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BILLET GRINDER

Wallace K. Lowe, Syracuse, N. Y., assisusr to Crucible
Steel Company of America, New York, N. Y., 2 cor-
poration of New Jersey

Application April 1, 1952, Serial No, 279,789
24 Claims, (CL 51-—45)

This invention relates to apparatus for automatically
grinding surfaces of metal billets such as, for example,
rolled or forged steel billets.

This application is a continvation-in-part of my co-
pending application Serial No. 253,242, filed October 26,
1951 and entitled “Billet Grinder.”

Rolled or forged steel billets have, in an intermediate
stage in their manufacture, relatively rough and uneven
surfaces as a result of a rolling, hammer-forging or cog-
ging operation, and for removing decarburized surface
and minor surface imperfections, such as irregularities,
slivers and small cracks and for providing a relatively
smooth surface, free from imperfections, for subsequent
rolling and forging operations, it has been the practice to
surface grind these billets by manual or automatic grind-
ing apparatus employing an abrasive grinding wheel which
traverses the imperfect surfaces of the billets. In known
types of manual and automatically controlled grinding
apparatus of this type the grinding pressure has been
controlled either manually or the pressure has been main-

tained constant irrespective-of the load on the grinding ¢

wheel and hence the load on the motor or other device
employed for driving the grinding wheel. Such arrange-
ments are unsatisfactory not only because they produce
uneven grinding, but also because a constant pressure on
the grinding wheel may cause the grinding wheel to cut
the surface of the billet either too rapidly or too slowly.
This is particularly true when the characteristics of the
surface of the billet vary across the face of the billet.

Also, in known types of automatic or semi-automatic
billet grinding apparatus it has been customary to move
the grinding wheel rapidly transversely across the surface
of the billet as the billet is moved slowly in the direction
of the longitudinal axis of the billet. It has been found
that with this relationship between the movement of the
billet and the grinding wheel, relatively high temperatures
develop at the point of contact of the wheel with the billet
because there is a relatively short period of time between
the time that the grinding wheel contacts one spot on the
billet and the next adjacent spot on the surface of the
billet. This produces overheating of the billet with
resulting surface decarburization, etc.

Furthermore, in connection with known types of
automatic machines the mechanism which is reciprocated
with the grinding wheel has been relatively heavy and
complicated both because it was necessary to reciprocate
the grinding wheel at a rapid rate and because of the
equipment heretofore employed for forcing the grinding
wheel against a billet.

It is an object of the present invention to provide an
automatic grinding machine which does not have the
disadvantages mentioned above and which is simple and
economical to manufacture and operate.

In accordance with the preferred embodiment of the
present invention, a pivotally mounted beam is provided
which has a grinding wheel and its driving motor mounted
on one side of the pivot point thereof. A counter-weight
whose position is adjustable along the length of the beam
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is provided on the opposite side of the pivot point and
the position of the counter-weight along the length of the
beam is controlled by the energy consumed by the motor
and hence by the motor load. The motor load is, of
course, proportional to the load on the grinding wheel and
therefore is related to the rate at which material is re-
moved from the surface of the billet. As the load on the
wheel, and hence on the motor, increases due to changes
in the characteristics of the surface of the billet, the
counter-weight is moved away from the pivot point and
the pressure on the grinding wheel is decreased to com-
pensate for the changes in surface characteristics. Con-
versely, as the load on the wheel tends to decrease, the
counter-weight is moved toward the pivot point so that
the pressure on the wheel is increased. Thus, the pres-
sure of the grinding wheel against the billet is not con-
stant but, instead, it is variable so that the load on the
grinding wheel is maintained at a substantially constant
value.

Also, in the preferred embodiment of the invention,
the billet to be ground is mounted on a table which
moves back and forth rapidly along a path which is par-
allel to the longitudinal axis of the billet. At the same
time, the grinding wheel is moved slowly in a direction
transverse to the longitudinal axis of the billet. Thus,
over the major portion of the surface of a billet there is a
relatively longer period of time between the times that
the grinding wheel is operating on a first surface and
then on an adjacent surface, and a greater area on the
billet is ground between each reversal of the table than
when the grinding wheel is moved back and forth rapidly
and the table is moved slowly.

Because the grinding wheel moves transversely of the
longitudinal axis of the billet at a comparatively slow
rate and because of the arrangement provided for the
control of the load on the grinding wheel, it is possible
to mount only a relatively small number of parts on the
pivoted beam and to provide relatively small and simple
apparatus for reciprocating the beam. Accordingly, a
further feature of my invention is the simplicity- of the
structure and the apparatus required for reciprocating the
grinding wheel.

In accordance with a further feature of my invention,
I provide controls for producing a sehort stroke recipro-
cation of the billet-carrying table at any position of the
grinding wheel on the surface of the billet. This feature
is provided to permit extra grinding of poriions of the
billet surface which require such grinding without hand
operation of the grinding wheel and without traversing
the entire length of the billet.

Also, I provide a pair of pivotally and slidably mounted
clamping arms for clamping the billet at both its ends
and one side. The clamping arms are operated by a pair
of fluid actuated cylinder and piston means which also
set the positions of the table reciprocation controls and
hence the length of table reciprocation stroke is controlied
in accordance with the length of a billet being ground.

In addition to the above features, the preferred embodi-
ment of my invention includes a quick-acting, air actuated
cylinder and piston means for lifting the grinding wheel
in the event that it passes beyond the end of a billet and
controls for reducing the pressure of the grinding wheel
on the billet as it approaches the corners thereof to pre-
vent thereby undesirable rounding of the corners.

Other objects and advantages of the invention will
more fully appear from the following detailed description
setting forth the manner in which I now prefer to practice
the invention and from the accompanying drawings in
which:

Fig. 1 is a side elevation view of the preferred embodi-
ment of my invention; : ’
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Fig. 2 is a plan view of the embodiment shown in
Fig. 1;

Fig. 3 is a front elevation view of the preferred embodi-
ment of the invention shown in Figs. 1 and 2;

Fig. 4 is a side elevation view of the embodiment shown
in the preceding figures taken from the opposite side
from the view in Fig. 1;

Fig. 5 is a fragmentary, plan view of the embodiment
of the preceding figures and shows the billet table clamp-
ing devices more clearly;

Fig. 6 is a plan view showing a portion of the billet
table illustrated in Fig. 5 and shows the positions of
the billet clamping devices when a billet is released and
turned;

Fig. 7 is an enlarged, fragmentary, cross-sectional view
of the billet table shown in the preceding figures and is
taken along the line designated by the numerals 7—7 in
Fig. 3;

Fig. 8 is an enlarged, fragmentary, cross-sectional view
of the grinding wheel and its mounting shown in the pre-
ceding figures and is taken along the line 8—8 in Fig. 1;

Fig. 9 is a schematic diagram illustrating the system
employed in the preferred embodiment of the invention
for clamping and turning a billet and for lifting the grind-
ing wheel;

Fig. 10 is a schematic diagram illustrating the system
employed in the preferred embodiment of the invention
for reciprocating a billet and the grinding wheel and for
controlling the load on the grinding wheel;

Fig. 11 is an electric circuit diagram showing the elec-
trical circunits which may be employed for controlling the
grinding apparatus of my invention; and

Fig. 12 is a perspective view of a preferred mounting
arrangement for the manual controls for controlling the
operation of the grinding apparatus of my invention.

Referring to Figs. 1-4 which show, respectively, side
elevation, plan, front elevation and side elevation views
of the preferred embodiment of my invention, it will be
seen that a grinding wheel 10 is mounted on a rotatable
shaft 11 which is mounted on a pair of bearings 12 and
13 which are supported on the end of a beam 14. The
grinding wheel 10 is rotated on the shaft 11 by a pulley
15 which is drivingly connected by means of belts 16
and a pulley 17 to an electric motor 18.

