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This invention relates to machine tools and particularly
to a hydraulic reciprocable quill in such machine tools.

In machine tools such as vertical milling machines and
in drilling machines, it is usual practice to mount the tool
carrying spindle in a reciprocable quill and to provide
manual actuating means for reciprocating the quill. Such
manual actuating means usually takes the form of a rack
and pinion with the rack formed on the quill and the
pinion disposed on a transverse operating shaft which has
an external actuating handle that is rocked in opposite
directions to correspondingly actuate the quill.

The present invention is concerned with the hydraulic
actuation of a quill structure of the aforesaid character,
and the primary object of the present invention is to pro-
vide hydraulic actuating mechanism that may be readiiy
associated with the quill of a machine tool for actuating
the same, and a related object is to provide such a hy-
draulic actuator that may be readily assocaited with such
a manually operable quill in such a manner that the quill

may be operated either by the hydraulic mechanism or by 3

the manually operated means.

Another and more specific object of the present inven-
tion is to provide hydraulic quill actuating mechanism
that may be readily associated with a machine tool where
the quill has manual operating means of the aforesaid
character, and a further and related object is to provide a
hydraulic unit that embodies the hydraulic actuator as
well as the control means for such actuator.

In providing for hydraulic actiation of a machine ele-

ment in opposite directions, a two-way reversible typs -

of actuating means such as a piston and cylinder is re-
quired, and in such means there is a normal tendency
tc lock the actuator in a particular position to which it
has been moved, and a further and more specific object
of the present invention is to provide a conirol for an
actuator of the aforesaid character whereby the hydraulic
actuator may be operated at will in either direction, and
which nevertheless provides for mannal actuation of the
machine element when the control is in its neutral posi-
tion.

Other and further objects of the present invention will
be apparent from the following description and claims,
and are illustrated in the accompanying drawings, which,
by way of illustration, show a preferred embodiment of
the present invention and the principles thereof, and
what is now considered to be the best mode in which to
apply these principles. Other embodiments of the inven-
tion embodying the same or equivalent principles may be
used and structural changes may be made as desired by
those skiiled in the art without departing from the inven-
tion.

In the drawings:

FIG. 1 is a front perspective view of a vertical milling
machine embodying the features of the invention;

FIG. 2 is a fragmentary perspective view of an upper
portion of the machine, the view being taken at a slightly
different angle and at an enlarged scale;

FIG. 3 is a plan view of the hydraulic actuating mech-
anism in position on the machine;

FIG. 4 is a side elevational view of the hydraulic mech-
anism as applied to the machine;
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FiG. 5 is a vertical sectional view taken substantially
along the line 5—3 of FIG. 4;

FIG. 6 is a front elevational view of the head of the
machine with the hydraulic mechanism in position there-
on;

=

£1G. 7 is a vertical sectional view taken substantjally

-

along the line 7—7 of FIG. §5;

FIG. 7A is a schematic view of the hydraulic system;

¥IG. 7B is a plan sectional view tarough the rapid feed
valve;

#IG. 7C is a plan secticnal view through the rate ad-
iustment valve;

FIG. § is a vertical sectional view taken through the
vertical axis of the quill substantially along the line 8—8

n

of FIG. 6;

FIG. 9 is a schematic perspective view illustrating the
hydraulic circuits and control means of the hydraulic
actuator;

FIG. 9A is a view of the boftom of the valve chamber
of the direction conirol valve, and

FIGS. 10 and 11 are front views of a schematic per-
spective showing the direction contirol valve of the hy-
draulic mechanism in different set positions.

For purposes of disclosure the invention is herein illus-
trated in a vertical milling machine 20 which has a base
23 with an upstanding column 22. On the forward face
of the column 22 a knee 23 is mounted for vertical adjust-
ment along vertical ways 23W that are provided on the
column 22, and the knee may be adjusted by means in-
cluding a vertical adjusting screw 23S and an adjusting
handle 23H.

On the knee 23 a saddle 24 is mounted for adjustment
horizontally toward and away from the column 22 along
ways 24W that are provided in the knee 23, and such
adjustment is accomplished by means including an adjust-
ing hand wheel 24H that is disposed at the forward side of
the knee 23.

The saddle 24 carries an elongated table 25 that is
longitudinally adjusiable along the saddle 24 in a horizon-
tal direction and perpendiculer to the path of adjustment
of the saddle 24, and this longitudinal adjustment or posi-
tioning of the teble 25 is accomplished by either one of
the two hand wheels 25H that are lccated at opposite
ends of the table 25.

At the top of the column 22, an over arm-support or
ram-support 122 is secured, and in the support 122 a ram
28 is mounted so as to be substantially above the highest
level of the table 25. The ram 28 is mounted for hori-
zontal adjusiment perpendicular to the path of adjust-
ment of the table 25, and at the forward end of the ram
28, a head 3¢ is mounted for adjustment to different ro-
tative positions about the axis of the ram in a conven-
tional manner. The head 36 may be adjusted to dif-
ferent positions transversely of the table 25 by longitu-
dinal adjustment of the ram 28 upon which the head 36
is carried.

