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Norton Company, Worcester, Mass., a corpora 
tion of Massachusetts 
Application March 29, 1947, Serial No. 38,093 

1. 
The invention relates to grinding machines 

and more particularly to a crush truling ap 
paratus for truling a predetermined form on the 
peripheral or operative face of a grinding wheel. 
One object of this invention is to provide a 

simple and thoroughly practical crush truling ap 
paratus for truling a predetermined form on the 
operative face of a grinding wheel. Another ob 
ject of the invention is to provide a crush truling 
apparatus in which the form crusher rollis moved 
hydraulically toward and away from the face of 
the wheel to be dressed. Another object of the 
invention is to provide a hydraulic control 
mechanism for a crush truling roll which is ar 
ranged to cause a rapid approaching movement 
of the crushing roll and automatically reducing 
the rapid approaching to a slow controlled feed 
as the crushing roll moves into operative en 
gagement with the grinding wheel. 
Another object of the invention is to provide 

a hydraulic mechanism for moving a crushing 
roll to and from an operative position in which 
a solenoid valve controls the direction of move 
ment of the crusher roll and a second Solenoid 
valve actuated automatically in tinned relation 
with the movement of the crusher roll to reduce 
the rapid approaching to a controlled feeding 
movement. Another object of the invention is 
to provide a hydraulic piston and cylinder mecha 
nism to control the movement of a crusher roll 
toward and from the operative face of a grind 
ing wheel and to provide a booster piston and 
cylinder to increase the pressure of the crusher 
roll on the wheel during the crushing operation. 
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 vertical sectional view through a 
wheel slide and the crush truing apparatus sup 
ported thereby, together with a hydraulic piping 
and electric wiring diagram; 

Fig. 2 is a fragmentary plan view of the wheel 
slide, showing the grinding wheel driving mecha 
nlSm; 

Fig. 3 is a fragmentary sectional view, on an 
enlarged scale, taken approximately on the line 
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shown in section to illustrate the free-wheeling 
driving clutch; 

Fig. 4 is a cross sectional view taken approxi 
mately on the line 4-4 of Fig. 3, through the 
free-wheeling clutch; 

Fig. 5 is a fragmentary vertical sectional view 
through the manually operable feed mechanism 
for the crusher roll slide; 

Fig. 6 is a modified form of the hydraulic actu 
ating mechanism for the crusher roll and its Sup 
porting slide; and 

Fig. 7 is a cross sectional view through a 
crusher roll. 
A grinding machine has been illustrated in the 

drawings comprising a base O which Supports a 
transversely movable wheel slide 5 on a trans 
versely extending V-way 6 and a flat way fl. 
The wheel slide 5 supports a rotatable wheel 
spindle 8 in a pair of spaced bearings 9 and 20. 
A grinding wheel 2 is mounted on the left hand 
end of the wheel spindle and a multi V-groove 
pulley 22 mounted on the right hand end thereof. 
A suitable driving mechanism is provided for 

rotating the wheel spindle 8 and grinding wheel 
2 at either a relatively fast speed for a grinding 
operation or at a relatively low speed for a crush 
truing operation. An electric motor 25 is 
mounted on the wheel slide 5. The motor 25 
is provided with a motor shaft 26 which supports 
a multi V-groove pulley 27 which is connected 
by multiple V-belts 28 with the pulley 22 on the 
wheel spindle 8. The motor 25 and the belt 
drive above described serve to rotate the grind 
ing wheel 2 at a normal grinding speed such as 
for example 5,000 surface feet perminute or more 
depending upon the nature of the work being 
ground and the type of grinding wheel being 
used. 
A slow speed driving mechanism is provided to 

Supplement the driving mechanism above de 
Scribed for rotating the grinding, wheel at a suit 
able speed for crush truling. This mechanisin 
may comprise a relatively small electric motor 30 
which is mounted adjacent to the rear portion of 
the wheel slide 5. The motor 30 is provided 
with a motor shaft 3 f which supports a V-pulley 
32. A V-belt 33 connects the pulley 32 with a 
V-pulley 34 on a speed reduction unit 35. The 
Speed reduction unit 35 may be any of the stand 
ard well known speed reducing units which are 
available on the open market. This speed reduc 
tion unit may comprise a rotatable shaft 36 which 
Supports the pulley 34. A worm 37 is either 
formed integral with or is fixedly mounted on the 

