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This invention relates to grinding machines, 
and more particularly to a multiple wheel slide 
cylindrical grinding machine. 
One object of this invention is to provide a 

simple, thoroughly practical control mechanism 
for a multiple wheel slide cylindrical grinding ma 
chine. Another object of this invention is to pro 
vide a centralized electrical control mechanism 
whereby all of the mechanisms of the machine 
may be controlled from a station in front of the 
machine. 
A further object is to provide a two-wheel slide 

machine in which the two wheel slides may be 
cyclically controlled to simultaneously grind and 
recede from a grinding position to an inoperative 
position. A further object of this invention is to 
provide an electrically controlled mechanism for 
advancing each of the wheel slides by predeter 
mined increments for Setting up the machine 
or for use in advancing the Slides for a truling 
Operation. 
Another object of this invention is to provide 

an electrical control for the Work rotation which 
is arranged so that the rotation of the Work is 
automatically stopped in timed relation with the 
wheel slide movement. Other objects Will be in 
part obvious or in part pointed out hereinafter. 
The invention accordingly consists in the fea 

tures of construction, combinations of elements, 
and arrangements of parts, as Will be exemplified 
in the structure to be hereinafter described, and 
the scope of the application of which will be in 
dicated in the following claims. 

In the accompanying drawings, in which is 
shown one of various possible embodiments of the 
mechanical features of this invention, 

Fig. 1 is a front elevation of a grinding ma 
chine, having parts broken away and shown in 
section to more clearly show the construction; 

Fig. 2 is a diagrammatic view showing the air 
rangement of the hydraulic system as well as a 
schematic showing of the wiring diagram; 

Fig. 3 is a right-hand end view of the ma 
chine shown in Fig. 1; 

Fig. 4 is a rear elevation of the improved grind 
ing machine; 

Fig. 5 is a vertical cross sectional view, on an 
enlarged scale, through one of the hydraulic 
Wheel feed motors and control valves: 

Fig. 6 is an electrical diagram showing the elec 
trical wiring for the machine; 

Fig. 7 is a sectional view, on an enlarged scale, 
taken approximately on the line 7-7 of Fig. 4; 

Fig. 8 is a fragmentary side elevation, on an 

(C. 51-105) 
enlarged scale, of the wheel feed mechanism, 
as shown in Fig. 3; 

Fig. 9 is a fragmentary right-hand end eleva 
tion of the parts shown in Fig. 8; and 

Fig. 10 is a sectional view taken approximately 
on the line - of Fig. 9, ShoWing the fluid 
pressure mechanism for actuating the wheel feed 
mechanisin shown in FigS. 8 and 9. 
A grinding machine has been illustrated con 

prising a base 5 which supports a longitudinally 
movable work table 6. The base 5 is provided 
With a fiat Way 7 and a V-way 8 which mate 
with correspondingly shaped ways on the table 
f6 to support and guide the table 6 during its 
longitudinai movement thereon. The table f6 is 
provided With a rotatable Work Support which 
comprises a headstock 2) having a headstock cen 
ter 2 and a footstock 22 having a footstock cen 
ter 23. The headstock center 2 and footstock 
center 23 are arranged to rotatably support the 
opposite ends of a Work piece 9 during a grind 
ing operation. The headstock 2 is preferably 
an electrically driven headstock in which a motor 
24 is mounted on the headstock 20 which is con 
nected by driving belts 25 with a pulley 26 on a 
headstock Spindle 2. 
The work piece 9 may be steadied by one or 

more steadyrests, depending upon the length of 
the work piece 9 being ground. As shown in 
the drawings, a pair of fiuid operated Steadyrests 
28 and 29 have been illustrated as Supporting and 
steadying the work piece 9 between its ends. 
These rests 28 and 29 are not considered to be 
a part of the present invention and consequently 
have not been illustrated in detail. For a de 
tailed disclosure of the steadyrest construction, 
reference may be had to the Copending patent 
application Serial No. 50,276 filed November 18, 
1935. 

Table trayerse 

The table is arranged to be traversed longi 
tudinally relative to the base 5 to position the 
Work piece 9 in a predetermined position for a 
grinding operation. The table may be traversed 
either manually or by a power operated mecha 
nism, if desired. As illustrated in the drawings, 
a manually operable traverse mechanism has been 
provided comprising a manually operable traverse 
wheel 33 which is mounted on a rotatable shaft 
3. The shaft 3 carries a gear 32 which meshes 
with a gear 33 mounted on a shaft 34. The shaft 
34 also supports a gear 35 which meshes with a 
rack bar 36 depending from the table 6. 
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Wheel slides 
In the grinding of any Work pieces, particul 

larly relatively long cylindrical shafts, it is fre 
quently necessary to grind Several Spaced por 
tions on the shaft either to the same diameter or 
to different diameters. In the prior grinding 
practice, it has been customary to first grind One 
portion of the shaft with a Single wheel and to 
then index the Wheel or the Work and grind a 
Second portion to be ground. This procedure is 
continued until all of the various portions of the 
shaft have been ground to the desired and pre 
determined size. 

In order to attain the main object of this inven 
tion, it is desirable to provide a grinding machine 
in which a plurality of grinding Wheels are 
mounted on a Wheel spindle So that the various 
portions of the shaft may be ground simultane 
ously to the desired size. In the preferred con 
struction where grinding relatively long work 
pieces, such as shafts, it is desirable to provide 
a grinding Wheel assembly comprising independ 
ently movable grinding wheel slides which may 
be separately controlled and adjusted and which 
may be moved simultaneously into operative 
grinding contact with the portions of the work 
9 to be ground. Each of the wheel slides may 
support a plurality of grinding Wheels in Spaced 
relation thereon to correspond With the Spacing 
of the portions of the Work piece to be ground. 
As illustrated in the drawings, the machine is 

provided with a grinding wheel slide 40 which 
is mounted for a transverse movement on the 
base 5 on a V-way 4 and a flat way 42. The 
wheel slide 40 is provided with a rotatable wheel 
spindle (not shown) which supports a pair of 
spaced grinding wheels 45 and 46 for grinding 
spaced portions 53 and 54 on the work piece 9. 
A similar grinding wheel slide 55 is mounted for 
a transverse movement on the base 5 on a V 
Way 56 and a flat Way 57. The Wheel slide 55 is 
provided with a rotatable wheel spindle 58 which 
supports a wheel sleeve or mounting 59. The 
mounting 59 is arranged to rotatably support a 
grinding wheel 60 and a grinding wheel 6 Which 
are Spaced from each other to correspond With 
the spacing of the portions of the work to be 
ground by spacing collars 62 and 63. The grind 
ing wheels are held in fixed position on the Wheel 
sleeve 59 by means of an adjustable flange 64 
which holds the wheel assembly in position on 
the sleeve 59. 

