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To all whom it may ‘vconce.‘m: o '
Be it known that we; Arva D. Lee and

- United States of America; and residents, re-

spectively, of Brookline,. in' the county of

Norfolk, and East Boston, in the -county ;of |

- Suffolk, both in the State of Massachusetts,
- have invented certain new . and useful Im-

10

15

provements in Rock-Drilling. Machines, " of

whicl the following is a specification:. .

. This invention relates to rock cutting ma-
“¢hines and particularly to such machines.

adapted . for cutting . cylindrical -t nnels
through the rock. - T T A

It has for its principal objeet the cutting

" of an ammular groove through the rock leayv-

ing
by means of a movable carriage which fol-.

~lows in the path of the -cutters. .
The invention consists in. certain novel.

20

a central core uncut which is supported

" foatures of construetion and arrangement of

~parts. which will' be readily understood by

30

© Tig. 4 represents a transverse vertical section |-
Fig. 5" 3 _
“cured thereto an internal anntlar gear 26

35

" the revoluble intermediate: cutters.
represents a transverse section-of the same.-
Fig. 8 represents an elévation of a revoluble |
pulley
‘mounted upon a central shaft 34 controlled

.40

45

reference to.the description of the drawings
and to the claims hereinafter given. '

Of the drawings: Figure 1 repre§ents a
side elevation of a machine embodying the

features of this invention, the front:portion:
being shown in'section.
plan of a portion
1ts motor with the

~ plate rotating devices. Fig. a represents:a’

front elevation of the revoluble cutter plate.

of the same on line 4—4 on. Fig: 1.
represents a section on lihe 5—5.on Fig. 3,
drawn to an enlarged scale. Fig. 6 repre-
sents a scction showing in elevation -one :of

cutter having a spiral cutting edge. Figs. 9

- and 10 represent, respectively, an elevation-
" and an end view of one of the _revoluble
reamer cutters. Fig. 11represents aperspec-.

tive view of the adjustable diamond cutters,
and Fig. 12 represents an enlarged ‘detail of.

" the clutch mechanism.

Similar characters designate like parts
throughout the several figures of the draw-
ings.. R ' '

- :

Spec_iﬁca;tion of Letters Patent.

- Tig. 2 represents a
of the fower carriage and’
antomatic feed and cutter | .

“Fig: 7 | the top carriage 18.

“clutch member 36 a
“male clutch member 37 operated by means of
“the shipper handle 38 to throw the pulley 32
into action to cause a movement to be trans-

© In the drawings, 10 represents a movable
carriage to the under face of which are se-}
cured a plurality of bearings 11, 1n each palr. |
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either end of which is secured 8 flanged truck

wheel 13 adapted to codperate with a rail 14 :

1 of which is mounted a revoluble shaft 12; on -

on whicli said-carriage 10:is adapted to be

moved longitudinally of the ¢ylindrical bore
15 cut through the rocks by means of the
%ea‘rs. 19% coacting with racks 13* extending

Tongitudinally- of the bore 15 parallel’ with

he rails 14, The upper face of the carriage

| 10 is provided with guides 16 co-acting with
-projections 17 extending longitudinally of a.

top carriage 18 which is adapted for move-

ment:longitudinally of the lower carriage 10. .
 Rollers 19 are interposed between-the top -
carriage 18 and the-Jower carriage 10, said °
rollers sup.{)orting the upper carriage 18 and .

reducing the friction between the two car-

‘tiages to:g minimum. -

The pl_‘_ojecting.membefs_ 17 aﬁd“the'guidés

16.are each provided with co-gcting. inclined
sides which prevents the 'uplper carriage from .-

being separated from. the lower carriage in

an 6bvious manner. The upper carriage 138

is provided with bearings 20-in: which is
revolubly mounted: the cylindrical member
‘or tube 21. Annular members 22 are se-

cured to said member 21 between the:bear-
ings 20—20°to prevent any lateral movement
of the same: R G

Secured to the front end of the tube or ¢y-

e
65'_' :
70..
”

80

lindrical member 21 by set’screws 23 or other.

similar means is an annular ribbed plate 24.
This plate 24 is provided with & rearwardly

85

extending flange 25 having cut therein or.se- =

with which meshes a pinion 27 mounted upon
o shaft 28 mounted in bearings 29 secured to
This shaft-28 has:se-

90

cured thereto a long flanged pulley 30 con- ;

nected by means of ‘a belt 31 to a révoluble
32 freely revoluble upona sleeve 33

by. any suitable motor 35.