The head 30 houses the tool driving means in its upper
head portion, and this driving means serves to operate
a tool carrying spindle 32 which is rotatably mounted in
a depending housing section 138 of the head.

The tool spindle 32 is mounted in the head 3® in such
a way that it may be reciprocated or set longitudinally
in the housing #38 so as to thereby enable conventional
material-working operations to be performed by a tool
that is carried by or mounted on the lower end of the
spindle 32, and under the present invention such longitu-
dinal actuation may be accomplished by conventional
actuating means such as a manually operabie handle
33 located at the right hand side of the head 38, as shown
in FIGS. 1 and 2, or by a hydraulic actuating unit H
mounted on the other or left hand side of the head 39
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under manual control that is exercised by a manual con-
trol handle 133.

~ As shown particularly in FIGS. 5 to 8 of the drawings,
the spindle 32 is mounted in the depending housing sec-
tion 139 of the head 36, and such mounting provides for
vertical reciprocation or setting of the spindle 32. Within
the housing 130, a tubular quill 34 is mounted for verti-
cal reciprocation, while the spindle 32 is in turn mounted
in a fixed longitudinal relationship in and with respect
to the quill 34 and for rotation with respect to the quill.
As shown in FIG. 8, the quill has a tapered roller bear-
ing 341 shouldered into its lower end with a press fit,
and a washer 358 serves as an oil seal during use and as
a knockout surface for disassembly. An upper tapered
lower bearing 34U is removably located in a mid-portion
of the quill 34 and bears against an upwardly facing
shoulder. The spindle 32 has an enlarged shoulder facing
upwardly near its lower end and this shoulder bears

against the inner face of the lower thrust bearing 34L,

and the upper thrust bearing 34U surrounds the spindle
a substantial distance upwardly from the lower thrust
bearing and a nut 36 threaded onto the spindle 32 bears
downwardly against the inner race of the upper thrust
‘bearing. An expansion coil 37 acts between a washer 38
and the lower edge of the inner race of the thrust bear-
ing 34U. Thus the spindle 32 is rotatable in the quill
and is held against longitudinal displacement therein by
the opposed thrust bearings 34U and 34L.

Above the location of the nut 36, the spindle 32 is
formed with splines 328 which engage internal splines in
an elongated drive sleeve 39 that is supported rotatably in
the enlarged upper end of the head section or housing
1306 by a bearing 49 that is associated with the sleeve 39
and the head section 138 by means including a plurality
of snap rings 140. The sleeve 39 is driven by suitable
connection with the spindle drive means that are in-
cluded within the upper end of the head 38. The quill
34 may be moved up and down within the housing sec-
tion 130 by manually operable means which include a
rearwardly facing rack 34R formed on the outside of
the quill 34 and meshed with an operating pinion 34P
that is carried on a transverse operating shaft 42 that is
shown in FIGS. § and 8.

The operating shaft 42 may be operated or rotated to
‘raise or lower the quill 34 by means of the forwardly
-projecting operating handle 33 that is shown in FIGS.
1, 2 and 5 to 8 of the drawings. The handle 33 is located
-at what may be termed the right hand side of the head
30 and this connection is best shown in FIG. 5 and pro-
vides also for connecting of the shaft 42 with a microm-
eter adjustment means that is actuated by a hand wheel
44 Jocated on the forward side of the housing section
130.

As shown in FIG. 5, the handle 33 is carried on the
.outer section of a hub 45 and is drivingly connected to
the shaft 42 by a transverse pin 46 that extends through
the inner section of the hub 45 and engages a fransverse
slot 46S formed in the shaft 42, and this slot 46S is elon-
gated axially of the shaft 42 so that the hub 45 may be
shifted longitudinally of the shaft 42. The hub 45 ex-
tends slidably into an enlarged bore 47 formed in the
housing 130 on the axis of the shaft 42, and the hub 45
is urged outwardly or to the right of the shaft 42 by means
including a spring 48S that is mounted in an axial counter-
bore formed in the shaft 42. Thus, the hub 45 normally
assumes a right hand position as shown in FIG. 5, but
may be urged to the left by means of a thumb screw 48
that has its operating head exposed at the end of the
shaft 42. This longitudinal adjustment of the hub 48 is
utilized in connecting the shaft 42 to the micrometer ad-
justment means to the shaft 42 when the quill 34 is to be
set quite accurately in a desired position of vertical adjust-
ment.

Thus, as shown in FIG. 5, the micrometer adjustment
means are provided by mounting the hand wheel 44 on 2
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horizontal shaft 448 that carries a worm 44W thereon,
and this worm 44W engages a worm wheel 144W on the
shaft 42. The worm wheel 144W is normally free with
respect to the shaft 42 and when it is desired to utilize the
micrometer adjustment, the hub 45 is actuated to the left
by the screw 48 to engage opposite clutch teeth 144T
formed respectively on the adjacent sides of the worm
wheel 144W and the hub 45. When the micrometer ad-
justment is utilized to set the quill 34 in a particular posi-
tion of vertical adjustment, it is usually desirable to lock
the quill in the set position, and this may be accomplished
by a screw clamping device that is operated by a handie 49,
as indicated in FIG. 6 of the drawings.

