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PATENT OFFICE 
2,065,100 

GRINDING MACHINERY 
Millard Romaine, Cincinnati, Ohio, assignor to 

Cincinnati Grinders incorporated, Cincinnati, 
Ohio, a corporation of Ohio 

Application March 3, 1934, Serial No. 713,890 
, 29 Claims. 

This invention relates to improvements in ma 
chine tools and particularly to improvements in 
grinding machines of the centerless type. 
An object of the invention is the provision of 

an improved centerless grinder particularly 
adapted for the production of large, heavy work 
pieces which require a plurality of grinding oper 
ations to be performed thereon. 
Another object of the invention is the provision 

of an improved centerless grinder operable in a 
Semi-automatic, cyclic manner for expeditiously 
producing such large work pieces. 
A further object of the invention is the provi 

Sion of improved means for effecting the opera 
tion of the machine and the control thereof which 
involves the use of hydraulically actuated means 
for expeditiously producing the work. 
A further object of the invention is the provi 

Sion of an improved centeriess grinder of the 
vertical or substantially vertical type in which 
the parts thereof are of massive construction and 
requiring adjustments thereof in a vertical direc 
tion and whereby the said adjustments may be 
E. with the expenditure of the least amount of 
effort. 
A still further object of the invention is the 

provision of a centerless grinder of the kind 
above referred to wherein improved means are 
provided for operating the feed mechanism of the 
machine. - 
Other objects and advantages of the present 

invention should be readily apparent by reference 
to the following specification, considered in con 
junction with the accompanying drawings form 
ing a part thereof and it is to be understood that 
any modifications may be made in the exact 
structural details there shown and described, 
within the scope of the appended claims, with 
Out departing from or exceeding the spirit of the 
invention. 

In the drawings: 
Figure 1 is a front elevation of the improved 

centerless grinder of the present invention. 
Figure 2 is a top plan view of the machine 

shown in Figure 1, certain overhead parts of 
Figure 1 being eliminated. 

Figure 3 is a vertical sectional view through the 
machine and illustrating certain of the operative 
parts thereof. - 

Figure 4 is a fragmentary Sectional view taken 
on line 4-4 of Figure 1. - 

Figure 5 is a fragmentary sectional view taken 
on line 5-5 of Figure 3. 

Figure 6 is a sectional view online 6-6 of Fig 
ure 5. 

(C. 5-103) 
Figure 7 is a view partly in elevation and 

partly in section illustrating the control handle 
for the machine as seen on line 7-7 on Figure 1. 

Figure 8 is a sectional view taken substantially 
on line 8-8 of Figure 5. 

Figure 9 is a sectional view taken on line 9-9 
of Figure 5. 

Figure 10 is a sectional view taken on line 
O-O of Figure 5. 
Figure 11 is a view, partly in section and partly 

in plan, as seen from line fl-ff of Figure 3. 
Figure 12 is a sectional view taken on line 
2-2 of Figure 11. 
Figure 13 is a sectional view taken on line 
3-3 of Figure 12. 
Figure i4 is a sectional view taken on line 
4-4 of Figure 12. 
Figure 15 is a view taken substantially along 

the axis of the regulating wheel spindle and ill 
ustrating the change speed mechanism. 
Figure 16 is a fragmentary view at right angles 

to Figure 15 as seen from line 6-6 on Figure 
15. 
Figure 17 is a sectional view taken on line 
7-7 of Figure 15. 
Figure 18 is a plan view of the work loading 

and ejecting mechanism as seen from line 8-8 
On Figure 1. 

Figure 19. is a sectional view taken on line 
9-9 of Figure 18. 
Figure 20 is a sectional view taken on line 

20-20 of Figure 18. 
Figure 21, is a sectional view taken on line 

2-2 of Figure' 5. 
Figure 22 is a diagrammatic view illustrating 

the hydraulic circuit involved in the invention. 
Figure 23 is a fragmentary sectional view taken 

on line 23-23 of Figure 3. 
Throughout the several views of the drawings 

similar reference characters are employed to de 
note the same or similar parts. 
As was noted above, this invention pertains 

to a centerless grinder for operating on or pro 
ducing large work pieces and for grinding a. plul 
rality or portions of a work piece concentrically. 
The machine is semi-automatically operated, re 
quiring the operator to merely place a work piece 
in a work loading cradle and insert in the grind 
ing throat and then throw a lever for initiating 
the cycle of the machine and upon completion 
of the cycle to withdraw the cradle and eject the 
work therefrom. 
The machine comprises a bed or base 26 from 

which rises a column 27, see Figure 3. Mounted 
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on top of the column 27 is the grinding wheel 55 

  



2 
head 28 having formed at opposite ends thereof 
supports 29 and 30 to which are clamped as by 
clamps 3 and 32 the journal bearings 33 and 
34. The bearings 33 and 34 have rotatably 
mounted therein a spindle 35 to which are space 
ably secured grinding wheels 36. Since the con 
struction of the spindle and its supporting bear 
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ings form no part of the present invention it is 
not further illustrated or described. 
The said spindle 35 is driven through a pin and 

slot connection 37 by a shaft 38 journaled in a 
bracket 39 secured to the side of the column and 
with the axis of the shaft substantially in line 
with the axis of the spindle. Secured to the 
spindle is a sheave or pulley 40 of the multiple 
groove type about which is trained multiple V 
belts 4. The belts 4 are in turn trained about 
a pulley or sheave on the motor shaft 42 of the 
prime mover or motor 43. The drive, including 
the belts 4, is suitably enclosed within a guard 
44 secured to the side of the column. 
Opposed to each, of the grinding wheels is a 

regulating wheel 45 secured to a spindle 46 by 
means of Spacing sleeves 47. The regulating 
wheels 45 and spacing sleeves 47 are clamped be 
tween a flange 48 integral with the spindle and 
a nut 49 threaded thereon. One end of the spin 
dle is journaled in a bearing 50 integral with a 
head 5, the head 5 being in turn connected by 
a stud 52 to a bracket 53. The head 5 is there 
fore capable of being adjusted to dispose the axis 
of the spindle 46 in angular relation to the axis 
of the grinding wheel spindle 35. 
The end of the spindle 46 projecting beyond 

the collar 48 is reduced as at 54 where it is jour 
naled in a housing 55, also integral with the head 
5. Keyed or otherwise secured to the reduced 
portion 54 of the spindle is a worm wheel 56 in 
mesh with a worn 58 on the worm shaft 59. The 
worm shaft 59 is rotatably journaled in a bracket 
59A which is mounted within the housing 55 for 
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oscillation about the pivot shaft 60. From this 
it will be seen that the worm 58 may be meshed 
With or disengaged from the worm wheel 56. Also, 
slidably keyed on the reduced portion 54 of the 
Spindle is a clutch 6 having projecting from one 
face thereof clutch teeth 62 adapted to engage 
co-operating clutch teeth S3 on the adjacent face 
of a bevel gear 64 loosely mounted on the spindle 
portion 54. The clutch 6 t is provided with a cir 
cumferential groove 65 in which is disposed a 
shifter fork 66 integral with the bracket 59A, 
From this it will be seen the relation of the shift 
er fork 66 to the worm 58 is such that when the 
said worm 58 is meshed with the worm wheel 56 
the clutch teeth 62 and 63 are disengaged by 
shifting the clutch 6 to the position shown in 
Figures 15 and 16, while the reverse actuation of 
the bracket 59A to disengage the worm wheel 58 
and Worm 56 simultaneously engages the clutch 
teeth 62 and 63, 

In Order to effect the oscillation of the bracket 
59A, it has depending therefrom an arm 67, the 

65 
end of which engages an eccentric pin 68 asso 
ciated with an oscillatable shaft 69. The shaft 
69 is journaled for oscillation in a suitable bear 
ing provided by the housing 55 and projects be-, 

... yond the Said housing to which projection is fas 

70 

75 

tened the handle 70. From this it will be seen 
that through the operation of the handle 70 the 
bracket 59A may be actuated for either engag 
ing the clutch teeth 62 and 63 or the worn and 
Worm wheel 58 and 56. 
Secured to the rear end of the worm shaft 59 

is a gear 7 meshing. with a gear 72 carried by 

2,065,100 
a stub shaft 73 rotatably journaled in bearings 
carried by the housing 55 in a plane above the 
Worm shaft 59. The stub shaft 3 has integral 
with or secured to its other end a gear 74 mesh 
ing with the spur gear 75 of a multiple gear unit 
76. The multiple gear unit 76 has formed at one 
end thereof bevel gear which meshes with 
the bevel gear 64 loosely journaled on the spindle 
and has formed at its other end the gear 78 
meshing with bevel gear pinion 79. The pinion 
79 is formed integral with or secured to drive 
shaft 80, also journaled in suitable bearings pro 
vided by the housing 55. The drive shaft 48 ex 
tends through and beyond the housing 55 where 
it is connected by a coupling 8 with the shaft 
82 of the motor or prime mover 83. The motor 
or prime mover 83 is carried by a suitable shelf 
or the like 84 integral with the head 5. , 
From the foregoing it will now be seen that 

the regulating wheel unit is a self-contained one 
and includes means whereby its spindle and reg 
ulating wheels may be driven at a relatively slow 
rate of speed while controlling the rate of rotation 
of the Work or at a faster rate of speed during 
the truling of the Wheels. , 

- The bracket 53 is integral with or secured to a 
slide 85 which has formed on its under surface 
a dovetailed guide way 86. Received in the guide 
Way 86 is a correspondingly shaped guide 87 
formed on the upper face of a lower slide 88. 
The slide 85 is adapted to be shifted relative to 
the slide 88 by means of a screw 89 having its 
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rear end suitably journaled in a bracket 90 se 
cured to the lower slide 88. The threaded end 
of the screw 89 is connected to a nut 9 rotatably 
journaled in Suitable bearings provided by the 
upper slide 85. The nut 9 is held against any 
axial movement relative to the slide 85 and has 
formed integral therewith or secured thereto a 
Spiral gear 92. The said spiral gear 92 is in mesh 
With a complementary gear 93 on one end of a 
shaft 94 and the Said shaft 94 is journaled in suit 
able bearings in the bracket 53 and projects 
therebeyond where the projecting end is given an 
angular Cross Section for a wrench or the like. 
The lower slide 88 is provided on its under sur 

face with a second dovetailed guide 95 received in 
a correspondingly shaped guide way 96 formed 
in the upper Surface of a bed plate 9. . The slide 
88 at its inner end is provided with a transverse : 
guide Way 98 receiving the tongue 99 of a block 
fe. The block 00 carries at its upper end the 
'work Support or work rest blade O which has 
an inclined operative surface f O2 which periph 
erally supports the Work 03 while being operated 
upon. 
The Work rest blade. f is disposed within the 

grinding throat formed between the proximate 
portions of the grinding and regulating wheels. 
From this it will be seen that the work is periph 
erally Supported while in contact with all of the 
grinding and regulating wheels, the former of 
which is rotated at a rapid rate of speed in a 
clockwise direction, while the latter are rotated 
at a relatively slow work controlling rate of speed 
also in a clockwise direction. From this it foll 
lows that the opposed surfaces of the grinding 
and regulating wheels travel in opposite direc 
tions with the grinding wheels operating toward 
the work rest blade of while the regulating 
Wheels operate away from the said blade. 

