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To all whom it may concern:

" Be it known that I, GEoree A. FOWLER,

~acitizen of the United States of America, re-

10

siding at the city and county of Denver and
State of Colorado, have invented a new and
useful Tunneling-Machine, of which the fol-

lowing is a specification.

My invention relates to improvements in
tunneling machines. S
The object of the invention is to provide

g suitable frame mounted upon wheels, said

15

frame being provided at its forward end
with a drill head provided with a plurality

of fluid operated drills, said head being piv-
otally mounted on the frame and adapted to
swing from side to side in the arc of a cir-

cle, upon a vertical axis, means being pro-

- 20

vided for admitting fluid under pressure to
said drills, and for automatically swinging
said head from side to side and for manually

- moving said machine forward against the

breast of a tunmnel.
A further object of the invention 1s to

‘provide in connection with a machine of this
29

character, a mucker, which is in position to

~ receive the rock cuttings and which 1s adapt-

ed to receive air under pressure whereby the

~ rock cuttings are blown rearward and are de-

30

posited upon an endless conveyer supported
upon the frame, means being provided for

~operating said conveyer and for automati-

35

40

45
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cally swinging said head from right to left,
said automatically operating means being

 adapted to reverse the movement of the head

at a predetermined point 1n 1ts travel.

A further object of the invention 1s to pro-
vide a wheeled frame having a cutter head
pivoted upon one end, means for swinging
said head from side to side and for auto-
matically reversing its movement at a pre-
determined point in its travel, said head be-
ing provided with a plurality of fluid oper-
ated drills which are adapted to form either
a square or an arched tunnel, means being
provided for raising or lowering the rear
end of said frame. ' .

A still further object of the invention 1s
to provide in connection with a suitable sup-
porting frame, a cutter head which 1s piv-
otally mounted on said frame to swing from
side to side, said head being provided with
a plurality of rows of fluid operated drills
which radiate from a common point, the
drills in one row being arranged to alter-
nate with those in the adjoining row or rows,

- means being provided for moving the ma-

chine forward as the breast of the tunnel 1s
cut away. | | -
These , objects are accomplished by the
mechanism illustrated in the accompanying
drawings, in which: _
Figure 1, is a side elevation of the 1m-
proved tunneling machine, the inclosing
plates on the near side of the machine being
removed. Fig. 2,1s a plan view of the same.
Fig. 3, is a rear end elevation of the ma-
chine, one pair only of the side bearing roll-

ers being illustrated. Fig. 4, 1s a front end

elevation of the same, the cutter head being
removed, and the worm gear by which said
head is operated and also its bearing block

60

65
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being shown in section. Iig. 5, 1s a side

elevation partly in section of the cutter head,
the drill cylinders and drills being removed.
Fig. 6, is a side elevation of a portion of one
of the half sections constituting the cutter
head, looking at its inner face. Ifig. 7, 1s a
horizontal sectional view on the line 7—T7 of
Fig. 5. Fig. 8, is a similar view on the line
8—8 of Fig. 5. Fig. 9, is a sectional view
through a portion of the cutter head on the
line 9—9 of Fig. 5. Fig. 10, 1s a front ele-
vation of a portion of the cutter head, show-
ing the arrangement of the sockets which re-
ceive the drill cylinders. Fig. 11, 1s a Iront
elevation partly in section of the cutter head
reversing mechanism. Fig. 12, 1s a horizon-
tal sectional view of the engine used 1n con-
nection with said reversing. mechanism.
Fig. 18, is a transverse vertical section of
said engine. Fig. 14, is a front elevation ot
the supporting means for the worm pinion,
by which it meshes with a worm gear on the
rear axle of the machine for propelling the
machine forward. Fig. 15, is a detail plan
view illustrating the means of holding said
pinion in engagement with said gear. Fig.
16, is a sectional view on the line 16—16 of
Fig. 15. TFigs. 17 and 18 are plan views
respectively of the upper and lower sup-
porting plates for the worm pinion shown
in Fig. 14. Tig. 19 is a vertical longitudi-
nal sectional view through the muck re-
ceiver. Fig. 20, is a plan view thereof.
Fig. 21, is an enlarged sectional view of the
drill head showing a drilling engine ar-
ranged in operative position. Fig. 22, 1s an
end view of the sleeve, showing the station-
ary valve in position to admit air to the rear
of the hammer piston. Fig. 23, 1s a sec-
tional view on the line 23—23 of Iig. 21,
showing the valve in position to admit air
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at the forward end of the piston. Fig. 24,
1S a perspective view of the valve plate or
stationary valve. Ifig. 25, is a perspective
view of the rotatable valve. Iig. 26, is a
side view partly in section, of the striking
pin, the rear end of the drill being shown in
locked position therewith. Ifig. 27, is a sec-
tional view on the line 27—27 of Fig. 26.
Fig. 28, is a side elevation of a form of drill
head which is adapted to cut an arched tun-
nel, and also a muck channel in the floor of
the tunnel. Fig. 29, is a sectional viesw

' showing the form of tunnel cut by the drill

15

head shown in Fig. 28. Tig. 80, is a view
of one of the clutch reversing levers. Fig.
31, 18 a sectional view through the piston
hammer sleeve, the piston hammer being
partly broken away, to show the feather key

- by which it is prevented from axial rota-

20

tion within said sleeve. And Fig. 32, is a
tront elevation of the hammer piston.
Sumilar letters of reference refer to simi-

- lar parts throughout the several views.

29

30

39

~ Referring to the drawings, the numeral
1, designates the supporting frame of my
machine. This frame is preferably con-
structed of channel bars or beams, but may
be made of other material if desired, and
comprises four longitudinal base beams 2
and 3, which are preferably arranged in
pairs side by side on opposite sides of the
machine, the two beams of each pair being
arranged at suilicient distance apart to re-
ceive the rear supporting wheels 4, between,
them, upon which the rear end of the frame
of the machine is mounted. To the base
beams are secured corner standards 5, and

~central standards 6, to which are secured

40

45

00

longitudinal roof beams 7, which are con-

nected at their opposite ends by Z bars 8.
A central longitudinal channel beam 9 is
supported upon and secured at each end to
the Z bars, and transversely arranged chan-
nel plates 10 are secured at their ends to the
beams T and 9, near the front end of the
frame. Each pair of beams 2 and 3 are
connected by plates 11, and the beams 2 and
3 of each pair are connected by plates 12.
The front end of the frame is mounted on a
pair of small rollers 13, and these rollers are
placed between the beams 2 and 3, and are

- each mounted on an axle 14, which axles are

735

60

65

journaled in boxes 15, secured to the under
sides of the beams.

The rear wheels 4, are preferably larger
than the rollers 13 that carry the front end
of the frame, and are mounted on an axle
16, which extends across the frame and is
journaled in eccentric sleeves 17 which are
rotatably mounted in boxes 18, which are
bolted to the upper edge of the beams 2 and
3, on each side of the frame. These eccen-
tric sleeves are each secured to the terminal
ends of yoke-shaped hand levers 19, the yoke
portion of which straddles the wheels. Seg-

talcky ground are encountered.

996,842

ment plates 20 are secured to the frame, and
partially surround each wheel, and the plates

are provided with a plurality of holes 21,

which are adapted to receive removable pins
22, which are each passed through apertures
in the levers 19, and in any one of the holes
21 of the adjacent segment plate 20. By
this arrangement, the yoke levers can be
moved to turn the eccentrics in their boxes
to raise or lower the axle and wheels, either
in unison or independently, and by inserting
the pins 22, in the holes in the tops of the
yoke levers, and in registering holes in the
segment plates, the eccentric sleeves may
be secured at the desired adjustment. The
eccentrics are positioned in the boxes to

stand with their throw portions in horizon-

tal planes, and with their operating lever 19
locked to the segments in a vertical position,
i which position the frame stands in a

| horizontal plane, but when the eccentrics

are turned, the rear end of the frame is
either raised or lowered according to the di-
rection of movement of the levers 19. '

Lhe object of raising or lowering the rear
end of the frame above or below a horizon-
tal plane, is to enable the machine to form
a tunnel of any practical upward or down-
ward grade or pitch of inclination to a hori-
zontal grade, and also for the purpose of
guiding the machine back to the specified
grade of the tunnel when the machine acci-

dentally works away from it, as it is apt to

do when streaks of soft shattered rock or

The frame is moved forward or backward
on the floor portion of a tunnel, by a worm

gear 23, which is mounted on and secured to
the axle 16, and is operated by a worm pin-

1on 24. The worm pinion 24 is positioned
m a vertical plane in mesh with the worm

gear, and 1t 1s provided with a shaft 25,

which extends beyond its opposite ends and
1s Journaled at opposite ends of the pinion
in bearing plates 26, which are bolted to a
pair of parallel yokes 27, which extend
around the axle 16, and hold the pinion in
mesh with the gear, as shown in Fig. 16.
The pinion and its shaft are further sup-
ported by upper and lower bracket plates
28 and 29, respectively, which are bolted to

the inner base beams 3, as shown in Fig. 14.

