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20 Claims.

This invention relates to drilling apparatus,
and more particularly to improvements in high
speed rotary drills especially desighed for use in
boring blast holes in relatively hard materials,
such as hard rock or the like, .

An object of the present invention is to provide
an improved drilling apparatus. Another object
is to provide an improved portable drilling appa-
ratus of the high speed rotary type especially de-
signed for use with abrasive type bits commonly
known as diamond bits. A further object is to
provide an improved drilling apparatus having
improved feeding means for feeding the drill bit
toward and from the work. Still another object
is to provide.an improved arrangement of the
feeding means with respect to the bit-rotating
means whereby not only more powerful bit rota-
- tion is obtained but also the drilling apparatus is
nicely balanced. A still further object is to pro-
vide an improved supporting and guiding struc-
ture for the bit-rotating motor whereby the Ilat-
ter is supported and guided in a novel manner.
Yet another object is to provide an improved
automatic feeding means for the bit-rotating
motor and having associated therewith an im-
proved manual feeding means. - Still another
object is to provide an improved portable rotary
drilling apparatus of the high speed type having
novel and extremely compact arrangements and
combinations of parts. Other uses and advan-
tages of the invention will, however, hereinafter
more fully appear.

In the accompanying drawings there is shown,
for purposes of illustration, one form which the
invention may assume in practice.

In these drawings:

Fig. 1 is a side elevational view of a drilling
apparatus constructed in accordance with an
illustrative embodiment of the invention. .

Fig. 2 is an enlarged rear end elevational view
of the drilling apparatus shown in Fig. 1.

Fig. 3 is an enlarged cross sectional view taken
substantially on line 3—2 of Fig. 1.

Fig. 4 is an enlarged view in longitudinal ver-
tical section through the rearward portion of the
drilling apparatus. )

Fig. B is an enlarged view in longitudinal ver-
tical section through the forward portion of the
drilling apparatus.

Fig. 6 is an enlarged cross sectional view taken

on line §—§ of Fig. 4.

Fig. 7 is an enlarged cross sectional view taken
substantially on line 7—1 of Fig. 4.

Fig. 8 is a detail horizontal sectional view taken
on line 8—8 of Fig. 7.
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Fig. 9 is a fragmentary view in longitudinal
vertical section taken substantially on line 9—9
of Fig. 7. . .

Fig. 10 is a fragmentary vertical sectional view

. taken substantially on line 10—i{0 of Fig. 7. ~

In this illustrative embodiment of the inven-
tion there is shown a portable rotary drilling
apparatus of the high speed type especially de-
signed for use in drilling blast holes in relatively
hard materials, such as hard rock or the like,
and adapted to use with core or plug type abra-
sive bits commonly known as diamond. bits.
Various features of the inventicn may, however,

" be incorporated in ‘drilling apparatus. of other
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types. The weight and size of the drilling appa-
ratus disclosed may be commensurate with those
of a conventional hammer rock drill of the
mounted drifter type. : ]

The drilling apparatus as a whole combprises
bit-rotating means, generally designated 1, auto-
matic feeding means, generally designated 2, -
manual feeding means, generally designated 3,
and supporting and guiding means, generally
designated 4.

The supporting and guiding means 4 comprises
a guide frame § mounted on a trunnion support
6 having a swivel plate T adapted to be secured in
the saddle mounting of a conventional rock drill
support. The drill support 6 has a longitudinal
bore which receives a cylindric pivot tube 8 (Figs.
4 and 5), the latter having its end portions se-
cured within alined bores within lugs § integral
with the guide frame 5. The tube 8 provides a
pivotal mounting for the guide frame whereby

5 the latter may be swung laterally to one side or

the other -of the trunnion support, thereby to
enable movement of the bit rotating and feeding
means to one side of the drill hole to facilitate
changing of drill rods and bits in a manner well
known to those skilled in the art. As shown in
Fig. 5, a plunger lock (0 carried by the guide
frame is insertable in & locking aperture Il in
the trunnion support for locking the guide frame
in its centrally located position. The plunger lock
is guided within a bore within the front lug 9,
and a coil spring 12 constantly urges the lock
towards its innermost locking position. The lock
has a handle {3 whereby the lock may be released,
and a pin 14 secured to the lock is engageable
with an abutment on the front face of the front
Iug 9 to hold the lock against the tension of the
spring in its released position, and the lug is
notched at 13 to receive the pin when the lock is
in its locking position.