Grinding wheel drive 
The grinding wheels 45, 46 and 60, 6 may be 

rotated by independent motor drives including 
an electric motor 48 mounted on the wheel slide 
40. The motor 48 is provided with a pulley 49 
Which is connected by a belt drive 50 contained 
within a belt guard 52 to rotate the wheel spindle 
43 So as to rotate the grinding wheels 45 and 46 
at the desired Speed. Similarly, an electric motor 
65 is mounted on the wheel slide 55. The motor 
65 is provided with a driving pulley 66 which is 
connected by V-belts 67 with a pulley 68 mount 
ed on the Outer end of the wheel spindle 58. 
The belt drive 67 is enclosed in a belt guard or 
casing 69, as illustrated in Fig. 1. 
The grinding wheels 45, 46 and 60, 6 are pro 

tected by wheel guards 74 and 75 respectively. 
The wheel guards 14 and 75 are adjustably sup 
ported on slideways 76 and 77 on the wheel slides 
40 and 55 respectively, so that the wheel guards 
may be adjusted relative to the grinding wheels 
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as the wheels are reduced in size due to wear and 
truling. 

Coolant fluid 
In many of the pr0duction grinding Opera 

tions, it is desirable to provide a coolant fluid 
and to apply the same to the periphery of the 
grinding Wheel and the Work during the grind 
ing Operation. A coolant fluid pump 80 is mount 
ed. On a Support 8 on the rear of the base 5. 
A pump shaft 82 is operatively connected to be 
rotated by an electric motor 83. The pump 80 
draws coolant fluid through a pipe 84 from a 
Coolant fluid reservoir (not shown) Within the 
base 5 of the machine. Coolant fluid passing 
through the pump 80 passes out through a pipe 
85 and through pipes 86 and 87 which extend 
up to and over the wheel guards 14 and 75, re 
Spectively. 
The pipe 86 divides the flow of coolant fluid 

passing therethrough to convey a stream of 
coolant fluid to each of the grinding wheels 45 
and 46. The pipe 86 passes fluid to a pipe 88 
and a pipe 88 through the spouts 90 and 9 í re 
spectively to convey coolant fluid to the grinding 
wheels 45 and 46 respectively. A control valve 
92 is interposed between the pipe 88 and the 
spout 99 and a control valve 93 is interposed be 
tween the pipe 89 and the Spout 9 li so that the 
stream of coolant fluid to each wheel may be 
independently controlled. Similarly, the pipe 87 
divides the flow of coolant fluid passing there 
through to convey a stream of coolant fuid to 
each of the grinding wheels 60 and 6 through 
spouts 95 and 95 respectively. The piping to the 
Spouts is the same as that shown and above 
described in Connection. With Spouts 90 and 9 
and includes Separate control valves (not shown). 

Wheel feed mechanism 
A fluid pressure wheel feeding mechanism is 

provided to control the feeding movement and 
adjustment of the grinding wheel toward and 
from the Work Support. Independent feed con 
trolling mechanisms are provided for each of 
the wheel slides 40 and 55 respectively so that 
each wheel slide may be fed independent of the 
other wheel slide. In the preferred construction, 
however, the tWO controlling mechanisms are 
preferably arranged so that the grinding wheels 
may be fed simultaneously into grinding contact 
with the work piece to be ground by means of 
a control mechanism, to be hereinafter described. 
The wheel slide 40 is provided with a depending 
nut 90 (Fig. 2) which meshes with a rotatable 
feed Screw fol. The feed screw 0 is rotat 
ably Supported in bearings (not shown) in the 
base f5. The feed screw O may be rotated man 
ually for adjusting the wheel slide 40 in setting up 
the machine by a manually operable feed mech 
anism to be hereinafter described. 
In order that the wheel slide 40 may be rapidly. 

moved toward the Work piece to grind the same 
by the plunge-cut method, the feed screw 0 is 
connected to a piston rod O2. A fluid pressure 
cylinder 03 is arranged in axial alignment with 
the feed screw 0 and contains a slidably mount 
ed piston 04 which is connected to or formed 
integral with the piston rod 02. A fluid pres 
sure pump 05 is mounted to be driven by the 
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shaft 82 and pumps fluid through a pipe O6 70 
from a reservoir 07 within the base 5. The 
pump fo5 forces fluid under pressure through a 
pipe f 08 to a Valve chamber 09 in a feed con 
trol f 0. The feed control valve O is prefer 
ably of a piston type comprising a valve stem fff 75 
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2,151,669 3 
and pistons 2, 3, 4 and f f 5. In the position trated in Fig. 2 by means of a spring 53 which 
of the Valve illustrated in Fig. 2, fluid under 
preSSure entering the valve chamber 09 between 
the Valve pistons 3 and 4 passes outwardly 
through a pipe 6 into a cylinder chamber 7 
to cause the piston O4 to move rearwardly to 
withdraw the wheel slide 40 and the grinding 
wheels 45 and 46 to an inoperative position away 
from the Work piece 9. During the passage of 
pressure fluid into the cylinder chamber fi, 
fluid is exhausted from a cylinder chamber 8 
through a passage of pipe 9 into a valve cham 
ber 26 between the valve pistons f 4 and 5 
and out through a pipe 2 which exhausts into 
the reservoir . 
The valve stem f is held in the rearward po 

sition illustrated in Fig. 2 by means of a spring 
23 which surrounds the valve stem and is 

interposed between a collar 24 fixed to the valve 
stem and the end of the valve casing it. In 
order to shift the feed control valve 9 into a 
reverse position to cause an infeeding movement 
of the grinding wheels 45 and 46, an electrical 
control apparatus may be utilized including a 
Solenoid 25 which serves to move the valve stem 

into its reverse position so that fluid under 
pressure passing through the pipe 08 into the 
valve chamber 9 passes through the passage or 
pipe í f9 into the cylinder chamber í Í8 to cause 
the piston í Já, the screw í0 í and the wheel slide 
Ét to move the grinding wheels 45 and 46 into 
a grinding position with relation to the Work 
piece 9. 

Similarly, a fluid pressure wheel feeding mech 
anism is provided to control the feeding move 
ment and adjustinent of the wheel Slide 55. The 
wheel slide 55 is provided with a depending half 
nut 30 (Fig. 2) which meshes with a rotatable 
feed screw í3í. The feed screw í3 | is rotatably 

a supported in bearings (not shown) in the base 
i5. The feed screw 3 may be rotated manu 
ally for adjusting the wheel slide 55 in setting 
up the inachine by a manually operable feed 
mechanism to be hereinafter described. 