In practice the grinding wheels are subject to 
relatively rapid wear as is usual with wheels of 
this type wherefore the work rest blade and regul 
lating wheels are periodically fed toward the 
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grinding wheel. For this purpose the lower slide 

O 

5 

plate 9. 

88 has secured to its under surface a housing 04 
in which is clamped a nut 05. In threaded en 
gagement with the nut 05 is an adjusting screw 
06 which has one end thereof journaled in bear 

ings fol provided by the bed plate 97. The screw 
06 projects beyond the bearings 07 and has 

Secured to its projecting end a bevel gear f08 in 
mesh with a second bevel gear or pinion O9, see 
Figure 4, which bevel pinion 09 is keyed or 
otherwise secured to a shaft if 0 rotatably jour 
naled in Suitable bearings provided by the bed 

also keyed or otherwise secured to it a bevel 
pinion f meshing with a bevel gear f 12 on the 
inner end of a shaft 3. The shaft f3 is jour 
naled in bearings provided by a housing f4 
which also encloses the bevel gears and 2 
and is Secured to the side of the base plate 97. 
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The shaft 3 extends beyond the housing f4 
to receive the coarse infeed hand wheel 5 and 
the fine feed or micrometer mechanism under 
the control of the hand wheel and handle f 6. 
The mechanisms operated by the hand wheels 

5 and f 6 are of a well known form and it is 
therefore deemed that further description there 
of is unnecessary. 
In practice the actual feed of the work and 

wheel is affected by oscillating the base plate 97 
and parts carried thereby toward the grinding 
wheel. For this purpose the said base plate is 
provided at a point beneath the grinding wheels 
with lugs ill through which pass a pivoted shaft 

8. The shaft 8 also extends through a lug 
9 integral with and depending from a bracket 

20. The bracket 20 in turn is pivotally con 
nected as by stud f2 with the grinding wheel 
head 28. The pivot f2l and bracket 20 are uti 
lized for correcting misalignment of the axes of 
the grinding and regulating wheel spindles 
whereby the said Spindles may be accurately ad 
justed to dispose same in parallelism. From the 
foregoing it will now be seen that the regulating 
wheels are adapted to have their axes disposed at 
an angle to the axis of the grinding wheel spin 
dle to effect a feed component on the work. At 
the same time the Said axes may be accurately 
adjusted as respects parallelism thereof. 
To effect the OScillation of the plate 9 and 

parts carried thereby toward the grinding wheel 
the Said plate has pivotally connected to it at 
22 one end of link portion 23, the link portion 
f23 being in turn connected with link portion 
24 pivotally connected at 25 with a plunger 26. 
The plunger is mounted for axial movement 
through a sleeve 27 carried by bracket or hous 
ing 28 secured to the rear of the column 27. The 
plunger 26 has rotatably mounted in its rear end 
a roller 29 Which contacts with the face of a 
cam 30. The can 30 is adapted to be hy 
draulically actuated as will be later described. 
In order to counterbalance the enormous weight 
of the base plate 9 and parts carried thereby 
there is provided interiorly of the column 27 a 
weight 3 connected by a flexible member or 
cable 32 with the said base plate 97 as at 33. 
The strap 32 passes over the periphery of a 
wheel or roller 34 idly rotatably supported in 
brackets 35 carried by the column 27. 
The infeed cam 30 is shown in plan in Figure 

5 and comprises a low portion 36 followed by 
a rapid rise 37, a slow rise 38 and a plane or 
flat portion 39. The cam 30, while effecting 
the relative feed, travels toward the right as seen 
in Figure 5 and therefore effects a relatively rapid 

The other end of the shaft to has 

movement of the parts through the portion 37, 
a slow infeed through the portion 38 and a 
dwell through the portion 39 to permit a spark 
ing out of the work and the wheel. The cam 30 
is Secured to a carrier 40, see Figure 8, which 
is in turn connected to the free end of a piston 
rod 4 which carries at its other end a piston 
42. The piston 62 is enclosed by a cylinder 43 
which has at opposite ends piston heads 44 and 
45, piston head f45 being provided with a stuff 

ing box. 46 through which the piston rod passes. 
and prevents the escape of the medium from 
Within the cylinder. 
The piston 42 is adapted to be actuated rela 

tive to the cylinder by an hydraulic medium, 
preferably oil, and the circuit for controlling the 
flow of the medium is shown most clearly in Fig 
lure 22. As there shown, the hydraulic System in 
cludes a sump Or tank 47 which contains the 
oil. This tank 47 may be a separate independent 
unit attached to the machine or it may form a 
part of the Supporting bed or column as is usual 
practice. Disposed above the tank 47 is a power 
driven pump 48 connected with the tank by a 
suction line or pipe 49. The pump 48 discharges 
the medium under preSSure into a Conduit Or 
pipe f 50 which terminates in the starting and 
stopping valve indicated generally by the nu 
meral f5 and the conduit has extending there 
from a branch conduit connected with the relief 
valve 52. 
The starting and stopping valve 5 is shown 

structurally in Figure 9 and as there shown com 
prises a valve bushing 52A pressed into a bore 
in a valve casing 53 carried by the housing 28. 
The bushing 52A has formed therethrough a 
plurality of sets of radial ports including ports 54, 
55, 56, 57, 58 and 59. Each set of ports is en 

circled by a similar circumferential groove f60 
formed in the exterior of the bushing 52A. Dis 
posed within the bore in the bushing 52A is a 
valve member 6 having a plurality of piston por 
tions including piston portions 62, 63 and 64 
forming between them cannelures 65 and 66, 
which in different positions of adjustment of the 
valve connect the several sets of radial ports in 
different combinations. 
The valve member 6 is connected by a hook 

connection 67 to a stem, 68. The stem 68 is 
mounted in Support ribs 69 integral with the 
housing 28 for axial movement relative thereto 
and to effect the movement of the valve member 
6. The free end of the stem 68 is mounted 

in a guide sleeve T0 carried by the housing 28. 
The sleeve 70, in addition, encloses a spring 
f f which abuts on One end With the stem 58 
and on the other end with a plug f2 which 
closes one end of the sleeve 70. The spring 

is utilized for shifting the valve 6 in one 
direction, namely, to a stop position while the 
said valve is mantially shifted to its second or 
open position and latched thereini by means to 
be later described. 
As was just noted, the valve member 6 is 

shifted to a right hand Or running position by 
manual means which effects the starting of the 
cycle of operation of the machine and for this 
purpose the stem 68 is provided with a reduced 
portion 73 formed between a collar 74 and the 
stem guide portion 75 which guide portion is 
disposed within the guide sleeve 0. A valve 
shifter member 6 is provided, having a bifur 
cated end 77 whose arms straddle the reduced 
portion 73 of the stem and are adapted on oppo 
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site sides thereof to engage the shoulders pro-75 
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starting position. 

between them the central 
Since when in this position the transverse pin 

4. 
vided by the stem collar 74 and guide portion 
f7 5. In other words, the valve shifter member 
76 is actuated to the right, as seen in Figure 9, 

against the yielding resistance of Spring if for 
correspondingly shifting the valve to its open, or 

To effect this shifting the 
shifter member 76 is pinned or otherwise Se 
cured to the end of a rod fi8 mounted for slid 
ing movement through a bearing sleeve f79 pro 
vided by housing 28 and additional barings 
provided by a supplemental housing 80. With 
in the supplemental housing ?&0 the rod 78, see 
Figure 5, is provided with nuts 8 and 82 which 
form abutments for the long arm 83 of a bell 
cranklever 84. The lever 184 is pivotally mount 
ed at 85 within the supplemental housing 80 
for oscillating movement relative thereto and the 
Said lever has projecting on the other side of 
the pivot 85 its short arm 86. Pivotally con 
nected to the free end of the short arm 86 is 
a clevis 8 secured to the end of an angularly 
disposed rod or bar f88, see Figure 7. The rod 
f88 carries at its upper end a second clevis 89 
which is pivotally connected at 90 to a short 
lever 9 keyed or otherwise Secured to an oscil 
latable shaft. 92. The Shaft f 92 is oscillatably 
journaled in a bracket 93 secured to the outer 
face of the supplemental housing - 80 and the 
Said shaft extends beyond the said housing to 
Which extending portion is secured the operating 
lever 94. 
From the foregoing it will be noted that the 

lever 94 may be actuated for effecting the 
counterclockwise oscillation of the bell crank 
84 as seen in Figure 5 for causing a shifting of 
the valve stem 78 to the right as seen in Figures 
5 and 9. This movement of the rod 78 through 
the valve shifter f76 correspondingly shifts the 
valve stem 68 and valve S to an open or 
starting position. The handle 94 and bell crank 
f84, upon release thereof by the operator, when 
actuated in either direction, is returned to a 
neutral or central position. The mechanism for 
effecting this return is illustrated in Figures 5 
and 6 and comprises a pin 95 extending trans 
versely of one of the arms of the bell crank. 84. 
As shown in the drawings the pin passes through 
the short arm 86 of the bell crank and the pin 
extends through elongated perforations or slots 
formed in angle members 95 and 97 which 
have respectively projecting therefrom studs 
98 and 99. Respectively encircling the said 

Studs are coil springs 200 and 29 which con 
tact on one end with their angle brackets 96 
and 97 and on the other ends with the lat 
eral walls of the housing 80. The studs 98 
and 99 are each provided with nuts 292 for in 
itially positioning the lever f84 and determining 

position thereof. 

95 engages the opposite limits of the elongated 
perforations or slots in the members 96 and 87 
it is believed that the operation of this structure 
is evident from the drawings without a further 
description thereof. 
The valve member f6f and valve stem 68 are 

locked in the open position or during the cycle 
of operation of the machine and for this purpose 
the collar f4. On the stem f68 has a shoulder 203 
which co-operates With the nose 204 of a latch 
member 205. The latch 205 is pivotally mount 
ed at 206 within the housing 28. In order to 
shift the latch 205 to its latching position it has 
connected therewith one end of a spring 207 
which has its other end anchorud to a fixed part 
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of the housing 28 interiorly thereof, as seen for 
example in Figure 9. 
The latch is adapted to be automatically re 

leased at the end of a given cycle by means to be 
later described, and additionally the latch may 
be released by the handle 94 in case of an 
emergency. For this purpose the rod 8 ter 
minates closely adjacent the upper end of the 
latch 205 and is provided with an adjustable 
abutment 208 here shown as a headed bolt Or. 
screw threaded into the end of Said rod 78 
and provided with suitable lock nuts for locking 
the bolt in adjusted positions. It should also be 
noted at this time that should the valve member 
f6 not be shifted by the spring liff due to . 
sticking of certain of the parts the valve shift 
er 76 may be actuated through the handle 94 

0. 