The automatic feeding means 2 comprises a
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feed cylinder 16 having a cylindric tube 17 ex-
tending centrally therethrough to provide an
annular piston chamber 18. Contained in the
piston chamber is a reciprocable feed piston 18
having a tubular piston rod 20 extending cen-
trally forwardly through the cylinder. The pis-
ton rod surrounds and has telescopic relation with
the tube 11. As shown in Fig. 4, the feed cylin-
der has a rear head 21 to which the flanged rear
end 22 of the tube 17 is secured, as by screws 23.
The feed cylinder has a front head 24 (Fig. 5)
detachably secured thereto, as by screws 25, and
packings 2§ carried by this head sealingly en-
gage the exterior periphery of the piston rod 28,
in the manner shown in Fig. 5. The feed cylin-
der is slidably guided on the guide frame 5§ and
has integral lateral guides 27 slidingly received
in longitudinal guideways 28 on the guide frame
5. A packing 29, carried by the feed piston (Fig.
4) sealingly engages the exterior periphery of the
tube 171. The feed cylinder has its flanged rear
end secured, as by screws 30, to a control head
31, and the latter is wholly supported by the feed
cylinder for movement with the latter. The feed
piston rod 20 projects forwardly through the front
head 24 of the feed cylinder and has threadedly
secured thereto a thrust head casing 32 having
a chamber receiving antifriction thrust bearings
33 and 34 which are retained in the head cas-
ing chamber by a detachable cap plate 35 held
in position, as by screws 36. A thrust collar 37
threaded on a drive shaft 38 is interposed between
the thrust bearings, and the forward portion of
this shaft prejects forwardly through an axial
opening in the cap plate. A packing 39 carried
by the cap plate sealingly engages the extferior
periphery of the drive shaft to prevent access of
foreign matter to the thrust bearings. Thread-
edly secured to the outer projecting end of the
drive shaft 38 in advance of the thrust head is
a chuck casing 40 having a socket 41 for receiv-
ing the shank of a conventional drill rod 42. As
shown in Fig. 1, the drill rod carries a conven-
tional drill bit 43 of the core or plug abrasive
type known as a diamond bit. The chuck has a
threaded rod coupling 44 secured to the chuck
casing, and rod locking pins 45 whereby either a
drill rod carrying a starting bit or one carrying a
conventional core barrel may be secured within
the chuck socket.

Now referring to the bit-rotating means i, it
_ will be noted that a rotary motor 46, herein
preferably a high speed electric motor, has its
stator casing 47 mounted on the control head 34,
and the motor is wholly supported by the feed
cylinder through the control head. The motor
casing has detachable front and rear heads 48
and 49 held in position on the stator casing by
tie bolts 50. The motor has a usual field 81 and
an armature rotor 52, and the shaft of the rotor
is journaled in bearings suitably supported with-
in the casing heads. The front motor head 48
has an integral forward cylindric projection B3
mounted for limited rotary movement in bear-
ings B4 supported within a bore in the control
head 31, as shown in Fig. 4. The bearings are
retained in position within the control head bore
by a retaining ring 55 secured, as by screws 56,
to the control head, and the cylindric projection
53 is held against axial displacement with re-
spect to its bearings by an end plate BT secured,
as by screws 58, to the projection. Electric energy
may be conducted to the motor from any con-
venient source through a conductor cable 59 and
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a conventional connector plug 60 mounted on the
control head 31. The shaft of the armature rotor
52 is coupled at 61 to a tubular shaft 62 telescopi-
cally arranged within the tube 17, and the drive
shaft 38 has telescopic relation with and is splined
at 83 to the outer tubular shaft 62. Tt will thus
be seen that the shaft 38 may be driven by the
shaft 62 through the spline connection irrespec-
tive of the relative axial positions of the shafts.

Associated with the automatic feeding means
2 is the manual feeding means 3 whereby the
feed cylinder 16 may be manually fed along its
guideways relative to the guide frame 5. This
manual feeding means comprises a rotatable feed
screw 65 extending centrally through the pivot
tube 8 and coacting with a non-rotatable feed
nut 66 secured at 67 within the rear lug 9 on the
guide frame 5. The forward end of the feed screw
is journaled at 68 within a bushing supported by
a depending bracket 69, preferably integral with
the front end of the feed cylinder {6. The feed
screw has a rearward shaft portion 10 supported
within a tube 11, the latter being secured at T2
within a depending bracket 73 integral with the
control head 31. A thrust collar 74 is fixed by a
pin to the screw shaft. Fixed to the rear end of
the screw shaft is a hand crank 75 conveniently
located near the rear end of the motor 46. Ar-
ranged within an axial bore in the rear end of the
screw shaft 78 is a locking plunger 76 having a
wedge TT engageable with locking pins 78, the
latter in turn being engageable with appropri-
ately located locking recesses 19 in the walls of
the bore of the tube TI. The locking plunger
has a control knob 80 conveniently located in ad-
jacency to the hand crank 15, and a spring 81
urges the wedge 11 towards its innermost posi-
tion. A pin 82 is secured to the plunger so that
when the wedge is released the pin may engage
an abutment at the rear end of the screw shaft
to hold the wedge released. The screw shaft is
slotted at 83 to receive the pin when the locking
plunger is in its locking position. This lock holds
the feed screw against rotaticn during opera-
tion of the automatic feeding means and may be
readily released to permit hand feed.

