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Company, Worcester,

Mass., a corporation of Massachusetts
Application July 3, 1937, Serial No. 151,885

18 Claims.

The present invention relates to a grinding ma-
chine for the successive reduction of a plurality
of workpieces all to a predetermined size, and is
particularly applicable to machines for grinding

5 the internal surfaces of sleeves, bushings and
like articles. 'This application is a continuation-
in-part of applicant’s copending application Se-
rial No. 50,7717.

In grinding machines of the type disclosed in
the Blood Patent No. 2,011,705, dated August 20,
1935, the progress of the grinding .operation is
selectively under the control of the cross-feed
mechanism or under the control of gages which
successively enter the bore of the workpiece as
the latter approaches and reaches the desired
size. When the grinding operation is under the
control of the cross-feed mechanism an axial
separation between the grinding wheel and a
workpiece in the work-supporting .tructure is
provided prior to completion of the grinding op-
eration, during which axial separation the grind-
ing wheel is dressed. The dressing tool, which
is normally in an inoperative position, is moved
downwardly, preferably by fluid under pressure,
o5 into alinement with the periphery of the grinding
wheel, the movement of the tool occurring dur-
ing the extended movement of the table which
brocures the relative axial movement between
the grinding wheel and workpiece. The cross-
feed mechanism is also frequently used for con-
trolling other machine movements, such as a
“back-off” of the wheel relative to the work-"
piece prior to the withdrawal of the wheel from
within the workpiece hore at the completion of
the grinding operation.

In the Blood Patent No. 2,011,705, the Cross-
feed mechanism is actuated by a cam which is
mounted on the reciprocatory table and is ad-
justed to engage with a roller forming part of
the crossfeed mechanism so that the roller is
rocked during each reciprocation of the table.
The cam and roller arrangement provides for a
step-by-step crossfeed movement of the grinding
wheel relative to the workpiece and this step-by-
step advance may occur at any point of the table
travel during the normal reciprocation thereof.
Although the cam is preferably adjusted on the
table so that the step-by-step advance of the
wheel may cccur at one end of the normal re-
ciprocatory movement of the table, but this ad-
Justment .is' frequently carelessly made so that
the step-by-step advance does not occur at the
desired point. Since the. eontrol mechanism
which procures a runout of the table, either for
the dressing operation during tke griading op-
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eration, or for a final separation between the
wheel and the workpiece at the completion of
the grinding, is actuated by the crossfeed mecha-
nism, it would be apparent that the control
mechanism is set in operation substantially at
the same time that the cam on the table engages
with the roller during one of the table reciproca-
tions. The control mechanism may thus be
actuated at any point in the normal reciproca-
tion of the table, dependent upon the position 10
of the table at the time that the feed cam en-
gages.and shifts the roller by which the cross-
feed mechanism is actuated. If the grinding
wheel is at the inner end of the workpiece, when
the mechanism for shifting the tool is set in op- 15
eration, the downward movement of the dressing
tool is controlled by a cam on the machine which

is located in a position to engage with a roller
carried by the dressing tool support, thereby
causing the dressing tool to move smoothly into 20
operative position.

This cam, which controls the dressing tool
movement, also cooperates with the roller in
returning the dressing tool support to inoperative
position when the grinding wheel and work- 25
piece are returned to operative position, and is
thus movable relative to the dressing tool support.
Thus when the table carries the dressing tool,
as in the Blood patent aforesaid, the cam is car-
ried by the base of the machine. The cam is 30
thus in a position to cooperate with the roller
if the dressing tool begins its downward move-
ment while the wheel is still within the bore
of the workpiece.

If the grinding wheel is adjacent the outer 35
end of the workpiece.when the mechanism for
moving the dressing tool is set in operation, the
rolier on the dressing tool support eannot en-
gage with the cam since the latter is already
longitudinally spaced therefrom. ‘The- dressing 46
tool is thus moved rapidly down into operative
position, where it is suddenly brought to rest,
with the result that the machine or the tool is
jarred and the tool is not properly located. By.
the sudden stopping of the swinging tool, the
latter does not always remain in its lowermost
position and thus does not produce a smooth pe-
riphery on the grinding wheel. This inaccuracy
is particularly objectionable when the work-
pieces must be ground to very close tolerances.
One of the principal objects of the present in-
vention is to avoid the above noted objection by
having the dressing tool always guided into op-
erative position by the cam which cooperates
with the dressing tool structure and which sub- 55
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sequently moves the dressing tool upwardly into
inoperative position.

Similarly, if the control mechanism by which
the back-off is procured is actuated by the cross-
feed mechanism, this back-off may occur at any
point in the normal reciprocation of the table.
If the back-off occurs when the wheel is at the
inner end of the workpiece the wheel is backed
away from the work while substantially. the en-
tire length of the wheel is in contact with the
workpiece surface and no damage is done to the
wheel or work. On the other hand, if the back-
off is initiated at a time when the wheel is adja-
cent to the outer end of the workpiece, the
wheel is not always backed away until the axial
separation between the wheel and the workpiece
has carried the wheel to such a position that
only a relatively small portion of the entire
length of the wheel is in engagement with the
workpiece surface. When this occurs, the work-
piece is ground unevenly with the so-called “bell
mouthing” which cbviously affects the salability
and frequently the utility of the workpiece.
This “bell mouthing” results from the increased

.grinding action of the wheel on the workpiece

as the length of the line of contact between the

. wheel and the workpiece is diminished. One of

Lt

the features of the present invention is 1o avoid
this objectionable “bell mouthing” by causing
the control mechanism, which procures the
radial back-off, to be actuateu while the grinding
wheel is at the inner end of the workpiece so
that the wheel will be radially withdrawn from
the workpiece before the axial separation be-
tween the wheel and the workpiece has started.

The crossfeed mechanism of the Blood & Burns
application Serial No. 684,210, now Patent No.
2,027,627, is actuated by a hydraulic mechanism

- so that the transverse movement of the grinding
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wheel relative to the workpiece is continuous
rather than by a step-by-step motion, as in the
patent above referred to, and the crossfeed move-
ment is therefore independent of the table re-
ciprocation. In order to avoid the objections
above noted in the downward movement of the
dressing tool into operative. position and in the
radial back-off of the grinding wheel, it is essen-
tial that the control mechanism, by which the

dressing tool is shifted and by which the back-

off is procured, be set in operation when the
grinding wheel is at the inner end of the work-
piece. To this end, the present invention involves
the provision of a structure which, in associa-
tion with the crossfeed mechanism, will set the
control nmiechanism ir operation at the end of the
table reciprocation when the wheel is at the inner
end of the workpiece. By this arrangement the

" control mechanism may be actuated by the cross-
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feed mechanism in the desired manner, but a
suitable interconnection between the control
mechanism and the table reversing mechanism
assures that the control mechanism will func-
tion at one end of the table stroke. :

According to the present invention the ma-
chine is so arranged that the mechanism which
procures the runout of the table for the dressing
operation is set in motion when the grinding
wheel is at the inner end of the workpiece. With
the mechanism set in operation at this point, as
by mechanism controlled by the table reversing
means, the dressing tool is’ moved downwardly
and engages with the cam when the wheel begins
its withdrawal movement relative to the work-
support.