The motor 18 is secured to a platform 19 which is
fastened to the beam 14 at a point thereon spaced frem
the pivot point of the beam 14. The beam 14 is pivotally
mounted on a frame 20 by means of a shaft 21 which
is mounted in bearings 22 and 23. As shown morec clear-
ly in Fig. 2, the shaft 21 is secured to the beam 14 by
means of pins 24 and 25 which pass through collars 26
and 27, the collars 26 and 27 being welded to plates 28
and 29 which in turn are welded to the beam 14. Al-
though shaft 21 may be a smooth-ended shaft fitted into
smooth annular bearings, it preferably is threaded at each
end and is screwed into the bearings 22 and 23 which
may be the nuts shown. This construction is preferred
because it provides a larger bearing surface for a given
length, and it has been found to be most satisfactory for
the purposes of my invention because it also assists in
maintaining the positions of the bearings 22 and 23.

The bearings 22 and 23 are mounted cn a pair of bear-
ings 30 and 31 which are slidably mounted on a pair
of shafts 32 and 33 whose axes are parallel to each
other. The shafts 32 and 33 are secured to the frame
20 by bolts 34.

It will be noted from the drawings that the grinding
wheel 10 and its associated driving motor 38 are both
mounted on the same side of the pivot shaft 21 and
therefore their weight tends to press the beam 14 down-
ward at the side of the pivot shaft 21 on which the wheel
and motor are mounted. A movable counter-weight 35
and a fixed counter-weight 36 are provided on the op-
posite side of the shaft 21 so as to counter-balance the
weight of the wheel 10 and the motor 18. As wiil be
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seen in Figs. 1, 2 and 4, the counter-weight 35 is suspended
from the beam 14 by brackets 37 and 38 which engage
the axles of flanged wheels 39, 40, 41 and 42.

The counter-weight 35 is adjusted along the beam 14
by fluid actuated cylinder and piston means 43 which
comprises a cylinder 44 and a piston 45 and which is
mounted on the underside of the beam 14. The cylinder
44 is secured to the beam 14 in any suitable manner, such
as by a bracket 46, and the piston rod 47 is connected
to the counter-weight 35 by a pivotal coupling 48. The
cylinder has a pair of flexible fluid lines 49 and 50 for
the purpose of admitting fluid to the cylinder and thereby
moving the piston rod 47 in either of two directions.

The beam 14 is reciprocated on the shafts 32 and 33
by fluid actuated cylinder and piston means 51 comprising
a cylinder 52 and a piston 53. The cylinder 52 is secured
to the frame 28 by means of a bracket 54 and a pin 55
passing through an extension 5¢ on the cylinder 52. The
piston 53 is connected to a piston rod 57 which is fastened
to an angle bracket 58 by means of a nut 59 threaded
on the end thereof. The bracket 58 is bolted or otherwise
secured to the plate 60 which supports the bearing 23
on the bearing 31.

A billet to be ground such as billet 61 is mounted on
a table 62 which is supported on grooved wheels 63—69
which travel on rails 7¢ and 71 in the form of steel rods.
The grooved wheels 63—69 are also guided by a pair of
guide rods 72 and 73 mounted above the rails 76 and
71 and extending parallel thereto. The rails 70 and 71
and the guide rods 72 and 73 are mounted on a frame
74 and are held thereon by means of nuts 75 threaded
on the ends of the rails and rods. Fluid actuated cylinder
and piston means 76 comprising a cylinder 77 mounted
on the underside of the table 62 and a piston rod 78
connected thereto, is provided to nove the table 62 back
and forth in a direction parallel to the longitudinal axis
of the billet 61. The piston rod 78 is connected at both
ends thereof to the frame 74 by means of bolts 79 and
89 and the cylinder 77 is secured to the underside of the
table 62. The cylinder 77 has a pair of flexible fluid
lines (not shown) connected thereto for supplying fluid
thereto and for thereby causing the cylinder 77 and hence
the table 62 to move in either of two directions along
the rails 7@ and 71.

The billet 61 preferably is clamped on top of the
table 62 by air actuated cylinder and piston means 81
and 82, each comprising a cylinder and a piston. The
cylinder and piston means 81 and 82 have piston rods
83 and 84 with billet engaging members 85 and 86
attached thereto. Air under pressure is supplied to the
cylinder and piston means 81 and 82 through the ports
87—99 to operate the rods 83 and 84. The operation
and further details of the billet clamping devices will be
set forth hereinafter.

A quick-operating, air actuated cylinder and piston
means 91 is connected between the end of beam 14 and
the foundation 92. One end of the means 91 is pivotally
connected to a bracket 93 secured to the foundation 92
by a pin 94, and the piston rod 95 is connected to the
end of the beam 14 by a yoke 96, a pin 97 and a bracket
98. Air under pressure is supplied to the means 91
through the port 99 and is exhausted from the means 51
through the port 108. When the grinding apparatus is
in operation the cylinder and piston means 91 is in-
operative; that is, it exerts substantially no force on the
beam 14 and hence the pressure on the grinding wheel
16 is determined substantially by the position of the
counterweight 35. However, in the event that it is desired
fo lift the grinding wheel 10 quickly either from the
billet 61 or because the wheel has overrun the billet,
then air under pressure is supplied to the means 91
through the port 99, and the end of the beam 14 to which
the rod 95 is attached is moved downwardly.

A handle 101 may be attached to the end of the ex-
tension 14g of the beam 14 for the purpose of manually




adjusting the position of the grinding wheel 10 when
automatic operation is not desired. The grinding wheel
10 may also be covered with a hood 102 to provide pro-
tection for an operator.

An exhaust fan 103 having a flexible tube 104 which
terminates in a hood 105 may be provided for removal
of the particles and dust produced by the grinding wheel
10 during the grinding operation.

Referring to Figs. 2, 5 and 6, it will be seen that the
cylinder and piston means 81 and 82 are mounted on
plates 114 and 115 secured to the table 62 so that the
axes of the piston rods 83 and 84 intersect the axis of
the billet 61 at an acute angle. The rods 83 and 84 are
pivotally connected to the billet engaging members 85
and 86 by means of yokes 106 and 107 and pins 108 and
109 so that the members 85 and 86 can pivot with re-
spect to the rods 83 and 84. The billet-engaging members
85 and 86 are also pivotally mounted at one end on
slidable end clamps 110 and 111 and they carry at the
opposite ends rollers 112 and 113 which engage the side
of the billet 61.

The end clamps 119 and 111 slide in slots provided
in the mounting plates 114 and 115 and they are urged
away from the billet 61 by springs 116 and 117, which
are secured to the mounting plates 114 and 115 by the
threaded bolts 118 and 119 and the brackets 120 and 121.

When the piston rods 83 and 84 are drawn away from
the billet 61 by the cylinder and piston means 81 and 82,
the end clamps 110 and 111 move away from the billet
61 because of the action of the springs 116 and 117 and,
in addition, the billet-engaging members 85 and 86 move
away from the billet 61 and pivot to the positions shown
in Fig. 6. Thus, the billet 61 is completely free and may
be rotated or may be removed from the table 62. How-
ever, when the piston rods 83 and 84 are moved toward
the billet 61 by the cylinder and piston means 81 and 82,
the members 85 and 86 first pivot until the rollers 112
and 113 are in contact with the side of the billet 61.
Then, as the rods 83 and 84 continue to move toward
the billet 61, the rollers 112 and 113 rotate and move
along the length of the billet 61 and the end clamps 110
and 111 move against the ends of the billet 61. In this
manner, the billet 61 is clamped both at its ends and at
its sides, the billet-engaging members 85 and 86 forcing
the billet 61 against a stop 122 which may take the shape
of an angle bracket extending almost the full length of
the billet 61. The pressure which the rollers 112 and 113
exert against the side of the billet 61 before the billet is
clamped at its ends by the end clamps 110 and 111 may
be adjusted by adjustment of the threaded bolts 118 and
119 which control the forces exerted by the springs 116
and 117 on the end clamps 110 and 111.