These brackets are provided with open
ended bearing recesses 30, through which
the shaft 25 passes, and in which it is per-
mitted a slight rocking movement to allow
the worm pinion to remain in mesh with the
worm gear when the said frame is raised or
lowered by the turning of the eccentric
sleeves 17.  The shaft 25 of the worm pin-
lon extends above the hanger, and at its
upper end an operating arm or lever 381 is
pivotally secured to turn freely on the end
of the shaft. This arm is provided with a
pawl 32, which is arranged to be held by a
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_'spriilg 83, n engagement ‘with notches in a
disk 34, which is keyed to the top end por-

tion of the shaft. This pawl is connected by

a rod 35, to a hand lever 36, which is piv-
otally attached to the handle end of the arm

31. This auxiliary handle 1s arranged rela-
tive to the main handle to be grasped by the
hand of the operator, with the main handle,
to withdraw the pawl from the notches 1n
the disk 34. The pinion is manually rotated

to turn the worm gear by oscillating the arm

31 back and forth, and in doing this the two
handles are grasped to disengage the pawl
from the disk 84, and the lever is moved 1n
one direction and the auxiliary handle re-

Jeased to allow the spring to throw the

pawl into a notch, after which the arm 1s

“moved in the opposite direction, and the

20

shaft and pinion are thereby rotated. _
To the sides of the base and roof beams
of the frame are pivotally secured lateral

bracing arms 37. These four arms are
hinged at their inner ends to plates 35,

which are secured by bolts or rivets to the
central portions of said beams. The arms
37 are in the form of channel bars, and to

 their outer ends are riveted hinge straps

20

39, which are bifurcated at their free ends
to receive the bifurcated ends of bolts 40,
and in the bifurcated ends of the bolts are
supported rollers 41, which are pivotally
mounted upon pins which pass through

~them, and through the bifurcated ends of

35

- 40

45

the bolts 40, and hinge straps 39. The bolts
pass through nuts 42, having convex faces,

which rest in corresponding concave faces

of platés 43, which are bolted to the beams,
and which are provided with holes through
which the said bolts pass. By adjusting the
nuts upon the bolts, the outer ends of the
arms 37 are moved out from the iframe
against the opposite sides of the tunnel, and

the rollers 41 are adapted to bear and roll
‘against the side walls of the tunnel, as the

frame is advanced against the breast thereot

by the worm pinion and its gear. Upon

00
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the central portion of the frame 1, 1 place
a suitable motor 44, preferably an air op-
erated single cylinder slide valve engine,
which is placed in a vertical position, with
its cylinder 45 close to the base beams of

the frame, and with its connecting rod 46

extending vertically upward toward the
roof of the frame. The engine is supported
in this position by suitable braces 47, which
are secured to the engine at one end and to
a base plate 48, which is secured to the base
beams of the frame. To the upper cylinder
head is integrally connected a distance piece
474, having a platform 475, at its upper enda,

to which are bolted bearings 47¢, in which
the driving shaft of the engine is mounted.

A pipe 49 is connected to the valve chest

of the engine, and extends to and 1s con--

nected to an air receiving tank 50, which 1s

. placed on the

s

oor of the frame adjacent to
the engine, and the engine is provided with

the usual exhaust port. A supply pipe ol

oxtends from this tank to the rear end of

the frame, and is adapted to be connected

with a supply of compressed air.

The engine’s driving shaft 52, is provided
with a fly wheel 524 on one side, and with
a belt pulley 58 on its opposite side.

A
shaft 534 extends longitudinally through
the frame, and centrally of its width, and
is journaled in hangers 54, which are bolted
to the under side of the channel beam 9.
This shaft carries a pulley 55, which 1s se-

cured to it, and is driven by a belt 56 from

the driving pulley 58 of the engine. This
shaft extends to the front end portion of

the frame, and a bevel gear 58 1s secured to

its end. This bevel gear meshes with two

bevel gears 59 and 60, which are secured on

the ends of two shafts 61 and 62 respec-
tively, which are journaled at right angles
to the main shaft 534, in a three-bearing
hanger 63, which is also secured to the chan-
nel beam 9. The bearings for the shatts
61 and 62 are in line, and the third bearing
is at right angles to these bearings and sup-
ports the forward end of the shaft 53~

These shafts 61 and 62 extend in opposite
directions from the horizontal center of the
main shaft and from each other, and are

70
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rotated in opposite directions by the gear

58 and the gears 59 and 60. On each of the
shafts 61 and 62, sprocket wheels 64 and 65
respectively are secured, on which sprocket
chains 66 and 67 respectively are mounted.

The sprocket chains extend to and are

mounted on sprocket wheels 68 and 69 Fig.
11, which are slidably mounted on sleeves
70 and 71, which are slidably and rotatably

‘mounted on a shaft 72, that is journaled in
bearing blocks 73, that are secured to the

beams 2 and 3 of the frame.

The two gears 59 and 60, and their shafts,
are driven by the gear 58 on the end of the
shaft 53%, in opposite directions, and this
opposite direction of rotation 1s 1mparted

to the sprocket wheels 68 and 69 on the

sleeves 70 and 71, by the sprocket wheels

| and the sprocket chains. A worm pinion 74

is formed or secured on the central portion
of the shaft 72, which pinion meshes with
and drives a semi-circular worm gear 75,
the hub of which 1s pivotally mounted on a
pin 76, that extends through overlapping
lugs 77, formed on a two-part, drilling heacl

100

105

1106

115

120

78, and which also extends through a block

79 that is supported in a yoke-shaped chan-
nel beam 80, the ends of which are bolted
to the 1inner base beams 3. |
The sprocket wheels 68 and 62 are se-
cured to the sleeves 70 and 71, by Teather
keys 81, which permit a sliding movement
of the sleeves within the said sprocket
wheels, but lock the said wheels to the

125
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sleeves, so that the sleeves are rotated by
the wheels. The wheels 68 and 69 are held
against lateral sliding movement by brackets
82, having upward projections 83, between
which the said wheels lie, and the projec-
tions prevent the wheels from shiding with
the sleeves, when the said sleeves are moved,
as will be presently more fully explained.
The drilling head 78 is provided at its
upper end with apertured lugs 84, a lug be-
ing formed on each half section of the head,
and arranged to overlap, so that their aper-
tures will register. A yoke-shaped bracket
85 1s secured to a bar 86, which is secured
to the upper portion of the forward uprights
9, of the frame, and the bar 86 is further
supported by braces 87, which are secured to
the forward Z bar 8. The bracket 85 is sup-
ported from beneath by braces 88, which are
secured to the bracket, and to the uprights
9. Within the bracket 85, is secured a block
39, having an aperture in axial line with the
aperture in the block 79, and a pin 90 is

passed through the apertured lugs 84 and
the block 89. Thus the pins 76 and 90 SUP-

~port the drill head, and permit it to be

30
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swung from
circle.
The worm pinion 74 and the worm gear
75 are adapted to swing or oscillate the drill
head in a horizontal plane, and in a semi-

right to left in the arc of a

circular path from one side of the tunnel to |

1ts opposite side, through the medium of the

~engine and shafting, and the bevel gears 58,

o) and 60, the sprocket wheels 64 and 65,
the sprocket chains 66 and 67, and the
sprocket wheels 68 and 69. The sleeves 70
and 71 are formed with clutch teeth 91 on
their inner ends, which are adapted to en-
gage similar teeth 92 on the opposite ends
of the pinion 74, and these clutch teeth may
be of any suitable form. The sleeves, which
are rotated in opposite directions, are op-
erated to alternately engage the clutch faces
of the pinion 74, thereby to reverse the di-
rection of the rotary movement of the said

worm pinion at the ends of the reciprocal

swinging movements of the drilling head
from one side of the tunnel to the other, and
they also are adapted to permit the operator
to stop the head at any desired point and
reverse 1ts movement as often as desired in
etther direction. It is essential; however,
that some reliable and powerful method of
moving these oppositely rotating -clutch
sleeves be employed in order that they may
be moved in successive and regular order
without interfering with each other. I pret-

