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24 Claims.

This invention relates to drilling apparatus,
and more particularly, but not exclusively, to
improvements in core drilling apparatus of the
high speed rotary type.

An object of the present invention is t6 pro-
vide an improved drilling apparatus. Another
object is to provide an improved drilling ap-
paratus of the high speed, rotary core type es-
pecially adapted to use with diamond core bits.
A further object is to provide an improved feed-
ing means having improved means for' auto-
matically regulating the feeding pressure on the
drill bit during the drilling operation. Still an-
other object is to provide an improved feed con-
trolling means automatically responsive to varia-
tions in the resistance to drill bit penetration
whereby the feeding pressure on the drill bit is
controlled in accordance with the nature of the
“drilling encountered. A ‘still further object is
to provide an improved feed controlling means
for automatically interrupting the forward feed
when the resistance to drill bit penetration
reaches a predetermined degree and embodying
means for automatically venting the forward
feeding pressure when said predetermined degree
is exceeded. Yet another object is to provide an
improved valve means for controlling the feeding
means, the valve means being controlled by axial
non-rotative - relative ‘movement between the
drilling motor and the control head on which the
drilling motor is supported and guided.- Other
objects of the invention will, however herein-
after more fully appear.

In the accompanying drawings there is shown
for illustrative purposes one form which the in-

vention may assume in practice

In these drawings:

Fig. 1 is a side elevationdgl view of a- dr1111ng
apparatus constructed in accordance with an il-
lustrative embodiment of the invention.

Fig. 2 is an enlarged view in longitudinal ver-
tical section taken through the motor and con-
trol head of the drilling apparatus shown in
Fig, 1, with parts shown in full to facilitate illus-
tration.

Fig. 3 is an enlarged view in longitudinal ver-
tica] section taken in the plane of Fig. 2, showing
the  feeding means of the drilling apparatus
shown in Fig. 1.

Fig. 4 is an enlarged cross sectional view taken
on line 4—4 of Fig. 2.

Fig. 5 is an enlarged cross sectional view taken
on line 5—5 of Fig. 2.

Fig. 6 is an enlarged developed sectional view
taken substantially on line 6—6 of Fig, 5.
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Figs. 7 and 8 are enlarged fragmentary sec-
tional views taken in the plane of Fig. 6, showing
parts in different positions.

In this illustrative embodiment of the inven-
tion' there is-shown a drilling apparatus of the
high' speed, rotary core type which may be-gen-
eraily similar to that disclosed in a copending
application of one Win W. Paget, Serial No.
322,267, filed March 5, 1940, (now U. S. Patent
No. 2,288,543 dated June 30, 1942) although in
the present invention the torque changes on the
motor are not employed to effect control of the
feed, It will be evident, however, that the inven-
tion may be employed in drilling apparatus of
various other types. The drilling apparatus dis-
closed herein generally comprises a bit rotating
means, generally designated 1, supporting and
guiding means, generally designated- 2, and bit
leeding means, generally designated 3.

~The bit rotating means comprises a rotary mo-
tor 4, herein preferably of the high speed elec-
tric type, comprising a casing 5 and an armature
rotor 6, the latter being keyed to a motor shaft
1 suitably journaled within the motor  casing.
The motor shaft carries a chuck 8 for receiving
the shank of a drill rod 9 by which a drill bit 19
is carried. The drill bit is preferably of the
annular abrasive type, herein: known as a- dia-
mond core bit, and a core barrel |l is coupled
between the bit and drill rod for receiving the
core cut by the bit, in the manner well known to
those skilled in the art.

The supporting and guiding means 2 comprises
a guide member 12 mounted on a trunnion sup-
port i3 having a swivel plate 14 adapted to be
clamped in the saddle mounting of a conventlonal
drill support.

The feeding means 3 comprises a hydraulic
feed cylinder 15 containing a reciprocable feed
piston 6 having a piston rod 17 extending for-
wardly through packings I8 carried within the
forward portion of the feed cylinder and a front
cylinder head 19. The piston rcd i1 carries ag
its forward end a plate 280 supporting a control
head 21, the latter in turn carrying the drilling
motor 4 in a manner to be later explained. The
feed cylinder 15 is guided for longitudinal axial
movement in a bore 22 in the guide member 12
and may be adjusted within the guide member
bore into different feed-effecting positions by
means of a rotatable feed screw 23 engaging a
non-rotatable feed nut 24 and provided with a
hand -crank 25. The feed screw is rotatably
mounted within the front and rear cylinder heads
and is suitably held against longitudinal axial
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movement with respect to the cylinder heads so
that when the feed screw is rotated by the hand
crank, the feed cylinder {5 may be moved axially
relative to the guide member. The feed screw
may also be employed at certain times to effect
feed of the drilling motor during the drilling op-
eration. This feeding means is more fully de-
scribed in ‘the above ‘mentioned Paget applica-
tion.