The automatic feeding means 2 is preferably
operated by liquid under pressure, and the means
for controlling the liquid supply thereto may be
similar to that described in a copending applica-
tion of one Win W. Paget, Serial No. 322,267,
filed Mar. 5, 1940. The liquid supply means com-
prises a supply hose 85 (Figs. 1 and 9) through
which liquid may be conducted from any suit-
able source through a strainer 88 to a supply
chamber 87 formed in the control head 31. Also
formed in the control head is a longitudinal bore
88 having arranged therein a ported valve bush-
ing 89 in which a slide valve 90 is reciprocably
mounted. As shown in Figs. 8 and 9, this slide
valve has a stem 91, and a pin 92 fixed to the
stem and engaging longitudinal guide slots 93
holds the valve against rotation. The slots 93
are formed in a member 94 secured to the con-
trol head. . Also fixed to the valve stem is a
pin 85 having its ends projecting within an an-
nular greove 926 in a rotatable member 87 also
mounted in the member 94. The member 97
has an integral valve-adjusting screw 98 thread-
edly engaging a non-rotatable nut 99 integral
with the member 94. The screw 98 has a pivoted
operating handle {80 (Figs. 1, 2 and 9. It is
accordingly evident that when the screw is
rotated the slide valve may be slid back and
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forth in the valve bushing as desired. The valve
bushing has longitudinally spaced slots #0f and
102 respectively communicating with a forward
feed passage 103 and a reverse feed passage 104,
the liguid flowing through the forward feed pas-
sage 103 being under the control of an auto-
matic torque controlled valve means, generally
designated (05, which is the invention of the
above mentioned Win W. Paget. As shown in
Figs. 4 and 5, the reverse feed passage 104 is
connected by a passage 106 and a port 107 with
the forward end of the piston chamber 18 at
the forward side of the feed piston (9. The for-
ward feed passage 103, as shown in Fig. 10, is
connected by a passage 108 with the rear end of
the piston chamber at the rear side of the feed
piston. The valve bushing is slotted at 109 in-
termediate the slots 101 and 102, and this slot
communicates with the supply chamber 87, and
the -valve has an external annular groove (10
for connecting either of the forward and reverse
feed slots 101 and {02 with the supply slot 109.
Communicating with the valve bushing bore are
exhaust chambers (1l and (12.. When the slide
valve is in the position shown in Fig. 9, the re-
verse feed slot 102 is connected to the supply
chamber while the forward feed slot 101 is con-
nected to the exhaust chamber fif. When the
valve is shifted axially into its reverse position,
the forward feed slot is connected to the supply
chamber and the reverse feed slot is connected
to the exhaust chamber (12. It will thus be
seen that under the control of the slide valve,
liguid under pressure may be supplied to the pis-
ton chamber 18 within the feed cylinder at either
side of the feed piston (9 to effect forward or
reverse feed as desired. The manner in which
the forward feed is influenced by the torque con-
trolled valve means 105 will now he briefly
described. T

" “As clearly described in the copending Paget
application above referred to, the torque on the
bit-rotating motor 46 automatically regulates the
flow of liquid under pressure through the forward
feed passage under the control of the torque con-
trolled valve means 109, and the latter also has
a venting function whereby the forward feeding
pressure in the piston chamber may be vented
when the motor torque exceeds a predetermined
amount. As shown in Fig. 4, a torque pin 15
secured to the end plate 57 is engageable within
a groove on a reciprocable tappet 116 (Fig. 7).
Secured to the tappet is a valve stem 117, and
an end-seating sleeve valve |i8 has a tight slid-
ing fit with the valve stem and is engageable
with a valve seat 119 on a valve sleeve 120. The
valve sleeve 120 is arranged in a transverse bore
in the control head 31, and the ends of the bore
are closed by suitable screw plugs. The valve
118 is yieldingly held against a shoulder on the
valve stem by a coil spring 121. The valve has
ports 122 communicable with ports 123 in the
valve stem, and the latter has an axial passage
{24 connecting the ports 123 with an exhaust
chamber 125. At the opposite sides of the valve
seat 119 are bores 126 and 127 connected by ports
to grooves 128 and 128 respectively, and these
grooves communicate with. portions of the for-
ward feed passage 103 (Fig. 10).
Fig. 7, interposed between the screw plug closing
the right-hand end of the valve sleeve receiving
bore and the tappet 116 is a relatively heavy
coil spring 130 which constantly urges the tappet
toward the left. In Fig. 7 the sleeve valve is