Other and further objects and advantages of

2,156,970

the invention will more fully appear from the
following detailed description taken in connection
with the accompanying drawings, in which—

Fig. 1 is a front elevation of the mchine em-
bodying the invention,

Fig. 2 is a front elevation on a larger scale of
the mechanism within the control box and & por=
tion of the crossfeed mechanism, parts broken
away to show the construction more fully.

Fig. 3 is an elevation of a portion of the mecha-
nism of Fig. 2 before the beginning of the dressing
operation.

Fig. 4 is a view corresponding to Fig. 3, showing
the position of the parts at the beginning of the
dressing operation.

Fig. 5 is a fluid pressure diagram.

Fig. 6 is a front elevation corresponding to Fig.
2, showing a modified type of grinding machine
to which the present invention is applied.

Fig. 7 is a sectional view along the line T—17 of
Fig. 6.

. Fig. 8 is a sectional view along the line 8—8

-of Fig. 1.

Fig. 9 is a fluid pressure diagram for the ma-
chine of Fig. 6.

Like reference characters refer to like parts in
the different figures.

Referring first to Fig. 1, the machine has the
usual reciprocatory table § provided in an internal
grinding machine. Either the grinding wheel
or the work to be ground is carried on said table,
the reciproactions of the latter operating in either
case to procure a relative reciprocatory movement

. between said grinding wheel and the workpiece.

In the construction shown the table supports and
carries a workhead 2 and a wheelhead 3 is
mounted on a bridge 4 which spans the guide-
ways, not shown, provided by the base 5 of the
machine for the movements of the table {. The
grinding wheel 6 is carried on a spindle 7T jour-
naled in the wheelhead 3, and the workpiece not
shown is mounted in a suitable work-supporting
member in the form of a chuck 8 carried on the
end of a spindle 9 journaled in the workhead.

Both the grinding wheel and the workpiece are
positively rotated as from a driving motor 10
mounted on the base of the machine. In the con-
struction shown, the drive shaft of said motor
carries a large diameter pulley {1 connected by
a belt 12 to a pulley I3 on a countershaft 4
journaled within the base. A second pulley (5§ on
the countershaft 14 is connected by a belt 16 to a
small diameter pulley {7 on the grinding wheel
spindle 1, thereby driving the grinding wheel at
a high rate of speed. The drive shaft of the motor
is also connected to a drum 18 journaled within
the base of the machine and connected by a belt
19 to a pulley 28 on the spindie 9. The arrange-
ment of belts and pulleys preferably provides for
a rotation of the grinding wheel at a much higher
rate of speed than that of the work-supporting
member.

The reciprocations of the table I, which cause
the rotating grinding wheel to make the desired
traverse over the surface of a workpiece mounted

in the chuck, are imparted in any well known -

manner, as by the use of the fluid pressure con-
trolling reversing mechanism described in the
Heald & Guild Patent No. 1,582,468, dated April
27, 1926. It is sufficient to note for the purpose
of the present application that reversal of the
table movement at each end of the normal work-
ing stroke is procured by the use of spaced revers-
ing dogs 21 and 22 carried by blocks 23 and 24
adjustably secured to the table and adapted al-
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" ternately to engage and move a reversing member

25. The latter has spaced upwardly projecting
lugs 26 and 27 which are in a position to be en-
gaged alternately by the dogs 21 and 22 respec-

tively, while the grinding wheel is located within-

and reciprocated relative to the workpiece. .

~ The reversing member 25 is connected to a re-
versing valve 28, Fig. 5, by which the table is
reversed. The forward end of the reversing valve
28 has secured thereto an arm 29 which supports
8. pin 30, the latter being positioned between
spaced projecting lugs 31 and 32 on the end of an
arm 33 secured against turning movement on the

same shaft 34 to which the reversing member 25 -

is secured. Movement of the member 25 accord-
ingly shifts the position of the valve 28 and re-
verses the table movement.

Referring now to Fig. 5, fluid under pressure
from a pump 35 enters the mlet port 35’ .of a cas-
ing 36 for the reversing valve 28 through suitable
throttle and control valve mechanisms herein-
after described. Outlet ports 37 and 38 in the
casing 36 are connected by pipes 39 and 40 to the
left and right hand ends respectively of a cylin-
der 41 mounted in the base of the machine. The
cylinder has a piston 42 having a projecting rod
43 which is secured to the table, the reciprocatory
movements of the piston in the cylinder procur-
ing corresponding movements of the table.

The relative crossieed movement between the
workpiece in the chuck and the grinding wheel
is obtained by movement of the wheelhead 3
transversely on the bridge 4, this movement be-
ing procured in any suitable manner, as by mech-
anism actuated by the reciprocatory movements
of the table, one form of such mechanism be-
ing fully described in the above cited Blood et al.
Patent No. 2,011,705. As best shown in Fig. 2,
the wheelhead is mounted on a cross-slide, not
shown, movement thereof being procured by rota-
tion of a crossfeed screw 44 which engages an
internally threaded portion, not shown, of the
cross-slide. The crossfeed serew, which is held
against longitudinal movement in the bridge, is
turned through a ratchet 45 suitably connected
to said crossfeed screw. Rotation of the ratchet
is procured by means of a pawl 46 which is car-
ried ty one arm 47 of a lever 48 journaled on
a stud 49 on the end of an arm 50.turnable on
the crossfeed screw ‘44. A second arm 51 of the
lever 48 is engageable with an adjustable stop
52 carried by a Iug 53 on the arm 50, said stop
supporting the lever 48 against counterclock-
wise movement beyond the position shown. The
arm 51 also engages an abutment 54 in a lever

- 55 normally held against turning movement on

a stud 56 in.the casing 51 which forms a hous-
ing for the c¢rossfeed mechanism. -

A third arm 58 on the lever 48 is in a position
for engagement with a roller 59 on the end of
one arm 60 of a bell crank lever 61 pivotally
mounted on the stud-56. The other arm 62 of
the bell crank lever 6i is connected by a link
63 to the end of one arm 64 of a bell crank lever
65 journaled on a stud 66 in the casing 51. The
opposite arm 67 of the lever §5 carries a roller
68 which is in a position for engagement with
a cam 69 on a block 70 adjustably secured to the
table. During each reciprocation of the table,
while the grinding wheel and workpiece are in
operative position, the cam engages beneath said
roller and procures an oscillation of the arm 6%
and a corresponding upward movement of the
pawl 46 for advancing the 1atchet 45 clockwise.
A step-by-stev crossfeed movement of the grind-

3

ing wheel relative to the workpiece is. thus as-
sured.

The ratchet wheel 45 and the crossfeed screw .