In the present'construction, the drilling motor
has a cylindric portion 26 formed integral with
the rear head of the motor casing, and this.cylin-
dric portion extends rearwardly within a bore 27
in the control head 21 and is guided for limited
axial movement in the control head bore.
tive movement of the motor casing with raspect
to the control head is precluded by splines 28 on
the cylindric portion 28 engaging splineways 29
within the walls of the control head bore 27, and
forward axial movement of the motor casing is
limited by-a flange .20 on .a plate member 31 se-
cured, as by screws 32, to the cylindric .portion
28. Interposed between the control head 21 and
the motor casing is'a heavy coil spring 83 which
urges the motor into its foremost position rela-
tive to the control head. Rearward axial move-
ment of the motor casing relative to the control
head is limited by a surface 34 on the motor

casing engageable with an abutment surface 35

on the control head. It will thus been seen that
the motor casing has limited axial movement
relative to the control head while rotative move-
ment. thereof is precluded, and the axial move-
ment is confrolled by the heavy coil spring 33.
The purpose of this sliding motor mounting will
later be explained.

Liquid under pressure may be supplied to the
feed cylinder 15 through a supply hose &6 con-
nected to a supply chamber 37 in the control
head 21. Arranged .in.a bore 38 in the control
head is a ported valve bushing 39 containing a
conventional slide valve 48. The slide valve may
be manually operated through a screw and nud
device 41 by a telescopic operating rod connec~
tion 42 extending centrally -through the tubular
feed :screw 23, thie rod .connection 42 having an
operating handle 43 located in adjacency to the
hand crank 25. ‘The slide valve may be manually
operated to control the flow of liquid from the
chamber 37 through forward and reverse feed
passages 44 and 45 respectively communicable
with the opposite ends of the feed cylinder. The

.passages 84 and 45 are formed in the control

head 24, and the reverse feed passage 48, as
shown in Fig. 2, is connected by a passage 46
formed in the piston rod plate 20 to a chamber
‘47 in the feed piston rod 11. As shown in Fig. 3,
the chamber 47 is connected by a port 48 with
the feed cylinder bore at the .forward side of the
feed piston. The forward feed passage 84 is con-~
trolled by -an automatic feed controiling valve
means, .generally designated 48, and leads from

‘the supply chamber 37 past the slide valve 40 to

a passage:50 in thepiston rod plate 26. The pas-
sage 50 commmunicates with a recess &f connected
by a-conduit 52 to.the feed cylinder bore at the
rear side of -the feed piston. As shown in Fig. 3,
the conduit -62 exfends .rearwardly through the
piston rod chamber47T-and has its rearward por-
tion extending through a packing 53 within the
feed piston, so that leakage past the exterior of
he conduit is substantially prevented. The con-
duit §2 .communicates with -the rear end of the

feed cylinder bore through a bore 53 in a pack-

ing-adjusting plug 595.

‘Rota- 1;
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The automatic feed controlling valve means 48
may assume various forms, but, as shown in Figs.
6, 7 and 8, herein comprises a valve sleeve 56
fitted in a longitudinal bore 57 in the control
sead 2. Threaded within the bore 57 at 58 is a
plug 59 having a tapered head tightly engaging
a conical seat §0 on the control head. The sleeve
56 has a bore 61 connected by ports 62 and 63
with grooves 64 and 65 ‘respectively, formed in
the valve sleeve 56, and the forward feed passage

44 communicates with groove 64 so that the flow
of liguid through the forward feed passages

passes through the sleeve bore. A sleeve valve

66 is.adapted to seat at 67 to cut off the flow of

fluid throughthe sleeve bore, thereby to interrupt
the forward feed, -and by variably adjusting the
sleeve valve with respect to its seat, the flow of
ligdid to the forward feed may be varied. A

-valve stem §8 has a tight sliding fit with the bore
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‘the bore of the.sleeve valve 66.