“The pulley 32 is provided with a female
apted to coact with the

mitted through the belt 31 in the direction

95

100

indicated by the arrows on Fig. 1 to cause & )

plate 24,

rotation of the annular s o
3 to which the pulley

“On.the samnie sleeve 3

105

321is secured is also secured a smaller pulley
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35

40

=

39 connected by a cross belt 40 to a pulley 41
mounted upon the shaft 42 to.the front end
of which is secured a worm 43 meshing with
a rack 44 secured to the under face of the top
carriage 18. As the:plate 24 is revolved
through the medium of the revoluble pinion
27 and annular gear 26 the worm 43 is acting
upon the rack 44 to move the plate forward
as fast as the cutting of the rock will permit
such movemernt., - -

The clutch member 37 is keyed to the shaft
34 of the motor 35 and is provided with an-
other male clutch member 45 coacting with a
female clutch member 46 on a pulley 47.
This pulley 47 is connected by a belt 48 with
a pulley 49 on the shaft 42 and by means of
this connection the worm 43 may be reversed
when the worm 43 has reached the end of the
rack 44 so that it may be moved to its nor-
mal position ready to move the top carriage
18 further forward. This is accomplished
by moving the lower carriage 10 forward dur-
ing-the reversal of the movement of the worm
43 so that it counteracts the tendency of the
worm to move the top carriage 18 to the rear.
The movement of the lower carriage forward
is secured by means of the belt 50 interposed
between a pulley 51 mounted upon the rear
shaft 12 and aspulley 52 secured to a shaft 53
mounted in bearings 53* in the rear bracket
54 in which it is adapted to be reciprocated.
The rotation of the rear shaft 12 in this man-

ner causes the gears 12* to so act upon the -

stationary rack 13* as to effect the required
forward movement. o

The shaft 53 has secured thereon the fric-
tion gears 55 and 56 which alternately en-
gage with the friction gear 57 mounted upon
the rear end of the motor shaft 34. It is ob-
vious that by the shifting of the friction
gears 55 and 56 so that either one or the other

-alternately engage with the drive gear 57 the |

- lower carriage 10 may be driven in either

45

60

diréction. :

When the reversing feed mechanism is in
operation the drive gear 57 is codperating
with the gear 55 to move the lower carriage

forward but when the drive gear 57 is in en-
-gagement with the friction gear 56 to reverse

the movement of the carriage to move it out
of the bore the male clutch members 37 and

45-will be intermediate the female clutch

members and disengaging therefrom. These

~clutch menibers 37 and 45 will also be in an

intermediate position when the drive gear 57
is in'engagement with the friction gear 55 for
the purpose of moving the carriage into the
bore at all times when it is not desired to

change the relative positions of the worm 43|

and rack 44. As the cutting continues and
the carriage mdves forward the truck wheels

- 13 will soon run off of the front ends of the
" rails 14 and in order to properly position the
- -front end»of' the_ device when _t}his has bee'n,_

874,603

done the rcarr:iage 10s provided with beveled

of the bore cut by the cutters.

The front plate 24 of the tube is provided
with a plurality of depressions 60 in each of
which.is mounted a frame 61 each of these
frames being provided with a plurality of

revoluble cutters 62 each having knife edges.

63 adapted to cut the rock in advance of the
front face of the plate 24. - The axes of these
cutters 62 revolve in bearings in the frame 61
embedded in the depressions 60, the frames

61 being sunk il said depressions sufficiently

far to cause the axes of the cutters to be to
the rear of the front face of said front plate.
These frames are so located relative to each
other that the cutters of each series overlap

.one another so that as the plate 24 revolves

against the face of the rock in advance there-
of all the surface of said rock comes in con-
tact with said cutters.. The frames 61 on the
outer and inner edge of the annular plate 24
are inserted at an angle to the face of the
plate as clearly shown in Figs. 3 and 5 and
these frames are made adjustable by means
of the threaded members 64 which are adapt-

always at the same distance from the center
of the bore and thereby maintain it con-
stantly at the same diameter. Theé cutters
62-are provided with trunnions 65 which rest
in pockets in'the frames 61 and are prevented
from being removed therefrom by means of
the caps 66. The frames 61 are secured to
the plate 24 by means of bolts 67. Rach
frame 61 is provided with a plurality of cut-
ters 62 WhicE are freely revoluble therein, the

65

‘wheels 59 which engage the inner periphery -

70

75 -

80

85

90

-ed to keep the outer edge of the cutters 62 .