3-3 of Fig. 2, having parts broken away and 55 shaft 36. The worm 37 meshes with a worm gear 
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38 which is drivingly connected to rotate a shaft 
39. A free-wheeling clutch 40 is keyed to the 
shaft 39 and is provided with a V-groove pulley 
4f which is connected by means of a single V-belt 
42 with a pulley 43. The pulley 43 is mounted 
on the motor shaft 26. 
The free-wheeling clutch 40 (Figs. 3 and 4). 

comprises a sleeve 45 which is keyed to the shaft 
39. The sleeve 45 supports a casing 46 on a pair 
of spaced ball bearings 47 and 48 (Fig. 4). Gear 
teeth 49 are formed on a flanged portion of the 
sleeve 45. A plurality of rocker cams 50, only One 
of which is shown in Fig. 3, are provided with 
gear teeth which mesh with the gear teeth 49 on 
the sleeve 45. When the motor 30 is set in mo 
tion, the sleeve 45 will be rotated in a clockwise 
direction as shown by the arrow in Fig. 3. This 
motion serves to rock the rocker cans 50 in a 
counter-clockwise direction so that the Cam Sur 
face drivingly engages an internal cylindrical 
surface 5 formed within the casing 46 so that the 
driving motion of the shaft 39 will be trans 
mitted through the gear teeth 49, through the 
rocker cams 50 to frictionally engage the internal 
cylindrical surface 5 and thereby to rotate the 
casing 46 and the pulley 4f to transmit a rotary 
motion through the pulley 27, the belt 28, the 
pulley 22 to rotate the wheel spindle 8 and the 
grinding wheel 2 at a relatively slow speed for 
a crush truling operation. This speed may be 
for example a peripheral speed of 150 to 300 
surface feet per minute to produce the desired 
and predetermined truling operation. A plural 
ity of springs 52 (Fig. 3) are provided normally 
to urge the rocker cams 50 in a clockwise direc 
tion so that when the motor 30 is idle and the 
motor 25 is in operation, the pulley 4 and the 
casing 46 is free to rotate during the normal 
grinding operation. 
A vertically arranged truling apparatus frame 

is mounted on the upper portion of the Wheel 
slide 5. The frame 55 serves as a support for 
a vertically movable slide 56 which is arranged to 
slide in slideways 57. The slide 56 serves as a 
support for a shaft 58. The shaft 58 supports 
a crusher type truling roll 59 on a pair of spaced 
anti-friction bearings 60 and 6. 
A coolant supply System is provided compris 

ing a pipe 62 which is connected to a suitable 
source of supply of coolant fluid. The pipe 62 is 
connected to a housing 63 formed integral with or 
fixedly mounted on the slide 56. The housing 63 
Surrounds a portion of the crusher roll 59. A 
coolant nozzle 64 is mounted within the casing 
63 to convey coolant fluid from the pipe 62 to the 
crusher roll 59 and the grinding wheel 2. 
A suitable feeding mechanism is provided for 

moving the crusher roll slide 56 either toward or 
from the grinding wheel 2. This mechanism 
may comprise a vertically arranged feed screw 
65 which is supported in a pair of spaced bearings 
67 and 68. The bearings, 67 and 68 are fixedly 
mounted relative to the truling apparatus frame 
55. The slide 56 is provided with a threaded aper 
ture or nut 69 which engages or meshes with the 
feed screw 65. 
The feed screw 65 may be rotated manually 

to cause a relative approaching or receding move 
ment of the slide 56 and the crusher roll 59 rela 
tive to the grinding wheel 2. This mechanism 
may comprise a manually operable hand wheel 
O (Fig. 5). The hand wheel 70 is mounted on 
one end of a rotatable shaft 7. The shaft. 
is supported in anti-friction bearings 72 and 3 
which are fixedly mounted relative' to the frame 
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4. 
55. The shaft f supports, a bevel gear 74 on its 
inner end which meshes with a bevel gear 66 slid 
ably keyed to the lower end of the feed screw 
shaft 66. It will be readily apparent from the 
foregoing disclosure that a rotary motion of the 
hand wheel. To will be transmitted through the 
mechanism above described to cause a vertical 
movement of the slide 56 and the crusher roll 
59. 