5 

to engage the adjacent shoulder of the collar 
74 and thereby manually shift the valve to its 

closed position. It should be understood that 
in the normal operation of the machine the valve 
will automatically shift to its closed position 
and the latch will be automatically tripped, the 
manual tripping and shifting of the valve just 
described being resorted to only in the case of an 
emergency. 

In order to automatically trip the latch it is 
provided in its upper end with a cross slot or 
notch 209 receiving the ball end 20 of a lever 
2ff keyed or otherwise secured to one end of 
a shaft 23. The shaft 23 is journaled for OS 
ciliation in a bearing sleeve 24 carried by a 
wall 25 of the housing 28. The shaft 23 pro 
jects beyond the inner end of the sleeve 2 and 
has keyed or otherwise secured thereto a flipper 
dog 2 6. The flipper dog 2.6 overlies a stop dog 
27 secured in a slot 28 formed in the upper Sur 
face of the carrier 40. The dog 27 is located at 
the right hand end of the said carrier and since 
the carrier makes one reciprocation to the right 
for effecting the oscillation of the bed plate and 
parts carried thereby to reduce a Work piece to 
the desired size and then a return reciprocation 
to its initial position the latch will be released 
at the conclusion of a complete cycle. In other 
words, the starting and stopping valve is man 
ually opened to initiate a machine cycle and au 
tomatically shifted to stop the machine at the 
conclusion of this cycle. 
When the stop valve is shifted from the right 

hand or running position to a position to the 
left of that indicated in Figures 9 and 22, pres 
Sure line 55 will then be connected by Way of 
the cannelure f 6 of the valve to port 56 and 
thence through line 29, port 59 and the adja 
cent valve cannelure to port S8 and line .227. 
It Will thus be evident that when the valve de 
vice has been moved to a stop position, prevent 
ing flow of the hydraulic actuating medium for 
effecting cyclic shifting of the machine, that the 
fluid is then connectible by Way of the lines and 
portings just referred to to conduit 227 leading 
to the truing mechanism for actuation thereof. 
Accordingly the one valve serves alternatively 
to direct pressure either to the feed controlling 
mechanism or to the truing device, depending on 
the position adjustment thereof. . 

Continuing now the description of the hy 
draulic circuit as shown in Figure 22, it will be 
seen that the pressure conduit 50 terminates at 
the ports 55 of the starting and stopping valve 
bushing 52A, while the ports f 56 and 59 have 
connected thereWith one end of branch condits 
219 and 220, the latter of which empties into 
the tank or Sump 4. Included in the conduit 
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220 is a valve 22 of any well known or acceptable 
construction which will maintain a definite back 
pressure in the system. The ports 54 have con 
nected therewith one end of a pipe or conduit 
222 that terminates at its other end in a re 
versing valve mechanism indicated generally by 
the numeral 223, while the ports f 57 have con 
nected therewith one end of a pipe or conduit 
224, which terminates at its other end in the 
pilot reversing valve mechanism indicated gen. 
erally by the numeral 225 and the said con 
duit .224 also terminates through a branch con 
duit or pipe 226 in the reversing valve mecha 
nism 223. The ports 58 of the starting and 
stopping valve f5 f have connected therewith one 
end of a pipe or conduit 227 which terminates at 
its other end in the control mechanism for oper 
ating the truling mechanisms for the grinding 

20 
and regulating wheels as will be described in de 
tail later. w 
The pilot and reversing valve mechanisms are 

in practice mounted in axial alignment in the 

25 
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35 

valve casing 53 and for convenience are disposed 
above the starting and stopping valve mechanism 
f5 as shown in Figure 9. These valves are in 
dependent mechanisms, the reversing valve being 
operated by pressure under the control of the 
pilot valve which in turn is controlled by suitable 
dogs. AS ShOWn in Figure 9, the reversing valve 
mechanism 223 comprises a valve bushing 228 
through which is formed a plurality of sets of 
radial ports 229, 230, 23, 232, 233,234 and 235, 
each set being encircled by a similar circumferen 
tial groove 236 formed in, the exterior of the bush 
ing 228. Within the bore in the bushing 228 is 
the reversing valve member 237 having formed 
thereon pistonportions 238, 239 and 240 forming 

connecting the chambers formed at the adjacent 

between them cannelures 24 and 242 which con 
nect the sets of radial ports in different combina 
tions depending upon the position of the valve 
member. 
The pilot valve mechanism 225 comprises a 

valve bushing 243 mounted in the same bore in 
the valve block 53 in which the valve bushing 
228 is disposed. The said bushings 228 and 243 
are separated by a disc 244 through which is 
formed a port 245, the port 245 being utilized for 

ends of the bushings 243 and 228. The pilot 
valve bushing 243 has formed therethrough a 
plurality of sets of radial ports 246, 24, 248 and 
248, each set being encircled by a similar cir 
cumferential groove 249 formed in the exterior 
of the bushing 243. Disposed within the bore 
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through the bushing 243 is a pilot valve member 
250, which has formed thereon piston portions 
25, 252 and 253, forming between them can- . 
nelures 254 and 255 for connecting the pilot valve 
bushing radial ports in different combinations. 
As stated above, the reversing valve bushing 

228 and pilot valve bushing 243 are each provided 
with a chamber at their inner adjacent ends, 
being respectively formed on opposite sides of the 
disc 244. At the same time the bushing 228 has 
a chamber 27 formed at its other end which is 
closed by a plug 272 threaded into the outer end 
thereof. Also the pilot valve bushing 243 is like 
wise provided with a chamber 273 formed at its 
outer end, which chamber is closed by a plug 
24. The inner chamber of the pilot wave bush 
ing communicates with the cannelure 254, see 
Figure 22, by way of a port 275 formed centrally 
through the pilot valve member from the left 
hand end thereof as seen in the Said Figure 22. 
and a transverse port 276 formed through the 

- fingers 267 and 268. 

5 
reduced portion of the valve member which forms 
the cannelure 254. Likewise the chamber 273 at 
the outer end of the pilot valve bushing commun 
icates with the cannelure 255 by way of a port 
277 formed centrally of the pilot valve member 5 
from the left hand end thereof and a transverse 
port 28 formed through the reduced portion of 
the valve member which forms the cannelure 255. 
The pilot valve member has two operative posi-, 

tions determined by circumferential grooves 256 
and 257 formed circumferentially of the valve 
member 250 which co-operate with a spring load 
ed detent 258. In order to shift the valve there 
is provided a valve shifter member 259 having a 
nose 260 disposed in a circumferential groove as 
Sociated with the valve member and forming 
shoulders at each end thereof against which the 
noSe engageS for shifting the same. The shifter 
member 259 is pinned or otherwise secured to a 
rod 260A mounted for sliding movement in bear 
ings provided by the support ribs f69 of the hous 
ing 28. Intermediate its ends the rod 260A has 
formed therein a notch 26 receiving the ball end 
262 of an arm 263, keyed or otherwise secured to 

0 

15 

20 

an oscillatable shaft 264. The shaft 264 is jour- 25 
naled for oscillation in a bearing sleeve 265 
Supported by the housing rib 215 and the shaft 
264 projects beyond the sleeve 265 to which is se 
cured a flipper member 266. having depending 

30 
The pilot valve member 250 is adapted to be 

shifted to its different positions at each end of 
the stroke of the carrier 40 for effecting the re 
verse Operation of the carrier. piston 142. For 
this purpose the flipper 266 overies a pair of re- 35 
Versing dogs 269 and 270 adjustably secured in 
the slot 28 of the carrier 40. The operating 
portions of the dogs 269 and 270, however, are 
offset with respect to the operating portion of the . 
stop dog 27. Therefore, no interference is had 40 
between the said reversing and stop dogs and the 
flippers 266 and 26. From the foregoing it is 
believed now evident that the reverse reciproca 
tions of the carrier 40 are effected at each end 
of the travel of the carrier and since, as above 
described, the carrier is stopped at the comple 
tion of each complete cycle the mechanism is a 
Semi-automatic one or fully automatic when once 
Set in motion. 

Referring again to Figure 22 and Continuing 
the description of the hydraulic circuit the ports 
229 of the reversing valve bushing have connect 
ed therewith one end of a conduit 279 which ter 
minates at its other end in the ports 248 of the 
pilot valve bushing. The ports 230 of the revers 
ing valve bushing have connected therewith one 
terminus of a pipe or conduit. 280 which termi. 
nates at its other end in a pressure balancing 
valve mechanism indicated generally by the nu 
meral 28 and the conduit 280 through the branch 
conduit 282 terminates at the right hand end of 
the wedge actuating cylinder 43. The ports 23 
have Connected therewith the other end of the 
pressure conduit 222, which extends from the 
start and stop valve mechanism 5f while the 
ports 234 have connected therewith the other 
end of the branch discharge conduit 226 which 
likewise extends from the valve mechanism f 5. 
The ports 232 have connected therewith one end 
of a pipe or conduit 283 which terminates in the 
feed rate control valve mechanism indicated gen 
erally by the reference numeral 284, while the 
ports 233 have connected therewith one end of a 
conduit 285 which in turn connects with conduits 
286 and 287 respectively terminating in the feeds 
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6 
rate controi Yave mechanism and the left hand 
end of the wedge cylinder 43. The ports 235 
have connected therewith one end of a conduit 
288 which terminates at its other end in the pres 
Sure balancing waive mechanism. 28. The inner 
chamber of the reversing valve bushing and the 
adjacent or inner chamber of the pilot valve 
bushing are shown diagrammatically in Figure 22 
as connected by a line or conduit 289, but in prac 
tice this connection is made by Way of the port 
245 through the separator disc as above described. 

