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1

This invention reiates to carriage feed mech-
anism by which devices such as electric switches
may be actuated to produce a cycle change in
the feed of the carriage, whenever the carriage
reaches one or more predetermined feed positions,
and has for one object to provide a construction
which permits ready adjustment of the device
actuating elements to accurate predetermined
carriage positions and after accurate predeter-
mined extents of feed from starting positions.

More particularly the invention relates to con-
trol of carriage feed mechanism for grinding ma-
chines in which the grinding wheel and the work
are moved toward each other from a retracted

relation at a rapid rate until they are near to- °

gether but still out of contact, whereupon the
rate of feed is reduced to a rate suitable for
grinding feed, contact between the work and the
wheel being effected while the feed is at the
low rate. The grinding action may be divided
into two phases, the first being rough grinding
at a low rate, reducing the work to a size short
of finished size, and the second, a finish grind-
ing which completes the final sizing operation
at a feed rate usually slower than the rough
grinding rate, the wheel and the work being fully
retracted between rough and finish grinding and
after finish grinding. The rapid idle feed from
the retracted position toward wheel and work
contact may therefore be longer for finish grind-
ing than for rough grinding because of the
amount of work removed during the rough grind-
ing. The extent of rapid feed for rough and
finish grinding is therefore independently ad-
justable in accordance with this invention.

Tor a complete understanding of this inven-
tion, reference may be had to the accompany-
ing drawings in which

Tigure 1 is a fragmentary front elevation of
a grinding machine embodying the invention.

Figure 2 is a detail sectional view to a larger
scale on line 2—2 of Figure 1.

Figure 3 is a fragmentary view partly in side
elevation and partly in central vertical section
through the carriage feed mechanism.

Figure 4 is a detail sectional view on line §—4
of Figure 2.

Figure 5 is a diagrammatic view of the work
and grinding wheel showing diagrammatically
the amount of stock removed in the rough and
finish grinding portions of the cycle and the rel-
ative positions of the grinding wheel and work
at which. the change from rapid idle feed to
slow working feed takes place.
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Figure 6 is a diagrammatic view of the feed
mechanism and controls.

Referring to the drawings, at I is indicated a
carriage which may support a work piece or a
grinding wheel, or other tool, a grinding wheel
being so shown in Figure 6 and the work holder
being shown at 9 in Figure 5. This carriage has
journaled therein a lead screw 3 threaded into
a nut 2 which is journaled in a fixed portion of
the machine frame. The nut 2 has fixed there-
to a gear 4 with which meshes a gear 5 on a
shaft 6. This gear 5 may have integral there-
with a2 second gear T with which meshes a rack
bar 8. By imparting axial motion to the rack
bar 8, it will be evident that the gears T and
5 may be rotated, rotating the gear 4 and the
nut 2, causing the lead screw 3 and the carriage
to be moved axially of the lead screw.

Means may also be provided for rotating the
lead screw with reference to the carriage, this
imparting a selective feed motion to provide for
wheel wear and truing. This additional means
may comprise a worm {0 which may be brought
into engagement with a worm wheel Il carried
by the lead screw 3. Also the lead screw 3 may
have secured thereto, a hand wheel 12 by which
it may be turned when the worm {08 is lifted
out of engagement with the worm wheel {{. This
means for feeding the work carriage comprising
the lead screw and nut is a micrometric feed-
ing means actuable for feeding the carriage by
accurate increments.

As shown best in Figure 2, the shaft 6 may
have fixed thereto a disk (5, which, as shown
best in Figure 1, may be graduated around its
periphery, the graduations on the disk coacting
with a fixed reference mark {7 on the machine
frame. By comparison of the scale readings on
the disk opposite to the reference line 7, an ac-
curate indication of the extent of feed motion
imparted to the carriage as the disk is turned
by the action of the rack bar 8 may be readily
had.

The shaft 6 has journaled thereon a pair of
arms 20 and 21. These arms may be selectively
secured at desired angular positions to the disk
15. For this purpose they are shown as provided
with thumb screws 22 and 23 which extend
through arcuate slots 24 and 25 through the disk
15, these thumb screws being threaded into the
arms 20 and 21, respectively. On each side of
the shaft 6 are arranged the electric switches
21 and 28 having actuating elements 29 and 30,
respectively, and these actuating elements are
arranged in the paths of motion of elements
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shown as segmental pieces 31 and 32 which ex-
tend between the shaft 6 and the switch elements
29 and 3% and which at their forward ends have
feet 33 and 34 which are secured to the arms 24
and 20 as by screws 35. In Figure 6 the shaft car-
rying the arms 26 and 21 is shown geared fo the
shaft 6 for.the sake of clarity of showing and
may be actually so made if desired.