It is desirable to provide a suitable power op 
erated mechanism for rapidly moving the crusher 
roll to and from an operative position with the 
crusher roll 59 in truling engagement with the 
periphery of the grinding wheel 2 and to main 
tain the crusher roll in engagement therewith at 
a predetermined relatively high pressure to pro 
duce the desired crushing action upon the periph 
ery of the grinding wheel 2. This mechanism is 
preferably a hydraulically operated mechanism 
comprising a cylinder 80 which contains a slid 
ably mounted piston 8. The piston 8 is opera 
tively connected to the upper end of the feed 
shaft 65. A solenoid control valve is provided for 
controlling the admission to and exhaust of fluid 
from the cylinder 80. This valve is preferably a 
piston type valve comprising a valve stem 83 hav 
ing a plurality of valve pistons 84, 85 and 86 
formed integral therewith. An electric solenoid 
87 is provided which when energized serves to 
move the valve stem 83 upwardly so as to re 
verse the flow of fluid to the cylinder 80. 

Electric power is supplied as represented by 
the power lines 88. These power lines 88 are con 
nected so that when a switch 89 is closed, the 
solenoid 87 will be energized. 

Fluid under pressure from any suitable source : 
is Supplied through a pipe 90 to a valve chamber 
9 which is located between the valve pistons 85 
and S. In the position of the valve 82 as shown 
in Fig. 1, fluid under pressure entering the valve 
chamber 9 passes out through a pipe 92 and 
through a pipe 93 into a cylinder chamber 94 
formed at the lower end of the cylinder 80. The 
admission of fluid under pressure to the cylinder 
chamber 80 causes the piston 8 to move upwardly 
into the position illustrated in Fig. 1. During the 
upward movement of the piston 8 f. fluid within a 
cylinder chamber 95 exhausts through a passage 
96, through a pipe 97 into a valve chamber 98 lo 
cated between the valve pistons 84 and 85 and 
passes out through an exhaust pipe 99. 
When the solenoid 87 is energized, fluid enter 

ing the valve chamber 9 from the pipe 90 passes 
through the pipe 97, through the passage 96 into 
the cylinder chamber 95 to cause a downward 
movement of the piston 8. During the down 
ward movement of the piston 8, fluid within the 
cylinder chamber 94 is exhausted through the 
pipe 93, the pipe 92, into a valve chamber 100 and 
out through an exhaust pipe Of. 

In the preferred form of this invention, it is 
desirable to use a comparatively low pressure for 
example 100 pounds per square inch in the fluid 
pressure System so that during the approaching 
movement of the crushing roll relative to the 
Wheel, a manual adjustment of the feed screw 
may be obtained without difficulty. In order to 
obtain sufficient pressure for the crushing opera 
tion, it is therefore desirable to provide a booster 
cylinder 05 which is mounted on top of the cyl 
inder 80. The booster cylinder. O5 contains a 
slidably mounted piston 06 which is connected 
to the upper end of a piston rod O7. The piston 
rod 07 is slidably mounted in a cylindrical aper 
ture formed in the lower portion of the cylinder 
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OS and forms a booster cylinder chamber 08 be 
low the end of the piston rod 07. Due to the rel 
atively large diameter of the piston 08 as com 
pared to the diameter of the piston rod OT, if 100 
pounds per Square inch pressure is applied above 
the piston OB, this pressure will be increased due 
to the difference in area of the piston 06 and 
the effective area of the piston rod O7. By this 
arrangement it is possible to maintain a rela 
tively low line pressure and at the same time to 
boost this pressure from, for example 100 pounds 
pressure per square inch in the supply line 90 so 
that an increase to 200 pounds per square inch or 
more is obtained within the booster cylinder 80. 
A suitable control valve fog is provided for 

controlling the admission of fluid to the booster 
cylinder OS. This control valve O9 is a piston 
type valve comprising a valve stem to having 
valve pistons and 2 formed integrally 
therewith. In the position of the valve fo9 (Fig. 
1) fluid under pressure from the pipe 97 enters 
a valve chamber 3 formed between the valve 
pistons f and 2 and passes out through the 
passage 96 into the cylinder chamber 95 to cause 
a downward movement of the piston 8. A com 
pression spring 4 surrounding the valve stem 
to serves normally to maintain the valve f OS 
in the position illustrated in Fig. 1. 