Referring now to the remaining connections of 
the pilot valve bushing ports, it will be seen that 
the ports 246 and 248 have respectively connect 
led therewith one end of conduits 290 and 29 
which empty into a conduit 292, in turn empty 
ing into a conduit 293 which terminates in the 
sump or tank 4. The ports 24 have connected . 
therewith the other terminus of the return Con 
duit 224 extending from the starting and stop 
ping valve mechanism 5. 
The feed rate control valve mechanism is, 

shown structurally in Figure 10 and is supported 
25 

30 

by the valve biock 53 in which the starting and 
stopping valve, reversing valve and pilot valve 
are disposed. This feed rate control valve mech 
anism comprises a waive bushing 294 through 
which is formed a plurality of sets of ports 295, 
296 and 29, the latter being considerably elon 
gated as compared to the others, each set, how 
ever, being encircled by a similar circumferential 
groove 298 formed in the exterior of the bushing 

3. 
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45 

2.94. Disposed in the bore through the bushing 
294 is a piston type valve 299 having formed 
thereon piston portions 300, 30 and 302, form 
ing between then cannelures 303 and 304. The 
central or piston portion 30 is utilized, depend 
ing upon its position relative to the elongated 
ports 297, to determine the rate of flow of the 
medium from the cylinder 43 and thereby deter 
mine and control the rate of movement of the 
piston therein and rate of movement of the work 
toward the wheel. 
The waive member 299 is constantly urged to 

move toward the right, as seen in Figures 10 and 
- 22, by a spring 305 which abuts on the rear end 

50 

of the valve member 299 and on the base of 
an enclosing sleeve 306 carried by the valve bush 
ing 294. The moyement of the valve 300 by the 
spring 305 is limited by an adjustable abutment 
3OT carried by the end of a rod 308 lying in axial 
alignment. With the valve member 300. The rod 
3O8 is mounted for sliding movement through 

...bearings provided by the transverse Supporting 
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ribs 69. The rod 308, and consequently the valve 
member 300, are shifted automatically during the 
operation of the machine. 
To effect this axial shifting of the rod 308 it 

is provided intermediate its ends with a trans 
verse slot 309 receiving the ball end 30 of a lever 
3 keyed or otherwise secured to a shaft 32. 
The shaft 32 is disposed transversely of the 
housing 28 and is journaled for Oscillation in 
a sleeve 33 supported by the wall 25 of Said 
housing. The shaft 32 extends beyond the rear 
end of this supporting sleeve 33 and to the said 
projection is pinned or otherwise secured a lever 
34 which carries at its outer end a roller 35. 
The roller 35 rides on the cam face 36 of a cam 
plate 37 which is secured to the carrier 40. 
Asseen in Figure8 the camface 36 of the cam 

plate 37 has a high portion 38 at its right hand 
end followed by a relatively rapid inclined por 
tion 39 and a low flat portion 320. When the 
roller 35 is on the high portion 38 the valve 

2,065,100 
member 299 is in Stich a position to permit a 
rapid flow therethrough. When the stop valve 
is open, and with the feed rate valve member 299 
in this position a rapid movement of the work 
toward the wheel ensues. As soon as the roller 
3 5 starts to ride down the incline 39 the valve 
shifts under influence of the spring 305 to slow 
down the rate of movement of the Work and When 
the roller reaches the low eyel 32 this rate of 
movement is reduced to the usual rate of infeed 
or plunge cut grindigg. The parts are so related 
to one another that the roller 34 reaches the 
junction of the inclinations 39 and 320 at Sub 
stantially the same instant that the Work initially 
contacts with the grinding wheel. From then 
on the rate of movement of the work relative to 
the wheel is at a constant grinding rate as above 
indicated. It is understood that this rate of 
movement refers to the infeed cam member 30 
which acts through the plunger 26 and Connect 
ing links for oscillating the bed plate 97. 
As seen in Figure 22 the feed rate valve bush 

ing ports 295 have connected therewith the other 
end of the conduit 283 which extends from the 
reversing valve mechanism 223, while, the ports 
29 are also connected with the said conduit 283 
by means of a branch conduit 32. The ports 
295, in addition, have connected therewith one 
end of a conduit 322 which terminates in the 
balanced pressure valve mechanism 28, while the 
ports 297 and 296 are additionally respectively 
connected by conduits 323 and 324 which also 
terminate in the balanced pressure valve 28. 
The balanced pressure valve is shown struc 

turally in Figure 10 and is utilized, as above noted, 
for maintaining a definite back pressure in the 
exhaust side of the System. This back pressure 
valve mechanism is actuated and controlled by 
the forward and exhaust pressures in the system 
and acts in conjunction with the feed rate Con 
trol valve for maintaining the rate of feed in 
accordance with the setting of the feed rate valve. 
As shown in Figure 10, the balanced pressure 
valve is mounted in the same valve block 53 and 
for convenience is disposed beneath the feed rate 
valve mechanism. This balanced valve mecha 
nism comprises a valve bushing 325 having formed 
therethrough a plurality of sets of radial ports 
326, 327, 328, 329 and 330, each set being con 
nected by a similar circumferential groove 33. 
Disposed within the bore through the bushing 325 
is the balanced valve member 332 having formed 
thereon piston portions 333,334 and 335 between 
which is formed cannelures 336 and 337. The 
ends of the bushing bore are enlarged to form 
the chambers 338 and 339 into which the ends of 
the valve member 332 project. The said cham 
bers are closed by means of plugs 340 and 34 
threaded into the ends of the bushing. It is into 
the chambers 338 and 339 that the ports 330 and 326 empty. 
As seen in Figure 22 it is with the ports 327 that 
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the conduit 322 connects at its other end, while 
the conduits 323 and 324 connect with the ports 
330. The ports 326 are connected through a 
conduit 342 and a choke coil 343 with the conduit 
322. The ports 328 are connected with the other 
terminus of the conduit 288 while the ports 329 are 
connected to the other end of the conduit 280 
which, together with the conduit 288, extend from 
the reversing valve mechanism 223: 
The foregoing description completes the hy 

draulic circuit, the various valves in said circuit 
and the means for actuating said valves which 
effect and control the movement of the infeed 
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wedge piston f62 which effects the actual move 
ment of the work as respects the grinding Wheels, 
The complete operation of this circuit is as fol 
lows: w 

The work piece is inserted within the grinding 
throat by means to be subsequently described into 
engagement with the work rest blade of and the 
ever 94 actuated to shift the starting and Stop 
ping valve member St to its open position, that 
shown in Figure 22. The valve is held in this 
position manually until the latch 205 drops into 
locking position behind the collar 203. At this 
time the pilot reversing valve member 205 is in 
the position opposite to that shown in Figures 9 
and 22, thereby in effect causing the bed plate 
to be further retracted from the grinding Wheels, 
this for a reason which will be explained later. 
This retracting movement, however, takes place 
only for an instant when the reversing dog 270, 
which at this time is adjacent the arm 26 of the 
fipper 266, engages said arm 267 for actuating 
the flipper 266 in a clockwise direction as seen in 
Figure 8, and thereby shifting the pilot valve 
member 25 to the position shown in the draw 
ings. - 

The flow of the hydraulic medium when the 
valve member 6 is first shifted is through the 
conduit 50, starting and stopping valve mecha 
nism 5, conduit 222, reversing valve 223, and 
conduit 280 to the right hand end of the cylinder 
63 as seen in Figure 22 for actuating the piston. 
A42 to the left thereof. The medium ahead of 
the piston 42 is exhausted through conduits 287 
and 285, reversing valve mechanism 223, conduits 
226 and 224, starting and stopping valve 5 and 
conduits 289 and 220 to the sump 4. A definite 
back pressure is maintained in the exhaust Side 
of the circuit by the valve mechanism 22, this 
back pressure, for example, being in the neigh 
borhood of 125 pounds to the Square inch. As 
mentioned above, the movement of the pistOn 42 
for retracting the work from the wheel continues 
only for a very short space of time when the dog 
27 shifts the pilot waive mechanism 225 to the 
position shown in the drawings. The shifting of 
the pilot valve opens up the chamber 248 at the 
right hand end thereof, thereby permitting a flow 
of the exhaust medium under pressure through 
the conduit 224, radia port 28 in the pilot valve 
member 250 and axial port 277 into the chan 
ber 288’. The flow from the chamber 248 is 
through the conduit 279 to the chamber 2 at 
the left hand end of the reversing valve member 
for shifting it to the position shown in Figures 9 
and 22. The shifting of the reversing valve 
therefor disconnects the conduits 222 and 280 
and connects instead the conduits 222 and 283, 
causing the flow of the medium to the feed rate 
valve mechanism 28. 
At this time the feed rate valve member is to 

the opposite extreme position from that shown in 
Figures 10 and 22 due to the fact that the roller 
35 of the arm 3 4, which controls the position of 
the valve member 299, is riding on the high por 
tion 3 8 of the cam 3. As explained above, this 
permits a relatively free rate of flow in the Sys 
tem wherefore the piston 62 travels at a rapid 
rate to effect the rapid approach of the work and 
grinding wheel. The continued movement of 
the piston 42 shifts the cam 37 whereupon the 
roller 268 rides down the inclined portion 39 to 
gradually shift the feed rate valve member 299. 
to the position shown in the drawings for there 
by slowing down the rate of approach of the 
work and the grinding wheels. The flow of the 

tion to its port 29. 

7 
hydraulic medium when actuating the work to 
Ward the grinding wheel is through the conduits 
283 and 32 to the valve 284 where it is con 
nected with the conduit 286 to the left hand end 
of the cylinder 43. The medium ahead of the 
piston 42 is exhausted through conduits 282, 
balance pressure valve mechanism 28, conduit 
288, reversing valve mechanism 223, conduits 
226 and 224, starting and stopping valve 5 and 
conduits, 29 and 220 to the Sump 47. With the 
feed rate valve member 299 in its extreme left 
hand position from that shown in Figure 22 the 

5 
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port 297 is relatively wide open so that the full . 
flow is through the said port 297 to the port 296 
and conduit 286, thereby obtaining the rapid ap 
proach of the work and wheel. As the piston 
portion 30 on the valve member 299 approaches. 
the closing off position shown in the dra WingS, aS 
above described, the flow through the port 297 
is gradually decreased, thereby gradually slow 
ing down the movement of the piston. The un 
used and wasted medium passes through the port 
297 on the left hand side of the piston portion 
3 of the valve member 299 where it is connect 
ed by the conduit 322 with the balanced pressure 
valve mechanism 28 . . 
In order to maintain the feed or rate of move 

ment of the work with respect to the wheel as 
determined by the position of the feed rate valve 
member 299 the balanced pressure valve mech 
anism 28 is employed as above indicated. It 
will be noted that the forward pressure through 
the conduit 283 is connected by Way of conduits 
322 and 326 including the choke 343 with the 
chamber 339 at the left hand end of the balanced 
pressure valve member 332 and by Way of con 
duits 32 and 323 with the chamber 338 at the 
right hand end of balanced valve member 332. 
Since there is normally no outlet from these 
chambers the pressures therein will be in accord 

5 

40 
ance with the divided flow from the pressure con 
duit 283 as effected by the piston portion 30 
of the balanced pressure member 299 with rela 