It will now be evident that as the carriage is

being fed from a starting position, which-may be ?

assumed as that where the.zero on the disk {5
comes opposite to the fixed indication 17, the
arms 20 and 2{ are rotated with the disk until
such time as one or the other of the segments
31 and 32 contact with and actuate their re-
spective switches. As shown, for example, the
arm 20 is arranged to contact its.switch element
30 after the disk has been turned twenty gradua-
tions, whereupon the switch 28 is closed, while
further turning of the:!disk another ten gradua-
-tions is necessary to close theswitch 27.

In Figure 6 the mechanism is shown embodied
:{in.a erinding machine with controls of the type
-more fully set forth in an application for patent
~of "Thor ‘H. Ljunggren, Serial No. 701,443 filed
October 5, 1946, for Internal grinding machine,
wherein the -various phases of the grinding cycle
-are controlled by a grinding cycle control mecha-
‘nism -comprising a plurality of rotary switch-
.actuated devices secured to a common shaft
«which is rotated step:by step to produce the de-
.gired: phase change of the cycle. A portion of
this cycle -control mechanism is illustrated in
Pigure 6 comprising.a shaft 0 carrying a plu-

-rality of . disks 51,:52, and 53, each provided at-:

+points:on -its .periphery with projections which
at- certain angular positions of the shaft § may

close switches 54, 55 and 96. .The rack bar 8,
by motion of which the feed mechanism is
.operated, forms- the :piston rod of a piston 58
.which rides in a fluid .pressure cylinder 58 hav-
‘ing pipes. and:passages 68 -and 6! communicating
-with: its interior -on opposite sides of the piston
58. - Motion of the piston 58 to the left from the
position of Figure 5 produces feed between the
-grinding wheel 65 carried by the carriage | and
the work: 66 (see Figure 5), while motion of the
:piston 58 in the opposite direction acts to retract
the wheel from the work.

. Control of fluid pressure to and from the cylin-
_der. 59 is provided by four valves 10, T, 12 and
13, each of which is normally-in one axial posi-
tion, though it may be moved to another axial
position by energizing an -actuating solencid

therefor 14, 15, 16 and T1, respectively, energiz- ..

ing of these solenoids being:controlled by closing
-of the switches 54, 65 and 56. Fluid pressure
.is supplied from 2 suitable source, a pump 89 be-
ing shown for the-purpose, taking hydraulic fluid
from a tank 81 and-delivering it under pressure
:determined by the setting of a relief valve 82
in a discharge pipe 83 leading back to the tank,
the fluid being delivered at the predetermined
pressure. to a pressure -pipe 85. - A'discharge pipe
-864eads back to.the tank 81.

Electrical energy for. energizing the various
solenoids 714, 15, 16 and 17 is derived from the
Jdine-99,: this line leading through a lead 91 fo
the switches 54, 55 and 56. The line 80 -also
1leads to one terminal of the switch 27 and zlso
communicates through a lead 91 with one ter-
-minal of a switch 82, this switch 92 being a safety
switch. “"The mechanism :is. shown in Figure 6
as in its retracted position, the pressure pipe 85
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78. through the pipe 61 leading to the left hand
end of the cylinder %9, and the pipe 60 leading
to the right hand end of the cylinder 52 leading
past the valve Tf into a pipe 9§ communicating
with the drain pipe 86.

Assuming that a piece of work is in position
in the work holder 9, .and the rough grinding
operation is to be started, the shaft 50 is turned
into the anguiar position to bring one of the pro-

" jections on the disk 51 into position to close the

switch 54, and to bring one of the projections on
the disk §3 into position to close the switch 586.
Closing of the switch 54 energizes from the lead
8{ and the switch 54, a lead {88 passing to one
side of ‘the rough grinding switch 28. The cios-
ing of the switch 56 energizes a lead (81 which
energizes the solenoids 74 and 78, lifting the valve
70 and T{. Lifting of the valve Tl allows pres-
sure from the pipe 95 to pass the valve Tl into
the pipe 64 leading to the right hand end of the
cylinder 59, while the. lifting of the.vailve 10
causes the pipe 61 to conduct discharge pressure

