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UNITED STATES PATENT OFFICE

. 2,322,739
: HYDRAUHCALLY OPERATED APPAB_ATUS' ’
Harry H. Vandersee, Michigan City, Ind., assign- .

or to Sullivan Machinery Company, &

tion of Massachuseits
Application November 14, 1939, Serial No. 304,384
15 Claims. (C1. 60—97) : L

This invention relates to hydraulic pumpA sys-
tems, and more particularly to improvements in

the controlling means for a rotary drilling ap--

paratus of the type embodying hydraulically op-
erated feeding means and hydraulic operating
means for the drill chuck. ~ . -

In drilling apparatus of the rotary core type,
the drill bit is usually fed by hydraulic pressure
toward and from the work. In the normal drill-
ing operation, the drill bit is fed toward the work
rather slowly and, as drilling progresses and the
weight of the drill rods increases, a point is finally
reached when no hydraulic feeding force is neces-
sary, and beyond this point the weight of the
drill rods, in excess of the pressure required to
feed the drill bit to the work, must be removed
from the bit, or an excessive feeding pressure
on the bit will’ result. Ordinarily, when the
weight of the drill.rods becomes  excessive, the
excess weight is removed from the bit by hy-
draulic pressure. In other words, the feeding
pressure applied to the drill-bit is determined by
the weight of the drill rods. "The hydraulic pres-
sure in the hydraulic system must be sufficient for
lifting the weight of the drill rod line for & hole
of a given depth, It is accordingly evident that
the feeding pressure on the drill bit must be rela-
tively high during starting of the drill hole, and
as the length of the rod line increases, the feed-

ing pressure must be reduced, and when the :
weight of the rod line becomes excessive, the

hydraulic pressure in the feeding means must be
sufficient to remove the excessive rod line weight
from the drill bit. Also it is desirable to obtain

a rapld feeding movement of the drill chuck - :

when the latter is moved to & new rod line grip-
ping position after the feed has moved its dis-
tance of travel. 'Also under certain conditions,
it is required that the rod line be raised and
lowered while being rotated, and here again a
relatively rapid .rat’e’ of chuck advance is neces-
sary for the sake of efficiency: .

An object of this invention
improved ' hydraulic pump system having im-

proved controlling means. Another object is to .

provide an improved multiple pump system em-
bodied in the hydraulic feeding means of a rotary
core drill whereby the -drill bit is fed and ‘con-
trolled in an improved manner. A further ob-

ject is to provide improved hydraulic operating -

means for the drill chuck associated with the

fluid system .for the feeding means whereby the-

chuck may be controlled in an improved man-
ner.. Yet another object is to provide an im-
" proved multible’pu_m'p system for a rotary -drill-

is to provide an

(9
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corpora-

ing apparatus wherein the volume of liquid sup-
plied to the system may be varied in accordance -
with the demand. Yet another object is to pro-
vide & dual capacity pump arrangement embody-
ing a pump unit of small capacity and a pump
unit- of large capacity, the pump of small capac-
ity normally maintaining the required. pressure

“in the fluid system when a small volume is re-
-quired, and the pump of ) )
ing a substantially greater volume of fiuid to the -

of large capacity supply-

system when rapid operation is desired, as for
rapid drilling in soft formations, the utilization:
of the small capacity pump eliminating the ex-

. cessive ‘generation of heat in the. fluid system

20 pe

which would occur if the large pump had to force

large quantities of fluid through & loaded by-pass

valve, when & small volume of fiuid only is being

used. Other objects and advantages of the in-

vention will, however, hereinafter more fully ap- -
ar, » : .

In the accompanying drawings there 1s shown

for purposes of illustration one form which the -

invention may assume in practice.
In these drawings: . B
Fig. 1 is a vertical sectional view, with. parts

in. elevation, illustrating a portion of a drilling’

" apparatus with which the invention is associated.
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enlarged fragmentary side eleva-

‘Fig. 2 is'an
portion of the drilling apparatus

tional view of a
shown in Fig. 1. .

Fig. 3 is an enlarged horizontal sectional view
taken substantially on line 3—3 of Fig. 1. ,

Fig. 4 Is an enlarged detail sectional view show-
ing a portion of one of the fluld supply connec- .
tions.

Fig. 5 is an enlarged side elevational view of

- one of the control valve mechanisms.

“Fig. 6 is a cross sectional view taken on line
6—+6 of Fig, 5. !

Fig. 7 is a view similar to Fig. 6, showing the
control valve in a different position.

Fig. 8 is a cross sectional view taken on line

'8—8 of Fig. 5.

Fig. 9 Is & view similar to Fig. 8, showing the

5. ‘control valve in a different position.

