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1

This invention relates to internal grinding ma-
chines and particularly to work sizing in con-
nection with machines of the centerless type.

In the art of refining inner surfaces of round
workpieces by the application of an internal
grinding wheel or other similar finishing tool, it
is usual to locate the work, that is to fix the center
of the workpiece with respect to the wheel by
holding one of its outer peripheral surfaces

against a work support which bears a predeter-

mined fixed spaced relation to the grinding tool.

In grinding certain types of workpieces, it is
necessary to support the piece directly in line
with the force exerted by the tool on the work
in order to avoid deflections in the workpiece and
conseguent errors in sizing., The work support
may be either a rotatable roll, or a flat or con-
cave surface, the latter conforming to the outer
peripheral support surface of the workpiece snd
against which the workpiece is held by pressure
rolls or other means while its inner surface is
being refined,

Sinee it is the primary function of a fixed work
support of the general type discussed to fix the
centers of successive workpieces in the same spot
with respect to the final position of the grinding
tool surface, it is desirable also to arrange such
a fixed work support so that appreciable varia-
tions (in terms of modern tolerances) in the out-
side diameters of support surfaces of successive
workpieces will be compensated for with the re-
sult that the center of each workpiece will al-
ways be located at the same point with respect to
the working surface of the tool and this is the
brimary object of the present invention.

Essentially the invention comprises means to ©

change the position of a fixed work support with
respect to the grinding tool for each successive
workpiece to the extent that the outside radius of
the workpiece varies from that of the previous
workpiece and in response to such variation.

In the drawings:

¥ig. 1 is a partial plan view partly in section of
the mechanism of the invention.

Fig. 2 is a front elevation and partly schematic
view of fluid pressure and control means for the
mechanism of Fig. 1.

Fig. 3 is an end elevation view of the mecha-~
nism of Fig. 1.

Fig. 4 is an end elevation view of a modifica-
tion.

Fig. 5 is a front elevation and partly schematic
view of fluid pressure and control means for the
mechanism of Fig. 4.

Fig. 6 is an end elevation view of some of the
mechanism of Fig. 4.
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Referring to Figs. 1 to 3, an internal type grind-
ing wheel or other finishing tool 18 on g spindle i {
is mounted to be driven from g fixed head (not
shown) to refine an inner surface 12 of a work-
piece 15. The workpiece is supported, while be-
ing ground, hy a fixed work support 18 having
concave surfaces {8a and 18k in contact with a
preformed outer peripheral workpiece surface 20.
The finished inside diameter of the inner sur-
face 12 is determined in the usual manner by
the position of the center of rotation of the work-
piece which in turn depends upon the position
of the outer workpiece surface 20 with respect
to the final position of the surface of the grinding
tool {8 at the finish of the grinding operation.
The workpiece being ground is held against the
support 18 by a pair of pressure rolls 22 and 23
mounted on pivoted arms 24 and 25 which are
urged together to force the rolls against the work
by a spring 21. The arms 24 and 25 and also
the work support 18 are carried on a resilient
member 38 which is mounted on a work head
sliding table 35. A workhead 31 including a back
plate 32 against which the workpiece abuts is
also mounted on the table 35. The workpiece
I5 may be urged against the back plate by the
rolls 22 and 23 which are in a skewed position
for this purpose. The workpiece is driven by the
back plate 32 through a pulley 82 to which the
back plate is fast.

A magazine 49 is arranged to feed a succession
of workpieces {8a, {5b, 15¢, 15d, first to an air
gage 42 and then through an offset chute 44 1o
the work support 18 when the work table 35 has
been retracted from the grinding tool 18.