- erably carry out this feature of my inven-

tion in the following manner:.To the bear-
ing block 78, are secured a pair of parallel
angle bars 93, which are bent in the form

shown in Fig. 11, and which together form

a bridge or support, upon the upper central
suitable engine 94 is se-

portion of which a

L
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cured. A space is left between these bars

and to their under sides are bolted brackets

90, the brackets on one bar being in line with

those on the other bar. These brackets are
apertured and a pin 96 is passed through
the apertures of each pair of alined brackets,
and upon the pins are mounted levers 97
and 974, which are yoke-shaped at each end.
The lower yoke ends of each lever are pro-
vided at their extremities with inwardly ex-
tending lugs 98, which are adapted to ex-
tend into annular grooves 99, of the sleeves

70

79

(0 and 71, which grooves may be formed di-

rectly in the sleeves, or they may be formed
by securing collars 100 upon the sleeves, as

shown in Kig. 11, a space being left between
each pair of collars, which constitutes the

groove, -

The levers 97 and 974 are provided with

elongated apertures 101, at their upper ends,
through which pass pins 102, which also

pass through enlargements on a pair of pis-

ton rods 103, and 1034 respectively, which
extend out through the heads of the engine
94, and are supported in standards 944 se-
cured to the bars 93. SR

The piston rods are attached to and ex-
tend from piston heads 104 and 105, which
are reciprocally mounted in the engine cyl-

inder. The engine cylinder is provided with

two cylindrical bores 106 and 107, in which
the piston heads 104 and 105 are reciprocally

mounted, and these cylinder bores are ar-

ranged 1n direct horizontal alinement, and
are separated from each other by a parti-
tion 108. The axial center of this partition
15 provided with an aperture, in which a pin
109 1s shidably mounted. This pin is made

enough longer than the thickness of the par--

tition to permit it to be moved by the pis-

ton heads 1n alternate order far enough to

move-the opposite piston a sufficient distance
to uncover 1its actuating fluid inlet port, as
will be hereinafter described. |

The cylinder is provided with a valve
chest 110, which is provided with a valve
seat, and a flat slide valve 111 is seated on

80
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the valve seat within the valve chest. This

valve 1s operated by a rod 112, which is se-
cured at one end to an apertured lug 113,
on the valve, and which extends out through
a stufling box 114, on the end of the chest,
and 1s pivotally secured at its opposite end

to a lever 115, which is pivotally connected

at 1ts lower end to a bracket 116, secured
to the bars 93. The lower end of this lever
1s yoke-shaped, to straddle the adjacent pis-
ton rod 103, and 1its upper end is pivotally
attached to a lever 117, having a handle
portion at one end, while its opposite end
15 pivotally secured to a lever, comprising
an upright arm 118, which is connected to

115

120
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the lever 117, a horizontal member 119,

which is mounted in bearings 120 on the top
of the valve chest, and an arm 121, which
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. 60 the opposite ends of their strokes, or when

10

| 996:84’2 |

projects at right angles
end of the member 119.
pivotally connected at its extremity to a
vertical bar 122, which is slidably supported
in a guide block 123, which is secured upon
the outer bar 93. The lower end of the bar
199, carries a roller 124, which 1s adapted
to be engaged alternately by cam plates 125
and 126, which are secured at opposite ex-
tremities- of the worm gear 75. The cam

126 is adapted to pass under the sald roller

and lift the bar 122, when the gear 75
reaches the l1imit of its movement in one di-

rection, while the cam 125 passes over the

15

roller and thereby draws the bar down
again, when the gear reaches. the limit of

its movement in the opposite direction, the

- 20

object of which is to reverse the slide valve

111, as will presently be more fully described.

The valve 111 is enough shorter than the
length of the inside of the valve chest to
control by its alternate strokes two ports 127

and 1928, which are formed at opposite ends

295

of the valve chest, through the valve seat

of the eylinder, to admit the actuating fluid

~ from the valve chest into the outer ends of

actuating

. 30

the two piston bores of thecylinder. An
uid inlet pipe 129, In which a
valve 130 is placed, is threaded to the valve
chest and extends to a pipe 181, which con-
nects the air receiving tank 50 with the drill
head, and an exhaust port 132 in the wall

~ of the engine cylinder connects with an ex-

35

~ haust chamber 133 formed 1n the bottom of
the valve, and with the atmosphere. This

exhaust chamber of the valve communicates
alternately with the ports 127 and 128 of
the valve chest, at the ends of its opposite

~ reciprocal movements. The two piston bores

40

of the cylinder are connected on opposite

sides of their dividing partition 108, by a

port 1384, which extends from ‘each bore

K 45

through the wall of the cylinder and below

 the sard partition.

" The entrances of this port 184 in each cyl-
inder, are positioned at a sufficient distance
from the opposite sides of the partition to

~ enable the piston heads 104 and 105 to stand

 wholly between the entrances to the

o0

95

o€ . . he port
and the partition when the piston heads are
against or almost against the partition, and
the object of this port is to allow the actu-

ating fluid to pass from one cylinder to the

other, and move the pistons on their out-
ward strokes, as will be presently explained,
and in order to accomplish this, the pe-
ripheral edge portion of each piston 1s bev-
eled on both sides to allow the actuating
fluid to flow readily behind them when at

“one piston is moved away from the parti-
tion beyond the adjacent port entrance, by
the impact of the other piston on the pin

e

109. This rotary motion reversing mech-

anism operates to reverse the direction of

from the forward |
The arm 121 1s

1>

the rotary movement of the pinion and gear

and of the drilling head in the following
manner: The valve 130 being opened, com-
pressed air is conveyed through the air In-
let pipe 129 to the valve chest. The oper-

70

ator then grasps the hand operating end of

the valve lever 117, and moves the valve to

one end of the valve chest, and assuming
that the valve has been moved to uncover
the port 127, the compressed air enters the
cylinder 106 and moves the piston 104
against the partition, and as 1t moves to
the rear end of its cylinder, its rod 103

moves the clutch operating lever 97 with 1t,

and this lever moves the clutch sleeve T0
on the driving shaft 72, away from the
clutch of the adjacent end of the worm T4,
and consequently uncouples it from the
worm, and when the piston 104 reaches the
limit of its stroke, it strikes the pin 109
and moves it through the partition 108, and
the pin moves the piston 105 away Irom
the partition far enough to open the farther
end of the port 184 and allow the compressed
air to flow through this port from the cyl-
inder 106 and into the cylinder 107, and be-

‘hind the piston 105, which has been moved

away from the partition by the pin far
enough to uncover this port to admit air

behind it. The air then moves the piston

105 to the front of its cylinder 107, and 1n
doing so its piston rod 1034 moves the clutch

sleeve 71, into engagement with the ad]a-

cent end of the worm pinion T4, and as the
sprocket wheel 69 carried by this sleeve 1s

rotating in an opposite direction from- the

sprocket wheel 68 carried by the sleeve 70,
the direction of rotation that was imparted
to the worm pinion 75 before the clutch
sleeve 70 was uncoupled from 1it, 1s reversed,
and the drill head is swung in the opposite
direction. '

75
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The operator can allow the motion of the

worm to continue until the drilling head has
swung around at or close to right angles to
the longitudinal axis of the frame and tun-
nel, when he can at any time reverse it, by
orasping the valve operating lever 117 and
moving it to close the port 127 and open the
port 198. When the lever 117 is pushed to
uncover the port 127, the bar 122 carrying
the roller 124, is raised by the upward move-
ment of the arm 121, and as the worm gear
75-—which is turning from left to right, as
one looks toward the front end of the mua-
chine—approaches the limit of 1ts move-
ment in this direction, the cam plate 125
passes over the roller 124, and draws the bar

192 down, which movement is imparted to

arms 118, 117 and 115, thereby reversing the
position of the valve 111, and UNCovering
the port 128. The air then flows behind the
piston 105, and moves 1t to_the rear of 1ts
cylinder, where it engages the pin 109, and

moves it to move the piston 104 beyond the

110

115

120
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entrance of the port 134, and when the

piston 105 reaches the partition, and un-
covers the adjacent end of the port 134, the
air flows through the said port behind the
piston 104 and moves it to the front end of

~1ts cylinder, and in doing so its piston rod

moves the clutch lever 97 to throw the cluteh

- sleeve 70 again in mesh with the adjacent

10

and of the driven gear.