Fig. 10 is an enlarged side elevational view of
the by-pass valve mechanism.

Fig. 11 is & cross sectional view taken on line
11—11 of Fig. 10. ' . » .
 PFig. 12 is a view similar to Fig. 11, showing the -
by-pass valve in a different position.

Fig. 13 is a cross sectional view taken on line
§3—13 of Fig. 10. : »

Fig. 14 is @ view similar to Fig. 13, showing
the by-pass valve in a different position.




Fig. 15 is an enlarged side elevational view of

the feed control valve mechanism.
Pig. 16 is a cross sectional view taken on line
186—186 of Fig. 15.

Pig. 17 is a view similar to Fig. 16, showing the )

feed control valve in a different position.

Figs. 18 and 19 are diagrammatic views illus-
trating the hydraulic fluid system. .

In this illustrative embodiment of the inven-
tion the improved hydraulic fluid system is shown
embodied in a rotary drilling apparatus of the
heavy duty, oil well drill type generally similar
to that disclosed in the patent to H. C. Johansen,
No. 2,114,305, patented April 19, 1938, although
it will be evident that various features of the
invention may be incorporated in drilling appa-
ratus of various other types.

The rotary drilling apparatus illustrated here-
in comprises a vertical frame structure | mount-
ed on a suitable base 2 and supporting a trans-
verse upper frame 3. Secured within heads 4
mounted within the upper portion of the frame
structure are vertical hydraulic feed cylinders
5, § arranged in parallel relation at the opposite
sides of the frame structure and containing re-
ciprocable feed pistons 6 having piston rods 7
extending downwardly through stuffing boxes 8
arranged within the cylinder heads 4. Formed
along the opposite sides of the frame sections
f beneath the feed cylinders are vertical guide-
ways 9 having mounted therein, for vertical re-
ciprocatory movement, sliding guide shoes I0.
The lower portions of these sliding guide shoes
are secured, as by screws. If, to a transverse
frame {2, the frame 12, together with the sliding
guide shoes, forming a sliding crosshead struc-
ture vertically reciprocable along the guideways
with respect to the frame structure (. . As {llus-
trated, the lower ends of the piston rods 1 are
secured at (3 within the transverse crosshead
frame {2, so that when hydraulic pressure is
supplied to the feed cylinders the feed pistons
are reciprocated therein, moving vertically there-
with the sliding crosshead structure. Journaled

in ball bearings 4, within the transverse cross-’

head frame (2, is a rotary drive sleeve {5 having
& central opening 16 through which a drill rod
{1 of the drilling apparatus is adapted to extend.

Keyed to the drive sleeve 15 and arranged be--

tween the ball bearings {4 is a spur gear 18 mesh-
ing with and driven by a spur gear {9 (see Fig.
3) likewise - journaled within the transverse
crosshead. The gear 19 is keyed to a vertical
drive shaft 21, the latter having telescopic rela-
tion with a driving element arranged within the
transverse upper frame 3, in the manner fully
described in the above mentioned Johansen pat-
ent, so that irrespective of the position of the
sliding crosshead structure along its guideways
the drive sleeve {5 may be rotated.

Carried by the drive sleeve 18§ is a hydraulically
operated chuck mechanism comprising vertical
cylinders 22 carried by the transverse crosshead
frame 12 and containing vertically reciprocable
pistons 23 having their piston rods 24 extending
upwardly through stuffing boxes 25 carried by
the transverse -crosshead frame 12. The upper
ends of the piston rode 24 are secured at 26 to
a transverse frame 27, the latter supporting a
ball bearing 28 in which is journaled the cylin-
drical hub 28 of a rotatable chuck casing 30.
Guided within guideways 3f formed within a
cylindric enlargement 32 of the drive sleeve {5
are chuck jaws 33 adapted to grip the drill rod.

Mounted in the chuck casing are blocks 34 con- 7

(2]

2,333,730 : | o
-nected by pivoted links 38 to the chuck.jaws so

that when hydraulic pressure is supplied to the
lower ends of the cylinders 22 the pistons 23
are moved upwardly, moving therewith the chuck
casing, and, through the toggle links, moving the
chuck jaws into gripping relation with the drill

- rod, thereby connecting the drill rod to the drive
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" larger capacity than the other.
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sleeve for rotation therewith.