95

100

cutters in each franie being each of a different

form so that as the plate 24 revolves, the cut-
ters in each frame will have a different action
upon the surface of the rock being cut.

The form of cutters used consists, first, of

a cutter the cutting edges of which extend

circumferentially of the cutter member; sec-
ond, of a cutter the cutting edges of which
extend spirally of the cutter membeér in one
direction; third, a similar cutter the cutting

-edges of which extend spirally in the oppo-

site direction, and fourth, of a cutter mem-

'ber the cutting edges of which extend di-

agonally along the periphery of the cutter
member from end to end. These latter cut-
ters are designated as reamer cutters for the

Teason that they act upon the material in the

same manner that an ordinary reamer does.
~Imeach inner series of cutters one of each of

 these forms of cutters is used so that as the

Plate 24 revolves the surface of the rock op-
gosite the cutters will alternately come un-

‘der the action of these different forms of cut-

ters to insure the rock being properly cut

‘nto and then broken away by means of the

action of the cutting édges following which
act upon the projecting portions of the rock

105

110

115 °

125



. transversely of the previous cuts made. By |
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this construction the rock is very quickly re-
moved permitting the machine to steadily
advance for the purpose of continuing the
cutting. The plate 24 is.cut away as at 68
in the rear of each of the cutters 62 so that

_the'dust and chips may pass through into the

bottom of the bore already cut.. A pipe 69

. with a spray nozzle 70 is adapted to send a

10

spray of water over the face of the rock being
cut by the cutter 62. This water and the

- chips ‘and dirt collected in the bottom of the
. bore alresdy cut passes through a pipe 71 in

<16

. the bottom of the bore and is pumped. out |. :
| with reversal of the wori feed is obtained by
throwing the clutch 45 into contact with the

through the'rear end of the bore.- _
The device is so constructed as to cut-an

", annular groove in the rock leaving the inner

. 25

.core 72 which passes through the c¢ylindrical

member 21, the rear.énd of said core being

‘supported by means of the trucis 73 mount-

ed in brackets 74 secured to the upper face of

the upper carriage 18. This core is broken
. off as desired and removed from the bore in |
any desired manner. = To-keep the bores al-

ways at the right diameter the diamond cut-
ters 75 are provided which are mounted ini a

.niember 76 adjustably secured to the outer

- periphery of the plate 24. As the plate 24

30

revolves these diamond cutters clean out the
corners and insure that the bore is always of

- the proper diameter to.admit of the further
* advance of the machine. o .

35

_The plate 24 is provided with a manhole 77
through which the frames 61 may be re-
moved when the cutters are out-of order. In

- order to remove these frames 61 the carriage

e

is moved slightly to the rear and a man en-

ters the bore in front of the plate 24 and re~|
moves any damaged séction and calls for a | gag
- which may be moved mnto engagement there-

section to replace it which when inserted

leaves the machine in condition for imme~hwith.
L | 45 will-engage the female clutch member 46
' as well but the withdrawal of the meniber 45

diate operation.- = ‘ ST
The malé clutch members 37 and 45 are

made integral and are splined to the shaft 34.
to revolve therewith but at the same time.
have a movemernt longitudinally thereof.

 The shaft 34 has two rings or collars 78—79
“adjustably secured to it. one on either side of

" said clutch members 37—45.
-of the clutch members 37—45 longitudinally

50

55

of sdid shaft 34 until they contact with one
of thiese collars 78 or 79 will cause tiie mesi-
ing or unmeshing of the cone gear 57 with its

* ca-acting cone gear 55 or 56 as the case may

be. . This longitudinal movement ‘of - the

clutch members 37—45 is effected by means.
“of the shipping lever 38 which is secured to 2
collar 80 mounted in an gnnular depression

_ in said clutch members so that these. mem-

‘.