In order that the wheel slide 55 may be rapidly 
moved toward the work piece to grind the Saire 
by the plunge-cut method, the feed Screw 3 is 
connected to a piston rod 32. A fluid pressure 
cylinder 33 is arranged in axial alignment With 
the feed screw 3 and contains a slidably mount 
ed piston i38 which is connected to or formed 
integral with the piston rod 32. A fluid pressure 
pump 35 is mounted to be driven by the shaft 
82 and pumps fluid through a pipe 36 from the 
reservoir fie? Within the base á 5. The pump 35 
forces fluid under preSSure through a pipe 38 
to a valve chamber 39 in a feed control valve 

3. Ti The Valve i 4 is preferably of a piston type 
comprising a valve stem & and valve pistons 
42, 43, 34 and i45. In the position of the valve 
4 illustrated in Fig. 2, fluid under pressure 
entering the waive chamber 39 between the valve 
pistons 33 and 44 passes outwardly through a 
passage or pipe {{3 into a cylinder chamber í?? 
to cause the piston 34 to move rearwardly to 
Withdraw the wheel slide 55 and the grinding 
wheels 6 and 6 to an inoperative position away 
from the work piece 9. During the passage of 
pressure fluid into the cylinder chamber 4, fluid 
is exhausted from a cylinder chamber 48 
through a passage or pipe 49 into a valve cham 
ber 59 between the valve pistons 44 and 45 
and out through a pipe 5 which exhaustS into 
the reservoir (7. 
The valve stem 4 is held in the position illus 

Surrounds the valve stem 4 and is interposed 
between a collar 54 fixed to the valve stem, 4 
and the end of the valve casing 40. In order to 
shift the feed control valve 49 into a reverse po 
Sition to cause an infeeding movement of the 
Wheel slide 55 and the grinding wheels 6 and 
6 l, an electrical control apparatus may be uti 
lized including a solenoid 55 which is arranged 
to move the valve stem 4 into its reverse posi 
tion. So that fluid under pressure passing through 
the pipe 38 into the valve chamber 39 passes 
through the passage or pipe 49 into the cylinder 
chamber 48 to cause the piston 34 to move in 
a fOI’Ward direction and tranSmit a correSpOnd 
ing movement to the screw 3, the nut 30, to 
the wheel slide 55, so as to feed the grinding 
wheels 63 and 6 towards the work piece 9. 

Dash pot 
The piston and cylinder mechanisms above de 

scribed serve to cause the grinding wheels 45, 46, 
68 and 6i to rapidly approach the work piece 24. 
In order to reduce the rapid approaching move 
ment to a predetermined grinding feed, it is de 
Sirable to provide a fluid pressure controlling 
mechanism, such as a dash pot mechanism, which 
may be rendered effective when the grinding 
wheels 45, 46, GE and 6 are about to contact with 
the Surface of the Work piece to be ground. AS 
illustrated in Fig. 5, the cylinder i3 is provided 
with an outwardly extending casing 60 which 
contains a pair of diametrically opposed dash pot 
pistons í F í and í 62 Which slide within dash pot 
cylinders $3 and 64. The dash pot pistons 6. 
and 32 are normally held in a rearward position 
by springs 85 and 66 respectively. During the 
rapid approach of the grinding wheels, the dash 
pot, pistons 6 and 62 are ineffective. The pis 
ton rod 02 extends toward the rear of the ma 
chine and is provided at its rearward end With 
a sleeve 6 which may be adjusted longitudinally 
on the threaded portion 68 of the piston rod 
C2 by means of a nut 69. The parts are so ar 

ranged that the sleeve 6 moves rearwardly 
when the piston f80 ?i moves into a rearWard po 
sition. The dash pot pistons 6 and 62 are 
limited in their rearward movement by means of 
the adjusting screws 2 and 3 respectively. 
When fluid under pressure is admitted to the cyl 
inder chamber 8 to cause the grinding Wheels 
45 and 66 to move toward the work piece 9, the 
rapid approaching movement continues until the 
end of the sleeve 6 engages the ends of the dash 
pot pistons f6 and 62. The continued move 
ment of the piston 4 is resisted by the dash pot 
pistons f 6 and 62 which force fluid under pres 
sure from the dash pot chambers 74 and 75 
into a dwell control mechanism to be hereinafter 
described. The dash pot chambers 4 and 5 
are interconnected by a passage 6 and simul 
taneously exhaust fluid through a passage or pipe 

into a chamber 78 of a dwell control valve 
shown in Fig. 7 which Will be more fully described 
hereinafter. 

Positive stop 
in order to grind a Work piece to a predeter 

mined size, it is necessary to feed the grinding 
Wheel toward the work piece 9 to grind the same 
and then to stop the infeed and allow the grind 
ing Wheel to grind-Out or to allow the sparks to 
die out in order to round up the work so that it 
Will be ground to a true cylindrical surface of a 
predetermined size. As illustrated in Fig. 5, the 
forward movement of the piston rod 02 causes 
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4. 
a rapid approach until the sleeve 67 picks up the 
dash pot pistons 6 and 62 to cause a slow 
grinding infeed which continues until an adjust 
able sleeve 80 engages a fixed surface 8 on 
the rear of the dash pot cylinder, thereby limit 
ing the infeeding movement of the wheel and 
causing the wheel to dwell in contact with the 
work during a finish grinding period. The ad 
justable stop sleeve 80 Surrounds the sleeve 6 
and is threaded thereto by means of a thread 
f82 and is held in adjusted position thereon by 
means of the lock nuts f 83 and 84. 
An identical mechanism is provided on the rear 

end of the cylinder 33 (Fig. 2) for slowing down 
and stopping the infeeding movement of the 
grinding wheels 60 and 6. This mechanism has 
not been illustrated in detail, since it corresponds 
in every detail to the construction shown in Fig. 5. 
This mechanism has been diagrammatically 
illustrated in Fig. 2 and comprises a casing 88 
fixed on the rear end of the cylinder 33. This 
casing contains a pair of diametrically opposed 
dash pot pistons f89 and f 90 which slide within 
dash pot cylinders contained Within said casing. 
A sleeve 9 surrounds the rearwardly extending 
portion of the piston rod 32 and is adjustably 
mounted thereon and held in adjusted position 
by means of a nut 92 threaded on the end of the 
piston rod 32. An adjustable stop sleeve 93 
surrounds the sleeve 9 and is arranged to en 
gage the end surface 94 of the casing fB8 to 
stop the forward movement of the grinding 
wheels 60 and 6 to allow a finish grinding opera 
tion on the work piece 9. 

Wheel feed-Duell control 
In order to provide a predetermined but ad 

justable dwell at the end of each grinding opera 
tion to allow the wheel to grind-out or finish 
grind the work, a separate dwell control mecha 
nism 95 and 96 is operatively connected with 
each of the dash pot mechanisms 160 and í88 
respectively. These dwell control mechanisms 
are identical in construction and operation, con 
sequently only one of the units has been shown 
in detail. The right-hand dwell control unit 96 
has been shown in Fig. 7, which is an enlarged 
fragmentary sectional view taken approximately 
on the line - of Fig. 4. The dwell control unit 
comprises a vertical cylinder 98 having a piston 
99 slidably mounted therein, Fluid under pres 

sure exhausting from the dash pot cylinders 4 
and 5 passes through a passage or pipe T 
into the cylinder chamber 78 in the lower part of 
the cylinder 98 to cause an upward movement of 
the piston 99. The piston 99 is provided with a 
vertically extending piston rod 200 which carries 
at its upper end an adjustable arm 2) f. The arm 
29 is provided with an adjustable stop Screw 
202 which in the lower position engages the upper 
surface 203 of the cylinder 98. The screw 202 
limits the downward movement of the piston 99. 
Associated with the dwell control unit is a nor 
mally open mercury SWitch 203 which is sup 
ported on a pivotally mounted plate 204. The 
plate 204 is pivotally supported on a stud 205 and 
is provided with an extending arm 206 which 
extends into the path of a vertically extending 
rod 2007. The rod 207 passes through an aper 
ture 2C8 in the arm. 20. A pair of adjustable 
collars 209 and 20 is carried by the rod 20 and 
serve to provide a lost motion connection between 
the rod 207 and the arm. 20. 
When fluid under pressure is admitted to the 