As shown in ;
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shown in open position with the vent closed, and
when the load on the bit-rotating motor 46
reaches a predetermined amount, the motor
stator rotates slightly relative to the control head
31, moving the torque pin 115 and tappet 116
to the right as viewed in Fig. 7, against the pres-
sure of the spring 130, and as a result the sleeve
valve 118 is moved toward its seat or completely
seated, partially to close or completely to cut
off flow of liquid through the forward feed pas-
sage 103 to the rear end of the piston chamber
18 at the rear side of the feed piston 19. As the
load on the motor hecomes even greater, the
motor stator will rotate slightly further relative
to the control head 81, moving the tappet (16
further towards the right, moving the valve stem
111 relative to the seated valve {18, to connect
the valve ports 122 with the stem ports 123,
thereby to vent the liquid in the piston chamber
at-the rear side of the feed piston to exhaust
through the axial stem passage 124 and exhaust
chamber 125,

Manual feed by the hand crank 15 of the feed
screw 68 may take place during flow of liguid
through the forward feed passage 103 to the rear
end of the piston chamber to effect forward feed.
For instance, when the feed piston {9 reaches its -
limit of forward feeding travel within the feed
cylinder 16, the latter may be fed forwardly
along its guideways relative to the guide frame §
into a new feeding position, and in the event of
excessive loading of the bit rotating motor 46
during the manual feeding operation, the flow
of liquid under pressure to the rear end of the
piston chamber at the rear side of the feed pis-
ton will be cut off and the rear end of the piston
chamber will be vented, to permit such forward
movement of the feed cylinder relative to the
then stationary feed piston, all in the manner
clearly described in the Paget application above
referred to. As is also described in the Paget
application, the drill may be manually fed with
respect to the working face during operation of
the starting bit and during coupling and uncou-
pling of the drill rods since automatic feed is
frequently too rapid for these operations. Of
course, at that time the feed piston is usually
disposed against the rear head of the feed cylin-
der, although if desired liquid may be trapped in
the rear end of the feed cylinder under the con-
trol of the slide valve 90, so that the feed piston
is held against movement with respect to the feed
cylinder during manual feed.

Liquid under pressure may be conducted
through the drill rod 42 to the drill bit 43 to cool
the latter and to wash away the cuttings at the
bottom of the drill hole. As shown in Fig. 4, a
liquid supply hose 135 is connected within a
threaded bore 136 in the rear motor head 49, and
also secured within this bore is a liquid conduct-
ing tube (371 extending centrally through an axial
bore 138 in the motor rotor shaft and terminat-
ing at its forward end within an axial bore 139
in the drive shaft 38, as shown in Fig. 5. The

5 tube is guided by a bushing 140 (Fig. 4) secured

within the forward end of the motor rotor shaft,
and a packing 141 (Figs. 4 and 7) carried within
the rearward portion of the drive shaft 38 seal-
ingly engages the exterior periphery of the tube
to prevent leakage. Liquid under pressure is
discharged from the tube 137 within the bore 139
of the drive shaft 38, and the shaft bore 139
communicates with a bore 142 in the coupling
member 44, and the coupling bore communicates
with the drill rod bore. The supply hose. 135
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may have a suitable control valve, and the liquid
may be utilized o control a conventional motor
starting switch, in the manner described in my
copending application Serial No. 347,716, filed
July 26, 1940, so that the bit-rotating motor may
be started after the flow of liquid to the drill bit
and the building up of a predetermined pressure
within the rod line have taken place.