15

clutch of the worm pinion 74, again revers-
ing the direction of movement of the pinion

The drill head comprises two segmental
sections 135, which are bolted together by a
plurality of bolts 186, and the sections are
each formed with registering key seats 137,
in which keys 1388 Fig. 21 are placed, when
the parts are assembled, and these keys

~prevent twisting of the sections one upon

20

~thewr apertures 844 will
pns 76 and 90 are passed through these lu os
and through the blocks 79 and 59, thus hing-

29

30

the other, and the constant strain upon the
connecting bolts. Each section is provided
with the rearwardly projecting apertured
hinge lugs 84, previously referred to, and
these lugs are formed to overlap so that
register, and the

ing the drill head to the front end of the
frame, so that it may be swung from side to
side in the arc of
scribed. __ | |

Kach section is provided with a row of

. cylindrical sockets 189, which radiate from

35

40

~the upper and lower end thereof,

45

two drills at each end, which
~apart, as will be apparent.

50

the point from which the arc of the cutter
head is described, and the sockets in one
section alternate with those in the other

section. The top and bottom sockets of each

section are on the same plane, and as this

would make the Intervening space between
‘the two upper sockets in one section and the

two lower sockets in the other section greater
than the space between the other sockets, a
half socket 140 is formed in cach section at
and be-
register
assembled, .and the

tween the last two sockets, which
when the sections are
drill placed
away the rock which would be left by the
are farthest
Back of each

row of sockets a live-air chamber 141 is

- formed, and these chambers extend from one

end of the section to the other, and commu-
nicate at each end of the head through pas-
sages 142, which are immediately behind the

central sockets 140. Fach socket has a sup-
ply aperture 143 in its

bottom, which com-

- municates with the adjacent chamber 141,

60

and. in the wall of each socket next to the
mnner face of the section is formed an ex.
haust port 144, which opens into an exhaust
chamber 145, which is located between the
two live-air chambers 141, and which forms

'- ~ part of a larger exhaust chamber 146, which

extends the whole length

head, and which 1s behind and parallel with

stood by reference

a circle, as previously de-

In these two sockets will cut

and width of the

- 996,842

.the chambers 141. A threadéd | nipple'.lﬂ_

extends through the rear wall of the-exhaust
chamber 146, and into and through the di-

viding wall between this chamber, and one

of the live-air chambers 141, and this nipple
s adapted to receive one end of a hose 148,
extending from the supply pipe 181 of the
tank 50, whereby air under pressure 15 ad-
mitted to the chambers 141, as will be under-
. _ to Iigs. 5 and 7.

The chamber 145 terminates at each end,
where 1t is intercepted by the walls of the

70

79

two central sockets, and these sockets have

their exhaust ports 149 in these walls, and as
the chamber 145 terminates short of the two
uppermost and two lowermost sockets, a
small chamber 150 is formed in the half sec-
tions, between each two of said sockets,
which communicates with the chamber 146,
and the exhaust ports from the uppermost
and lowermost sockets communicate with
this chamber 150, as will
ence to Ifigs. 6 and 9. | _
At the lower end of the exhaust chamber
146, an exhaust port 151 is formed in the

outer wall of each section, and these ports

are connected by pipes 1954
matic mucker,
hereinafter. . .

Any suitable character of rock drilling

with a pneu-

which will be fully described

80

89

appear by refer-
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engine may be employed in connection with
the drill head, but I preferably employ a -
hammer piston drilling engine, in which the

blows of
are

cushioned, so that the bifs cannot be

100

driven into soft or seamy rock or into talcky
ground beyond a stroke of precdetermined

limit, and the front ends of the engines can-
not be broken or knocked out by the action

of the hammer piston. Tt 1s also preferable

to employ removable sleeves .or cylinders
which fit into the sockets 139, and in which
the hammer pistons and other movable parts
of the engine are mounted, and which re-
ceive the wear of these parts. . These sleeves
152 are pressed into the sockets 139, and rest

agamnst the bottoms thereof. - They are

ends of which are threaded for ‘a suitable
distance, and apertured nuts 153 are screwed

mto the sockets, against the outer ends of

the sleeve, to secure them 1n place. .

distance at_each
155, and before.they
which make up the
which are as follows:. -

- A rotatable disk valve -'1"5'6 is pl "—'L.C.Qd 111 ‘rhe :
counter-bore 154,

nter-bore SO as to rest against its
shoulder. This valve has a central aperture
through which is i
of a rifled bar 157, which 1s secured to the

valve by a pin 158, which passes through the
valve and the sald reduced portion of the

. -. -

105

110

shorter than the depth of sockets, the outer

115

- The sleeves are counterbored for a short
end, as shown at 154 and
_ el are secured within the
sockets, they are each supplied with the parts
drilling engine, and

inserted the reduced end

130
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rifled bar.

racdial
through 1it, and with a port 160, which is in
the form of a chamber e‘{tendmﬂ' into the
valve from 1its peripheral edge, and a port
161 extends from the port 160 throucrh the
A portplateor dﬂk 162

10

15

096,842 o _ s

The valve is provided with a
port 159, which extends entirely

rear side ot the valve.
1 suitably secured in the end of the sleeve
against the valve 156, and this plate is pro-

vided with a port 168 with which the port

161 of the valve 156 reﬂistels 1n one position
of the said valve, and it is also provided
with a port 164 Whlch extends out through

its peripheral edge. The port plates are ot

the same diameter as the apertures 143 in

the bottoms of the sockets 139.
The rifled bar 157 is provided with longi-
tudinally disposed grooves 165, preferably

four in number, Wthh extend from the valve

to the end of the bar, and one side of each
groove at 1its forward end terminates in an
inwardly projecting cam surface 166, which

“recduces the groove to one half of 1ts width at

25

this point, while the opposite sides of the rear

ends of the orooves are formed with similar

- cam surfaces 167. The rifled bar extends

through a rifled nut 168, which is threaded
in the end of a hollow hqmmer piston 169,

~ which delivers its blows against a strlkmg

30

~ portion 172. The head portion recipr ocates |
between the shoulder of the counterbore of
the cylindrical sleeve, in which 1t 1s recipro-

30

' pin 170, which is 13031t1011ed 1n the counter-
. bore 155

This striking pin consists of a
head portion 171 and a drill holding hub

- cally confined, and the nut 153 which is pro-

vided with an axial aperture through Whmh

- the hub of the striking pin 1:)r0]ects recipro-
- cally and extends far enouﬂh beyond the nut

40

to receive and be locLed 130 the Sh"uﬂ{ end of

a drill bit 173.
The drill bit may be removably secured

| to the projecting end of the striking pin in

- any suitable manner, but I preferably carry

45

1

2O

out this feature of my invention in the fol-

lowing manner: I form a recess or Socket'

174 in the end of the striking pin to recelve
fmd fit the end portion of the drill bit with
a free but close fit, and across the projecting

end of the 01,1t51de surface of the stllkmg

pin into this aperture I form a keyway 175.

A circumferential keyway 176 is also for med

around the-end of the drill shank in a posi-
tion to register with the keyway i

serted therein. The drill bit 1s then locked
to the shank of the striking pin by a spring

~ key 177, which fits in the keywwa of both

60

. 357them to SPI'IHO‘ over the end of the strlk ne -

the stllkmg pin and of the drill bit. This

spring key comprises a spring band 178, one

end of which 1s bent to form a U—shaped

cross section, and this bent end 179 consti-
tutes the key The ends of the spring are

arranged at a distance apart that will enable

in the hub
of the stmkmﬂ pin, when the drill bit is in-

‘piston to cross this

pm The hammer plston is feathered to the
cylindrical sleeve by a key 180, which ex-
tends through the sleeve and p10]ects into
a keyway 181, formed between the opposite
ends of the hammer piston. The key has a

notch 182, which registers with a recess 183
in the .Jleeve in which recess a suitable im-
plement mfly be inserted to withdraw the

key, in order to remove the piston hammer
from the sleeve.

rifle flutes of the rifie bar oceupy but a short
portion of the stroke of the hammer piston,
and its rifled nut on the rifle bar. The cam
surfaces at the front and rear ends of the

rifle bar have a short straight portion be-

yond them, and the position of these cam

surfaces may be changed either nearer the
ends of the rifle bar or farther away from
them than I have illustrated, if it is desired
to secure a quicker or Slower action .of the
valve.