It is desirable to provide a suitable control 
mechanism so that the crusher roll 59 may be 
moved rapidly until it is about to engage the 
peripheral surface of the wheel 2 to be trued 
and then moved at a slower controlled rate during 
the crush truling of the grinding wheel 2. This is 
preferably accomplished by means of a solenoid 
valve 20. The solenoid valve 20 is a piston type 
valve comprising a valve stem 2 having formed 
integral therewith valve pistons 22 and 23. 
The valve f2O is interposed between the pipelines 
92 and 93. In the position of the valve as shown 
in Fig. 1, fluid under pressure passing through 
the pipe 92 enters a valve chamber 24 located 
between the valve pistons 22 and 23 and passes 
outwardly through the pipe 93 into the cylinder 
chamber 94 to cause an upward movement of the 
piston 8, the slide 56 and the crusher roll 59. 
When the Solenoid 8 is energized to shift valve 

82 upwardly to allow fluid to pass through the 
pipe 97 so as to cause a downward movement of 
the piston 8?, fluid within the cylinder chamber 
94 exhausts through the pipe 93, the valve cham 
ber 24, the pipe 92, the valve chamber 00 and 
out through the pipe fol. This arrangement 
allows a substantial unrestricted exhaust of fluid 
from the cylinder chamber 94 so that the crusher 
roll moves at a comparatively rapid rate. 
A compression spring 25 is provided normally 

to hold the valve stem 2 in a downward posi 
tion as shown in Fig. 1. A solenoid 26 is pro 
vided which when energized serves to shift the 
valve stem 2 upwardly so that the valve piston 
23 cuts off exhaust of fluid to the pipe 92. As 
the valve stem 2 moves upwardly, fluid exhaust 
ing through the pipe 93 into the valve chamber 
24 may pass outwardly through a pipe and a 

throttle valve 27 into the pipe 92. By regulating 
the throttle valve 27, the rate of exhaust of fluid 
from the cylinder chamber 94 may be readily con 
trolled so as to obtain the desired feeding move 
ment of the crusher roll 59 into the surface of the 
wheel being dressed. 

It is desirable to provide a suitable automatic 
electrical control so that the solenoid 26 may be 
energized in timed relation with the downward 
movement of the crusher roll 59 so as to change 
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6 
from a rapid approaching movement to a slow 
controlled feed when the crusher roll 59 reaches 
a predetermined position. This is preferably 
accomplished by means of a normally open limit 
Switch 34 which is mounted on the truling appa 
ratus frame 55. A collar 35 is arranged in the 
path of an arm 36 which is supported by a rock 
shaft 37. The rock shaft 37 is supported in a 
suitable bearing formed in the frame 55. The 
rock shaft 3 also supports an arm 38 which 
carries an adjustably mounted screw 39. The 
Screw 39 is arranged to move in the path of an 
actuating plunger 40 of the limit switch 34. 
It will be readily apparent from the foregoing 
disclosure that when the slide 56 moves down 
wardly, the collar 35 will engage the arm 36 
and rock the shaft 37, the arm 38 and the ad 
justably mounted screw 39 in a counter clock 
Wise direction to close the limit switch 34. 
When the limit switch 34 is closed, a circuit is 
closed thereby to energize the solenoid 26 so as 
to shift the valve stem 2f upwardly and thereby 
reduce the rapid approaching movement of the 
crusher roll 59 to a relatively slow controlled feed 
ing movement. It will be readily apparent that 
by adjustment of the screw 39, the actuation of 
the plunger 40 and the closing of the limit 
Switch 34 may be adjusted so that the rate of 
approaching movement of the crusher roll 59 
relative to the periphery of the grinding wheel 
2 may be reduced at the desired and predeter 
mined interval. 
A modified form of the hydraulic actuating 