44 are preferably connected by mechanism of the
type disclosed .in the Guild Patent No. 1,971,138,

" dated August 21, 1934. By this mechanism, which

forms no essential feature of the present inven- -

tion, the reduction in diameter of the grinding
wheel, as a result of wear and the dressing opera-
tions performed thereon, is automatically com-
pensated for so that each successively ground
workpiece will be reduced to the predetermined

_diameter independently of variations in the di-
For the purpose :

amefer of the grinding wheel.
of the present invention, it will be sufficient to

10

15

note that a cam 11 is carried by a ring 72 which -

is movable relative to the crossfeed screw and
is arranged to be shifted relative thereto, as. by
the mechanism of the Guild patent, so that when
the workpiece reaches a predetermined size said
cam will always be at a predetermined point
relative to the casing 51. During each grind-
ing operation said cam advances as a unit with
the ratchet wheel and crossfeed screw, the rel-

ative movement therebetween being procured -

during the retraction of the crossfeed movement

‘between successive grinding operations.

As above stated, the grinding operation is un-
der the control of the crossfeed movement and

to this end the cam Tt, which, during the grind-
ing operation, is advanced clockwise in unison -

with the ratchet wheel, moves into engagement
successively with the ends of adjustable screws
13 and 714 carried by an arm 15 of a bell crank
lever 16 which is journaled on the stud 66. The
screws 13 and 14 are locked in adjusted position
within the arm 75.. The other arm 11 of the
bell crank lever 16 is connected by a link 18
to an arm 19 secured to a shaft 80 journaled in
the casing 51. A spring 8f, which engages the
arm 19, urges the bell crank lever 16 clockwise
into the position of Figs. 2 in readiness for rock-
ing movement of gaid lever by the cam TI.
The -shaft 80 prOJects beyond the casing 57
and has on the end thereof a depending .arm

82 which carries a bolt 83 by which a horizon--

tally slidable bar 84 is secured to said arm. The
left hand end of. the bar 88 projects into the con-
trol box and is supported at the left hand end

" by a lug 85 on a bracket 86 within the control
Engagement of the cam Tf with the

box 81.
screw 13, and subsequently with the screw 14,
procures two successive movements of the hori-
zontal bar 84 to the leit, thereby procuring
changes in the gririding operation through actua-

 tion of the control mechanism, hereinafter de-

scribed.

The first change in the grinding operatlon in-

volves an extended movement of the table to
the left to withdraw the grinding wheel from
the bore of the workpiece, at which time a dress-
ing operation is performed on the grinding wheel.
This change is procured by the control mecha-
nism when the first shifting movement of - the

bar 84 occurs.
The . control mechanism, which corresponds

substantially to the control mechanism of the
Blood et al. Patent No. 2,011,705, comprises &

‘bell crank lever 88, Fig. 2, one arm 89 of which
‘engages a notch 90 in a lug 91 carried by a de-

pending arm 92. The later is journaled on a
shaft 93 in the box 87 and is urged counterclock-
wise-by a spring 94. “A bell crank lever 95 also
journaled on the shaft 93 has a depending arm 96
which engages with a pin 97 on the arm 92. The
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opposite arm 98 of the lever 95 projects upwardly
between the lugs 26 and 27 and has a cam surface
op its upper end for engagement with the re-
versing dog 22. Said dog is pivotally connected
to the block 24 by a pin 24’, and the arm 98, when
in raised position, elevates the free end of said

dog, thereby avoiding engagement between said

dog and the lug 27 to permit the table to move
to the left beyond its normal reciprocatory posl-
tion to carry the grinding wheel past the dress-
ing tool. The arm 98 is normally in its lower
position shown, with the free end of said arm
located below the dog 22 and out of engagement
therewith, being moved upwardly only when the
dressing operation is to take place.

As the table moves to the left beyond its normal
reciprocatory position, the pivotally mounted
carrier 99; having mounted thereon a dressing
tool 100, is swung downwardly to move the dress-
ing tool into alinement with the grinding wheel
6. The dressing tool and the supporting structure
are of any suitable construction, as for example,
the construction described in the Blood Patent No.
1,971,848, dated Aug. 28, 1934, in which the dress-
ing tool is moved downwardly into operative posi-
ticn by fluid under pressure. The fluid connec-

~ tion by which the carrier 99 is oscillated will be

70

{4

hercinafter described in connection with the re-’

maining fluid pressure mechanism. The dress-
ing tool and supporting structure are located on
the table to vrovide for a relative movement be-
tween the tool and the grinding wheel.

After the sressing tool has passed the grind-
ing wheel dring the extendid movement of the
table to the left, a reversing dog !0f pivotally
mounted on 2 pin 102 in a block 183 on the table
engages the lug 27 and oscillates the valve 28 to
reverse the table movement and restore the grind-
ing wheel to operative position relative to the
workpiece. During the movement of the table
to bring the grinding wheel and workpiece into
operative position after the dressing operation,
the arm 98 is moved downwardly into inoperative
position by a dog 184 car-i=d by the block 103
on the table. The dog dep.csses the arm 98 and
recks the arm 92 clockwise, the latter being held
against subsequent counterclockwise movement
by a latch 105, the operation of which is fully
described in the aforesaid Blood & Burns Patent

. No. 2,011,705.

Referring now to Fig. 5, fluid under pressure

from the pump 35 enters a valve casing 166
through a conduit 107, passes around a reduced-

portion 108’ of valve 108 and through a conduit
109 to a valve casing 110. A valve (1§ in the cas-
ing 112 normally provides fluid connection be-
tween the conduit 109 and a second conduit 12
by which fluid is directed to a throttle valve 13
in g casing (18. The throttle valve casing 14 is
connected by a conduit 115 to the reversing valve
28. Fluid under pressure is thus directed to the
reversing valve through the throttle valve {13,
The dressing tool is moved downwardly into
operative position by a piston [16 slidable in a
casing 111, connected by a conduit 18 to the
valve casing 106. A conduit 119 which provides
connection between the casings 106 and 110 pro-
vides fluid connection to the casing ii1. The
valve {11 has a full-size portion 120 which nor-
mally cuts off the fiow of fluid from the conduit
109 to the conduit §19. The valve 11 is however,
in engagement with the lower end of the arm

92, Fig. 2, and movement of said arm to the right -

shifts said valve therewith and establishes fluid
connection between the conduits 109 and 119 to

2,156,970 -

allow fluid under pressure from the pump to pass
directly to the casing 17 and move the dressing
tool into operative position. The connection be-
tween the piston i {6 and the dressing tool carrier

is by any suitable mechanism, as by the arrange-

ment fully described in the aforesaid Blood Pat-
ent No. 1,071,848. ‘The shifting movement of the
valve {1l also directs fluid under pressure
through a throttled by-pass {2 to the main
throttle valve {13 for reducing the rate of travel
of the table during the dressing operation.
The return of the arm 92 substantially to
original position after the dressing operation and
during the return of the table to normal re-
ciprocatory position restores the valve 11 sub-
stantially to the position of Fig. 5, thereby cut-
ting off the flow of fluid under pressure to the
casing 117 to allow the dressing tool support to
be moved upwardly into the inoperative posi-
tion of Fig. 1. This return movement is posi-

_tively procured by engagement between a cam

122 on the bridge 4 and a roller 123 on the dress-
ing tool carrier. ‘The cam 122 is so located as to
move the carrier upwardly as soon as the dress-
ing tool passes the wheel during the return move-
ment of the table to normal reciprocatory posi-
tion. The complete arrangements shown in Fig.
5 are fully described in the aforesaid Blood et al.
Patent No. 2,011,705, and not being essential to
the present invention, are not further described.