~an intermediate position with the cone gear

bers 37—45 are free to revolve freely therein.-

The shipping lever 38 is shown in Tig. 2in

. °B7+in ‘contact with “the friction  gear 55:

While in. this position the lower carriage 10

A movement -

8

is caused to be moved forward without hav-
ing any action on the various other parts.
By shipping the friction gear 56 (see Fig. 2)

of the lever 81, which is similar to and acts in

the same manner as the lever 38, a reverse
movement of the lower. carriage 10 is ob-
tained. The lever 81 is connected to a suit-
able collar $1* in which the shaft 53 is adapt-
ed to revolve and by which it is adapted to

be reciprocated in its bearings 53* to cause

‘the engagement of either the friction gear 55
‘or 56 with the friction gear 57. .
A forward drive of the lower carriage 10

clutch 46 which drives the belt 48 by nieans
of the pulley 47 thereby producing a forward
‘mevement of the lower carriage in the. man-
ner heretofore described. The plate 24 is at
the same time moved in the reverse direc-
_tions by means of the belts 40 and 31 -as has
already been clearly set forth.

. In order to throw: the cone gear 57 out of
contact with the friction gear 55 or 56 the
clutch member 37 may be moved against the
collar 78 to cause . a longitudinal movement
of the shaft 34.in its bearings, this move-
_ment moving the cone gear 57 into a position

where neither of the friction gears 55 and 56'

is ‘able to. engage therewith. In order to
again throw the cone gear 57 into position to
engage with either of the friction” gears 55
and 56 the clutch member 45 is moved by
‘means of its shipper 38 against the collar 79
causing a longitudinal movement of the shaft
34 to the right thereby moving the cone gear
57 into a position where it may readily en-
gage with either of the friction gears 55 or 56

vwith. - This movement of the clutch member

from contact with the member 46 will cause
110 1ovement on the cone gear 57 until the
collar 78 is again acted upon. -

65

into contact with the cone gear 57 by means .

70

75

80

85

90

100

105

110

~ Inthe operation of the invention rails 14. .
are placed in position in the direction in

which: it is desited to operate -and the ma-
chine is placed upon these rails and power is
“applied to the motor 35 to cause the machine
to advance-against the rock desired to be op-
erated upon. - As soon as the front plate 24
contacts with the rock to be cut the wheels of

the lower carriage are chocked to prevent

back movement and ‘the clutches are op-
erated to rotate the plate and give it an ad-
vance feed. As soon as the plate rotates the

115

120

revoluble cutters of -the various forms begin .

to cut and chip at the rock and cause it to be
quickly. cut away, the chips and dust accu-
mulating therefrom being washed down by

-means of the water from the spray nozzle 70..

These pass through the various openings in

128
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the rear of the cutters and aé'cu_miilafé in'the

bottom of the bore from which they are

pumped through the pipe 71." The core in’

the center of the bore which is not acted
upon passes through the ¢ylindrical tube 21

and is supported theréby and as its'rear.end

extends through the cylindrical -tube it s

10

20

broken off as desired and removed from the

bore.. As has been already described  when:
the feed worm 45 reaches the limit of its
movement in one direction, by a reversal of .

the movement thereof and at the same time
an advance movement of the lower carriage,
the worm /is" fed into its mormal position

ready to cause a further advance of the up-’
i This construction in rock drill-
ing machines makes a very effective appa-

per carriage.

ratus for cutting tunnels for the use of miners

and is very effective in its operation, being.

capable of cutting through the hardest rocks

-with very little difficulty while the bore cut

is always of the same diameter and if desired

~ the machine may be followed with a tubular

25

30

35

_seription.

casing to hold in position any material. cut
through other than the self-sustaining solid
rock. : S S

- From: the foregoing it is believed the op-
eration of the invention and its advantages
will be understood without any further de-

Having -thus
claim: ‘ : ‘ : : :
L. In a rock drilling machine, the combi-
nation of an annular face plate provided with
a plurality. of depressions in its face; ‘means

“for rotating said plate; and a plirality of
. cutters secured in said depressions with their

axes radial to the axis of said plate and at

- different distances from said center thereby

40

45

50

effecting in the revolution of said plate a cut-
ting from the central opening to the outer
periphery of said plate. :

- 2. In a rock drilling machine, the combi-
nation of an annular plate; a plurality of
frames distributed at various distances {from

“the center over the face thereof; and a plu-

rality of cuttersin each frame each mounted
upon anindependent axis. -~ = .- :
3. In a rocksdrilling machine, the combi-

nation of an annular plate; a. plurality of

. frames secured to the face thereof at differ-

55

~series.

ent distances from the center; a plurality of
cutters in-each frame; and means for adjust-

plate. -

4. In a rock drilling machine, the 'combi—._.
nation of an annular plate; a plurality of .

frames secured to the face thereof; a plural-
ity of series of cutters on the face thereof;
and a plurality of forms of cutters in each

5. In a Tock drilling machine, the combi-
nation of an annular plate;. a plurality of
frames secured to the face thereof; a plural-

described our invention, we

ing said frames relative to the axis of said.