The general mode of operation of the improved
drilling apparatus is as follows. The apparatus
may be set up in proper drilling position with re-
spect to the working face with the swivel plate T
of the trunnion support 6 suitably secured in the
saddie mounting of a conventional rock drill sup-
port. The drill red 42, by which the drill bit 43
is carried, is coupled by the chuck to the drive
shaft 38. A starting hole is preferably made in
the working face, and the operator may then
manipulate the control handle (00 of the slide
valve 98 to move the latter to a position to effect
supply of liquid under pressure to the forward
feed passage 103 to effect forward movement of
the feed piston 19 within the then stationary feed
cylinder 18, thereby to feed the drill bit forward-
ly to bring the latter within the starting hole at
the working face. Thereafter, the slide valve
may be moved into a position to cut off flow of
liquid under pressure to the forward feed pas-
sage. The operator may then effect a supply of
cooling liquid through the hose 135 and conduct-
ing tube 137 to the drill bit, and when liquid has
reached the bottom of the drill hole the operator
may start the bit-rotating motor 45, so that the
drill bit is rapidly rotated. Upon further manip-
ulation of the slide valve 28 liquid under pressure
may be supplied to the forward feed passage {03,
again to effect forward movement of the feed pis-
ton 19 within the then stationary feed cylinder
6, to feed the drill bit forwardly while the latter
is rapidly rotated, thereby to effect drilling. The
forward feeding pressure on the drill bit is suffi-
cient to overload the bit-rotating motor 46 in
the event of any change in drilling conditions in-
creasing above normal the torgque requirements,
and in the event of initiation of overloading of
the motor due to an excessive motor torque, the
torque controlled valve means (05 is actuated
partially or completely to close the sleeve valve
118, thereby to reduce or completely cut off the
flow of liquid through the forward feed passage
103 to slow down or stop forward feed and pre-
clude serious overlcading of the motor. When
the motor again operates at its normal load rat-
ing, forward feed is automatically resumed or
brought back to its desired rate, as the case may
be. Thus the actual feeding pressure on the
drill bit will always be kept at or near, as an
upper limit, that required to keep the bit-rotat-
ing motor 46 working at its normal load rating,
although the feeding pressure obviously may be
greatly reduced or even entirely removed, if con-
ditions of drilling increase in difficulty. Since
the mode of operation of the torque controlled
valve means 105 is clearly described in the above
mentioned Paget application, further detailed de-
scription thereof is herein unnecessary.

The bit-rotating motor 45 may be fed manually
simply by manipulating the hand crank 15 to
rotate the feed screw &5 relagive to the non-
rotatable feed nut 68, thereby to move the feed

cylinder {6 forwardly along its guideways.on the

guide frame 5, and the feed cylinder may be
moved forwardly relative to the feed piston 19
while drilling is uninterrupted. As is the case
with the earlier Paget invention, when the feed
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piston has reached its limit of forward feeding
travel relative to the feed cylinder, the slide valve
90 may be positioned to effect supply of liquid
under pressure to the reverse feed passage 104
to effect retraction of the feed piston, and the
feed cylinder may then be manually fed forward-
ly along its guideways on the guide frame 5 into a
new feeding position, and thereafter forward
feeding movement of the feed piston, under the
actuation of liquid under pressure, may be re-
sumed. - Also, if desired, the drill bit may be fed
either forwardly or rearwardly solely by the hand
crank of the feed screw, wholly independently of
the flow of liquid under pressure to the feed
cylinder. In coordination with the manual feed,
the torque controlied valve means 105, due to
its venting function, makes it possible for the
drill bit to be fed forwardly during the drilling
operation while the flow of liquid under pressure
through the forward feed passage 103 to the rear
end of the feed. cylinder is uninterrupted. If
during forward feeding of the drill bit by liquid
acting on the- rear pressure area of the feed
piston it is desired to feed the feed cylinder 16
forwardly along the guideways relative to the
guide frame 5 by means of the hand crank of
the feed screw and so to.move the feed cylinder
forwardly relative to the feed piston, 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 penetration of the drill
bit. This will obviously cause the normal feed-
ing pressure on the drill bit to be increased, and
as a result the torque on the bit-rotating motor
46 to become excessive, so that the torque con-
trolled valve means 105 would move to the right
as viewed in Fig. 7, not only to seat the sleeve
valve (18 but also to move the valve stem 117
relative to the seated valve, thereby to open the
vent ports in the valve stem; and as a result the
liguid in the rear end of the piston chamber at
the rear side of the feed piston can be forced out,
as heretofore described, through ports 122, 123,
axial passage 124 and the exhaust chamber 128,
The venting of liquid from the rear end of the
piston chamber at the rear side of the feed piston
enables manual advancing of the feed cylinder
along its guideways relative to the guide frame
5 by means of the hand. crank of the feed screw.
This, venting function is at all times under torque
control, so that varying rates of venting adapted
to different rates of cylinder movement are ob-
tained, and if the feed exhaust passages are of
sufficient capacity the rate at which the operator