Now referring to the means for supplying liquid
under pressure to the chuck jaw operating cylin-
ders 22, it will be noted that vertical pipes 31 are
secured within the lower portion of the frame
portion 'f, and these pipes extend upwardly
through stuffing boxes 38 carried within members
39 which constitute the securing elements for se-
curing the lower ends of the piston rods 71 to
the sliding crosshead frame 2. The pipes 371
extend upwardly within the bores 48 in the piston
rods 1, these piston rod bores being of slightly
larger diameter than the diameter of the pipes,
so that the liquid flowing through the pipes is
discharged through the upper ends of the pipes
into the piston rod bores. The piston rod bores
communicate at their lower ends through ports
41 with annular chambers 42 formed in the slid-

" ing crosshead frame 12. As shown most clearly in

Fig. 3, the annular chamber 42, at the right hand
side of the transverse frame 12, is connected
through a pipe 43 -and branch pipes 44 to the
upper ends of the bores of the cylinders 22 at
the upper sides of the pistons 23, while the an-
nular chamber 42, at the left hand side of the
frame {2, is connected through a pipe 45 and
branch pipes 46 to the lower ends of the bores
of the cylinders 22 at the lower sides of the
pistons 23. When hydraulic pressure is supplied
to the right hand supply pipe 31, shown in Fig. 1,
liquid under pressure flows to the right hand an-
nular chamber 42 and thence through the pipes
43 and 44 to the upper ends of the cylinders 22,
the pressure acting on the upper surface of the
pistons 23 to move the latter downwardly into the
position shown in Fig. 1, thereby to release the
chuck jaws from the drill rod. When.hydraulic

5 Dressure is supplied o the left hand supply pipe

31, liquid under pressure flows to the left hand
chamber 42 and thence through the pipes 4% and
46 to the lower ends of the cylinders 22, the pres-
sure acting on the lower surfaces of the pistons
23 to move the latter upwardly to connect the
chuck jaws with the drill rod. It is accordingly
evident that irrespective of the adjusted position
of the sliding crosshead structure within its verti-
cal guideways relative to the frame structure i,
hydraulic pressure may be supplied to the hy-
draulic chuck operating cylinders 22 through the
supply pipes 37 telescopically arranged within the
tubular feed piston rods 1, As the structure of
the drilling apparatus is fully described in the
above mentioned Johansen patent, further de-
scription thereof is herein unnecessary.

Now referring to the improved hydraulic fluid
system, it will be noted that a liquid pump 58 is
provided, this pump being of the dual capacity
type and preferably having a small capacity side
and a large capacity side. This pump may consist
of two distinct pumping units coupled together,
one pump unit preferably having a substantially
: The feature,
hereinafter more fully explained, of the provision
of means enabling supply from two sources in
parallel when needed, but with power consump-
tion and heat production minimized, is a feature
of_basic importance. The pump 50 herein com-
prises 8 large capacity unit 51 and a small ca-
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pacity unit n these pump units heing driven by

a motor §8. The intake sides of the pump units

§1 and 52 are connected through branch conduits
%4 and §5 to a. conduit 86 leading to a liquid
supply tank 8. The discharge side of the large
pump unit 5! is connected by a conduit 58 to a
five-way valve mechanism generally designated

88. A branch conduit 60 leads from the conduit.

88 also to the valve mechanism 89 (see Fig. 5).
The valve mechanisms illustrafed and now to be

described are to be understood as but illustrative -

of the means which can be utilized to accomplish
the desired functions.

The valve mechanism 58, as shown in Figs. 5 to
9 inclusive, comprises a valve casing 61 having a

bore 62 containing a rotary eontrol valve 63, the

latter having a suitable manual operating handle.
The conduits 58 and 60 communicate with the
valve bore at longitudinally spaced points, while
communicating with the valve bore at points
-diametrically opposite from the conduits 58 and
88, respectively, are conduits 64 and 65. The
valve 63 is cut away at the opposite sides of a
diametric plane to provide passages 68 and 67.
Communicating at diametrically opposite points
with' the valve bore, midway between the con-
duits §8 anad 64, are conduits 88 and 88 respective-
ly leading, through the connections described
with respect to F'ig. 1, to the upper and lower ends
of the chuck operating cylinders 22. The con-
duit 64 is connected to a return conduit 10, in
turn communicating with a liquid discharge con-
duit 7{ leading back to the tank §7. Traversing
the valve body is a passage 12 adapted to con-
nect the conduits 60 and 6. When the valve 63
is in the position shown in Fig. 7, the supply
conduit 58 and the exhaust conduit 64 are cut oft
from the conduits 68 and 89 leading to the chuck
operating cylinders 22, and, as shown in Fig. 9,
the conduit 60 is connected by the passage T2 in
the valve with the conduit 65, so that liquid under
pressure is conducted through the conduit 65 to a
by-pass valve mechanism generally designated 13,
When the valve 63 is in the position shown in Fig.
6, the supply conduit 58 is connected fo the lower
ends of the chuck operating cylinders 22 through
the conduit 69, while the upper ends of the chuck
operating cylinders are connected to exhaust
through the conduit 64. When the position of, the
valve 63 is reversed, the upper ends of the chuck

operating cylinders are connected to the liquid .

supply while the lower ends of the cylinders are
connected to exhaust. - Whenever by-passing oc-
curs through the passage 12 in the valve, the sup-
ply of fluid to the chuck operating cylinders 22 is
always cut off.

