first-named 
element of this differential independently of said 
fluid-pressure operated means to adjust the path. 
of Swing of the quill, and cooperating stops on 
the frame and quill for limiting movement of the 
quill under actuation of said fluid-pressure oper 
ated means so that the wheel is always moved to 
the same position for dressing. 
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24. In a machine for producing gears, a work 80 
Support, a work spindle journaled in the work 
Support, fluid-pressure operated means for mov 
ing the work support to and from operative posi 

35 tion, fluid-pressure operated means for clamping 
the work support in operative position, fluid 
preSSure operated chucking mechanism for the 
Work Spindle, a single control valve for said 
three fluid-pressure operated means, said valve 
being movable in one direction to cause, succes 
sively, chucking of the work, movement of the 
Work Support into operating position and clamp 
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ing of the work support in operating position, . 
means Operable to cause a dwell in the movement 
of the control valve between the chucking and 
Work Support moving positions to insure chuck 
ing of the work before movement of the work 
Support, and means operable to cause a dwell in 
the movement of the control valve between the 
work support moving position and the work sup 
port clamping position to insure that the work 
Support is in operating position before it is 
clamped. 

25. In a machine for producing gears, a work 
Support, a work spindle journaled in the work 
Support, means for moving the work support to 
and from operating position, means for clamping 
the work support in operating position, means 
for chucking a work-piece On the Work spindle 
and means for automatically releasing the work 
Support, moving the same to inoperative position 
and releasing the chucking mechanism when the 
Operations of the machine are finished. 

26. In a machine for producing gears, a work. 
Support, a work spindle journaled in the work 
Support, fluid-pressure operated means for mov 
ing the work support to and from operating posi 
tion, fluid-pressure operated means for clamping 
the work support in operating position, fluid 
pressure operated means for chucking a work 
piece on the work spindle, and a single control 
valve operable in one direction to effect release 
of the work-head, movement of the same to inop 
erative position, and dechucking of the work. 

27. In a machine for grinding gears, a work 
support, a frame, a tool Support movable on the 
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frame, a grinding-wheel journaled in the tool 
Support, means for rotating the grinding-wheel, 
dressing mechanism, means for clamping the tool 
Support in Operative position, means for auto 
matically dressing the grinding-wheel, and means 
for automatically releasing the tool support, ad 
vancing the same to compensate for wear of the 
wheel, and then reclamping the same to the 
frame, each time the wheel is dressed. 

28. In a machine for grinding longitudinally 
curved tooth gears, a Work Support, a tool Sup 
port provided with spaced bearings, a quill ro 
tatably and reciprocably mounted in said spaced 
bearings, a grinding wheel spindle journaled in 
said quill with its axis inclined to the axis of the 
quill, a cupped grinding wheel secured to the 
wheel spindle, means for rotating the grinding 
wheel, a cam and a cam-follower one of which 
is secured to the quill at a point between said 
bearings and the other which is secured to the 
tool support, means for oscillating the quill to 
Swing the grinding wheel longitudinally along 
the tooth surfaces of the gear, means for actuat 
ing the cam to produce alternate movements of 
feed and withdrawal between the grinding wheel 
and the work, and means for indexing the work 
during the periods of withdrawal. 

29. In a machine for grinding gears, a work 
support, a reciprocable tool support, a dressing 
mechanism, a grinding wheel journaled in the 
tool support, means for rotating the grinding 
wheel on its axis, means for reciprocating the 
tool support including a set of differential gears, 
smeans for holding one element of the differen 
tial against movement during grinding and for 
actuating the other elements of the differen 
tial to impart a reciprocating movement to the 
tool support in a limited working path, and 
means for releasing and actuating the first 
named element of the differential to impart an 
extended stroke to the tool support to move the 
grinding wheel to dressing position. 

30. In a machine for grinding gears, a work 
support, a reciprocable tool support, a dressing 
mechanism, a grinding wheel journaled in the 
tool support, means for rotating the grinding 
wheel on its axis, means for reciprocating the 
tool support including a set of differential gears, 
means for holding one element of the differential 
against movement during grinding and for actul 
ating the other elements of the differential to 
impart a reciprocating movement to the tool sup 
port in a limited working path, and means for 
releasing and automatically actuating the first 
named element, after predetermined operations 
on the blank have been completed, to impart an 
extended stroke to the tool support to move the 
grinding wheel to dressing position. 

31. In a machine for grinding longitudinally 
curved tooth gears, a cupped grinding wheel, 
means for rotating the grinding wheel, means for 
simultaneously. swinging the grinding wheel in 
a limited working path to effect the grinding 
operation, means for Swinging said grinding 
wheel beyond said working path to move the 
wheel to dressing position, dressing mechanism 
positioned in line with the path of extended 
movement of the wheel, and means for actuating 
the dressing mechanism when the wheel reaches 
dressing position to dress the wheel. 
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32. In a machine for grinding longitudinally 

curved tooth gears, a cupped grinding wheel, 
means for rotating the grinding wheel, means 
for simultaneously swinging the grinding wheel 
in a limited work path to effect the grinding 
Operation, means for Swinging the wheel beyond 
Said working path to move the wheel to dressing 
position, dressing mechanism positioned in line 
with the path of extended movement of the 
wheel, and means for automatically advancing 
the grinding wheel in the direction of its axis of 
swing and for actuating said dressing mechanism 
when the wheel reaches dressing position. 

33. In a machine for grinding longitudinally 
curved tooth gears, a cupped grinding wheel, 
having opposite side surfaces inclined to one an 
other, means for rotating the grinding wheel, 
means for simultaneously swinging the grinding 
wheel in a limited work path to effect the grind 
ing operation, dressing mechanism comprising a 
pair of dressers for dressing, respectively, oppo 
Site sides of the wheel, said dressers being 
mounted to move in paths inclined to One an 
other at an angle equal to the angle between 
opposite sides of the wheel, and means operable 
after a predetermined number of grinding opera 
tions to move the wheel beyond its working path 
to position the wheel between the paths of move 
ment of the dressers, and means for actuating 
Said dressers to dress said wheel. 

34. In a machine for grinding gears, a frame, 
a work Support mounted on the frame, a tool 
Support adjustable on the frame, dressing mech 
anism mounted on the frame, a tool carrier re 
ciprocable on the tool support, a grinding wheel 
journaled in the carrier, means for adjusting the 
tool support into operative relation with the 
work support and for clamping the same in 
operative position, means for rotating the grind 
ing wheel, means for imparting a reciprocating 
movement to the tool carrier in a limited Work 
ing path, means for moving the tool carrier be 
yond its working path to move the grinding wheel 
to dressing position, and means Operative on Said 
movement for automatically unclamping the 
tool support and moving the same to advance the 
grinding wheel into the dressing mechanism. 

35. In a machine for grinding gears, a frame, 
a work support mounted on the frame, a tool 
support adjustable on the frame, dressing mech 
anism mounted on the frame, a tool carrier re 
ciprocable on the tool support, a grinding wheel 
journaled in the carrier, means for adjusting the 
tool support into operative relation with the 
work support and for clamping the same in oper 
ative position, means for rotating the grinding 
wheel, means for imparting reciprocating move 
ment to the tool carrier in a limited working 
path, means for moving the tool carrier beyond 
its working path to move the grinding wheel to 
dressing position, means operative on said move 
ment for automatically unclamping the tool Sup 
port and moving the same to advance the grind 
ing wheel into dressing position, and means for 
thereafter automatically actuating the dressing 
mechanism. 
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