In the preferred embodiment of the invention the grind-
ing apparatus is also provided with power-operated billet
turning equipment. Referring particularly to Figs. 5,
6 and 7, it will be seen that a fluid actuated cylinder and
piston means 123 comprising a cylinder 124 and a piston
125 is mounted on the under side of the table 62. A
turning finger 125 is secured to the piston 125 so that
when fluid such as air is introduced into the cylinder 124
through the line 127 the finger 126 moves upwardly and
engages the billet 61 on the under side thereof at a point
in front of its center of gravity. If the billet 61 has been
released by the end clamps 110 and 111 and the billet-
engaging members 85 and 86, the finger 126 will, as it
continues to move in the upward direction, tilt the billet
61 into such a position that it finally falls on the side
which was previously engaged by the rollers 112 and 113.
Movement of the billet 61 away from the stop member
122 is limited by the stop member 128, and the position
of the billet 61 after it has been turned through 90 degrees
is indicated in Fig. 6. Subsequent operation of the clamp-
ing cylinder and piston means 81 and 82 pushes the billet
61 into engagement with the stop member 122, in which
position it is ready for grinding on a new surface. Similar
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billet turning apparatus is described in my copending ap-
plication Serial No. 231,097, filed June 12, 1951 and
entitled “Billet Grinder,” now abandoned.

In the preferred form of the invention the grinding
wheel 10 is mounted so that it may be removed without
removing the shaft 11 on which it is mounted and without
disconnecting the shaft 11 from the motor 18. Referring
to Fig. 8, it will be secen that the grinding wheel 10 is
mounted on a pair of flanges 128 and 129 which are
pressed together and against the grinding wheel 19 by a
nut 138 threaded on the end of the shaft 11, the flange 128
being held in its proper position on the shaft 11 and caused
to rotate therewith by a pair of tapered bushings 131 and
132. The tapered bushing 132 is keyed to the shaft 11.
When it is necessary to remove the grinding wheel 19,
it may be removed readily by the mere unscrewing of nut
138 and removal of washer 133 and flange 129, the cover
162 also being removed if desired or required by the size
of the grinding wheel 19. )

The variocus fluid actuated cylinder and piston means
mentioned above may be actuated by air or by a liquid,
such as oil, under pressure. In the preferred form of the
invention the cylinder and piston means employed for
the reciprocation of the table 62, the beam 14 and the
counterweight 35 are actuated by oil under pressure, and
the cylinder and piston means employed for the rapid
lifting of the grinding wheel 19, the turning of the billet
61 and the clamping of the billet 61 are actuated by air,
air being preferred for the operation of these cylinders and
piston means because of the speed and cushioning effect
obtainable.

Fig. 9 illustrates schematically the controls and con-
nections for the air actuated cylinder and piston means.
In this figure it will be seen that the air under pressure
for operation of the safety release or grinding wheel lift-
ing cylinder and piston means 91 is supplied thereto
through a line 334 after passing through an air flow reg-
ulator 135, a solenoid controlled valve 136, line 137, an
air pressure regulator and filter 139, line 140 and line 141,
the last-mentioned line being connected to a source of air
under pressure. Thus, when solencid 142 is actuated by
controls to be described hereinafter, air is admitted into
the upper portion of the cylinder and piston means 91
causing the piston rod 95 to move rapidly downward, and
when the solenoid 142 is de-energized, the piston rod 93
is released and assumes a position determined by the po-
sition of the counterweight 35 on the beam 14.

Air under pressure is supplied to the billet turning cyl-
inder and piston means 123 through the line 143, an air
pressure regulator and filter 144, line 145, line 146, a
solenoid actuated valve 147, an air flow regulator 148 and
line 14%. ‘When the solenoid 158 is suitably energized,
air flows into the lower part of the cylinder and piston
means 123 and causes the billet turning finger 126 to move
upwardly, and when the solenoid 158 is de-energized,
the supply of air to the means 123 is cut off and the finger
126 drops below the top of table 62.

Clamping cylinder and piston means 81 and 82 are
double acting and preferably are controlled through a
foot-operated valve shown schematically at 151. Aijr
under pressure and supplied by line 145 is diverted to
either line 152 or 153, as required, by the valve 151 caus-
ing the rods 83 and 84 to move ocutwardly from or in-
wardly to the cylinders, depending upon whether the air
is diverted to line 152 or line 153, respectively. Prefer-
ably, valve 151 is of the type which upon one depression
of the foot lever 154 causes the air to be diverted into
one of the lines 152 and 153 and upon the next depression
of the lever 154 causes the air to be diverted into the other
of the lines 152 and 153.

In Fig. 10 there is shown schematically the oil operated
cylinder and piston means and their connections both
with the valves which produce operation thereof and the
electrical controls which are operated thereby. Referring
to Fig. 10, oil is supplied under pressure by a motor 155
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and a pump 156 from a reservoir 157. The oil is conveyed
to the cylinder and piston means over the lines 158, 159,
160 and 161, line 158 being provided with a pressure
relief valve 162 and lines 159, 160 and 161 being pro-
vided with shut-off valves 163, 164 and 165. The supply
of fluid to the cylinder and piston means 43, 76 and 51
is controlied respectively by electrically operable valves
166, 167 and 168. The valve 166 is provided with a pair
of solenoids 169 and 179 which operate the valve, and
pressure relief valves 171 and 172 are connected between
valve 168 and cylinder and pisten means 43. The valves
167 and 168 are also equipped with pairs of solenoids
173—174 and 175--176, and pressure relief valves 177,
178, 179 and 189 are connected in the lines between the
valves 167 and 162 and the cylinders 53 and 76.

The solenoids 169 and 170 of valve 166 are controlled
by the circuit shown in Fig. 11 and described in con-
nection therewith, and the valves 167 and 163 are con-
trolled respectively by the limit switches 181—182
mounted on the frame 74 to the rear of table 62 (see Figs.
1, 4 and 5) and 183-—184 mounted on the frame 2§ to
the left of the beam 14 (see Figs. 1 and 2). Limit
switches 181 and 182 are actuated by a pair of stops 185
and 186 which are carried by the end clamps 116 and
111, as is best shown in Fig. 5, and safety lift switches
187 and 188 are controlled by a pair of adjustable stops
182 and 198, these latter stops being mounted on the
stationary frame 74 which supports the table 62 (see
Figs. 2 and 5). As will be described hereinafter in
greater detzil, safety lift switches 187 and 188 control
the operation of the safety releass or lift cylinder 91 and
are mounted on the front of the table 62 (see Figs. 3
and 5).

Limit switches 183 and 184 are operated by a stop
191 which may take the form of a V-shaped plate, shown
more clearly in Figs. 1 and 2. Switches 192 and 153 are
also mounted on the frame 29 to the right of the beam
14, as indicated in Figs. 2 and 4, and are operated by
a cam 194 also shown in Figs. 2 and 4. These switches
192 and 193 are employed in connection with relay 195
to reduce the pressure on the grinding wheel 10 before
the wheel reaches the corners of the billet 61 and their
operation will be described in greater detail in connec-
tion with Fig. 11. Relay 195 has contacts 196 and 197
and is connected in series with the switches 152 and
123 and the source 158.

A limit switch 3199 is mounied on the end of beam
14, as it best shown in Fig. 4, and is engageable with
the bracket 37 which supports the counter-weight 35 so
as to de-ecnergize the solenoid 189 when the counter-
weight 35 is at its rearmost position.