The by-pass valve mechanism 13 comprises, as
shown in Figs. 10 to 14 inclusive, a casing T4
having a bore 15 containing a rotary. valve 76,
the latter having a suitable manual operating
handle. The conduit 65 communicates with the

10
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$8 either with the conduit 17 or the condult 18.
Also traversing the valve body Is a passage 83
having a narrow bleeding or metering slot 84
for connecting the conduit 79 to the exhaust
conduit 80 whereby the by-passing of ‘fluid past
the valve 716 may be closely regulated. A conduit
85 connects the discharge side of the small pump
unit 52 with the conduit 71. The conduit 17
leads to a valve mechanism, generally designated
88, for controlling the flow of liquid under pres-
sure to the feed cylinders.

The feed control valve mechanism 88 as shown
in Pigs. 15, 16 and 17 comprises a casing 87 hav-
ing a bore 88 confaining a rotary valve 89, the
latter having a suitable manual operating handle.
The conduit 17T communicates with the valve .
bore, and communicating with the valve bore, at
a diametrically opposite point, is a conduit 90, the
latter being connected fto the return conduit T4
leading back to the tank. Also communicating
with the valve bore in the same transverse plane
with and located midway between the conduits
11 and 90 are conduits 91 and 92 leading respec-

‘. tively to the upper and lower ends of the feed
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valve bore, as shown in Fig. 11, and a conduit 17 -

communicates with the valve bore at a diametri-
cally opposite point. Communicating with the

valve bore af a point in the same plane with and 6:

midway between the conduits 65 and 17 is a con-
duit 78 communicating with the return conduit
710. The conduit. 71 has a branch conduit 79
communicating with the valve bore at a point
spaced longitudinally from the conduits 65 and
~'11,-and the conduit 18 has a branch conduit 80
communicating with the valve bore in the same

70

cylinders 5. The valve body is traversed by pas-
sages ‘93 and 94, and in the different positions of
the valve the passage 93 is adapted to con-
nect the conduit 92 with either the supply con-
duit 77 or the exhaust conduit 90, and the pas-
sage 94 is adapted to connect the conduit 91
either with the conduit 17 or 90, so that when
liquid under pressure is supplied to one of the

‘conduits 91, 92 the other conduit is always con-

nected to exhaust. Communicating with the pas-
sage 93 is a bleeding or metering slot 95 where-
by the flow of liquid under pressure from the
bottoms of the feed cylinders may be closely reg-
ulated, thereby to enable regulation of the rate
of forward feed. When the valve 89 is in the
position shown in Fig.. 17, the supply of liquid
under pressure through the conduits 91 and 92
to the opposite ends of the -feed -cylinders is
completely cut. off, but the connection 92 from

"beneath the feed pistons hias a restricted con-
5 nection through the slot 95, the passage 93 and

a lateral enlargement of the mouth of the pas-
sage with which the exhaust conduit 80 connects,
with the exhaust conduit 90, so that during drill-
ing under the weight of the rod line the rate of
feed can be controlled by finely regulating the

- escape of liquid from beneath the fluid pistons.

The supply conduits 58 and 85 respectively lead-
ing from the discharge sides of the large and-
small pump units are connected through relief
valves 86 and 97 with a conduit 98 leading to
the discharge conduit 71 so that when the pres-
sure in the supply conduits becomes excessive the
relief valves open automatically to relieve the
pressure in the system. The relief valves 96 and

" 97 may be set at any appropriate pressures suit-

able to the particular conditions encountered, but
preferably the relief valve 97 for the large pump
unit is set at a relatively lower pressure than
the pressure setting of the relief valve 96 for
the small pump-unit. This difference in pressure
settings of the relief valves is desirable since at
times, in a drilling ‘apparatus of the character
disclosed herein, a - relatively high pressure must
be available to effect certain auxiliary drill oper-
ating functions. However, stich differences.in the
pressure settings of the relief valves do not come

. into effect in the structure embodying the present

transverse planes as the conduit 19 (Fig. 13). -

The valve 16 has a passage 81 provided with a
widened mouth 82 for connecting the conduit

78

invention, and, therefore, the -pressure. settings
are of no particular importance herein. In this
instance, the feeding pressure is determined by .
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the position of the by-pass valve means and not
by the relief valve settings. Of course, when
both pump units are discharging to the feed
cylinders: 5, §, the maximum pressure available
is the settmg pressure of the relief valve 97 for
the large pump unit, as both pump units may
by-pass through this relief valve.