An ejector mechanism indicated at 45 has a
part 45 operating to the right as viewed in Fig.
1 to push a finished workpieee 15 out of the grip
between the rolls 22 and 23 and the support 8
and another part 47 operating also toward the
right as viewed to push a workpiece 15 into the
air gage 42. The workpiece {5b in turn pushes an
abutiing workpiece {5¢ out of the air gage into
the chute 44 where it rolls down into the support
{8 ready for a successive grinding operation.
The ejector part 46 is fast on a rod 48 extending
through the workhead 31§ independently of the
back plate 32 and its driving pulley 83 (the shaft
connecting the back plate 32 and pulley 32 being
hollow and not shown). The rod 48 is connected
to an offset arm 49 on a piston rod 58 on one end
of which is mounted the ejector part 47 and on
the other of which is s piston 5! operating in-a
cylinder §2 toward the right as shown under fluid
pressure and toward the left under force of a
spring 53.
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The support member 30 being resilient, as
stated, means are provided according to the in-
vention to position the member 28 and the work
support 18 with respect to a pre-determined posi-
tion of the surface of the grinding tool 8. Re-
ferring particularly to Fig. 3, a leaf or bow &8
extends between the upper end 3% of the sup-
port member 38 and a hase member &1 on the
table 35. The central part of the bow 68 is pre-
loaded to the right by a spring 63 and further
pressure exerted to the right against the center
of the bow 60 bends the resilient support member
30 to the right and hence moves the work support
18 away from the grinding tool 0.

Means are provided thus to move and position
the work support 18 away from the tool 18 when
a workpiece having a larger outside diameter is
to be ground, and to allow the support 13 to be
positioned closer to the tool 18 for a smaller
workpiece, thus fixing successive workpiece cen-
ters at the same point with respect to the tool
surface. For this purpose a biston 88 and rod
§6 are provided to operate in the base 8{ and to
abut and move against the bow 9. Air under

pressure generated by a pump 70 (Fig. 1) pass- -

ing through a regulating valve 71, a restriction
72 and a conduit 13 is admitted to work against
a diaphragm 714 and the piston 65 in a eylinder
75 in which the piston 65 operates. The amount
of pressure in the line 78 determines the amount
of movement to the right of the piston g5 and
bow 88 and hence the amount of movement of
the workpiece support {8 away from the tool {L.
This in turn is determined by the size of a work-
piece I8¢ in the air gage 42.

The air gage 42 has a circumferential air
chamber 88 to which air is admitted from the
line 73 through & branch line 81 and from which
air’is blown through peripheral jets 23 against the
workpiece 15a being measured by the gage 42.
The larger the workpiece f5a, the less air escapes
through the jets 83, the greater the pressure in
the line 73 and the more the work support 18 is
moved to the right away from the tool 8. The
work support {8 is thus positioned between grind-
ing cycles to accommodate a succeeding work-
piece 15 in the gage just before the workpiece
i5a is moved into the chute 44 to replace the
workpiece |5 which has been finished.

Fluid pressure means are provided to lock the .

piston rod 68 and support 18 in place for the
next grinding operation once their position has
been determined by the size of the workpiece {5a
in the gage 42. For this purpose fluid under

pressure in a line 85 acts against a diaphragm

86, a piston 87 and a piston rod g8 forcing the
latter against the piston rod §6 to hold it in a
fixed position. After the piston 66 establishes
the position of the work support i8 and is locked
in placed by the piston 88, fluid pressure in a
line 86 operates the piston 51 to eject the finished
workpiece {5 and to send the succeeding work-
piece 15¢ from the gage into the chute 4§. The
line 80 is then exhausted, withdrawing the part
26 and allowing the workpiece 15a to roil into the
support 18 ready to be ground.

Fluid under pressure is supplied by a pump 94
(Fig. 2) to a pressure line 92. An exhaust line
93 is also provided. The lines 85 and 90 are each
openad successively to the pressure and exhaust
lines 92 and 83 by operation of valves 85 and 96.
These valves are in turned operated successively
by a pivoted dog 98 on the table 35 when the
latter moves away from the wheel 10 to the lef$
as seen in Fig. 2.
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Assuming now that the parts are in position
as shown in Figs. 1-3 with the valve 95 up and
the fuid line 80 opened to exhaust and the ejec-
tor piston 51 in its left position, and with the
valve 86 up, opening the fluid line 8% to pressuic
to lock the piston 6% holding the work support
{5 in a fixed position while the workpiece {3 is
being ground and with a succeeding workpiece
i5q in the gage 82, operation of the mechanism
is as follows:

After the workpiece {§ has been finished to a
predetermined size, the table 35 is retracted by
the usual means, i. e, moving to the left as seen
in Figs. 1 and 2. The table dog 98 engages the
valve 96 moving the latter down closing the line