874,803

ity of overlapping series of cutters on the
tace thereof; and a plurality of forms of cut-

1 ters'in éach series.

6. In a rock drilling machine, the combi-
‘nation 6f an annular face plate; a plurality
of cutters revoluble on axes to the rear of
said front face; and a plurality of diamond
‘cutters ‘secured to’ thé outer periphery
-thereof. - - : oo . :

7. In’a rock drilling machine, the combi-

front face having a plurality of depressions
therein; a plurality of cutters revoluble in
said depressions; and a plurality of diamond
- cutters removably secured to the outer pe-
riphery thereof... . C

8. In a rock drilling machine, the combi-
nation of an annular face plate having a'con-
tinuous outer periphery corresponding to the
diameter of the bore to be cut; a plurality of
cutters thereon extending from said central
opening to the outer periphery, the axes of
said cutters being embedded in the face of
sald plate; and means. for revolving said
plate to-cut an annular groove in the rock.

9. In a rock drilling machine, the combi-:
nation of ‘an annular plate; a plurality of
cutters’ thereon; means: for revolving ‘said
plate to cut an annular groove in the rock;
“and means separated from'said plate and in
" the rear thereof for supporting the core thus
formed. -
10. In a rock drilling machine, the combi-

nation of an annular plate having a continu-

port for said plate revoluble therewith and
having a bore of the same diameter as the
- central opening in said plate adapted to sup-
port the core cut from the rock; a gear on
said plate;. a revoluble pinion to drive said
gear; and means for revolving said pinion.

11. In a rock drilling machine, the combi-
nation of a movable carriage; a plurality of
bearings thereon; a tubular revoluble mem-
‘ber mounted therein the bore of which is of

opening of which corresponds in diameter to
thaf of said bore and is adapted to support
the core cut.from the rock; a plurality of
cutters on the outer face of said plate; and
means for revolving said plate.

12. In a rock drilling machine, the combi-
nation of a movable carriage; a plurality of
wheels on said carriage adapted to run on
rails; a plurality of other wheels adapted to

bearings on said carriage; a tubular revolu-
ble member mounted therein the bore of

which is of the same diameter to that of said

‘bore; an’ annular face plate secured thereto
the central opening of which corresponds in

diameter to that of said bore; a plurality of

‘nation of an ahnular plate provided with a

ous outer periphery; a plurality of cutters
on-the front face thereof; a cylindrical sup--

the same diameter throughout its length; an -
| annular face plate secured thereto the central

run on the face of the bore; a plurality of

65
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cutters on the outer face of said plate; and |
" means for revolving said plate. - ...

13. In a rock drilling machine, the combi-
~pation of a movable carriage; a top car-
riage thereon' movable longitudinally of the :
lower carriage; a tubular member Tevoluble
in bearings on said top carriage and having
a central bore of equal diameter throughout,
‘its length; a face plate secured to:said tubu-
lar inember having a central opening therein
. corresponding in diameter ‘to that of said
* tubular member;. a plurality of tutters on”

the outer face of*said plate; and means for .
" moving said top carriage longitudinally. = .
5 14, In arock drilling machine; the combi-
“nation of ‘a movable -carriage; a top ‘car-
riage thereon movable longitudinally of the
Jlower ¢arriage; a tubular meinber revoluble
in bearings on said  top carriage and having.
a central bore of equal diametet throughout
‘its length; a face plate secured to said tubu-
" lar member having a central opening therein
- corresponding in diameter to that of said
tubular member; a plurality of cutters -on

10

.20

25

" moving said top- carriage longitudinally- in

‘either direction. . L

~ 15. In a rock drilling machine; the ‘combi-

nation of a movable carriagé; a top carriage.-

.30 theréon movable longitudinally of the lower:

.+ carriage; a rack on said top carriage; arev-

" oluble worm: on said lower carriage meshing

‘therewith; ‘a  tubular' member revoluble in

. bearings on said top carriage and having a

.35 central bore of equal diameter. throughout

- lar member having a central opening therein |

' . corresponding in diameter to that of 'said

- tubular member ; a plurality of - cutters on

the outer face of said plate; and means . for |

amoving said top carriage longitudinally in
either direction.” PR

40

* 16. In a rock drilling machine, the combi-
. nation of a movable carriage; a top car-
45 riage thereon movable longitudinally of the
- lower carriage; rolls. interposed  between
_said carriages; & Tack on said.top-carriage;
a’ revoluble worm 'on -said  lower :carriage
meshing therewith; a tubular member rev-
oluble ' bearings on said -top. carriage; an
annular plate secured -t0:-said tubular mem-

50

ber; a plurality of cutters on the outer face |- ’
‘nation of .a revoluble plate;. a plurality of

of said plate; and means for:moving said-

- top carriage longitudinallyin either direction. -
55 . 17. In'a rock drilling machine,-the combi- .
"+ nation of a movable carriage; s top carriage
. -thereon movable longitudinally. of the lower
. carriage; rolls interposed between said car-

- riages; guides secured to oneof said carriages |
60 co-acting with ways in the other; a rack on
- said top carriage; a. revoluble worm. on said
lower carriage meshing therewith; a tubular
member revoluble in bearings on said ‘top
carriage; an antular. plate secured to said

the outer face of said plate; and means-for |

‘therewith; “a 'tubular- member revoluble in

' its length; a face plate secured to said tubu- |
‘nation of a movable carriage; a top carriage
‘thereon movable longitudinally of thelower..

65 tubular member; a plurality of cutters on

S

the -outer face of said plate; and means for
moving said top carriage longitudinally mn
either direction. - . .

18. In a rock drilling machine, the combi-
nation of .a movable carriage; a top carriage
thereon movable longitudinally of the lower
carriage; Tolls interposed between said car-
risges; guides secured to one of said carriages

70

co-acting with ways in the other; a motor-
‘mounted upon:the lower carriage; means for
‘moving the lower carriage longitudinally
“thereby; a rack on said top carriage; a revo-

75

luble worm on said lower carriage meshing

| therewith;. a tubular member revoluble in

bearings ‘on said top carriage; an annular
plate secured to said tubular member; a plu-
rality of cutters on:the outer face of said
plate; and means for moving said top car- -
riage longitudinally in either direction.

" 19."In a rock drilling machine, the combi-
nation of.a movable carriage; a-top carriage
thereon movable longitudinally of the lower

80

85

‘carriage; rolls.interposed between said car-

riages; guides secured to one-of said carriages
co-acting with ‘ways in the other; a motor
mounted upon. the lower carriage; means for

90

|:mhoviig the lower carriage longitudinally

thereby; a rack on said top carriage; arevo-
luble worm on said lower carriage meshing -
95
bearings on -said top carriage; an annular
plate secured to said tubular member; a plu-":
rality of cutters on'the outer face of said

-plate; and means for moving said top car-

riage longitudinally in either direction.

100
20.- In & rock drilling machine, the combi- ’

carriage; rolls interposed between said car- -
riages; guides secured to one of said carriages 105
co-acting with ways in the other; a motor
mounteg upon the lower carriage; means for '
moving longitudinally either of said car-
riages thereby; a rack on said top carriage;a -
revoluble worm on said lower carriage mesh- 110
ing therewith; a tubular meémber revolublein

‘hearings on said top carriage; an annular

plate secured to'said tubular member; a plu-

‘rality of cutters on the outer face of said

plate; and means for moving said top car- 115
riage longitudinally in either direction. .
21.- In a rock drilling machine, the combi-

frames distributed over the front face of said

-plate ‘at: different distances from its-center; 120

and a plurality of cutters having cutting

‘edges in each frame, the cutting edges of each

cutter in each .of said frames extending'in a
different direction. . . . ST
- 22, In a rock drjlling thachiné, the combi- 125
nation of an -annular plate; a plurality of -

frames secured to-the face thereof at different

distances from the center; and a plurality of
revoluble cutters in each frame each revo-

luble upon & separate axis. - = - 130
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23. In a rock drilling machine, the combi-
nation of an annular plate; a plurality of | day of October, 1906.
frames secured to the face thereof at different ALVA D LEE. :
distances from the center; a plurality of revo-- I . FRANK. J. E. NELSON, J=z.

Signed by us at Boston; Mass., this 92d

5 luble cutters in each frame; and means for Witnesses:
- adjusting said frames relative to the axis of Epwa C. CLEVELAND,
~saxd plate. : | _ Warrer E. LoMBarD.