This causes the balanced 
pressure valve member 332 to take a position 
relative to the port 328 to permit the flow of the 
exhaust medium through the conduits 282 and 
28 through the balanced pressure Valve member 
332 and the conduit 288. During a grinding or 
tooling operation the piston portion 30 f of the 
feed control valve member 299 will be nearer 
the right hand end of the port 297. Since the 
feed is necessarily a low one the greatest flow 
of the medium from the conduit 283 will be 
through the port on the left hand Side of said 
piston portion 30 f. In the event of an increased 
flow through the System or an increased pressure 
due to any of a number of well known reasons 
encountered in hydraulic circuits of machine 
tools, the increased flow would tend to accelerate 
the feed above that established by the feed rate 
valve mechanism. 284. This acceleration would 
be substantially instantly checked because the in 
creased flow would be through the conduits 322 
and 342 into the chamber 339 and thereby shift 
the balanced valve member to the right for cut 
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ting down the exhaust flow from the cylinder . 
through the said balanced pressure Valve mech 
anism, thereby Setting up a higher back pressure 
and effectively counteracting the attempted ac 
celerated movement of the piston. 
From the foregoing it is believed that the op 

eration of the hydraulic System is now clear and 
that the rate of feed between a tool and its work 
may be accurately controlled. The work and 
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8 
tool would be actuated relative to one another 
until the dog 269 engages the second arm 268 on 
the flipper 266 for shifting the pilot valve mem 
ber 6 to its second position which is, as above 
noted, opposite to that shown in the drawings. 
This, of course, disconnects the conduits 224 from 
the radial port 278 and aikial port 277 and instead 

10 

s 

2 

connects the said conduit 224 with the radial 
port 276 and axial port 275 for thereby placing 
the chamber at the inner end of the pilot valve 
member under pressure. This pressure is im 
mediately communicated through the port 245 of 
the disc 244, as shown in Figure 9, or the conduit 
289, as shown in Figure 22, with the inner cham 
ber of the reversing valve member 23 and there 
by shifting said valve member to its second or 
reversing position which is opposite to that shown 
in the drawings. At this time the flow of the 
hydraulic medium is that as first described. 

This, of course, causes the piston 42 to travel 
to the left as seen in the drawings. The move 
ment of the piston f42 in a retracting direction 
or to the left continues until the work is fully 
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retracted to its initial position. As will be ap 
preciated, this movement could be automatically 
reversed by the reversing dog 2) engaging the 
arm 267 of the flipper 266, but before this occurs 
the cycle is stopped. This stopping is effected 
by the dog 27 which is set to engage the flipper 
dog 26 before the reversing dog 270 actuated 
the flipper 266. The actuation of the fipper dog 
26 in a clockwise direction correspondingly 
shifts the lever 2 on the other end of the shaft 
to which the flipper dog is secured. This move 
ment of the lever 2 if actuated the latch 205 in a 
counterclockwise direction for lifting the nose 
204 thereof above the collar 4 on the starting 
and stopping valve stem 68. Upon release of 
the stem 68 the spring 7 expands and shifts 
the starting and stopping valve to the stop posi 
tion which is at the other end of its movement 
from that shown in Figures 9 and 22. 
Upon stopping of the machine cycle the Work 

piece is removed and an unfinished one substi 
tuted therefor, whereupon the lever 94 is again 
engaged for initiating the cycle of the machine. 
The means for inserting and withdrawing the 

work into and from the grinding throat is illus 
trated in Figures 3, 18, 19 and 20. As there shown, 
this means comprises a frame member consist 
ing of a front bar 344, a rear bar 345 and a pair 
of side bars 346 and 347 connected to one another 
to form a rectangular frame. The said. frame is 
supported on the upper edge of the regulating 
wheel head 5 where the said head is provided 
with an enlarged rib 348 to which is secured at 
opposite ends thereof brackets 349 and 350 con 
nected at their free ends to the side bars 346 and 
347. The said brackets 349 and 350 are each pro 
vided with an elongated aperture 35 through 
which passes attachment bolts or studs 352 into 
said side bars. " . . 

The work is adapted to be shifted relative to 
the work supporting frame for which purpose 
there is provided a transverse member 353 con 
veniently taking the form of an angle iron Se 
cured in any desirable manner to end platenem 
bers 354. The angle iron 353 and plates 354 are 
shifted below the supporting frame and have 
secured thereto at opposite ends thereof brackets 
355 and 356. Intermediate the ends of the angle 
iron 353 it carries a plurality of cradle blocks 35 
having formed therein slots 358 in which the work 
is disposed and whereby the said work is moved 
with the plates 354 and angle iron 3R8. 

2,065,100 
In order to effect the movement of the angle 

iron 353, and therefore, the work, the brackets 
355 and 356 at the opposite ends of the said angle 
iron are respectively secured to endless sprocket 
chains 359 and 360. The said chains 359 and 360 
are each trained about a pair of SprocketS 36 and 
362 located at opposite ends of the side bars 346 
and 347. The sprockets 36 are each journaled 
in a block 363 disposed at the inner ends of the 
side bars 346, while the sprockets 362 are each 
journaled in blocks 364 disposed at the outer ends 
of the said side bars 346 and 347. In practice, 
the outer sprockets 362 are keyed or otherwise 
secured to a shaft 365 which is in turn rotatabl 
journaled in the blocks 366. 
Additionally, each of the shafts 365 have se 

cured to them a small rack pinion 366 respec 
tively in mesh with rack teeth 367 and 368 of a 
rack bar 369. The rack bar 369 is mounted in 
suitable bearings provided by the forward frame 
bar 344 for sliding movement relative thereto and 
the teeth thereof upon sliding movement effect a 
rotation of the rack pinions 366 for actuating the 
endless sprocket chains 358 and 359 in the same 
direction, which causes the angle bar 353 and 
its plates 354 to move toward or from the grind ing throat. 

In order to effect the sliding movement of the 
bar 369 the outer frame member 344 is provided 
with a lug 370 in which is journaled at 37 one 
end of a lever 372. The outer end of the lever 
372 is provided with an operating handle or knob 
373 and between the said handle a pivot point 37 
with a lug 374. A link 375 has one end pivoted 
at 376 to the lever lug 374 and has its other end 
pivoted at 37 to the rack bar 369 intermediate 
the ends of said bar. The coupling of the link 
375 with the lever 372 is such as to provide a 
toggle joint for locking the bar 369 in its inner 
position, namely, that shown in Figure 18. It 
is believed that the operation of the bar 369 is 
self-evident since by grasping the handle 33 of 
the lever 372 and actuating same in a clockwise 
direction will shift the link 375 and therefore the 
rack bar 369 to the right causing a clockwise ro 
tation of the right hand Outer sprocket 362 and 
a counterclockwise rotation of the left hand outer 
sprocket 362, thereby causing the angle iron 353 
to be withdrawn from the grinding throat. Nat 
urally an opposite actuation of the parts would 
reversely shift the work cradles and work carried thereby. 
In order to limit the inward movement of the 

work and insure that the same is positioned prop 
erly within the grinding throat the brackets 355 
and 356 are each provided with an adjustable 
abutment screw 378 and 379 which engage with 
the wall of the sprocket supporting blocks 363. 
The work is held yieldably against the work 
rest blade O during the grinding operation, for 
which purpose the work rest blade block 00 has 
secured hereto at several points and along its 
length a bracket 380 to which is pivotally mounted 
at 38 a bell crank 382. The bell crank 382 has 
rotatably journaled at one end of One of its 
arms a pressure roller 383 and at the outer end of 
its second arm an abutment lug. 384. The abut 
ment, lug. 384 is adapted to be engaged by a 
spring actuated plunger 385 yieldably urged rela 
tive to a bracket 386 carried by the angle iron 353 
and disposed at points along said angle iron in 
termediate the work cradles 357. From the fore 
going it will be noted that when the work is in 
serted within the grinding throat time carriage 
therefor through the Spring plunger carried 
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thereby will yieldably hold the work against the 
Work rest blade during the grinding operation. 
The grinding and regulating wheels must peri 

odically be trued in order to produce accurate 
Work pieces having the desired quality of finish. 

. The means for truling the grinding wheels and 
the regulating wheels are independent of one 
another, but since they are substantially identical 
in construction but one of the truing mechanisms 
will be described in detail. The truing mech 
anism for the grinding wheels is shown in Fig 
lures 3, 11, 12, 13, 14 and 22, the latter figure 

20 

at its inner end the diamond or truing tool 395. 
The outer end of the bar 392 has a threaded bore 
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showing the hydraulic circuit and its connec 
tion with the machine circuit. 
The truling mechanism comprises a housing 38 

provided with a dovetail guideway 388 receiving 
a correspondingly shaped tongue 389 formed on 
the under surface of a slide, or carriage 390 which 
Supports the truling mechanism indicated gen 
erally by the numeral 39. The truling mech 
anism 39 comprises a sleeve 392 mounted in a 
cylindrical boss 393 integral with a second slide 
397 mounted on and transversely shiftable rela 
tive to the slide 390. Mounted in the sleeve 392 
is the truing tool or diamond bar 394 carrying 

therein receiving the threaded end of a screw 
396 whereby the said bar is axially adjusted rela 
tive to the surface of the wheels for effecting the 
inward movement thereof. 
As will be noted from the left hand end of 