85 to the pressure line 92 and opening it to the

This releases pressure on the
the piston rod §8. The

exhaust line 93.
piston rod 88 and unlocks
piston §5 and hence the work support {8 can
now assume a position with respect to the grind-
ing tool {8 as determined by the size of the suc-
ceeding workpiece {Ba being measured in the
gage 42. Further movement of the table 35 to
the left releases the valve g5 which moves up-
wardly again under foree of its spring 87, again
cpening the line §§ to pressure to lock the piston
$5 in the position which has just been estab-
lished. Still further movement of the table b to
the left causes the dog 88 to depress the valve
85 momentarily opening the fluid line 99 to pres-
sure. This operates the ejector piston 51 toward
the right and back toward the left, which ejects
the finished workpiece 18 from the support (8
and sends the new workpiece i5a¢ down to the
has just been estab-
lished and fixed according to the size of the work-
piece i3¢. At the same time a new workpiece
i5D is inserted in the gage 2. Now the table 35
moves back to present the workpiece i5a to the
grinding tool 19, the dog %8 being inoperative
during this return movement of the table 35. It
is thus seen that the workpiece is measured and
the support moved to accommodate its size before
it Teaches the position in which it is ground.

In a modified form of the inventicn shown in
Figs. 4-6, a frame 1il is attached to the upper
end 38a’ of the resilient support member 3
which carries the work support 18", Privotally
supported to swing horizontally in the frame 18
is an arm {12 which carries a vertically slidable
pin 118 which is urged upwardly by a light spring
{1§. A spring $18 urges the swinging end of the
arm 112 to the right as seen in Fig. 4 so that the
pin 115 is over the high portion of a sloping cam
surface 128. A bellows 122 when actuated by air
pressure in a line 123 moves the arm {12 against
the spring |18 moving the pin 115 toward the low
portion of the cam surface 128. The pressure in
the line 123 is determined by the size of a work-
piece {5c¢ being measured in an airgage 82’. A
large diameter piece 15¢ increases the pressure
in the line 123 causing the arm ({2 fo move over
the low pertion of the cam {23. Thereafter, fluid
pressure in 2 line {25 expands a bellows {39 until
the hottom of the beliows contacts the frame 119
a3 shown in Fig. 4. The pin {15 is thereby forced
downwardly against the cam surface §28, thus
foreing the top 33w’ of the support member 39’
and the workpiece support i8’ to the left to a
small degree. A smaller workpiece 18a in the
gage 2’ decreases the pressure in the line {23
allowing the pin { {3 to move over the higher por-
tion of the cam surface {28 so that when the bel-
lows 138 is moved downwardly against the frame
118, the support 18’ is forced further to the left
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toward the grinding tool 16’. The arm 112 is, of
course, positioned by the air operated bellows 122
while the pressure is off the fluid operated bel-
lows 138. The pin {15 is, therefore, retracted as
shown in Fig. § and the arm is free-swinging and
sensitive to slight changes of air pressure deter-
mined by the gage 42’. After fluid pressure is
applied against the bellows {38, the pin {15 locks
the mechanism in the established position. The
slope of the surface 120 is exaggerated in the
drawing and is not actually enough to cause the
pin {15 to slide down it when the pressure is on
the pin. Air is supplied to the bellows {22 and
air gage 42’ from a pump 7%, through a regu-
lating valve T1’, restriction 72’ and the lines 81’
and {23. It is controlled by a valve {382. Fluid
pressure is supplied by a fluid pump 24’ to a line
92’. An exhaust line 93’ is provided.

In operation, whan the work table 35 moves to
the left as shown in Fig. 5 away from the tool 1§’,
a table cam 135 depresses the valve 132 shutting
off the line 123 but at the pressure which was
established by the gage 42’ when the line 123 was
open to pressure. Further downward movement

of the valve 132 opens the line 125 to exhaust re- 2

tracting the bellows {38 and the pin {15. The
pre-established pressure in the line 123 then po-
sitions the arm ({2 and the loader mechanism
indicated at 45’ and similar to that in Pigs. 1-3

operates after which upward movement of the 3

valve 132 under pressure of its spring 131 re-
cpens the line {25 to Auid pressure causing down-
ward movement of the pin 115 to its always same
position, bending the support 18’ toward the tool
{0’ in accordance with the new position of the
pin {45 on the cam surface 120,

I claim:

1. In a machine for refining an inner surface
of revolution of a workpiece having an outer
preformed surface of revolution and in combi-
nation a grinding tool, workpiece rotating means
and support means, said support means includ-
ing a support element adapted to make contact
with an outside support surface of s workpiece
substantially in opposition to the force applied
by the tool against the work thereby to support
seid piece against said force during grinding,
said support eiement being adjustably movable
toward and away from the desired center of ro-
tation of said workpiece to compensate for varia-
tions in outside diameters of said workpiece sup-~
port surfaces in different workpieces and adjust-
ing means to fix the position of said support ele-
ment relative to said center of rotation of a
workpiece in accordance with the diameter of
its said outside sunport surface,

2. In a maching for refining inner surfaces of
revolution of workpieces having outer preformed
surfaces of revolution and in combination, a
rotary tcol! applicable to said inner workpiece
surface, means to support each said workpiece
from below, means to rotate each said work-
piece, and a support element arranged to make
contact with said cuter workpiece surface sup-
stantially opposite the force applied by the tool
during grinding, said support element being auto-

“matically movable toward and away from a final
position of said tool to an adjusted position
and rmeans pesitioning said support element with
espect to said final tool position in response to
the diameter of the workpiece, and thereby main-
taining the centers of successive workpieces at
a substantially fixed distahce from said final
position of said tool.

3. In the combination as set forth in claim
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2, means to lock said movable support element
in its said adjusted- position before said tool is
applied to the workpiece.

4. In a machine for refining an inner surface
of revolution of a workpiece, said workpiece hav-
ing an outer preiormed surface of revolution and
in combination, a grinding tocl, movable sup-
port means engaging said outer surface to fix
the center of the workpiece with respect to the
tool, gage means to measure the diameter of said
workpiece outer surface, and means operated
automatically by the gage means to locate said
support means with respect to said grinding
tool in accordance with said measured diameter
of each said workpiece thereby compensating for
variations in the diameter of each of successive
workpieces. ’

5. In a machine for refining an inner surface
of revolution of a workpiece, said workpiece hav-
ing an outer preformed surface of revolution
and in combination, a grinding tool, movable
support means engaging said outer surface to fix
the center of the workpiece with respeci to the
tool, gage means to measure the diameter of said
outer surface, means operated automatically by
the gage means to locate said support means
with respect to0 said grinding tool in accordance
with said measured diameter of each said work-
piece and means to feed a succession of work-
pieces to said gage means and said support
nieans.

6. In a machine for refining an inner surface
of revolution of a workpiece, said workpiece hav-
ing an outer preformed surface of revolution and
in combination, a grinding tool, movable sup-
port means to fix the center of the workpiece,
gage means to measure the diameter of an outer
surface of a workpiece in the gage while another
is being finished by said tool, means to eject
the finished workpiece and to move the workpiece
in the gage inte the support means and means
responsive to the gage to locate the support
means relative to the tool in accordance with
the measured diameter of the previously meas-
ured workpiece.

7. In the combination as set forth in claim 6,
a loading chute for holding a succession of work-
pieces, and means associated with said ehute to
feed a successive workpiece into said gauge as
the workpiece in the gauge is moved into said
support means.

8. In a machine for refining an inner surface
of revolution of a workpiece, said workpiece hav-
ing an outer preformed surface of revolution and
in combination, 2 grinding tool, resiliently
mounted support means, means to fix the posi-
tion of said support means at a predetermined
point for locating a firsi workpiece radially with
respect to the tool during a grinding operation,
gage means measuring the diameter of a suc-
ceeding workpiece while the first is being ground,
means responsive to the gage means capable
of moving the support means relative to the
tool pricr to the grinding of the said succeeding
workpiece to compensate for any variation in
diameter hetween the said workpieces and means
to fix the support means in its newly established
position during the grinding of a succeeding
workpiece.

9. In a machine for refining an inner surface
of revolution of a workpiece, said workpiece
having an outer preformed surface of revolution
and in combination, a retractable grinding tool,
movable support means to position the work~
biece radially, gage means to measure a diameter
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of a workpiece while another is being ground, References Cited in the file of this patent
means controll‘ed by.saic.l gage means and oper- UNITED STATES PATENTS
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to locate said support means and then to lock Number Name Date
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