5 manually feeds the feed cylinder forwardly has

no substantial effect on the load on the bit-
rotating motor. This feeding operation enables
the drill bit to be fed forwardly the combined
distances of travel of the feed piston in the feed
cylinder and the feed cylinder relative to the
guide frame 5, without interrupting the flow of
liquid under pressure to the automatic feeding
means, thereby to enable reduction in the time
consumed during drilling and eliminating the
necessity of the operator’s feeding the drill bit
through a series of definite steps. It is accord-
ingly evident that the drill bit may be fed for-
wardly or rearwardly by the automatic feeding
means under the control of the slide valve, and
that the load on the bit-rotating motor auto-
matically effects control of the forward feeding
pressure. During the automatic feeding opera-
tion the feed screw may be locked by means of the
locking plunger 718, and during manual feed these
locking plungers are, of course, released.
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As a result of this invention it will be noted

that an improved drilling apparatus of the high
speed rotary type is provided whereby blast holes
may be hored in relatively hard material, such as
hard rock or the like, relatively quickly and
efficiently. It will further be evident that by the
provision of the improved arrangement of the
feeding means with respect to the bit-rotating
means not only is powerful bit rotation obtained,
but also the drilling apparatus is nicely balanced.
It will also be evident that by the provision of the
automatic feed controlling means embodying
venting function, manual feeding of the drill bit
at substantially any time during the drilling
operation may be caused to supersede the auto-
matic feed, thereby to facilifate and expedite
feeding of the drill. It will also be evident that
by the provision of the novel driving means for
the drill bit and its novel arrangement with re-
spect to the feeding means, not only is the drill
bit driven in an improved manner but also the
drilling apparatus is rendered extremely compact
and well balanced.. Other uses and advantages
of the invention will be clearly apparent to those
skilled in the art.

‘While I have in this application s.pemﬁcally de-
scribed one form which my invention may as-
sume in practice, it will be understood that this
form of the same is shown for purposes of illus-
tration only and that the invention may be
modified and embodied in various other forms
without departing from its spirit or the scope of
the appended claims.

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

1. In a drilling apparatus, the combination
comprising a rearwardly located motor, fluid ac-
tuated feeding means including relatively recip-
rocable feed cylinder and piston elements coax-
ial with said motor in advance of the latter, and
driving connections between the front end of said
motor and a drill bit to be fed including telescopic
driving elements extending centrally forwardly
through said cylinder and piston elements.

2. In a drilling apparatus, the combination
comprising a guide frame, fluid actuated feeding
means including relatively reciprocable feed cyl-
inder and piston elements, said cylinder element
being slidably guided on said guide frame for
longitudinal adjustment relative thereto, a mo-
tor mounted on the rear end of said feed cyl-
inder element in coaxial relation with said feed-
ing means, and driving connections between the
front end of said motor and a drill bit to be fed
including telescopic driving elements extending
centrally through said cylinder and piston ele-
ments,

3. In a drilling apparatus, the combination
comprising a guide frame, fluid actuated feeding
means including relatively reciprocable feed cyl-
inder and piston elements, said cylinder element
being slidably guided on said guide frame for
longitudinal adjustment relative thereto, a mo-
tor mounted on the rear end of said feed cylinder
element in coaxial relation with said feeding
means, driving connections between the front end
of said motor and a drill bit to be fed including
telescopic driving elements extending centrally
through said cylinder and piston elements, and
means for feeding said cylinder element longi-
tudinally relative to said guide frame and for
holding said cylinder element in its different ad-
justed positions.

. 4, In a drilling apparatus, the combination
comprising a guide frame, fluid actuated feeding
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_means including relatively reciprocable feed cyl-

inder and piston elements, said cylinder element
being slidably guided on said guide frame Ior
longitudinal adjustment relative thereto, a mavor
mounted on the rear end of said feed cylinder ele-
ment in coaxial relation with said feeding means,
driving connections between said motor and a
drill bit to be fed including telescopic driving ele-
ments extending centrally through said cylinder
and piston elements, and means for feeding said
cylinder element longitudinally .relative to said
guide frame and for holding said cylinder ele-
ment in its different adjusted positions including
a feeding element extending rearwardly along
one side of said motor,

. 5. In a drilling apparatus, the combination
comprising a motor, fluid actuatéd feeding means
coaxial with said motor and including relatively
reciprocable feed cylinder and piston elements,
said motor being arranged at the rear end of
said feeding means and supported solely by said
cylinder element, and said piston element being
operatively connected to a drill bit to be fed,
and driving connections between the front end
of said motor and the drill bit including tele-
scopic driving elements extending centrally
through said cylinder and piston elements. .