dwell control cylinder chamber 78 to cause the 

2,151,669 
piston f 99 and the piston rod 200 to move up 
Wardly, the arm 20 lifts the rod 207 into the 
position illustrated in Fig. 7, which serves to allow 
the plate 204 Supporting the mercury switch 203 
to rock under the influence of gravity in a clock 
Wise direction and to close the mercury SWitch 
203 and thereby close the circuit and energize the 
Solenoid fi 55. 
When fluid is admitted to the chamber 18 to 

cause an upward movement of the piston 99, 
fluid also passes simultaneously through a pas 
sage 25 within the Wall of the cylinder 98 and 
passes through a passage 26 in a bushing 2fT 
at the upper end of the cylinder. The piston rod 
200 is provided with a V-shaped groove 223 which 
allows fluid passing through the passage 26 to 
paSS along the V-shaped groove 223 during the 
upward movement of the rod 200 and out through 
a passage 28 in the casing through a pipe or 
passage 29 into a fluid reservoir 224. During 
the upward movement of the piston 99, fluid 
Within a chamber 220 of the cylinder 98 may 
paSS Outwardly through a passage 22 and 
through a ball check valve 222 into the passage 
28 and into the fluid reservoir. 
The piston 99 moves rapidly in an upward 

direction until the piston rod 200 engages an 
adjustable stop screw 22 which is supported in 
a bracket 23 fixed to the cylinder head 203. By 
adjusting the position of the stop screw 22, the 
upward position of the V-shaped groove 223 may 
be adjusted and, due to the V-shaped cross sec 
tional area of the groove 223 and the fact that 
this groove tapers to Zero at the end of the 
groove, serves to control the rate of fluid exhaust 
from the dash pot chambers 74 and 75 and 
thereby control the grinding feed. 
The V-groove 223 in its upward position serves 

to restrict the exhaust of fluid from the dash pot 
chambers 4 and 75 so as to control the rate 
of infeed of the grinding wheel during the grind 
ing operation. When the wheels 60 and 6 f are 
fed to Ward the WOrk piece 9 by means of the 
fluid pressure pistons 04 or 34, the rapid ap 
proaching movement continues until the bushing 
67 engages the ends of the dash pot pistons f 
and 62, after which the exhaust of fluid from 
the dash pot chambers through the dwell con 
trol units f$5 and 96 serves to slow down the rate 
of movement of the grinding wheel to a predeter 
mined grinding feed. As soon as the sleeve 67 
picks up the dash pot pistons and causes them 
to move, the exhaust of fluid from the dash pot 
chambers moves the dwell control piston f 99 
upwardly into the position illustrated in Fig. 7, 
rocking the mercury switch 203 into the position 
illustrated in Fig. 7 to close the circuit. The 
mercury switch 23 is connected through an elec 
tric circuit to be hereinafter described With the 
solenoid 55 or f25. The piston 99 remains in 
its upward position during the movement of the 
dash pot pistons 6 and 64 which continue to 
move forward until the adjustable stop sleeve 80 
strikes the fixed stopping surface 8 f, thereby 
preventing further advance of the dash pot pis 
ton. As soon as exhaust of fluid from the dash 
pot piston ceases, the forces of gravity acting 
upon the piston 99 and its associated parts start 
a downward movement of the piston f 99. This 
downward movement serves to create a partial 
vacuum in the chamber 220 of the cylinder 98. 
Fluid entry into the chamber 22C cannot pass 
through the ball check Valve 222 and must pass 
through a paSSage 225 and through an adjusta 
ble needle valve 226 into the chamber 220. The 
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.306 projecting from the machine base 5. 

6 
pawl 285 at each actuation thereof. The plate 
286 is provided with an outwardly extending arm. 
290 which is connected to a piston rod 29. The 
piston rod 29 is connected to a piston 292 with 
in a cylinder 293. . A spring 294, surrounding the 
piston rod 29 and interposed between the piston 
292 and the end of the cylinder, serves to move 
the piston 292 downwardly. Fluid under pressure 
passing through the pipe O8 passes into a valve 
chamber 295 between valve pistons 296 and 297. 
The valve pistons 296 and 297 are formed inte 
gral with a valve stem 298. A spring 299 serves 
to hold the valve in a position toward the left 
(Fig. 2) and an electric solenoid 300 connected 
to the valve stem 298 serves to move the valve 
toward the right. When the Solenoid 300 is en 
ergized to shift the valve pistons 296 and 297 
toward the right, fluid under pressure passing into 
the valve chamber 295 passes outwardly through 
a passage 30 into a cylinder chamber 302 to 
cause the piston 292 to move upwardly and there 
by actuate the pawl 285 to turn the feed screw 
Of through a predetermined increment, so as to 
advance the wheel side 40 and the grinding 
wheels 45 and 46 toward the work support or 
the truing tool for truing the operative face there 
of or for making an adjustment to compensate 
for wheel wear. 

Electric control 
To attain one of the main objects of this inven 

tion, namely to provide a centralized electrical 
control system whereby the various movements of 
the machine parts may be readily controlled from 
an operating station in front of the machine, an 
electric Switchboard 305 is mounted on an apron 

AS 
shown in the wiring diagram in Fig. 6, electric 
power from the power lines 307 is connected 
through a magnetic starter Switch 308 to control 
the headstock driving motor 24. A control switch 
35 is provided to operate the magnetic starter 
Switch 308. A pair of push buttons 3 f6 and 38 
are mounted on the control panel 305 for actuat 
ing the switch 35. The push button 3 f6 is 
pushed downwardly to close the switch 35 and 
to energize a solenoid 37 which closes the mag 
netic starter Switch 308 to Start the notor 24 
and thereby to rotate the work piece f 9. When 
the push button 38 is pushed downwardly to 
open the Switch 35, thereby breaking the cir 
cuit and deenergizing the Solenoid 3, this move 
ment serves to open the magnetic starter switch 
308 and thereby stop the rotation of the motor 24 
and the work piece 9. 
Power from the power line 307 also is conveyed 

through a magnetic starter switch 39 to control 
the rotation of the motor 48 which is mounted on 
the wheel slide 40 for rotating the grinding wheels 
45 and 46. A switch is provided for controlling 
the starter switch 309 which comprises a pair of 
push buttons 320 and 32. When it is desired to 
start the motor 48 to rotate the grinding wheels 45 
and 46, the pushbutton 320 is pushed downwardly, 
which motion serves to close a circuit and ener 
gize a Solenoid 322 which closes the magnetic 
starter switch 309 and thereby starts the ro 
tation of the motor 48. When it is desired to 
stop the motor, the push button 32 is pushed 
downwardly to break the circuit, deemergizing the 
solenoid 322 to open the magnetic starter switch 
309 and thereby stop the rotation of the motor 
48 and the grinding wheels 45 and 46. 

