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1. 

The invention relates generally to grinding ma 
chines and more particularly to, a machine for 
grinding cylindrical surfaces. 
The general object of the invention is to pron 

vide a novel grinding machine for grinding cylin 
drical or tapered surfaces, which is capable of 
grinding such surfaces to very close limits, 
Another object of the invention is to provide 

a grinding machine in which the relative feeding 
movement between the work and the grinding 
wheel is controlled by a means movable through 
a large distance relative to the actual feeding 
movement, thereby permitting very accurate con 
trol of the feeding movement, 

It is also an object to provide a novel grinding 
machine which is automatic to the extent that 

O 

when a workpiece is placed in the machine and 
the machine is manually started, the machine 
will automatically continue the operation and 
stop when the grinding operation has been come 
pleted and the work moved to a position con 
venient for removal, 

Still another object is to provide a grinding 
machine for grinding peripheral surfaces of 
workpieces in which the rate of relative feed be 
tween the work and the grinding wheel gradually 
decreases as the work approaches its final dimen 
sion. I 

A still further object is to provide a grinding 
machine for grinding peripheral surfaces of 
workpieces, in which the work is swung from a 
loading position to a grinding position and in 
which the feeding movement of the work toward 
the grinding wheel constitutes a continuation of 
Such swinging movement. 
Another object is to provide a grinding ma 

chine for grinding peripheral work surfaces in 
which the relative feeding movement between 
the work and the grinding wheel is accomplished 
by a swinging movement of the work, and in 
which the work is reciprocated parallel to the 
axis of the grinding wheel during such feeding 
movement in the same bearings that support the 
work for the swinging movement, 
A still further object.is to provide a grinding 

machine in which the grinding wheel spindle 
must be operating properly, that is, without over 
heating, the machine being automatically shut 
down in case such Overheating occurs, 

Still another object is to provide a grinding 
machine for grinding peripheral surfaces of 
workpieces, which is provided with means and 
mechanisms for accomplishing various move 
ments of the parts of the machine including 
swinging of the work to the grinding position, 
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thereafter feeding the work toward the grinding 
wheel by a continuation of such swinging move 
ment, reciprocating the work in a line substan 
tially parallel to the axis of the grinding, wheel 
and rotatably driving the work, during the en 
tire grinding operation, and swinging the work 
out of grinding position with simultaneous cessa 
tion of the reciprocation and the rotary work 
drive. 

It is also an object to provide a novel grinding 
machine of the general character set forth in 
the preceding object, which is fully adjustable 
in all of its principal parts so that a wide variety 
of sizes and kinds of workpieces may be groun 
in the machine. - 
A still further object is to provide a novel 

grinding machine normally used for cylindrical 
grinding but also adaptable for grinding tapers 
by means of a plunge cut. 
Other objects and advantages will become ap 

parent from the following description, taken in 
connection with the accompanying drawings in 
which: 

Figure 1 is a front elevational view of a ma 
chine embodying the features of the invention. 

Fig. 2 is a plan view of the machine, 
Fig. 3 is a fragmentary elevational view 

right end of the machine. 
Fig. 4 is a fragmentary elevstional view of the 

left end of the machine, 
Fig. 5 is a fragmentary sectional view taken 

on the line S-S of Fig. 2. 
Fig. 6 is a diagrammatic view showing the rela 

tion between the grinding wheel and the work supporting means. 
Fig. 7 is a fragmentary sectional view taken on 

of the 

the line - of Fig. 1. 
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50 

Fig. 8 is an enlarged fragmentary sectional view . 
taken on the line 8-8 of Fig. 7. w 

Fig. 9 is a fragmentary front elevational view, 
partially in section, of the left-hand portion of 
the machine. 

Fig. 10 is a fragmentary vertical sectional view 
taken on the line O-O of Fig. 9, * . . 

Fig. 11 is an enlarged fragmentary front ele 
Vational view, partially in section, of the central 
portion of the machine, 

Fig. 12 is a vertical sectional view taken on 
the line. 2-2 of Fig.11. 

Fig. 13 is a vertical sectional view taken sub 
stantially on the line -3 of Fig. 11. 

Fig.14 is a fragmentary front elevational view 
of the structure shown in Fig.13. . . . 

Fig.15 is a plan view of the structure shown 
in Fig. 14. - 
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Fig. 16 is a diagrammatic view showing the 
actuator and control valve for the work support 
ing near S. 

Fig. 17 is a sectional view of the valve taken 
on the line - of Fig. 16. . 

Fig. 18 is a diagrammatic view showing the 
electrical and pressure fluid circuits of the ma 
Chine. 

Fig. 19 is a pian view, partially in section, 
showing a wheel dressing device for dressing the 
grinding wheel for cylindrical grinding. 

Fig. 20 is a front elevational view partially in 
section showing the dressing device illustrated in 
Fig. 19. 

Fig. 21 is a plan view of a wheel dressing de 
vice for dressing a grinding wheel for taper 
grinding. 

Fig. 22 is a sectional view taken on the line 
22-22 of Fig. 21. 
While the invention is susceptible of various 

modifications and alternative constructions, I 
have shown in the drawings and will herein de 
scribe in detail, the preferred embodiment, but 
it is to be understood that I do not thereby in 
tend to limit the invention to the specific form 
disclosed, but intend to cover all modifications 
and alternative constructions falling within the 
spirit and scope of the invention as expressed in 
the appended claims. 

General description of the machine 
A machine embodying the features of the in 

O 

s 
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vention comprises generally a base on which is 
mounted a grinding wheel and means for Sup 
porting a workpiece. The work supporting 
means preferably comprises a yoke swingable 
about an axis substantially parallel to the grind 
ing wheel axis and arranged to support a work 
piece on an axis which is also parallel to the 
grinding wheel axis but is eccentric to the axis 
of swinging of the yoke. Swinging movement 
of the yoke is controlled by a feed mechanism 
which acts on the yoke at a relatively great dis 
tance from the swinging axis, while the Work 
is a relatively short distance from such swinging 
axis. Moreover, the work is so positioned that 
when it is moving toward the grinding wheel 
during the grinding operation, it moves at an 
angle to the peripheral surface of the wheel. 
Thus, because of such langular movement and 
the difference in the above-mentioned distances, 
movement of the feeding means may be through 
a relatively great distance to produce a minute 
feed of the workpiece. Accurate control of the 
feeding of the workpiece is therefore readily at 
tained. . . During the gridding operation, the work is 
rotatably driven and also reciprocated axially, 
such reciprocation being held accurately in line 
with the axis of Swinging movement by virtue 
of the fact that the yoke is both reciprocated 
and Swung in the same bearings. If the recipro 
cation were slightly out of line with the axis 
of Swinging, as might, readily occur in the case 
where ways were provided for such reciproca 
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consequently may be much more easily machined 
to the desired accuracy. 
The feeding mechanism which controls the 

swinging movement of the work supporting yoke 
during the grinding operation is constructed to 
impart a decreasing rate of feed to the yoke. 
Thus as the work approaches its final ground 
diameter, such decrease in feed rate tends to pro 
duce greater accuracy in the final ground dimen 
sion. The reciprocation is constant during the 
entire grinding operation. So that with a decreas 
ing feed rate, the number of reciprocations per 
unit depth of feed increases, which results in a 
uniform diameter throughout the length of the 
ground portion of the Work, 
The various movements of the machine are 

coordinated by a control means which permits 
the machine to operate as an automatic machine 
to the extent that when a workpiece is put into 
the machine and initial movement instituted, the 
machine auomatically carries through its opera 
tions to the point where the workpiece is ready 
to be removed and a new one inserted, With such 
automatic operation, interlocks between the vari 
ous parts of the machine are provided so that the 
various steps will take place only in their proper 
sequence. Furthermore, in order to insure accu 
racy of grinding, the grinding wheel spindle and 
its support are so constructed that no distortion 
thereof will occur by overheating, and should 
any overheating occur, the machine will auto 
matically stop. 
As shown in the drawings, the machine com 

prises a base 30 which is elongated from left to 
right and is of generally L-shape (see Fig. 2) 
to provide a rearwardly extending portion 3 at 
the right side of the machine. On the rearwardly 
extending portion 3 is mounted a grinding wheel 
32 which is driven by an electric motor 33. 
Supported on the front portion of the base 30. 

is a work Supporting yoke indicated generally at 
4 (see Figs. 1, 2, and 7). The yoke 34 comprises 
a central U-shaped portion between the arms of 
which is supported a workpiece. At the ends of 
the arms of the U arealined bearing portions 
extending outwardly therefrom on an axis which 
parallels the front of the machine and is substan 
tially parallel to the grinding wheel axis. The 
work supporting means in the arms of the U 
shaped portion of the yoke hold the workpiece on 
an axis eccentric to the axis of swinging of the 
ycke and in such position that as the yoke is 
swung, the workpiece is moved toward the grind 
ing wheel 2. - 
The swinging movement of the yoke may be 

said to be divided into two portions, namely, a 
swinging movement through a relatively wide an 
gle to move the yoke from a workloading position 
to a grinding position, and then through a very 
much smaller angle to feed the work toward the 
grinding wheel. Preferably when the yoke is in 
work loading position, the arms of the U extend 
generally upwardly so that access to the space 
therebetween may be readily obtained at the 

65 

tion separate from the bearings for the swinging 
movement, such misalinement would cause the 
Work to be ground on a slight taper. The diff 
culties involved in alining such ways with the 
axis of Swinging are readily apparent and are 
completely eliminated by the present structure 
which utilizes the same bearings for both move 
nents. Moreover, these bearings are turned, in 
stead of being in the form of flat ways, and 

70 
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front of the machine. To move the work into 
grinding position the yoke is preferably swung 
forwardly so that the arms of the yoke extend 
horizontally forward during the grinding Operan 
tion and the yoke thus provides a protecting 
guard about the work at such time. 
The workpieces are rotated during the grind 

ing, operation. To this end a work driving means, 
indicated generally at 38 (see Figs. 1 and 2), is 
mounted on one of the arms of the yoke 34 and 
has a driving connection with a portion of the 



5 
SigE means so as to rotatably drive 
the work during the grinding operation, 

During the part of the swinging movement of 
the yoke which is utilized for grinding, the yoke 
is under the control of a feed mechanism, indi 
cated generally at 35 (see Figs, 1 and 11), which 
is located at the front of the machine centrally 
thereof. The feed mechanism acts as a control 
means for the swinging movement of the yoke, 
while the actual swinging of the -yoke is effected 
by a means, indicated at 36, located at the back 
Of the machine adjacent the left-hand end of the 
yoke (see Figs, 2, 4, and 16). 
means 36 thus swings the yoke between the work 
loading position and the grinding position and 
also during. the feed for the grinding operation. 
However, the swinging movement during the 
grinding operation is controlled by the feed mech 
arism 5. 
The yoke 4 is also reciprocated during the 

grinding operation. Such reciprocation, since the 
work is gradually fed toward the grinding wheel, 
-is at a rate to provide a number of reciprocations 
during the feed. Since, as mentioned above, the 
rate of feed gradually decreases toward the end 

O 

The yoke swinging . 

s 

20 

of the feeding movement, and since the recipro 
cation is at a constant rate, the workpiece is 
uniformly ground throughout its length. Fur 
thermore, as will hereinafter be described, there 
is a dwell of the yoke 34 at the end of the grind 
ing operation for "sparking out' which insures 
uniformity of diameter throughout the length 
since the reciprocation of the yoke continues dur 
ing such dwell. 
For reciprocating the yoke, means is provided 

tending to move the yoke in one direction while 
a second means is provided for intermittently 
moving it in the opposite direction, Thus as 
shown in Figs, 1 and 2, the means constantly 
tending to move the yoke in one direction is 
located preferably at the right-hand end of the 
yoke and in the present instance comprises a 
fluid pressure actuator, indicated generally at 

. The actuator 37 tends to move the yoke to 
the left, as viewed in said figures. For intermit 
tently moving the yoke to the right against the 
force exerted by the actuator 37, a power driven 
reciprocating means 40 (see Figs, 1, 2, 4, 9, and 
10) is mounted on the left end of the base 30. 
With the machine thus generally described, a 

brief general statement of the operation of the 
machine will facilitate the understanding of the 
more detailed description to be hereinafter given. 
Thus, assuming that the yoke 34 is in its idle or 
work loading position, that is, with its arms ex 
tending generally upwardly, a workpiece is loaded 
in the work supporting means between the arms 
of the yoke 34. The yoke is then swung for 
wardly and downwardly by the yoke swinging 
means to bring the arms of the yoke into a sub 
stantially horizontal position, by which movement 
the workpiece is moved into grinding position. 
Such swinging movement of the yoke also brings it 
into position to place it under the control of the 
feed mechanism 35 which operates to control the 
further swinging movement while the work is 
being ground. During the feeding movement, the 
reciprocating means 40 acts, in cooperation with 
the actuator 37, to effect reciprocation of the yoke 
to move the workpiece substantially parallel to the 
grinding wheel axis and thus grind the entire 
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is a short dwell for the purpose of "sparking out," 
and the yoke is then swung upwardly by theyoke 
swinging means to permit removal of the work 
piece and insertion of a new workpiece, 
The foregoing cycle is initiated manually, but 

the machine is so constructed as to carry through 
the various steps of the cycle automatically and 
to stop when the yoke swings back to the work 
loading position. The machine is also so con 
structed that, at the conclusion of the grinding 
operation, the reciprocating means 40 and the 
work driving means 8 are stopped so that the 
Workpiece may be readily removed. Also, the 
feed mechanism is reconditioned so that it will 
be ready to control the swinging movement of the 
yoke when the next workpiece is moved into grinding position. 

The grinding upheel and its support 
As heretofore mentioned, the grinding wheel 32 

is supported by the rearwardly extending portion 
of the base. It is so mounted that its axis 

extends substantially parallel to the front of the . 
machine, with the wheel extending into the space 
between the arms of the yoke 34, as shown in 
Fig. 2. The grinding wheel is carried on one 
end of a spindle's (see Fig. 5) which is journaled 
in a head . The grinding wheel is of annular 
form and is mounted on a flanged member 52 
rigidly secured to the left end of the spindle so. 
To clamp the grinding wheel in place on the 
flanged member 2, a clamping plate 53 is pro 
vided which is bolted to the flanged member 52. 
On the opposite end of the spindle 50 a pulley 54 
of the V-belt type is secured and has a driving 
connection with the motor 33 which is positioned 
rearwardly of the grinding wheel. 
Accuracy of grinding depends upon the ac 

curacy with which the grinding wheel rotates. 
Because of the speed at which it is desirable to 
rotate a grinding wheel, there is a tendency for 
the wheel supporting spindle to heat up and 
thereby become distorted sufficiently to materially 
aftect the accuracy of grinding, Moreover, the 
bearings which support a spindle subjected to such 
heating cannot be made with a particularly tight 
fit because of the expansion of the spindle due to 
heating. Thus, inaccuracies of grinding occur 
between the time when the spindle is first started 
and is relatively cool, and the time when the 
Spindle heats up. 

In the present instance the spindle is journaled 
in the head 5 in such a manner that practically 
no material heating occurs. A very close fit be 
tween the bearings and the spindle may therefore 
be utilized, thus resulting in increased accuracy 
of grinding. To this end the head 5 f is provided 
with spaced bearings 55 which are made of porous 
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length of the portion of the workpiece to be. 
ground. Also during the feeding movement, the 
work is rotated by the work driving means 88. 

. At the conclusion of the feeding movement there 75 

metal such as cintered bronze, or metal known in 
the trade as Ollite Bearing Bronze. Outside of 
the bearings annular wells 66 are provided to 
which oil is supplied under pressure by means of 
pipes. The oil in the wells SB is forced through 
the porous bearings 55 over the entire area there 
of to lubricate the spindle. Since the oil is thus 
supplied to the spindle surface at a multitude of 
points throughout the entire area of the bearings, 
very little clearance need be provided between the 
bearings and the spindle, and the spindle is 
therefore held accurately positioned at all times. 
Furthermore, by supplying oil in this manner it 
is found that very little heating of the spindle 
occurs, ." 

The oil as it works along the spindle is col 
lected in a central well D, or in end wells Sf which 



7 
are cornected to the central well 60 by drains (2. 
The oil collected in the central well 60 may then 
be carried back to the source of supply through a 
return pipe 68. Oil is supplied to the bearings 55 
through the pipes 57 by means of an oil pump 58 
driven by a motor 59 located in the lower right 
hand portion of the base, as shown in Fig. 1, the 
return pipe 68 being connected to a reservoir for 
the pump 58. 