Referring to Fig. 11, which is an electrical circuit dia-
gram of the electrical system employed for controlling
the grinding apparatus of my invention, it will be seen
that the metor 38 is connected to a three-phase source
through contacts 269 which are controlled by the man-
ually operable switches 201 and 262. In accordance with
one feature of my invention, the force applied to the
grinding wheel 19 to hold it against the billet 61 is auto-
matically adjusted in accordance with the load on the
grinding wheel 1§. To accomplish this, I employ the
circuit shown in the upper left-hand side of Fig. 11. A
transformer 293, which may be, for example, a current
transformer, is coupled to the input circuit of the motor
i8 and when the motor 18 is in operation voltage is
preduced across the secondary of the transformer 203
which is shunted by a reactance 284, a manually varia-
ble resistor 285 in series with a fixed resistor 266 and
the primary 287 of the transformer 208. The secondary
209 of the transformer 288 is connected to diagonally
opposite points on a bridge rectifier 21¢ which com-
prises dry rectifiers 211, 212, 213 and 214, which may,
for example, be selenium or copper oxide rectifiers. The
output of the bridge rectifier 21¢ is connected to the
energizing coil 215 of a three-position relay 216 which
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may be shunted by a filter condenser 217. This relay
216 has two pairs of contacts 218—219 and 220—221
and an armature 222, The armature 222 is connected
to an adjustable spring 223 which causes the armature
222 to connect the contacts 220 and 221 unless the coil
215 is energized to at least a predetermined extent by
the rectifier 210. Thus, when only a small current is
fiowing through the coil 215, the contacts 228 and 221
are connected together by the armature 222, but when
the current exceeds a predetermined level, determined by
the sensitivity of the relay 216 and the tension on the
spring 223, contacts 229 and 221 are disconnected. As
the current through coil 215 is further increased, the
armature 222 moves toward the contacts 218 and 219
until finally when a second predetermined current level
is reached the contacts 218 and 219 are connected to-
gether.

When the handle 224 of the variable resistor 205 is
in the vertical position shown, the contacts 225 and 226
are connected together by the contactor 227 which is
moved into its downward position by the actuator 223
on the end of the handle 224 and the contacts 229 and
236 are connected together by the contactor 231, but
when the handle 224 is moved from the vertical position
shown to some position such as the one shown in dotted
lines the contacts 225 and 226 are disconnected and the
contacts 232 and 233 are connected together by the
contactor 231, In the vertical position of the handle
224 the automatic operation of the grinding apparatus
is discontinued and the grinding wheel 19 is completely
lifted off the billet 61, but when automatic operation is
desired, the handle 224 is moved from the vertical posi-
tion and the contacts 218 and 228 are connected to ter-
minal B of the power source.

Contact 219 is connected to one end of the solenoid
or coil 169 employed to actuate the valve 168 and the
opposite end of solenoid 169 is connected to terminal A.
Also, contact 221 is connected o one end of solenoid or
coil 170 which operates the valve 166 in the opposite
direction and the other end of solenoid 179 is connected
to the terminal A. Thus, when contacts 238 and 219
are connected together by the armature 2232, a circuit for
the solenoid 169 which actuates the valve 166 in such
a direction that the counter-weight 35 is moved rear-
wardly of the beam 14, and hence in such a direction
that the force on the grinding wheel 19 is decreased, is
established from terminal B of the power source through
contacts 232 and 233, contacter 231, contacts 218 and
219, solencid 169 and back to terminal A. However,
when contacts 220 and 221 are connected together by
armature 222, a circuit is completed for energizing sole-
noid 17¢ (which moves the counter-weight 33 toward
the grinding wheel 10) from terminal B through con-
tacts 232 and 223, contacter 231, contacts 220 and 221,
solenoid 170 and back to terminal A. When the arma-
ture 222 is in a position intermediate the contacts 228—
221 and 218—219, neither of the pairs of contacts is
connected together and hence neither of the solenoids
169 and 170 is energized. When neither solenoid 169
and 170 is energized, the counter-weight 35 remains in a
fixed position.

Since the current in coil 215 varies with the current in
the input circuit of the motor 18, the position of the
counter-weight 35 is controlled by the curreat in the
input circuit of motor 18 and hence by the energy con-
sumed by the motor 18. Consequently, when the input
current to the motor 18 is increased above a predeter-
mined value because of an increase in the load on the
grinding wheel 10, the valve 166 is operated so that the
counter-weight 35 moves away from the grinding wheel
10. Also, when the input current to the motor 18 de-
creases below a predetermined value because of a de-
crease in the load on the grinding wheel 19, the valve 166
is operated so that the counter-weight moves toward the
grinding wheel 10. In this manner, the load on the
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motor 18, and hence the rate at which material is re-
moved from the billet 61, and the load on the grinding
wheel 1§ may be maintained at a substantially constant
value.

The value of the load on the motor 18 may be adjusted
by adjustment of the spring 223 and by adjustment of
the position of the handle 224. Adjustment of the
handle 224 changes the value of the resistor 205 in series
with the resistor 206 and hence changes the voltage at
the primary 287 at the transformer 208. Thus, if the
handle 224 is moved to the position shown in dotted
lines, the value of the resistor 205 is decreased and the
voltage at the primary winding 207 is correspendingly
decreased. When the handle 224 is in the vertical posi-
tion shown, the resistor 205 has its maximum value and
hence the voltage at the primary winding 207 is at its
maximum value, The current in the coil 215 changes
with and in the same direction as the voltage across the
primary winding 267.

In accordance with a further feature of the invention,
the downward force on the grinding wheel 10 is reduced
as the grinding wheel 10 approaches the forward and
rear corners of the billet 61. This feature is desirable
not only because it prevents sudden dropping of the
grinding wheel if it goes over the front and rear corners
of the billet 61, but also because it reduces rounding of
these corners of the billet. Adjustable resistor 234, relay
195 and its associated armature 235 and contact 196 and
switches 192 and 193 are provided to accomplish this
control of the force on the grinding wheel 10.

Referring to Fig. 4, the switches 192 and 193 which
are adjustably mounted on the frame 20 are adjusted to
such positions that switch 192 is operated by cam 194
when the billet contacting surface of the grinding wheel
10 is close to the forward edge of the billet 61 and the
switch 193 is operated by the cam 194 when the billet
contacting surface of the grinding wheel 10 is close to
the rear corner of the billet 61. Referring again to Fig.
11, the relay 195 normally is energized by a circuit which
may be traced from terminal A through switches 192
and 193, through the coil of relay 195 and back to termi-
nal B. When the relay 195 is energized, the armature
235 is pulled up against contact 196 and hence the resis-
tor 234 is shorted out. With resistor 234 shorted out,
the voltage at the primary winding 207 is determined by
the setting of handle 224 and resistor 206 and hence
the downward force on the grinding wheel 10 is deter-
mined by the setting of the handle 224. However, when
either of the switches 192 and 193 is operated by the cam
194, the energizing circuit for relay 195 is broken and
the armature 235 falls back against contact 197. The
resistance then appearing between the leads 237 and 238
is increased by the value of the resistance 234. Because
of the increase of resistance between leads 237 and 238
a larger voltage will appear across the primary 207 than
when the resistor 234 is shorted out. A larger voltage
across the primary 287 produces a larger current in the
coil 215 and pulls armature 222 against contacts 218 and
219 closing the circuit for the solenoid 169 which, as
explained previously, moves the counter-weight 35 rear-
wardly away from the grinding wheel 10 and reduces the
downward force on the grinding wheel 10. As soon as
the counter-weight 35 has moved rearwardly enough to
reduce the downward force on the grinding wheel 10,
and hence the input current to the motor 18, an amount
sufficient to compensate for the increase in current pro-
duced in coil 215 by the insertion of the resistor 234 in
series with resistors 205 and 206, the armature 222 will
resume its intermediate position and the counter-weight
35 will stop. It is thus apparent that when either of the
switches 192 and 193 is operated, the downward force
on the grinding wheel 10 is decreased and the amount of
decrease is determined by the setting of control 239 for
resistor 234.