6. In a drilling apparatus, the -combinafion
comprising a motor, fluid actuated feeding means
coaxial with said motor and including relatively
reciprocable feed cylinder and piston elements,
said piston element having a tubular piston rod
exténding forwardly through said cylmder ele-
ment, said motor being arranged at the rear end
of sald feeding means and supported solely by
said cylinder element, and said piston element
being operatively connected to a drill bit to be
fed, driving connections between the front end
of sald motor and the ‘drill bit including tele-
scopic-  driving .- elements extending centrally
through said cylinder and piston elements and
said tubular piston rod; and means for operative-
ly connecting said piston element to the drill bit
including .a thrust head carried by said piston
element at the forward end thereof in advance
of said feeding means, one of said telescopic
driving elements being operatively connected to
said thrust head.

7. In. a drilling apparatus the combination
compmsmor a motor, fluid actuated - feeding
means coaxial with said motor and including rel-
atively reciprocable feed cylinder and piston ele-
ments, said motor ‘being arranged at the rear end
of ‘said feeding. means and supported solely by
said cyhnder element, and said piston element
being operatively connected to a drill bit to be
fed, driving connections betwéen the front end
of said motor and the drill bit including tele-
scopic  driving elements extending centrally
through said cylinder and piston- elements, said
cylinder element having longitudinal guides, and
a guide-frame having longitudinal guideways for
slidingly receiving said cylinder guides.

8. In a drilling apparatus, the . combination
comprising a motor, a feed cylinder coaxial with
said motor in advance thereof, a tube extending
centrally through said cylinder, an annular feed
piston reciprocable in said cylinder and having a
tubular piston rod surrounding and telescopically
arranged with said tube, front and rear heads
for said cylinder respectively cooperating with
said tube and said piston rod to provide an an-
nular piston chamber for receiving said piston,
and driving connections between said motor and
a drill bit to be fed including telescopic driving
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elements extending centrally through said tube
and said piston rod.

9. In a drilling apparatus, the combination
comprising a motor, a feed cylinder coaxial with
said motor in advance thereof, a tube extending
centrally through said cylinder, an annular feed
piston reciprocable in said cylinder and having a
tubular piston rod surrounding and telescopically
arranged with said tube, front and rear heads for
said cylinder respectively cooperating with said
tube and said piston rod to provide an annular
piston chamber for receiving said piston, driving
connections between said motor and a drill bit to
be fed including telescopic driving elements ex-
tending centrally through said tube and said
piston rod, and a thrust head carried by said
piston rod at the forward end thereof, one of
said driving elements being operatively connected
to said thrust head.

10. In a drilling apparatus, the combination
comprising a motor, a feed cylinder coaxial with
said motor in advanece thereof, a tube extending
centrally through said cylinder, an annular feed
piston reciprocable in said cylinder and having a
tubular piston rod surrounding and telescopically
arranged with said tube, front and rear heads for
said cylinder respectively cooperating with said
tube and said piston rod te provide an annular
piston chamber for receiving said piston, driving
connections between said motor and a drill bit to
be fed including telescopic driving elements ex-
tending centrally through said tube and said pis-
ton rod, a thrust head carried by said piston rod
at the forward end thereof, one of said driving
elements being - operatively connected to said
thrust head, and a drill rod chuck carried by said
latter one of said driving elements in advance of
said thrust head.

11. In a drilling apparatus, the combination

_comprising a rearwardly located motor, hydraulic
feeding means coaxial with said motor in ad-
vance of the latter, and driving connections be-
tween the front end of said motor and a drill bit
to be fed including telescopic driving elements
having a sliding splined connection and extend-
ing centrally through said feeding means.

12, In a drilling apparatus, the combination
comprising a rearwardly located motor, hydraulic
feeding means coaxial with said motor in advance
of the latter, driving connections between the
front end of said motor and a drill bit to be fed
including telescopic driving- elements having a
sliding splined connection and extending: cen-
trally through said feeding means, said feeding
means including a reciprocable feeding element,
and a thrust head carried at the forward end of
said reciprocable feeding element and to which
one of said telescopic driving elements is oper-
atively connected.

13. In 49 drilling apparatus, the combination
comprising a guide support, fluid actuated feed-
ing means including relatively reciprocable feed
cylinder and piston elements, said feed cylinder
element being slidably guided on said support for
longitudinal adjustment relative thereto, and
said feed piston element being operatively con-
nected to a drill bit to be fed, a motor mounted on
said feed cylinder element at the rear end of
the latter and arranged in coaxial relation with
said feeding means, and driving connections be-
tween said motor and the drill bit including ex-
tensible driving means disposed wholly in ad-
vance of said motor and extending centrally
through said cylinder and piston: elements.