In addition to preventing the spindle from 
overheating by use of the porous bearings, the 
spindle is also water cooled. To this end it is 
provided with a central cavity 64 into which a 
pipe 65 extends, the pipe 65 also extending be 
yond the end of the spindle for connection to 
a source of water under pressure (not shown). 
The pipe 65 is of substantially smaller diameter 
than the interior of the cavity 64 to permit 
water entering the cavity by means of the pipe to 
flow through the cavity. To support the pipe, e. 
bushing 66 is secured to the spindle for rotation 
therewith as by being threaded into the outer 
end of the cavity 64. The bushing 66 at its outer 
or right-hand end, as viewed in Fig. 5, fits snugly 
around the pipe to prevent leakage of water 
therefrom. The interior of the bushing 66 at 
its inner end is enlarged as at 67 to provide a 
space in communication with the central cavity 
64. On the outer end of the bushing is mounted 
a collecting ring 70 held against rotation rela 
tive to the bushing 66 and provided with an an 
nular chamber 7. The chamber 7 is in coma 
munication with the enlarged interior 67 of the 
bushing by means of radial apertures 72 in the 
bushing. The annular chamber 7 is connected 
with a discharge pipe 73 to carry off the water 
after it has passed through the central cavity 66. 
Thus there is a constant flow of water through 
the interior of the spindle 50 to carry away what 
little heat may be generated. 
The head 5 is mounted on a table 74 (see Figs. 

2 and 3) which is slidably mounted on the rear 
wardly extending portion 3 of the base for 
movement toward and from the workpiece so 
that the grinding wheel may be positioned for 
grinding workpieces of different diameters. To 
this end the rearwardly extending portion 3 of 
the base is provided with ways 75 supporting the 
table 74. The table is adapted to be adjusted 
on the Ways 75 by means of a manually oper 
able screw 76 carried by the base of the machine 
and threaded into a nut 77 fixed in a lug 80 ex 
tending downwardly from the bottom of the table 
74. The screw 76 extends forwardly through an 
intermediate wall 8 (see Fig. 3) in the base and 
the front wall 82, and is held against endwise 
motion by thrust bearings. 83. 
the screw 76 is provided with a squared end 84 
to receive a hand crank 85 by which the screw 
may be rotated to effect rough adjustment of the 
grinding wheel. 

For fine adjustment of the grinding wheel, the 
screw 76 immediately inside of the front wall 82, 
carries a gear 86 of relatively large size meshing 
with a smaller idler gear 87 (see Fig. 1) carried 
On a stub shaft 90 mounted on the front wall 82. 
The idler gear 87 also meshes with a pinion 9 
carried on a shaft 92 rotatably supported by and 
extending through the front wall 82. The front 
end of the shaft 92 is also squared to receive the 
hand Crank 85 and is provided with a calibrated 
dial 93 and a relatively fixed indicator plate 94 
to facilitate accurate Setting of the grinding 
wheel. 

in order to facilitate turning the screw 6 

The front end of 
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8 
manually for rough adjustment of the grinding 
wheel and to avoid rotating the calibrated dial 
93 at such times, the pinion 9 f is mounted so 
that it may be shifted out of mesh with the idler 
gear 87. To this end the shaft 92 which carries 
the pinion 9 is eccentrically carried in a bush 
ing 95 mounted in the front wall 82. By rotat 
ing the bushing 95 in the front wall, the pinion 
9 may thus be moved out of mesh with the 
idler gear 87. The eccentric bushing 95 likewise 
facilitates assembly of the structure since the 
shaft 92 is readily adjustable relative to the stub 
shaft 80 to take up backlash between the pinion 
and the idler gear. 
The grinding wheel 32 is provided with a guard 

structure which is so constructed that it may be 
readily moved away from the wheel to facilitate 
replacement of the wheel when necessary. As 
shown in Figs. 2 and 5, the guard structure com 
prises a disk 96 mounted on a hub portion of 
the head 5 adjacent the inner face of the grind 
ing wheel. Covering the periphery and the outer 
face of the wheel is a dished structure 97 pro 
vided with peripherally spaced lugs OO into 
which screws are inserted to secure the dished 
structure 97 to the disk 96. The dished struc 
ture 91 is carried by an arm f O extending ra 
dially of the grinding wheel and pivotally sup 
ported on a vertically extending pin 02 carried 
by a bracket 03 rigidly secured to the table 74. 
By such pivotal support the dished structure 97 
may be swung away from the wheel to permit 
ready removal of the wheel from its spindle. 
When the dished structure 97 is in place and 
secured to the disk 96, the arm O is rigidly se 
cured against Swinging movement by means of 
a Screw 04 extending through the arm 0 and 
threaded into a lug 05 on the bracket O3. 
The disk 96 and the dished structure 97 are 

cut away at their front lower portion, as shown 
at 06 in Fig. 3, to provide access for the work 
pieces to the grinding wheel. Carried by the pe 
ripheral portion of the dished structure 97 is a 
nozzle 107 for supplying coolant to the work 
piece at the point of grinding. Preferably the 
nozzle is located at the forward or front edge 
of the cut away portion 06 of the guard struc 
ture. 

It is of course desirable to hold the nozzle closely 
adjacent the work so that the coolant will be sup 
plied directly to the point of grinding. In grind 
ing different diameters, it is therefore desirable 
to be able to adjust the nozzle so that it may be 
placed closely adjacent a workpiece of any size. 
In the present instance such adjustment is effect 
ed by rotatably adjusting the dished structure 97 
on the arm of. To this end the dished structure 
9 is provided with a hub to fitting in a round 
boss i? on the end of the arm Ot. The hub O 
is rotatable in the boss f and is adapted to be 
rigidly clamped thereto by means of a screw 2. 
The guard structure may thus be rotatably ad. 
justed on the arm of to place the nozzle 07 im 
mediately adjacent the portion of the workpiece 
being ground. When the guard structure is 
moved away from the wheel for replacement of 
the latter, the nozzle O7 is likewise moved away 
since it is carried by the guard structure. Coolant 
is supplied to the nozzle 07 through a pipe ex 
tending from a pump 08 driven by a motor 09 
located at the rear of the base 30, as shown in 
Figs, 2 and 4. 

Work supporting structure 
As heretoforementioned, the work to be ground 
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is supported by the yoke 34 which is swingable 
through a relatively large angle from a workload 
ing position to a grinding position, and then by 
a continuation of such swinging movement 
through a relatively small angle to feed the Work 
toward the grinding wheel. The yoke is in the 
form of a central U-shaped portion (see Figs, 1, 
2, and 7) comprising arms 3 and an interme, 
diate portion 4, the workpiece being supported 
in the space between the arms and the grinding 

10 
arm 8. One of the centers is made longitudi 
nally movable to permit insertion of a workpiece 
and to accommodate workpieces of different 
length. To this end the center supporting mem 
ber 24 is slidable longitudinally relative to the 
yoke. For such longitudinal movement, the cen 
ter supporting member 24 is permitted to slide 

O 
wheel entering such space to contact the work. 
Extending outwardly from the ends of the arms 

in the bushing 12 and also has a reduced end 
portion f2 slidable in a bushing 27 in the yoke. 
To move the center longitudinally, the supporting 
member 24 is-provided with rack teeth 2e on 
its lower face meshing with teeth ?o cut on a 3 are bearing portions f rotatably journaled . 

in bearings mounted on the base of the ma- . . 
chine to support the yoke for its swinging move 
ment, 
The yoke is reciprocated, as mentioned above, 

during the grinding operation to insure that the 
entire length of the part being ground is ground 
to a uniform diameter. If the yoke were mounted 
for such reciprocation on ways which were sep 
arate from the bearings ff0, any misalinement 
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between such ways and the bearings would cause . 
the work to be ground with a tsper. Moreover, 
such ways are usually in the form of longitudi 
nally extending flat surfaces which require very 
accurate hand scraping. With such a construc 
tion it would therefore be difficult to obtain the 
accuracy desired. 
The manner in which the yoke 34 is mounted 

both for its reciprocation and its swinging move 
ment eliminates any chance of obtaining an un 
desired taper on-the-workpiece and furthermore 
avoids the difficulties of hand scraping. To this 
end the bearings 6 which support the yoke for 
its swinging movement also serve to support the 
yoke for its reciprocating movement. Thus the 
bearing portions f is are made considerably longer 
than the bearings if so that the bearing portions 

may move longitudinally in the bearings ff 
and may also rotate therein. 
To avoid exposing any part of the bearing por 

tions to dust or grit in the grinding operation, 
covering means are provided on both sides of each 
bearing 6 to protect the parts of the bearing 
portions 5 which project therebeyond. On the 
inner side of each bearing 6, or the side nearest 
the U-shaped portion of the yoke, the covering 
means extends from the bearing 6 to the arm 

8 and is collapsible to provide for the reciproca 
tion of the yoke. Thus cover members fit are 
provided which are in the form of bellows, each 
of which is attached at one end to the bearing 

and is provided with a ring 20 at the other 
end held against the arm f. The cover member 

7 is of flexible material, such as heavy canvas, 
and includes a coiled spring secured to the canvas 
which tends to expand and hold the ring 20 in 
contact with the arm 3. Thus, with the recip 
rocation of the yoke, the cover members f are 
alternately collapsed and expanded. 
The outer ends of the bearing portions is are 

likewise covered. For this purpose the right-hand 
bearing f6 is provided with a cup-shaped cover 
f2 secured to the bearing fB and of sufncient 
length to permit the reciprocation of the bearing 
portion to therein. At the outer end of the left 
hand bearing if 6 is a cylindrical cover 22 secured 
to the bearing 6. 
As mentioned above, the workpiece is supported 

in the space between the arms ff2 on centers to 
permit rotation of the work during grinding. 
The right-hand center, indicated at 23 (see Figs. 
and 8), is mounted in a center supporting mem 

ber 24 carried in a bushing 25 in the right-hand 
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manually operated shaft extending trans 
versely to the axis of the center 23. The shaft 
3 is journaled in the right-hand arm ff of 
the yoke and has a portion projecting forwardly 
therefrom, on which is mounted a handwheel 32 
for rotating the shaft. Thus, rotation of the shaft 
3 moves the center 2 longitudinally to permit 

insertion and removal of the work, To lock the 
center in any adjusted position, suitable locking 
means, indicated at , is provided for the shaft 

. 
The center 123 is also laterally adjustable so 

that it may be accurately alined with the oppo 
site center. To this end the bushing 25 fits 
loosely in the arm and four radially extend 
ing set screws 2 are threaded into the arm 

3 to hold the bushing 25 in its adjusted po 
sition, 
The left-hand center, indicated at 34, is 

mounted in a center supporting member 35 
rigidly secured in a bore in the left-hand arm 
8 as by a screw S. The work is rotatable 

on the centers 28 and 4 and is driven during 
the grinding operation. To this end a pulley 37 
is rotatably mounted on the center supporting 
member 13, suitable antifriction bearings 40 
being provided therebetween. The pulley 3 is 
adapted to be connected to the work for driving 
the latter by means such as a dog , similar 
to a lathe dog, clamped on the adjacent end of 
the workpiece. To drive the pulley S7, the driv 
ing means 38 is provided which is preferably 
mounted on the adjacent arm 3 of the yoke. 
In the present instance the driving means come 
prises a reduction gearing enclosed in a housing 
f42 (see Figs. 2 and 3) and driven by a motor 
43 mounted on the side face of the arm 3. 
The reduction gearing has a pulley 44 con 
nected to the pulley fit by a belt 45. The hous 
ing f42 is pivotally supported on the arm 3 
so that it may be shifted to provide a take up 
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for the belt. 
Swinging movement of the yoke is effected by 

the means located on the rear side of the left 
hand end of the base 30, as heretofore men 
tioned (see Figs, 2, 4, and 16). Preferably, such 
means comprises a pressure fluid actuator which 
in the present instance utilizes air as the pressure 
fluid. The actuator comprises a plurality of 
cylinders 40 provided with a common lower head 
47 and a common upper head 50. The pistons 
within the cylinders f are all connected to a 
common cross bar if which in turn is connected 
to the yoke. 
The connection to the yoke comprises a rod 
52 pivotally attached to the free end of a lever 
arm f extending from a collar 54 mounted 
on the left end of the yoke 34. The collar 54 
is connected to the yoke to swing it, but since 
the yoke is reciprocated, the connection between 
the collar and the yoke is arranged for such re 
ciprocation. For this purpose the end of the 
yoke is provided with a reduced portion f 55 to 
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which is keyed a cup-shaped member 56 pro 
vided with splines 57 on its external surface for 
connection with the collar 54. The yoke may 
thus be swung by its actuator but is permitted 
to reciprocate relative thereto. To hold the col 
lar 54 against endwise movement, the cylindri 
cal cover 22 for the adjacent end of the bearing 
portion 5 extends into abutment with the collar 
54. On the outer face of the collar 54 is mount 

ed a sleeve member 60 which forms a further 
protection for the end of the yoke. 

Since the end of the lever arm 53, to which 
the rod (52 is attached, swings in an arc, the 
actuator 46 is swingably supported. To this 
end the lower head 47 of the actuator is pro 
vided with a pair of spaced ears 6 straddling 
a bracket 62 secured to the rear face of the 
left-hand end of the base 30, the ears 6 being 
pivotally connected with the bracket 62\, by 
means of a pivot pin 63. In order to facilitate 
assembly of the machine, and particularly to 
locate the range of swinging movement of the 
yoke in the proper position, the bracket f62 is 
attached to the base 30 in such a manner that 
it may be adjusted vertically through a short 
distance, 
While the machine is principally used for 

grinding cylindrical workpieces, it is also con 
structed so that it may be used for grinding 
tapers by means of a so-called plunge cut. For 
such grinding the yoke is moved so that its axis 
is out of parallelism with the grinding wheel 
axis. To provide for adjustment of the yoke to 
such position, the yoke supporting bearings 8 
are mounted on a sub-base 58 (see Figs. 1 and 2) 
carried on the upper face of the main base 30. 
The sub-base 58 is shiftable on the main base 
about a vertical axis located midway between 
the arms of the yoke, a pivot pin 59 being pro 
vided for such shifting movement. To hold the 
sub-base 58 in any adjusted position arcuate 
slots 68 are provided adjacent the ends of the 
sub-base and clamping screws 69 extend through 
said slots and into the main base for clamping 
the sub-base in place. 
When the sub-base is adjusted by the foregoing 

means so that the yoke axis is out of parallel 
with the grinding wheel axis, reciprocation of 
the yoke is stopped and feeding movement of the 
yoke toward the grinding wheel will cause the 
work to be ground with a taper. For such taper 
grinding the grinding wheel is preferably dressed 
to a true cylinder and is not tapered. 