From the foregoing it will be evident that the
liquid discharged from the large pump unit 3i
may be conducted, under the control of the valve
$3, to the operating cylinders 22 of the chuck so
that the full volume may be utilized to apply or
release the chuck jaws. When the supply of
liquid under pressure .to the chuck operating cyl-
inders 22 is cut off, as shown in Fig. 7, the liquid
flowing in the conduit 58 is by-passed through
conduit 60, passage 12 in the valve and conduit
§5 to the by-pass valve mechanism 13. When the
valve 16 is in the position shown in Fig. 12, the
liquid is by-passed through conduit 78 to the re-
turn conduit'leading back to the tank. When the
by-pass valve 16 is in the position shown in
Pig. 11, liquid under pressure may flow from con-
duit 65 through the passage 81 in the valve to
the conduit 17 leading to the feed control valve
mechanism 86. Liquid under pressure is con-
tinuously supplied from one (herein the small)
pump unit through conduit 85 to the conduit 11,
and when the valves €3 and 16 are in the posi-
tions shown in Pigs. 9 and 11 pressure is supplied
from the large pump unit to the conduit 17, so
that the total available supply of pressure fluid is
that delivered by the pump units combined.
When the feed control valve 89 is in the posi-
tion shown in Fig. 16, liquid under pressure may
flow from conduit 17 through the valve passage
94 to the conduit 91 leading to the tops of the
feed cylinders 5, and the bottoms of the feed
cylinders are at that time connected to exhaust
through conduit 92, passage 93 in the valve and
conduit 90 leading to the liquid return conduit
71, When the valve 89 is rotated to a position
so that passage 93 connects conduits 17 and
82, and passage 94 connects conduits 90 and 81,
pressure fluid is supplied to the bottoms of feed

cylinders 5 and vented from the tops of feed.

cylinders 5. When the liquid supply from the
large pump unit is connected to the return con-
duit, liquid under pressure may continue to be
supplied from the small pump unit through con-
duit 85 to the feed cylinders. The large volume
discharge from both pump units is utilized when
a rapid rate of feed is desired, while the small
volume discharge from the small pump unit is
used in slow feed during normal drilling; and
during the slow feeding operation the discharge
side of the large pump unit is connected back
. to the tank through the return valve mechanism.
The presence of the small capacity pump elim-
inates the excessive generation of heat from the
fluid system which occurs when a large volume of
liquid is forced through a loaded by-pass valve
for any substantial length of time. When the
~ valve 76 is in the position shown in Figs. 12 and
14 the discharges from both-the large and small
pump units are conducted through the return
conduit 70 back to the tank. When the valve 16
is in the position shown in Figs. 11 and 13, liquid
under pressure may be conducted through con-
duits 58, 65 and 77 to the feed control valve 88,
so that the feed pistons may be fed upwardly or
downwardly as desired under the control of the
valve 89 at a relatively rapid rate. When the
valve 76 is in its by-passing position shown in
Figs. 12 and 14, the wide mouth 82 of the passage

‘e
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81 permits a limited amouni of adjustment of
the valve, thereby to permit bleeding of the out-
put from the small pump unit by means of the
metering slot 84 to whatever pressure is required.
The rate and direction of feed may then be de-
termined by the position of the feed control valve
89. When the weight of the drill rods is in excess
to the pressure required to feed the drill bit to the
work both pump units may be by-passed, and
the rate of feed is at that time regulated by
metering the flow of liquid from the lower ends
of the feed cylinders beneath the feed pistons by
means of the metering slot in the four-way valve
as heretofore explained. Further, when varying
or cavernous formations are encountered by the
drill bit, the “under feed” method of feeding the
drill bit may be employed, and at that time the
small pump unit may supply liquid under pres-
sure to the upper ends of the feed cylinders
above the feed pistons, and the rate of feed may
be controlled, as by regulating the amount of
liquid by-passed.

As a result of this invention, it will be noted

" that an improved controlling means is provided

30
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in the hydraulic fluid system of a rotary drill-
ing apparatus whereby the feeding means may
be controlled in an improved manner. It will
further be evident that by the provision of the
improved controlling means for the hydraulic
feeding means, the feeding pressure on the drill
bit may be controlled through a relatively wide
range. It will also be noted that an improved:
hydraulic controlling means for the drill chuck
is associated with the fluid system for the feeding
means whereby the chuck may be controlled in
an improved manner. It will also be evident
that by the provision of the improved multiple
pump system the volume of the liquid supplied to
the system may be varied in accordance with the
demand. Other uses and advantages of the
invention will be clearly apparent to those skilled
in the art.