The other or left hand end of the shaft 42 projects into
an enlarged counterbore 147 that is formed in a pro-
jecting pad 238 formed on the head 36, and within the
housing space that is thus provided by the bore 147, a
spiral counterbalance spring 5% is provided with its op-
posite ends connected, respectively, to the head 30 and
the shaft 42. In conventional vertical milling machines
and the like, the housing that is provided by the bore
147 is normally closed by a cap plate so that ready access
may be had to the counterbalance spring.

When the quill 34 is being actuated by the manual
handle 33 or is being actuated hydraulically under the
control of the hydraulic unit H, the limit of downward
movement may be adjustably set by means of a stop
mechanism 51 that is mounted on the forward side of
the head section 139, Thus, the head section 138 has a
vertical slot 52 formed therein and a stop member 53
that is fixed to the quill 34, as shown in FIGS. 6 and 8,
extends outwardly through the slot 52 and surrounds a
vertically positioned adjusting screw 54 that is mounted
between extending lugs 130L. The screw 54 is fixed
against rotation by a pin 130P and an adjustable stop
55 is threaded on the screw 54 so that by adjusting the
vertical position of the nut 55 along the screw 54, the
lower extent of movement of the quill is determined by
engagement of the stop member 53 with the nut 55,

Under and in accordance with the present invention,
use is made of the capped bore or chamber 147 in that
the usunal cap plate is removed and the hydraulic actuat-
ing unit H is secured in place opposite the bore 147 and
is drivingly connected within the bore 147 with the shaft
42 so that the hydraulic means may function to impart
rotative movement to the shaft 42 to raise and lower the
quilt 34.

The hydraulic unit is best shown in FIGS. 3, 4, 6, 7
and 9 to 11, and in general, the unit H is made up of
a number of solid metal blocks that are rigidly connected
together by cap screws and which are then secured in
position as a unit on the head section 13¢ against the
boss 230 where the control bore 147 is formed. Thus,
the hydraulic actuating unit X comprises an elongated
cylinder block 60 having a mounting block 61 secured
on its rear face, a front valve block 62 secured on the
front face of the cylinder block &0, a side valve block
63 secured against what may be termed the left hand side
of both the cylinder block 60 and the front valve block
62, as will be evident at FIGS. 3 and 9, and a housing
block 161 secured to the forward face of the mounting
block 61 below the lower end of the cylinder block 68.

The cylinder block 60 has a vertically extended cylinder
60C formed therein that is initially open at both its bot-
tom and top ends, and a piston 66P is mounted for re-
ciprocation within the cylinder 68C and has a piston rod
60R extending downwardly from the piston through a
lower closure plate 160L. The upper end of the cyiinder
66C is closed by an upper closure plate 169U, and the
closure plates 160U and 1601 are generally similar in
character and are inserted endwise into slightly enlarged
portions of the cylinder 68C and are sealed by means
such as O-rings 260. The closure plates 160U and 160L
are held in position by internal snap rings 36¢ as will
be evident in FIG. 7 of the drawings. Also, the central
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opening of the lower closure plate 1601 has an O-ring
46U therein to provide a seal about the slidable piston
rod 60R.

As will be evident, particularly in FIG. 7 of the draw-
ings, the rear or mounung block 61 which extends down-
wardly beyond the lower end of the cylinder block 69,
while the upper portion of the mounting block 61 exiends
upwardly aiong the rear face of the cylinder block 69,
has a rearwardly projecting boss portion 26i thereon
which provides a housing for a pinion 134P, The pinion
134P is keyed on a tranmsverse stub shaft 142 that is
rotatably supported in the rearwardly projecting boss
2461, this boss being formed to provide a clearance cham-
ber 361 within which the pinion 134P is located, The
stub shaft 142 is drivingly connected with the shafi 42
by a transverse groove 425 that engages a transverse
tongue 42T on the shaft 42,

1he Iower end of the piston rod 60R extends into a
vertically extended clearance space 461 that is formed
in the housing block 161, and the lower end of the pis-
ton rod 60R is connected by means including a screw
63 to a Iug 134L that projects from a vertically ex-
tended rack 134R. The rack 134R is meshed with the
pinion 134P and is guided in a clearance space 561 that
is formed between the block 60 and the block 61, such
clearance space extending throughout subsiantially the
entire vertical dimension of the mounting block §i. Thus,
when the piston 60P is actuated in a downward direction
from the position shown in FIG. 7, the rack 134R will be
operated so as to rotate the pinion 134P in a clockwise
direction. Such clockwise rotation causes downward
movement of the quill 34. Similarly, when the piston
68P is actuated in an upward direction so as to return
the same to the position shown in FIG. 7, the pinion 134P
will be actuated to impart upward movement to the quill
34. The lower ends of the clearance space 451 and the
clearance space 561 are preferably closed by a plate such
as the plate 66, FIG. 7, that is fastened by screws 655
onto the lower ends of the blocks 61 and 161

The several blocks that make up the hydraulic unit H
are similarly connected together through the use of cap
screws extending through certain of the blocks and
threaded into opposed surfaces of adjacent blocks. Thus
the mounting block 61 is fixed to the cylinder block &5
by a plurality of cap screws 61S that extend forwardly
through the mounting block 61 and into the rear face
of the cylinder block as will be evident in FIGS. 3 and
4 of the drawings.