Reciprocation of the yoke 
Reciprocation of the work occurs throughout 

the grinding period and during the subsequent 
dwell to insure uniform grinding throughout the 
length of that portion of the workpiece to be 
ground. The reciprocation is not merely one 
stroke, as it would be in the case of a feed axially 
of the workpiece, but is a plurality of strokes 
during the grinding operation and at least one 
complete stroke back and forth during the dwell 
period at the conclusion of the feed so that 
"sparking out' will occur throughout the entire 
length of the part being ground. 
The reciprocating mechanism includes means 

exerting a constant force on one end of the yoke 
to urge it in one direction and actuating means 
at the other end of the yoke periodically moving 
the yoke in the opposite direction. The means 
exerting a constant force against one end of the 
yoke in the present instance acts on the right 
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end of the yoke and preferably utilizes fluid pres 
sure, particularly pneumatic pressure, to exert 
the constant force. To this end the outer end 
of the right-hand bearing portion 5 is bored 
out to receive a cylinder 64 (see Fig. 7) which is 
flanged at its outer end and rigidly secured to the 
end face of the yoke. Extending into the cylin 
der 84 is a piston 6 fixed in a bracket 66 ex 
tending upwardly from the base 30, packing 67 
being provided around the piston to prevent 
leakage. The piston 65 is provided with a cen 
tral longitudinally extending passage 70 open 
ing at its inner end into the interior of the cylin 
der and connected at its outer end by means 
of a pipe 7 to a source of air under pressure 
(not shown). Since the piston 65 is fixed by 
means of the bracket f68, pressure in the cylin 
der 64 exerts a force constantly urging the yoke 
to the left. To provide for the swinging move 
ment of the yoke, the piston f65 is coaxial with 
the bearing portions 5 of the yoke. 
The means for intermittently moving the yoke 

in the opposite direction, here indicated at 40, 
is located at the left end of the yoke and includes 
a power driven eccentric acting on the yoke. 
As shown in the drawings, said means comprises 
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eccentric. 

a carriage f2 (see Figs. 2, 4, 9, and 10) carried 
on the left-hand end of the base 30. The car 
riage 72 is provided with a housing 73 con 
itaining reduction gearing driven by a motor 74 
attached to the rear face of the housing 73. The 
reduction gearing in the housing 73 includes a 
drive shaft 5 projecting horizontally forward 
from the front end. 
On the drive shaft 75 is mounted the eccen 

tric means for intermittently moving the yoke 
to the right. Since different workpieces may 
have parts of different length to be ground, it is 
desirable to be able to adjust the extent of re 
ciprocation. Thus, the eccentric means com 
prises a tapered member 76 keyed on the pro 
jecting end of the shaft 75. Mounted on the 
tapered member 76 is an inner eccentric 77. 
The inner eccentric is clamped to the tapered 
member 76 by means of a screw 80 threaded 
into the end of the shaft 75. The screw 80 
extends forwardly through a hub 8 f on the inner 
eccentric and into a socket portion 82 on the 
front end of the hub 8. Secured to the front: 
end of the screw 80 as by a pin is a head 83 
turnably mounted in the socket portion 82 and 
having a squared end 84 extending forwardly of 
the socket portion 82. The screw may thus be 
turned by means of a wrench placed on the 
squared end 84. When the screw 80 is threaded 
into the shaft 75, the inner eccentric ITT is 
clamped onto the tapered member 76 by means 
of the head 83 bearing against the inner end 
face of the socket portion 82. When the screw 
is loosened, the inner eccentric 77 may be 
rotated about the tapered member 76, the hub 
portion 2 being externally hexagonal in shape 
so that the inner eccentric TT may readily be 
turned. 
Mounted on the periphery of the inner eccen 

tric 77 is an outer eccentric 185. The outer 
eccentric 8 is normally clamped to the inner 
eccentric TT but may be readily adjusted thereon 
to vary the aggregate eccentricity of the two 
eccentrics. To this end a gear 86 is mounted 
on the hub 8 of the inner eccentric which gear 
is concentric with the periphery of the inner 

Also mounted on the hub 8 is a 
clamping plate 7, the gear 86 and the clamp 
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ing plate 87 being secured to the inner eccentric 
as by screws 90. The clamping plate 8 may 
be provided on its front face with indicia 9 
cooperating with a mark fixed on the Outer ec. 
centric to indicate the aggregate eccentricity of 
the two eccentrics. To adjust the outer eccentric, 
an aperture 92 is provided in the outer eccentric 
to removably receive the end of a manually op 
erated shaft 93. The shaft 93 carries a pinion 
194 adapted to mesh with the gear 86 so that 
by rotating the pinion 94 the outer eccentric 8 
is turned on the periphery of the inner eccentric 
77. When the outer eccentric has been adjusted 

to the point desired, the screws 90 holding the 
gear 86 in place are tightened, causing the outer 
eccentric (85 to be clamped between the gear 88 
and a flange 95 provided on the rear part of the 
inner eccentric fl. 
The aggregate eccentricity of the two eccen 

trics depends upon the direction of the Outer 
eccentric relative to the inner eccentric. Prefer 
ably the individual eccentricities of the two eccen 
trics are equal. Thus when the inner eccentric 
is adjusted relative to the tapered member 76 to 
place its eccentricity in one direction, and the 
outer eccentric is adjusted relative to the inner 
eccentric to place its eccentricity in the opposite 
direction, the aggregate eccentricity is zero. 
When the eccentricities of the two eccentrics are 
in the same direction, the aggregate eccentricity 
of the two is double the value of either one. It 
is obvious therefore that any amount of eccen 
tricity may be obtained between zero and double 
the eccentricity of either of the eccentrics merely 
by suitable adjustment of the two eccentrics. 
The outer eccentric acts on the yoke to force 

it to the right against the pressure exerted by 
the actuator 37. To insure smooth operation, the 
cup-shaped member 56 on the left end of the 
yoke is provided with a bracket 96 (see Figs. 
1 and 7) carrying a roller 9, bearing against 
the periphery of the outer eccentric 85. The 
roller 97 is positioned substantially in the plane 
of the outer eccentric 85 when the yoke is in 
grinding position. When the yoke is turned to 
the workloading position, obviously the plane of 
the roller 97 is transverse to the plane of the 
outer eccentric 85. However, at such time, the 
eccentric is not being driven. 
In addition to providing for adjustment of the 

extent of reciprocation, the reciprocating means 
40 is also adjustable to vary the position of such 
reciprocation. Thus, on certain workpieces por 
tions at opposite ends of the workpiece may have 
to be ground. Obviously it is desirable to recip 
rocate the work relative to the grinding wheel 
only to the extent that is necessary to insure 
complete grinding of the particular portion being 
ground. For this purpose the carriage 72 is ad 
justably mounted relative to the base by being 
supported on ways 200 (see Figs, 4 and 9) ex 
tending parallel to the direction of reciprocation 
of the yoke. Preferably the ways 200 are formed 
on a table 20 fixedly mounted on the base 30. 
To move the carriage 72 along the ways 200 and 
to hold it in any adjusted position, the carriage 
is provided on its under face with a downwardly 
extending lug 202 having secured therein a nut 
203. Threaded into the nut is a screw 204 ro 
tatably mounted in the table 20 but held against 
endwise movement therein. On the outer end 
of the screw is a handwheel. 205 for rotating the 
screw, and a dial 206 may be provided to facili 
tate setting of the position of the carriage 72. 
The rate of reciprocation may also be varied to 
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suit workpieces of different character. To this 
end the gearing in the housing it may be of 
the variable speed type or, if preferred, the no 
tor T4 which drives the reciprocating means, 
may be of the variable speed type. Thus the 
reciprocating means is...constructed to provide 
adjustment of the extent of reciprocation, ad 
justment of the position of such reciprocation, 
as well as adjustment of the rate of reciprocation. 
At the conclusion of the grinding Operation, the 

drive of the eccentric means is stopped, and the 
eccentric means coasts to a stop. Such stopping 
occurs substantially when the eccentric is at its 
low point or when the yoke is at its extreme left 
position, because the pressure exerted by the con 
stant pressure means 37 at the right end of the 
yoke tends to urge the eccentric means to such. 
position and to oppose any movement beyond 
such point. Thus the yoke is in its extreme left 
hand position when swung to the work loading 
position. 

Feed mechanism 

As mentioned heretofore, the yoke 34 swings 
the work from a work loading position to a grind 
ing position, and during the grinding operation 
the feed mechanism, which has been indicated 
generally at 36, controls the swinging movement 
of the yoke. The feed mechanism includes a feed 
plate 20 (see Figs. 11 and 13) movable in a 
controlled nanner and provided with an abut 
ment for the yoke so as to control the movement 
thereof in accordance with the movement of the feed plate 20. 
One of the principal features of the feed mech 

anism lies in the fact that it may move through a 
relatively great distance to effect a small move 
ment of the workpiece toward the grinding wheel. 
Thus the actual feeding movement of the work 

40 is readily controlled. In order to permit of such 
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relatively large movement of the feeding plate, 
the intermediate portion 4 of the yoke is the 
part which is controlled by the feed plate, and 
since the intermediate portion 4 is at a rela 
tively great distance from the axis of swinging 
of the yoke, the desired extent of movement is 
obtained. To provide for the abutment between 
the yoke and the feed plate 20, a downwardly 
extending lug 2 is provided on the intermediate 
portion if 4 of the yoke, and into the lower face 
of the lug 2 is secured a hardened ball 2 f2. 
The lug on either side of the ball 22 is beveled, 
as at 23, the beveled surfaces being provided 
with wear plates 24. 
The feed plate 20 is movable vertically, and 

since the yoke is reciprocated horizontally during 
grinding, means is provided to permit of such 
reciprocation of the yoke while the feed plate 
moves downwardly. To this end the top edge, 
indicated at 25, of the feed plate constitutes ways 
for a slide 26 mounted thereon. The side 26 
has a channel shaped form straddling the top 
portion of the feed plate and slidable on the top 
edge or ways 25. To hold the slide 26 on the 
feed plate, a groove 2 is cut in the front face 
of the plate parallel to the top edge 25, and a 
pair of pins 220 extend from the slide 26 into 

70 
the groove 27. The upper face of the slide 26 
is provided with a transversely extending V 
shaped notch 22 to receive the wear plates 24 
on the beveled surfaces of the lug 2. By this 
construction when the yoke is lowered into con 
tact with the slide 26, the beveled surfaces and 
the V-shaped notch cause the lug 2 to be cen 
tered Within the notch, At the bottom of the 
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V-shaped notch is a hardened anvil 222 serving 
as a bearing surface for the ball 22. w 
The yoke when it is in its raised or work loading 

position is out of contact with the slide 26. How 
ever, upon lowering or swinging the yoke for 
wardly to the grinding position, the ball 22 con 
tacts the anvil 222 on the slide 26 and further 
swinging movement of the yoke is thus placed 
under control of the feed plate 2). 
The feed plate 20 comprises a wide portion at 

the top so that the top edge 25 is of sufficient 
length to provide for the reciprocation of the 
slide 26. The lower portion of the feed plate 
2O is preferably of reduced width, such reduced 
width permitting ready access to other parts of 
the mechanism located behind the feed plate. 
The feed plate must be guided so that its top edge 
25 is at all times held parallel to the axis of 
swinging of the yoke when cylindrical workpieces 
are being ground. This is necessary in order to 
avoid grinding the workpiece on a taper since if 
the top edge 25 of the feed plate were slightly 
out of parallel relative to the axis of Swinging of 
the yoke, the reciprocation of the yoke would 
cause the work to be ground on a taper. The 
feed plate 20 is therefore accurately guided by 
means secured to the base of the machine. As 
shown herein, the guide means comprises a pair 
of guide rollers 223 mounted at opposite sides of 
the upper wide portion of the feed plate and a 
pair of guide rollers 224 mounted at opposite sides 
of the lower portion of reduced width, all four 
guide rollers being rotatably mounted on brackets 
225 secured to the front face of the base of the 
machine. 
The feed plate 20 is moved slowly or gradually 

in order to effect the proper feeding movement 
of the work toward the grinding wheel. Such 
movement of the feed plate is adjustable in a 
number of ways in Order that it may be readily 
adapted for workpieces of different sizes. One 
of the prominent features of the machine lies 
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end of the cam member 227 is supported by a 
shiftable member 235. The member 23S is pro 
vided with a slanting surface 236 on which the 
free end of the cam member 226 rests, and is 
adjustable longitudinally of the rod 22 to raise 
or lower the free end of the cam member 22. 
For this purpose the shiftable member 25 is 
provided with an elongated slot 237 through which 
a bolt 240 extends to lock the shiftable member 
235 to the rod 227 in its adjusted position. Thus 
by adjusting the shiftable member 235 the angle 
of the cam surface 230 may be changed to vary 
the extent or range of movement of the feed plate. 
The rod 227, as referred to above, is shiftable 

horizontally to effect the movement of the feed 
plate, and its movement is such as to provide a 
decreasing rate of feed. For this purpose the 
right-hand end of the rod 227 constitutes a piston 
24 operating in a cylinder 242, and fluid pres 
Sure, in the present instance pneumatic pres 
Sure, is supplied to the cylinder to effect such 
movement of the rod. Thus pneumatic pressure 
may be supplied to the end of the cylinder 242 
through a pipe 243. 
The movement of the rod 227 to the left under 

the pressure exerted in the cylinder 242 is con 
trolled to provide a slow feeding movement of 
decreasing rate. To this end the left-hand end 
of the rod 22 also constitutes a piston 244 oper 
ating in a cylinder 245. The cylinder 245 is 
adapted to be filled with oil drawn from a reser 
voir 246, and the slowness of movement is ob 
tained by causing the oil to be forced through a 
restricted Orifice. Thus, oil is forced from the 
cylinder 245 through an opening 247 in the end 
thereof into a chamber 248. The upper end of 
the chamber 248 is closed by a plug 249 pro 
vided with the above-mentioned restricted ori 
fice, here indicated at 250. In order to provide 
adjustment for the rate of feed, the flow 
through the restricted orifice 250 may be ad 

in the fact that the rate of feeding movement of 
the workpiece relative to the grinding wheel grad 
ually decreases during the grinding operation. 
The advantage of this is that the final grinding 
in the grinding operation is very light, resulting 
in great accuracy of the finished workpiece. 
To accomplish this end, means is provided for 

effecting the movement of the feed plate which 
embodies structure attaining these advantageous 
features. As shown in the drawings, the vertical 
movement of the feed plate is controlled by a 
cam member 226 (see Fig. 11) carried on a rod 
227 movable transversely of the direction of move 
ment of the feed plate, or, in the present instance, 
horizontally. The cam member 226 is provided 
with a slanting cam surface 230 contacted by an 
abutment 23 on the feed plate. With the cam 
surface 230 positioned as shown in Fig. 11, mOve 
ment of the rod 227 to the left lowers the feed 
plate 20. In order to permit adjustment of the 
position of the movement of the feed plate, the 
abutment 23 is in the form of an eccentric 
mounted on a stud 232 and adapted to be locked 
in place by a nut 233 threaded on the end of the 
stud. Rotation of the eccentric abutment 23 
about the stud 232 thus will raise or lower the 
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feed plate 20 relative to the cam surface 230 to 
adjust the position of the movement of the feed 
plate. 
The range of movement of the feed plate is 

likewise adjustable. To this end the cam member 
226 is of L-shape and has one end pivotally at 
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justed by means of a needle valve 25. The oil 
flowing through the orifice is conducted to the 
reservoir 246 by means of a short pipe 252. 
When the piston 244 moves to the right, oil is 
returned to the cylinder 245 through a passage 
253 controlled by a ball check valve 254, the oil 
thus being permitted to flow freely into the 
chamber 248 and back into the cylinder through 
the opening 247. 
While the fluid pressure in the cylinder 242 

effects movement of the rod 227 to the left to 
lower the feed plate 20, movement of the rod 
22 to the right to raise the feed plate after 
the grinding operation and in preparation for 
another workpiece, is effected by spring means, 
As shown herein, said spring means comprises a 
colled Spring 260 located in the cylinder 245 and 
abutting at one end against the end wall of the 
cylinder. At the other end the spring 260 is 
positioned in a bore 26 in the end of the piston 
244. Thus when the rod 227 is moved to the 
left by the pressure fluid in the cylinder 242, 
the Spring is compressed. After the grinding 
operation the pressure fluid in the cylinder 242 
is released and the spring 260 moves the rod to 

right and consequently lifts the feed plate 

The decreasing rate of feed is attained by the 
structure just described. The pressure exerted 
on the piston 24 in the cylinder 242 is constant. 
Such constant pressure, neglecting for the mo 
ment the counter pressure exerted by the spring 
260, would produce a constant flow of oil through 

tached to the rod 227 as by a pin 234. The other 75 the restricted orifice 250, and a consequent cons 
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stant rate of feed. However, movement of the 
rod 227 to the left gradually compresses the 
spring 2 and consequently an increasing 
counter pressure is exerted by the spring. Be 
cause of such increasing counter pressure, the 
portion of the pressure exerted by the pressure 
fluid in the cylinder 242, which is available to 
force oil through the restricted orifice U, de 
creases. The flow through the restricted orifice 
250 therefore decreases, since flow through an 
orifice is proportional to the pressure, and the 
rate of movement of the rod 22 to the left thus 
decreases. Since the rate of movement of the 
rod to the left decreases, the actual feeding move 
ment of the work toward the grinding wheel 
as a result thereof decreases. Such decrease in 
feed rate is substantial since, it will be noted 
from Fig. 11, the spring 20 is materially com 
pressed in length during the movement of the rod 
227 to the left so that a substantial increase in 
counter pressure by the spring 280 occurs. 
The movement of the feed plate 29 is limited, 

and to this end a positive stop 262 is provided. 
The lower end of the reduced portion of the feed 
plate 2 (0 is provided with a finger 23 adapted 
to abut the stop 282 and thus limit the downward 
movement of the feed plate. Since the extent 
or range of movement of the feed plate is ad 
justable by means of adjusting the cam surface 
20, the positive stop 22 is similarly adjustable 
so that for any point of adjustment for the can 
surface 230 the positive stop 22 may be utilized. 
For this purpose the peripheral surface of the 
positive stop 262 is in the form of a spiral, and 
the stop is carried on a shaft 24 mounted in a 
bracket 265 (see Figs, 11 and 12) on the base 
of the machine. On the front end of shaft 24 
is an arm 26 provided with a handle for rotat 
ing the shaft 264 and the stop 22. To facilitate 
setting the stop in any desired position, the arm 
266 is also provided with a pointer 28 cooperat 
ing with indicia provided on an arcuately shaped 
plate 267 fixed to the base of the machine (see 
Figs. 1 and 12). The arm 2 is held in any 
position to which it is adjusted by means of a 
leaf spring 269 secured to the arm and friction 
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machine adjacent the feed mechanism. The 
lower head 47 is likewise connected to the valve 

by a pipe 2. The valve.2 may be of any 
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ally bearing against the rear face of the arcuate plate 28, 