The above described mechanism is fully dis-
closed in prior patents or copending applications
and is not of itself a part «i the present inven-
tion. 'The latter invosves “he attainment, in con-
nection witi. tie above, or similar machine in-
strumentalities, of the novel and useful results
berei. set forth. According to the present in-
vention the movement of the arm 92 by which
the mechanism controlling the dressing opera-
tion is started, occurs only when the grinding
wheel is at the inner end of the workpiece. To
this end the bell crank lever 33, forming part of
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the table reversing mechanism, has a stud {24 on -

whichsis pivotally mountechan arm 125, the latter.

being normally urged counterclockwise by a
spring 126 positioned between said arm and a lug
i27 on itne lever 33. In the normal position of
the arm 125 it is out of engagement with a de-
pending arm 28 of the bell crank lever 88, as
shown in Fig. 3, the arm {28 being beld against
a.pin (29 on the bar 84. The oscillation of the
lever 33 thus has no effect on the lever 88 while
the bar 84 remains in the position of Figs. 2 and
3. When the screw 13 is elevated by the cam TH,
however, the bar 84 is moved to the left, as above
pointed out, moving the pin {29 on said bhar to
the left and thereby swinging the free end of the
arm {25 to the left into the position of Fig. 4.
When this occurs, as shown in Fig. 4, the end of
the arm {25 engages with the arm 128 and pro-
cures a clockwise turning movement of the bell
crank lever 88 into the position shown to release
the depending arm 92, *
The bell crank lever 88 is turned by the arm
125 during the clockwise turning movement of
the arm 33 which cccurs when the grinding wheel
reaches the inner end of the workpiece, at which
time the reversing dog 21 engages the Ing 26 and
procures a turning movement of the arm 33. The
control mechanism is thus set in operation when
the grinding wheel is ai the inner end of the
workpiece and in response te the movenient of
the table reversing means. Since the arm 32
moves counterclockwise only when the gnoding
wheel is at the inner end of the workpi~ce, and
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since the movement of the arm 92 procures a
downward movement of the dressing tool infto
operative position, the cam 122 is in a. proper
position to engage with the roller 123 during the

8 downward movement of the tool carrier and
cause the dressing tool and its carrier to move
downwardly slowly, guided by the cam 122, until
the carrier and tool reach operative position.
During the remainder of the grinding operation,

10 after the grinding wheel is dressed, the bell crank
lever 88 no longer engages with the notch 90 and
the contact between the arm 125 and the arm
128 of the bell crank lever has no eﬁect on the
grinding operation.

18 After the grinding wheel and Workplece have
been returned to operative position, following the
dressing operation, the grinding continues with
the grinding wheel given a cross-feed movement
until the cam 11 engages and elevates the screw

. 20 14 to procure a second extended movement of the

table to the left to separate the grinding wheel

from the workpiece, thereby bringing the grind-
ing operation to a elose. This second extended
movement of the table is procured through a fur-

28 ther movement of the bar 84 to the left, swinging -

the arm 125 even more to the left into engage-
ment with the depending arm 130, Fig. 4, of a
bell crank lever 131 located directly in back of
the bell' crank lever 88. This bell crank lever,
30 as fully described in the above mentioned Blood
et al. Patent No. 2,011,705, has an integral latch
corresponding to the arm 89 of the lever 88
which normally engages in a notch 132 provided
by a depending arm 133 corresponding to the
88 arm 92. Said arm 133 is urged counterclockwise
by a spring corresponding to the spring 94 and
carries a pin, not shown, which engages with a
depending arm, also not shown, integral with the
lever 95 so that swinging movement of said arm

40 133 elevates the arm 98. The free end of the-

arm 98 is moved higher than it was moved by
the previous swinging of the arm 92 to elevate
the dog 101, thereby rendering both the dogs 22
and 101 inoperative for a movement of the table
45 . to the left beyond its normal operative position,
said table being brought to rest by any suitable
mechanism, as for example, that disclosed in the
Blood et al. patent above referred to.
The lower end of the arm 133 engages with
%0 the valve 108 to shift said valve to the-right, Fig.
5, thereby establishing fluid connection from the
pump through a conduit 134 to a casing (35 in
which a plunger 136 is slidable. This plunger
is connected to a back-off mechanism by which
g the grinding wheel is given a slight radial move-
‘ment away from the workpiece surface to prevent
engagement between the grinding wheel and the
workpiece during the axial separation thereof.
. 'This mechanism may be of any suitable type, as
00 for example, that disclosed in Kempton & Galli-
. more No. 1,826,178, dated Oct. 6, 1931, or the
Heald et al. Patent No. 1,816,082, dated July 28,
1931, In the structure of either of these patents

the movement of a plunger by fluid under pres-

@8 sure procures a temporary radial separation be-
tween the grinding wheel and the workpiece at

" the beginning of the axial separation, thereby
avoiding the objectionable “bell mouthing”,
otherwise resulting. Since the lever 131 is rocked

70 by the turning movement of the member 33,
* which occurs while the grinding wheel is at the
inner end of the workpiece, this back-off of the

grinding wheel will occur before the grinding.

wheel begins its withdrawal movement from the
76 workpiece bore.

In the operation of the machine, which will be
apparent from the foregoing description, the
grinding operation having been started and the
grinding wheel. being located within the bore of
the workpiece, the grinding operation continues 5
with the wheel-reciprocating relative to the work-
piece and with the cam Tf advanced clockwise
for each reciprocation of the tab'e until the
screw 13 is engaged and moved upwardly by the
cam 1{ for procuring an extended movement of 10
the table for the dressing operation on the grind-
ing wheel. Movement of the screw 13 procures
a shifting movement of the bar 84 to the left,
thereby bringing the end of the arm 125 info a -
position for engagement with the end of the arm 15
128. When the reversing members 25 and 33 are
next moved clockwise by the reversing dog 21,
this movement occurring when the grinding
wheel is at the inner end of the workpiece, the
downward movement of the arm 125 on the mem- 20
ber 33 rocks the bell crank lever 88 clockwise and
withdraws the arm 89 from the notch 90. This
permits the arm 92 to move to the nght elevat-
ing the dog-22 {o permit the table to move beyond
its normal reciprocatory position and, at the same 23
time shifting the valve 111 to the right to provide
fluid connection from the pump 34 to the cylin-
der 111 for procuring a downward swinging
movement of the dressing tool support. Fluid
connection to the cylinder {IT thus oceurs when - g¢*
the grinding. wheel reaches the inner end of the
workpiece and, as the dréssing tool support swings
downwardly, the roller 123 engages with the cam
122 and the dressing tool is accordingly moved
slowly into operative pnsition, being guided by 35
said cam. The-dressing tool is carried over the
periphery of the grinding wheel and the move-
ment of the table is then reversed by the dog 101
for restoring the grinding wheel and workpiece
to operative position for completion of the grind- 49
ing operation. ;