from the left hand end of the cylinder 59 :past

the valve 19:and .into the-pipe 102, 'which:leads

to the valve 2. The switch 92.being closed when

the feed carriage is in fully retracted -position,
energizes the lead 183 and energizes the solenoid
16 so that the. valve 12 is inlifted position,-as
shown, the discharge from the.:pipe 102 then
passing around the valve 12 through the pipe 04
to the valve 13.and-out through the-pipe {85 con-
taining a- throttie wvalve. 19¢ 4o the mein-drain
pipe 487 leading back 4o the tank 81, The feed
mechanism then starts to.move to feed the-wheel
toward. the work, but-soon.after this is done the
switch.82 opens, allowing the valve 12 to .drop
so that discharge takes place {rom the pipe. 102
through the valve.iZ .into the pipe 86 -and- the
drain pipe 86. without throttling. The feed {thus

after predetermined.delaying action of switch 92

is at a relatively rapid rate and this takes place
until the cam 32 engages.and closes the.switch
28. This takes place when the. grinding wheel
68 has moved toward the work up to the .line. @
shown in Figure 5, at. which point it is.not quite
in contact with the work. As soon as this switch
28 is closed, the solenoid 18 is energized irom the
lead 108 through the switch. 28, leads {d0.and
103, this lifting the valve 12 and causing the dis-
charge to fake place through pipe {94 past the
valve 713, through pipe {85 and through the
throttle valve {88. The further feed between

the wheel and the work up to the limit of rough

grinding at the line b then takes place at the
relative slow rough working feed rate. When
this limit b is reached, the shaft 50 is turned a
further distance so as.to allow the switches 54
and 56 to open, conditioning the various valves,
except the valve 72, in the position. shown. in
Figure 6, so that the carriage is retracted to its
starting position, at which time the switch-$2
is closed, lifting the valve 12 so that all the parts
except the shaft 58 and its-disks is in*the position
shown in PFigure 6. At this pcint in the cytle,
the wheel may be retracted and trued, as-is fully
described in the Ljunggren application to which
attention has heretofore -been called, but as this
portion of the cycle is not concerned with ‘the
present invention it is not here shown.

The finish grinding operation is then initiated,
this being ‘done by rotating the shaft-508 :until
projections on the disks 52 -and 53 close the

switches-55 and 56. -.As before:noted, closing of
the switch 56 lifts the.valves:T0 and:Tl, thus

-gommunicating through a pipe 95, past the valve .78 causing the piston 58.to.be:.driven in feed direc-
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tion, and as -soon as the feed starts the valve 12
drops so that the feed takes place at the rapid
unrestricted rate. The closing of the -switch 53
energizes the lead (15 which energizes the sole-
noid 11, lifting the valve 13. This connects the
pipe 184 past the valve 73 to the pipe (20, in
which is placed the throttle valve (21, and after
passing this throttle valve the fluid pressure flows
to the discharge pipe (07T. This throttle valve
121 may be set to restrict the flow more than
the throttle valve (06 so that the speed of slow
feed for finish grinding, as will later appear,
is slower than the feed for rough grinding. The
rapid rate feed continues until the cam 31 closes
the switch 21, which, it will be noted, is after
the closing of the switch 28, but as during the
finish grinding feed the lead. 100 is not energized,
switch 54 being open, nothing happens when the
switch 28 is closed. When the switch 27 is closed,
however, energy. passes from the line 90 through
this switch 27 and the lead 103 to the solenoid
16, which thereupon lifts the valve T2 into the
position shown in Figure 6, whereupon the dis-
charge from the left hand end of the feed cylin-
der 59 is compelled to go through the pipe (04,
past the lifted valve 73, and through the throttle
valve 121.

It will be noted that the limit of fast feed in
the finish grinding phase of the cycle may be

beyond the limit of fast feed for the rough grind- :

ing, for the reason that the stock up fo the line
b was removed during the rough grinding. Limit
of fast feed before the wheel can contact the work
during the finish grinding may thus be at the
point ¢, and from this point ¢ the wheel is moved
with the slow finish grinding feed to the finish
size position at d, at which point the feed is
stopped by any suitable means, and the grinding
operation has been completed.

The switch 92 has a delaying function of par-
ticular importance in connection with certain
high rate production work. This switch is nor-
mally open, but it is held closed by the rack bar
8 when the rack bar is in the refracted posi-

tion of Figure 6, so that the discharge from the .

cylinder 59 when the feed action is started, is
throttled. After a short travel of the rack bar
8 toward the left, the switch 92 opens and the
desired quick approach movement in transverse

direction between the wheel and the work takes

place. Because of the delaying action of the
switch 92, the grinding wheel and the work have
had time to arrive at approximately the relative
overlapping axial positions of Figure 5 before
the wheel can contact with the work, so that any
risk that the wheel will bump its corner against
the corner of the work piece on entering the work
is eliminated.