Controls for the machine 
One of the principal features of the machine 

lies in the provision of controls whereby the mar 
chine may be started through a manual control 
and thereafter automatically performs the grind 
ing cycle and returns all parts to a position ready 
for another cycle. The controls utilized for op 
eration of this character are of such construction 
that interlocks are provided so that the various 
movements in the machine will take place in the 
proper sequence. Such controls are best under 
stood by consideration of the diagram of Fig. 18, 
which shows the interconnection of the various 
control members in relation to the principal parts 
of the machine. However, before describing the 
various circuits involved in such controls, the 
apparatus utilized will first be described. 
. As heretofore mentioned, the yoke 34 is swung 
from a work loading position to a grinding posi 
tion by the swinging means or actuator . The 
actuator B being pneumatic, air under pressure 
is supplied alternately to the upper and lower 
heads 50 and to swing the yoke from one 
position to another. The upper head 50 has a 
pipe 2.0 (see Figs, 2, 4, 13, 14, 16, and 17) con 
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desired form but preferably comprises a cup 
shaped casing 273 in which a valve member 24 is 
rotatably mounted, the valve member being se 
cured in the casing by a cover 275 which also 
serves as a bearing for a stem 27 on the rotatable 
valve member. The valve member 274 is like 
wise provided with a stem 27 on its opposite 
end projecting outwardly beyond the casing, 
The pipe 270 from the upper head of the ac 

tuator enters one end of the valve casing 28 
to connect with a longitudinal passage 27 there 
in, while the pipe 22 likewise enters the end of 
the valve 27 to connect with a longitu 
dinal passage 20, the passages 2 and 280 being 
spaced 90° apart, as shown in Fig. 17. Enter 
ing the stem 2 is a pipe 28 connected to a 
source of pneumatic pressure (not shown), the 
pipe 2 f being in communication with a central 
passage 22 which leads into the main portion . 
of the valve member 24. Within the main por 
tion of the valve member the passage 282 con 
nects with a diametric passage 283 which is bowed 
so that its respective ends may communicate with 
the two passages 2 and 280 when the valve 
member is properly turned, and will provide space 
for another passage hereinafter described, Thus 
when the valve member 24 is turned so that 
one end of the passage 288 is in commurcation 
with, for example, the passage 277 connected with 
the upper end of the actuator, pneumatic pressure 
will be supplied to said end through the passages 
23 and 277 and the pipe 270. The other end of 
the diametric passage 283 will be blanked of by 
the casing 2. Such position is clearly shown 
in g. 17. By rotating the valve member 24 
through 90, in a counterclockwise direction as 
shown in Fig, 17, the left-hand end of the di ametric passage 283 will be turned to communi 
cate with the passage 280 and the lower end of 
the actuator 8. Thus by rotating the valve 
member 274 through 90°, pneumatic pressure 
from the supply pipe 2' may be selectively sup 
plied to either end of the actuator 8 to move 
the piston therein in opposite directions. 
When pneumatic pressure is supplied to one 

end of the actuator, it is of course necessary to 
release the pressure in the opposite end. For this 
purpose, the stem 27 of the valve member 274 is 
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provided with a central longitudinally extending 
passage 24 which at the outer end of the stem 
27 vents to the outside atmosphere. Within 
the valve member proper the passage 284 stops 
short of the passage 282 so as to be separate 
therefrom and is provided with a radially extend 
ing portion 28 adapted to be placed in con 
munication with the passages 277 and 280 alter 
nately by rotation of the valve member 24. The 
radially extending portion 2 is positioned at 
right angles to the diametric passage 23 so that 
when the latter is connected with one of the lon 
gitudinal passages 277 or 288, the radial portion 
2 will be in communication with the other and 
will be turned from one to the other with the ro 
tation that is necessary to turn the diametric 
passage 28 from one to the other. . 

It will be apparent from the foregoing descrip 
tion of the valve that when pneumatic pressure 
is connected to one end of the actuator 3, the 
other end will be relieved of pressure by exhaust 
ing through the passage 24 in the stem 2 of the 
valve, and that this condition may be reversed, nected to a valve 27 located on the front of the 75 Thus the piston in the actuator 3B may be forced 
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to the upper end of the actuator or to the lower 
end thereof by pneumatic pressure under con 
trol of the valve 27. Movement of the piston 
upwardly results in swinging the yoke 34 from 
its work loading position to the grinding position 

- while reverse movement of the actuator moves 
the yoke back from the grinding position to the 
work loading position. 

. Mounted on the front end of the valve stem 27 
is a hand crank 28 (see Sigs; 13, 14, and 15) 
having its hub portion keyed to the stem 2. 
Thus the valve member may be rotated manually 
to properly position the passages therein. Also 
mounted on the valve stem 278 is a means for 
automatically rotating the valve member 274 at 
the conclusion of the grinding operation to cause 
the actuator to swing the yoke back to the work 
loading position. As shown herein said means 
comprises a valve lever 28, having a portion of its 
hub cut away, as at 290. The cut away portion 
20 extends for somewhat more than 90 to receive 
a lug 2 on the hub of the hand crank 286. 
To explain the operation of the foregoing parts, 

when the hand crank 286 is turned clockwise 
through 90 to the position shown in Fig. 14, the 
valve lever 287 is likewise moved to the corre 
sponding position shown in that figure by engage 
ment of the lug 291 with valve lever 287. Move 
ment of the valve ever 287 counterclockwise 
through 90 by means hereinafter described will 
result in moving the hand crank 288 back to its 
original position, the valve lever 287 contacting 
the lug 29 to effect such movement. Should it 
be desired to swing the yoke back to the work 
loading position at any time before the comple 
tion of the grinding operation, the hand crank 
29 may be manually turned counterclockwise. 
through 90° without effecting any movement of 
the valve lever 287 since the cut away portion 299 
of the valve lever permits the lug 29 to be so 
..moved. However, in normal operation of the 
machine, the hand crank 288 is utilized to move 
the Valve member 24 in a clockwise direction to 
swing the yoke from a work loading position to a 
grinding position, and the valve ever 287 is moved 
in a counterclockwise direction to so move the 
valve member 24 and thus cause the yoke to be 
swing from its grinding position back to its work 
loading position. 
: Movement of the valve lever 287 is effected by 
means of a tension spring 292 (see Figs 13, 14, 
and 15) connected at its upper end to the free end 
-of the valve lever and anchored at its lower end 
to a fixed part of the machine. The spring ob 
viously will be tensioned at the time the hand 
-crank 28 is turned to the position shown in Fig. 
14. To prevent the spring 292 from acting im 
mediately, after the hand is removed from the 
hand crank 288, a bar 293 is also connected to the 
'free end of the valve lever 287, the lower end of 
the bar being suitably guided as hereinafter de 
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which results in causing the yoke 
grinding position. 

Release of the lock 25 may be effected by 
means of a bell crank 300 pivoted on a fixed part 
of the machine and having one arm connected to 
the slide 2. The other arm of the bell crank 
00 is connected by a link 30 to the armature of 
a solenoid 802. Thus when the solenoid is ener gized, the armature thereof, will be pulled down 
Wardly as shown in Fig. 14 to release the lock 
2. Release of the lock 2 permits the spring 
22 to turn the valve lever 27 counterclockwise 
and thus cause the air pressure in the actuator 

to swing the yoke to the workloading position. 
Since the swinging of the yoke back to the work 

loading position is to take place after the com 
pletion of the grinding operation, the solenoid 
62 is adapted to be energized at such time. The 
completion of the grinding operation occurs when 
the finger 2 on the feed plate 20 contacts the 
positive stop 22. Therefore simultaneously with 
such contact between the finger and the positive 
stop, the solenoid 302 is adapted to be energized. 
To this end the circuit for the solenoid is con 
trolled by a micro switch 303 (see Figs, 11 and 18) 
mounted on the lower portion of the feed plate 
2fO adjacent the finger 263. The micro switch 
0 is so positioned that its actuating member 

will contact the positive stop 262.and be actuated 
thereby at the same time that the finger 263 con 
tacts the stop, The positive stop 282 is thus made 
long enough to be contacted not only by the finger 
but also by the actuating member of the micro 
switch 303. The micro switch 303 is of the nor 
mally open type so that when its actuating mem 
ber is actuated by contact with the positive stop, 
the circuit for the solenoid 302 will be closed to 
effect release of the lock 205 and consequent re 
lease of the bar 293 so that the spring 292 may 
turn the valve lever 287. ; 
As heretofore mentioned, at the conclusion of 

to move to the 

the feeding movement a dwell is provided for 
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scribed. Intermediate the ends of the bar is a 
notch 294 adapted to receive a horizontally act 
ing locking member 295. The notch 294 and the 
locking member 295 are so positioned that when 
they are engaged, the valve lever 287 will be held 
in the position shown in Fig. 14. The locking 
member 295 is carried on a slide 298, the atter 
being urged. in a direction to cause engagement 
of the locking member 295 and the notch 294 by 
a tension spring 297. The spring 297 thus tends 
to move the locking member 295 to its notch en 
gaging position and will do so when the valve 
lever is turned to the position shown in Fig. 14, 
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"sparking out.' Such dwell or delay should be 
long enough to permit the yoke to complete at 
least one reciprocation during the dwell period, 
Means is therefore provided to slow down the 
action of the spring 292 in turning the valve 
lever 28, so that the time required for the valve 
to be rotated through its 90° movement and to 
the position for effecting the return swing of the 
yoke will provide the necessary dwell period. For 
this purpose the lower end of the bar 293 is con 
nected to a dash-pot structure which slows down 
the turning movement of the valve ever 287. The 
dash-pot structure comprises a cylinder 304 in 
which is mounted a piston OS connected to the 
lower end of the bar 293 (see Figs, 13, and 14). 
The cylinder 304 comprises a part of a casting 
which also includes an oil reservoir 30B, Down 
ward movement of the piston 305 caused by the 
tension spring 292 forces oil from the cylinder 
304 through an adjustable needle valve 307 lo 
cated in the base of the cylinder casting, and 
thence through a passage 30 into the lower end 
of the reservoir 308. A sufficient quantity of oil 
is provided so that as the piston 305 moves down 
Wardly, oil in the reservoir 308 will overflow from 
the reservoir into the top of the cylinder 304, a passage 309 through the intervening wall being 
provided for this purpose. The needle valve 307 
is adjustable by means of a knob 3 and the 
opening of the valve is adjusted to cause the time 
required for the piston 305 to force the oil out of 
the cylinder 04 to equal the desired dwell period, 
Obviously with this construction the dwell period 
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may be varied by adjusting the opening of the 
valve. Since the valve lever 2 is connected 
through the bar 23 to the piston the valve 
27 will be moved slowly through its 90' of nove 
ment to shift the valve to the position for effect 
ing return of the yoke. 
When the hand crank 28 is turned to shift 

the valve for moving the yoke from work loading 
position to grinding position, such movement, as 
mentioned above, turns the valve lever 27 clock wise and consequently lifts the bar 23 and the 
piston 305. The oil in the top of the cylinder 304 
will flow freely into the lower part of the cylinder 
at such time through a passage 2 extending 
through the piston 0 and controlled by a sim 
ple ball valve 38. The ball valve f3, however, 
automatically closes when the piston O moves 
downwardly to force the oil through the adjust 
able needle valve 397, 
When the yoke 34 is returned to the workload 

ing position and therefore no longer is controlled 
by the feed plate 20, the latter is shifted up 
wardly ready for the next cycle. To this end the 
pressure in the cylinder 242 (see Fig. 11), must 
be released to permit the spring 20 to shift the 
rod 227 to the right and thereby lift the feed 
plate. The supply of pneumatic pressure to the 
cylinder 242 through the pipe 243 is controlled by 
a valve 34 (see Figs, 1 and 18) located in the 
lower left hand corner of the base of the ma 
chine. The valve 4 is arranged to connect the 
cylinder. 242 either with a source of pneumatic 
pressure through a pipe 3 s or with the outside 
atmosphere to permit of exhaust from the cylin 
der 242. The valve 34 is actuated by a double 
acting solenoid 20, the valve and solenoid being 
constructed as a unit. The solenoid 20 is con 
trolled by a limit switch 32 mounted on a bracket 
39 secured to the rear side of the base 30 ad 
jacent the left end of the yoke (see Figs, 1 and 
2). The switch 32 f is provided with an actuat 
ing arm 38 positioned in the path of the cross 
bar 5 for actuation thereby. The limit switch 
32 when actuated by the swinging of the yoke to 
the grinding position so energizes the solenoid 
320 as to shift the valve for supplying pneumatic 
pressure to the cylinder 242. When the yoke 
swings away from the grinding position the limit 
switch 32 is spring actuated to so energize the 
solenoid 320 as to cause the valve 34 to shift to 
connect the cylinder 242 with the Outside atmos 
phere. At such time, then, the spring 26 will 
cause the lifting of the feed plate 20. 

Since it is desirable to supply coolant through 
the nozzle foll only during the actual grinding 
operation, the motor 08 driving the coolant pump 
O8 is adapted to be stopped at the conclusion 

of the grinding operation, and not be started 
again until the yoke has been moved back to 
grinding position. Likewise, it is unnecessary, 
and in fact undesirable, to have the motor 74 for 
the reciprocating means, 40 and the motor 
for driving the work operating at the time that 
the yoke is out of the grinding position. In order 
to accomplish this result, the three motors 09, 
143, and 114 are all controlled by a limit switch 
322 mounted on the bracket 9 beside the switch 
32 (see Figs. 1 and 2). The switch 322 is simi 
larly provided with an actuating arm engageable 
by the cross bar is for actuation thereby. 
The limit switch 322 thus is adapted to close 

the circuit to these three motors when the yoke 
is swung into grinding position and is spring 
pressed to open the circuit when the yoke swings 
away from the grinding position to the workload 
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ing position. A hand operated switch 28 (see 
Figs. 1 and 18) is also provided in the circuit to 
the motor 4 for the reciprocating means to 
render the reciprocating means inoperative for 
certain classes of work where it is not desired to 
reciprocate the yoke, such as grinding by means 
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of a plunge cut for either cylindrical grinding or 
taper grinding, as hereinafter described. The 
switch 28 is preferably mounted on a switch 
panel 2 located on the front of the machine to 
the left of the center. 
A further feature of the control of the machine 

lies in the fact that if oil is not supplied to the 
bearings US for the grinding wheel spindle SO 
at the proper pressure by the pump 58, or if the 
oil returning through the pipe 63 from said bear 
ings or the cooling water discharged through 
the pipe from the interior of the spindle ex 
ceeds certain temperatures and thus indicate 
overheating of the spindle, the circuit for the 
grinding wheel motor 33 will be opened to stop 
the grinding wheel. To this end a thermostati 
cally operated switch 324 is located in the right 
end of the base of the machine (see Figs. and 
2) to respond to the temperature of the oil in 
the discharge pipe 3. A similar thermostati 
cally operated switch 325 (see Figs, 2 and 5) is 
located at the right end of the base, to respond 
to the temperature in the water discharge pipe 
3. Further, a pressure operated switch 328, lo 

cated in the base adjacent the switch 324, is 
mounted in the pipe connecting the oil pump 58 
and the pipes 57 leading to the respective bear 
ings 55 to respond to any lack of pressure in the 
pipe. The three switches 324, 325, and 326 are 
connected in series with each other and with 
the motor 33 for driving the grinding wheel. 
Thus, should there be a lack of oil supplied under 
the proper pressure to the bearings 55, or should 
there be overheating of the spindle 50, indicat 
ed either by the temperature of the returning 
oil or the temperature of the water discharged 
from the spindle, the circuit for the grinding 
wheel motor 33 will be opened and the grind 
ing wheel will consequently be stopped. 
The circuits for the various electrical control 

devices heretofore described are shown in the di 
agram of Fig. 18 together with the circuits for 
the various motors. Thus current is supplied to 
the five motors of the machine from the power 
line, indicated in Fig. 18 at 327, and to the vari 
ous control circuits through a transformer 330 
connected to the line 327. Current from the 
transformer flows first to a hand operated 
switch 33 (see Figs. 1 and 18) carried on the 
switch panel 328, which normally is closed but 
may be opened in an emergency to open the 
circuits to all the motors of the machine. Con 
nected to the switch 33 is a push button switch 
82 (see Figs. 1 and 18) carried on the switch 

panel 328, and a relay L2 in parallel with the 
push button Switch and controlling the circuit 
to the oil pump, he push button switch 32 is 
adapted to be momentarily closed to energize the 
winding of the relay LE2 and thus close the re 
lay to effect closing of the circuit for the oil 
pump motor 59. 
One of the features of the machine lies in the 