10

15

20

25

30

35

40

45

50

55

60

65

70

. 10

above and from an examination of the circuit diagram in
Fig. 11 that the downward force on the grinding wheel
10 may be manually adjusted at any time during the
operation of the grinding apparatus by movement of the
handle 224. In its position nearest the horizontal, the
handle will cause the wheel 10 to press with maximum
force against the billet 61 and, as the handle 224 is moved
toward the vertical position shown in solid lines, the
downward force is decreased until in some position just
pricr to the vertical position the minimum force which
it is possible to obtain with an automatic control circuit
is applied to the grinding wheel 10. However, the cir-
cuit shown is so arranged that by motion of the handle
224 into its vertical position the counter-weight 35 is
moved to the rear end of the beam 14. When the
counter-weight 35 is at the rear end of the beam 14, the
wheel 18 is completely lifted from the billet 61, and
normally the grinding wheel is in this position when. the
grinding apparatus is idle. Therefore, it is desirable that
when the counter-weight 35 is in its rearmost position, the
solenoid 169 is de-energized. To accomplish this result .
the arm 228 on the handle 224 moves contactor 227
against contacts 225 and 226, connecting contacts 225
and 226 together, and the arm 228 permits the contactor
231 to connect contacts 229 and 230 together. Thus, a
circuit may be traced from terminal B through contacts
229 and 230, contactor 231, switch 199, contacts 225 and
226, contactor 227, solenoid 169 and back to terminal A,
and when the handle 224 js first moved to the vertical po-
sition, the solenoid 169 is energized causing the counter-
weight 35 to move rearwardly along the beam 14. How-
ever, when the counter-weight 35 reaches its rearmost
position, it operates switch 199 and opens the last-men-
tioned energizing circuit for solenoid 169. The counter-
weight 35 remains in the rearmost position until the han-
dle 224 is again moved from its vertical position and
places the counter-weight 35 under the automatic control
circuit previously described.

Solenoids 173 and 174 which control the operation
of valve 167, and hence the reciprocation of the table
62, may be energized through manually operable switches
248 and 241, through contactor 242 rotatable by motor
243 and through the table controlled switches 181 and
182. Switches 240 and 241 are provided in the event
that it is desired to control the reciprocation of the table
62 manually and the switches 181 and 182 are provided
for automatic control of the table reciprocation. Refer-
ring to Fig. 5, it will be seen that the switches 181 and
182 are adjustably mounted on the frame 74 and are
engageable with cams 185 and 186 which are mounted
on the end clamps 116 and 111. By the mounting of the
cams 185 and 186 on the end clamps, they are moved
with the end clamps and hence they always operate
the switches 181 and 182 when the wheel 10 reaches
the end of a billet, even though different billets may
have small differences in length. Switch 181 is mounted
on the frame 74 in such a position that it is operated
when the end of the billet 61 adjacent the end clamp
119 is under approximately the center of the face of
the grinding wheel 18, and the switch 182 is mounted
on the frame 74 in such a position that it is operated
by the cam 186 when the end of the billet 61 adjacent
the end clamp 111 is under the center of the face of
the grinding wheel 0. Thus, when the grinding wheel
10 reaches an end of the billet 61, one of the two
switches 181 and 182 is operated and energizes the
correspending solenoid 173 or 174 causing the table
62 to reverse its direction of movement.

If there is a portion of the surface of the billet 41
which requires additional grinding, a relatively short
reciprocatory stroke of the table may. be provided by
operation of the timer control switch 245 and the con-
trol 246 on the timer motor speed control apparatus
247, the latter apparatus being connected to the motor

It will also be apparent from a consideration of the 76 243 and used to control the speed thereof. Operation
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of the switch 245 supplies electrical energy to the con-
tactor 242 which alternately energizes solenoids 173 and
174 and the speed of the motor 243 as adjusted by the
control 246 determines the times at which solenoids 173
and 174 are alternately energized and hence the length
of the path of movement of the table 62.

Switches 248 and 249 are provided for manual con-
trol of the reciprocation of the beam 14, and switches
183 and 184, as indicated previcusly, provide auto-
matic control of the reciprocation of the beam 14. Re-
ferring to Fig. 1, it will be seen that switches 183 and
184 are mounted ca the frame 28 and are so positioned
with respect to the cam 121 that switch 184 is operated
when the portien of the face of the wheel 1§ which
contacts the billet 6% is at the forward corner of the
billet 62 and that the switch 1£3 is operated by the cam
191 when the face of the wheel 18 which contacts the
billet 61 is at the rear corner of the billet 61. Thus, as
the contacting portion of the wheel 18 rzaches the for-
ward corner of the billet 61, the direction of motion of
the beam 14 is reversed and, when the contacting sur-
face reaches the rear corner of the billet €1, the direc-
tion of motion of the beam 24 is again reversed. The
positicns of the switches 183 and 184 may be adjusted
so as to accommodate billets of different width.

A manueally operable switch 258 is provided so that
switches 181, 182, 183 and 184 may be disabled when
it is desirad to stop the automatic reciprocation of the
beam 14 and the table 62. With switch 259 in its “off”
posifion the manual switches 248, 241, 248 and 249 may
be employed to position the beam 14 or the table 62.

The billet turning solencid or ccil 159 may be ener-
gized by operation of the manually operable switch
251, and when operated, the billet turning finger 1235
engages and lifts the billet 61 as previously described.

The safety lift solenoid or coil 142 may be energized
by the switches 187 and 188 whick are mounted on
the front of the table 62 (see Fig. 3) and it may be
energized by the manually operable switch 252. Switches
187 and 18% arc provided so that if the wheel 19 passes
beyond the end of a billet one of the switches 187

and 188 is operated and energizes relay 253 which has
armatures 254 and 255 and contacts 256 and 257.

When relay 253 is energized it pulls armature 254 against
contact 2856 and armature 255 against contact 257.
Engagement of the armature 255 with the contact 257
closes an energizing circuit for the relay 253 and keeps
the relay 253 operated until the relay is reset by the
switch 252, as indicated hereinafter. Armature 254,
when pulled against the contact 256, closes an energiz-
ing circuit for the solenoid 142 and hence causes oper-
ation of the air actuated cylinder and piston means 51.
As previously described, the air actuated cylinder and
piston means 91 pulls the rear of the beam i4 down-
wardly and lifts the wheel 18 off the billet 61 and above
the end clamps 31¢ and 111.

If one of the switches 187 and 188 is ovperated, the
cylinder and piston means 91 remains operated as
fong as relay 233 is energized. Recause cf the
helding circuit through armature 253 and contact 237,
the relay 233 remains energized until switch 252 is cper-
ated to its reset position in which the ccatacts 258 and
259 are connectaed together. When contacts 258 and 259
are connected tegether, the relay 253 is short-circuited
and the armatures 254 and 255 fall back against their
idle contacts.

If at any time it becomes necessary to lift the wheel
10 quickly from the billet 61, the manually operable
switch 252 may be operated to its 1ift position so as to
connect contacts 269 and 261 together. Operaticn of
the switch 252 in this manner also energizes the safety
lift solenoid 142 and actuates the cylinder and piston
mesns 91, However, as soon as the swiich 252 is re-
turaed to ifs intermediate or rest position, the solenoid
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142 is deenergized and cylinder and piston means 91
becomes idle.

If desired, switches 187 and 188, or additional switches
connected in the same manner as these switches, may be
mounted on the frame 28 and operated by a cam car-
ried by the reciprocating means for beam 14 so as to
lift the wheel 10 if the wheel 10 passes beyond a corner
of the billet 61.