After the grinding wheel a.nd workpiece are re-
stored to.operative position after the dressing op-
eration, the grinding continues with the grinding
wheel given a further crossfeed movement until g5
the screw 74 is engaged and elevated by the cam -
11, thereby shifting the bar 84 further to the left
to bring the end of the arm 125 into alinement
with the end of the arm 130 for turning move-

‘ment of the latter when the reversing member 33 ,

is given its next clockwise turning movement.
This clockwise turning movement of the arm 33
occurs when.the table is at the right hand end of

its reciprocatory movement with .the grinding .
wheel at the inner end of the workpiece and this gg

shifting movement of the-member 33 allows the

depending arm 133 to swing to the right, thereby
elevating the arm 98 to render the dogs 22 and

101 inoperative for a runout of the table to the
left to rest position. The swinging movement 60
of the arm 133 also shiftsthe valve 108 to render

the fluid pressure back-off mechanism operative,
thereby avoiding contact between the wheel and

the work during the runout. ' The back-off is ac- |
cordingly procured when the grinding wheel is g5 -
at the inner end of the workpiece by the arm 125
which is rendered operative by mechanism under

the control of the crossfeed movement. -

With reference now. to Fig. 6, the crossfeed
mechanism, instead of being actuated by the table 709
reciprocations as above. stated, is hydraulically
actuated, as by mechanism of the type shown in

_the Blood & Burns Patent No. 2,027,627. . To this -
. end the transverse movement of the cress-slide

is obtained by rotation of the crossfeed screw 137 75
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(see also Fig. 7) which engages an internally
threaded portion, not shown, of the cross-slide,
the latter being mounted on a bridge similar to
the bridge # above described, which spans the
5 guideways on which the table is reciprocated.
: The crossfeed screw has a gear 138 on the for-
ward end thereof which meshes with a pinion {39
secured against turning movement on a shaft 140
journalled in a casing i4i in which the cross-
feced mechanism is positioned, the casing bzing
mounted on the forward end of the bridge. The
pinion 139 during the crossfeed movement of the
table is rotated in unison with a ratchet wheel
{42 which is positivoly rotated by fluid under
pressure, as hereinafter described. The rotation
of the pinion 139 procures, through rotation of
the crossteed screw, a transverse movement of the
grinding wheel relative to the work-supporting
structure to cause a cutting aciion on the work-
piece.

As shown in Fig. 7, the shaft {40 has journalled
thereon an annular member 143 having an in-
tegral pinion 144, and a vertically extending rod
145, Fig. 6, has rack teeth 146 which are held in
engagement with the pinion {44 by a rolier 147
journalled on a pin 148 secured in the casing 14§.
The rod 145 is reciprocated vertically by fiuid un-
der pressure for procuring, during its upward
movement, a lateral or crossfeed movement of the
wheelhead 3, and during its downward movement
a retraction of the crossfeed movement. Again
referring to Fig. 7, the sleeve {43 has a flange
149, against which an annular member (58 is
clamped by a threaded nut 6! engaging a por-
tion of the member 143. The member 39 thus
rotates with the member 143 during a crossieed
movement of the wheelhead or a retraction
thereof. .

The annular member 150 has spaced studs 152
and 153, Figs. 6 and 8, secured by nuts §52° and
153’ to said member. = Said studs provide pivotal
suports for pawls 154 and 153 normally main-
tained resiliently in engagement with the ratchet
wheel 142 by a spring 156. The pawl i85 pro-
cures clockwise turning movement of the ratchet
wheel in response t6 a corresponding clockwise
rotation of the pinion #1344 and the pawl 154 pro-
cures counterclockwise turning of the ratchet
wheel when the pinion {48 is turned counter-
clockwise. .

During the crossfeed movement of the grinding
wheel a pin 157 on the pawl 158 is brought into
engagement with a shield 158 adjustably posi-
tioned in the casing 144. - Said shield withdraws
the pawl from engagement with the ratchet wheel
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{42 without affecting the crossfeed movement of .

the wheelhead. During the subsequent retrac-
tion of the crossfeed movement by counterclock-
wise rotation of the pinion 144 the annular mem-
pber 152 is allowed to turn counterclockwise rela-
tive to the ratchet wheel, the pawl 154 being
inoperative until the pin 157 has been moved oud
of engagement with the shieid i58. During tbe
remainder of the retracting movement the ratchet
142 and member 150 rotate in unison and thus
procure a retraction of the grinding wheel from
operative position. The relative movement be-
tween the member 158 and the ratchet 142 pro-
vides for a compensaiion for the reduction in size
of the grinding wheel, as will be apparent.

The rod 185, by which the pinion 144 is rotated,

80
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is actuated as above stated by fluid under pres- -

sure. Referring to Pig. 9, the rod (48 is a
continuation of a piston rod {53 secured o a
piston 160 in a cylinder 16{, the latter being

({3
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mounted, as shown In Fig. 6, on the base of the
machine. Fluid under pressure from a pump 162
is directed through a conduit 163 to a channel 154
in a casing 165 which has a longitudinal bore
in which a valve member {86 is slidable, this valve
member corresponding in general to the valve 108
above described. The channel 164 is substantially
diametrically opposite to a channel {87 which 1s
connected by a conduit 168 to a port 163 in a
casing {10. This casing has a bore in which a
valve 111, corresponding in general to the valve
{11 above deseribed is slidable.

A channel §12 in the casing 170 is open af one

‘end to the bore at a point substantialy opposite

to the port 169 and at the opposite end opens into
the bore at a point opposite to the port 1713, A
throttle valve 174 is provided in the channel {72,
The port {13 is connected by a conduit {75 to
the lower end of the cylinder 164, an adjustable
throttle 176 being positioned in the conduit 175,
if desired, for controlling the rate of crossfeed
movement. A port (717 intersects the channel
{72 substantially midway between the opposite
ends of the channel and this port is directly op-
posite port §18 which is connected by a conduit
{79 to a port i80 in a casing 184.

With the valves i66 and {17! in the position
shown, these being the positions of the vaives at
the beginning of the grinding operation, fluia
under pressure is admitted to the conduit 175
from the pump for actuating the crossieed mech-
anism, the fluid passing around a reduced portion
of the valve (66 and a reduced portion of the
valve 171. A second reduced portion of the valve
{11 provides fluid connection between the chan-
nel 472 and the port 73. ‘

The conduit {15 has a branch conduit {82 com-
municating with a port 183 in a casing 184 hav-
ing a plunger {85 slidable therein. A port 86
in the casing {84 is longitudinally spaced from
the port 183 and. is connected by a conduit {87
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to a port 188 in the upper end of the cylinder ’

i6i1. A conduit {89 provides connection between
the conduit 187 and a channel {90 in the casing
£65. The inner end of the channel 130 intersecis
the bore in the casing 165 and fluid connection
through this channel to an exhaust port 18! in
the casing {65 is normally provided by a reduced
‘portion of the valve 166. The valves {66 and Tl
heing in the position shown, an upward move-
ment of the piston (68 is caused by fluid under
pressure entering the lower end of the cylinder

45

50

18¢, thereby procuring a crossfeed movement of

the grinding wheel. .