fact that none of the other four motors, namely, 
the motors for driving the grinding wheel, the 
coolant pump, the work, and the reciprocating 
means can be started unless the oil pump motor 
is functioning. This insures a supply of oil to 
the grinding wheel spindle and consequent proper 
operation thereof. Thus closing of the relay 
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LE2, in addition to closing the circuit for the 
oil pump motor 69, energizes a line for sup 
plying current to the other four motors. He ing from the line 333 is the circuit for the grind 
ing wheel motor 33 which includes a push but 
to switch 334 (see Figs, 1 and 18) mounted on 
the switch panel 328, which is adapted to be no 
mentarily closed to energize the winding of a re. 
layLE for the grinding wheel motor and 
thus effect locking of the circuit to this moto, 
However, as heretofore mentioned, the circuit 
to the motor 33 is also controlled by the therno 
statically operated switches 324 and 25 and the 
pressure operated switch 326. 
Current for the coolant pump motor 10, the 

work driving motor 43, and the reciprocating 
means motor 74 is also drawn from the line . 
As mentioned above, these motors are operating 
only when the yoke is in grinding position and 
are stopped when the yoke is swung to its Work 
loading position. Thus the limit switch 22 is 
connected in the circuit from the line , and 
a relay LE3 for the coolant pump motor, a relay 
LE4 for the work drive motor 14, and a relay 
LEs for the reciprocating means motor are 
connected in parallel but are controlled by the 
switch 322. The hand operated switch 23 how 
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the intermediate portion 4 of the yoke. The 
stud 340 on its front end is provided with a knob 
34 so that it may be readily screwed into place, 
The stud 340 thus holds the supporting member 
335 against rotation, . The diamond pointed 
dressing tool, here indicated at 42, is adjustably 
mounted in a boss 34 formed on the inter 
mediate portion of the supporting member in 
such position as to contact the peripheral face 
of the grinding wheel. - - 
The dressing tool 342 of course has to be moved 

across the peripheral face of the grinding wheel, 
that is, parallel to the axis thereof, in order to 
dress the entire area of the face. To this end 
the yoke 4 is adapted to be moved longitudinally, 
preferably by a manually operated means in 
dicated generally at 4. In the preferred em 
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ever is only in the line leading to the relayLE 
for the reciprocating means motor. 
As heretofore mentioned, the solenoid 02 for 

releasing the lock 29 which controls the shifting 
of the valve 27 to move the yoke back to its 
work loading position, is energized by the closing 
of the micro-switch 303 carried on the feed plate 
20. Thus the micro switch 0 is connected to 
the line 333 and when closed by contact with the 
positive stop 262 completes the circuit to the 
windings of a control relay indicated in the 
diagram by the designation CR. Closing of the 
relay CR closes the circuit for the solenoid 2 
which draws current direct from the transformer 
330, Since the micro switch 303 is of the nor 
mally open type, as soon as the feed plate 20 
has been lifted, the micro switch 0 thus de 
energizes the windings of the control relay CR 
and thereby opens the circuit for the solenoid 
302, 
to its locking position. 

Grinding Dheel dressers 
In grinding operations such as are contem 

plated on the present machine, the accuracy of 
the ground surface of the workpiece obviously 
depends upon the accuracy to which the grind 
ing wheel 32 is dressed. Dressing of the periph 
eral surface of a grinding wheel such as utilized 
in this machine is performed by a diamond 
pointed tool. 
a dresser for dressing the peripheral face of the 
wheel for cylindrical grinding, and a dresser for 
dressing the wheel to a taper are provided, 
which are of simple construction and produce 
accurate dressing of the wheel. 
The dresser utilized for dressing the wheel for 

cylindrical grinding is shown in igs. 19 and 20 
of the drawings and comprises a U-shaped bar 
or supporting member 5 shaped to be mounted 
on the work supporting centers 2 and 34. The 
supporting member 335 in its intermediate por 
tion is provided with a stem 33 projecting at 
right angles to the axis of the work supporting 
centers and toward the intermediate portion 4 
of the yoke 34. The stem has a transverse 
slot 337 cut across its end to receive the end of 
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The lock 295 is therefore free to shift back 
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bodiment, the manually operated means 44 
comprises a housing is adapted to be rigidly 
secured to a fixed part of the machine such as 
the right-hand yoke bearing . Within the 
housing 345 is gearing comprising a pinion 4 
mounted on a stub shaft 47 projecting through 
the front wall of the housing 345 and having its 
front end squared as at 350 to receive a hand 
crank (not shown). The pinion meshes with a . 
gear 35 keyed on a stub shaft 52 rotatably sup 
ported by the front and rear walls of the housing 
845. The stub shaft 352 also has secured thereon 
a pinion 853 meshing with a rack S5 reciprocably 
supported by the side walls of the housing 4, 
The left end of the rack 4 is provided with an 
upstanding pin 35 adapted to fit in a socket in 
the lower face of a boss 35 secured to the outer 
face of the right-hand arm of the yoke , 
Thus rotation of the stub shaft 47 by the hand 
crank drives the rack bar 5 and reciprocates 
the yoke in its bearings ff. Such reciprocation 
of the yoke moves the dressing tool 342 across the 
peripheral face of grinding wheel 2. Since this 
movement of the dressing tool is guided by the 
same bearings, namely, the bearings B, which 
later guide the yoke for reciprocation during the 
grinding operation, the resultant grinding of the 
workpiece will be truly cylindrical. The extent 
or diameter to which the grinding wheel is 
dressed is determined by moving the grinding 
wheel table 7 to the desired position. 

For taper dressing of the grinding wheel a dif 
ferent dressing device is utilized comprising a bar 

0 (see Figs, 21 and 22) adapted to be supported 
by the work supporting centers 29 and 34 but 
held on an angle to the yoke axis. To this end 
One end of the bar 30 is mounted on one of the 
centers, namely, the center 23. The other end 
of the bar is supported in such a manner that 
the angle of the barrelative to the yoke axis may 
be adjusted. Thus said other end of the bar 3 
is mounted in a U-shaped member 3 f extending 
transversely to the yoke axis and mounted on the 
work supporting center 4. The end face of 
the bar 0 abuts the intermediate portion of the 
member 8 and is secured thereto by a screw 

2 extending through the intermediate portion 
of the member 3, and into the end of the bar 30. 
The member is provided with an elongated 
slot through which the screw 32 extends so that 
the screw may be moved to different distances 
from the yoke axis and thus vary the angle be 
tween the bar 380 and the yoke axis. In the ends 
of the arms of the member 3 are set screws 3 
to clamp the bar 60 in its adjusted position. 
Secured to an intermediate portion of the bar 
i0 is a bracket 34 which is provided with a siot a stud threaded in and extending through 75 to receive a manually operable stud as, similar 
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to the stud 34, to prevent the bar from 
rotating on the work centers. 
The diamond pointed dressing tool, here indi 

cated at , is adjustably mounted in a carrier 
37 slidable on the bar 3B0. Thus by movement 
of the carrier 387 along the bar which is mount 
ed at an angle to the yoke axis, the dressing tool 
3 will dress the peripheral surface of the grind 
ing wheel 2 on a taper. To side the carrier 
387 along the bar 30, manually operable means 
is provided comprising a hand crank 37 pivotally 
supported by the bracket 364. Connected to the 
hand crank 370 is a lever arm 37 having its free 
end connected to the carrier 367 by means of a 

- link 372. Thus by swinging the hand crank STO 
the carrier 387 may be moved along the bar 30 
and the dressing tool 366 will dress the grinding wheel on a taper. M 
When the grinding wheel is dressed with such 

a taper, the work will be ground to the same 
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taper, with the sub-base is adjusted so that 
the yoke axis is parallel to the grinding wheel 
axis. Such taper grinding is performed by 
means of a plunge cut with the reciprocating 
means idle. Similar taper grinding may be per 
formed by dressing the wheel cylindrically and 
offsetting the sub-base if so that the yoke axis 
is at an angle to the grinding wheel axis, as 
heretofore mentioned. 

Operation of the machine 
In the operation of the machine assume that 

all motors are idle when the machine is to be 
started. Since accuracy of rotation of the grind 
ing wheel 32 is of prime importance in obtaining : 
accurately ground workpieces, proper lubrication 
of the grinding wheel spindle O must be assured 
before any of the other parts of the machine are 
operated. The supply of oil to the spindle bear 
ings 55 is provided by the pump SB driven by 
the motor 59. The motor therefore must be 
started as the first step in the operation of the 
machine. To accomplish this end, the push but 
ton switch 332 is momentarily closed, which ef 
fects energization of the windings of the relay 
LE2 for the motor 5. and consequent closing of 
the circuit for the motor. Such closing of the 
relay LE2 also provides for energization of the 
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thus opening the circuit for the grinding wheel 
notor . 
When the machine is started, the yoke is in 

its work loading position. The pistons in the 
cylinders 46 of the actuator 36 for swinging the 
yoke are then at the bottom of the cylinders 
and the arms 3 of the yoke extend generally 
upward, so that the work supporting centers f23 
and 24 are readily accessible. To insert a work 
piece, indicated in the drawings at W, the right 
hand work center 23 (see Figs. 7 and 8) is with 
drawn by rotation of the handwheel 82 suf 
ciently to place the workpiece between the two 
centers. The center 23 is thereupon moved into 
engagement with the workpiece and the center 
locked in position by means of the locking means 
33 on the shaft 3. Prior to the insertion of 

the workpiece between the centers, the dog 4 
is secured to the workpiece, and when the work 
piece is placed between the centers, the dog 4 
is placed in engagement with the work driving 
pulley on the left-hand center supporting 
member 36. It is assumed that the right-hand 
center 23 has been alined with the center 34 
by means of the adjustment of the bushing 25 
in which the right-hand center supporting mem 
ber 24 is mounted. It is also assumed that the 
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line 33 controlling the supply of current to all . 
the other motors in the machine, as well as to 
the solenoids 02 and 20, 
draws its current from the line 383 while the 
solenoid 302 draws its current direct from the 
transformer 30, but has its controlling micro 
switch 303 in circuit with the line. . In an 
emergency should it be desired to stop the entire 
machine at any time during the cycle, the man 
ually operable switch 33 which is positioned be 
tween the transformer 30 and the relay LE2 may be opened. 
. After the oil pump motor 59 is started, the 
grinding wheel motor 33 may be started, provided 
the oil pump 8 supplies sufficient oil pressure 
to the bearings to close the pressure operated 
switch 26. The grinding wheel motor 33 is 
started by momentarily pushing the push button 
switch 334 to effect closing of the relay E in 
the circuit for the motor 3. During the opera 
tion of the machine, should the grinding wheel 
spindle overheat, as disclosed by the thermostats 
in the oil discharge line 68 leading from the 
bearings S5 or the water discharge line 73 leading 
from the interior of the spindle, the thermostati 
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grinding wheel 32 has been properly dressed and 
that the table 74 on which the grinding wheel is 
mounted has been adjusted to properly position 
the grinding wheel relative to the workpiece. 
The machine is now ready to be started on its 

cycle and to initiate such cycle the hand crank 
286 (see Fig. 14) is turned downwardly through 
90 to shift the valve member 274 in the valve 
2 so that pneumatic pressure supplied by the 
pipe 28 (see Figs. 16 and 18) is conducted to the 
lower end of the cylinders 48. Such pneumatic 
pressure flows from the pipe 28f through the 
passage 282 in the valve casing 278, thence 
through one radial portion of the diametric pas 
sage 289 in the valve member, the passage 2 
and the pipe 272 leading to the lower head 47 for 
the cylinders 48. When the valve member 24 
is shifted to place the foregoing passages in com 
munication, it also places the radial passage 2 
and the exhaust passage 284 in communication 
with the passage 277 and the pipe 270 leading to 
the upper head so of the actuators. The pneu 
matic pressure thus will force the pistons in the 
cylinders 4 upwardly to swing the yoke for 
wardly and downwardly through the arm. 3, the 
collar 4, and its splined connection with the left 
end of the yoke shown in Fig. 7. 
Movement of the hand crank 28 downwardly 

as mentioned, also shifts the valve lever 2 (see 
Fig. 14) clockwise through the connection with 
the valve lever provided by the lug 2 on the hand 
crank abutting one face of the cut away portion 
290 of the valve lever 287. Clockwise movement 
of the valve lever 287 tensions the spring 22 and 
also lifts the bar 298. Upward movement of the 
bar 293 carries with it the piston 30 in the cyl 
inder 04, and oil from the reservoir flows 
freely into the cylinder 304 since the ball valve 

maybe readily opened. 
Lifting of the bar 293 also moves it in position 

so that the notch 284 therein may be engaged by 
the locking member 295, the spring 297 exerting 
a constant force tending to move the slide 2 to 
the left to effect engagement of the locking mem 
ber as soon as the notch 294 is in proper position. 
The solenoid 302 is not energized at such time cally operated switches 324 and 325 will. open, 75 so that the armature thereof may be readily lifted 
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by the force of the spring 297 and the locking 
member 295 will be engaged. 
Should it be desired to return the yoke to its 

initial or work loading position at any time during 
the cycle of the machine, the hand crank 286 may 
be turned counterclockwise through 90 to shift 
the valve member 274 and thus reverse the pneu 
matic pressure in the actuator cylinders to 
return the yoke. Such movement of the hand 
crank 286 is permitted without disturbing the 
locked position of the valve lever 28 since the 
cut away portion 290 of the valve lever permits 
such swinging movement of the lug 28 on the 
hand crank 288. 
The swinging movement of the yoke from its 

upright or work loading position to the grinding 
position is, as mentioned above, forwardly and 
downwardly, so that the arms and the inter 
mediate portion is of the yoke extend forwardly 
and thus provide a protection around the Work 
piece when it is being ground. When the yoke is 
so swung, the wear plates 24 (see Fig. 11) on the 
lug 2 of the yoke enter the V-shaped notch 22 
of the slide 28 on the feed plate 20. The slant 
ing position of the slides of the notch and the 
wear plates center the lug 2 within the notch 
and bring the ball 22 into contact with the anvil 
222 at the bottom of the notch, 
The yoke is now in grinding position and fur 

ther movement of the yoke by the actuator 36 is 
controlled by the movement of the feed plate 2 le. 
Such movement of the feed plate is effected by 
shifting the rod 22 to the left by pneumatic 
pressure supplied to the cylinder 242 through the 
pipe. 243, the rod 22 shifting the cam surface 230 
to the left to permit the feed plate 20 to be 
lowered. Preumatic pressure is supplied to the 
cylinder 242 through the valve 34 (see Fig. 1) 
Which is actuated by the double acting solenoid 
320. When the yoke is in the work loading posi 
tion and during the time when it is swung from 
Such position to the grinding position, the sole 
noid holds the valve in such position as to con 
nect the cylinder 282 with the outside atmosphere 
to permit exhaust therefrom. 
To effect the feeding movement of the feed 

plate 20 by pneumatic pressure supplied to the 
cylinder 242, the solenoid 320 must shift the valve 
34 to connect the supply of pneumatic pressure 
with the cylinder. For this purpose the limit 
switch 32 is positioned so that it will be actuated 
by the swinging movement of the yoke at the time 
the latter moves into grinding position. Such 
actuation of the limit switch 32 so energizes the 
solenoid 320 as to effect a shift of the valve 34 
to supply pneumatic pressure to the cylinder 22. 
The limit switch 32 when not so actuated pro 
vides for energization of the solenoid in such 
manner as to hold the valve member to connect 
the cylinder 242 with exhaust, 
Such supply of pneumatic pressure to the cyl 

inder 242 shifts the rod 227 to the left and in 
itiates the feeding movement of the feed plate 
20. At the same time that such feeding move 
ment is initiated, the work drive, the recipro 
Cating means, and the supply of coolant must 
also all be started. The motors for driving these 
three means are thus started as an incident to 
the movement of the yoke into grinding position 
by closure of the limit switch 322 which con 
trols the supply of current from the line 388 to 
these three motors. Driving of the workpiece 
When the motor 43 is operating is effected 
through the gearing in the housing 42 driving 
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with the pulley -37 which the work dog 4 en 
gages. Coolant is supplied to the nozzle 
mounted on the grinding wheel guard when the 
pump fo is driven by the motor f09. 