The cover block 161 is secured to the mounting block

61 by means of a plurality of cap screws 161S that ex- .,

tend forwardly through the mounting block and are
threaded into the rear faces of the cover block 181 adja-
cent to the vertical side edges thereof, as shown in FIG.
4 of the drawings.

The front valve block §2 is secured in place by a plu-
rality of cap screws 62S that extend rearwardly through
the block 62 and are threaded into the front porticn of
the cylinder block 69.

The side valve block 63 is held in place by a plurality
of cap screws 63S that extend through the block €3 and
are threaded into the opposed faces of the cylinder bleck
6% and the front valve block 62, as will be evident par-
ticularly in FIGS. 4 and 6 of the drawings.

The hydraulic unit H is thus formed into a rigid vnit
which is held in place on the head 3¢ when the mounting
block 61 is secured in” place, as hereinbefore described.

In the mounting of the hydraulic unit H on the head
housing section 138, horizontal screws are extended
through the mounting block 61 and its base 261 and into
the hub or boss 239 of the head 39, and this arrangement
is shown particularly in FIGS. 3 and 4 of the drawings.
Thus, a pair of relatively long headed screws 68 are
extended horizontally through the mounting boss 261
and into the boss 230 of the head 30, but with respect
to the other or forward edge of the mounting block 61,
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a pair of relatively short mounting screws 6% are em-
ployed and these short screws 69 are inserted longi-
tudinally through clearance bore 69C, FIGS. 3 and 4,
and through the clearance space 561 and are then ex-
tended through the balance of the mounting block 61
and are screwed into the boss 23¢. The lowermost screw
$9 is put in place while the piston 68P is in its upper
position, while the uppermost screw 69 is put in place
when the pision '‘60P is in its lowermost position. Such
procedure moves the rack 134R to out-of-the-way posi-
tions such that the screws 69 may be put in place.

As above pointed out, the valve blocks 62 and 63 are
mounted, respectively, on the front and the side of the
cyiinder block 69, and the blocks 62 and 63 are utilized
in the forming passages for the hydraulic fluid, and
valve means are provided on these blocks and in as-
sociation with such passages for controlling the flow of
hydraulic fluid through the passages and to and from
the cylinder 69C.

The hydraulic unit H embodies a plurality of passages
and valves whereby the flow of hydraulic liquid to and
from the upper and lower ends of the cylinder 68C may
be controlled, and the system of passages and valves
forms a part of a complete hydraulic system that is shown
diagrammatically in FIG. 7, and in its physical form in
FIG. 1. Thus, the hydraulic supply unit 7¢ comprises
a hollow base 71 that provides a sump for containing a
supply of hydraulic liquid, and on top of the base 71
a motor 72 is positioned which drives a pump 73. The
supply unit 7¢ may of course be disposed in any con-
venient remote location, and as shown herein, is mounted
on the base 21 partially behind the column 22. As shown
diagrammatically in FIG. 7A, the pump 73 has an inlet
connection 74 and a discharge to a pressure relief valve
75 which, when opened due to excessive pressure, returns
the hydraulic liquid through lines 76 and 76A to the
sump provided within the base 71. Normalily, the pres-
sure lignid passes throngh the valve 75 to a pressure
supply comnection 77 which is extended as flexible hose
to the hydraulic unit H, as shown in FIG. 1. A similar
return or exhaust connection 78 extends from the hydrau-
lict unit H back to a point of connection with the pipe
76 so that the exhaust finid is returned to the sump of
the hydraulic unit 76.

The front valve block €2 has a pair of rate control
valves mounted therein, and the first of these is a rapid
feed valve 81 and the second is a feed rate valve 82
which is in the nature of a needle valve. The rapid feed
valve 81 is showa in detail in FIG. 7B of the drawings
and is provided by forming a stepped bore 81B that
extends into the forward face of the block 62. Within
this stepped bore a valve member 81V is provided for
rotation by an external valve handle 81H, the operating
stem of which is sealed by a packing nut 8iP. The
inlet for the valve 81 is provided by a horizontal bore
77E that opens into the bore 81B radially thereof, while
the outlet is provided by a bore 77F that is coaxial with
the bore 81B and extends for a short distance from the
bottom of the bore 8B for connection with the other
passages as wil]l be described. The valve member has
an angular valve passage 181 formed therein which in
one rotative position of the valve member 81V serves
to connect the passages 77E and 77F, while in all other
rotative positions of the valve member 81V, the con-
nection betwen these two passages is closed. When the
valve member or handle 81H is in the position shown
in FIG. 9 of the drawings, a radial operating arm 81A
thereof engages a pin 81S to locate the valve member
81V in its open position of FIG. 7B. A similar pin 8IS
limits movement of the valve member in the other
direction.