‘The funection and shifting movements of the
valves 166 and. 71, so far as they control the
movements of the table, are fully described in the
Blood & Burns application Serial No. 631,334, filed
July 20, 1933, now Patent No. 2,011,705. For the
purposes of the present application it will be suffi~
cient to note that the casing (6§, Fig. 9, has a
port 192 spaced from the port {64 and connected
by a conduit i83 to a port (%4 in the casing
181. This casing has a longitudinal bore in which
the main throttle valve 18§ is positioned and this
valve has a longitudinal recess’ {96 which is open
at the inner end of the bore in which the valve
is located to communicate with a port {87 in
the end of the casing. This port is connected by
a conduit 198 to the inlet port of the casing 38’
for the reversing valve 28’. The throttle valve
has a rectangular notch (8§ in line with the
port 984. The throttle valve is also provided
with a V-shaped notch 208 adjacent the port

180, thereby providing for adjustment of the flow
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-of fluld from the conduit i79 to the reversing.

valve. 'The throttle valve 195 has a forwardly
projecting valve stem 201 which projects through
the cover plate of the control box on the front
of the machine and has a lever, not shown, on
the front end thereof, for manual adjustment of
the valve. During the operative reciprocation of

the table with the grinding wheel reciprocating:

relative to the surface of the workpiece, fluid-is
directed through the notch 200 by passing around
the reduced portion of the valve {11 which pro-
vided ﬂu1d connection between the ports 169 and
118.

In this modification the grinding operatlon is
under the control of the crossfeed movement and
to this end the annular member has mounted
thereon a cam 711’ which, during grinding op-
eration, is advanced clockwise with the member
and moves into engagement successively with
the ends of adjustable screws 13’ and 74’ carried
by an arm 15’ of a bell crank lever 16’ which is
journalled on the stud 66’. The other arm 1T
of the bell crank lever 76’ is connected by a link
18’ to an arm 79’ securec.to a shaft 80’ journalled
in the casing 57. 'The shaft 80" has mounted
thereon a depending arm 82’ which is connected
to a horizontally slidable bar 84’. The left hand
end of this bar projects into the control box
and is shifted to the left, upon engagement be-
tween the cam T{’ and either of the screws 13’
or 14’7, for actuating the control mechanism.

The control mechanism of ‘this modification is
similar to that above described. It is sufficient
to note for purposes of this modification that the
lever 88’, Fig..6, has one end 89’ thereof in a
position for engagement with a notch 90’ in a
lug 91’ carried by a depending arm 92’. The
latter is journalled on a shaft 93’ in the box
87’ and is urged counterclockwise by a spring
94’. A bell crank lever 95’, also journalled on a
shaft 93’, in the box 871’ is urged counterclock-
wise by a spring 94’. - A bell crank lever 95’ also
journalled on the shaft 93’ has a depending arm

96’ which engages with a pin 97’ on the arm’
92°,

The opposite arm 98’ of the lever 35’ pro-
jects upwardly between the lugs 26’ and 27’ of
the reversing lever and has a cam surface on its
upper end for engagement with the reversing
dog 22°.

The reciprocating table 1’ is shifted by fluid
under pressure, as hereinafter described, and
the reciprocation is under the control of re-
versing dogs 21’ and 22’ carried by blocks 23’
and 24’ on the table. The dogs alternately en-

gage and shift a reversing lever 25’ having an

integral arm 33’. The reversing lever is suitably

connected to the reversing valve 28’ for shifting -

the latter, thereby directing fluid under pressure
to alternate ends of the cylinder 41’ which is
mounted within the base of the machine. A
piston 42’ within the cylinder has a projecting
piston rod 43’ -suitably connected to the table
and fluid connection from the reversing valve
to opposite ends of the cylinder is provided by
conduits 38’ and 40’.

In accordance with the present invention the
arm 33 has a stud 124’ on which is pivotally
mounted an arm 125’, the latter being normally
urged counterclockwise by a spring 126’. In the
normal position of the arm 125" it is out of

‘engagement with the depending arm 128’ of the

78

bell crank lever 88’, the arm 125’ resting against
a pin 129, on the bar 84’. When the screw 73’
is elevated by the eam 11’ causing movement of
the bar 84’ to the left, the end of the arm 125’

7

is in & position for engagement with the arm 128’
when the reversing lever 25 is next shifted clock-
wise. Clockwise shifting movement occurs when
the table is at the right hand end of its normal

" reciprocatory movement at which time the grind-

ing wheel is at the mner end of the workpiece
bore.

When the arm I25' engages the arm 128’ the
elver 88’ is rocked to remove the end 89’ from
engagement with the notch 30’ to allow the de-
pending arm 92’ to move to the right, thereby
elevating the arm 98’ to render the reversing dog

. 22’ inoperative and simultaneously to shift the

valve 171 to the right for causing a movement of
the dressing tool into operative position and for

" discontinuing’ temporanly the hydraulic cross-

feed movement.

For discontinuing the crossfeed movement dur-
ing the dressing operation, the valve (711 has a
full-sized portion, which, when the valve is
shifted to the right, closes the port 113, thereby
preventing the entry of fluid under pressure to
the cylinder 161 below the piston 160 while the
valve 17l is in its right hand position. When
the valve ITf is restored to its original position,
during the return of the grinding wheel and
workpiece to operative relation, fluid connection
is again established through the port 173 to the
cylinder 61 for procurlng a further crossfeed
movement.

The dressing tool is moved downwardly into
operative position by a piston {16’ slidable in a
casing {17’ connected by a conduit 118 to a port
in the valve casing 165 and a similar port directly
opposite is conneeted by a conduit- 119’ to the
valve casing {78. 'The valve 1Tf has a full sized
portion which normally cuts off the flow of fluid
from the conduit 168 to. the conduit 119", but

when the valve 171 is shifted to the right, fluid .

connection between these two conduits is estab-
lished to allow fluid under pressure to enter the
casing 171’ for moving the dressing tool into op-
erative position. The connection between the
piston 116’ and the dressing tool carrier may be,
for example, that shown in the above mentioned
Blood Patent No. 1,971,848. The shifting of the
valve (Tl also directs fluid under pressure
through the throttled channel 112 for reducing
the rate of travel of the table during the dress-
ing operation.

After the dressing tcol has been carried past
the grinding wheel during the extended move-
ment of the table to the left, the reversing dog
101’ carried by the block 103’ on the table engages
and shifts the reversing lever 25’ for reversing
the table movement. During the subsequent
movement of the table to the right to restore the
grinding wheel and workpiece to operative rela-
tion, the arm 98’ is movéd downwardly into in-
operative position by a pivotally mounted dog
104’ carried by the block 103’. Downward move-
ment:of the arm 98’ involves a corresponding
movement of the arm 92’ to the left substantially
to its original position, where it is held by a latch
105’ fully described in the Blood & Burns Pat-

_ent No. 2,011,705, above referred to.