mechanism for the crusher roll is shown in Fig. 6 
5 in which the booster cylinder 05 and its con 

trolling valve O9 is eliminated. With this air 
rangement a relatively high line pressure must 
be obtained in the hydraulic control System, for 
example 200 pounds per square inch or more in 
order to obtain the desired pressure of the crusher 
roll 59 against the periphery of the grinding 
wheel 2 during the crushing operation. In case 
this modified construction is utilized, the pipe 97 
is connected to pass fluld directly into the cylinder 
chamber 95 to cause a downward movement 
thereof and the pipe 93 is connected directly with 
the lower cylinder chamber 94. With this modi 
fied arrangement, the control valves 82 and 20 
are connected in the same manner as shown in 
Fig. 1. 
After a truling operation has been completed, it 

is desirable to move the crusher roll rapidly in 
an upward direction to an inoperative position. 
In order to obtain this result, it is desirable that 
both the solenoid 87 and the Solenoid 26 be de 
energized at the same time. The electrical con 
nections as illustrated in Fig. 1 are such that 
when the crushing operation has been completed, 
the switch 89 is opened thereby deenergizing both 
the Solenoid 87 and the Solenoid 26 so that fluid 
under pressure from the pipe 90 passing into the 
valve chamber 9 passes through the pipe 92, 
through the cylinder chamber 24 and the pipe 93 
into the cylinder chamber 94 to cause a rapid 
upward movement of the piston 8 So as to impart 
a corresponding movement to the slide 56 and the 
crusher rol. 59. 
The crusher roll 59 as shown in Fig. I com 

prises a cylindrical surface having two fillets 
arranged at opposite ends thereof for truling a 
cylindrical face on the grinding wheel 2 having 
the corners thereof rounded to a predetermined 
radius. As shown in Fig. 7 a modified form of 
crusher roll 42 is illustrated whereby an irregul 
lar formed face may be produced on the periphery 
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of the grinding wheel being dressed. The shape 
of the crusher roll may be varied to produce prac 
tically any desirable shape or form on the periph 
ery of the grinding wheel. It will be readily 
apparent from the disclosure contained herein 
that forms may be crush trued into the operative 
face of a grinding wheel by the crushing method 
which would be difficult or impractical to form 
by use of a conventional type truling apparatus. 
The operation of this improved crush truling 

apparatus will be readily apparent from the fore 
going disclosure. 
position on the spindle 58. The crusher roll 59 
having a peripheral surface formed or shaped to 
produce the desired form or shape on the periph 
ery of the grinding wheel 2. When it is desired 
to true the grinding wheel 2, the switch 89 is 
closed to allow fluid under pressure from the pipe 
98 to pass through the system above described to 
cause a downward movement of the piston 8, the 
slide 56, and the crusher roll 59 at a rapid 
approaching rate. Assuming the booster cylinder 
arrangement of Fig. 1 is utilized and a relatively 
low pressure supplied in the pipeline 90, fluid un 
der pressure passing through the pipe 97 enters 
the valve chamber 3, passes through the passage 
96 into the cylinder chamber 95 to cause a down 
ward movement of the piston 8. This movement 
continues at a rapid rate until the solenoid 26 is 
energized, thus throttling the exhaust of fluid 
through the pipe 93. As soon as the solenoid 26 
shifts the valve stem 2, pressure within the 
cylinder chamber 95 builds up, so that there is 
sufficient pressure in the valve chamber 3 pass 
ing through a passage 5 into a valve chamber 