The sleeve 152 has a 10110‘11:11(:111131 oroove
or port 184 1n its pellpheml surface, which

opens at its rear end into the port 160 of the

valve 156, and at its opposite end it extends
through the sleeve forward of the hammer
piston, and when the valve 1s 1n the position
shown in Fig. 23, live air entering through
the port 163 1s admitted through ports 161,

160, and 184, to the front of the hammer

piston, and the air back of said piston ex-
hausts thrmwh the port 159, and through a

port 185 in the sleeve, which registers with:

one of the exhaust ports 144 and when the
valve 1s 1n the position shown in Fig. 22,

live air enters the rear end of the sleeve
| through ports 164 and 159, and the air in
front of the hammer piston ehhmsts through

ports 184, 160, 185, and 144. When the
rifled nut 168 contacts with the cams 166 of
the rifled bar on the forward stroke of the
hammer piston, the valve 156 is turned to
the position shown in Fig. 28, and when the

said nut engages the cams 167 at the rear
end of the rifled bar, the valve is thrown to

the position shown in Iig. 22.

The actuatmcr fluid 1s also used to 'cushlon
the striking pins and hold them at the end

of their forward position, to receive the full
blows of the hammer pistons, and 1t passes
to the rear of the heads of the striking pins,

pempheml surface of the sleeve at a point
opposite the port 184. 'The

chambers 141. The ports 186 are arranged
to enter the counterbores 155, behind the
striking pin at the rear of their head por-
tions, in order to allow the striking pin
when driven back by a blow of the hammer

for an instant the air filling the space be-
tween this port and the head nut 153, thus

cushioning the striking pin so that it. cannot,
hammer agamst the S&ld nut, and also pre-

The cam surfaces of the

ports 186 com-
‘municate at their rear ends with the live air

port and to compress
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| through a port 186, which is grooved in the
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venting the striking pin from hammering
the drill bit when 1t 1s not held up against

~and 1n operative drilling relation to the

breast of the tunnel.

- While the drill bits are ﬁrmly supported
by the striking pins of the drilling engines,
I preferably prowde an additional suppmt
f01 them at about the center of their lengths,

~1n which they are slidably mounted. This

10

support consists of a sheet iron plate 187,

- which is supported at a distance of about

19

20

25

one-half of the length of the drills by a
brace 188, which is secured to the face edge

of the head ~This plate 1s provided with
apertures of the shape of the drill steel used,
through which the drill bit extends and its
loosely but close enough to support the drill
bits against springing to either side of their
central positions. In order to discharge the
muck or rock drillings as fast as 1t is madej
1t 1s necessary that it be guided to drop di-
rectly to the floor as fast as it is drllled off

of the breast of the tunnel by the drill bits,

and confined to the area of the drill bits in-
stead of permitting it to fly in all directions

~ from the drill blts and form a bed all over

- 30

- 35

~the drill bits are drilling against it, and the

40

the area of the ﬂoor at the foot of and ‘Ld]‘t—

cent to the breast of the tunnel.

I preferably carry out this feature of my
invention in the following manner: To the
front of the guide plate 18( I secure at in-

“tervals arms 189 on which I secure in any

convenient manner curtains 190, of canvas
or rubber or other suitable material. These
curtains extend close to the rock drilling

ends of the drill bits, and consequently they

extend close to the bremst of the tunnel when

pieces of rock and fine cuttmO*s instead of
flying 1n all directions from the drill bits,

strike these curtains and are confined to a
space of the width of the gang of drill bits,

and fall to the floor of the tunnel Whele

| 45..

they are shoveled or otherwise moved to the
rear of the tunneling machine. .
I preferably convey the muck to the rear

- end of the drilling head by means of a pneu-

50

matlcally opemtmg muck conveyer, which

18 secured to the lower edge portion of the
‘drilling head and moves with it as it SWINgSs

across the breast of the tunnel, and 1s pro-

 vided with a shoveling lip portion that

moves along the floor of the tunnel against

~or very close to its surface, as the d11111n0'

55
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" the shoveling lip end of the conveyer.
muck conveyer consists of a pan 191, which

18 promded with a muck shoveling hp 192,

85 -

head swings from one side Wall to the other
under any “muck that falls outside of the side
curtains, and that is arranged to extend
close to the rock dr illing pomts of the lower
drill bits of the dril ling head under drill
bits and close enough to the breast of the
tunnel and under all of the drill bits 1 such
a manner that the muck falls directly onto

This

996,842

at its forward end and with a discharge -

spout 193 at its rear end, and an inclined
floor 194 composed of overla,ppmg slats or
strips, spaces being left between the strips
to admit of air under pressure being forced
therethrough, and the strips being over-

70 .

lapped so that the air will be dlrected to-

ward the discharge spout. This floor ex-
tends from the shovelm llp to within a
slight distance of the spout and the space
between it and the bottom of the pan 191

for:ms an air recewmﬂ chamber 195, which

is supplied with air from the e*ahaust cham-
ber 146 of the drill head, by pipes 1954,
which connect with the opening 151 of the
exhaust chamber. The shoveling lip is
tormed by curving up and over and back

‘upon 1itself the termmal end of the bottom

plate, and the top edge of this lip extends
backward from the end substantially paral-
le] with the bottom of the pan a short dis-
tance, and forms the end of an air passage

space alonw the inside of the bottom of the

pan, as will be more fully described here-
inafter.

accommodate the ends of the drills, as will
be apparent.

The rear end of the pan terminates in a
vertical wall, which is bent over at its upper

end as shown in Fig. 19, to form the bottom

The edge of the lip is formed with
semi-circular notches or recesses 1914, which
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of the discharge spout the top of which is

curved as shown. This spout 1s designed to

discharge the muck upon an endless con-
veyer, and I preferably use an endless belt
conveyer 196, which is mounted on rollers

100

197, which are journaled in bearings 198, se-

cured to parallel bars 1985,'whlch are suit-
ably supported from the bottom beams of
the frame, and these bars extend above the
upper rim of the belt, and prevent the ma-
terial discharged thereon from 10111110 over
the sides of the belt. -

- When the drilling engines are in opemtlon

against the breast of 3 tunnel the exhaust
flows from them to the chflmber 195 1n

alr
the bottom of the pan, and this air being

under high pressure rushes to the lip portion

of the bottom of the pan and then flows
115

through the ailr passages between the strips

105

110

of the floor 194, at a backward angle that
will move and f01 ce the muck that fqlls on .

| the lip portion of the conveyer backward

over the said floor, and out of the chscharwe |

spout 193 at the rear end of the conveyer

120

onto the belt conveyer by which it is con-

veyed to the rear end of the tunneling ma-
‘As the drilling head moves from one
side of the tunnel to the other, the shoveling

chine.

lip moves under any muck that accumulates

125

on the floor outside of the curtains, and -

oathers it up. This endless belt conveyer 1S

operated from a counter-shaft 199, journaled

in bearings 200, secured upon a beam 201,
which 1s supported between the rear stand-
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~ upon one side of the drill head, and 1s con- |
- nected at one end by a pipe 24 with the ex-
“haust air chamber of the drill head.
reservoir is connected with a hollow ring 84,

40

45

o0

shown 1n Fig. 29, which fi
the whole contoul ot the tunnel formed by

register with annular grooves 64 Fig.