Transformer 262 is provided for the purpose of supply-
ing the required voltage to the relay 253 and may be
omitted if a relay operating at the voltage of the source
connected to terminals A—B is employed.

Fig. 12 illustrates the preferred arrangement of the
manually operable controls employed in connection with
the grinding apparatus of my invention. In this figure,
the handle 224 which controls the grinding wheel pres-
sure is mounted on the side of a cabinet 263 which houses
the various manual switches. The grinding motor con-
trol switches 201 and 202 and the safety lift cylinder and
piston means operating and reset switch 252 may be
mounted on the front of the cabinet 263.

The cabinet 263 is provided with a sloping panel 264
on which the manual table reciprocation control switches
240 and 241, the billet turning switch 251, the beam and
table reciprocation “on-off” switch 250, the timer ener-
gizing switch 245 and the beam reciprocation control
switches 248 and 249 are mounted.

The billet clamping control valve 151 may be sepa-
rately mounted adjacent the pedestal 265 of the cabinet
263 so that all of the controls are within easy reach of
an operator.

From the above it will be seen that when the appro-
priate switches are operated the table 62 is reciprocated
along a path which is parallel to the axis of the grinding
wheel 18 and the grinding wheel 10 is reciprocated cross-
wise of the table 62. The rate at which the table 62 and
the beam 14 are reciprocated may be controlled by con-
trolling the pressure of the fluid supplied te the cylinders
76 and 43 and by controlling the rate at which the fluid
is supplied to these cylinders. In the preferred form of
the invention the grinding wheel 10 and the beam 14 are
moved at a relatively slow rate and the table 62 is moved
at a relatively rapid rate so that the table 62 is moved
back and forth several times during the time it takes the
grinding wheel 10 to move from the rear corner of the
billet 61 to the front corner of the billet 61.

Once the switches 183, 184, 192, 193, 181 and 182
have been set to the positions described above, the grind-
ing wheel 10 will completely traverse the surface of a
billet one or more times without any action on the part
of an operator. When the surface of a billet has been
ground to the desired extent, the automatic reciprocation
of the table 62 and the beam 14 is discontinued, and the
billet is unclamped, turned and reclamped so that a new
surface of the billet may be ground by a similar operation.

Although I have illustrated and described the load con-
trolling apparatus of my invention in connection with a
grinding wheel that is mounted on a pivotally mounted
beam, it will be apparent that such controlling apparatus
may also be used to control the load on a grinding whecl
mounted in other ways. Also, it will be apparent to
those skilled in the art that the stops and limit switches for
controlling the reciprocation of the beam 14 and the table
62 and for controlling the lifting of the grinding whee! 10
may be differently arranged.

Having thus described my invention with particular
reference to the preferred form thereof, it will be obvious
to those skilled in the art to which the invention pertains,
after understanding my invention, that various changes
and other modifications may be made therein without de-
parting from the spirit and scope of my invention, as de-
fined by the claims appended hereto.

What is claimed as new and desired to be secured by
Letters Patent of the United States is:

1. Apparatus for surface grinding billets comprising:
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a pivotally mounted beam, means for mounting an abra-
sive grinding wheel on said beam, grinding wheel driving
means, means for reciprocating said beam with respect to
a billet and in a direction transverse to the axis of said
wheel, means for rotating said beam about its pivot and
means connected to said rotating means for actuating said
rotating means in accordance with the load on said driving
means comprising control means connected to said driv-
ing means and operable by the energy supplied thereto.

2. Apparatus for surface grinding billets comprising: a
pivotally mounted beam, means for mounting an abrasive
grinding wheel on said beam, grinding wheel driving
means, means for reciprocating said beam in a direction
transverse to its pivot, adjustable means for rotating said
beam about its pivot point and means for actuating said
adjustable means connected thereto and comprising con-
trol means connected to said means for driving said wheel
and operable by the energy supplied thereto.

3. Apparatus for surface grinding billets comprising: a
pivotally mounted beam, an abrasive grinding wheel
mounted on said beam at a position spaced from the pivot
point of said beam, an electric motor mounted on said
beam and drivingly connected with said wheel, a counter-
weight movably mounted on said beam on the opposite
side of said pivet point from said wheel and means for
varying the load on said wheel comprising electrically
controlled means connected to said counter-weight for
adjusting the position thereof, said electrically controlled
means also being connected to the input circuit of said
motor and responsive to the flow of current therein, where-
by said counter-weight moves away from said pivot point
with an increase in current and moves toward said pivot
point with a decrease in current.

4. Apparatus for surface grinding billets comprising: a
pivotally mounted beam, an abrasive grinding wheel
mounted on said beam at a position spaced from the pivot
point of said beam, an electric motor mounted on said
beam on the same side of said pivot point as said wheel
and drivingly connected with said wheel, a counter-weight
movably mounted on said beam on the opposite side of
said pivot point from said wheel and means for varying
the load on said wheel comprising fluid actuated cylinder
and piston means mounted on said beam and connected
to said counter-weight, electrically actuated control means
connected to said cylinder and piston means for control-
ling the supply of fluid thereto and for thereby causing
said piston to move with respect to said cylinder in either
of two directions and electrical switching means connected
to said control means for causing operation of said con-
trol means, said switching means being connected to the
input circnit of said motor and being responsive to cur-
rent flow therein.

5. Apparatus for surface grinding billets comprising: a
pivotally mounted beam, an abrasive grinding wheel
mounted on said beam at a position spaced from the pivot
point of said beam, an electric motor mounted on said
beam on the same side of said pivot point as said wheel
and drivingly connected with said wheel, a counter-weight
movably mounted on said beam on the opposite side of
said pivot point from said wheel and means for varying
the load on said wheel comprising fluid actuated cylinder
and piston means mounted on said beam and connected
to said counter-weight, control means connected to said
cylinder and piston means for controlling the supply of
fluid thereto for alternatively moving the piston with re-
spect to the cylinder in either of two directions and elec-
trical connections between said motor and said control
means for causing operation of said control means in re-
sponse to the electrical current drawn by said motor,
whereby said control means in cooperation with said
cylinder and piston means causes said counter-weight to
move away from said pivot point with an increase in cur-
rent drawn and causes said counter-weight to move to-
ward said pivot point wtih a decrease in current drawn.

6. Apparatus for grinding billets comprising a pivotally
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mounted beam, means for moving said beam in a direc-
tion transverse to its pivot, means for mounting a grind-
ing wheel on said beam, en electric motor for driving
said wheel, and means for controlling the position of said
mounting means with respect to a billet comprising a
movable weight mounted on said beam, moving means
connected to said weight for moving the weight along the
beam, electricaily operable control means connected to
said moving means for controlling the operation thereof,
and means for operating said control means comprising
relay means connected to the input circuit of said motor
and to said control means, said relay means being oper-
able by the current in said input circuit of said motor.

7. Apparatus for grinding billets comprising means for
movably mounting a grinding wheel, an electric motor
for driving said wheel, and means for controlling the po-
sition of said mounting means with respect to a billet
comprising fluid actuated cylinder and piston means con-
nected to said mounting means, an electrically operable
valve connected to said cylinder and piston means for
controlling the supply of fiuid thereto, a transformer cou-
pled to the input circuit of said motor, a rectifier con-
nected to said transformer, and means for operating said
valve comprising relay means connected to said rectifier,
and to said valve, said relay means being operable by the
output of said rectifier.