6 at the lower end of the control valve for to 
raise the valve stem O against the compression 
of the spring 4 so that fluid under pressure 
within the valve chamber 3 may pass through a 
passage 7 in the booster cylinder O5 thereby 
causing a downward movement of the booster 
piston O6 so that the piston rod Oil as above de 
scribed will increase or boost the pressure within 
the chamber 08 and the cylinder chamber 95 
during the crushing operation. The rapid ap 
proach of the crusher roll 59 continues until the 
collar 35 engages the arm 36 so as to rock the 
screw 39 to close the limit switch 34 thereby en 
ergizing the solenoid 26 to shift valve stem 2 
and thereby throttle the exhaust of fluid from the 
pipe 93 to a predetermined crushing rate as the 
crushing roll 59 moves into operative engagement 
with the peripheral surface of the grinding wheel 
2. The crushing operation continues until the 
surface of the wheel has been dressed to the de 
sired extent after which the switch 89 is opened 
to simultaneously deenergize both the solenoid 8 
and the solenoid 26 thus allowing an unrestricted 
flow of fluid to the cylinder chamber 94 to cause 
a rapid upward movement of the piston 8, the 
slide 56 and the crusher rol. 59 to an inoperative 
position. 

It will thus be seen that there has been provided 
by this invention apparatus in which the Various 
objects hereinabove set forth together with many 
thoroughly practical advantages are successfully 
achieved. As many possible embodiments may be 
made of the above invention and as many changes 
night be made in the embodiment above set forth, 
it is to be understood that all matter hereinbefore 
Set forth or shown in the accompanying drawings 
is to be interpreted as illustrative and not in a 
limiting sense. 

I claim: 
1. In a grinding machine having a rotatable 

A crusher roll 59 is mounted in 

8 
grinding wheel, independent electric motors to ro 
tate said grinding wheel either at a relatively fast 
speed for a grinding operation or at a relatively 
slow Speed for a truling operation, and a truling ap 
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paratus including a rotatably mounted crusher 
roller, a movable slide to support said roller, a 
hydraulic piston and cylinder rapidly to move said 
slide and crusher roller toward and from the face 
of the grinding wheel to be trued, a control valve 
to control the admission to and exhaust of fluid 
from said cylinder, a second normally open con 
trol valve connected between the lower end of said 
cylinder and the first valve, a throttle valve to 
control the exhaust of fluid from the lower end 
of Said cylinder after the second valve is closed, 
and means including a limit switch actuated by 
and in timed relation with the approaching move 
ment of the piston to actuate the second valve so 
as to change the rapid approaching movement of 
the crusher roller to a relatively slow controlled 
feeding movement when the crusher roller moves 
into operative engagement with the grinding 
wheel. 

2. In a grinding machine having a rotatable 
grinding wheel, independent electric motors to ro 
tate said grinding wheel either at a relatively fast 
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Speed for a grinding operation or at a relatively 
slow speed for a truling operation, and a truling 
apparatus including a rotatably mounted formed 
crusher roller, a vertically movable slide to 3upport 
said roller, a hydraulic piston and cylinder axially 
aligned with said screw rapidly to move said 
Screw-slide and crusher roller toward and from 
the face of the grinding wheel to be trued, a sole 
noid valve to control the admission to and exhaust 
of fluid from said cylinder, a second normally open 
Solenoid valve connected between the lower end . 
of said cylinder and the first valve normally to 
facilitate a rapid approaching movement of the 
crusher roller, a throttle valve to control the ex 
haust of fluid from the lower end of said cylinder 
after the second valve is closed, and a limit switch 
actuated by and in timed relation with the down 
Ward movement of the piston to energize said sec 
ond solenoid valve to change the rapid approach 
ing movement of the crusher roller to a relatively 
slow controlled feeding movement when the 
crusher roller moves into operative engagement. 
with the grinding wheel. 

3. In a grinding machine having a rotatable 
grinding wheel, independent electric motors to 
rotate said grinding wheel either at a relatively 
fast speed for a grinding Operation or at a rela 
tively slow speed for a truling operation, and a 
truling apparatus including a rotatably mounted 
formed crusher roller, a vertically movable slide 
to support said roller, a manually operable nut 
and screw to facilitate adjustment of said slide, 
a hydraulic piston and cylinder axially aligned 
with said screw rapidly to move said Screw-slide 
and crusher roller toward and from the face of 
the grinding wheel to be trued, a solenoid valve to 
Control the admission to and exhaust of fluid from 
said cylinder, a second normally open solenoid 
valve connected between the lower end of said 
cylinder and the first valve normally to facilitate 
a rapid approaching movement of the crusher 
roller, a throttle valve to control the exhaust of 
fluid from the lower end of said cylinder after the 
second valve is closed, and a limit switch actuated 
by and in timed relation with the downward 
rovement of the piston to energize said second 
Solenoid valve to change the rapid approaching 
movement of the crusher roller to a relatively slow 
controlled feeding movement when the crusher 
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roller moves into operative engagement with the 
grinding wheel. 