Similarly, a pair of push buttons 325 and 326 
are provided to control the magnetic starter Switch 
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30 to start or stop the rotation of the motor 65 
for rotating the grinding wheels 60 and 6. 
When the push button 325 is pushed downwardly, 
it serves to close the circuit and energize a Sole 
noid 327 which serves to close the magnetic 
starter switch 30 to start the rotation of the 
electric motor 65 and thereby start the rotation of 
the grinding wheels 60 and 6. When it is de 
sired to stop the motor 65, the push button 326 is 
pushed downwardly to open the circuit, thereby 
deenergizing the solenoid 327 and allowing the 
magnetic switch 30 to stop the rotation of the 
motor 65 and the grinding wheels 60 and 6. 
Power from the power lines 307 is conveyed to 

a magnetic starter switch 3 f to control the ro 
tation of the motor 83 to drive the fluid pressure 
pumps O5 and 35 and also the coolant fluid 
pump 80. A pair of push buttons 330 and 33 
serve to control the closing and opening of the 
magnetic starter Switch 3 f to start and Stop the 
motor 83. When the push button 339 is pushed 
downwardly, it serves to close a circuit, energiz 
ing a solenoid 332 to close the magnetic starter 
switch 3f and thereby start the rotation of the 
electric motor 83 and thereby start in operation 
the fluid pressure pumps fo5 and 35 and the 
coolant fluid pump 80. When it is desired to stop 
the motor 83, the push button 33 is pushed 
downwardly to open the circuit, thereby deener 
gizing the Solenoid 332 to open the magnetic 
starter switch 3 f to stop the rotation of the 
motor 83. 
In order to advance the grinding Wheels 45 

and 46 for compensating for wheel Wear or to 
advance the wheels toward a truling apparatus, 
power is taken from the power lines 307 through 
a push button switch 335 to energize the sole 
noid 300. When it is desired to cause an in 
cremental infeeding movement of the grinding 
wheels 45 and 46, the push button 335 is pushed 
downwardly to close the circuit, thereby energiz 
ing the solenoid 300 which serves to actuate the 
valve stem 298 to admit fluid under pressure to 
the cylinder chamber 302 to actuate the infeed 
pawl 285 and thereby advance the wheel slide 
40 and the grinding wheels 45 and 46 by a pre 
determined increment. When the push button 
335 is released, it returns to an open circuit, there 
by deenergizing the solenoid 300, and the released 
tension of the spring 299 returns the valve stem 
298 to the position illustrated in Fig. 2 to allow 
the ratchet pawl 285 to return to its initial posi 
tion. So that it is ready for another incremental 
feeding movement. 

In grinding a work piece with a plurality of 
grinding wheels as indicated, namely the wheels 
45 and 46 mounted on the wheel slide 40 and 
the grinding wheels 60 and 6 mounted on the 
wheel slide 55, it is desirable to provide a suitable 
cycle control mechanism which serves to simul 
taneously cause an infeeding movement of both 
wheels, so that both wheel slides 40 and 55 simul 
taneously approach the work support to simul 
taneously grind a plurality of portions on the 
work piece 9. Power from the power lines is 
connected through a magnetic starter switch 32 
to simultaneously energize the solenoids 25 and 
55 to simultaneously shift the feed control valves 
O and 40 into the reverse position from that 

shown in Fig. 2 so as to admit fluid under pres 
sure simultaneously into cylinder chambers 8 
and 48 to cause the Wheel slides 40 and 55 to 
move simultaneously toward the work piece 9 to 
bring the grinding wheels 45, 46 and 60, 6f simul 
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taneously into grinding relation with the work 
piece 9. 
In order to simultaneously control the infeed 

ing movement of both wheel slides 40 and 55 so 
that they may both be moved simultaneously into 
Operative engagement with the work, a cycle push 
button 339 is provided. The push button 339 is 
arranged to control the closing of a magnetic 
starter switch 32 to simultaneously energize the 
solenoids i 25 and 55 which serve to simul 
taneously shift the feed control valves f 9 and 
40 to cause a forward movement of the wheel 

slides 40 and 55 and the grinding wheels 45, 45 
and 60, 6 respectively. The mercury switches 23 
and 23 are normally in an open position at the 
start of the grinding operation when the dwell 
control valves are in their downward position. 
It is, therefore, necessary to provide current to 
energize a solenoid 342 which serves to close the 
magnetic starter switch 32. In order to obtain 
the desired current, a transformer 34 has its 
primary coil connected with the magnetic Starter 
switch 3 which is always closed during the time 
the machine is in running operation since this 
magnetic starter switch serves to rotate the fluid 
pumps. The secondary of the transformer 34 
is connected in series with the solenoid 342 and 
the push button 339 so that when the push but 
ton is moved downwardly to close the circuit, it 
serves to energize the solenoid 342 to close the 
magnetic starter switch 32 so as to simultaneously 
energize the solenoids 25 and 55 to cause a, 
simultaneous infeeding movement of both of the 
wheel slides 40 and 55. 
Due to the fact that the mercury switches 23 

and 23 are normally open, it is necessary to 
press a cycle control button 339 downwardly to 
energize the solenoid 342 to close the magnetic 
starter switch 32 and to hold the push button 
339 in a downward position until the pistons 04 
and 34 have advanced so that the sleeves 67 
and 9 engage the dash pot pistons 6A, 62 
and 89, 90 which serves to force fluid through 
the passages or pipes 77 into the chambers 8 
at the lower end of the dwell control valves in 
each of the dwell control units 95 and 96 which 
causes an upward movement of the pistons 99. 
The upward movement of the pistons 99 allows 
the mercury switches 293 and 23 to rock into a 
closed position, as shown in Fig. 7. The push 
button 339 may then be released and the infeed 
grinding movement of the wheel slides 4 and 55 
and grinding Wheels 45, 46 and 6-0, 6 Will con 
tinue until the dwell control valve again trips the 
mercury switches 203 and 23 to break the cir 
cuit, thereby deenergizing the solenoids 25 and 
55 so that the released tension of the Springs 
23 and 53 serves to reverse the valves 9 and 
4) to admit fluid to the cylinder chambers 
and 4 to cause a rearward movement of the 
grinding wheel slides 40 and 55. 
In a precision grinding machine, the grinding 

operation is materially affected by rapid changes 
of pressure fluid in the System, such as the re 
versal of one of the wheel slides prior to the 
reversal of the other wheel slide. The Sudden 
shift or reversal of fluid under pressure is Suffi 
cient to set up a vibration in the machine parts 
which detrimentally affects the grinding opera 
tion. The mercury SWitches for controlling the 
feed reversing Valves are, therefore, preferably 
Connected in parallel so that if one dwell control 
Valve trips to. Open the mercury Switch before the 
other wheels have finished grinding, the wheels 
first to complete their grinding remain in opera 

7 
tive contact with the work until the second dwell 
control apparatus trips the second mercury 
SWitch which then opens the circuit, thereby de 
energizing both of the Solenoids 25 and 55 to 
Simultaneously release the tension of the springs 
f23 and 53 which serves to simultaneously re 
Verse the valves is and 4 and thereby remove 
both sets of grinding wheels simultaneously from 
Operative engagement with the work piece. 