While there is in this application specifically
described one form which the invention may as-
sume in practice, it will be understood that this
form of the same is shown for purposes of illus-
tration and that the invention may be modified
and embodied in various other forms without de-
parting from its spirit or the scope of the ap-
pended claims.

‘What I claim as new and desire to secure by
Letters Patent is:

-. 1. In a hydraulically operated apparatus, hy-

draulically operable means for selectively grip-
ping and releasing a tool, hydraulically operable
means for selectively feeding and retracting a tool
when it is gripped by said first mentioned hy-
draulically cperable means, a relatively large ca-
pacity pumping unit, a relatively small capacity
pumping unit, a valve means for selectively ren-
dering one of said pumping units operable to

- supply fluid to said first mentioned hydrauli-

65
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cally operable means to effect gripping of a tool
or to trap fluid in said first mentioned hydrauli-
cally operable means to maintain tool gripping
while rendering the discharge of said pumping
unit available for other purposes, means for selec-
tively rendering one or both of sdid pumping
units operable to supply fluid to said second men-
tioned hydraulically operable means, a return line,
and means operable to connect the discharge
from one or both of said pumping units freely
to said return line when the same are not supply-
ing fluid to said second mentioned hydraulically
operable means.
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2. In a!hydraulically operated apparatus, hy-
draulically operable means for selectively grip-
ping and releasing a tool, hydraulically operable
means for selectively feeding and retracting a tool
when it is gripped by said first mentioned hy-
draulically operable means, a relatively large ca-
pacity pumping unit, a relatively small capacity
pumping unit, valve means for selectively render-
ing sald first mentioned pumping unit operable
to supply fluid to sald first mentioned hydrauli-
cally operable means to effect gripping of a tool
or to trap fluid in said first mentioned hydrauli-
cally operable means to maintain tool gripping
while rendering the discharge of said first men-
tioned pumping unit available for other purposes,
means for selectively rendering one or both of
said pumping units operable to supply fluld to
sald second mentioned hydraulically operable
means, & return line, and means operable to con-
nect the discharge from one or both of said pump-

ing units freely to said return line when the

same are not supplying fluid to said second men-
tioned hydraulically operable means.

3. In a hydraulically operated apparatus, hy-
draulically operable means for selectively grip-
ping and releasing a tool, hydraulically operable
means for sclectively feeding and retracting a
tool when it is gripped by said first mentioned hy-
draulically operable means, a relatively large ca-

pacity pumping unit, a relatively small capacity

pumping unit, valve means for selectively ren-
dering one of said pumping units operable to
supply fluid to said first mentioned hydraulically
operable means to effect gripping of a tool or to
trap fluid in said first mentioned hydraulically
operable means to maintain tool gripping while
renderinz the discharge of sald pumping unit
available for other purposes, means for selec-
tively rendering the second or both of said pump-
ing units operable to supply fluid to said second
mentioned hydraulically operable means, a re-
turn line, and means operable to connect the dis-
charge from one or both of said pumping units
freely to said return line  when the same are
not supplying fluid to said second mentioned hy-
draulically operable means.

4. In a hydraulically operated apparatus, hy-
draulically operable means for selectively grip-
ping and releasing a tool, hydraulically operable
means for selectively feedihg and retracting a
tool when it is gripped by said first mentioned
hydraulically operable means, a relatively large

capacity pumping unit, & relatively small capacity

pumping unit, valve means for selectively render-
ing said first mentioned pumping unit operable to
supply fluid to said first mentioned hydraulically
operable means to effect gripping of a tool or to
trap fluid in said first mentioned hydraulically
operable means to maintain tool gripping while
rendering the discharge of said first mentioned
pumping unit available for other purpcses, means
for selectively rendering the second or both of
said pumping units operable to supply fluid to

said second mentioned hydraulically operable

means, a return line, and means operable to
connect the discharge from one or both of said
pumping units freely to said return line when
the same are not supplying fluid to said second
mentioned hydraulically operable means.

5. In a hydraulically operated apparatus, hy-
draulically operable means for selectively grip-
ping and releasing a tool, hydraulically operable
means for selectively feeding and retracting a
tool when it is gripped by -said first- mentioned
hydraulically operable means, a relatively large
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capacity pumping unit, a relatively small capacity
pumping unit, valve means for selectively render-- -
ing one of sald pumping units operable to supply
fluid to said first mentioned hydraulically oper-:
able means to effect gripping. of a tool or to trap
fluid in said first mentioned hydraulically oper-
able means to maintain tool gripping while ren-
dering the discharge of said pumping unit avail-
able for other purposes, means for selectively
rendering one or both of said pumping units
operable to supply fluid to said second mentioned
hydraulically operable means, & return line, and
means. operable to connect the discharge from
one or both of said pumping units freely to said
return line when the same are not supplying fluid-
to said second mentioned hydraulically operable
means, said latter means embodying metering -
slot means whereby the discharge from one of said
pumping units may be closely regulated. .