006,842

ards 5. This counter—shaft is driven by al

bevel gear 202, mounted on the rear end por-
tion of the. shaft 534, The bevel gear 202

meshes with a bevel gear 203, that is secured |

to the end of the coun‘ter-shaft 199. A
sprocket wheel 204 1s secured on the shaft,

from which a sprocket chain 205 extends to
a sprocket wheel 206, mounted on the axle

of the rear end roller of the conveyer belt. |
This belt discharges upon a belt 206*, which

1S 11101111ted on rollers 207 and 908 - The

roller 207 is supported in brackets attached

to the rear end of the frame, and the roller
208 1s supported in bearings mounted on a
beam 209, extending flom the rear end of
the frame The belt 18 operated by a

sprocket chain 210, which is driven by a

sprocket wheel 211 on the counter shaft 199,
ancd which passes around a sprocket wheel
212 on the shaft of the rolléer 208.

In Fig. 28, is illustrated a form of drill
head 213 in which the drills are arranged in
racdial or der and are extended from the
floor line around the head until the upper-
most drill 214 is in line with or substan-

‘tially in line with the axis of the head.

With the drnlls arranged thus, an arched
tunnel 1s formed, as the head swings from

sicde to side, and by supplying the lower end

of the head with drills 215, arranged 1n the

order shown, a muck channel 216 may be

formed 1n the bottom of the channel, as
oure also Showcs

the head 218. | -
An ol 1ece1v1n0* reservoir 14 is Secured

This

from which a plurality of oil tubes 45 ex
tend to apertures 54 (IFigs. 5 and 7) in the
side of the drill head, and these apertures

the piston hammer sleeve and this groove 1s
intersected by a lonmtudmal groove T4,

which 1s intersected b 2 vertical aper ture
- 84, that opens qgamst the hammer piston,
'and by this arrangement of grooves and

pipes oil from the reservoir 1* 1s forced by

the exhaust air within the piston 1’1‘111’1]?1161

cylinder to lubricate the same. -
Arms 9% are secured to the side of the drill

~head which carry rollers 104 at their outer

60

- well.

6o

'_breast of the tunnel, and
chine from being fed ﬂoamst the breast of

machine is as follows:

ends, which are adapted to bear against the

the tunnel faster than the drills can cut.
The sides of the main frame are provided

with housing plates 114, which protect the

operating mechamsm and the operator as

The operation of my 1111pr0ved tunnelmﬂ
The receiver 1s pro-
Vlded Wlth a supply of compr essed alr

31 111'

reven‘t the ma- |

tained at the full width of the sides as well

k=

through the pipe 51, from an air compressing

plant, which 1is located outsicde of the tun-

1161 but which 1 do not illustrate. This air
from the receiver operates the engine 44,
which runs the driving shaft 534, and the
drilling head swinging ‘md rever qmg mech-
anism. The compressed air direct from the
recelver operates the drilling engines, and
the exhaust air from the d11111n0 engines
is used in the muck shoveling conveyer of
the drilling head, while the endless belt con-

veyer 1s driven from the main driving shaift.

The frame 1s guided to cause the d11111nﬂ

head to dnll a tunnel at any desired omde
etther straight or curved, by raising or low-
ering the rear end of the flame and by
'mampulatmo* the side arms 87 to move the
machine to either one side or the other of the
The drilling head 13

center of the tunnel.
manipulated to swing in the arc of a circle,
from one side of the tlmnel to the other, and

1ts movements can be reversed by hand, or it

will reverse itself aytomatically. The drill-
ing engines and drill bit are preferably ar-
ancred to drill a slightly curved breast ver-
tlcally as shown 1n Fig. 1, but can be ar-
ranged to drill a stmloht breast tunnel if

deswed and one lmvmo elther a flat or an

arched. 1oof - -

The swinging head allows the drill bits to
strike the 1001{ b1 east at the sides and at the

angle of the floor and roof, with the breast,
at substantially right qnﬂes to the line of

oreatest resistance the face of the rock pre-
sents to the drilling ends of the drill bits,
and as the rock muck is drilled it falls on
the air operated muck conveyer and is con-
veyed by the exhaust air to the belt conveyer
196. by which it 1s conveyed and discharged
to the rear of the frame, and as the dr 1111110*

head reciprocates across the breast of the

tunnel, the drill bits strike it with powerful
blows, ‘which are struck with great rapidity,
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and as the drilling points of these drill bits

are arranged to overhp the drilling area of

each other they drill off the entire surface

area of the breast of the tunnel, and as the
“head swings slowly around from one side to

the opposlte sices, the breast of the tunnel is
rapidly drilled : ‘IWW and the operator feeds
the frame forward bv swinging the lever 31
to turn the worm pinion 24 and its gear 23

to rotate the rear wheels to move the frame

forward as fast as the drill cuts away the
rock.

The c111111110 head, when standing at sub-
stantially or fully at right angles to the side
walls of the tunnel, st1 ikes square right
angle blows against the surface of the 10(31{
this ] msuring that the tunnel will be main-
as at the angles of the roof and floor, with
the breast, and should : any part of the breast

be much harder than the rest, the operator

can Stop the dl"lﬂlnﬂ head in its regular
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swinging stroke and feed the drilling head
back and forth over it by reversing the valve
oi the reversing mechanism w1th the hand
operating lever 117 as long as desired.

My invention contemplate% a centrally piv-

oted swinging oscﬂlaun@ and reciprocating

multiple dl"]ﬂlﬂﬁ engline “and drill bit hold-
mg drilling heﬂd opemtwely arranged and
supported on a suitable portable carriage

adapted to be guided to permit said (:111]11110'

head to drill tunnels of any desired deorefu

of 1nchnation, vertical or horizontal curva-

ture; and while T have illustrated and de-

scribed the preferred construction and ar-

rangement of my improved tunneling ma-
chlne, T do not wish to be limited to the con-

‘struction and arrangement shown, as many

changes might be made without depfu'tmﬂ

from the qplrlt of my invention.

Having described my invention, what T

“claim as new and desire to secure by Letters

Patent, 1s:
1. In a tunneling machine, the (301111)111‘1-
tion of a frame 1:)1'ovlded with wheels at its

> front end, and with bearing boxes at its rear

end, with eccentrics 10tat‘1b1y’ mounted in
said boxes, an axle having the rear wheels

mounted therein, said a*\le heing- rotatably

journaled- in said ‘eccentrics, semi-circular
bands surrounding the wheels and provided
with apertures: yoke levers which straddle
sald bands fmd are secured at their ends to
the eccentrics; removable pins for adjustably

locking the Ievels to the bands, and means

mcludmo gearing for rotating said rear
wheels to move S‘le frame r11011*:1‘ a tunnel.

2. In a tunnehno machine, the combing-
tion with a Supportmo fmmg bearings on
said frame, sleeves mounted in Sald bearmges,

2 shaft eccentr 1cally mounted in said sleeves
fmd supporting wheels on said shafts:
semi-circular plates having apertures and se-

.cmed to said frame flbove sald Wheels hav-

ing a- plurality of apertures; yoke levers
hzwmo apertures, said levers straddling said
phtes and whee]%, and secured at their ends
to the adjacent sleeves, and removable pins
which ave adapted to extend through fl.per'
tures 1 the upper ends of the Vohe lever

and through any one of the apertures in tha '

said semi-circular plates, whereby the said
sleeves may be turned and locked at any
point of adjustment.

3. In a tunneling machine, a supporting

frame, a drilling head pivotally attached to

one end of E.‘;‘{ld frame. means incl udmo

_nearmfr for oscillating said dr 11ling head, 1

a semi-circular path from side to side of
said frame, rock drilling enomeg and drill
bits I‘Qll’lOV‘lblV mounted in said drilling

‘head, a Supportmw omideway for each drill

bit prowctmﬂ from said head, muck con-
fining curtains on .opposite sides of said
drill bl‘cs means connected with caid guide-
way and with said head for snppor’mnﬂ said

said head,

of
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curtains, and a muck conveyver secured to

and carried by said head and arranged to

extend undel mld drill bits fmd between

sald curtains.: -
4, In a tunnelmo machine, the combina-

tion of a2 wheeled frame, a drilling head

mounted on said frame to oscﬂlate 111 a horl-

zontal semi-circular path, a plurality of

1 bits mounted 1n
muck confining curtains sup-
ported by said head at the side of said drill
bits, a muck shoveling pan secured to and
carried by said (:11*1111110 head below said

percussion drills and dri.