of the sleeve valve, and the latter is tightly held
against a shoulder 69 on the valve stem by a coil
spring 18 interposed between the sleeve valve and
a washer 71 attached to the valve .stem. The
sleeve valve has ports 12 connecting its bore with
the bore of the valve sleeve 549. The valve stem
projects forwardly through a packing 73 in the
plug 83 and abuttingly engages.at 74 the rear face
75 of the plate member 31 secured to the rear
head of the motor casing, in the mannsr shown
in 'Fig. 6. A spring 18 is interposed between one
end of the valve sleeve 96 and a collar 8 secured
to the valve stem, and this spring urges the valve
stem into its foremost position against the plate
member 3f. Formed in.the valve stem is an axial
passage 13 communicable through ports .88 with
Ports.8i connect
the axial passage T9 .with the plug bore 11, and
the latter is.connected by ports.82, annular groove
83 and port 84 to a vent groove 85 leadmg to
atmosphere, in the manner .shown in Fig. 6.
When the sleeve valve 66 is held against the
shoulder 69 on the valve stem, the ports 80 are
closed, but when the valve stem is.moved axially
within the sleeve valve the ports 88 .are brought
into .communication with the ports 72 in the
sleeve valve. '

The pressure exerted by the heavy coil spring
33 is sufficient .to .hold the control head against
axial movement relative to the hit rotating motor
during normal full feeding .pressure on-the drill
bit, but when :the -pressure on the bit becomes
excessive, 1. e. when the resistance.to penetra-
tion of-the work becomes.too high, the heavy coil
spring is compressed perm1tt1ng ax1al movement
by the control head relative to the.motor casing,
and as a result the sleeve valve.65 is. moved onto
its seat 61 to.cut.off fluid flow through the for-
ward feed passages to the rear-end of the feed
cylinder -bore. When the re51stance to penetra-
tion becomes-even greater, the heavy .coil spring

is .further compressed, permitting further rela-

tive movement between .the .control - head -and
motor .casing, moving the valve stem relative to
the sleeve valve 66 to open the ports 80, thereby
to.connect the forward feed passage. .50 to exhaust
through -the :ports and passages commumcat;mg
with .the vent groove-85. Ib is accordingly evi-
dent that variations in the feedmg Jpressure on
the drill bit, normally.due to.the varlatlons in the
resistance to penetration of the Work w111 auto-
matically -effect control of the flow of fluid
through the forward feed passages, and auto-
matically -interrupt supply to the forward -feed
as overload ofsufficient degree.occurs, and -when
the load on the drill bit becomes excessive the
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forward feed is automatically vented to atmos-
phere. ‘

The general mode of operation of the improved
drilling apparatus is as follows. ‘The apparatus
may be set up in proper operating position with
respect to the working face in the manner shown
in Fig. 1 with the swivel plate 14 of the trunnion
support suitably clamped in the saddle mounting
of a conventional drill support. - After a starting
hole has been suitably formed in the working
face, the drill rod 9 is coupled to ‘the chuck 8
and the drilling motor is then fed forwardly either
by means of the feed screw or the hydraulic cyl-
inder to bring the core bit 10 in drilling position
within the starting hole. Water is then sup-
plied-through the rod line to the drill bit and the
drilling motor is started in the manner described
in the application above referred to. The slide
valve 40 is then manually moved into a position
to- supply liquid under pressure from:the supply
chamber 31 to the forward feed passage 44 to
effect forward movement of the feed piston 15
within the feed cylinder 15 to feed the bit rotat-
ing motor forwardly while the drill bit is rapidly
rotated, thereby to effect drilling. The forward
feeding pressure on the drill bit is sufficient to
overload the bit rotating motor in the event of
any change in drilling conditions increasing the
resistance to penetration above normal, and in
the event of excessive resistance to penetration
the control head 21 is moved relative to the drill-
ing motor, compressing the heavy coil spring 33
and actuating the automatic control valve means
from the wide-open position shown in Fig, 6 par-
tially or completely to.close the slesve valve 68,
thereby to reduce or completely cit off the flow of
liquid through the forward feed passage to slow
down or stop forward feed and preclude serious
overloading of the motor. In Fig. 7 the sleeve
valve 66 is' shown in its position completely to
cut off flow of liquid to the feed cylinder. When
the bit rotating motor again operates at its nor-
mal load rating, forward feed is automatically
resumed or brought back to its desired rate, as
the case may be. Thus the actual feeding pres-
sure on the drill bit will always be kept at, or
near, as an upper limit, that required to keep the
bit rotating motor working at its normal load
rating. It will be apparent that sharp increases
in resistance to penetration will entirely interrupt
the supply of fluid for effecting forward feed
momentarily, and slight increases will serve to
reduce the supply of fluid which provides forward
feeding pressure in accordance with the work
requirements. : :