6. In a hydraulically operated apparatus, hy-
draulically operable means for selectively grip-
ping and releasing a tool, hydraulically operable
means for seléctively feeding and retracting a
tool when it is gripped by said first mentioned
hydraulically operable means, a relatively large
capacity: pumping unit, a relatively small ca-
pacity pumping unit, valve means for selectively
rendering said first mentioned pumping unit op-
erable to supply fluid to sald first mentioned
hydraulically operable means to effect gripping
of a tool or to trap fluid in said first mentioned
hydraulically operable means to maintain tool
gripping while rendering the discharge of said
first mentioned. pumping unit available for other
purposes, means for selectively rendering one or
both -of said pumping units operable .to supply
fluid to sald second mentioned hydraulically op-
erable means, a return line, and means operable
to connect the discharge from one or both of said
pumping units freely to said return line when the
same are not supplying fiuid to said second men-
tioned hydraulically operable means, said latter
means embodying metering slot means whereby
the discharge from the small pumping unit may
be closely regulated. .

7. In combination, a hydraulically operable de-
vice including an element subjectable to work-
ing pressure on its opposite sides, a pump of
small capacity, a pump of larger capacity, a valve
casing providing & bore having a connection
with said pump of larger capacity, and at op-
posite sides of said first mentioned connection -
connections to the opposite sides of said element
of said hydraulically operable device, said valve .

-casing bore also having a second connection with

said larger capacity pump, means providing a
connection for sald bore with said smaller ca- -
pacity pump, and a valve movable in said cas-
ing and having means formed thereon toward one’
end thereof for connecting said first connection -
selectively with the opposite sides of said ele-
ment of said hydraulically operable device and
means formed adjacent the other end thereof for
establishing or interrupting communication. be~
tween said second connection and said means
providing a connection with said smaller capacity
pump, said valve movable to interrupt said com-
munication when in a position to supply fluid to
said hydraulically operable device.

8. In combination, reversible hydraulically op-
erated means, a hydraulically operated mecha-
nism, a plurality of pumps of different discharge
volumes for supplying fluid to said hydraulically .
operated means and to said mechanism, g return °
line to said pumps, and controlling means for
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sald means and said mechanism for. controlling -

fluid flow relative to them from said pumps in-
cluding means providing three valve receiving
bores, three valves movable in said bores respec-
tively, one in each of said bores, fluid supply con-
duits leading from said pumps, one fluid supply
conduit having passages leading to two of said
bores and another having communication with
the third of said bores, passage means for con-
necting said last mentioned bore with one of the
others, the valve in the third mentioned bore
being movable therein to control said mechanism
and the connection of the third mentioned bore
with the one of the others to which said passage
means leads from said third mentioned bore,
the valve in the bore to which said last men-
tioned passage means leads concrolling communi-
cation between that bore and said third men-
tioned bore and communication between each of
sald supply conduits and the return line to said
pumps, and the valve in the other of said bores
controlling said hydraulically operated means.
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9. In combination, a hydraulically operable de-

- vice including an element subjectable to working
- pressure on its opposite sides, a pump of small
capacity, & pump of larger capacity, a valve cas-
" ing providing a bore having a connection with
said pump of larger capacity, and at opposite

sides of said first mentioned connection connec--

tions to the opposite sides of said element of said
hydraulically operable device, said valve ¢asing
bore also having a second connection with said
larger capacity pump, means providing a connec-
tion for said bore with said smaller capacity
pump, and a valve movable in sald casing and
" having means formed thereon toward one end
thereof for connecting said first connection se-
‘lectively with the opposite sides of said element
of said hydraulically operable device and means
formed adjacent the other end thereof for estab-
lishing or interrupting communication between
said second connection and said means providing
a connection with said smaller capacity pump,
sald valve movable to interrupt said communica-
tion when in a position to supply fluid to said
hydraulically operable device. /
10. In a hydraulically operated apparatus, &
pump having a small discharge capacity, a pump
having & larger discharge capacity, means pro-

viding valve-receiving bores, valves movably ar- 5

ranged in said bores respectively, a passage con-
necting the pump of large discharge capacity
with one of said bores, a second passage connect-
ing the pump of small discharge capacity with
the other bore, a third passage connecting said
bores whereby the liquid flowing from the large
capacity pump from said one of said bores flows
through said third pessage to said other bore,
the liquid flowing past the valve in said one of
said bores to said third -passage, and a fourth
passage communicating with said ‘second pas-
sage, and said valve in said other bore controlling
the flow of liquid from said third passage to said
fourth passage. . v