It is desirable to provide a readily accessible 
control means for renoving all of the grinding 
wheels from engagement with the work in case 
Of trouble during a given grinding operation. A 
return push button 34 is provided which serves 
When pressed to open the circuit, thereby deen 
ergizing the Solenoid 32 and opening the mag 
netic starter switch 32 to deemergize the sole 
noids 25 and 55 to immediately return the 
grinding wheel slides 40 and 55 to their rearward 
O: i) operative grinding positions. 
When it is desired to true the grinding wheels, 

it is preferable to true the wheels when they are 
in their forward or finish grinding position. It 
is, therefore, desirable to provide means for 
bringing the grinding wheels forward and hold 
ing them in their forward or grinding position 
during the truling operation. This is preferably 
accomplished by a Switch 365 Which in the po 
sition illustrated in the Wiring diagram in Fig. 6 
allows the mercury Switches 203 and 23 to con 
trol the reversal of the Wheel slide movement. A 
push button 346 when pushed downwardly serves 
to open the switch 345, that is to place the switch 
in the position in accordance with Fig. 6. When 
it is desired to true the wheels, a switch button 
34 is pressed downwardly to close the SWitch 345 
for a truling operation. In this position of the 
switch 345, the cycle control button 339 may 
then be pushed downwardly to start a simultane 
ous infeeding movement of the wheel slides 4 
and 55. This movement of the push button 339 
serves to close the magnetic starter switch 32 
sc as to energize the Solenoids 25 and 55 to 
cause an infeeding novement of both. Wheel 
slides. Due to the fact that the Switch 345 is 
closed, the solenoid 342 holds the magnetic 
SWitch 32 closed during the desired time for 
truling the grinding wheels while they are in a 
forward position. 
When it is desired to resume the griding op 

eration, the push button 34 is pushed to return 
both wheel slides to their initial or inoperative 
positions. The grinding push button 343 is then 
closed and the normal grinding cycle may then 
be obtained by pushing the cycle control button 
339 to start Sinalltaneous grinding movement of 
both Wheel slides A and 55. 
To facilitate rapid operation of the machine, 

it is desirable to automatically stop the Work 
rotation after the completion of the grinding 
operation so that the ground Work piece may be 
quickly removed and a new piece of work to be 
ground placed in the machine. To accomplish 
this result, automatically, a limit switch 365 is 
connected in series with the control switch 3í5 
in the work motor control circuit. The limit 
SWitch 365, having an actuating roller 386, is ar 
ranged in tine path of an actiUating arm 367 pro 
jecting from the rear end of the piston rod O2 
so that when the wheel slide 48 moves to its 
rearward position, the arm 36 strikes a roller 
366 on the limit switch 365 and opens the Switch 
to break the circuit, thereby deenergizing the 
Solenoid 32, which in turn opens the magnetic 
Starter Switch 38 to stop the rotation of the 
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work driving motor 24. In order that the ro 
tation of the motor 24 may be stopped quickly, 
a solenoid brake 348 is connected in the motor 
circuit to stop the rotation of the motor and the 
workpiece immediately upon the breaking of the 
circuit by the limit switch 365. The Solenoid 
brake 348, as indicated by the solenoid in Fig. 6 
of the drawings, is a standard electrical control 
unit. Consequently it is not deemed necessary 
to show the details of construction. One type of 
solenoid brake is the General Electric Spring Set 
brake in which a solenoid 348 is energized. When 
the current is turned on to rotate the motor 24 
and which is arranged so that when the Current 
is cut off by the limit switch 345, the solenoid 348 
is deemergized, thereby releasing a compression. 
spring which contacts a pair of brake Shoes en 
gaging the motor shaft quickly to stop the 
rotation of the motor. 
To facilitate setting up the machine for grind 

ing various work pieces, it is desirable to provide 
a longitudinal adjustment for the grinding Wheel 
slides 40 and 55. As illustrated in Fig. 3, the 
transversely movable wheel slide 55 together with 

5 its operating mechanism is supported on an in 
termediate slide 370 which is arranged for a 
longitudinal adjustment on ways 349 and 350 On 
the base 5. To facilitate longitudinal adjust 
ment of the intermediate slide 370, a rotatable 
screw 35 is supported in a bearing bracket 352 
on the base 5. A nut 353 depending from the 
intermediate slide 30 meshes with the threads 
on the screw 35 so that when the screw 35 is 
rotated, the intermediate slide 370 together with 
the wheel slide 55 and the grinding wheels 60 and 
6 will be adjusted longitudinally relative to the 
base 5. An identical intermediate slide 354 is 
provided for adjusting the wheel slide 40 longi 
tudinally. The ways and adjusting mechanism 
have not been illustrated in detail since they are 
identical with the adjustment for the slide 370. 
If the machine is to be set up for grinding a Work 
piece having differently spaced portions to be 
ground, the wheel slides 40 and 55 may be readily 
adjusted longitudinally to locate the grinding 
wheels in the desired location relative to the 
Work piece. 
One or more grinding wheels may be mounted 

on each of the wheel sleeves 59 and the Wheels 
may be spaced on the flanges to correspond with 
the spacing of the portions of the Work to be 
ground by providing spacing collars of the de 
sired width. 

Operation 
The operation of this machine will be readily 

apparent from the foregoing disclosure. A Work 
piece 9 is mounted between the headstock center 
2 and the footstock center 23, and the push 
button 320 is pressed downwardly to close the 
magnetic SWitch 309 and Start the rotation of the 
motor 48 which starts the rotation of the grind 
ing wheels 45 and 46. The push button 325 is 
then pressed downwardly to close the magnetic 
Switch 30 to start the rotation of the notor 65 
to rotate the grinding wheels 60 and 6?. The 
push button 330 is pressed downwardly to close 
the magnetic starter switch 3 f to start the rota 
tion of the motor 83 to rotate the fluid pressure 
pumps 05 and 35 and also the coolant fluid 
pump 80. The push button 3 f6 is then pushed 
downwardly to close the circuit to close the mag 
netic starter Switch 308 and thereby start the 
rotation of the work driving motor 24 to rotate 
the work piece f 9. The push button 346 is 
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pressed downwardly for a grinding operation to 
Open the SWitch 34.5 SO as to render the mercury 
SWitches 203 and 23 || operative. The cycle con 
trol button 339 is then pressed downwardly to 
Start the grinding cycle. The push button 339 
is held downwardly, serving to energize the sole 
noids 25 and (55 to shift the reverse feed con 
trol valves O and 40 into the reverse position 
from that shown in Fig. 2 to admit fluid under 
preSSure to the cylinder chambers 8 and 48 to 
cause an infeeding movement of the wheel slides 
4G and 55 and the grinding wheels 45, 46 and 60, 
6 respectively. The push button 339 is held in 
a downward position until the sleeves G and 9: 
engage the ends of the dash pot pistons i 5, 62, 
89 and 90 which serve to raise the dwell con 

trol piston 99 in each of the dwell control units 
f 95 and 96 to tip the mercury Switches 203 and 
23 to close the switches so as to hold the Sole 
noids 25 and 55 in an infeeding position. The 
push button may then be released and the grind 
ing operation proceeds until the sleeves fe) and 
93 engage the ends of the dash pot cylinders 