Figure 11 one of the grinding wheels, 36A, is of a 
Smaller diameter than the other wheels, however, 
each of the wheels have a plane face. In order 
to insure the wheels being trued with a plane 
face the upper slide 397 of the truing mechanism 
has its position controlled by a cam. The cam 
is shown in Figure 11 and comprises a cylindrical 
bar 398 having secured thereto or formed in 
tegral therewith a plurality of cylindrical spools 
399, 400 and 40 f which are respectively disposed 
in alignment with one of the grinding - wheels. 
The bar 398, together with the cam portions 
thereon, is mounted in brackets 402 secured to a 
ledge or shelf 403 projecting outwardly from the 
main supporting bracket 387. In order to true the 
face of the Smaller wheel 36A the cam sleeve 40 
is provided with a reduced portion or second cam 
face 404. Secured to the outer end of the upper 
slide 39 is a stud 5 rotatably carrying a roiler 
406 which contacts with the periphery of the cam 
portions on the bar 398. In order to maintain 
engagement of the roller .406 and the controlling 
cam portions the traversing or lower slide 390 is 
formed with a lug 40 forming one abutment for 
a spring 408 which abuts at its other end with 
the lug 409, depending from the upper slide 397. 
The said spring 408 tends to shift the said upper 
carriage toward the face of the wheels and there 
by maintains contact between the follower roller 
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406 and camportions 399, 400, 40i and 404. From 
this it will follow that the said cans absolutely 
determine the operative position of the truing 
tool or diamond 395 while cutting across the 
faces of the wheels and that in between the can 
portions the diamond may shift inwardly of the 
faces of the wheels. To facilitate this movement 
of the diamond and its supporting slide the cam 
portions are provided at their opposite ends with 
tapers 40, facilitating the roller. in riding onto 
the operative surfaces thereof. 
To effect the traverse of the truling tool or 

diamond relative to the wheels the lower slide 398 
has secured thereto a cylinder 3A enclosing a 
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piston 42. The piston 42 is secured to the inner 
end of a hollow piston rod 43 which passes out 
through a head 44 on one end of the said cylin 
der 4ff. The outer end of the hollow piston rod 
43 is secured in a block 45 carried by the brack 
et 38. Extending through the hollow piston rod 
43 is a pipe or tube 46 likewise having its Outer 
end anchored in the block 45. The piston rod 
43 communicates with the cylinder on One side 
of the piston 42 through suitable ports 47 
formed therein, while the pipe or tube within the 
piston rod communicates With the cylinder On 
ths other side of the piston 42. The anchoring 
block 45 communicates with the reversing valve 
mechanism illustrated in Figure 14 for alternately 
connecting the hydraulic medium under pres 
sure with the opposite sides of the piston and 
thereby effecting reverse reciprocations of the 
truing tool relative to the wheels. 
The hydraulic circuit is shown in Figure 22 and 

as there shown illustrates similar mechanism for 
each of the truing mechanisms, that is, the mech 
anism for the grinding wheels and the mecha 
nism for the regulating wheels. It will further 
be seen that when one of the truling mechanisms 
is being used the other is inoperative since the 
ide position of the first truling mechanism Con 
nects the pressure medium with the second truling 
mechanism. Since, however, the control mech 
anisms for these truing mechanisms are otherwise 
identical but one of them will be described in 
detail as will the coupling between the two. . AC 
cordingly the supply line 227 which extends from 
the starting and stopping valve mechanism f 5 
terminates at the reversing valve mechanism 4f 8, 
diagrammatically shown in Figure 22 and struc 
turally shown in Figure 14. The valve mecha 
nism as shown in Figure 14 comprises a casing 
49 in which is pressed a valve bushing 420 hav 
ing formed therethrough a plurality of sets of 
radial ports 42?, 422, 423, 424, 425, 426, 427 and 
428, each set being encircled by a similar cir 
cumferential groove 429 formed in the exterior 
of the bushing 420. Disposed within the bore in 
the bushing 420 is a valve of the sliding piston 
type 430, having formed thereon piston portions 
43, 432 and 433, forming between them can 
nelures 434, 435 and 436 for connecting in differ 
ent combinations the radial ports in the bushing 
420, depending upon the position of the valve 
member 430. 
The valve member 430 has three operative po 

sitions and in order to shift the valve to said 
positions it is provided therein with a transverse 
slot 437 in which is received the ball end 438 of 
a Walve shifter 439 pinned or otherwise secured 
to an oscillatable, slidable shaft 440. To deter 
mine the operative positions of the valve member 
430, the shaft 448 has fastened to it a dog 44 
provided in its outer periphery with notches 442. 
Co-operating with the said notches is the nose 
443 of a spring pressed detent 444. 
The shaft 440 is mounted for sliding and oscil 

latory movement in bearings 445 provided by the 
valve housing 49. The outer end of the shaft 440 
projects beyond the housing 49 to which is pivot 
ally secured a handle 446. The lower end of the 
handle 446 is provided with a ball 44 disposed in 
a slot 448 formed in a block 449 secured to the 
housing 4f 9. The handle 446 is oscillated toward 
and from the housing 49 about the horizontal 
axis of its ball 44 in Order to effect the sliding 
movement of the shaft 49, while it is Oscillated 
about the axis of the shaft 440 to effect the oscil 
lation thereof. 
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Asseen in Figure 22 the supply conduit 22 con 

nects through branch conduits 450 and 45 with 
the ports 423 and 426 of the reversing valve mech 
anism 48. The ports 428 have connected there 
with one end of a discharge conduit 45A which 
terminates at its other end in the discharge con 
duit 220 below the back pressure valve 22. The 
port 427 by one truling mechanism has connected 
therewith one end of a conduit 452 Winich termi 
nates at its other end in the reversing valve 
mechanism. 453 of the second truling mechanism 
and thereby, supplies pressure to said mechanism 
when desired. At the same time the reversing 
valve mechanism 453, when neither of the truing 
mechanisms are in use, connects the conduit 452 
With a conduit 454 which has its one end termi 
nating in the said reversing mechanism, and its 
other end terminating in the discharge conduit 
45 A and thereby shorts the System on itself. 
The ports 42 and 425 of the reversing valve 
bushing 420 have respectively connected with 
them one end of conduits 455 and 456 which in 
turn empty into a conduit 457 that terminates 
in a rate control valve indicated generally by the 
numeral 458. The remaining ports 422 and 423 
have respectively connected therewith one end of 
conduits 459 and 460, which respectively connect 
at their opposite ends with the hollow piston rod 
aid the pipe extending therethrough for alter 
nately supplying the pressure to opposite sides 
of the piston 42 and connecting the remaining 
side to the Sump or tank. - 
The rate control valve is illustrated structurally 

in Figure 12 and comprises a valve bushing 46 
having formed therethrough a plurality of Sets 
of radial ports 462, 463 and 464, each set being 
connected by a similar circumferential groove 465 
formed in the exterior of the bushing .46. 
Mounted within the bushing 46 is the rate con 
trol valve member 466 having formed substan 
tially at opposite ends piston portions 46 and 
468, forming between them the cannelure 469. 
The piston portion 468 is provided at its inner 
end with a conical portion 470 which acts as an 
hydraulic resistance to more or less limit the flow 
of the hydraulic medium through the ports 464. 
The minimum amount of flow through the ports 
464 as effected by the conical portion 470 may 
be adjusted by limiting the movement of the valve 
member 466 to the left as seen in Figure 12. This 
adjustment is effected by an abutment 4f formed 
on the inner end of a stem 472 threaded into a 
bonnet 473 in the end of the valve bushing 46. 
The valve member 466 may be manually posi 

tioned with respect to its bushing 46 by means 
of the handle 446 and axial shifting of the shaft 
440. For this purpose the shaft 440 has formed 
therein a transverse notch 44 receiving the 
upper ball end 475 of a lever 476 keyed or other 
wise secured to a shaft ATT. The lower ead of 
the lever 476 is also provided with a ball end 478 
received in a notch 479 formed in the valve mem 
ber 466. By reference to Figure 12 it Will, there 
fore, be seen that actuation of the shaft 440 in 

; an axial direction will oppositely shift the valve 
member 466. The valve member 466 is normally 
shifted to its closed position, that illustrated in 
Figure 12, for which purpose the shaft 477 has 
keyed or otherwise secured to it an arm 480 to 
the free end of which is secured a spring 48 
having its other end anchored in a fixed part 
of the valve housing 49, such as the pin 482 pro 
jecting from a wall thereof. From this it is seen 
that the rate control valve member 466 is manu 
ally operated or actuated through the handle 446 
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and shaft 440 for opening the ports 464 and per 
mitting a greater flow through the ports 464. 

Referring again to Figure 22 it will now be ap 
preciated that the conduit 457 from the reverse 
valve mechanism 4.8 is the exhaust conduit and 
is connected with the ports 464 of the rate con 
trol valve 458. The remaining ports 463 and 462 
of this rate control valve 458 are respectively 
connected with one end of conduits 483 and 484 
which in turn empty into a conduit 485 discharg 
ing into the main return conduit 45 A. 
The stem 472 which controls the closing of 

position of the rate control valve 466 is set to de 
termine the rate of movement of the truling tool 
past the wheels. By reference to the drawings, 
it will be seen that the wheels are spaced a con 
siderable distance apart and if the rate of travel 
of the truing tools between the said wheels were 
maintained at the truling Speed a considerable 
amount of lost time would ense. For this rea 
son the valve member 466 is automatically, axial 
ly positioned to increase the rate of travel of 
the tool between the wheels. To effect this in 
crease in this rate of travel and to automatically 
adjust the position of the rate valve member 
466, the shaft 47 extends beyond the housing 
49 as a spline shaft 486. This shaft 486 extends 
entirely across the machine and the wheels there 
of. Secured to the underside of the lower slide 
390 is an arm 487, see Figure 3, having oscil 
latably mounted therein a sleeve 488. The sleeve 
488 has a splined bore therethrough complemen 
tary to the spline shaft 486 and slides along said 
shaft as the truling tool is moved relative thereto. 
Depending from the bushing 488 is an arm 490 
to which is secured a cam follower 49. The 
follower 49 conveniently takes the form of a 
roller and rides on the cam face of a bar 492 se 
cured to the shelf or ledge 403 projecting from 
the housing 387. The cam bar 492 is provided 
with a plurality of enlarged cam portions 493 
which act on the cam follower for shifting the 
arm 490 in a counterclockwise direction as seen 
in Figure 3, thereby correspondingly oscillating 
or rotating the shaft 486-47. The oscillation 
of the shaft. correspondingly actuates the lever 
476 for shifting the rate control valve to a posi 
tion for opening the exhaust ports 464 and per 
mitting an increase in rate of travel of the truling 
tool. As will be seen from Figure 11, the cam 
portions 493 are located intermediate the grind 
ing wheels 36 so as to increase the speed of travel . 
of the truing tools between said wheels. 

It is believed that with the foregoing descrip 
tion the complete operation of the improved 
grinding machine will be understood. 
What is claimed is: 
1. In a grinding machine of the class de 

scribed the combination of a bed, a grinding 
wheel rotatably mounted on said bed, a work 
supporting and rotating unit, means for pivotal 
ly mounting said unit on the bed for adjustment 
transversely thereof, additional means for pivot 
ally mounting the unit on the bed for Oscillation 
toward and from the grinding wheel, hydraulical 
ly actuated means for effecting the oscillation of 
the unit, and control means for the hydraulic 
actuating means for cyclically oscillating the 
unit at a rapid rate and a slow rate toward the 
grinding wheel, and at a rapid rate from the 
grinding wheel and stopping said oscillation in 
the retracted position. 

2. In a centerless grinding machine the combi 
nation of a bed, a grinding wheel rotatably 
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forming with the grinding wheel a grinding 
throat, a head rotatably supporting the regulat 
ing wheel, a slide for the head, a supporting plate 

0. 

5 

pivotally mounted on the bed for the slide, and 
means pivotally connecting the slide pivot means 
to the bed whereby the plate may be adjusted 
transversely of the bed for aligning the axes of 
the grinding and regulating wheels and whereby 
the plate may be oscillated to effect a relative 
approach and retraction of the grinding and 
regulating wheel axes. . 