11, In & hydraulically operated apparatus, a
pump having a small discharge capacity, a pump
having a larger discharge capacity, means pro-
viding valve receiving bores, valves movably ar-
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through said third passage to said other bore, the
liquid flowing past the valve in said one of said
bores to said third passage, a fourth passage
communicating with said second passage, and
said valve in said other bore controlling the flow -
of Mquid from said third passage to said fourth
passage, and the liquid from the smaller dis-
charge capacity pump flowing directly from the
second passage to said fourth passage independ-
ently of control of the valve in said other bore.
12. In a hydraulically operated apparatus, a
pump having a small discharge capacity, a pump
having a larger discharge capacity, means pro-
viding valve receiving bores, valves movably ar-
ranged in said bores respectively, a passage con-
necting the pump of large discharge capacity
with one of said bores, a second passage con-
necting the pump of small discharge capacity
with the other bore, a third passage connecting
said bores whereby the liquid flowing from the
1arge capacity pump from sald one of said bores
flows through said third passage to said other
bore, the liquid flowing past the valve in said one

" of said bores to said third passage, a fourth pas-

sage communicating with said second passage,

- and sald valve in said other bore controlling the
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flow of liquid from said third passage to said
fourth passage, and the liquid from the smaller
discharge capacity pump flowing directly from
the second passage to sald fourth passage inde-
pendently of control of the valve in said other
bore, and a discharge line communicating with
said other bore and the valve in said other bore
controlling the connection of said second passage

5 with said discharge line.

13. In a hydraulically operated apparatus, a
pump having a small discharge capacity, a pump
having a larger discharge capacity, means pro-
viding valve receiving bores, valves movably ar-
ranged in said bores respectively, a passage con-

~ necting the pump of large discharge capacity
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ranged in said bores respectively, a passage con- .

necting the pump of large discharge capacity with
one of said bores, a second passage connecting
the pump of small discharge capacity with the
other bore, a third passage connecting said bores
whereby the liquid flowing from the large capac-
ity pump from said one of sald bores flows
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with one of said bores, & second passage connect-
ing the pump of small discharge capacity with
the other bore, a third passage connecting said
bores whereby the liquid flowing from the large
capacity pump from said one of said bores flows
through said third passage to said other bore,
the liquid flowing past the valve in said one of
sald bores to said third passage, a fourth passage
communicating with said second passage, and .
said valve in said other bore controlling the flow
of liquid from said third passage to said fourth
passage, and the liquid from the smaller dis-
charge capacity pump flowing directly from the
second passage to said fourth passage independ-
ently of control of the valve in said other bore,
and a discharge line communicating with said
other bore and the valve in said other bore con-
trolling the connection of said second.passage
with said discharge line, said valve in said other
bore also controlling the connection of said third
passage with said discharge line.

14. In a hydraulically operated apparatus, a
pump of small discharge capacity, a pump of
large discharge capacity, means providing valve-
receiving bores, valves arranged in said bores re-
spectively, a passage connecting the pump of large
discharge capacity with one of said bores, a sec-
ond passage connecting the pump of small dis-
charge capacity with said other bore, a third
passage connecting sald bores whereby the liquid
from the large capacity discharge flows from said
one bore to said other bore through said third
passage past the valve In said one bore, a dis-
charge line connected to said other hore, said
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valve in said other bore controlling the connec-
tion of said third passage with said second pas-
sage and with said discharge line, and a fourth

passage communicating with said one bore and -

controlled by the valve in said one bore.

15. In a hydraulically operated apparatus, a
pump of small discharge capacity, a pump of
large discharge capacity, means providing valve-
receiving bores, valves arranged in said bores
respectively, a passage cohnecting the pump of
large discharge capacity with one of said bores,
& second passage connecting the pump of small
discharge capacity with said other bore, a third
passage connecting said bores whereby the liquid
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from the large capacity discharge flows from said
one hore to said other bore through said third
. passage past the valve in said.one bore, a dis-
charge line connected to said other bore, said
valve in said other bore controlling the connec-
tion of said third passage with said second pas-
sage and with said discharge line, and a fourth
passage communicating with said one bore and
controlled by the valve in said one bore, said .

10 valve in said other bore also controlling the con-

nection of said second passage with said discharge
line. :
HARRY H. VANDERZEE. .
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