8. Apparatus for grinding billets comprising means for
movably mounting a grinding wheel, an electric motor for
driving said wheel, and means for controlling the posi-
tion of said mounting means with respect to a billet com-
prising fluid actuated cylinder and piston means connect-
ed to said mounting means, an electrically operable valve
connected to said cylinder and piston means for control-
ling the supply of fluid thereto and having a pair of ener-
gizing coils, means for supplying energy to said coils, a
transformer coupled to the input circuit of said motor,
a rectifier connected to said transformer, and three-posi-
tion relay means connected to said rectifier, to said coils
and to said means for supplying energy to said coils, said
relay means being controllable in position by the output
of said rectifier and in a first position thereof connecting
one of said energizing coils to said means for supplying
energy thereto, in a second position thereof connecting
the other of said energizing coils to said means for sup-
plying energy thereto, and in a third position thereof dis-
connecting said coils from said means for supplying en-
ergy thereto.

9. Apparatus for surface grinding billets comprising:
a movable table for supporting a billet and means for re-
ciprocating said table connected thereto; a pivotally and
movably mounted beam, said beam being mounted with
its pivot axis substantially parallel to the path of travel
of said table, and an abrasive wheel mounted on said
beam; means for driving said wheel; a counter-weight
movably mounted on said beam, means connected to said
driving means and to said weight and responsive to the
power consumption of said driving means for adjusting the
position of said weight in accordance with the Joad on
said wheel, and means connected to said beam for recip-
rocating said beam in a direction transverse to the direc-
tion of movement of said table.

10. Apparatus for surface grinding billets comprising:
a movable table for supporting a billet, means for recip-
rocating said table connected thereto, and control means
connected to and actuated by said reciprocating means in
predetermined positions thereof for controlling the move-
ments thereof; a pivotally and movably mounted beam,
said beam being mounted with its pivot axis substantially
parallel to the path of travel of said table, and an abra-
sive wheel mounted on said beam on one side of said
pivot axis; means for driving said wheel; a counter-weight
movably mounted on said beam, means connected to said
weight for adjusting the position thereof and control
means connected to said last-mentioned means for actu-
ation thereof in accordance with the load on said wheel,
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said last-mentioned control means also being connected
to said driving means and responsive to the power con-
sumption thereof; means connected to said beam for re-
ciprocating said beam in a direction transverse to the
direction of movement of said table, and control means
connected to and actuable by said last-mentioned recip-
rocating means in predetermined positions thereof for
controlling the movements thereof.

11. Apparatus for surface grinding billets comprising:
a movable table for supporting a billet, means for recip-
rocating said table connected thereto, and control means
connected to and actuated by said reciprocating means
in predetermined positions thereof for controlling the
movements thereof; a pivotally and movably mounted
beam, said beam being mounted with its pivot axis sub-
stantially parallel to the path of travel of said table, an
abrasive wheel mounted on said beam on one side of
said pivot axis and an electric motor drivingly connected
with said wheel and mounted on said beam; a counter-
weight movably mounted on said beam, means connected
to said weight for adjusting the position thereof and
control means connected to said last-mentioned means
for actuation thercof in accordance with the load on said
wheel, said lasi-mentioned control means also being elec-
trically ccnnecied to said electric motor and responsive
to the load current thereof; and means connected to said
beam for reciprocating said beam in a direction transverse
to the direction of movement of said table, and control
means connected o and actuable by said last-mentioned
reciprocating means in predetermined positions thereof
for controlling the movements thereof,

12. Apparatus for surface grinding billets comprising:
a movable table for supporting a billet and means for
moving said table in a predetermined direction comprising
fluid actuated cylinder and piston means conaected to
said table, control means connected to said cylinder and
piston mcans for controlling the supply of fluid thereto
and for causing movement of said table in said direction
and adjustable stop means engageable with said control
means in different positions of said table for operating
said conircl means, one of said two last-mentioned means
being connected to and movable by said table; a pivotally
and movably mounted beam, said beam being mounted
with its pivot axis substantially parallel to the direction
of travel of said table, an abrasive wheel mocunted on
said beam on one side of the pivot point thereof, and an
electric motor drivingly connected with said wheel and
mounted on said beam on the same side of said pivot
point as said wheel; a counter-weight movably mounted
on said beam on the side of said pivot point opposite
frem said wheel, fluid actuated cylinder and piston means
connected to said weight for moving szid weight and
means for adjusting the position of said weight in accord-
ance with the load on said wheel comprising control means
connected with said last-mentioned cylinder and piston
means for contrelling the supply of fluid therete, said
last-mentioned control means also being electrically con-
nected to szid electric motor and responsive to the load
current thereof io change the supply of fluid to said last-
raentioned c¢ylinder and pision means, and means for
reciprocating said beam in a direction transverse to the
direction of movement of said table comprising fluid ac-
tuated cylinder and piston means connected te said beam,
coutrol means connected to said last-mentioned cylinder
and piston means for controlling the supply of fluid there-
to and adjustable stop means engageable with said last-
mentionied control means in different predetermined posi-
tions of said beam for operating said last-mentioned
contrcl means, one of said two last-mentioned means
being conaected to and movable by said beam.

13. Apparatus for surface grinding biilets comprising:
a stationary frame, a table movably mounted on said
frame for supporiing and reciprocating a billet, and
means for moving said table in either of two opposite
directions comprising fluid actuated cylinder and piston
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means connected between said table and said frame, con-
trol means mounted on said table for controlling the
supply of fluid to said cylinder and piston means and
adjustable stop means mounted on said frame and en-
gageable with said control means in different predeter-
mined positions of said table for operating said control
means; a further stationary frame, a beam pivotally and
movably mounted on said further frame, said beam being
movable in a direction transverse to the direction of
movement of said table, an abrasive wheel mounted on
one end of said beam and an electric motor drivingly
connected with said wheel and mounted on said beam
on the same side of the pivot point of said beam as said
wheel; a counter-weight movably mounted on said beam
on the side of said pivot point opposite from said wheel,
fiuid actuated cylinder and piston means mounted on said
veam and connected to said weight for adjusting the
position thereof and control means connected to said last-
mentioned cylinder and piston means for controlling the
supply of fluid thereto, said last-mentioned control means
also being electrically connected to said electric motor
and responsive to the load current thereof to change the
supply of fluid to said last-mentioned cylinder and piston
means; and means for reciprecating said beam in a direc-
tion transverse to the direction of movement of said
table comprising fluid actuated cylinder and piston means
connected, between said further frame and said beam,
control means mounted on said further frame for con-
trolling the supply of fluid to said last-mentioned cylinder
and piston means and adjustable stop means movable by
said last-mentioned cylinder and piston means and en-
gageable with said last-mentioned control means in dif-
ferent predetermined positions of said beam for operating
said last-mentioned control means.

14. Apparatus for surface grinding billets comprising:
a stationary frame, a table movably mounted on said
frame for supporting and reciprocating a billet, and
means for moving said table in either of two opposite di-
rections comprising fluid actuated cylinder and piston
means connected between said table and said frame and
operable in eithér of two directions, control means
mounted on said table for controlling the supply of fluid
to said cylinder and piston means and adjustable stop
means mounted on said frame and engageable with said
control means in different predetermined positions of said
table for operating said control means; a further station-
ary frame, a pair of shafts mounted in spaced and parallel
relation on said further frame and secured thereto, said
shafts being mounted with their longitudinal axes perpen-
dicular to the direction of movement of said table, a pair
of bearings, each slidably mounted on one of said shafts,
a pivot shaft mounted at its ends in said bearings, a beam
mecunted on said pivot shaft at a point intermediate the
ends of said beam, an abrasive wheel mounted on one
end of said beam with its axis of rotation extending sub-
stantially parallel to the direction of movement of said
table and an electric motor drivingly connected with said
wheel and mounted on said beam on the same side of
said pivot shaft as said wheel; a counter-weight movably
mounted on said beam on the side of said pivot shaft
opposite from said wheel, fluid actuated cylinder and
piston means mounted on said beam and connected to
said weight for adjusting the position thereof and con-
trol means connected to said last-mentioned cylinder and
piston means for controlling the supply of fluid thereto,
said last-mentioned control means also being electrically
connected to said electric motor and responsive to the
load current thereof to change the supply of fluid to said
last-mentioned cylinder and piston means whereby the
position of said counter-weight is varied in accordance
with said load current; and means for reciprocating said
beam in a direction transverse to the direction of move-
ment of said table comprising fluid actuated cylinder and
piston means connected between said further frame and
said pivot shaft, control means mounted on said further
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frame for controlling the supply of fluid to said last-
mentioned cylinder and piston means and adjustable stop
means movable by said last-mentioned cylinder and
piston means and engageable with said last-mentioned
control means in different predetermined positions of said
beam for operating said last-mentioned control means.