3. In a centerless grinding machine the combi 
nation of a bed, a grinding wheel rotatably 
mounted on said bed, an opposed regulating 
wheel forming with the grinding wheel a grind 
ing throat, a head rotatably supporting the regul 
lating wheel, a slide for the head, a supporting 
plate pivotally mounted on the bed for the slide 

20 

2 5 

30 

40 

45 

50 

means pivotally connecting the slide pivot means 
to the bed whereby the plate may be adjusted 
transversely of the bed for aligning the axes of 
the grinding and regulating wheels and whereby 
the plate may be oscillated to effect a relative 
approach and retraction of the grinding and 
regulating wheel axes, and power actuated means 
for effecting the oscillation of the plate toward 
and from the grinding wheel. 

4. In a centerless grinding machine the combi 
nation of a bed, a grinding Wheel rotatably 
mounted on said bed, an opposed regulating wheel 
forming with the grinding wheel a grinding 
throat, a head rotatably supporting the regulat 
ing wheel, a slide for the head, a supporting plate 
pivotally mounted on the bed for the side, means 
pivotally connecting the slide pivot means to the 
bed whereby the plate may be adjusted trans 
versely of the bed for. aligning the axes of the 
grinding and regulating wheels and whereby the 
plate may be oscillated to effect a relative ap 
proach and retraction of the grinding and regul 
lating wheel axes, power actuated means for ef 
fecting the oscillation of the plate toward and 
from the grinding wheel, means within the grind 
ing throat for peripherally supporting a work 
piece, a second slide On the plate for Supporting 
the work Supporting means, and independent 
means for effecting the adjustment of the Said 
slides for varying the grinding throat and the 
position of the work support relative thereto. 

5. In a machine tool organization the combi 
nation of a bed, a plate pivotally secured to the 
bed, a slide member mounted on the plate for 
movement relative thereto, a wedge shaped can 
for effecting the oscillation of the plate, an hy 
draulic piston and cylinder mechanism for actui 
atting the cam, and control means for sequential 
ly shifting the cam at rapid and slow rates in one 
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direction and at a rapid rate in the reverse di 
rection. 

6. In a machine tool organization the combi 
nation of a bed, a plate pivotally secured to the 
bed, a slide member mounted on the plate for 
movement relative thereto, a Wedge shaped can 
for effecting the Oscillation of the plate, an hy 
draulic piston and cylinder mechanism for actu 
ating the cam, control means for sequentially 
shifting the cam at rapid and slow rates in one 
direction and at a rapid rate in the reverse di 
rection, and manual means for initiating the op 
eration of the piston and cylinder mechanism. 

7. In a machine tool organization the com 
bination of a bed, a plate pivotally secured to the 
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bed, a slide member mounted on the plate for 
movement relative thereto, a wedge shaped cam 
for effecting the oscillation of the plate, an hy 

11. 
draulic piston and cylinder mechanism for actu 
ating the cam, control means for sequentially 
shifting the can at rapid and slow rates in one 
direction and at a rapid rate in the reverse di 
rection, manual means for initiating the opera 
tion of the piston and cylinder mechanism, and 
automatic means for stopping the operation of 
the piston and cylinder mechanism at the end of 
the reverse rapid movement. 

8. In a machine tool organization the combi 
nation of a bed, a tool support, a Work Support, 
means pivotally connecting one of said supports 
to the bed for OScillation relative thereto toward 
and from the tool, cam means for effecting the 
oscillation of the Said Support, an hydraulic no 
tor for actuating the can, an hydraulic circuit 
for controlling the movement of the motor in 
cluding a start and stop valve, manual means for 
shifting the start and stop valve in one direction, 
yielding means for shifting the said start and stop 
valve in the other direction, means for latching 
the valve in the position effected by the manual 
means, automatically operable means for un 
latching the valve to permit its operation by the 
yielding means, a pressure actuated reversing 
valve between the starting and stopping valve and 
motor, and a pilot valve operated by the motor 
for connecting the hydraulic pressure with the 
reversing valve to effect its operation. 

9. In a grinding machine the combination of a 
bed, a grinding wheel head mounted thereon, a 
Workhead mounted on the bed, a support for one 
of Said heads pivotally secured to the bed for os 
cillation toward and from the other head, a 
Wedge can for effecting the oscillation of said 
head support, a connection between the cam and 
Support whereby movement of the cam effects the 
OScillation of the support, an hydraulic motor for 
actuating the cam, an hydraulic circuit for effect 
ing the operation of the motor, a starting and 
Stopping valve in Said circuit for initiating and 
stopping the operation of the motor, a rate con 
trol valve in the circuit for determining the rate 
of movement of the motor and rate of OScillation 
of the support, and means operable by said motor 
for automatically positioning the rate control 
valve to automatically determine and vary the 
rate of operation of the motor. 

10. In a grinding machine the combination of 
a bed, a grinding wheel head mounted thereon, a 
Workhead mounted on the bed, a support for one 
of said heads pivotally secured to the bed for 
Oscillation toward and from the other head, a 
wedge can for effecting the Oscillation of said 
head Support, a connection between the can and 
Support whereby movement of the cam effects 
the oscillation of the support, an hydraulic motor 
for actuating the cam, an hydraulic circuit for 
effecting the operation of the motor, a starting 
and stopping valve in said circuit for initiating 
and stopping the operation of the motor, a rate 
control valve in the circuit for determining the 
rate of movement of the notor and rate of Oscil 
lation of the support, means operable by said 
motor for automatically positioning the rate con 
control valve to automatically determine and 
vary the rate of operation of the motor, and 
manual means for shifting the starting and stop 
ping valve to initiate the operation of the motor. 

11. In a grinding machine the combination of 
a bed, a grinding wheel head mounted thereon, a 
Work head mounted on the bed, a Support for one 
of said heads pivotally secured to the bed for 
Oscillation toward and from the Otaer head, a 
wedge cam for effecting the oscillation of said 
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head support, a connection between the cam and 
support whereby movement of the cam effects the 
Oscillation of the support, an hydraulic motor 
for actuating the cam, an hydraulic circuit for 
effecting the operation of the motor, a starting 
and stopping valve in said circuit for initiating 
and stopping the operation of the motor, a rate 
control valve in the circuit for determining the 
rate of movement of the motor and rate of os 
cillation of the support, means operable by Said 
motor for automatically positioning the rate con 
trol valve to automatically determine and vary 
the rate of operation of the motor, manual means 
for shifting the starting and Stopping valve to 
initiate the operation of the motor, and means 
operable by the motor for shifting the starting 
and stopping valve to a second position for stop 
ping the operation of the motor. 
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12. In a grinding machine the combination of a 
bed, a grinding wheel head mounted thereon, a 
Work head mounted on the bed, a support for one 
of said heads pivotally secured to the bed for 
Oscillation toward and from the other head, a 
Wedge can for effecting the Oscillation of said 
head support, a connection between the cam and 
support whereby movement of the cam effects 
the oscillation of the support, an hydraulic motor 
for actuating the cam, an hydraulic circuit for ef 
fecting the operation of the motor, a starting and 
stopping valve in said circuit for initiating and 
stopping the operation of the motor, a rate con 
trol valve in the circuit for determining the rate 
of movement of the motor and rate of oscillation 
of the support, means operable by Said motor 
for automatically positioning the rate control 
valve to automatically determine and vary the 
rate of operation of the motor, manual means for 
shifting the starting and stopping Valve to initiate 
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the operation of the motor, and a reversing valve 
between the starting and stopping valve and 
motor for determining the direction of operation 
of the motor. 

13. In a grinding machine the combination of 
a bed, a grinding wheel head mounted thereon, a 
work head mounted on the bed, a support for one 
of said heads pivotally secured to the bed for 
oscillation toward and from the other head, a 
wedge cam for effecting the oscillation of said 
head support, a connection between the can and 
support whereby movement of the can effects 
the oscillation of the support, an hydraulic motor 
for actuating the cam, an hydraulic circuit for ef 
fecting the operation of the motor, a starting and 
stopping valve in said circuit for initiating and 
stopping the operation of the motor, a rate con 
trol valve in the circuit for determining the rate 
of movement of the motor and rate of Oscillation 
of the support, means operable by said motor for 
automatically positioning the rate control valve 
to automatically determine and vary the rate of 
operation of the motor, manual means for shift 
ing the starting and stopping valve to initiate the 
operation of the motor, a reversing valve between 
(the starting and stopping valve and motor for 
determining the direction of operation of the 
motor, and means operable by the motor for ac 
tuating the reversing valve. 

14. In a grinding machine the combination of 
a bed, a grinding wheel head mounted thereon, a 
Work head mounted on the bed, a support for one 
of said meads pivotally secured to the bed for os 
cillation toward and from the other head, a wedge 
cam for effecting the oscillation of Said head Sup 
port, a connection between the cam and support 
whereby movement of the cam effects the oscil 
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lation of the support, an hydraulic motor for 
actuating the cam, an hydraulic circuit for ef 
fecting the operation of the motor, a starting and 
stopping valve in said circuit for initiating and 
stopping the operation of the motor, a rate Con 
trol valve in the circuit for determining the rate 
of movement of the motor and rate of oscillation 
of the support, means operable by said motor for 
automatically positioning the rate control valve 
to automatically determine and vary the rate of 
operation of the motor, a pressure actuated re 
versing valve between the starting and stopping 
valve and motor for determining the direction of 
operation of the motor, a pilot valve for direct 
ing the pressure to the reversing valve and effect 
ing its operation, and means operable by the 
motor for reversing the position of the pilot 
valve and therefore the reversing valve to reverse 
the operation of the motor. 

15. In a grinding machine the combination of 
a bed, a grinding wheel head mounted thereon, a 
work head mounted on the bed, a Support for One 
of said heads pivotally secured to the bed for 
oscillation toward and from the other head, a 
wedge cam for effecting the oscillation of said 
head support, a connection between the cam and 
support whereby movement of the cam effects the 
oscillation of the support, an hydraulic motor for 
actuating the can an hydraulic circuit for ef 
fecting the operation of the motor, a starting and 
stopping valve in said circuit for initiating and 
stopping the operation of the motor, a rate Con 
trol waive in the circuit for determining the rate 
of movement of the motor and rate of oscilla 
tion of the support, means operable by said motor 
for automatically positioning the rate control 
valve to automatically determine and vary the 
rate of operation of the motor, a pressure actu 
ated reversing valve between the starting and 
stopping valve and motor for determining the di 
rection of operation of the motor, a pilot valve for 
directing the pressure to the reversing valve and 
effecting its operation, means operable by the 
motor for reversing the position of the pilot valve 
and therefore the reversing valve to reverse the 
operation of the motor, manual means for shift 
ing the starting and stopping valve to its starting 
position and initiating the operation of the 
notor, and means for latching the starting and 
stopping valve in its operative position. 