to stop the infeeding movement of the grinding 
Wheel. The dwell control valve pistons 99 in 
each of the units 95 and 96 then drop under 
the influence of gravity at a controlled rate. 
The downward movement of the dwell control 
Valves serves to rock the mercury switches 293 
and 23 to break the circuit. The mercury 
SWitches being connected in parallel to the circuit, 
after both of the mercury switches 203 and 23 
have been tipped to break the circuit, the sole 
noids f25 and 55 are deenergized and the re 
leased tension of the springs 23 and 53 rapidly 
reverses the valves to and 40 into the position 
illustrated in full lines in Fig. 2 to admit fluid 
under preSSure to the cylinder chambers i íT and 
í 31 and thereby withdraw the grinding wheels 
45, 46 and 60, 6 from operative engagement with 
the Work piece. The rearward movement of the 
piston rod 02 causes the arm S62 to strike the 
roller 366 and actuate the limit switch 365 to 
Open the circuit and stop the rotation of the Work 
driving motor 24 to rapidly stop the rotation of 
the Work and permit removal thereof and re 
placement with a fresh piece of work. In be 
tWeen grinding operations, after the machine is 
in Operation, it is only necessary to place a work 
piece in the machine and to press the push button 
36 to start the work rotation and to press the 
cycle control button 339 to start the grinding 
Cycle. The other control buttons operate parts 
which run continuously during the production 
grinding operation of the machine. 
In case it is desired to true the grinding wheels, 

the push button 347 is pushed downwardly to 
close the Switch 345 so as to render the mercury 
SWitches 203 and 23 inoperative. A truing tool 
is then mounted, either on the work table or 
On Centers, and the cycle control push button 
339 is then pressed, which serves to move the 
grinding wheels 45, 46, 6 and 6 into a forward 
or finish grinding position. Due to the fact that 
the mercury Switches 203 and 23 f are rendered 
inoperative, the grinding wheels will stay in their 
forward or finish grinding position during the 
time required for truling. After the truing has 
been completed, the grinding wheel slides 49 and 
55 may be again returned to their initial position 
by pressing the return button 34). During the 
truling Operation, the wheel slides 40 and 55 may 
be advanced by predetermined increments by 
pressing the buttons 335 and 336 respectively. 
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2,151,669 
the feed screws are rotated through a prede 
termined extent by means of the feed pawls 258 
and 285 so that the wheels may be advanced for 
Yuing by predetermined increments to compen 
Sate for the Wear of the Wheels and also to cause 
an infeeding movement of the wheels to a suffi 
cient extent for the truing operation. 

It Will thus be seen that there has been pro 
Vided by this invention apparatus in which the 
Various objects hereinabove set forth together 
With many thoroughly practical advantages are 
successfully achieved. As many possible embodi 
ments may be made of the above invention and 
as many changes might be made in the embodi 
ment above set forth, it is to be understood that 
alii matter hereinbefore set forth or shown in the 
accompanying diraWings is : tÓ be interpreted as 
illustrative and not in a limiting sense. 
We claim: 
1. In a grinding machine comprising a base, a 

longitudinally movable table thereon, a rotatable 
Work support on said table, means to Support a 
Work piece thereon, two spaced independently 
transversely movable wheel slides on Said base, 
a rotatable grinding wheel on each of Said slides 
Which are arranged to grind Spaced portions. On 
said work piece, an independent fluid pressure 
Operated feeding mechanism including a pistol 
and cylinder operatively connected to indepen 
dently move each of the wheel slides transversely 
toward and from the Work support to grind a 
Workpiece, a control valve for each of said cylin 
ders to control the admission of fluid to and from 
said cylinder, electrically controlled means in 
cluding a solenoid to independently actuate each 
of said control valves to cause a forward or rear 
Ward transverse feeding movement of said slides, 
an electrical cycle control mechanism including 
a magnetic starter switch to simultaneously ener 
gize said solenoids to shift the control valves So 
as to simultaneously admit fluid to said cylinders 
to cause a simultaneous transverse approaching 
movement of the wheel slides toward the work 
piece to grind the work piece to a predetermined 
size, and an electric Switch associated with each 
of the feeding mechanisms which are connected 
and arranged to release said starter Switch. When 
each grinding wheel has completed a grinding 
operation. 

2. A grinding machine comprising a base, a 
longitudinally movable table thereon, a rotat 
able work support on said table, means to support 
a work piece thereon, a plurality of Spaced inde 
pendently transversely movable. Wheel slides on 
said base, a rotatable grinding wheel on each of 
said slides which are arranged to grind Spaced 
portions on said work piece, an independent fluid 
pressure operated feeding mechanism including 
a piston and cylinder operatively connected to 
independently move each of said grinding wheel 
slides toward or from the work support, a pair 
of control valves each connected to one of Said 
cylinders to control the admission of fluid under 
pressure to said cylinders, a spring associated 
With each of Said valves and arranged to hold 
the valve in position to admit fluid to cause a 
rearward movement of said wheel slides, electri 
cally operated means including a Solenoid asso 
ciated with each of said valves which is arranged 
when energized to shift the control valve to cause 
a forward feeding movement of the grinding 
wheel slides, and means including an electrically 
actuated cycle control mechanism to simultane 
ously actuate said valves to cause a simultaneous 

9 
approaching and receding movement between 
each of said slides and the Work Support. 

3. A grinding machine comprising a base, alon 
gitudinally movable table thereon, a rotatable 
Work support on said table, means to Support a 
Work piece thereon, a plurality of spaced inde 
pendent tranSVersely movable Wheel slides on said 
base, a rotatable grinding wheel on each of said 
slides which are arranged to grind Spaced por 
tions. On a Work piece, a nut and Screw feeding 
mechanism for each of said slides, a manually 
operable feed wheel for independently adjusting 
each of said feed screws to independently adjust 
the position of Said slides, a hydraulic piston and 
cylinder mechanism operatively connected to and 
arranged in axial alignment with each of Said 
feed Screws to cause a power operated feeding 
movement of the wheel slide toward and from 
the work support, a control valve for each of said 
cylinders and means including an electrically op 
erated cycle control mechanism to simultaneous 
ly actuate each of said valves to admit fluid under 
pressure to each of said cylinders to cause a 
simultaneous movement of each of said wheel 
slides either toward or from the work support. 

4. A grinding machine comprising a base, a 
longitudinally movable table thereon, a rotatable 
work support on said table to support a work 
piece thereon for a grinding operation, means 
including an electric motor to rotate said Work 
piece, two Spaced transversely movable wheel 
slides on said base, a rotatable wheel Spindle on 
each of said Slides, a rotatable grinding wheel 
mounted on each of Said spindles which are ar 
ranged to grind spaced portions on the work 
piece, an independent feeding mechanism for 
each of said wheel slides, a cycle control mecha 
nism to simultaneously actuate each of said feed 
ing mechanisms to cause said slide to approach 
the work and grind the same to a predetermined 
Size and to thereafter return to an inoperative 
position, an electric circuit including a push but 
ton to rotate the work drive motor, and electri 
cally operated means including a limit switch ac 
tuated during its rearward movement to stop the 
headstock motor and thereby stop the work rota 
tion. 