Reciprocation of the yoke is effected by the 
motor 4 through the gearing in the housing 

(see Figs. 9 and 10) which drives the shaft 
5. Since the gearing may be of the variable 

Speed type or the motor may likewise be of vari 
able speed, the rate of reciprocation can be ad 
justed to suit the work. Reciprocation of the 
yoke is effected by the inner and outer eccentrics 
fT and 18s driven by the shaft 75. The inner 
eccentric T is clamped to the tapered member 

on the shaft 75 by means of the screw 0, 
and the outer eccentric f is clamped to the 
inner eccentric by means of the gear . The 
position of the Outer eccentric relative to 
the inner eccentric and the position of the inner 
eccentric relative to the tapered member 
6 determines the aggregate eccentricity con 

stituting the extent of reciprocation of the yoke. 
As heretofore described, such eccentricity may be 
adjusted to any point between zero and twice 
the individual eccentricities of the two eccentrics, 
The position of the reciprocation of the yoke, 
that is, whether it is reciprocating to grind a 
portion adjacent the right end of the workpiece, 
or a portion adjacent the left end, is determined 
by the position of the carriage f2 on the ways 
20, the adjustment of the carriage being effected 
by the screw 204 and the handwheel 20. 
The outer eccentric engages the roller on 

the left end of the yoke to force it intermittently 
to the right. The yoke is held so that the outer 
eccentric and roller are in contact by ineans of 
the constant pneumatic pressure exerted in the 
cylinder 64 (see Fig. 7) enclosed in the right 

The cylinder f4 and its piston 
its lie on the swinging axis of the yoke so that 
the pistor may remain fixed in its support when . 
the yoke swings, The constant pressure exerted 
in the cylinder 64 tends to turn the eccentric 
to the point where the yoke is at the extreme 
left position and to oppose movement toward 
the right, so that when motor 74 ceases to drive, 
the gearing coasts to a stop with the yoke in 
its left position. 
As heretofore pointed out, the yoke is swung 

and reciprocated in the same bearings. Thus 
round bearings may be used, as distinguished 
from flat ways for reciprocation, so that accur 
acy of the reciprocating movement may be 
readily obtained. Moreover, by use of the same 
bearings for the two movements, reciprocation 
On the axis of turning is insured. If the recipro 
cation were out of line with the axis of Swinging 
of the yoke, the work would be ground on a taper 
and true cylindrical grinding could not be ob 
tained. Thus avoidance of any error due to 
misalinement between the direction of recipro 
cation and the axis of swinging is definitely 
avoided. The bearing portions of the yoke 
are protected against dust and grit where they 
project beyond the bearings ff0 by means of the 
collapsible cover members f between the bear 
ings and the arms of the yoke and the covers 
2 and 22 on the respective ends of the yoke. 
The feeding movement of the yoke while it is 

in grinding position is effected by the actuator 
3 but is controlled by the feed plate 2 Q. As 
mentioned above, movement of the rod 227 and 
the cam surface 230 on the cam member 22 
to the left permits the feed plate to move down 

the pulley 144. The latter is connected by a belt 75 wardly. Adjustment of the position of the feed 
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plate movement may be effected by turning the 
eccentric abutment 2 on the feed plate (see 
Fig. 11) to the desired position to raise or lower 
the feed plate relative to the cam surface 20. 
Further, the extent of movement of the feed 
plate may be varied to suit different pieces of 
work, by pivotally adjusting the cam member 
226 to vary the angle of the can surface 230. 
Such adjustment is effected by moving the shift 
able member 235 along the rod 22 to vary the 
point at which the free end of the can member 
226 contacts the slanting surface on the 
shiftable member 2. The adjustments of the 
cam member 22 and the eccentric abutment 
2 are coordinated with the adjustment of the 
positive stop 22 for the feed plate so that in 
any adjusted position of these parts, the finger 
28 on the feed plate 20 will contact the posi 
tive stop 282 at the conclusion of the grinding 
operation. m 

Movement of the feed plate downwardly to 
effect the feeding movement of the work is held 
to the desired rate by virtue of the fact that the 
rod 227 at its left end constitutes a piston 244 
operating in the cylinder 245 and must force the 
oil therein through the restricted orifice 256. 
Since a constant pneumatic pressure is exerted 
on the piston 24 in the cylinder 242, the move 
ment of the rod 22 to the left would be constant 
for a given size of the restricted orifice if there 
were no other factors affecting such movement. 
However, the spring 260 located in the cylinder 
245, which is utilized to return the rod 22 to the 
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right, is gradually being compressed during the 
feeding movement to an extent sufficient to ma 
terially increase the counter pressure exerted 
thereby. Thus because of the constant pressure 
in the cylinder 242, the portion of the pressure 
available for forcing fluid from the cylinder 24 
through the restricted orifice 250 is gradually 
decreased and the rate of movement of the rod 
227 to the left consequently decreases. Such de 
crease in rate of movement of the rod 227 ob 
viously results in a decrease in the rate of feed 
of the work toward the grinding wheel. 

Perhaps the most important feature of the ma 
chine is the accuracy to which the workpieces are 
ground. One factor in attaining such accuracy 
is the accuracy of rotation of the grinding wheel 
which has heretofore been discussed and may be 
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50 said to be due generally to the manner of mount 
ing the grinding wheel spindle 30, the lubrication 
thereof, and the prevention of overheating. 
Another factor bearing on the accuracy attained 
for the workpiece is due to the fact that the yoke 
34 is reciprocated in the same bearings that supe 
port it for its swinging movement. . . 
A third important factor lies in the position 

S5. 

of the workpiece in the yoke and the manner in . . 
which it is fed toward the grinding wheel, War 
ious elements entering into this factor are illus 
trated in Fig. 6 of the drawings where the relative 
positions during grinding of the grinding wheel, 
the work, the yoke and the feed plate are shown. 
Generally stated, the workpiece is mounted in 
the yoke eccentric to the swinging axis thereof 
and so positioned in the yoke that, during the 
feeding movement, the work is swung at an angle 
toward the grinding wheel. At the start of the 
grinding operation when the swinging movement 
of the yoke is placed under the control of the 
feed plate 20, the arms of the yoke extend 
substantially horizontally, as illustrated in Fig. 6, 
the axis of swinging of the yoke being shown at A. 
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at B, is spaced from the axis A, and is nearer the 
grinding, wheel so as to swing at an angle to the 
peripheral surface thereof. In the present eme 
bodiment, a line through the axes A, B is at sub 
stantially 45 to the horizontal, or in other words, 
45 to the direction of the arms f of the yoke. 
The swinging movement of the yoke, during the 
grinding operation under the control of the feed 
plate 2fO is downward, so that with the axes. A 
and B so positioned, the work is moved both up 
wardly and toward the grinding wheel, -- 
Such positioning of the axes A and B involves 

two characteristics which inherently provide a 
very fine feed for the workpiece resulting from 
the relatively large movement of the feed plate 
20. The first of these characteristics is that the 
distance between the axes A and B, which repre 
sents the radius defining the path of movement 
of the workpiece during the grinding, operation, 
is very small compared to the effective radius at 
which the feed plate 20 acts on the yoke during 
the swinging movement. Thus because of this 
large difference in radii, a given movement of 
the feed plate 20 will produce a much smaller 
movement of the workpiece. The other charac 
teristic is the fact that the workpiece during the 
feeding movement is moving at an angle to the 
peripheral surface of the grinding wheel rather 
than directly radially thereof. This fact means 
that the component of movement of the work 
piece radially of the grinding wheel, which is the 
actual feeding movement, is substantially less 
than the movement of the workpiece along its 
arcuate path. 

Because of these two characteristics, a very 
fine feed of the workpiece is obtained while the 
movement of the feed plate 20 is relatively large. 
The mechanism controlling the movement of the 
feed plate has sufficient accuracy so that any 
sight error therein is so minimized by the above 
mentioned characteristics that a maximum accu 
racy is attained on the finished workpiece. 
The decreasing rate of movement of the feed 

plate 20, referred to above, also tends to produce 
an accurate result. Thus, it will be evident from 
Fig. 6, that if the rate of downward movement 
of the feed plate is decreased toward the end of 
the grinding operation, the rate of movement of 
the workpiece radially of the grinding wheel is 
exceedingly small at that time. Thus accuracy 
of grinding is a result inherent from the structure 
of the machine, 
. At the conclusion of the grinding operation, the 
yoke is swung upwardly to move the work out of 
the grinding position and back to the work load 
ing position. The conclusion of the grinding op 
eration is determined by the finger 23 on the 
Iower end of the feed plate 29 contacting the 
positive stop 282. At the same time that such 
contact between the finger and stop takes place, 
the micro switch 33 is actuated by engagement 
of its actuating member with the stop 282, and 
such switch, which is normally open, is closed to 
effect closure of the control relay CR through 

; which current is supplied to the solenoid 302. 
The arnature of the solenoid 302 (see Fig. 14) is 
drawn downwardly and such movement through 
the be crank 300 releases the locking member 
25 from the bar 293. The spring 292 thereupon 
tends to turn the valve lever 287 counterclockwise 
to shift the valve member 24 so that pneumatic 
pressure will be supplied to the upper end of the 
actuator 3 and the lower end thereof will be con 
nected with exhaust. Such movement of the 

The axis of the Work supporting centers, shown 76 valve member 24 is effected by engagement of the 
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valve lever 287 with the lug 2 on the hand crank 
288 which is keyed to the stem 24 of the valve 
member 24, 
The dwell provided at the conclusion of the 

grinding operation is effected by slowing down 
the turning movement of the valve member 24 so 
that the time taken to move the valve member 
through the required 90 is substantial. This re 
sult is attained by the dash-pot arrangement 
comprising the piston 303 of the cylinder 804 forc 
ing the oil in said cylinder through the adjustable 
needle valve 307. The turning movement of the 

O 

valve lever 287 carries with it the hand crank 28 
to return the latter to the starting position. 
Pneumatic pressure in the upper end of the 

actuator 38 swings the yoke upwardly, thus caus 
ing the limit switch 322 to open the circuit to the 
coolant supply motor C9, the work driving motor 
43, and the reciprocating means motor 74. The 
reciprocating means and the work drive are there 
fore stopped, and the coolant supply is shut off 
when the yoke is swung out of the grinding posi 
tion. 
When the yoke is swung toward the work load 

ing position, the feed plate 20 must be returned 
to its initial position to be ready for the next 
cycle. To this end the limit switch 32 is actu 
ated as an incident to the return of the yoke to 
so energize the solenoid 320 as to shift the valve 
34 to a position where the cylinder 242 (see Fig. 
11) is connected with exhaust. The bar 22 may 
thereupon be moved to the right by the spring 26 
to lift the feed plate through the abutment of 
the cam surface 230 with the eccentric abutment 
28. Upward movement of the feed plate 20 
disengages the actuating member of the micron 
switch 363 from the positive stop 262. Since the 
micro switch 33 is of the normally open type, the 
spring therein will open the circuit for the sole 
noid 302, thus deenergizing the latter. The spring 
29 (see Fig. 14) thereupon acts to move the lock 
ing member 295 toward the bar 293. The locking 
member 25 is therefore ready to engage the notch 
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24 in the bar 23 when the bar is raised, at the 
initiation of the next cycle, by movement of the 
hand crank 28 downwardly or clockwise. 
The roller ST on the left end of the yoke, which 

is actuated by the reciprocating means, is posi 
tioned in allinement with the outer eccentric 
member 8 when the yoke is in grinding posis 
tion. When the yoke is turned to the work load 
ing position, the roller is positioned in a plane 
transverse to the plane of the outer eccentric 85. 
However, the reciprocating means is stopped at 
such time with the yoke in its left hand position 
so that the yoke is actuated only when the roller 
and eccentric member are alined. The constant 
pressure in the cylinder 4 at the right end of 
the yoke holds the roller in contact with the 
outer eccentric 85 at all times so that the yoke 
when next moved back to grinding position is at 
the same point in its reciprocation. The lug 2 
On the intermediate portion of the yoke is there 
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fore substantially in allinement with the slide 2 
on the feed plate 20 so that no material shifting 
of the slide 2 S has to occur to properly seat the 
lug 2 in the V-shaped notch of the slide, 
The foregoing description of the operation of 

the machine applies to cylindrical grinding. As 
heretofore mentioned, taper grinding may be per 
formed, by means of a plunge cut, in two different 
ways. For effecting taper grinding in either way, 
the hand-operated switch 23 is opened so that 
the motor 74 for reciprocating the yoke is not 

O 

32 
ries the yoke so that the yoke axis is out of par 
allel with the grinding wheel axis, and by having 
the grinding wheel dressed to a cylindrical form, 
the WOrkpiece will be ground with a taper, The 
workpiece may be moved longitudinally so as to 
grind the correct portion of the workpiece on such 
taper by shifting the carriage 72 of the recipro 
cating means. A taper may also be ground on the 
workpiece by having the axis of the yoke set par 
allel to the grinding wheel axis and dressing the 
grinding wheel to a tape. However, it is obvious 
that for either form of taper grinding, the recip 
rocating means is idle and feeding movement of 
the work toward the grinding wheel results in a 
plunge cut, 
From the foregoing description, it will be ap 

parent that I have provided a novel grinding 
machine for grinding either cylindrical or tapered 
surfaces on workpieces, which is capable of grind 
ing such surfaces to very close limits. Such accu 
racy is obtained through a combination of several 
factors, one of these factors being that the feed 
ing movement of the work is controlled by the 
feed plate 20 which is movable through a rela 
tively large distance to produce a fine feeding 
movement. Thus by controlling movement of 
the feed plate with normal accuracy, the actual 
feeding movement of the workpiece resulting 
therefrom closely approaches absolute accuracy. 
The fine feeding movement attained by the rela 
tively greater movement of the feed plate is due 
both to the difference in distance of the Work 
piece and the feed plate from the axis of swing 
ing, and the fact that the workpiece is moving at 
an angle to the periphery of the grinding wheel 
during feed. 
Another factor entering into the attainment of 

such accuracy of grinding is the fact that the 
grinding wheel spindle is supported in close fit 
ting bearings, permitting lubrication with much 
less clearance between the bearings and the spin 
de than is normally provided, and the fact that 
the spindle is prevented from becoming over 
heated during operation. A further factor lies 
in the fact that the work supporting yoke is 
reciprocated during the grinding operation in the 
same bearings that support it for its feeding 

The rate of feed of the workpiece 
gradually decreases, as the work approaches its 
final dimension so that the final cut taken on the 
workpiece is light and thus avoids any undue 
distortion due to grinding pressure. 
The machine is convenient to operate since it 

is automatic in the sense that when a workpiece 
is placed in the machine and the machine is 
manually started, operation of the machine auto 
matically continues through the grinding opera 
tion and will stop when the work has been moved 
to a position convenient for removal. The work 
Supporting yoke is swingable from a position 
where the workpieces may be conveniently placed 
therein and removed therefrom, to the grinding 
position where the yoke serves as a guard ex 
tending around the yoke. The machine is pro 
vided with many adjustments which permit the 
grinding of a wide variety of types and sizes of 
workpieces, and the machine is so constructed 
that not only may cylindrical grinding be per 
formed thereon, but it may be utilized to grind 
tapers by means of a plunge cut. 

claim as my invention: 
1. A grinding machine comprising, in combi 

nation, a grinding wheel, a work holder compris 
ing a pair of spaced arms extending generally 

driven. By adjusting the sub-base 58 which car- 6 radially with respect to said wheel and swingable 
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about ari axis at the inner ends of said arms an 
extending substantially parallel to the grinding 
wheel axis, means for controlling the swinging 
movement of said work holder acting thereon at 
the other ends of said arms in a direction gener 
ally transverse to a line through the two axes, 
and work supporting means mounted on said in 
ner ends of the arms adjacent but spaced to one 
side and inwardly from the axis of the work hold 
er and having an axis substantially parallel to 
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0. 
the other two axes, the axis of said work sup- . 
porting means being nearer to the grinding wheel 
axis than is the axis of the work holder and ad 
jacent the side of said arms toward which said 
other end swings, and said axis of said work 
holder being nearer than said axis of said work 
supporting means to said outer ends of said arms, 
whereby the feed of the work toward the grinding 
wheel is in a direction at an acute angle to the 
peripheral surface of the wheel. 

2. A grinding machine comprising, in combina 
tion, a grinding wheel mounted on a horizontal 
axis, a work holder swingable on a horizontal axis 
substantially parallel to the grinding wheel axis 
at one side thereof, means for controlling the 
swinging movement of said work holder and act 
ing thereon in a downwardly direction at a radius 
from the axis thereof, and work supporting means 
mounted in said work holder at a radius from the 
work holder axis considerably less than half of 
the first-mentioned radius and adapted to be 
swung in an arc upwardly and toward the grind 
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ing wheel at an acute angle to the peripheral 
surface thereof upon swinging movement of the 
work holder to feed the work toward the wheel, 
the difference in said radii and the angular move 
ment of the work toward the grinding wheel 
thereby providing a relatively small feeding move 
ment of the work for a relatively large movement 
of the controlling means, 

3. A grinding machine comprising, in combina 
tion, a grinding wheel, a work holder movable 
to feed the work toward the grinding wheel, 
means for controlling the feeding movement of 
said work holder including an actuator exerting 
a constant force, means regulating the rate of 
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movement of said actuator dependent upon the . 
force exerted thereon by the actuator, and means 
for absorbing a part of the force exerted by said 
actuator in amounts increasing in proportion to 
the movement thereof whereby the rate of feed 
of the workpiece will be gradually decreased. 