The return of the arm 92’ to its original posi-
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tion following the dressing operation returns the

valve 1Tl substantially to the position of Fig, 9,

thereby cutting off the flow of fluid to the cas-
ing 17’ for permitting the dressing tool support
to be returned to its inoperative position by the
cam and roller arrangement similar to that de-
scribed in Fig. 1

70

After the grinding wheel and workpiece have 78
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peen returned to operative relation following the

‘dressing operation the grinding action continues

with the crossfeed movement again being hy-
draulically procured until the cam 11’ engages
and elevates the screw 14’ to procure 2 second

extended movement of the table for axially sep-

arating the grinding wheel and workpiece. This

_second extended movement of the table results

from a further movement of the bar 84’ to the
left, thereby moving the arm 125’ into a position

for engagement with the depending arm 130’ of .

a bell crank lever i2{’ located “directly in back
of the bell crank lever 88’. This bell erank lever,
as above described, has an integral latch corre-
sponding to the arm 89’ of the lever 88’ which
normally engages in a notch 132" provided by
a depending arm 33’ corresponding to the arm
§2’. The arm 133’ is urged counterclockwise by
2 spring corresponding to the spring 94’ and
upon swinging movement to the right procures
a corresponding upward movement of the arm
98’, this elevating movement being higher than
during the previous upward movement of the
lever, thereby rendering both dogs 22’ and 101’
inoperative to allow the table to move to its ex-
treme right hand position, where it is. brought
to rest. :

" The lower end of the arm 133’ engages with

the valve. 166 to shift said valve to the right,

. thereby establishing fluid connection from the

pump through the conduit 189 to the upper end

"of the cylinder 161 for a retraction of the cross-

feed mevement. When fluid enters the upper
end of the cylinder 116, fluid under pressure is
also directed to the upper end of the casing. 184
to shift the plunger 185 downwardly, establishing
flilid connection between the port 183 and an ex-

" haust port 202 for the exhaust of fluid- under

80

pressure from the underside of the piston 160.
Fluid connection from the pump to the conduit
188 is provided by a channel 203 provided in the
valve 156,

Although the operation of the modifled ma-

chine disclosed in Figs. 6 to 9 inclusive, will be

‘apparent from the foregoing description, it will

be briefly summarized. After the grinding opera-
tion has been ‘started with the grinding wheel
positioned 'in the bore of the workpiece, the
grinding continues in the usual manner until the
cam 1i’ has engaged and elevated the screw 13’,
thereby shifting the bar 84’ to the left, Fig. 6,
carrying therewith the lower end of the arm, {25’.
During the subsequent clockwise movement of the
reversing lever 25’ when the table is at the right
hand end of its movement, the arm {2§’ rocks
the lever 88, thereby procuring an extended

movement of the table to the left by rendering’

inoperative the reversing dog 22’.  The valve 74
is simultaneously shifted to the right, procuring
movement of the dressing tool into operative po-
sition, and, also temporarily interrupting the hy-
draulically actuated crossfeed movement. :
After the dressing tool has been carried past
the grinding wheel the reversing dog i94’ shifts

the reversing lever and causes the table {o re-.

turn to cperative position, the arm 93’ and the

_ valve 17! being restored to original position dur-

70

ing the return movement of the table. The re- -

turn of the valve 171 allows the dressing tool to
be returned to inoperative position and again sets
¢the crossfeed mechanism in operation.

Grinding continues subsequent to the dressing
operation until the cam T4’ elevates the screw
74’, thereby shifting the arm §26’ still further to

_ the left into a position for engagement with the

- the workpiece.

2,158,970

arm (30’ when the reversing lever 25’ is subse-
quently rocked clockwise at the right hand end

"of the table travel. The arm (30’ is a part of

the lever 131’ and movement of this lever releases
the 'depending arm {33’ for again elevating the
arm 98’ and for shifting the valve 166 to the right.
Flevation of the arm 98’ causes the table to move
to the left to inoperative position and movement
of the valve 66 procures a retraction of the
crossfeed movement.

From the foregoing it will be apparent that the
present invention provides for setting in opera-
tion the mechanism which procures the move-
ment of the dressing tool into operative position
only when the grinding wheel is at the inner
end of the workpiece, so that the dressing tool
during its movement into operative position will
be guided by the same cam which subsequently
returns the dressing tool to inoperative position.
The mechanism which actuates the dressing tool
is set in operation by the reversing member

~ through which the table movements are procured,

and is actuated when the reversing member is
shifted at one end of the table movement.: The
same mechanisin which procures the movement
of the dressing tool at the desired point, also may
be used for setting other mechanism in operation
when the grinding wheel is at the inner end of
Such other mechanism may be
the structure by which the back-off of the grind-
ing wheel is obtained. Where the crossfeed move~
ment is independent of the reciprocations of the
table the present invention provides for causing

‘the changes in the grinding operation to take

place at one end of the normal reciprocation of
the table rather than independently thereof, as
would cceur if the changes in the grinding opera-
tion were under the control of the crossfeed mech-
anism without any interconnection between the
control mechanism and the reversing means for
the table movement. .

I claim:

i. In a grinding machine, a grinding member,
a work-supporting merber, a reciprocatory table
on which one of said members is mounted for
procuring & relative movement therebetween, re-
versing means for said table, control means for
procuring a change in the grinding operation,
actuating means for said control means auto-

‘matically operative at a predetermined point in

the grinding operation and independently of the
position of the table, and cooperating means be-
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tween said actuating means and said reversing .

means for procuring actuation of said control
means by said sctuating means only at one end
of the table movement, '

2. Tn a grinding machine, a grinding member,
a work-supporting member, a reciprocatory table
on which one of said members is mounted for
procuring a relative movement therebetween, re-
versing means for said table, control means for
procuririg & change in the grinding operation,
actuating means for said control means auto-
matically operative at & predetermined point in
the grinding operation and independently of the
position of the table, and means associated with
the reversing means angd providing a connection
petween said actuating means and said control
means for actusting said control means only in
response to movement of sald reversing means.

3. In a grinding machine, 2 grinding member,
a work-supporting member, a reciprocatory table

on which one of said members is mounted for pro-

curing a relative movement therebetween, revers-
ing means for szid table, conircl means for pro-
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movement and actuated by movement of said re--

curing a change in the grinding operation, actuat-
ing means associated with said reversing means
for rendering said control means operative in re-
sponse to shifting of said reversing means, means

for procuring a crossfeed movement between said .

members, and means under the control of the
crossfeed movement for shifting said actuatmg
means into operative position.

4, In a grinding machine, a grinding membeyr,
a work-supporting member, a reciprocatory table
on which one of said members is mounted for

procuring a relative movement therebetween, re-

versing means for said table, control means for
procuring a change in the grinding operation,
actuating means associated with said reversing
means for rendering said control means operative
in response to shifting of said reversing means,
means independent of the table reciprocations
for procuring a crossfeed movement between said
members, and means under the control of the

" crossfeed movement for shifting said actuating

means into operative position.