It will be noted that the rough and finish grind-
ing actions alternate so that the switch actuating
elements 3( and 32 become effective alternately,
the cycle mechanism automatically selecting
alternate switches to be effected during the feed
actuations.

From the foregoing description of an embodi-
ment of this invention, it should be evident to
those skilled in the art that various changes and
modifications may be made without departing
from its spirit or scope.

We claim:

1. In combination with a movable carriage and
micrometric means for feeding said carriage in-
cluding a rotary shaft turnable through an angu-
lar extent proportional to the amount of feed of
said carriage from a starting position, means for
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turning -said shaft, a pair of switches located on

‘opposite sides of said shdft, a disk fixed to said

shaft, a pair of arms each pivoted on said shaft,
means for selectively locking said arms inde-
pendently to said disk in desired angular posi-
tions, and an element projecting from each of
said arms between said shaft add switches in
position to actuate said switches on feed of said
carriage to positions corresponding to the angu-
lar settings of said arms relative to said disk.

2. In combination with a movable ¢arriage and
micrometric means for feeding said carriage in-
cluding a rotary shaft turnable through an angu-
lar extent proportional to the amount of feed of
said carriage from a starting position, means for
turning said shaft, a pair of switches adjacent
to said shaft, a disk fixed to said shaft, a pair
of arms each pivoted on said shaft, means for
selectively locking said arms independently to
said disk in desired angular positions, an ele-
ment projecting from each of said arms between
said shaft and switches in position to actuate
said switches on feed of said carriage to positions
corresponding to the angular settings of said
arms relative to said disk, and means controlled
by the actuation of one or the other of said
switches depending upon whether rough or finish
grinding is to be effected to slow the action of
said feeding means. .

3. In combination, a work support and a grind-
ing wheel support, one of said supports compris-
ing a movable carriage, means for moving said
carriage to produce feed and retracting motions
between a wheel on said wheel support and work
on said work support, means including a pair of
independently adjustable slow speed controls
selectively made operative or inoperative for con-
trolling the speed of such carriage motion in feed
direction, means effective when said carriage
reaches independently selectable positions in feed
direction to render a correspondingly slow speed
control effective for the remainder of such feed
motion and means automatically controlling said
carriage moving means to retract the carriage
on the completion of each such feed motion.

4. Tn combination, a work support and a grind-
ing wheel support, one of said supports compris-
ing a movable carriage, means for moving said
carriage to produce feed and retracting motions
between a wheel on said wheel support and work
on said work support, means including a pair of
independently adjustable slow speed controls
selectively made operative or inoperative for con-
trolling the speed of such carriage motion in feed

5 direction, means effective when said carriage

reaches independently selectable positions in feed
direction to render a correspondingly slow speed
control effective for the remainder of such feed
motion, and means for selecting said controls
alternately.

5. In combination, a work support and a grind-
ing wheel support, one of said supports compris-
ing a movable carriage, means for moving said
carriage to produce feed and retracting motions
between a wheel on s2id wheel support and work
on said work support, hydraulically actuated
means for moving said carriage to relatively feed
and retract said wheel and work, a pair of inde-
pendently adjustable flow limiting elements,
means actuated automatically when said carriage
reaches a predetermined position short of contact
between the wheel and work when moving in feed-
ing direction from a starting position during a
rough grinding operation to interpose one of said
elements into the hydraulic  circuit with said
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actuated - means to slow the feed speed to a rough
working speed and for interposing said other ele-
ment at-another predetermined position of said
carriage short of contact between the wheel and
work during the next feed which is a-finish grind-
ing:feed of said carriage from said starting posi-
tion to reduce the rate of feed to finish grinding
feed speed.

-6. -In combination, a work support and a grind-
ing .wheel support, means for relatively moving
said supports to cause a wheel on said wheel sup-
Jport-to move relatively axially to work on said
work: support into and out of overlapping rela-
tion therewith and to traverse the work, means
for relatively moving said supports transverse to
said-.axial motion to feed szid wheel relative to
+the work first at a rapid rate from a retracted
position toward the work and then at a slower
rate into feeding contact and working feed, and

[
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means for delaying the initiation of said rapid
feed after the start of relative motion of:said
wheel and work from retracted to overlapping
relation to insure such overlapping relation be-
fore said wheel contacts the work.

THOR H. LJUNGGREN.

WILLIS ¥, MOORE.
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