4. A grinding machine comprising, in con 
bination, a grinding wheel, a work holder movable 
to feed the work toward the grinding wheel, and 
means for controlling the feeding movement of 
said work holder comprising a pressure fluid ac 
tuator, means to supply fluid under constant 
pressure to said actuator, a piston and cylinder 
device actuated by said actuator, a restricted ori 
fice controlling the flow of fluid from said cyl 
inder, and spring means opposing the actuation 
of said device and offering gradually increasing 
resistance thereto, whereby the rate of flow 
through said orifice will gradually lessen to de 
crease the rate of feed of said work holder. 

5. A grinding machine comprising, in combi 
nation, a grinding wheel, a work holder movable 
to feed the work toward the grinding wheel, and 
means for controlling the movement of said work 
holder comprising a shiftable cam member, a 
pressure fluid actuator for actuating said can 
member, means for supplying fluid under con 
stant pressure to said actuator, a pressure, fluid 
cylinder, a piston in said cylinder connected to 
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said actuator to force fluid therefrom, a ré 
stricted Orifice for said cylinder, a spring oppos 
ing the movement of said piston and offering in 
creasing resistance to the movement thereof 
whereby the pressure effective to force fluid 
through said orifice will be gradually decreased to 
decrease the rate of movement of the actuator 
and consequently to decrease the rate of feed of 
said work holder. 

6. In a grinding machine of the character de 
scribed, the combination of a grinding wheel, a 
U-shaped member for supporting a workpiece be 
tween the ends of the arms of the U and having 
alined cylindrical bearing portions extending out 
wardly at the ends of the arms of the U on an 
axis Substantially parallel to the grinding wheel 
axis, annular bearings supporting said bearing 
portions, allined work supporting means mounted 
in said bearing portions eccentrically of said first 
mentioned axis, means coacting with the inter 
mediate portion of said member for swinging the 
U-shaped member in said bearings, and means 
for reciprocating said U-shaped member in said bearings. 

7. In a grinding machine of the character de 
scribed, the combination of a grinding wheel, a 
work supporting yoke Swingable about an axis 
substantially parallel to the grinding wheel axis, 
means for swinging the yoke between a work 
loading position and a grinding position, feed 
mechanism controlling the swinging of the yoke 
when in the grinding position, control mechanism 
for said yoke Swinging means, and means sep 
arate of said feed mechanism and coacting with 
said control mechanism to provide a dwell at the 
completion of the feeding movement before re 
turning the yoke to its work loading position. 

8. In a grinding machine of the character de 
scribed, the combination of a base, a grinding 
wheel mounted on said base, a yoke, bearing 
means mounted on Said base for supporting said . 
yoke for swinging movement, means for swinging 
said yoke in said bearing means, means mounted 
On said base for reciprocating said yoke in said 
bearing means, means for adjusting said recip 
rocating means to determine the length of recip 
rocation effected thereby, and means for adjust 
ing said reciprocating means relative to said base 
to determine the position of said reciprocation. 

9. In a grinding machine of the character de 
scribed, the combination of a grinding wheel, a 
work supporting yoke swingable from a work 
loading position to a grinding position, feed mech 
anism including a movable member engaged by 
the yoke when in grinding position for control 
ling the movement of the yoke in such position, 
a stop for limiting the movement of said mem 
ber, means for swinging the yoke between its 
two positions, and means delaying the return 
of the yoke by said yoke Swinging means when 
Said member engages said stop. 

10. A grinding machine comprising, in com 
bination, a base, a work Supporting yoke mounted 
for Swinging movement on an axis substantially 
parallel to the front of the base, and a grinding 
wheel positioned rearwardly of the yoke and 
mounted on an axis substantially parallel to the 
yoke axis, said yoke comprising a pair of spaced . 
arms between which the work is adapted to be 
supported and connected at their free ends by a 
cross member adapted to extend along the work, . 
said yoke being swingable to a position where the 
arms extend upwardly and said cross member is 
elevated when in a workloading position to afford 
access to the work for purposes of loading and 



35 
removal, and to a position where the arms e 
tend forwardly and said cross member extends 
as a guard across the front of the work when in 
a grinding position. 

11. In a grinding machine of the character der 
scribed, the combination of a grinding wheel, e. 
work supporting yoke swingable from a work 
loading position to a grinding position, feed mech 
anism controlling the swinging movement of the 
yoke when in a grinding position including a press 
sure fluid actuator, and a valve controlling the 
admission of pressure fluid to said actuator, said 
valve being opened to admit fudd to the actuator 
as an incident to the movement of the yoke into 
grinding position. 

12. In a grinding machine of the character de 
scribed, the combination of a grinding wheel, 8, 
work supporting yoke swingable from a work 
loading positionto a grinding position, feed mech 
anism controlling the swinging movement of the 
yoke when in a grinding position including a pres 
sure fluid actuator for imparting the swinging 
force, a valve controlling the admission of press 
sure fluid to said actuator, and electrical control 
means for said valve operable to open the valve 
as an incident to the movement of the yoke into 
grinding position. 

13. In a grinding machine of the character de 
scribed, the combination of a grinding wheel, & 
work supportirg yoke swingable from a work 
loading position to a grinding position, feed mech 
anism controlling the swinging movement of the 
yoke when in a grinding position including a press 
sure fluid actuator, a valve controlling the ad 
mission of pressure fluid to said actuator, a soles 
noid for operating said valve, and an electrica. 
circuit for said solenoid adapted to be closed 
by the movement of the yoke into grinding posi 
tion to energize the solenoid and open the valve 
for admission of fluid to said actuator. 

14. In a grinding machine of the character de 
scribed, the combination of a grinding wheel, e. 
work supporting yoke swingable between a prer 
determined work loading position and a grindig. 
position, means for swinging the yoke between 
said positions, feed mechanism controlling the 
swinging movement of the yoke when in a grind 
ing position, and control means for said yokee 
swinging means operablé by the feed mechanism 
to initiate the return of the yoke to the loading 
position upon completion of the feeding movea 
ment, 

15. In a grinding machine of the character 
described, the combination of a grinding wheel, 
a work supporting yoke swingable between a 
work loading position and a grinding position, 
feed mechanism controlling the swinging move 
ment of the yoke when in a grinding position, 
means for swinging sadd yoke including a press 
sure fluid actuator, and a valve controlling the 
admission of pressure fluid to said actuator, con 
trol means for said valve operable by the feed 
mechanism upon completion of the feeding move 
ment to Open said valve for returning the yoke 
to loading position, and means for temporarily. 
delaying such opening of the valve to provide a 
dwell at the end of the feeding movement, 

16. In a grinding machine of the character de 
scribed, the combination of a grinding wheel, a 
work supporting yoke swingable between a work 
loading position and a grinding position, feed 
mechanism controlling the swinging movement 
of the yoke when in a grinding position, means 
for Swinging said yoke including a pressure fluid 
actuator, and a valve controlling the admission 
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of pressure fudd to said actuator, electrical cori 
trol means for said valve operable by the feed 
mechanism upon the completion of the feeding 
movement to permit said valve to supply press 
sure fluid to the actuator for returning the yoke 
to loading position, and pressure fluid Operated 
means for temporarily delaying such operation 
of said valve to provide a dwell at the end of 
the feeding movement, 
1. In a grinding machine of the character 

described, the combination of a grinding wheel, 
a work supporting yoke swingable between a 
work loading position and a grinding position, 
feed mechanism controlling the swinging move 
ment of the yoke when in a grinding position, 
means for swinging said yoke including a press 
sure fluid actuator, and a valve controlling the 
admission of pressure fluid to said actuator, 
spring means tending to shift the valve to a po4 
sition to cause the yoke swinging means to reo 
turn the yoke to loading position, a lock for hold 
ing the valve in position to cause the yoke swings 
ing means to move the yoke to grinding position, 
control means for releasing the lock operable by 
the feed mechanism at the completion of the 
feeding movement, and means for temporarily 
delaying the shifting of said valve by the spring 
means to provide a dwell at the end of the feeding 
movement. 

18, in a grinding machine of the character 
described, the combination of a grinding wheel, 
a work supporting yoke swingable between a 
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work loading position and a grinding position, 
means for swinging the yoke, and feed mechan 
nism for controlling the swinging movement of 
the yoke when in a grinding position including a 
movable feed plate, a pressure fluid actuator for 
moving the plate in one direction, a spring for 
moving the plate in the other direction, and 
aneans for controlling the supply of fluid to said 
actuator, said last mentioned means being ren 
dered operable by the return of the yoke to its 
loading position to cut of the supply of pressure 
fluid to said actuator to permit the spring to 
return said plate to its initial position, 

19. In a grinding machine of the character de 
scribed, the combination of a grinding wheel, a 
Work supporting yoke swingable between a work 
loading position and a grinding position, means 
for swinging the yoke, and feed mechanism for 
controlling the swinging movement of the yoke 
when in a grinding position including a movable 
feed plate, a pressure fluid actuator for moving 
the plate in one direction, a spring for moving 
the plate in the other direction, a valve for con 
Electing seid actuator either to a supply of pres 
sure fluid or to exhaust, and electrical control 
means for said valve rendered operable by the 
return of the yoke to its loading position for 
shifting the valve to connect said actuator with 
exhaust and thereby permit the spring to return 
said plate to its initial position, 

20. In a grinding machine of the character 
described, the combination of a grinding wheel, 
a work supporting yoke swingable between a work 
loading position and a grinding position, means 

- mounted on the yoke for driving the work, means 

O 
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for reciprocating the yoke, control means oper 
able by the swinging of the yoke to render said 
work driving means and said reciprocating means 
operable when the yoke is in grinding position 
and inoperable when the yoke is in loading po 
sition, and manually operable means for render 
ing said reciprocating means inoperable when 
the yoke is in grinding position, 
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21. A grinding machine of the character de 
scribed comprising, in combination, a grinding 
wheel spindle, bearings supporting said spindle, 
means for supplying oil under pressure to said 
bearings, a motor for driving said oil supply 
smeans, a yoke swingable from a work loading 
position to a grinding position, feed mechanism 
controlling, the Swinging movement of the yoke 
when in grinding position, means for swinging 
the yoke, and an electrical control means for 
said yoke-swinging means and said feeding 
mechanism adapted to be operable Only when the 
circuit for said motor is closed. 

22. A grinding machine comprising, in combi 
nation, a hollow grinding wheel spindle, bearings 
rotatably supporting said spindle, a motor for 
driving said spindle, a line for supplying oil un 
der pressure to said bearings, an oil discharge 
line leading from said bearings, a line for sup 
plying water to the interior of said spindle, a 
water discharge line leading from said spindle, , 
a pressure operated switch in said oil supply line 
adapted to render said motor inoperable when 
the pressure drops below a predetermined value, 
and thermostatically operated switches in said oil 
and water discharge lines adapted to render 
said motor inoperable when the temperature of 
the oil or water rises above a predetermined 
value. 

23. In a grinding machine of the character de 
scribed, the combination of a pair of spaced alined . 
bearings, a yoke comprising a central U-shaped 
portion located between said bearings and hav 
ing elongated bearing portions extending from 
the ends of the arms of the U and journaled in 
said bearings, means for Swinging said yoke in 
said bearings, means for reciprocating said yoke 
in gald bearings, a pair of cover members en 
closing said bearing portions between said bear 
ings and the arms of the U and alternately col 
lapsible upon reciprocation of the yoke, and COver 
members for the outer ends of said bearing por 
tions. 
24. In a grinding machine of the character de 

scribed, the combination of a yoke comprising a 
Central U-shaped portion, means to support a 
workpiece between the ends of the arms of the U, 
and bearing portions extending outwardly from 
the ends of the arms of the U, a pair of spaced 
bearings rotatably supporting said bearing por 
tions, can means engageable with the outer end 
of one bearing portion to move the yoke in One 
direction, fluid pressure means at the Outer end 
of the other bearing portion exerting a constant 
force tending to move the yoke in the opposite 
direction, said bearing portions being substan 
tially longer than the bearings to provide for the 
reciprocating movement of the yoke in the bear 
ings. 

25. In a grinding machine of the character de 
scribed, the combination of a yoke having elon 
gated oppositely extending bearing portions, bear 
ings supporting said bearing portions for swing 
ing movement and reciprocation relative thereto, 
a roller rotatably supported on the outer end of 
one bearing portion on an axis transverse to the 
axis of the bearing portion, can means engaging 
said roller for positively moving the yoke in one 
direction longitudinally of the bearing portions, 
and means at the other end of the yoke exerting a 
constant force tending to urge the yoke in the 
opposite direction. t 

28. In a grinding machine of the character de 
scribed, the combination of a work supporting 
yoke having oppositely extending allined elon 
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38 
gated bearing portions, bearings supporting said 
bearing portions for swinging movement and for 
reciprocation, means acting on one end of the 
yoke for intermittently moving the yoke in one 
direction, a cylinder secured to the outer end of 
the bearing portion at the opposite end of the 
yoke, a relatively fixed piston extending into said 
cylinder, and means to supply pressure fluid to 
said cylinder to urge the yoke in the opposite di 
rection, 

27. In a grinding machine of the character de 
scribed, the combination of a yoke provided with 
oppositely extending bearing portions, a pair of 
spaced bearings supporting said bearing portions 
for swinging movement and reciprocation, means 
for moving the yoke in one direction, and a piston 
and cylinder device mounted in one of the bearing 
portions for urging the yoke in the opposite di 
rection, said piston and cylinder being coaxial 
with said bearing portion to permit swinging 
movement of the yoke. 

28. In a grinding machine of the character de 
scribed, the combination of a yoke having op 
positely extending bearing portions, bearings sup 
porting said bearing portions for swinging move 
ment and for reciprocation, one of said bearing 
portions having an extension beyond the bear 
ing, a splined member rigidly secured to said ex 
tension, a collar fitting over said splined member 
and provided with a lever arm, said collar being 
held against longitudinal movement with the 
yoke, means connected to said lever arm for 
swinging the yoke, and means for reciprocating 
the yoke. ... 

29. In a grinding machine of the character de 
scribed, the combination of a yoke having op 
positely extending elongated bearing portions, 
bearings supporting said bearing portions for 
swinging movement and for reciprocation, one of 
said bearing portions having an extension beyond 
the bearing, a cup-shaped member secured on said 
extension and being externally splined a collar 
having a splined connection with said cup-shaped 
member and being held against longitudinal 
movement with said member, said collar having a 
radially extending lever arm, means connected to 
the free end of said arm for swinging the yoke, 
a bracket secured to the outer end face of said 
cup-shaped member, a roller supported by said 
bracket, and cam means acting on said roller to 
move the yoke longitudinally in one direction. 

30. In a grinding machine of the character de 
scribed, the combination of a reciprocable work 
supporting yoke swingable from a work loading 
position to a grinding position, and feed mech 
anism for controlling the swinging movement of 
the yoke when in grinding position, said feed 
mechanism comprising a movable plate, means 
for guilding the plate, ways formed on the edge of 
the plate extending parallel to the yoke axis, and 
a channel shaped slide engaged by the yoke when 
in grinding position to reciprocate therewith, said 
slide fitting over said edge of said plate and sup 
ported by said ways. 

31. In a grinding machine of the character de 
scribed, the combination of a reciprocable work 
supporting yoke swingable from a work loading 
position to a grinding position, and feed mech 
anism for controlling the swinging movement of 
the yoke when in grinding position comprising a 
movable feed plate, means for guiding the move 
ment of the feed plate in a direction transverse 
to the axis of the yoke, said feed plate having an 
edge extending parallel to the yoke axis, a chan 
nel shaped slide engaged by the yoke when in 
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grinding position and fitting over said edge of 
the plate for reciprocation with the yoke, a groove 
in one face of the plate parallel and adjacent to 
said edge, and a pin extending from said slide into 
said groove to retain the slide on the plate. , 

32. In a grinding machine of the character de 
scribed, the combination of a work supporting 

r reciprocable yoke mounted for swinging nove 
ment from a work loading position to a grinding 
position, and feed mechanism for controlling the 
swinging movement of the yoke when in grinding 
position comprising a feed plate movable trans 
versely to the axis of swinging and having an edge 
extending parallel to seid axis, a slide mounted 
on said edge and reciprocable with the yoke, an 
anvil carried by said slide, and a boss on said yoke 
provided with a ball bearing seated on said anvil 
when the yoke is in grinding position, said slide 
having a V-shaped slot and said boss being V 
shaped at its end to fit within said slot. 