5. In a grinding machine, a grinding member,
a work-supporting member, a reciprocatory table
on which one of said members is mounted for
procuring a relative movement therebetween, re-

versing means for said table, control means for’

procuring a change in the grinding operation,
means for procuring a crossfeed movement be-
tween said members, means responsive to said
crossfeed movement for actuating said control
means, and means associated with the reversing

-means and providing a connection between said

actuating means and said control means where-
by said actuating means procures actuation of
said control means only in response to movement
of said reversing means.

6. In a grinding machine, a grinding member,
a work-supporting member, a reciprocatory table
on which one of said members is mounted for pro-
curing a relative movement therebetween, re-
versing means for said table, control means for
procuring a change in the grinding operation,
means independent of the table reciprocations
for procuring a crossfeed movement between said

‘members, means responsive to said crossfeed

movement for actuating said control means, and
means associated with the reversing means and
providing a connection between said actuating
means and said control means whereby said ac-

tuating- means procures actuation of said con-

. trol means only in response to movement of said
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reversing means.

7. In a grinding machine, a grinding member
a work-supporting member, a reciprocatory table
on which one of said members is mounted for
procuring a relative movement therebetween, re-
versing means for said table, control means for
procuring a change in the grinding operation, a
latch for holding said control means in inoper-
ative position, and means automatically operative
during the grinding operation and actuated in
response to movement of the reversing means at
one end of the table movement for tripping said
latch.

8. In a grinding machine, a grinding member,

a work-supporting member, a reciprocatory table-

on which one of said members is mounted for

procuring a relative movement therebetween, re-

versing means for said table, control means for
procuring a change in the grinding operation, a
latch for holding said control means in inop-
erative position, means for procuring a crossfeed
movement between said members, and means
rendered operative in response to said crossfeed

9

versing means at one end of the table movement
for tripping said latch..\
9. In a grinding machine, a grinding member

_a work-supporting member, a reciprocatory table

on which one of said members is mounted for
procuring a relative movement therebetween, re-
versing means for said table, control means for
procuring a change in the grinding operation,
a latch for holding said control means in inop-
erative position, actuating means for said latch
carried by said reversing means, and means au-
tomatically operative during the grinding op-
eration - for shifting the actuatlng means into
latch engaging position.

10. In s grinding machine, a: grmdlng mem-
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ber, a work-supporting member, a reciprocatory

table on which one of said members is mounted
for procuring a relative movement therebetween,
reversing means for said table, control means
for procuring a change in the grinding opera-
tion, a latch for holding said control means in
inoperative position, actuating means for said
latch carried by said reversing means, means for
procuring a crossfeed movement between said
members, and means -responsive to said cross-
feed movement for shifting the actuating means
into latch engagmg position.

11. In a grinding machine, a grinding mem-

- ber, a work-supporting member, a reciprocatory

table for one of said members for procuring a
relative movement therebetween, a dressing
member mounted for movement relative to the
grinding member in response to the table move-

.- ment, said dressing member having an inopera-

tive and an operative position in alinement with
the position of the grinding member, reversing
means for said table, control means for procur-
ing movement of the dressing member into op-

, erative  position, means for procuring a cross-

feed movement between the grinding member
and the work-supporting member, means on said
revérsing means for rendering said control means

operafive, and-means responsive to the cross-

feed movement for shifting said Ia.st means into
operative position.-

12. In a grinding machine, a grlndmg member,
a dreSsing member having an inoperative and
operative position in alinement with: the periph-
ery of the grinding member, a reciprocatory table
for one of said members for procuring a relative
movement therebetween, reversing means for
said table, control means for procuring move-
ment of the dressing member into operative po-
sition, a cam in fixed relation to the grinding

.member for moving the dressihg member out of

operative position, and means on the reversing
means for rendering said control means opera-
tive fo procure movement of the dressing mem-
ber- into operative position at one end of the
table movement, whereby said cam will guide
the dressing member into operative position.

13. In a grinding machine, a grinding mem-

ber, a work-supporting member, a table on which’
one of said members is mounted and whose .

movement procures a relative axial movement
between said members, reversing means for re-
versing the dxrectlon of movement of the table,
automatic control means for interrupting the
normal reciprocatory movements of said table,
a latch for normally retaining said control means
in an inoperative position, means for procuring
a crossfeed movement between said members,
means on said reversing means for actuating said
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latch, gnd mechanical elements adapted to be
shifted in response to the crossfeed movement

- for rendering said last means operative. -

14. In a grinding machine, & grinding mem-
ber, a dressing tool member having an inopera-

tive and an operative position, a table on which -

one of said members is mounted for procuring
& relative movement therebetween to carry the
dressing tool past the grinding wheel, cam’‘means
moving the dressing tool out of operative posi-
tion, other means for moving the dressing tool
into operative position, reversing means for re-
versing the direction of movement of said table,
and means on said reversing means for render-

ving said other means operative.

15. In a grinding machine, the combination
with a grinding wheel, a dressing tool having an
operative and an’ inoperative position, a table
for procuring a relative movement between said
parts, means including a reversing member and
reversing dogs for reversing the direction of
movement of said table, cam means for moving

" the dressing tool out of operative position, actu-

ating means for shifting the tool into operative

. position, and “control means for said actuating

means, of means associated with said control
means and forming a part of the reversing means
to provide for actuation of said control means
only at.one end of the table movement, said cam
being positioned to guide the tool into operative
position. ’

16, In a grinding machine, the combination

with s grinding member, a work-supporting
member, a table on which one of said members
is mounted for procuring a relative movement
therebetween, a dressing tool having an opera-
tive and an inoperative position” and mounted
for movement relative to the grinding membher
in response to the table movement, means in-

cluding a reversing. member for reversing the

direction of movement of said table, cam means
for moving the dressing tool out of operative
position, actuating means for shifting ‘the tool
into operative position, and control means for
said actuating means, of means associated with
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said control means and forming a part of the
reversing means to provide for actuation of said
control means only at one end of the table
movement, and means automatically operative

during the grinding operation for rendering said -

last means operative.

17. In @ grinding machine, the combination
with a grinding member, & work-supporting
member, a table on which one of said members

is mounted for procuring a relative movement '

therebetween, a dressing tool having an opera-

tive and an inoperative position and mounted for-

movement relative to the grinding member in
response to the table movement, means includ-
ing a reversing member for reversing the direc-
tion of movement of said table, cam means for
moving the dressing tool out of operative posi-
tion, actuating means for shifting the tool into
operative position, control means for said actu-
ating means, and means for procuring & Cross-
feed movement between said members, of means
associated with said control means and forming
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a part of the reversing means to provide for ac- -

tuation of said control means only at one end
of the table movement, and means responsive
to the crossfeed movement to render said last
means operative. )

18. In a grinding machine, a grinding mem-
ber, a work-supporting member, & reciprocating
table on which one of said members is mounted
for procuring a relative movement between said
members,- reversing means for the table, control
means for procuring a radial separation between
said members and simultaneously an axial sepa-
ration therebetween by an extended movement
of the table, actuating means associated with
said reversing means for rendering said control
means operative in response to shifting of said
reversing means, means for procuring 8 Cross-
feed movement between said members, and
means responsive to said crossfeed movement
for shifting said actuating means into operative
position. ~ . o .
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