“drill bits and curtains, means for delivering

a supply of compressed air into said muck

pan for conveying the muck of said muck

pan to the rear of said drilling head, and a
sultable conveyer on said frame arranged to
recelive the muck from said air Opelated

muck shoveling pan and convey it to and
clischarge it from the rear of S‘lld wheeled

frame.

5. In a tunnelmo machme the comblm--

tion with a drill llead hfwmo a compressed
A1 recelving chamber an exhaust chamber,
and par‘l]]el rows of sockets which radiate

from a common point, the sockets in each

TOW E’Ll‘teln‘ltlﬂﬂ with tho se 1n the other row,
sleeves 1n said “sockets and ports connuctmo

the yeceiving and exhaust chambers with
said Sleeveag drilling engines in said sleeves
comprising piston hammers valves for ad-
mitting the actuating fluid to operate said
h‘LlllHlElS and stlll;:mg pins operated by
said hammel's carrying drill bits, of means

for lL‘LbllCdtlHﬂ said engines; comprising an

cil receiving I*eservmr conﬂected at one end-

with the e\haust air chamber of the 118"1(1
and at its opposite end with a hollow ring;
and tubes connecting said ring with holes 1 m

the drill head, which 1"e01ster with o1l pas-

sages 1m said sleeve connected W‘ith 1ts 11~

| terlor

- 6. In a tunneling machme, a mupportmﬂ-—'
frame, a hormontqllv arranged worm gear

segment pivotally mounted on one end of
said fr ame, a worm pinion in mesh with said
worm gear, a drilling head pivoted o cne end

of S.:Ud fl“lll’le and secured to said werm gear
to swing 1n a semi-circular path across the
‘end of said frame, a shaft extending thr ouoh

sald worm  pinion, oppositely qrranf}ed
clutch faces on the opposite ends of <aid
worm pinion, intermeshing clutches slidably

mounted on said pinion shaft arranged to
'111termeih with the clutch faces of said pin-

IRy
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10on, means including countershafts mtatmﬁ |

in opposite dir ectlons for rotating said slid-
able clutches in oppoesite dlrectmnc and

mMeans including a valve controlled cylmder'

and expansive “Auid operating pistons for

moving sald sliding clu Lches in al‘rermte'-
order to engage the olutches o said pinion
to reverse the du ection of movement of said
pinion and gear and drilling head.
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7. In 2 tunnehnﬂ' machine, the combma-

tion -of the wheeled frame, a motor and a

‘pair of oppositely rotating counter-shatts,

: -dIlVlIl'D’ connections between the motor and

e

20

95 T

a shaft carrying a worm gear,
gear being also provided with oppositely
' arranﬂed clutch faces, ‘sl
tatflbly and slidably mounted on said shaft,

countersh‘lfts a reversing mechanism com-

prising a drivi ing shaft prowded with re-

versely driven cluteh mechanisms, connec-
tions to said countershafts for rotatm sa1d

~ clutch mechanisms in opposite dlrectmn%, a
10

cylmder and fluid actuated Valve controlled

pistons operatively mounted in said cylin-
~der and operatively connected to said re-
versely

driven clutch -mechanisms, and
means for admitting fluid to the cylmder to
operate said pistons. -

- 8. In a tunneling machine, the comblm--
tion of the frame, provided with oppositely

rotating counter shafts, arranged to drive

having clutch toothed faces adapted to en-
gage the clutch faces of sald worm gear,

power transmission wheels slidably mounted

on said sleeves and arranged to be rotated
in opposite directions by said counter-shaits,

means for preventing axial rotation of said
wheels upon said sleeves, and means 1nclud-
ing valve controlled fluid operating pistons

_operatwely connected to said opposﬂely rO-

- tating sleeves for moving them into clutch

35
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engaging contact with the clutch faces of
said pinion in alternate order.

tion of a fr ame, prmflded with a rotatable

shaft; a worm plIllOIl secured on sald shaft |

and prowded with oppositely arranged
clutch faces, rotatable clutch members slid.-

ably mounted on said shaft to register with

sald clutch faces; means-including a com-
pressed alr operating motor m(}unted on
said frame for rotating said clutches in op-
posite directions, a rock arm pivotally sup-

ported intermediate of its ends, and adja-

- cent to each slidable clutch, a pivotal connec-

tion between one end of e%ch rock arm and

the adjacent sliding clutch a valve con-

trolled cyhnder ad]‘lcent to said rock arm

provided with a central partition, pistons,
bore on each side of said

mounted 1 said
partition, and

provided with piston rods

extendmc}' from said cylinder in opposite

dir ectlons a pivotal connection between the

adjacent piston rods, a port connecting said

cylinders at the ad]‘went opposite. sides of

60 -
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-and mto and from sald valve chest, a, sllde_

sald partition, a sliding pin in said parti-
tion adapted to be engaged by said pistons
in alternate order to move the inoperative
piston into operative relation to said port,
a valve chest on said cylinder provided with
actuating fluid inlet and exhaust ports lead-
into the opposite ends of said cylinder,

of operative drilling engines

sald worm

eeves oppositely ro-

9. In a tunneling machine, thé comblna-i

‘ting
clutch faces, and ha,ving sliding and rotary
clutch members mounted on said driving
shaft in engaging relation to said wheel
clutch faces, and means mounted on said

valve In «aid Valve chest arranﬂ'ed to com-

trol said ports, means for moving said valve
to reciprocate said pistons to alternautely

‘move said power driven sliding clutch mem-
‘bers 1into and out of couphnﬂ contact with

the clutches of said worm-pinion shaft, a
oear 1n mesh with and dadapted to be rotated
in reverse rotary direction by
pinion and said clutches, and a drilling head
provided with a plurahty of vertical rows
pivotally
mounted on said frame and secured to said
worm gear and arranged to be oscillated 1n

‘a semi- “eircular path by sald reversing mech—
| anism. '

10. In a tunneling machme the combina-

tion with a wheeled frame pl"'owded with
a driving shaft provided with a power
tl""lIlSHllttll’lO ‘pinion, having reverse clutch
faces, opposing clutch members slidably
mounted on said shaft to register with the
oppositely arranged -clutch “Faces of said
pinion, means ior rotating sald slidable

clutch members 1n opposlte rotative direc-

tions, a cylinder in operative relation to said
shaft, a pair of fluid controlled pistons 1n

said cylinder, means including rock arms
for connecting said pistons with said slid-
able clutches, a valve for controlling said

pistons to move sald slidable clutch members

into and out of said pinion clutch faces, and
‘means for moving said valve, a power wheel

arranged to be driven by the power wheel

‘of said driving shaft, and an operative rock

drilling head pivotally mounted on said
frame and secured to said power wheel and

arranﬂed to be oscillated 111 2 semi-circular
path by sald power driven pinion and wheel.

11. In a tunneling machine, a wheeled
frame provided with an oscﬂla,tmﬁ* drilling
head and with a reversing mechamsm for
driving and reversing said head, comprising

2l dr‘wm@ shaft mounted on sald wheeled

frame and provided with a power transmit-
wheel, having oppositely arranged

wheeled frame for rotating said clutch mem-
bers in opposite rotative directions, with a
fluid actuating cylinder provid led with a

‘palr of plstons? means including rock arms
for connecting said pistons and sliding

clutch me'mbers together, and means inqlud-i
ing a manually operated valve for reversing

the direction of engaging and disengaging
| movements of said shdmo clutch membel"s,
relative to the clutch faces on said driving
shaft, and a power receiving wheel in opera-

tive driven relation to said driving shaft.

- 12. In a tunneling machine, the combina-
tion of a wheeled frame, a driving shaft ro-
tatably journaled on said wheeled frame,
and provided with a- worm pinion having

i

said worm
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reverse direction rotating clutch faces on its
ends, oppositely rotating power operated

sliding clutch members arranged to register

with said gear and shaft driving clutch
faces, and means including a cylinder and
a pair of pistons and piston rods arranged
to move 1n the same direction in successive
order 1n sald cylinder, a valve for controlling
the operating fluid and means for operating
1t, and operative connections between said
pistons and said sliding clutch members to
move one out of engagement with its adja-
cent pinion clutch face, and to successively
move the opposite clutch member into en-

gagement with its adjacent pinion clutch

tace  whereby the direction of rotation of
sald worm pinion is reversed in alternate
order, a worm gear in mesh with said pin-
101, a drilling head provided with an opera-
tive group of drilling engines secured to
sald gear and pivotally mounted to said
wheeled frame, and arranged to be oscil-
lated ahead of said frame in operative rock
drilling relation to the breast of a tunnel.