16. In a grinding machine the combination of 
a bed, a grinding wheel head mounted thereon, a 
Work head mounted on the bed, a support for 
One of said heads pivotally secured to the bed 
for oscillation toward and from the other head, 
a wedge cam for effecting the oscillation of said 
head Support, a connection between the cam and 
Support whereby movement of the cam effects the 
oscillation of the Support an hydraulic motor for 
actuating the can, an hydraulic circuit for ef 
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fecting the operation of the motor, a starting and 
stopping valve in said circuit for initiating and 
stopping the operation of the motor, a rate con 
trol valve in the circuit for determining the rate 
of movement of the motor and rate of oscilla 
tion of the Support, means operable by said 
motor for automatically positioning the rate con 
trol valve to automatically determine and vary 
the rate of operation of the motor, a pressure 
actuated reversing valve between the starting 
and stopping valve and motor for determining 
the direction of operation of the motor, a pilot 
valve for directing the pressure to the reversing 
valve and effecting its operation, means operable 
by the motor for reversing the position of the 
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pilot valve and therefore the reversing valve to 
reverse the operation of the motor, manual means 
for shifting the starting and stopping valve to its 
starting position and initiating the operation of 
the motor, means for latching the starting and 
stopping valve. in its operation position, yielding 
means for shifting the starting and stopping 
Valve to its inoperative position, and means Op 
erable by the motor for rendering the locking 
means inoperative to effect the Operation thereof 
by the yielding means. - 

17. In a grinding machine the combination of 
a bed, a grinding wheel head mounted thereon, 
a Work head mounted on the bed, a Support for 
one of said heads pivotally secured to the bed for 
Oscillation toward and from the other head, a 
Wedge can for effecting the Oscillation of said 
head support, a connection between the cam and 
Support whereby movement of the cam effects the 
Oscillation of the support, anhydraulic motor for 
actuating the cam, an hydraulic circuit for ef 
fecting the operation of the motor, a starting and 
stopping valve in said circuit for initiating and 
stopping the operation of the motor, a rate con 
trol valve in the circuit for determining the rate 
of movement of the motor and rate of oscilla 
tion of the Support, means operable by said motor 
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for automatically positioning the rate control 
valve to automatically determine and vary the 
rate of operation of the motor, and additional 
rate control means in said circuit to insure the 
rate of operation of the motor as determined by . 
the rate control valve. 

18. In a grinding machine the combination of 
a bed, a grinding wheel head mounted thereon, a 
work head mounted on the bed, a support for 
One of said heads pivotally secured to the bed 
for oscillation toward and from the other head, 
a Wedge cam for effecting the Oscillation of said 
head support, a connection between the cam and 
support whereby movement of the cam effects the 
oscillation of the support, an hydraulic motor 
for actuating the cam, an hydraulic circuit for 
effecting the operation of the motor, a starting 
and stopping valve in said circuit for initiating 
and stopping the operation of the motor, a rate 
control valve in the circuit for determining the 
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rate of movement of the motor and rate of osci 
lation of the support, means operable by said 
motor for automatically positioning the rate con 
trol valve to automatically determine and vary 
the rate of operation of the motor, and additional 
rate control means in said circuit to insure the 
rate of operation of the motor as determined by 
the rate control valve, said means being in the 
nature of a balanced pressure valve located in 
the exhaust side of the system. 
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5 tion is effected. 

19. A grinding machine including a grinding 
wheel and an opposed work support, means pivot 
ally supporting one of said parts for oscillatory. 
movement with respect to the other for effecting 
a relative feeding movement, a shiftable wedge 
engaging the oscillatable part for imparting oscil 
lations thereto, and means for effecting a con 
trolled variable rate of movement of the wedge. 

20. A grinding machine including a grinding 
wheel and an opposed work support, means piva . p tive to the other to control the rate of approach otally supporting one of said parts for oscillatory 
movement with respect to the other for effecting 
a relative feeding movement, a shiftable Wedge 
engaging the oscillatable part for imparting os 
cillations thereto, and means for effecting a rapid 
initial and subsequent slower operative advance 
of the wedge whereby a variable rate of oscilla 
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21. A machine of the character describd in 

cluding a grinding wheel and a work support dis 
posed in opposition. One to the other, means Sup 
porting one of said parts for movement relative 
to the other, a can operatively related to the 
movable member and having a variable contour 
for successively effecting rapid and slow relative 
movements of predetermined amount between 
the two first named members and means for Wari 
ably controlling the rate of movement of the cam, 
said means comprising a hydraulic actuating 
motor, a throttling device for determining the 

0. 

rate of operation of the motor and means actu- . 
ated by movement of the motor for varying the 
effect of the throttling means. . 

22. A machine of the character described in 
cluding a grinding wheel and a work support dis 
posed in opposition one to the other, means sup 
porting one of said parts for movement relative 
to the other, a can operatively related to the 
movable member and having a variable contour 
for successively effecting rapid and slow relative 
movements of predetermined amount between 
the two first named members, power means for 
effecting a continuous shifting movement of the 
cam during a prescribed operating cycle and ad 
ditional means for varying the rate of movement 
of the power means. 

23. A machine of the character described, in 
cluding a grinding wheel and a work support, one 
of said parts being mounted for oscillation rela 
tive to the other to control the rate of approach 
and feed of the work and grinding wheel, a cam 
having a contoured portion reacting on the piv 
oted member to effect a predetermined cycle of 
relative movement of the parts, means for effect 
ing a continuous movement of the can to produce 
the prescribed cycle of movement, means for 
varying the rate of movement of the cam to vary 
the time of the cycle, adjustable means to vary 
the limits of the cycle within the maximum range 
capacity of the cam, said cycle being effected by 
forward and retracting movements of the cam, 
and means to interrupt the retraction of the can 
at a point within the established cycle limits. 

24. A machine of the character described, in 
cluding a grinding wheel and a work support, one 
of said parts being mounted for oscillation rela 
tive to the other to control the rate of approach 
and feed of the work and grinding wheel, a cam 
having a contoured portion reacting on the piv 
oted member to effect a predetermined cycle of 
relative movement of the parts, means for moving 
the cam to produce the prescribed cycle of move 
ment, means for varying the rate of movement 
of the cam to vary the time of the cycle, adjust 
able means to vary the limits of the cycle within 
the maximum range capacity of the cam, said 
cycle being effected by forward and retracting 
movements of the cam, means to interrupt the re 
traction of the cam at a point within the estab 
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lished cycle limits, and additional means to re 
establish the retracting movement of the cam 

25. A machine of the character described, in 
cluding a grinding wheel and a work support, one 
of said parts being mounted for oscillation rela 

and feed of the work and grinding wheel, a cam 
having a contoured portion reacting on the piv 
oted member to effect a predetermined cycle of 
relative movement of the parts, means for mov 
ing the cam to produce the prescribed cycle of 
movement, means for varying the rate of move 

3. ment of the cam to vary the time of the cycle, ad 
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14 
justable means to vary the limits of the cycle 
Within the maximum range capacity of the cam, 
said cycle being effected by forward and retract 
ing movements of the cam, means to interrupt 
the retraction of the cam at a point within the 
established cycle limits, and additional means to 
reestablish the retracting. movement of the cam, 
said means for varying the limits of the cycle in 
cluding automatic means to initiate the forward 
movement of the cam for effecting relative ap 
proach of the grinding wheel and work support. 

26. In a machine for grinding of articles of cir 
cular form in cross Section, the combination with 
a grinding wheel support carrying a grinding 
wheel and work supporting means for supporting 
and rotating a work piece in opposition to the 
grinding wheel, one of said supports being mount 
ed for oscillation toward the other, of a movable 
Cam for controlling the relative oscillation of the 
parts, means for imparting a continuous move 
ment to the cam said cam having a contoured 
polition reacting on the oscillatable support in 
cluding a portion for effecting a rapid advance or 
retraction of the supports, one toward the other 
and an additional portion of less pitch for effect 
ing a controlled relative feeding oscillation of 
prescribed amount of the supports one toward 
the other, and means for varying the rate of 
movement of the cam during a single operative 
movement thereof whereby the rate of rapid ad 
Vance or feeding oscillation of the controlled 
Support may be accelerated or decelerated as 
desired. 

27. In a grinding machine for the production 
of Surfaces of revolution, the combination with 
a grinding wheel support and a work support, one 
of said supports being mounted for oscillatory 
movement with respect to the other, of a cam 
having a contoured face cooperating with the 
Oscillatable support, means supporting the cam 
and oscillatable support for shifting movement, 
One with respect to the other, whereby said move 
ment will effect an oscillation of the support as 
determined by the cam, said cam having a sharp 
rise designed to effect a rapid oscillation and a 
less steep portion adapted to effect a gradual 
Oscillation as for relative feeding movement of 
the wheel and Work Supports one toward the 

2,065,100 
other, the contour of the cam determining the 
maximum amount of relative movement impart 
able to the supports, a motor for effecting the 
said relative movement of the Oscillatable mem 
ber and the cam, and means for automatically 
varying said rate of relative movement during a 
single cycle of operation whereby the ultimate 
movement effected by the can is the resultant 
of its predetermined contour as modified by the 
reaction of the varying rate of actuation thereof 
by a motor. 

28. A precision grinding machine of the char 
acter described, including opposed grinding and 
regulating wheels forming a work receiving throat 
therebetween, means supporting one of said 
Wheels for movement in a direction toward and 
from the other to effect a grinding operation on 
a work piece disposed therebetween, power means 
including an hydraulic motor for determining the 
relative feeding movement of the wheels, truing 
mechanisms associated with the respective wheels 
for maintaining their surfaces in condition for 
precision grinding work, hydraulically actuable 
motors for operating said truling devices, a source 
of hydraulic fluid under pressure for actuation of 
Said several hydraulic motors, and a control valve 
for selectively coupling the hydraulic fluid with 
the wheel feeding or wheel truling motors. 

29. A precision grinding machine of the char 
acter described, including opposed grinding and 
regulating wheels forming a work receiving throat 
therebetween, means supporting one of said 
wheels for movement in a direction toward and 
from the other to effect a grinding operation on a 
work piece disposed therebetween, power means 
including an hydraulic motor for determining the 
relative feeding movement of the wheels, truling 
mechanisms associated with the respective wheels 
for maintaining their surfaces in condition for 
precision grinding work, hydraulically actuable 
motors for operating said truling devices, a source 
of hydraulic fluid under pressure for actuation of 
Said several hydraulic motors, and a starting and 
Stopping valve for controlling the flow of actuat 
ing fluid to the feed motor, said valve having a 
portion effective in stop position for coupling the 
hydraulic actuating fluid with the truing motors. 

MILIARD ROMAINE. 
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