The needle valve 82 is shown in detail in FIG. 7C
of the drawings and is formed by providing a stepped
bore 82B that extends rearwardly through the front face
of the valve block 62, and an inner tapered portion 82T
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of -this bore is intersected by a horizontal inlet passage
773. The outlet passage is provided by a bore 77K
that is coaxial with the bore 82B, and the bore 77K
has a tapered portion 82T which forms a valve seat.
The valve 82 has a tapered valve member 82V that has
a screw threaded portion 828 engaging a threaded portion
of the bore §2B so that by rotation of a valve handle
8249 on the outer end of the valve member, this valve
member may be moved toward and away from its tapered
seat 82T, thus to operate with a needle valve action and
enabling the effective area of the valve to be adjusted to
attain any desired rate of flow of the hydraulic liquid
therethrough.

The valve block 63 has a main control valve 85 pro-
vided on the left side thereof as viewed in FIGS. 1 and
9, and this valve 85 is operated between its various control
positions by the manually operable handle 133. Thus,
as shown in FIGS. 3 and 9, the side of the block 63
has a relatively large bore 85B formed therein so as to
have a flat bottom surface at right angles to the axis
of the bore. The bore 85B has a disk-like valve member
835V rotatably positioned therein and the valve member
is of a thickness substantially less than the depth of the
bore 85B so as to provide an inlet chamber within
the bore 85B between the valve member 85V and a
closure plate 85P. The closure plate 85P is held in
position by a plurality of cap screws 85S, and a valve
operating stem 85X extends through the plate 85P in a
sealed relation and engages a transverse groove 85G
formed in the adjacent surface of the valve member 85V.
A spring 88Y, FIG. 3, surrounds the stem 85X and acts
between the plate 85P and the adjacent surface of the
valve member 83V to hold the valve member against
the flat bottom surface of the bore §5B. On the outer
end of the valve operating shaft 85X an operating head
857 and the handle 133 extends radially from the operat-
ing head. The operating head 85Z is provided with a
spring detent 85D for holding the valve 85V in any one
of its three control positions as will hereinafter be de-
scribed.

The location of the valve member 83V in any selected
one of its three positions controls the flow of hydraulic
liquid in the hydraulic unit H, and when the handle
133 is in its upper position, the hydraulic Liquid that has
entered the unit H from the supply connection 77 is fed
to the lower end of the cylinder 66C while the fluid from
the upper end of the cylinder 68C is directed to the ex-
haust connection 78. When the handle 133 is in its lower
portion shown in FIG. 11, these supply and exhaust con-
nections are reversed.
located in its neutral position midway between the two
positions just described, the upper and lower ends of
the cylinder 66C are comnected to each other and to the
exhaust connection 78.

The valve 85 has the portion of the bore that is out-
wardly of the valve member 85V supplied with hydraulic
liquid under pressure and this is accomplished through a
system of interconnected bores formed in the blocks 62
and 63. As will be evident in FIG. 9, the inlet or supply
line 77 is connected to a horizontal bore 77A that extends
inwardly or forwardly from the rear face of the block 63,
and the bore 77A intersects with a bore 77B that is ex-
tended horizontally into the block 63 from the right hand
face thereof. The bore 77B is aligned with a bore 77C
formed from and extended through the left hand face of
the block 62 and to a point of intersection with a passage
77D which is formed as a vertical bore extended down-
wardly from or through the upper face of the block 62.
The upper end of the bore 77D is closed by a plug P-1.
It will be recalled that bores 77B and 77C are aligned,
and the meeting ends are gasketed by a gasket G-1 be-
tween the blocks 62 and 63. The vertical passage 77D
intersects with the valve inlet passages 77E and 777 that
are formed as horizontal bores extended into the right hand
side of the block 62, these bores being extended into the

Finally, when the handle 133 is ;
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bores §1B and 82B, respectively, of the rate control valves.
The right hand ends of the bores 77E and 77 are closed
by plugs P-2 and P-3.

The outlet passage or bore 77F of the valve 81 is ar-
ranged to intersect with a horizontal bore 77G that is
extended inwardly through the left hand face of the block
62 at a point where this bore is opposite the right hand
face of the block 62, and a gasket -G-2 closes the left
hand or outer end of the bore 77G. Similarly, the outlet
bore 77K of the valve 82 intersects a horizontal bore 77L
that is extended into the left hand face of the block 62 in
the same vertical plane as the bore 77G, and both of
the bores 77G and 77L are intersected by a vertical bore
77H that extends downwardly from the upper face of the
block 62. The upper end of the bore 77H is closed by a
plug P-4. The bore 77L is aligned with a horizontal bore
77M that is extended into the right hand face of the block
63, and the meeting ends of the bores 771 and 77M are
sealed by a gasket G—3. The bore 77M intersects a hori-
zontal bore 77N that is extended forwardly through the
rear face of the block 63, this bore 77N intersecting the
bore 85B of the valve 85 outwardly or to the left of the
outer face of the valve member 85V. The rear end of
the passage 77N is closed by a plug P-5.

With the system of interconnected bores that has thus
been described, the hydraulic liquid under pressure is
transmitted to the inlet sides of both of the rate control
valves 81 and 82, and may be transmitted through either
or both of these valves to the inlet chamber of the direc-
tion control valve 85, as will be evident in FIGS. 7A
and 9.