33. In a grinding machine of the character de 
scribed, the combination of a work supporting 
yoke swingable from a work loading position to a 
grinding position, a feed mechanism controlling 
the swinging movement of the yoke when in a 
grinding position, said feed mechanism compris 
ing a plate movable in a direction transverse to 
the axis of swinging of the yoke, and a plurality 
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of guide rollers at the respective sides of the feed 
plate for guiding said plate during its movement, 

34. In a grinding machine of the character de 
scribed, the combination of a reciprocable Work 
supporting yoke swingable from a work loading 
position to a grinding position, and feed mecha 
nism for controlling the swinging movement of 
the yoke when in a grinding position, said feed 
mechanism comprising a plate movable in a di 
rection transverse to the axis of the yoke, said 
plate having a wide portion adjacent the yoke 
and 2 portion of reduced width extending there 
fron, a slide engaged by the yoke when in grind 
ing position and mounted on the wide portion of 
the plate for reciprocation with the yoke, and 
two pairs of guide rollers for the plate, one pair 
engaging the wide portion, and the other pair 
engaging the portion of reduced width, 

35. In a grinding machine of the character de 
scribed, the combination of a work supporting 
yoke swingable from a work loading position to 
a grinding position, means for swinging the yoke, 
feed mechanism for controlling the swinging 
movement of the yoke when in grinding posi 
tion, said feed mechanism comprising a movable 
feed plate, means controlling the movement of 
the feed plate, an adjustable stop for limiting 
the movement of the feed plate, an electrical 
control circuit for said yoke swinging means, 
and a switch carried by said feed plate and adapt 
ed to be closed by abutment with said adjustable 
stop for energizing said control circuit. 

36. In a grinding machine of the character de 
scribed, the combination of a work supporting 
yoke swingable from a work loading position to 
a grinding position, and feed mechanism for con 
trolling the swinging movement of the yoke when 
in grinding position, said feed mechanism con 
prising a movable plate, an adjustable projec 
tion on said plate, and a cam member in engage 
ment with said projection and slidably movable 
transversely of the plate to control the move 
ment thereof. 

37. In a grinding machine of the character de 
scribed, the combination of a work supporting 
yoke swingable from a work loading position to 
a grinding position, and feed mechanism control 
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4. 
ling the swinging mechanism of the yoke wher. 
in a grinding position comprising a movable feed 
plate, a cam member shiftable transversely of 
the plate for controlling the movement thereof, 
and a projection on said plate for engaging said 
cam member, said projection comprising an ec 
centric rotatably adjustably on said plate to ad 
just the position of the movement of the plate. 
38. In a grinding machine of the character de 

scribed, the combination of a work supporting 
yoke swingable from a work loading position to 
a grinding position, and feed mechanism con 
trolling the swinging movement of the yoke when 
in grinding position comprising a movable feed 
plate, a projection thereon, a cam member en 
gaging said projection and movable transversely 
of the plate to control the movement thereof, 
said cam member having a slanting cam surface, 
and a bracket supporting said cam surface and 
adjustable to vary the angle thereof and there 
by vary the extent of movement of the feed plate. 

39. In a grinding machine of the character de 
scribed, the combination of a work supporting 
yoke swingable from a work loading position to 
a grinding position, and feed mechanism for con 
trolling the feed movement of the yoke when in 
a grinding position comprising a movable feed 
plate, a projection on said feed plate, a mem 
ber shiftabie transversely of the feed plate, an 
L-shaped cam member pivoted at one end on 
said shiftable member and having a surface en 
gaging Said projection, and a bracket on said 
shiftable member and having a slanting edge 
engaging the free end of said cam member to 
hold said surface at an angle to the direction 
of movement of the cam member, said bracket 
being adjustable longitudinally of said shiftable 
member to vary the angle of said surface and 
thereby vary the extent of movement of the feed 
plate, 

40. In a grinding machine of the character de 
scribed, the combination of a work supporting 
yoke swingable from a work loading position to a 
grinding position, and feed mechanism for con 
trolling the swinging movement of said yoke 
when in a grinding position comprising a mov 
able plate, a member shiftable transversely of the 
plate and provided with a cam surface for con 
trolling the movement of the plate, a pressure 
fluid actuator for urging the shiftable member 
in one direction, a valve for alternately connect 
ing said actuator with a supply of pressure fluid 
and exhaust, and spring means opposing the 
movement of the shiftable member by the ac 
tuator and adapted to shift said member when 
the valve connects said actuator with exhaust to 
move the feed plate to its starting position. 

41. In a grinding machine of the character de 
scribed, the combination of a work supporting 
yoke swingable from a work loading position to 
a grinding position, and means for controlling 
the Swinging movement of the yoke when in a 
grinding position comprising a movable feed 
plate, a rod shiftable transversely of the feed 
plate and provided with a cam surface control 
ling the movement of the plate, a pressure fluid 
cylinder having one end of said rod as its piston 
for urging the rod in one direction, a pressure 
fiuld cylinder surrounding the other end of the 
rod in which said other end acts as a piston, a 
restricted orifice for controlling the flow of fluid 
from said second cylinder and connected with a 
reservoir, a spring in said cylinder and bearing 
against said rod for opposing the movement ef 
fected by said first cylinder, and a valve permit 
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ting free flow of fluid from the reservoir to the 
second cylinder when the spring moves the rod 
on its return stroke. 

42. In a grinding machine of the character 
described, the combination of a work supporting 
yoke, and means to reciprocate the yoke com 
prising drive means including a drive shaft ex 
tending transversely of said yoke, an inner cir 
cular member eccentrically mounted on said 
shaft and adjustable rotatably relative thereto, 
means for clamping said member to said shaft 
for rotary motion therewith an outer circular 
member eccentrically mounted on said inner. 
member and adjustable rotatably relative there 
to, means for clamping said outer member in 
adjusted position to said inner member for rota 
tion therewith, and a follower associated with 
said yoke and operatively associated with the 
periphery of said outer member. 

43. In a grinding machine of the character 
described, the combination of a work-supporting 
yoke, and means for reciprocating the yoke com 
prising drive means including a drive shaft, an 
inner circular member eccentrically mounted on 
said shaft and adjustable rotatably relative 
thereto, means for securing said inner member in 
adjusted position rigidly to said shaft, an Outer 
circular member eccentrically mounted on said 
inner member and adjustable rotatably thereto, 
means for securing said outer member in ad 
justed position rigidly to said inner member the 
eccentricity of the inner member relative to the 
drive shaft and of the outer member relative to 
the inner member being equal whereby the 
eccentricity of the outer member relative to the 
drive shaft may be adjusted from zero to double 
the eccentricity of the individual members, and 
a follower coacting with the periphery of said 
outer member for effecting reciprocation of said 
yoke in accordance with the aggregate throw of 
said members. 

44. In a grinding machine of the character 
described, the combination of a work supporting 
yoke, and means for reciprocating said yoke com 
prising driving means including a drive shaft, a 
tapered member keyed to said drive shaft, an 
inner member eccentrically mounted on said 
tapered member and rotatably adjustable there 
on, means for clamping said inner member, to 
said tapered member, an outer member eccen 
trically mounted on said inner member and 
rotatably adjustable relative thereto, a gear ser 
cured to said inner member, and a manually 
rotatable pinion rotatably carried by said outer 
member and meshing with said gear for rotatably 
adjusting the outer member relative to the inner 
member, said gear being arranged to clamp the 
outer member to the inner member in the ad justed position. 

45. In a grinding machine of the character 
described, the combination of a swingable yoke 
comprising a pair of Spaced arms, means on the 
respective arms for supporting a workpiece, a 
pulley rotatably supported on one arm and con 
structed to provide a driving connection with the 
workpiece, a motor mounted on said one arm, a 
base plate mounted on said one arm, a gear hous 
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42 
described, the combination of a work supporting 
yoke swingable from a workloading position to a 
grinding position, feed mechanism controlling 
the swinging movement of the yoke when in a 
grinding position, a hydraulic actuator for swing 
ing said yoke, a valve shiftable from one position 
to supply pressure fludd to one end of said 
actuator to effect swinging movement in One 
direction and to a second position to supply pres-. 
sure fluid to the other end of said actuator to 
effect swinging movement in the opposite direc-. 
tion, said valve having an intermediate range of 
movement between said positions to cut of the 
supply of pressure fluid from both ends of the 
actuator, means for shifting the valve to its first 
position, and means controlled by the feed. 
mechanism to shift the valve to its second posi 
tion, the movement of the valve through said 
intermediate range thereby providing a dwell at 
the conclusion of the feeding movement. 
4. In a grinding machine of the character. 

described, the combination of a work supporting 
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ing pivotally supported by said base plate, gear 
ing in said housing driven by said motor and 
having a belt connection with said pulley, and 
means for pivotally adjusting said gear housing 
relative to said base plate to tighten said belt 
connection. 

70 

yoke swingable from a work loading position to 
a grinding position, feed mechanism controlling. 
the swinging movement of the yoke when in a 
grinding position, a hydraulic actuator for swing 
ing said yoke, a valve shiftable from one posi 
tion to supply pressure fluid to one end of said 
actuator to effect swinging movement in one 
direction and to a second position to supply pres 
sure fluid to the other end of said actuator to: 
effect swinging movement in the opposite direc 
tion, said valve having an intermediate range of 
movement between said positions to cut of the 
supply of pressure fluid from both ends of the 
actuator, means controlled by the feeding mech 
anism at the conclusion of the grinding operation 
to move the valve from its first position to its 
second position, and a dash-pot for slowing down 
the movement of the valve through said inter 
mediate range to provide a dwell at the cor 
clusion of the grinding Operation, 

48. In a grinding machine of the character 
described, the combination of a work supporting 
yoke swingably mounted for moving the work 
between a work loading position and a grinding 
position, a lever arm attached to said yoke, a 
hydraulic actuator connected to said lever arm 
and operable in opposite directions to swing the 
yoke, a rotatable valve for controlling the flow 
of pressure fluid to opposite ends of said actuator, 
a hand lever for rotating the valve in either 
direction, and electrically controlled means for 
rotating the valve in one direction to cause said 
actuator to swing the yoke from the grinding 
position to the loading position, 

49. In a grinding machine of the character 
described, the combination of a work supporting 
yoke swingable between a work loading position 
and a grinding position, a pressure fluid actuator 
for swinging said yoke between said positions, a 
valve having a member rotatable to two positions 
to cause the actuator to swing the yoke in op 
posite directions, a hand lever rigidly secured to 
said rotatable member and provided with a lug, a 
lever, arm coaxial with said hand lever and en 
gageable with said lug to rotate the valve in one 
direction for returning the yoke from grinding 
position to loading position, and means for 
swinging the lever arm in said direction, said 
hand lever being swingable in said direction in 
dependently of said lever arm. 

50. In a grinding machine of the character 
described, the combination of a work supporting 46. In a grinding machine of the character is yoke swingable between a work loading position 
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and a grinding position, a hydraulic actuator for 
swinging the yoke in opposite directions, a rotat 
able valve for controlling the flow of pressure 
fluid to said actuator, a hand lever for rotating 
said valve, a coaxially mounted lever arm en 
gageable with said hand lever in one direction 
for causing the yoke to Swing from grinding posi 
tion to work loading position, a spring tending 
to turn said lever arm in said direction, a bar 
connected to said lever arm, a releasable lock for 
said bar to hold the lever arm against movement 
by the spring, and electrically controlled means 
for releasing said lock. 
5. In a grinding machine of the character 

described, the combination of a work supporting 
yoke swingable between a work loading position 
and a grinding position, a pressure fluid actuator 
for swinging said yoke, a Valve controlling the 
flow of fluid to said actuator, a lever arm for 
turning said valve to B, position to cause swing 
ing of the yoke from grinding position to loading 
position, a spring for swinging said arm in said 
direction, a bar connected to said lever arm, a 
lock adapted to engage the bar to prevent operan 
tion of the lever arm by said spring, a second 
spring for urging the lock into engagement with 
said bar, a solenoid adapted when energized to 
release the lock, and means for controlling the 
energization of said solenoid. 

52. A grinding machine comprising, in com 
bination, a base, a grinding wheel mounted on 
said base for rotation about an axis extending 
longitudinally thereof, a work supporting yoke 
swingable transversely of said axis from a work 
loading position to a grinding position, a sub 
base having axially spaced bearings supporting 
said yoke for said swinging movement and for 
axial reciprocation and said sub-base being ad 
justably mounted on said base for pivotal adjust 
ment about an axis located intermediate said 
bearings and extending transversely of said first 
mentioned axis to position said yoke on an axis 
parallel or at an angle to the grinding wheel axis, 
means for reciprocating said yoke on said sub 
base when its axis is parallel to the grinding 
wheel axis to effect cylindrical grinding, and 
means for rendering said reciprocating means in 
operable to permit taper grinding when said sub 
base is adjusted to position the axis of the yoke 
at an angle to the grinding wheel axis. 

53. In a grinding machine of the character 
described, the combination of a work supporting 
yoke swingable from a work loading position to a 
grinding position, feed mechanism controlling 
the swinging movement of the yoke when in 
grinding position, said feed mechanism compris 
ing a movable feed plate, and an adjustable stop 
for limiting the movement of the feed plate, said 
adjustable stop comprising a rotatably adjust 
able member having a peripheral surface in the 
form of a spiral providing an abutment for said 
feed plate, and manual means for rotating said 
member to adjust the point on its periphery 
against which said feed plate abuts. 

54. In a grinding machine of the character 
described, the combination of a work supporting 
yoke swingable from a work loading position to a 
grinding position, and means for controlling the 
swinging movement of the yoke when in a grind 
ing position including a pressure fluid cylinder, 
a movable piston determining the movement of 
the yoke, means for moving the piston, a re 
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size of said orifice to vary the rate of movement 
of said piston. 

65. In a grinding machine of the character 
described, the combination of a work supporting 
yoke mounted for axial reciprocation, means 
exerting a constant force tending to move said 
yoke axially in one direction, a follower movable 
with said yoke, an eccentric supported for rota 
tion on an axis perpendicular to the axis of said 
Soke and having a peripheral surface coacting 
with said follower for moving said yoke in the 
Opposite axial direction against the action of said 
force, and a motor for driving said eccentric, said 
means upon deemergization of said motor being 
&dapted to cause said eccentric when in contact 
at either side of its high point with said follower 
to revolve to a stop at its low point with the yoke 
in its extreme position in said one direction. 

56. In a grinding machine of the character 
described, the combination of a work supporting 
yoke swingable from a work loading position to a 
grinding position, a hydraulic actuator for swing 
ing said yoke, a valve shiftable between two posi 
tions to supply pressure fluid to opposite ends of 
said actuator and having an intermediate range 
of movement between said positions to cut off 
supply of pressure fluid from both ends of the 
actuator, spring means for shifting the valve in 
One direction, and a dash-pot for slowing down 
the movement of the valve through said inter 
mediate range when the valve is shifted by said 
Spring means, said dash-pot comprising a cylin 
der and a piston movable with said valve by said 
Spring means to force fluid from said cylinder, 
and an adjustable needle valve controlling the 
flow of fluid from said cylinder to vary the time 
required for said valve to move through said 
intermediate range. 
5. In a grinding machine of the character 

40 described, the combination of a work supporting 
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stricted orifice controlling the flow of fluid from Said cylinder, and a needle valve for varying the 75 member and meshing with said gear for rotat. 

yoke swingable from a work loading position to a 
grinding position, a hydraulic actuator for swing 
ing said yoke, a valve shiftable between two posi 
tions to supply pressure fluid to opposite ends 
of said actuator and having an intermediate 
range of movement between said positions to cut 
of the supply of pressure fluid from both ends 
of the actuator, spring means for shifting the 
valve in one direction, and a dash-pot for slowing 
down the movement of the valve through said 
intermediate range when the valve is shifted by 
said spring means, said dash-pot comprising a 
cylinder, a reservoir, a piston in said cylinder 
connected to said valve and movable by said 
spring means when shifting the valve to force 
fluid from one end of said cylinder into said 
reservoir and from said reservoir into the other 
end of the cylinder, an adjustable needle valve 
for controlling the flow of fluid from said one 
end of the cylinder into the reservoir, and a valve 
in said piston permitting free flow from said 
other end into said one end of the cylinder when . 
the piston is moved in the opposite directions. 

58. In a grinding machine of the character 
described, the combination of a work supporting 
yoke, and means for reciprocating said yoke com 
prising driving means including a drive shaft, an 
inner member eccentrically mounted on said 
shaft for rotation therewith, an outer member 
eccentrically mounted on said inner member and 
rotatably adjustable relative thereto, a gear se 
cured to said inner member, and a manually 
rotatable pinion rotatably carried by said outer 
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ably adjusting the outer member relative to the 
inner member, and means for clamping Said 
outer member to said inner member. 
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