As is clearly described in the above mentioned
Paget application Serial No. 322,267, the feed
cylinder (5 of the hydraulic feeding means may
be moved forwardly relative to the feed piston
while flow of liquid to effect forward feed is un-
interrupted. When the feed piston (6 has
reached its limit of forward feeding travel with-
in the feed cylinder, the feed screw 23 may be.ro-
tated by the hand crank to adjust the feed cyl-
inder forwardly within the bore of the guide
member (2 into a new feeding position, and
thereafter forward feeding movement of the feed
piston under the actuation of liquir under pres-
sure will be resumed:. Also, if desired, the bit
rotating motor may be fed either forwardly or
rearwardly solely by the hand crank of the feed
screw wholly independently of flow of liquid under
pressure to the feed cylinder,

The automatic feed control valve means 49,
due to its automatic venting function, makes it
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possible for the bit rotating motor to be fed for-
wardly while permitting flow of liquid to the for-
ward feed passage of the hydraulic feeding
means without necessitating manual adjustment
of the slide valve 40. For instance, if during
forward feeding of the drill bit by the hydraulic
feeding means it is desired to feed the feed cyl-
inder 15 forwardly within the guide bore in the
guide member 12 by means of the hand crank
of the feed screw, and so to move the feed cyl-
inder forwardly relative to the feed piston I8,
the operator simply needs. to turn the . hand
crank of the feed screw so as to advance the feed
cylinder at a rate greater than the rate of pene-
tration of the drill bit,i. e. at a rate greater .
than the drilling rate of the apparatus. This will
obviously cause the normal feeding pressure on
the drill bit to be increased and, as a result, the
load on the bit rotating motor to become exces-
sive so. that the coil spring 33 is compressed to
permit. the control head 2f to move forwardly
relative to.the bit rotating motor, thereby mov-
ing the sleeve stem relative to the sleeve valve 66
into. the position shown in Fig. 8. When the
valve means is in the position shown in Fig. 8, the
ports 12 are open so that the forward feed pas-
sage is vented, and as a result the liquid at the
rear end of the feed cylinder will be forced out,
as described above, through ports 12, axial pas-
sage 19, ports: 81, the plug hore, ports 82, groove
83, port 84 and vent groove 85.- The venting of lig-
uid from the rear end of the feed cylinder at the
rear side of the feed piston enables manual ad-
vancing of the feed cylinder relative to the guide
member 12 by means of the hand crank of the
feed screw. This venting function is at all times
under automatic control so that varied rates of
venting adapted to-different degrees of cylinder
movement are obtained, and if the feed vent-
ing passages are of sufficient capacity the rate at
which the operator manually feeds the feed cyl-
inder forwardly has no substantial effect on the
load on the bit rotating motor. It will thus be
seen that the automatic valve means embodying
the automatic venting function enables the drill
bit to be fed forwardly the combined distances
of the feed piston in the feed cylinder and the
feed cylinder relative to the guide member with-
out interrupting the flow of liquid to the forward
feeding means, thereby enabling reduction in the
time: consumed during drilling.

As a result of this invention it will be noted
that an improved drilling apparatus of the high
speed rotary diamond type is provided having
improved feeding means whereby the drill bit is
fed with respect to the work in an improved
manner. It will furthér be noted that by the
provision of the improved means for regulating
the feeding pressure on the drill bit the rate of
feed may be controlled automatically in accord-
ance with variations in the resistance to pene-
tration of the drill bit. It will further be noted
that by the provision of the automatic feed con-
trolling means embodying the automatic vent-
ing function, the drill bit may be fed manually
with respect to the work without interrupting the
flow of liquid under pressure to the hydraulic
feeding means so that hydraulic feed of the bit
is automatically resumed when the manual feed
is discontinued. - Other: uses and advantages of
the improved drilling apparatus 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
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form of the same is.shown for- purpeses-of illus-
tration and that the invention: may -be modified
and embodied .in various other forms without
departing 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 drilling apparatus, the combinaticn
comprising a motor-for rotating a drill bit, means
effective upon supply of operating medium there-
to for feeding the drill -bit, and means autc-
matically responsive to variations.in the resist-
ance to drill bit penetration for controlling the
feeding pressure on .the drill bit, said automatic

contrelling means . being operable wholly -inde- j:

pendently of the torque:changes on.said motor
and embedying means for controlling the supply
of operating medium to:said feeding means posi-
tionable automsatically to provide an increased

supply rate upon a reduction in the resistance to ¢

drill bit penetration.