5. A grinding machine comprising a base, a 
longitudinally movable table thereon, a rotatable 
Work Support On Said table to support a work 
piece thereon for a grinding operation, means 
including an electric motor to rotate said Work 
piece, two Spaced transversely movable wheel 
slides on said base, a rotatable wheel spindle on 
each of said slides, a rotatable grinding wheel 
mounted on each of said Spindles which are ar 
ranged to grind Spaced portions on the work 
piece, an independent feeding mechanism for 
each of Said Wheel slides, a cycle control mecha 
niSn to Simultaneously actuate each of said feed 
ing mechanisms to cause said slide to approach 
the Work and grind the same to a predetermined 
size and to thereafter return to an inoperative 
position, an electric circuit including a push but 
tOn to rotate the Work drive motor, and electri 
cally operated means including a limit switch 
actuated by Said slide during its rearward move 
ment to stop the headstock motor and thereby 
stop the work rotation. 

6. A grinding machine comprising a base, a 
longitudinally movable table thereon, a rotatable 
work Support thereon, means including an elec 
tric motor to rotate said work support, a plurality 
of transversely movable wheel slides on said base, 
a rotatable grinding wheel on each of said slides, 
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means including an electric motor On each of said 
slides to rotate the wheels, means including a 
fluid pressure piston and cylinder for each of 
Said slides which are operatively connected to 
move said slides toward and from the work Sup 
port, an independent solenoid Operated control 
valve to control the admission of fluid to each of 
said cylinders, a fluid system including a fluid 
pressure pump which is operatively connected to 
convey fluid under pressure to said feeding 
mechanism, means including an electric motor to 
rotate Said pump, and an electrical control sta 
tion. On the front of the machine base including 
a push button control for the motor to rotate the 
grinding wheel, a push button control for the 
motor to rotate the Work, a push button control 
for the fluid pressure pump motor, and a cycle 
control push button to simultaneously actuate 
each of Said control valves to control the admis 
Sion of fluid under pressure to the feeding mech 
anism to control the grinding cycle. 

7. A grinding machine comprising a base, a 
longitudinally movable table thereon, a rotatable 
Work support on said table, means to support a 
Work piece thereon, a plurality of spaced inde 
pendent transversely movable wheel slides on said 
base, a rotatable grinding wheel on each of said 
slides which are arranged to grind spaced por 
tions on a work piece, an independent nut and 
Screw feeding mechanism for each of said slides, 
an independent manually operable feed wheel for 
independently adjusting each of said feed screws 
to independently adjust the position of each of 
said slides, an independent electrically controlled 
pawl and ratchet mechanism to incrementally 
rotate each of said feed screws, and means in 
cluding an electric push button associated with 
each of Said pawl and ratchet mechanisms to 
actuate said pawl and ratchet to cause a prede 
termined feeding movement of the grinding wheel 
each time the push button is actuated. 

8. A grinding machine comprising a base, a 
longitudinally movable table thereon, a rotatable 
Work Support on said table, means to support a 
Work piece thereon, a plurality of Spaced inde 
pendent transversely movable wheel sides on 
Said base, a rotatable grinding wheel on each of 
Said slides which are arranged to grind spaced 
portions on a work piece, an independent, nut 
and Screw feeding mechanism for each of said 
Slides, an independent manually operable feed 
Wheel for independently adjusting each of said 
feed Screws to independently adjust the position 
of each of said slides, an independent pawl and 
ratchet mechanism to actuate said feeding mech 
anism, an independent fluid pressure mechanism 
including a piston and cylinder to actuate each 
of said pawl and ratchet mechanisms, an inde 
pendent electrically operated mechanism to con 
trol the admission of fluid to each of said cylin 
ders, and an electrical control for each of Said 
mechanisms including an independent push but 
ton which serves when actuated to admit fluid 
under pressure to said cylinder to actuate the 
pawl and ratchet and cause an incremental feed 
ing movement of said grinding wheel. 

9. A grinding machine comprising a base, a 
longitudinally movable table thereon, a rotatable 
work support on said table, means to Support a 
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Work piece thereon, a plurality of spaced inde 
pendent transversely movable wheel slides on said 
base, a rotatable grinding wheel on each of said 
slides Which are arranged to grind Spaced por 
tions on a work piece, an independent nut and 
Screw feeding mechanism for each of said slides, 
an independent manually operable feed wheel for 
independently adjusting each of said feed screws 
to independently adjust the position of each of 
Said slides, an independent pawl and ratchet 
mechanism to rotate each of said feed screws, a 
piston and cylinder mechanism to actuate each 
Of Said pawl and ratchet, a control valve to con 
trol the admission of fluid to each of said cylin 
ders, electrically operated means including a sole 
noid to actuate each of Said valves, and an elec 
trical remote control device including an inde 
pendent push button for operating each of said 
Solenoids to operate the control valve and admit 
fluid under pressure to said cylinder to actuate 
Said pawl and ratchet to rotate the feed screw 
and thereby independently advance the grinding 
Wheels by predetermined increments. 

10. A grinding machine comprising a base, a 
longitudinally movable table thereon, a rotatable 
Work Support on Said table, means to support a 
Work piece thereon, a plurality of spaced inde 
pendent transversely movable wheel slides on said 
base, a rotatable grinding wheel on each of said 
slides which are arranged to grind spaced por 
tions on said work piece, an independent fluid 
pressure operated feeding mechanism including 
a piston and cylinder operatively connected to 
independently move each of said wheel slides rap 
idly toward and from the work support, a dash 
pot piston and cylinder associated with each of 
Said fluid pressure feeding mechanisms which are 
Operative when the wheel slides are moved toward 
the work Support to slow down the rapid ap 
proaching movement of the wheel to a predeter 
mined grinding feed, an adjustable stop to posi 
tively limit the forward advancing movement of 
each of Said piston and cylinders, a control valve 
for each of Said cylinders to independently control 
the admission of fluid to and from said cylinders, 
electrically controlled means including a solenoid 
to independently actuate each of said control 
Valves to cause a forward or rearward feeding 
noVement Of the slide, a dwell control unit asso 
ciated with each of said dash pot mechanisms in 
cluding an independent electrically operated 
Switch with each of said mechanisms, said switch 
es being So connected that when all of the grind 
ing wheels have ground the spaced portions of 
the workpiece to a predetermined size, the switch 
es Will break a circuit to simultaneously deener 
gize the Solenoids to simultaneously shift the 
Valves to a reverse position to cause a simul 
taneous rearward movement of all of the wheel 
Slides, and means including an electrical cycle 
control mechanism including a push button to 
simultaneously energize said solenoids to shift the 
control valves so as to simultaneously admit fluid 
to said cylinders to cause a simultaneous ap 
proaching movement of the wheel slides toward 
the work piece to grind the Spaced portions of 
the work piece to a predetermined size. 

WALLACE. H. WOOD. 
CARL G. FLYGARE. 
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