4. In a grinding machine having a rotatable 
grinding wheel, driving means to rotate said 
grinding wheel either at a relatively fast speed 
for a grinding operation or at a relatively slow 
speed for a truling Operation, and a truling ap 
paratus including a rotatably mounted formed 
crusher roller, a movable slide to support said 
roller, a hydraulic piston and cylinder rapidly to 
move said slide and roller toward and from the 
periphery of the grinding wheel, a second piston 
and cylinder to increase the pressure on the first 
piston and slide, a normally open Solenoid valve 
in the exhaust side of the first cylinder, a limit 
switch actuated by and in timed relation with the 
approaching movement of the slide and crusher 
roller to shift said solenoid valve so as to cut-off 
unrestricted exhaust of fluid from said cylinder, 
and a throttle valve to regulate the exhaust of 
fluid from the first cylinder after the solenoid 
valve is shifted to control the rate of movement 
of the crusher roller during a crushing opera 
tion. 

5. In a grinding machine having a rotatable 
grinding wheel, driving means to rotate said 
grinding wheel either at a relatively fast speed 
for a grinding operation or at relatively slow 
speed for a truling operation, and a truling ap 
paratus including a rotatably mounted formed 
crusher roller, a vertically movable slide to sup 
port said roller, a manually operable nut and 
screw to facilitate adjustment of said slide, a 
hydraulic piston and cylinder axially aligned with 
said screw rapidly to move said screw-slide and 
roller toward and from the periphery of said 
grinding wheel, a second piston and cylinder to 
increase the downward pressure on the first pis 
ton and screw, a normally open solenoid valve 
in the exhaust side of the first cylinder, a limit 
switch actuated by and in timed relation with 
the downward movement of said screw automati 
cally to shift said solenoid valve to cut-off un 
restricted exhaust of fluid from said cylinder, a 
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throttle valve to regulate the exhaust of fluid 
from the cylinder after the solenoid valve is 
shifted to control the rate of movement of the 
crusher roller toward the peripheral face of the 
grinding wheel, and a control valve automatically 
actuated by back pressure in the first cylinder So 
as to admit fluid under pressure to the Second 
cylinder and thereby to increase the pressure of 
the crusher roller against the grinding wheel dur 
ing a crushing Operation. 

6. In a grinding machine having a rotatable 
grinding wheel, driving means to rotate said 
grinding wheel either at a relatively fast speed 
for a grinding operation or at a relatively slow 
speed for a truling operation, and a truling ap 
paratus therefor including a rotatably mounted 
formed crusher roller for truling a predetermined 
shape on said wheel, a vertically movable slide 
to support said crusher roller, a hydraulic pis 
ton and cylinder to move said slide toward and 
from Said wheel periphery, a manually operable 
nut and screw interposed between said slide and 
said piston to facilitate adjustment of the slide 
relative to the piston, a solenoid control valve to 
control the admission to and exhaust of fluid from 
said cylinder, normally open solenoid valve in the 
pipeline between said control valve and the lower 
end of Said cylinder, means including a limit 
switch actuated by and in time relation with the 
downward movement of Said slide to close said 
second solenoid valve, a throttle valve to control 
the rate of the exhaust when the second solenoid 
valve is closed, a booster piston and cylinder 
which is arranged to increase the pressure in the 
upper cylinder chamber, and a normally closed 
control valve which is open by back pressure in 
the pipe line between the control valve and the 
upper end of said cylinder when the solenoid valve 
is closed to open said latter valve and admit fluid 
under pressure to the booster cylinder thereby 
to increase the pressure of crusher roller against 
grinding wheel during a truling operation. 
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