The exhaust passages from the valve 85 are also pro-
vided by a system of interconnected bores, the first of
which is a horizontal bore 78A extended forwardly
through the rear surfaces of the block 63, and it is to
the rear or open end of this bore that the exhaust hose
78 is connected. The bore 78A is intersected by a verti-
cal bore 78B that is extended downwardly through the
upper surface of the block 63, and the upper end of the
bore 78B being closed by a plug P-6. The lower end
of the bore 73B intersects a horizontal bore 78C that is
extended forwardly through the rear surfaces of the block
63, and the rear end of the bore 78C is closed by a plug
P-7. The other or closed forward end of the bore 78C
is intersected by a horizontal bore 78D that is extended
from the flat bottom of the bore 85B in the position that
is shown in FIGS. 9A and 10.

The passages that are required to connect the upper
and lower ends of cylinder 60C with the valve 85 are
also provided by a system of related bores formed in the
blocks 69 and 63 and the form of relationship of these
bores is illustrated in FIG. 9 of the drawings. Thus, a
bore 87A is extended horizontally into the left hand
side of the block 69 so as to enter the cylinder 60C near
the upper end thereof, and this bore is aligned with a bore
878 that is extended horizontally intc the right hand side
of the block 63. The meeting ends of the bores 87A and
87B are sealed by a gasket G—4. The inner or left hand
end of the bore 878 intersects with a vertical bore 87C
that is extended downwardly through the upper surface
of the block 63, the upper end of this bore being closed
by a plug P-8. At its lower end, the bore 87C is inter-
sected by a horizontal bore 87D that is extended to the
right through the bottom of the bore 85B in the position
shown particularly in FIG. 9A of the drawings.

The passage to the lower end of the cylinder §6C is pro-
vided by a bore 88A that is extended horizontally through
the left hand face of the block 68 so as to enter the cylin-
der 66C near the rear end thereof, and this bore is aligned
with a horizontal bore 88B that is extended into the right
hand face of the block 63, the meeting ends of these
bores being sealed by a gasket G-5. The bore 88B inter-
sects the upper end of a vertical bore 88C that is extended
upwardly into the lower surface of the block 63, and the
lower end of the bore 88C is closed by a plug P-9. At
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its upper end, the bore 88C intersects a horizontal bore
83U that is extended from the bottom of the bore 85B
in the position shown in FiG. 9A of the drawings.

It bas been pointed out hereinabove that when the valve
member §5V is in the position shewn in FIG. 10, the
hydraulic connections are such as to cause the piston 65P
to move upwardly, and to accomplish this, the pressure
chamber of the valve 85 is connected with the passage
88U. Therefore, the valve member 85D is in its “up”
position, the bore 91U will be aligned with the bore 88U
and the passage 88C. The pressure liquid thus passes
through the bore 91U and the several passages 88 to
the lower end of the cylinder 60C, thus to raise the quill
34. As this occurs, the upper end of the cylinder 686C
must of course be connected with the exhaust line 78, and
this wiil be described hereinafter.

When the valve member 85V is in its “down” position
of FIG. 11, the valve bore 91U is moved out of align-
ment with the bore 88U and is located opposite a closed
pertion of the bottom surface of the bore 858, as will be
evident in FIGS. 9A and 11. The valve member 85V,
however, has another pressure transmitting bore 91D
which at this time is located in a position of alignment
with respect to the passage 87D so that pressure liquid will
be transmitted from the inlet chamber of the valve 85V
through the bore 91D and through the several related
passages 87 to the upper end of the cylinder 68C. This
causes the piston 60P to be actuated in a downward direc-
tion to correspondingly actuate the quill 34.

In providing for connection of the opposite ends of the
cylinder 68C in each instance to the exhaust line 78, the
inner or right hand face of the valve member 85V has
2 rather complex recess formed therein which establishes
the required exhaust connections in the “up” and “down”
positions of the valve 85V and which also serves to inter-
connect the upper and lower ends of the cylinder 68C to
each other and with the exhaust when the valve member
85V is in its other or neutral positicn. Thus the rear
face of the valve member 85V has a passage or recess
92 formed therein and this recess comprises a diametric
portion 82A with arcuate lateral extensions 92B and 92C
at its opposite ends. When the valve member 85V is in
the “up” position of FIG. 10, one end of the arcuate
extension 92B of the groove 92 is disposed opposite the
bore 87D, and while the opposite end of the arcuate por-
tion 92C is disposed copposite the exhaust passage 78D,
and the hydraulic liquid from the upper end of the cyl-
inder 68C may thus pass through the groove 92 to the
exhaust of the system.

When the valve member 83V is in its “down” position
of FIG. 11, the other end of the arcuate extension 92B
is disposed opposite the passage 88U, while the opposite
end of the arcuate extension 92C is disposed over and
in alignment with the exhaust passage 78D. Thus, in this
setting of the valve, the lower end of the cylinder 64C
is in communication with the exhaust passage 78D.

In the intermediate or neutral position of the valve
member &5V, the mid-portion of the arcuate section 92C
is disposed opposite the exhaust passage 78D, While the
respective ends of the arcuate section 9ZB of the groove
are located opposite the two passages 87D and 88U, thus
1o interconnect the npper and lower ends of the cylinder
C with each other and with the exhaust passage 78D.
When the valve 85V is thus set in its neutral position,
the quill 34 may be actuated “up” and “down” by the
manual handle 33, and the necessary flow of hydraulic
lignid from one or the other of the ends of the cylinder
$0C may take place as required.