2. In g drilling apparatus, the combination
comprising a motor for rotating a drill bit, said
motor having a casing, fluid actuated means for
feeding ‘the bit including a reciprocable feeding
element, & control head carried by said recip-
recable feeding element:and by which said motor
is supported, means for mounting the casing of
said rmotor on said contrcl head for axial non-
rotary movement with respect thereto, and means
responsive to variations in the resistance to drill
bit penetration for-automatically controlling. the
feeding pressure on the bit, said automatic.con-
trolling means being actuated upon relative axial

movement between said motor and said control ;

head.

3. In a drilling apparatus, the combination
comprising a motor for rotating a drill bit, said
motor having a casing, fluid actuated means for
feeding :the bit including  a reciprocable feeding
element, a control head carried by said recip-
rocable feeding element and by which said motor
is supported, meang for mounting the casing of
said motor on-said control head for axial non-
rotary movement with respect thereto, a relatively
heavy coil spring interposed between the motor
casing ‘and said control head for controlling the
axial relative movement therebetween, and
means responsive to variations in the resistance

to drill bit penetration -for automatically con-

trolling the feeding pressure on the bit, said
automatic controlling means being actuated upon
relative axial movement between said motor and
said control head and controlled by the compres-
sion of said spring.

4, In a drilling -apparatus, the - combination
comprising a motor for rotating -a .drill bit, said
motor having a casing, fluid actuated means for
feeding the bit including -2 movable feeding ele-
ment, a control head supported by said feeding
element, means for mounting the casing of said
motor on said control head for -axial non-rotative
movement ‘with respect thereto, a coil spring in-
terposed between said motor casing and the:con-
trol head for urging the motor casing into its
foremost position with ‘respect to -said control
head, and valve means- carried by said control
head and actuated upon relative axial movement
between the motor casing and the contrel head
for controlling the feeding pressure on:the-bit.

5. In @& drilling apparatus, the combination
comprising a motor for rotating a drill bit, said
motor having a casing, fluid actuated: means for
feeding the bit including-a-movable feeding -ele-

ment, & control head supported by said:movable .
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feeding .element and on which said motor-is »
mounted, means providing a sliding splined-con-

_nection: hetween the casing of said motor and said

control head for permitting relative axial move-
ment ‘between the motor and the control head
while precluding relative rotary movement, a coil
spring interposed-between the motor casing and
the control head for urging the motor casing into
its foremost position with respect to-said control
head, and valve means carried ‘by said control
head and actuated upon relative axial movement
hetween said motor casing and said control head
for.contrelling the feeding pressure on the bit.

6. In a drilling apparatus, the combination
comprising a. motor for rotating a drill bit, fluid
actuated means for feeding the bit, and means op-
erable wholly independently of the torque changes
on said motor and automatically responsive to
variations in the resistance to bit penetration for
controlling the feeding pressure oh the bit, said
controlling means embodying valve meang for
controlling the pressure of the fluid in said feed-
ing means and operable automatically to provide
an increased supply rate upon a reduction in the
resistance to drill bit penetration.

7. In & drilling -apparatus, the combination
comprising a motor for rotating a drill bit, fluid
actuated means for feeding the bit, and means
operable wholly independently of the torque
changes on said motor and automatically .re-
sponsive to variations in the resistance to -bit
penetration for controlling the feeding pressure
on the bit and including means for venting the
fluid exerting the feeding pressure when the re-
sistance to bit psnetration becomes excessive.