14, In a drilling apparatus, the combination
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comprising a guide support, fluid actuated feed-
ing means including relatively reciprocable feed
cylinder and piston elements, said feed cylinder
element being slidably guided on said support for
longitudinal adjustment relative thereto, and
said feed piston element being operatively con-
nected to a drill bit to be fed, a motor mounted
on said feed cylinder element at the rear end of
the latter and arranged in coaxial relation with
said feeding means, driving connections between
said motor and the drill bit including extensible
driving means disposed wholly in advance -of
said motor and extending centrally through said
cylinder and piston elements, and means for op- _
eratively connecting the drill bit to be fed to said
feed piston element including a thrust head car-
ried by the latter in advance of said feed cylinder
element, one of the elements of said extensible
driving means being operatively connected to
said thrust head.

15. In a drilling apparatus, the combination
comprising fluid actuated bit feeding means in-
cluding relatively reciprocable feed cylinder and
piston elements, a rearwardly located bit-rotat-
ing motor carried by one of said elements in
coaxial relation with said feeding means, said
feed cylinder element having lateral guides ex-
tending longitudinally along the sides thereof,
and a guide frame by which said feeding means
is. supported and having longitudinal guideways
slidably receiving said lateral guides of said cyl-
inder element.

16. In a drilling apparatus, the combination
comprising a guide support, fluid actuated bit
feeding means including relatively reciprocable
feed cylinder and piston elements, said feed
cylinder element being slidably guided on said
support, a bit-rotating motoer carried by one of
said cylinder and piston elements in coaxial rela-
tion with said feeding means and arranged at.the
rear end of said feeding means, and means for
manually feeding said cylinder element relative
to-said support.including a rotatable feeding ele~
ment arranged parallel with said feed cylinder
element, a coacting feeding element. on said sup-
port, means. for rotatably supporting said ro-
tatable feeding element including a bearing
bracket depending from: the front end of said
cylinder element, and an operating member for
rotating said rotatable feeding element, said oper~
atihg member arranged at the rear end of sa1d
bit. rotating member.

17. In a drilling apparatus, the combination
comprising a guide support, fluid actuated bit
feeding: means including relatively reciprocable
feed cylinder and piston elements, said feed eylin-
der element being slidably guided on said sup-
port, a bit-rotating motor carried by one of said
cylinder and piston elements in coaxial relation
with said feeding means and arranged at the
rear end of said feeding means; and means for
manually feeding said cylinder element relative
to said support. including- g rotatable feeding ele-
ment arranged parallel” with. said’ feed cylinder
element, a coacting feeding element on said sup-
port, means. for rotatably supporting said. ro-
tatable feeding element including a bearing
bracket depending from. the front end of said
cylinder element, a support on- the rear end of
said cylinder element and. a. guide: tube secured
to said latter support and: extending rearwardly
alongside said bit rotating motor and through
which: the rearward portion of said: rotatable ele-
ment . extends, and an operating: member: for said
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rotatable element located at the rear end of said
guide tube. .

18. In a drilling apparatus, the combination
comprising a support, fluid actuated bit feeding
means including relatively reciprocable cylinder
and piston elements, said cylinder element being
mounted on said support, a control head secured
to the rear end of said cylinder element, a bit-
rotating motor carried by said control head at
the rear end of said feeding means in coaxial
relation with the latter, driving connections be-
tween said motor and a drill bit to be fed includ-
ing extensible driving means extending centrally
through said cylinder and piston elements, and
valve means carried by said control head for
controlling the flow of fluid to said feeding means.

19. In a drilling apparatus, the combination
comprising a bit-rotating motor having a power
shaft, feeding means arranged coaxially with and
in advance of said motor, and driving connections

10

15

20

7

between the forward end of said motor power
shaft and a drill bit to be fed including exten-
sible driving means disposed in advance of said
motor and extending centrally through said feed-
ing means.

20. In a drilling apparatus, the combination
comprising a bit-rotating motor, feeding means
arranged coaxially with and in advance of said
motor, driving connections between the front end
of said motor and a drill bit to be fed including
extensible driving means extending centrally
through said feeding means, and means for sup-
plying cleansing fluid to the drill bit including a
fluid-conducting element stationary with respect
to said motor and extending centrally through
the latter and within said extensible driving
means.

CHARLES F. OSGOOQOD.