15. Apparatus for surface grinding billets comprising:
a stationary frame, a tablé movably mounted on said
frame for supporting and reciprocating a billet, and means
for moving said table in either of two opposite directions
comprising fluid actuated cylinder and piston means
connected between said table and said frame and operable
in either of two directions, control means mounted on
said table for controlling the supply of fluid to said
cylinder and piston means and adjustable stop means
mounted on said frame and engageable with said contro}
means in different predetermined positions of said table
for operating said control means; means mounted on said
table for clamping a billet thereon comprising a movable
billet engaging member and fluid actuated cylinder and
piston means connected to said engaging member for
causing movement thereof; means mounted on said table
for rotating a billet about its longitudinal axis comprising
a turning finger engageable with said billet and fluid actu-
ated cylinder and piston means connected to said finger
for causing movement thereof; a further stationary frame,
a pair of shafts mounted in spaced and parallel relation
on said further frame and secured thereto, said shafts
being mounted with their longitudinal axes perpendicular
to the direction of movement of said table, a pair of bear-
ings, each slidably mounted on one of said shafts, a pivot
shaft mounted at its ends in said bearings, a beam
mounted on said pivot shaft at a point intermediate the
ends of said beam, an abrasive wheel mounted on one
end of said beam with its axis of rotation extending sub-
stantially parallel to the direction of movement of said
table and an electric motor drivingly connected with said
wheel and mounted on‘said beam on the same side of
said pivot shaft as said wheel; a counter-weight movably
mounted on said beam on the side of said pivot shaft
opposite from said wheel, fluid actuated cylinder and
piston means mounted on said beam and connected to
said weight for adjusting the position thereof and con-
trol means connected to said last-mentioned cylinder and
piston means for controlling the supply of fluid thereto,
said last-mentioned control means also being electrically
connected to said electric motor and responsive to the
load current thereof to change the supply of fluid to said
last-mentioned cylinder and piston means whereby the
position of said counter-weight is varied in accordance
with said load current; and means for reciprocating said
beam in a direction transverse to the direction of move-
ment of said table comprising fluid actuated cylinder and
piston means connected between said further frame and
said pivot shaft, control means mounted on said further
frame for controlling the supply of fluid to said last-
mentioned cylinder and piston means and adjustable stop
means movable by said last-mentioned cylinder and piston
means and engageable with said last-mentioned control
means in different predetermined positions of said beam
for operating said last-mentioned control means.

16. Grinding apparatus comprising a table for holding
a piece to be ground, means for reciprocating said table
connected thereto, means for mounting a grinding wheel
adjacent said piece, means actuated by said reciprocating
means for reversing the movement of said reciprocating
means at the end of each reciprocatory stroke thercof
and timing means connected to said reciprocating means,
said timing means operating at predetermined times in-
dependently of the movement of said reciprocating
means and being adapted to reverse the movement of
said reciprocating means at said times.

17. Grinding apparatus comprising a table for holding
a piece to be ground, means for reciprocating said table,
means for mounting a grinding wheel adjacent said table,
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means for reciprocating said mounting means and means
for clamping said piece on said table comprising a first
clamp member slidably mounted on said table, a second
clamp member pivotally mounted on said first clamp
member and means for forcing said second clamp mem-
ber against said piece.

18. Grinding apparatus comprising a table for holding
a piece to be ground, means for reciprocating said table,
means for mounting a grinding wheel adjacent said table,
means for reciprocating said mounting means and means
for clamping said piece on said table comprising a first
clamp member mounted on said table and slidable along
a predetermined path, a second clamp member pivotally
mounted on said first clamp member and means con-
nected to said second clamp member for exerting a force
thereon directed along a path at an angle to said first-
mentioned path.

19. Grinding apparatus comprising a table for holding
a piece to be ground, means for reciprocating said table,
means for mounting a grinding wheel adjacent said table,
means for reciprocating said mounting means and means
for clamping said piece on said table comprising a first
clamp member mounted on said table and slidable along
a predetermined path, a second clamp member pivotally
mounted on said first clamp member, means connected
to said first clamp member for urging said first clamp
member away from said piece and means connected to
said second clamp member for urging both said clamp
members toward said piece,

20. Clamping means comprising a support, a first
clamp member slidably mounted on said support, a
second clamp member pivotally mounted on said first
clamp member and means connected to said second
clamp member and acting between said support and said
second clamp member for forcing both said members
against a piece to be clamped.

21. Billet grinding apparatus comprising a table for
carrying a billet, means for reciprocating said table con-
nected thereto, means for mounting a grinding wheel
adjacent said billet, means for reciprocating said mount-
ing means crosswise of said table connected to said
mounting means and means for clamping said billet on
said table comprising a first clamp member slidable along
a path extending toward and away from the end of said
billet and engageable with the end of said billet, means
acting between said clamp member and said table and
urging said clamp member away from said end of said
billet, a second clamp member pivotally mounted at one
end on said first clamp member, said second clamp mem-
ber having a billet engaging portion at the opposite end
thereof and operating means mounted on said table and
connected to said second clamp member, said operating
means being adapted to apply a force to said second
clamp member directed along a path which intersects
the path of said first clamp member at an acute angle,

22. Billet grinding apparatus comprising a table for
carrying a billet, means for reciprocating said table con-
nected thereto, means for mounting a grinding wheel
adjacent said billet, means for reciprocating said mount-
ing means crosswise of said table connected to said mount-
ing means and means for clamping said billet on said
table comprising a first clamp member slidable along a
path extending toward and away from the end of said
billet and engageable with the end of said billet, spring
means acting between said clamp member and said table
and urging said clamp member away from said end of
said billet, a second clamp member pivotally mounted at
one end on said first clamp member, said second clamp
member having a billet engaging roller at the opposite
end thereof, and cylinder and piston means mounted
on said table and having a piston rod connected to said
second clamp member intermediate the ends thereof, said
cylinder and piston means being mounted with said piston
rod movable along a path which intersects the path of
said first clamp member at an acute angle,
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23, Billet grinding apparatus comprising a table for
holding a billet to be ground, means for reciprocating
said table connected thereto, means for mounting a
grinding wheel adjacent said billet, and means for con-
trolling the movement of said reciprocating means com-
prising means actuated by said reciprocating means at
predetermined positions thereof for reversing the direc-
tion of movement of said reciprocating means and tim-
ing means connected to said reciprocating means, said
timing means operating at predetermined times inde-
pendently of the movement of said reciprocating means
and being adapted to reverse the direction of movement
of said reciprocating means at said times.

24. Billet grinding apparatus comprising a table for
holding a billet to be ground, means for reciprocating
said table connected thereto and comprising fluid actu-
ated cylinder and piston means, means for mounting a
grinding wheel adjacent said billet, means for controlling
the supply of fiuid to said cylinder and piston means,

means connected to said -controlling means and actuated 2

by said reciprocating means for reversing the direction
of movement of said reciprocating means at predeter-
mined positions of said table and timing means connected
to said controlling means for reversing the direction of
movement of said reciprocating means, said timing means

10

20

comprising means operating at predetermined times inde-
pendently of the movement of said reciprocating means
for actuating said controlling means at said times.
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