From the foregoing description it will be apparent that
the present invention enables a conventiona! machine to
be in effect converted readily and easily for hydraulic
actuation of the quili, and it will also be apparent that
under the present invention the conversion tc hydraulic
actuation of the quill does not in any way disable the usual
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manual feeding or adjusting means that are provided in
association with such a quill.

It will also be apparent th:at the present invention pro-
vides hydraulic quill actuating mechanism for machine
tools where the hydraulic system consists of two basic
units that may be readily and easily associated with a
conventional machine tool so as to provide for hydraulic
actuation and control of the quill. Furihermore, it will
be apparent that this invention enables the hydraulic
actuating means or the usual manual actuating means to
be used more or less interchangeably as may be required
by the work that is to be performed.

Thus, while we have iliustrated and described a pre-
ferred embodiment of my invention it is to be understood
that changes and variations may be made by those skiiled
in the art without departing from the spirit and scope of
the appending claims.

We claim:

1. A hydraulic actuating and control unit for machine
tools comprising a cylinder block having a cylinder with a
reciprocable piston therein, a mounting block rigidly
secured to one face of said block and having a rotatable
shaft mounted therein transversely of said cylinder, a
pinion on said shaft, a rack meshed with said pinion and
euided for mevement paralle] to said cylinder, means con-
necting said rack to said piston for actuation thereby, a
front valve block fixed to opposite side of said cylinder
block and having manually operable rate control valve
means mounted therein with operating means for the rate
control valve means accessible on the exterior of the valve
block. a side valve block rigidiy secured to another side
of said cylinder block and overlapping and abutting a
corresponding side of said front valve block, said side
valve block having a manually operable direction control
valve mounted therein with handile means exposed ex-
teriorlv of the side valve block, a series of interconnected
bores formed in said side valve block forming an exhaust
passage from said direction valve, a series of intercon-
nected bores formed in cooperating relation in the three
blecks and forming a pressure liquid passage through said
side valve block, through said front valve block and said
tate control valve means to said direction control valve,
and passage means formed as a plurality of cooperating
boras in said side valve block and said c¢vlinder block
for conducting liquid to and from the direction control
valve to the respective ends of the cylinder under control
of the direction control valve.

2. A hydraulic actuating and contro! unit for machine
tools comprising a cylinder block having a cylinder with
a reciprocable piston therein, a mounting block rigidly se-
cured to one face of said block and having a rotatable
shaft mounted therein transversely of said cylinder, means
operatively connecting said pinion to said piston for actu-
ation thereby, a front valve block fixed to opposite side
of said cylinder block and having manually operable rate
control valve means mounted therein with operating
means for the rate control valve means accessible on the
exterior of the valve block, a side valve block rigidly se-
cured to another side of said cylinder block and overlap-
ping a corresponding side of said front valve block, said
side valve block having a manually operable direction
control valve mounted therein with a handle means ex-
posed exteriorly of the side valve block, a series of inter-
conmnected bores formed in said side valve block forming
an exhaust passage from sz2id direction valve, a pressure
liguid passage comprising a series of interconnected bores
formed in cooperating relation in the three blocks and
forming a pressure liquid passage through said side valve
block, through said front valve block and said rate con-
trol valve means to said direction control valve, and pas-
sage means formed as cooperating bores in said side valve
block and said cylinder block for conducting liquid to
and from the direction control valve to the respective ends
of the cylinder under conirol of the control valve.

3. A hydraulic actuating and control unit for associa-
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tion with a quill of a machine tool, said unit comprising
a housing adapted to be mounted on a machine tcol ad-
jacent a quill operating shaft, a stub shaft mounted in said
housing, means on one end of the stub shaft for driving
connection thereof to a quill operating shaft, reversible
hydraulic driving means in said housing for driving said
stub shaft, and manually variable rate and direction con-
trol valve assemblies for said driving means carried on
said housing, said rate valve assembly comprising first and
second valve mechanisms arranged in parallel with each
other so as to be capable of independent communication
with said hydraulic driving means, said first valve mech-
anism being manually adjustable to provide for desired
rate of feed of said hydraulic driving means and said sec-
ond valve mechanism being capable of independent ad-
justment so as to at times override the rate of feed deter-
mined by said first valve mechanism by providing sub-
stantially increased rate of traverse of said hydraulic
driving means.

4, In a hydraulic actuating and contro] unit for associ-
ation with an element of a machine tool; a hydraulic valve
assembly comprising a cylindrical chamber including a
generally closed end and an open end adapted to slidably
receive a rotatable valve body therein; a plurality of con-
duit means having ends thereof terminating in said gen-
erally closed end of said chamber; a plurality of passages
formed in said valve body so as to have at least some por-
tion thereof in a generally axial direction with respect to
the centerline of said valve body and adapted through
rotative motion of said valve body to be at times placed
in communication with said plurality of conduit means;
a cover plate for closing said open end of said cylindrical
chamber including an aperture therein for the reception
of a rotatable driving member therethrough; said driving
member being formed so as to be of generally cylindrical
form having one end thereof extending externally of said
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cover plate while having its other end provided with flat -

driving surfaces formed generally parallel to the centerline
of said driving member; and slot means of a length longer
than the width of said flat surfaces formed in said valve
body for the reception of said flat driving surfaces; said
flat surfaces and slot forming a lost-motion coupling for
cancellation of any eccentricities between said- aperture,
cylindrical chamber, valve body and driving member.