8. In a drilling apparatus, the combination
comprising a motor for rotating a drill bit, said
motor having a casing, & control head on -which
said motor is mounted, means providing & sliding

 non-rotative connection between the casing of

said motor and said controlhead, means for feed-
ing said control head, and means automatically
responsive to the variations in.the resistance to
bit penetration for controlling the feeding pres-
sure,

g. In a drilling apparatus, the combination
comprising & motor for rotating a drill bit, said
motor having a casing, a control head on which

.said motor is mounted, means providing a slid-

ing non-rotative connection between the casing
of said motor and said control head, means for
feeding said control head, and means auto-
matically responsive to the variations in the re-
sistance to bit penetration for controlling the
feeding pressure, said automatic means actuated
by movement of said control head relative to the
motor casing.

10. In a driliing apparatus, the -combination
comprising a motor for rotating a drill bit, said
motor having a casing, a control head cn which
said motor is mounted, means providing a slid-

ing non-rotative cohnection between the casing

of said motor and said control head, resilient
means for controlling the relative -axial move-
ment between said motor casing and said con-
trol head, means for feeding said control head,
and means automatically responsive to the
variations in the resistance to bit.penetration for
controlling the feeding pressure,-said .automatic

means being actuated upon relative movement

ketween :said motor casing and .said control
head.
11, In a drilling apparatus, the combination

.comprising a motor for rotating a.drill. bit, said
motor having a :casing,.a control:head on which
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said motor is mounted, means providing a slid-
ing non-rotative connection between the casing
of said motor and said control head, a coil spring
interposed between the motor casing and the
control head for exerting on them a force tend-
ing to effect a relative movément opposite to that
which resistance to bit penetration tends to
cause, means for feeding said control head, and
means automatically responsive to the variations
in the resistance to bit penetration for control-
ling the feeding pressure, said automatic means
controlled by said spring and actuated by move-
ment of said control head relative to the motor
casing.

12. In a drilling apparatus, the combination
comprising a motor for actuating a drill. bit,
means for mounting said motor for axial move-

ment relative thereto, power operated means for.

feeding the drill bit, and means responsive to
variations in the resistance to drill bit penetra-
tion for automatically controlling said feeding
means, said automatic controlling means being
actuated upon relative axial movement between
said motor and said: mounting means. :

13. In 'a drilling apparatus, the combination
comprising - a motor for actuating a drill bit,
means for mounting said motor for axial move-
ment relative thereto, resilient means for con-
trolling the relative axial movement between
said motor and said mounting means, power op-
erated feeding means for feeding the drill bit,
and means responsive to. variations in the re-
sistance to drill bit penetration for automatically
controlling said feeding means, said automatic
controlling means being actuated upon relative
axial movement between said motor and said
mounting means under the control of said re-
silient means.

14, In a drilling apparatus, the combination
comprising a motor for rotating a drill bit, power
operated means effective upon supply of operat-
ing medium thereto for feeding the drill bit, and
means operable wholly independently of the
torque changes on said motor and automatically
respensive to variations in the resistance to drill
bit  penetration for controlling said feeding
means, said controlling means embodying means
for reducing or interrupting the subply of op-
erating medium to said feeding means.

15. In a drilling apparatus, the combination
comprising a motor for actuating a drill bit, a
support by which said motor is carried, said mo-
tor having an element thereof mounted on said
support for axial movement relative thereto,
power operated means for feeding the drill bit
and having a feeding element operatively con-
nected to said support for feeding the latter, and
means automatically responsive to the variations
in the resistance to drill bit penetration for con-
trolling said feeding means, said automatic
means being actuated upon relative axial move-
ment between said motor element and said sup-
port.

16. In a drilling apparatus, the combination
comprising a motor for actuating a drill bit, a
support by which said motor is carried, said
motor having an element thereof mounted on
said support for axial movement relative there-
to, resilient means for -controlling the relative
axial movement between said motor element
and said support, power operated means for
feeding the drill bit and having a feeding ele-
ment operatively connected to said support for
feeding the latter, and means automatically re~
sponsive to the variations in the resistance to

5

drill bit penetration for controlling said feeding
means, said automatic ‘means being  actuated

- upon relative axial movement between said mo-
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tor element and said support under the control
of said resilient means.

17.'In a drilling apparatus, the combination
comprising a motor for rotating a drill bit, said
motor  having cooperating relatively: movable
motor elements one of which is a reaction ele-
ment. and which elements upon the supply of
power medium to the motor have a force exerted
between them which effects the production of
power, means for mounting one of said motor
elements for axial movement relative thereto,
power operated means for feeding the drill bit,
and means automatically responsive to variations
in the resistance to drill bit penetration for con-
trolling said feeding means, said automatic con-
trolling means heing actuated upon relative axial
movemient between said motor element and:said
mounting means.