13. In a tunneling machine, a wheeled
frame provided with a rock drilling head,
arranged to be oscillated ahead of said
trame, across the breast of a tunnel, and pro-
vided with a reversing mechanism, consist-
ing of a driving shaft provided with a worm

pinion having reverse clutch faces, reversely

rotating power-driven sliding sprocket

- wheels and clutch members mounted on said

driving shaft, means including a motor
mounted on said frame for driving said
sliding sprocket wheels and clutch members

“1n opposite directions, a cylinder, a pair of
pistons and piston rods in said cylinder, a

valve and means for operating it to control
the movements of the pistons, and operative
connections between said piston rods and
clutch-members. - '

14. In a tunneling machine, the combina-
tion of a wheel frame provided with a driven
shaft, oppositely rotating sprocket wheels
and clutch members on said driven shaft,
and means mounted on said frame for driv-

1ng sald sprocket wheels and clutches in op-

posite directions on said shaft, with a cyl-
inder provided with two piston bores in

axial alinement separated by a partition po-

sitioned centrally between them, an air port

~extending from one cylinder past said par-

39
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tition, and entering each cylinder at a short
distance from said partition, a piston head
in each cylinder narrower than the space
between said partition and the entrance to
sald port, a sliding pin in said partition ar-

ranged to be engaged by each piston in al-

ternate order and to move the other piston

- far enough away from said partition to re-

60

ceive alr from said port between said port
anc said partition, piston rods projecting

trom said pistons through and beyond said

cylinder, grooved collars on said sliding

096,842

clutch members, rock arms connected with

said piston rods and with said grooved col-
lars, a valve chest on said cylinder, air inlet

and exhaust outlet apertures leading into

and out of said valve chest and from said
valve chest into the outer and opposite end

70

portions of said cylinders, a slide valve in
sald valve chest, and means for reversing

said slide valve, whereby the pistons are re-
versed to rock the said arms in alternate
order. S | |
15, In a tunneling machine, a wheeled
frame, a driving shaft journaled on said

trame, provided with a worm pinion having
oppositely arranged clutch faces formed on

its opposite ends; sleeves having clutch faces
mounted on the shafts and adapted to en-

gage the clutch faces of the pinion; sprocket

wheels mounted on sald clutch sleeves and
teather keys connecting said sleeves and
sprocket wheels; means including a motor

and shafting and sprocket wheels and chains
tor rotating the sprocket wheels and clutches
of said driving shaft in opposite directions,
grooved collars on said sleeves, rock arms
‘pivotally supported intermediate of their

ends and provided with yoke ends which
straddle said collar, having lugs which pro-
Ject 1nto said grooved collars, means includ-
ing a valve controlled fluid actuating cylin-
der and a _
mounted therein, having piston rods pivot-
ally connected to the opposite ends of said

rock arms, for reciprocally moving said -

sliding clutch members in alternate order
mto and out of operative engagement with

the clutch faces of said worm, and a worm

wheel in mesh with said worm pinion and
arranged to be operated thereby, and a drill-

ing head secured to said worm gear and

prvotally mounted on one end of said wheeled
trame and provided with a tunnel driving
group of drilling engines and arranged to be
oscillated across the breast of a tunnel by
sald driving shaft and its worm pinion.

- 16. In a tunneling machine, the combina-

tion of a wheeled frame, a driving shaft

journaled on said frame and provided with

a  worm gear pinion, oppositely pitched
clutch faces at the ends of said pinion,

sleeves each having a clutch face slidably

mounted on said shaft, each clutch face be-
mg arranged to face one of the clutch faces
of said pinion and adapted to engage 1t, a
sprocket on each slidable clutch sleeve, means

mounted on said frame for rotating said
sprockets and clutch members in opposite
directions, a fluid receiving cylinder adja-
cent to said driving shaft, provided with
two independent piston bores, operative ac-

tuating fluid ports in said cylinder for oper-
ating said pistons in unison, a valve ar-

ranged to control said ports, a pair of pis-

ton heads and piston' rods reciprocally

mounted 1n said cylinder bores, means in-.

pair of pistons reciprocally
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cluding rock arms for connecting said pis-
ton rocs to said sleeve, a driven gear in

- mesh with the worm pinion ot said dmrmg

10

1o

~tion of the wheel fmme a counter - shaft
journaled at the center of the top of said

20
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shaft, a manually operating lever connected
to said valve, and means ncluding engag-

Ing prmectmns connected with said worm
gear and valve lever for automatically mov-
ing said lever and valve, a drilling head
P1V otally mounted on said wheeled frame
and secured to and carried by said driven
gear, a plurality of vertical rows of rock
dr 1111110 engines operatively mounted in said
dnlhm head to drill away the breast of a
tunneh and means including an air recelver

on sald wheeled frame for operating said
drilling engines. |
17. In a tunnehno machine, the COll’lb]Il"l-

frame, a beveled gear on the end of said
shaft, means mcludmo an engine on sald

frame for rotating s‘ud shaft, a pair of
“countershafts journ aled on oppoglte sides of

the axial center of said shaft, provided with

bevel gears arranged in mesh with the bevel
- gear of sald shaft whereby said counter-
;Sh‘l,fts are rotated in opposite directions,

sprocket wheels mounted on each of said
counter - shafts,

p%rallel with and adjacent to said counter-

- shafts, sleeves having clutch faces on said

30
and extending to the adjacent sprocket
~wheel of said pinion shaft, oppositely ar-

40

shaft, sprocket wheels slidably mounted on
sa1d clutch sleeves, sprocket chains mounted
on the sprocket wheels of said counter-shaft

ranged clutch faces on the opp051te ends of

: SEle pinion, with which said clutch sleeves
ave adapted to engage in alternate order,

means including an actu%tmo* fluid operat-

ing valve controlled cyhnder and a pair of

. 45

plstons for alternately operating the clutch
sleeves to engage the clutch faces of said
pinion and reverse the direction of rotary
movement of said pinion, a segmental worm

- gear In mesh with said pinion, a drilling |
head pwotﬂly attached to the ad] acent end

a fluid operated engine having

a worm pinion provided
with shaft ends journaled on said frame

13

of said frame and secured to and arranged
to be carried by said worm gear segment and
swung 1n a reciprocal semi- clrcuhr path 1n
front of said fr ame, a gang of operative rock
drilling engines mounted in said head, and a

50

conveyer arranged on said head and frame. -

18. In a tunneling machine, a supporting
frame, a drilling head pivotally mounted on
sald frame; a worm gear connected to said
head; a worm pinion in mesh with said
worm gear, having clutch faces on its oppo-
site ends* ‘slidable sleeves having clutch
faces ’tdapted to engage alternately with

said clutch faces of the pinion; means for
rotating said sleeves in opposﬂe directions;
axially
alined twin cylinders, pistons, and piston
rods ; lever connecting each piston rod
with a sleeve; a valve chest upon said engine;

a slide valve i said chest adapted to admit
actuatmg fllid to said engine cylinders al-
ternately; a rod extendmﬂ from said valve;
2 hand lever pivotally connected with said rod
and with a rock lever mounted on said en-
ome; a vertical bar extending down from
sald rock lever, and having a roller mounted

‘on 1ts lower end; a cam on said gear adapt-
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ed to raise said roller _a;nd_ bar at the limit of
movement of said gear in one direction to

move the slide valve, and a second cam on

said worm gear adapted to engage said

roller to draw said bar down, and reverse

the position of the slide valve, when the said
“worm gear reaches the Iimit of 1ts movement
1n the 0pp031te direction.

19. A tunneling machine having an oscil-
lwtlng drill-head and means for operatmo 1t,
drilling engines and bits mounted 1n said
head, a muck confining housing secured to
said head, and a conveyer secured to the
under side of said drili-head and to said
housing. '

in test:tmony whereof T affix my signature
in presence of two witnesses.

_ GEORGE A.FOWLER.

Witnesses:

' (G. SARGENT BLLIOTT
Aprrra M. IFowLE.

Goples of thls patent may be obtained for five cents each, by addressing the “ Commissioner of Patents,
| Washington, D. C.”
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