5. An actuating and control unit for machine tools
comprising a housing; a first cylindrical chamber formed
in said housing adapted to slidably receive a pressure re-
sponsive piston member therein; a variably positioned
main control valve; first, second, and third conduit por-
tions formed in said main control valve; a second cylin-
drical chamber formed so as to be in continuous com-
munication with said first and second conduit portions;
fourth conduit means communicating between a source
of relatively high pressure fluid and said second cylindri-
cal chamber; manually variable restriction means serially
connected in said fourth conduit means at a point between
said source of relatively high pressure fluid and said sec-
ond cylindrical chamber; fifth conduit means in com-
munication with said fourth conduit means bypassing said
manually variable restriction means; manually positioned
valve means serially connected in said fifth conduit means
for controlling the flow of relatively high pressure fluid
therethrough; sixth conduit means communicating at its
one end with a source of relatively low pressure fluid; sev-
enth conduit means communicating at its cne end with
said first cylindrical chamber near one end thereof; eighth
conduit means communicating at its one end with said
first cylindrical chamber near the other end thereof; said
first, second, and third conduit portions being so formed
and located as to cause said second conduit portion to
complete communication between said second chamber
and said eighth conduit means while said third conduit
completes communication between said sixth and seventh
conduit means in one extreme position of said main con-
trol valve, while in the other extreme position of said main
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control valve having said first conduit portion completing
communication between said second chamber and said
seventh conduit means and said third conduit portion
completing communication between said sixth and eighth
conduit means. '

6. An actuating and control unit for machine tools
comprising a housing, a first cylindrical chamber formed
in said housing adapted to slidably receive a pressure re-
sponsive piston member therein; a variably positioned
main conirol valve; first, second and third conduit por-
tions formed in said main control valve; a second cylin-
drical chamber formed so as to be in continuous com-
munication with said first and second conduit portions;
fourth conduit means communicating between a source
of relatively high pressure fluid and said second cylindri-
cal chamber; manually variable restriction means serially
connected in said fourth conduit means at a point be-
tween said source of relatively high pressure fluid and
said second cylindrical chamber; fifth conduit means in
communication with said fourth conduit means bypass-
ing said manually variable restriction means; manuvally
positioned valve means serially connected in said fifth
conduit means for controlling the flow of relatively high
pressure fluid therethrough; sixth conduit means com-
municating at its one end with a source of relatively low
pressure fluid; seventh conduit means communicating at
its one end with said first cylindrical chamber near one
end thereof; eighth conduit means communicating at its
one end with said first cylindrical chamber near the other
end thereof; said first, second and third conduit portions
being so formed and located so as to cause said second
conduit portion to complete communication between said
second chamber and said eighth conduit means while said
third conduit portion completes communication between
said sixth and seventh conduit means in one extreme po-
sition of said main control valve, while in the other ex-
treme position of said main control valve having said first
conduit portion completing communication between said
second chamber and said seventh conduit means and said
third conduit portion completing communication between
said sixth and eighth conduit means and an intermediate '
position of said main control valve wherein said third
conduit portion completes communication among said
sixth, seventh and eighth conduit means while all com-
munication through said first and second conduit portions
is terminated.

7. An actuating and control unit for machine tools
comprising a housing; a first ¢ylindrical chamber formed
in said housing adapted to slidably receive a pressure Te-
sponsive piston member therein; a variably positioned
rotatable main control valve; first, second and third con-
duit portions formed in said main control valve; said first
and second conduit portions being formed in a direction
generally parallel to the centerline of said main control
valve; said third conduit portion being formed in a direc~
tion generally radial of the centerline of said main con-
trol valve; a second cylindrical chamber formed so as to
be in continuous communication with said first and second
conduit portions; fourth conduit means communicating
between a source of relatively high pressure fluid and said
second cylindrical chamber; manually variable restric-
tion.means serially connected in said fourth conduit means
at a point between said source of relatively high pressure
fluid and said second cylindrical chamber; fifth conduit
means in communication with said fourth conduit means
bypassing said manually variable restriction means; man-
ually positioned valve means serially connected in said
fifth conduit means for controlling flow of relatively high
pressure fluid therethrough; sixth conduit means com-
municating at its one end with a source of relatively low
pressure fluid; seventh conduit means communicating at
its one end with said first cylindrical chamber near one
end thereof; eighth conduit means communicating at its
one end with said first cylindrical chamber near its other
end thereof; said first, second and third conduit portions
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being so formed and located so as to cause said second
conduit portion to complete communication between said
second chamber and said eighth conduit means while said
third conduit portion completes communication between
said sixth and seventh conduit means in one extreme po-
sition of said main control valve, while in the other ex-
treme position of said main control valve having said first
conduit portion completing communication between said
second chamber and said seventh conduit means and said
third conduit portion completing communication between
said sixth and eighth conduit means.
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