18. In a drilling apparatus, the combination
comprising a motor for rotating a drill bit, said
motor having cooperating relatively movable
moter elements one of which is a reaction ele~
ment and which elements upon the supply. of
power medium to the motor have a force exerted
between them which effects. the production of
power, means for mounting one of said motor
elements for axial movement relative thereto,
resilient means for controlling the relative axial
movement between said motor element and said
mounting means, power operated means for feed-
ing the drill bit, and means automatically re-
sponsive to variations in the resistance to drill
bit penetration for controlling said feeding
means, said automatic controlling means being
actuated upon relative axial movement between
said motor element and said mounting means
under the control of said resilient means.

19, In a drilling apparatus, the combination
comprising a motor for rotating a drill bit,
mounting means for said motor, said motor in-
cluding cooperating relatively movable motor ele-
ments one of which is a reaction element and
which elements upon the supply of power medium
to the motor have a force exerted between them
which effects the production of power, one of said
elements being movable in an endwise direction
relative to said mounting means, power operated
feeding means for the drill bit, and means re-
sponsive to variations in the resistance to drill
bit penetration for automatically controlling said
feeding means, said automatic controlling means
being actuated upon relative endwise movement
between said motor element and said mounting
means.

20. In a drilling apparatus, the combination
comprising a motor for rotating a drill bit, power
operated feeding means effective upon supply of
operating medium thereto for feeding said motor
and the drill bit, said feeding means having a
feeding element movable in an endwise direction
relative to said motor, and means responsive
sclely to variations in the resistance to drill bit
penetration for automatically controlling said
feeding means, said automatic means embodying
means actuated upon relative endwise movement
between said feeding element and said motor for
controlling the flow of operating medium rela-
tive to said feeding means.

21. In a drilling apparatus, the combination
comprising a drill bit, means for actuating said
drill bit including a bit actuating motor, feeding
means operative upon the supply of operating
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medium thereto to apply a feeding pressure to
said drill bit, and controlling means ‘automati-
cally controlled by changes in the resistance to
drilling for precluding the application by opera-
tion of said feeding means by operating medium
supplied thereto of a feeding. pressure in excess
of ‘a desired value to the drill bit, said controlling
means being actuated, in -a direction to reduce
or interrupt the supply of operating medium to
said feeding means, by a movement consequent
upon a predetermined resistance to drilling and
including a reaction member which moves axially
of said bit actuating motor automatically -from
a normal position upon the resistance to drilling
exceeding a predetermined value.

22. In a drilling apparatus, the combination
comprising & drill bit, means for rotating said
drill bit including a bit actuating motor, feeding
means operative upon the supply of operating
medium thereto to apply a feeding pressure to
said drill bit, and controlling means automatically
controlled by changes in the resistance to drilling
for precluding the -application by operation of
said feeding means by operating medium sup-
plied thereto of a feeding pressure in excess of a
desired value to the drill hit, said controlling
means being actuated, in a direction to reduce
or interrupt the supply of operating medium to
said feeding means, by a movement consequent
upon - the building up of ‘a predetermined resist-
ance to drilling and operable wholly independ-
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ently of the resistance to drill bit rotation, said
controlling means including a reaction member
which moves automatically from a normal posi~
tion upon the resistance to drilling exceeding a
predetermined value.

23. In a drilling apparatus, the combination
comprising a motor for rotating a drill bit, fiuid
actuated means for feeding the bit, and means
operable wholly independently - of the torque
changes on said motor and automatically respon-
sive to variations in the resistance to bit pene-
tration for controlling the feeding pressure on
the bit, said controlling means embodying valve
means for controlling the flow of feeding fluid
relative to the feeding means, said valve means
movable automatically upon changes in the re-
sistance to bit penetration, to effect opposite
changes in the pressure of the fluid in said feed-
ing means.

24, In g drilling mechanism, in combination,
a drilling tool, a motor for rotating said tool,
means supporting said motor for hodily move-
ment relative to the material to be drilled and
for limited yielding mevement relative to said
supporting means, means for yieldingly feeding
said motor relative to the material to be crilled,
and means- actuated by the limited vyielding
movement between said moetor and said support--
ing means for limiting the feeding presstire im-
posed on said motor through said yielding means.

CHARLES F. OSGOOD.



